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ABSTRACT .

An Investigation of Navigational Decisions by J.L. Strange

This work 1is concerned with an examination of how the
Merchant Navy Navigators use the i1nformation provided by
the different aids.

It 1s divided into three main parts. First are a series
of experiments where seafarers studying for their Master’s
certificate were presented with cards containing
information from a number of different navigational aids,
and asked to plot the position lines on a chart and then
decide where they would consider the ships* position to be.

The second part was the design and construction of a
simple non-interactive simulator based on slide displays
and video recordings. The aids used were visual bearings,
radar, Decca and the echo sounder. The i1Information was
taken from iInstrument readings recorded on board the
training ship ”Sir John Cass” during a voyage along the
East coast from Southwold to Harwich. A number of flashing
lights were i1ncluded in the design to simulate the keeping
of a lookout.

In the third part a similar group of subjects were
asked to navigate a ship on two simulated voyages of half
an hour’s duration each, while at the same time to log the
number of lights they observed. As a measure of their
navigational ability they were asked to prepare a course
to steer and an E.T.A. for a point about half an hour’s
steaming ahead of the position at the end of each exercise.
A total of 17 dependent variables were 1identified during
the experiment and these were tested 1In pairs for
correlation.

From the results of these experiments i1t was possible
to produce an order of the subjects” preference for the
different ailds, to demonstrate that the subjects preferred
to use only two position lines when Tfixing theirr position
and to examine how the subjects used these aids.
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INTRODUCTION

The problem of navigational decision making.

1. Historical Overview.

With the advent of electronic navigation systems and
the digital computer there has been a radical change 1In the

problems which face the navigator of a merchant ship today.

Ever since man first ventured out to sea, he lacked
much of the 1i1nformation which he needed for his decisions
and consequently navigation was considered as much a craft
as a science. When navigation was taught to mariners the
ability to extract all possible i1nformation from a given
situation had to be the first priority, and very little
time was spent on the qualitative aspects of this
information. Today, 1In contrast, there i1s a vast range of
equipment available to give the navigator i1nformation, an
example of which, the Navstar system (1 and 2) will soon be
capable of providing a position accurate to a few metres
regardless of the weather, at any time, anywhere 1In the
world. Yet i1n the teaching of Merchant Navy Navigations,

little time is spent on the quality of the i1nformation.

The new equipment means that there has been a radical

change 1In the problems facing the navigator, no longer 1is



h© or she faced with an i1information shortage but rather

with making the best use of what could prove an
embarrassment of riches. Despite this, accidents still
occur and strandings remain a considerable problem. This

leads to questions about the design and provision of
navigational equipment, questions which i1n the author’s
opinion cannot be properly answered without a prior
knowledge of how the practising navigator makes use of the

available i1nformation.

2. Strandings.

Today, despite the advent of high powered ships and the
vast array of electronic systems which are available to the
seafarer, ships still ground with a frequency which,
although much reduced, 1s still a cause for concern. ).
Thankfully, today, loss of Ilife from a stranding 1s
relatively rare but the potential damage to the environment
caused by some of the hazardous —cargoes carried IS
something which could cause a disaster beyond the wildest

imagination of previous generations of seafarers.

To put the danger of strandings In proportion, the
following table of world wide total losses from various
causes during 1981 of ships of 100 gross tons and over 1s

taken from Lloyd’s Annual Casualty return (3).

The number of strandings shown in the table are



obviously not all due to bad navigation, some of them will
include ships that were wrecked as a result of engine
faitlure and. unfortunately. at a time of low freight

some of these losses may be deliberate.

Table 1. Total losses in the year 1981,

Cause Number Gross Tonnage Percel

(Tonn
Foundered 120 2U3,822 19.7
Missing 10 2U. 55 2.0
Fire/Expl. 67 1169,222 37.9
Collision ai 123,015 9.9
Contact 10 19,669 1.6
Stranded 100 232.029 18.7
Miscellaneous 11 125.978 10.2
Total 359 1,238,250 100.0

When these accidents are examined by nationality, the

U.K. has always had one of the best records. Nevertheless,

iIn the same year (1961) according to Department of Trade
figures (U) 3 U.K. flag ships were lost and another 2 were
classed as serious casualties as a result of strandings
while the comparative figures for collisions were only 3
serious casualties. Over the period from 1972 to 1981 out
of a total number of 105 U.K. ships lost, 32 were from
strandings ((U) against IU from collisions. When a stranding
occurs all the blame must attach to the one ship as unlike

a collision, there i1s no other ship to share the blame.



It is -very difficult to obtain information on
casualties which have resulted i1n partial losses, but they
are much greater than the number which have resulted in
total losses. For instance 1n the year 1978 for which
Qiziakis (B) has noted 758 partial losses In an unpublished
report in respect of ships of 500 tons gross and over
worldwide, according to LLoyds (6) only 80 ships of 500

tons gross and upwards were total losses from this cause.

The author was Tfirst iInterested in this |Iline of
research when reading the reports of accident enquiries and
being left with the feeling that iIn many cases the officers
who were Dblamed and sometimes punished were not behaving
very differently from the majority; it was Just that they

happened to be unlucky.

It was difficult to obtain evidence to prove or
disprove this feeling, although there was a certain amount
of information concerning accidents i1In the form of
Department of Transport official enquiries and Chamber of
Shipping Accident reports (7). Both these sources covered
selected accidents only, and there was no evidence as to
whether they were typical of accidents iIn general. Neither
was there evidence as to whether their accidents were the
result of 1i1solated TfTailures or if they were a symptom of
bad navigational practices iIn general. An 1Impression gained

from reading what accident reports were available was that



In many cases there was sufficient i1nformation available
for the navigator to prevent the accident from happening
but for some reason it was neglected. This neglect of
important i1nformation seemed likely to also be a feature of
navigation in general but 1t 1s only brought to public
attention when it results In an accident.

3* Equipment.

There was another reason why the author considered
there was a need to Investigate navigational practices 1in
decision making. A considerable amount of research has been
conducted 1i1nto collision avoidance, some of which 1s
discussed 1In Chapter 1, and one of the results of that
research was the introduction of a computerised radar and
collision avoidance system :ARPA (Automatic Radar Plotting
Aid) (8). The 1i1ntroduction of the requirement to carry this
system was considered premature by many people 1.e.
Cockcroft (9). He gave two main reasons iIn that he fTelt
that the need for this system had not been properly

demonstrated and that there was not the time to train

seafarers iIn 1ts use.

An integrated navigation system could be considered to
be the logical next step from ARPA and since already by
1976 many manufacturers were designing this type of
equipment, the author considered that there was a need for
more investigations into how the navigators made use of the

available i1nformation before legislation had the effect of



freesins the specifications i1nto possibly unsuitable and

even dangerous forms.

a. Outline of Research.

The research was started iIn 1976 and the first stage
was a literature survey described in Chapter 1 to examine
what other work had been carried out iIn this area and how

It could assist in the planned i1nvestigation.

The first experiment was a pilot study described 1in
Chapter 2, here the subjects were provided with a chart and
a card providing information from the different aids. This
experiment was designed to examine how the subjects treated
the information from the different sources without being
concerned with reading the aids themselves. This was used
to examine the confidence the subjects placed 1n the
different aids and their treatment of a situation where
there was more than the minimum Information needed to plot
a position. This study produced some 1nteresting and
unexpected results so a second experiment wusing a larger
sample and redesigned experiments was carried out, this

experiment 1i1s described iIn chapter 3.

The construction and operation of a simple simulator is
described in Chapter Wl. The results from the first part of
this work were wused to select the aids and design the

experiments used iIn this simulator.



Chapter 5 describes the tests used to validate the
simulator, some of the tests were desisned to verify the
results of the card experiments. The other tests were
desisned to test whether the subjects were navisatins in

the simulator i1n a realistic manner.

Chapter 6 describes the experiments carried out 1In the
simulator where the relationships between a number of
variables which were i1dentified iIn chapter 4 were examined.
It was the relationships between these variables that
provided much of the i1nformation concernins the use which
the different subjects made of the information.

It was clear from the start of the work that the
results would have to be analysed by statistical methods.
The subjects would be drawn from students studying at the
City of London Polytechnic for their Master®s certificate
and as time would limit the size of the sample available
for each experiment so the work would have to be planned
for statistical analysis from the start. This is described

in Chapters 5 and 6.

It was accepted that this sample would not be fTully
representative of the population of navigators in general,
as the students were expected to have between 6 and 12
years watchkeeping experience and be about 26 vyears old,
whereas the total population would cover a much wider

experience and age range. The subjects iIn the sample were



iIn the process of studying for their Master’s certificate
and knew that theilr actions were being examined so 1t was
,also expected that their performance would be slightly
better than that of the general population. Any farlings
discovered iIn this sample, could therefore be assumed to be

present iIn the larger population of navigators.

5. Treatment of errors by the subjects.

Although not taught i1n any detail for the professional
examinations the statistical basis of navigational errors
on which the selection of information depends 1s described
by Anderson (10) and Fifield (11). The errors in the actual
equipment are discussed by Sonnerberg (12), Wylie (13) and

in the Admiralty Manual of Navigation Vol.3 (l1U).



CHAPTER 1

Published work in Navigational Decision Making and related

topics.

1.1. Introduction.

The work that has been carried out on the wuses of
navigational aids falls i1nto three classes. First there 1is
the research which has been conducted in simulators on
groups of subjects to investigate particular navigational
problems: this was carried out mostly In the U.S_A. Second
there are the questionnaire studies which have been
conducted 1in several countries of which two of the best
known are from the U.S.A.(16) and Japan (17). The third
class comprises the investigations into bridge design and

here there iIs a useful spin off In terms of research iInto

navigational methods.

1.2. Simulators.

The fTirst modern simulators were developed for the air
forces and probably the best known is the Link trainer of
the Second World War. Today the aircraft simulator IS an

extremely powerful tool capable of reproducing almost all



mfdo characteristics ot the aircraft which 1t represents.

The requirement for simulators was demonstrated by the
need to teach pilots how to deal with emersency situations
which are too dangerous to practice in the air. A good
example 1s that of engine failure on take off, an event
which, fortunately, 1iIs a rare occurrence but one which 1is
potentially very dangerous to practice 1n an aircraft,
particularly twin-engined and resulted 1i1n some fatal
accidents before training was confined to the simulator
(18). An additional bonus 1is that the running costs of the
simulator are very much less than those of an aircraft as
their utilization is better and there 1s a considerable
fuel saving. Today 1t 1s possible for a trained pilot to
qualify completely on a new type without actually Tlying

the aircraft, as all the training can be carried out on the

simulator.

Progress has been less spectacular iIn the marine field

for two main reasons

To begin with 1t has not been possible to provide the
same degree of realism on a ship simulator. The aircraft
crew remain in their seats for the entire exercise so the
graphics have to be realistic in one or two positions only.
With a ship the crew move around the bridge to carry out
their duties so the graphics have to appear realistic when

viewed from any position on the ship®s bridge. A level of
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realism can be achieved by computer senerated 1Imases
(C.G.I1.) or by a hishly complex film projection system but
this requires a very powerful computer which, althoush
possible today, 1i1s very costly. Even so, there remains the

problem of parallax associated with the chansins viewpoints

of the crew.

For this reason most simulators offer nisht, twilisht
or low visibility conditions only. This may be adequate
when the simulator 1i1s only beins used for trainins es
navisation 1s usually more difficult under these
conditions. When i1t comes to research however these systems
suffer from a number of drawbacks. For Instance most
Importantly much of the research has been needed to define
the na”"i1gational requirements of port approaches yet 1in
many circumstances, particularly when Jlarge ships and
polluting cargoes are concerned, 1In practice navigation 1is
restricted to daylight, clear weather conditions only.
Another potential disadvantage 1i1s the difficulty of
simulating the taking of visual bearings and the
observation of transits, lack of which could produce

misleading results, (see also 1.10.).

A fTurther reason for the slower development In marine
simulation iIs that the training requirements of the
Merchant Navy deck officer are different from the airline
pilots i1n that they have never been required to demonstrate

their skills 1In a shipboard situation iIn front of an

11



examiner. Consequently there has never been a clear
requirement for a complete ship simulator in the same way
as there 1s for an aircraft. With the simulators 1In use
today, there remains the i1mpression that they were acquired
because the technology was attractive«and a role for them

was sought afterwards. There does not seem to be the clear

training benefits to Justify the expense of this equipment.

The first use of simulators i1In the marine field was for
radar training. After the Second World War shipowners
started to fit radar to theilr ships, but It soon became
apparent that this did not lead to any reduction in the
frequency of accidents and after the collision between the
Andrea Doria and the Stockholm 1i1n 1956, radar training
became compulsory for all United Kingdom deck officers. A
further development came with the i1ntroduction of the Radar
Simulator 1n 1959. This was, and still 1i1s, a part task
simulator and makes no attempt to do anything other than
teach collision avoidance by the use of radar. It was
probably because of these limited objectives that 1t has
been so successful and i1s now a part of the deck officer’s
training. The next stage would seem to be the 1introduction

of compulsory refresher training for all navigators.
1.3. Research Simulators.

The complete simulator i1s so expensive that in the U.K.

most of the available time on the Simulators at Warsash and

12



South Shields 1i1s used for training, as that i1Is the reason
for which most of the simulators are funded. Thus 1t is not
surprising that there 1s very little research time

available and not much iIn the way of published material.

(I Computer Aided Operations Research Facility

(C.A.0.R.F.)

CAORF was set up by the United States Maritime
Administration to undertake work Tfor the benefit of the
U.S. Merchant Marine. The United States Maritime
Administration i1s a government organisation whose objective
Is to stimulate the economic productivity and vitality of
the U.S. Merchant Marine and as part of 1i1ts research
programme CAORF was set up. The funding of CAORF 1is partly
by the U.S. Maritime Administration and partly by the

organisations who sponsor the different research projects.

The aim of CAORF as stated was “to look at the
man/machine interaction on board ship”. It was set up when
It became apparent what aircraft simulators could achieve
and 1t was hoped that it could be wused to examine the
problem of human error which was stated In a Maritime
Transportation Research Board report to be responsible for

S0% of all accidents at sea (19).

The research programme started i1n 1976 and since then

an 1mpressive amount of work has been carried out (20), but

13



th©® cost of the simulator and the methods of financing the
work means that most of the research must provide 1mmediate
returns to the sponsoring organisations. hence the

have been mainly concerned with the
development of harbour approaches, the use of various radar
plotting systems and the training of watchkeepers. The last
two 1tems have featured in discussion at [1.M.O.
(International Maritime Organisation) and have been
incorporated iIn conventions concerned with the provision of
Automatic Radar Plotting Aids ARPA (8) and the training of
seafarers {21).(22). The United States” stand on these
items was i1nfluenced by the results of experiments carried
out at CAORF as well as by the environmental and other
pressure groups which are part of the American political

scene.

One of the difficulties with this type of research has
been to obtain a large enough sample to produce realistic
results. It takes a long time for the subjects to undertake
the various tests and with some of the CAORF experiments
training with the various aids was necessary before the
experiments could be conducted. This placed a limit on the
sample size and. therefore, on the number of replications
which could be i1ncluded iIn an experiment. Many of the CAORF
experiments were therefore conducted with remarkably small

numbers of subjects.

There are two CAORF experiments which are important to

Vi



the present work so they are discussed in detail not only
because of the results of the experiments themselves but
also to give some i1dea of the approach to research adopted

by CAORF.

1.5_. The Validation of Mate Behaviour on CAORF.

with all research conducted on a simulator there
remains the question of validation since all of 1t 1s open
to the accusation that the results relate to the simulator
only. To counter these accusations the Tfirst experiment run
by Hammell at CAORF(23) was to validate the simulator by
testing a number of subjects and then comparing their
reactions with data which had been collected at sea during

a series of experiments concerned with bridge design.

The experiment consisted of three exercises, two of
which were carried out In a simulated open sea situation
while the third was carried out In the Dover Straits in
order to simulate a congested sea area. Ten subjects were
used, several having their Master®s Certificates. They were
divided i1nto three groups each being assigned to one of the

exercises.

The small sample size made some of the results open to
question, particularly as only two subjects took part in
the Dover Straits exercise, but 1n general terms the

results gave some useful pointers to the present work.

15



First, in seneral, the validation was successful. The
subjects* behaviour in the simulator was similar to that
which had been observed at sea. The simulator was not fTully
operational at that stase as the only navigational aid
available at the time was the radar, and i1f they wanted to
consult another aid the subjects had to ask the supervisor
for the readings. Consequently the main emphasis of the
experiment was on collision avoidance by using radar but
other navigational aspects were also i1ncluded. As far as
the present work was concerned 1t demonstrated that a
simulator was capable of being used to model a navigational

situation.

Second, the subjects were found to demonstrate a
learning effect, for during the first two hours of the four
hour experiment they showed a higher level of activity than
would be normally expected at sea. This was put down to the
fact that although they had been assured that it was a
normal situation being simulated they were expecting some
sort of surprise or *trick®™ to be played on them by the
researchers, and i1t was not until they had spent about two

hours i1n the simulator that they started to relax.

The same effect was fTound In the present work as the
subjects plotted more positions and observed the aids more
frequently than would have been the case at sea. Unlike the

CAORF experiment the subjects were not given sufficient

16



timo to relax. There was no evidence to sussost however
that the sub”™Jects navlssted any differently than they would
at sea, only that they carried out the same tasks more

frequently.

1.6. Comparison of Systems.

The second experiment related to the present work was;-
**Effectiveness of three electronic systems as collision

avoidance and sroundins avoidance aids"*, conducted by Hayes
and Wald (2U). These experiments were desisned to test the
effectiveness of three different aids when the ship was
navigating down a narrow channel 1In the presence of other

ships.

The three systems were;-
a) Radar Only.
b) Radar with a collision avoidance system.

c) Radar with a collision avoidance and a navigation

system.

The subjects were twenty-four serving ship®"s Masters
with Master®s and Radar Observer®s certificates who all had
experience with tankers similar to the simulated 80,000

dwt. tanker used iIn the experiment.

The subjects were divided i1nto three groups of eight

and each group was assigned to one of the radar systems. As

17



they were not familiar with the newer radar systems each
group was given two dailys training with theirr particular aid
while the basic radar group were given refresher training

In radar plotting.

The subjects were asked to navigate their ship down a
narrow channel 12 miles long and {1,000 ft. wide with a
visibility of 1/2 mile. There were a number of other ships
about at the time and the subjects had to i1dentify and
avoid potential threats as well as to keep their ship
within the channel. Each of the subjects carried out four

runs with a different collision threat on each occasion

making U X 3 X 8 - 96 replications.

The results of these experiments demonstrated that 1in
this situation the subjects using the Radar + Collision
avoidance Navigation system had fewer i1ncidents measured
by collisions, near misses and groundings than either of
the other two groups. Another advantage claimed of the
collision avoidance system was that the subjects detected
threats earlier and gave a wider berth to potential
dangers. Those subjects without the navigation system
however were put in a difficult situation by being expected
to navigate along a narrow channel that was sparsely marked
with buoys, by parallel i1ndexing only as there was no other
position Tfixing system available. It was not surprising
therefore that the subjects chose to pass closer to another

ship whose position was known rather than the poorly

18



defined channel edse.

The results also showed that althoush the group using
the most sophisticated equipment had fewer 1incidents, the
only group not to have a grounding were those operating
with the conventional radar. As these experiments were
mainly concerned with,collision avoidance not much was made
of this fact 1In the report and from this distance any
comment must be speculative but 1t 1s possible that the
more sophisticated systems were demonstrating some of the
problems that were discovered In the early years of radar,
namely the false sense of security and lack of appreciation
of some of the shortcomings of the equipment. Should this
prove to be the case there could be serious dangers with
these systems because with this experiment it must be
assumed that the equipment was always set up correctly
before each exercise, which i1In practice might not always be
the case. What these experiments did not examine was how a
bridge “team” operating with two radar sets, one on true
motion, would have managed the situation. This was how the

problem might well have been tackled on a British ship.
1.7. Other Simulator Based Research.

Some time has been spent discussing CAORF experiments
as they are one of the most i1mportant users of experimental

simulators and their work has made a considerable i1impact on

navigation equipment legislation through the American

19



influence at 1.M.O.

The other series of experiments carried out 1In the
U.S.A. and of 1i1nterest to this study was entitled "Human
Factors in Ship Control” by Mara (25). This series of
experiments was primarily concerned with the design and
layout of ships* bridses and how well the human can control
the ship. The experiments were carried out in a simulator
at the General Dynamics Corporation and were conducted for
the ship operations research programme of the United States
Maritime Administration. It was as a result of one of their
experiments on ship handling iIn narrow waters that the idea
of asking the subjects to log the lights observed as a side
task, as described in Chapter k, was developed. As used 1iIn
the American experiment it was a measure of the subjects*
work Hload. In the present work i1t was used to make the
simulation more realistic by emphasising the fact that
navigation was not the only task required of the

watchkeeper.

Outside the U.S.A, the main published work on research
carried out In navigational simulators has been 1n Japan
(26), the Netherlands (27) and Norway (28). The Japanese
experiments were concerned with collision avoidance 1in
narrow channels and the Dutch with testing various bridge
designs in different navigational situations. This work on
bridge design was relevant to the present work and will be

discussed later in this chapter.
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Another use of a simulator was i1n Norway by Draser(28)

Where an experiment was made uslns It to Investigate a

StrandIns. Although the experiment was not successftul

because of lack of Information 1t led to a recommendation

that ships should be equipped with data recorders similar

to those fitted on aircraft. This recommendation Is

currently before I.M.0. and may become law In a few years”

time. Should data recorders become compulsory on ships It

may lead to unemployment among the legal profession!

It 1s not surprising that so little research has Dbeen

carried out on full navigational simulators when their cost

13 considered. In this country much of the cost i1s carried

by shipowners and so they have the first call on simulator

time for what they consider to be the priority need which

Is training. A new research simulator at U.W.I.S.T. has now

been commissioned and so In due course there should be more

published work on simulation in this country.

When the use of the part task simulator. particularly

the radar simulator. Is examined a different picture

emerges. A considerable amount of published research has

been carried out on these simulators and while much of this

work has by 1Its nature been concerned with collision

avoidance, some of It Is relevant to the present work. Kemp

(29) Investigated the relevance of some of the collision

regulations while Hagart * and Crawshaw (30) examined the
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relationship between personality and ship handling
behaviour. Important to this work i1s the experiment carried
out by Curtis and Barratt of the National Maritime
Institute (31) on the validation of simulator results. They
demonstrated that the subjects behaved in the radar
simulator In the same way as they behaved at sea and thus
the radar simulator as an example of a part task simulator
was an acceptable method of carrying out research into
navigation problems. provided i1ts limitations were
understood. For a further discussion of these points see

Chapter 5.

1.8. Research by Questionnaire,

A useful method of conducting research i1s by
questionnaire, as i1t I1s possible to make use of a much
larger sample than would be possible by other methods. Its
results however tend to be iImprecise because unless the
researcher 1s present to amplify the questions It Is not
always possible to be certain that the subject will
interpret the question in the way that the researcher
Intended. Thus, many questionnaires consist of only Yes/No

types of question which tends to limit their usefulness.
A number of questionnaires have been used in

navigational research, many as part of other experiments

and they have provided some useful Information. Some which
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ar®© ralOvant to tho present m ?rCF are discussed below.

1.8.1. U.K. Survey. Holder, Liverpool U.K.(32).

As part of his research into navigational methods
Captain Holder of Liverpool Polytechnic gave a
questionnaire to twenty-six students studying Tfor their
Master’s certificate at the Polytechnic. This was relevant
to the present work because he drew his subjects from the
same population as the present author, so theilr experiences

and reactions should be similar.

He used the concept of a primary position fixing aid
and a second aid to check the position. This i1s a concept
which the author does not like because there i1s the danger
that the iInformation from the check aid will not be plotted
and this could lead to the subjects navigating for some
time using one aid and possibly two position lines only,
with the dangers that this entails. (These dangers are
discussed TfTurther in section 6.tt.7,8.). A better method 1In
the author’s opinion is for the navigator to plot all the
relevant i1nformation on the chart and then use his training

and experience to decide what is the ship’s most probable

position.

The results of this study by Holder showed that a large
proportion of those questioned (69X) considered that visual

bearings were their preferred primary aid while 17X
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pj«©fojir©cl 'th© DOCC® Navlisfttror and 1.0.X "tho radar.

When it came to the use of a check aid 58X preferred
the Radar and 26X the Dacca Navigator. The subjects
considered that the Radio Direction Finder was only of use

as a check on the other aids.

In the absence of any tests of significance. these
results agree closely with those obtained from the present
work although the preferences for the radar and Decca
Na”vigator are probably connected with how the airds are
used. It 1s easy for the navigator to plot a position using
the Decca navigator and then check the position using a
radar distance off sl suitable point of land, while plotting
a radar position and then checking with a Decca position 1is
not so easy. This may lead to the danger of navigators Just
observing the radar without even plotting the position line

on the chart, which could lead to blunders as demonstrated

In sections 5-2.5* and 6.U.12.1.

Captain Holder in his report stated that he has a poor
opinion of astronomical navigation. Although no reason was
given 1t may be because 1t 1i1s less accurate than the
satellite navigator and other electronic aids.
Astro-navigation has the 1mportant advantage that its main
errors are caused by abnormal refraction or misty weather
leading to a poor horizon, conditions which are apparent to

the navigator when ho takes the observations. Thus they can
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bo taken i1nto account when evaluatins the results, a
procedure not always possible when using most electronic
alds. A second advantage of astronomical navigation 1is that
most navigators are experienced in the techniques involved

and have an appreciation of the errors iIn their results.

1.8.2. United States and Japanese surveys.

Important work was carried out by Carpenter and Waldo
in America (16) and by Yonezawa and Miyoshi (17) 1n Japan.
Again the results must be treated with caution because both
surveys were concerned with the use of electronic aids and
no questions about the role of visual bearings were
included in the work. Thus what the present work has shown
to be the most popular navigation aid iIn coastal navigation

was omitted from these surveys.

The American survey consisted of a questionnaire sent
to a number of serving Deck Officers on United States*
merchant ships and. after the results were published, the
identical questionnaire was given to a number of Japanese
deck officers for the purpose of comparison. As well as
providing information on the use of the different aids the
surveVs gave an indication of what equipment was fitted on

the various ships and also some unquantified opinions on

its reliability.

The FTirst preference for an electronic aid was the
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al"thoush 1In ©3kch cas© 1"t was clOar "ta't ~this was du©
at lo0ast 1In part to tho fact that i1t could DbO used for
collision avoidance as well as for navigation. The second
preference was fTor loran in the American survey and thO
echo sounder 1In the Japanese. This must be due. 1iIn part at
least, to the fact that there was not complete |loran
coverage of the trade routes commonly followed by Japanese
merchant ships, while most American ships were engaged on
coastal voyages where there was complete cover. In both
cases, although there was not complete Dacca coverage on
the routes followed by the ships examined in the survey, on
the few ships where 1t was fitted 1t was used wherever

possible.

In both studies the radio direction Tfinder, although
fitted, was seldom used by the Japanese but more frequently
by the Americans. One reason seemed to be that, in general,
the Japanese ships were newer and better equipped with
navigational aids, 1iIn particular Loran and Decca, so there
was no need to resort to the D.F. Another useful finding
was that the Americans seemed to have problems of
reltability with some of their aids so they tended to bO

forced to use the D.F.

1.8.3. Netherlands and Swedish Surveys.

As part of their research iInto bridge design, Moraal et

al. of th© Netherlands Ship Research Centre TNO, sent out a
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detailed questionnaire to serving masters a*" pilots (33).
This was used as a pilot study for their more detailed work
on Dbridge design (section 1.9). In a similar manner to the
Japanese study the Swedish Ship Research Foundation later
gave the Dutch questionnaire to serving Swedish masters and

pilots.(3U)

The questionnaire was concerned with bridge design and

the only parts of interest to the present work are:-

a) The 1i1mportance of good visibility. All  groups tested
agreed with the statement that ™everything iIn navigation

depends on good perceptual conditions”. This must tie 1n

with the preference for visual bearings demonstrated in the

present work (section 3*9.1.1.).

b) Use of radar: 58X of the Swedish masters and 6H% of the
Dutch masters considered that both true and relative motion
radar displays were necessary Tfor navigation 1iIn poor
visibility. As this work was completed before the CAORF
experiment, described In section 1.6, It was unfortunate
tbat the use of two radar displaiys was not i1Included iIn that

work.

c) Lack of time: both the Swedish and Dutch groups agreed
that there was not always enough time to make the correct
decisions. This agreed with the relationship between the

time spent watching the aids and the number of Jlights
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Observed ,n the present worK (section 6.a.U.l, «here 1t was

apparent that the suhdeots «ere Tforced to allocate

priorities.
1.9. Bridge Design Studies.

There has been more «ork carried out on brldse design

than on the use of navigational aids, but this apparent

contradiction can be explained bv the fact that many of the
aitds are grouped together on the bridge and from the point

of vie« of layout 1t is not important «hich aid. out of a

particular group the navigator decides to use.

When sail gave «ay to steam the ship"s bridge as «e

know 1t today Tfirst evolved. In sailing ship- i1t wa®

necessary for the «atchkeeper to note every change of wind

direction iIn order to ensure that the sails «ere properly

adjusted 1f the ship «as to sail her i1ntended course. The

need Tfor this passed with the arrival of steam and it «as

possible to provide some form §¥>W52¥p@? protection for the

navigating position. Fra ATl 55%? hard however arcl

although Shelter «as provided for the helmsman, It «as

considered that the only way for the officer on

keep a proper lookout «as by being exposed to the weather.

This obviously absurd tradition continued until the 1960s

when the i1ntroduction of electronic equipment. which

required weather protection, ¥8F88g the watchkeeper to come

indoors in order %o operate it A FElIE of this attitude



today +3 that there are still larso numbers of ships where
the arrangements for keeping the bridge windows clear are
totally inadequate. Another attitude which still persists
iIs the i1dea that the watchkeeper should not be allowed to
sit while keeping his watch in case he fTalls asleep during
the night watches, despite the fact that for many years
operators in other i1ndustries have been allowed to sit and

have not fallen asleep.

With the advent of the enclosed bridge and the
increase in electronic equipment carried in merchant ships
It became obvious that some sort of ergonomic approach was

necessary 1f the best use was to be made of this equipment.

One of the earliest references to the need for
ergonomic navigational displays was contained iIn a paper
presented to the then Institute of Navigation on the
“Display and Use of Navigational Intelligence” by Majendie
in January 1958.(35) In this paper the author described
some navigational control systems and, what was more
important to the present work, he called for closer
collaboration between the designers and users of

navigational equipment.

A point of iInterest i1s that the writer Joined his
first ship in the same month that this paper was presented.
on this particular ship there was no electronic

navigational equipment on the bridge; indeed a simple gyro
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compass was all that distinguished this bridge from that of
a ship of 50 years earlier. There was a primitive radar and
Decca navigator but they were in the chart room which was
separated from the bridge by a corridor. The radio
direction fTinder was i1In the radio room, a situation which
persisted for many years and resulted 11n this aid being
considered the preserve of the radio operator. This was
responsible, at least in part, to the reluctance of
navigators to make a proper use of this aid, and could have

contributed to the stranding of the Stancrown (36)

In 196 a paper by Bentkowsky et al. entitled *A
control system for ship’s bridges” (37) anticipated much of
the later work and i1ndeed the bridge so described would be

an improvement on many 1In service today.

Oowners were quick to realise that apart from
increased safety there was the additional bonus of reduced
manpower 1Ff the bridge design was carried out properly. The
first example of automation iIn navigation was the automatic
helmsman which appeared before the second world war and now
paitys for 1i1tself, not only i1In reduced manpower but iIn the
more important role of reducing Tfuel consumption which

results from the more consistent steering.
Today, further work 1s being carried out iIn bridge

automation with the ultimate aim of the unmanned bridge.

Once this can be achieved 1t should bo possible 1iIn
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principle to run a ship without any crew. This could
probably bo achieved with the technology available today
but the development costs are so high as to require
government finance. There would be strong objections to
such a ship on environmental and employment grounds so it
seems unlikely that any government would finance such a

project In the foreseeable future.

Most maritime countries are involved iIn some form of
bridge design study. They usually start with an
investigation to 1i1dentify the defects in present bridge
designs and from these Tfindings work out an 1i1mproved
system. This 1s then tested either 1In a simulator or on a
ship at sea. and leads to some form of standard bridge
design. Unfortunately, every study Jleads to a different
standard design! Of the various studies that were carried
out two of the best known were by the Netherlands Ship
Research Centre in Holland (27) and by the National

Maritime Institute in England (38).

1.10. Bridge Design in the Netherlands.

In the Dutch study, (27) after an improved bridge had
been designed a number of subjects were asked to evaluate
several mock-ups. The subjects were drawn from three
groups, Dutch masters and mates, Dutch pilots and
foreigners. All the subjects from the first two groups had

current sea experience but some of the fToreigners had not
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been to sea for " >x.> time and were employed iIn the i1ndustry
In a capacity that was connected with the desisn of ship’s
bridges. The 1nclusion of pilots was 1mportant because
although the ship spends a very small proportion of 1its
time under pilotage it 1s during this period that,
according to Cockcroft (39). the ship i1s most at risk as a

high proportion of accidents occur in pilotage waters.

The subjects were asked to assess the relative
importance of the different aids by means of a
questionnaire. This questionnaire was more detailed than
those used iIn the American and Japanese studies reported 1in
section 8.2 of this chapter. 1t also had the benefit that
the subjects completed the questionnaire while they were
evaluating the bridge designs so the results should be more
reliable. The results from this survey were similar to the
preferences demonstrated 1in the present work with two

important differences.

The first was that the preference for visual
bearings was less than that shown iIn the present work.
Unfortunately there was no explanation as to how they were
treated as 1n the Dutch study they were grouped under the
general term of ™“course setting” and this may be a clue as
to how the subjects viewed these aids. In the Dutch study,
”course setting” did not rate as highly as radar, although
from the present work there was no doubt that the subjects

considered that visual bearings weie the most iImportant
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method of position Ffixing. With the" Dutoh study being
concerned with bridge design. no attempt was made to
distinguish between navigation and collision avoidance,
because both functions have to be carried out
simultaneously and the subjects were being asked to Judge
the suirtability of the bridge for both tasks. thus the
radar was beilng assessed for both functions, while visual
bearings only Play a minor vrole 1n collision avoidance.
Whatever the reason. the neglect of this position fixing

aid was an important omission from the Dutoh study.

The second difference was that the Dutch Officers
seemed to attach greater i1mportance to the echo sounder
than do the British Officers iIn the present study. which
could wall Dbe because of the shoal water around the Dutoh

coast.
1,11. Bridge Design in the U.K.

The British Study conducted for the National
Maritime Institute (N.M.I.) (38) was carried out at about
the same time as the Dutch Study. A team of researchers
visited a number of different ships and studied the
movements of the navigators. From this study a pattern of
movement was observed and a code of practice on bridge
design was developed ((UO). A bridge design based on this
work 1s now being tested at sea on board a coastal tanker.

This work also forms the Dbasis of a computerised
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navigational system developed by Decca (30). Unfortunately
there were little data available from this study so i1t was
not possible to examine the pattern of observation of the

navigational aids in the first data collecting exercises.

Unlike the Dutch experiment the Decca bridge 1is
being tested at sea so It Is not possible to monitor the
reactions of as wide a number of navigators as iIn the other
study. This i1s partly due to the Qlack of a suitable
simulator 1n this country and i1t i1s hoped that when the
simulator at U.W.I.S". T. 1s commissioned one of the early
experiments will be to examine the recommendations which

resulted from the N.M.l. study.

One finding from the N._M.I. study was that 1iIn a
crisis the watchkeeper tended to stand in the middle of the
bridge cutting himself off from the i1nformation available
from the different aids. From the present work 1t seems
that 1t 1i1s not only In emergencies that this occurs but
rather 1t 1s a general problem. The N.M.I. noted that 1n
some circumstances the subjects did not have the time to
collect the necessary i1nformation. The problem 1s deeper
than this and seems to be connected with the navigators
lack of ability to make use of all the available
Information, which IS discussed i1n section 6.3.2. 1iIn the
light of results from the present work. A badly designed

bridge will cause unnecessary difficulties for the

organisation of Information Tflows.



A weakness of all these brldse design studies has
been that the 1i1mportance of visual bearings has been
understated. This 1s probably because they are difficult to
integrate iIn a computerised navigation system and in the
case of the Norcontrol bridge design (Hi) they have been
omitted altogether from the i1ntegrated system. With the
Manav system developed by Decca and the N.M.I. they are
included, but unless future bridge designs include visual
bearings there IS the danger that this 1Important

navigational method could be lost. As the present

generation of navigators place considerable reliance on

these methods this must be sufficient reason for
Iincorporating them 1n any Tfuture computerised Dbridge
design.

1.12. Summary.

This review covers a wide range of work, but only the
papers by Waldo and Carpenter (16) and Yonezawa and Miyoshi
(17) are directly concerned with the preferences for
different navigation aids and unfortunately they do not
concern themselves with the use of visual bearings. This
was partly because until now the choice of aid has never
been a problem, as TfTor many years there was no choice.
Ships carried a limited number of aids and i1t was usually
only when a ship was In an area covered by Decca and 1in

sight of land that a decision by the navigator was
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required. It Is only comparatively recently that the
electronic revolution has i1ncreased the number of aids and

also the problem of choice.

In previous years the decision about what aids to
fit was left to the shipowner but recently new legislation
has taken this decision out of the his hands and the
problem of the correct choice of aids by the navigator has

now become universal.

From the published work a number of points have

emerged which have an Important bearing on the present

work:-

a) Sample size. One of the problems when conducting
experiments which Involve using people as subjects la the
length of time which 1t takes to build up a suitable size
sample. With the present work all the subjects were
volunteers and the experiments had to be conducted during
their lunch hour thus only one subjected could be tested
per day. Despite these problems the sample size used iIn the

present work compares Tfavourably with those of the other

experiments described iIn this chapter.

b) Preferences Pr the Hf'ﬁ%‘lr&ﬁt ards. Althoufich  there are
slight differences because the work was Intended for other
purposes, the preferences for the different aids are very

similar to those demonstrated 1In the Present work. The

36



important irifforance 1s that the clear preference for

visual bearinss was demonstrated only by Holder (32)

c) Simulators are accepted as a method of conducting

navigational research. There are a large number of

experiments conducted i1n both full and part task simulators

and both types have been validated (23) t (3D* There are

differences between behaviour In a simulator and behaviour

at sea and these are discussed In the appropriate parts of

this report.

d) Underestimation of the importance of visual bearings.

Only Holder (32) mentions that visual Dbearinss are still

considered to be the most Important aid to navigation 1in

coastal waters. Is this because only British Officers

consider this to be the <case or. more likely, has the

tendency by researchers to concentrate on the more

glamorous electronic aids obscured what the present work

has demonstrated to be the most popular of all the aids?



CHAPTER 2

Experiment 1.

2.1. Background.

At the start of this work 1n 1976 the only published

information available on which to base these experiments

was in the form of accident iInvestigations and reports.

This 1nformation was not suitable for use iIn the design of

the experiments for two main reasons. Firstly not all

accidents are 1investigated, so the only published reports

are those concerning accidents which the Department of

Trade (now) Transport choose to 1Investigate. Since the

reasons as to whether a particular accident is to be the

subject of a formal 1nvestigation are not published these

reports cannot even be considered a representative sample

of the different accidents which were a result of bad

navigation. far Jless can they be used to give an i1nsight

into navigational practices aboard the average merchant

ship. The second reason is that because the i1nvestigations

are carried out in public 1t i1s possible that not all the

information on the events leading up to the accident 1is

available even though the Primary cause may well Dbe

es"tablished.

What was needed therefore was a small scale experiment

to examine how seafarers managed the i1information from the
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different navigational aids and use this as the basis for

the design of future experiments.
2.2 Objectives of the Experiment.

The Object of the experiment was to examine how the

subjects decided on a position when slven more Information

than was necessary for the particular task and were

therefore forced to make decisions. There were two aspects

of this process that were of particular Interest:-

1) The subject®"s preference for a particular aid. Some work

has already been published on preferences fTor different

navigational aids. see Carpenter & Waldo (16). Yonesawa a

MIyoshl (17) and Holder (32). but these and similar
investigations discussed in Chapter 1 were carried out by

means of questionnaire studies. In this exercise” the

intention was to investigate these preferences by examining

how the subjects decided on a ship®s position when given

information purporting to come from more than one aid.

2, The other objective was to examine whether the subjects

.ere making use of all the available information. In this

experiment, 1t was expected to be demonstrated by the

subjects® choice of either an iIntersection of position
lines iIndicating that not all the information was used or a

mean position among several Jlines 1i1ndicating that the

subjects were making a choice based on their experience and
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Bivin* some weight to all the available information.

The navigation aids used iIn the experiment «ere radar.

Dacca Naviaator. radio direction finder and visual

compass
bearinss. The method

adopted was .enerally to test these

aitds iIn pairs so that preferences could be established and
also generally to provide the subjects with four position
lines

In each test so that they had to maXe decisions on

how to treat the relevant 1nformation.

- that 1n some of the
There was the possibility

experiments the subjecfs preference for. or rejection of.

a particular aid might

influence his choice of an

i ) =n position among several position
intersection or a moan

_ e.<m«nta were devised where only
lines so a number of experiments «

wHob>-fcka choice

i i 1 of position
one aid was examined and the subject

hecame more dependent on the geometry of the figure.

The experiment was devised to present

Ilhe subjects «one pnenented with navigational data for a

ahiP on a series of cards. They were then asKed P

. .ata on Chart No. UO1)H79 and

indicate where they

d the Ship®"s position to be. This Provided the

quickly because

considers

hasis Of an experiment that

no apparatus «as reauired apart from a chart.

there was = Wwjde ranae of
- _ _ : available Wwhile the
different navigational 2148
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and the different banks



considerable scope for the deslsn of the exercises (see

fis 1). The only alteration to the chart was to assume that

there were beacons for use with radio direction finders on

the St.Qowan, Helwick and Scarweather lightships.

2.3. Design of the Experiment

Nine i1ndependent exercises were devised and presented

to the subjects In rendom order (Fi* 1) to ensure that the

variation resultin« Tfrom any learnln* effect was spread

evenly amone the results. In any one exercise the subject

was presented with a card containln« readlnss from

different navlaatlonal aids and he was asked to plot the

information on the chart and Indicate where he considered

the ship®s position to be.

No attempt was made at this staje to ask the subjects

to read the ailds themselves as their opinion on the

reliability of the aid itself was required not how easy it

was to road or use.

When the i1nformation was Plotted on the chart the

position lines .ave a 'cocked hat", usually iIn the form of

a quadrilateral. The site of the fliure was i1mportant: too

I.r.e and the subjects would consider i1t to be unreal: too

small end i1t would be difficult to extract the necessary

information. Four ouf of fﬁ@' EWSHE% subjects oompleined
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that the cocked hats In some exercises were too lar«e and

stated that they would »»check the readings»», but most of

them accepted the figures without any comment.

2.U. Tests and Hypotheses.

The results were a scatter of positions around the

fisure produced by the fTour position Qlines that were

usually liven In the test. The statistical test chosen was

the "Chl-souared loodness of fit" test (a2) which was used

to check whether the results showed random behaviour or

not. If the distribution of the results was not random then

the subdects were considered to be makins reasoned choice

based on their trainini and experience and 1t would be

possible to interpret the results on that basis.

TO standardise the analysis six pairs of hypotheses

were cﬁosen aHE {Hggg WEFS tested asalnst the results of

each of the nine exercises.

2_.U_.1. Test Number 1.

Did the results show any slins of a preference for a

particular strateiy In the treatment of the data on a first

examinations Before the results were examined iIn detail

,his test was i1ntended to look for siins of a preference
amonist a number of different strate.ies. otherwise the

results could be assumed to be random. This would then
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indicate that there was no preferred method of naviaating

iIn the given situation.

Ho The subjects showed no prefer-ence for a particular-

strategy or strategies-

Hi The subjects preferred at least one strategy.

2.U.2. Teat Number 2.

Among the subjects who chose corner positions, was
there any evidence of a preference for one particular

corner?

Hr. The subjects showed no preference for one particular

cornere

H. The subjects preferred at least one of the corners.

2_.U.3. Test Number 3-

was there any evidence of a preference for one
particular method of position fixin«? In some tests this

could indicate a preference for one aid or another, but iIn

other oases, for example radar, this could indicate how the
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aid wasused. Whore the circumstances warranted It, this
test could be carried out In two parts, first amons those
subjects who used one aid only and, second, with those
subjects who used severalaids, with the preferences

allocated amon* the different aids.
Ho There was no preference for one particular aid-

Hi The subjects preferred at least one of the airds-

2.U.U. Tost Number U.

Did the subjects base their positions on Information
taken from one aid only, or did they take all the aids Into
account when they fixed their positions? This test was not
totally satisfactory because the subjects were asked to
plot all the Information on the chart before decldIn* on
their position, a situation which would be unlikely to
occur In practice. The result was Important however because
the use of one aid only can be danscerous If there are any
errors In the readings, since they could go undetected for

some time.
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Ho There was no preference for the use of one aid only,

rather than a combination of aids.

Hi  The subjects preferred to use either one particular aid

or a combination of ailds«

2.H.5. Test Number 5.

Did the subjects prefer a position on an iIntersection
of two position lines or did they prefer a central
position among several lines? Because of the various errors
the position lines do not all 1iIntersect at a point but
rather cover an area of the chart and the ship®"s position
would be somewhere In this area. A preference for an
intersection of two lines would suggest that the subjects
were unaware of this fTact. A preference for a central
position would suggest that the subjects had a better
understanding of the problem. The test for preference was
made against the null hypothesis that i1t was equally likely
that the subjects would choose eilther a position line

intersection or a central position.

= - tion of
H> There was n° preference fTor either an intersec

o . osition among several position
position lines, or a mean

lines.
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Hi The sat"jects preferreeitther an intersection of

position lines, or a mean position aori™ several Ilines-

2,U,6. Test Number 6.

This test followed on from Number 5- Of those subjects
who chose a position amons several position lines, did they
choose the aeometric centre or did they choose some other
position? The geometric centre was only the most likely
position i1f all the aids demonstrated an equal error, a
situation which would be unlikely in practice. A position
displaced from the centre could be considered to
demonstrate that the subject made a considered choice and
was Tavouring one of the aids. The test was made under the
null hypothesis that the subjects would choose either the
geometric centre or a weighted position with equal

likelthood.

no preference fTor either the -geometric centre
Ho There was

or a we 1*ghted position-

H. The subjects preferred either the .Jjeo"€tric centre or a

weilgltte™ position-

An added advantese of using these standard test, for

all exercises was that where the sample slae was too small
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In one exorcise to conduct a viable tost it was sometimes
possible to combine the data from several exercises. In
particular Dbecause the subjects demonstrated a dislike for
a moan position 1t was not possible to carry out test No. 6
in any of the individual exercises and so this test was

made at the end of the experiment on the combined results.

see section 2_9>n*

2 .5_. Statistical Test.

The statistical test chosen for this work was the

*»Chl-SQoared Goodness of fit test.**(U2)

In this tost the value of Chi-squared 1i1s calculated

from :-

where :-

O - The number of observations iIn a slven cell

E - The expected number of observations In the cell.

Whore the expected vaid@ Was loss than 10 and the



desz*oes freedom were unity, then the test was modified
in the following manner to compensate for the small sample

size (U2):-

X=X

The expected value was the number of observations that
would be expected under Ho. In this case, because the Null
Hypothesis (Ho) was to assume that the data were randomly
distributed, the expected value was taken to be the mean of

the number of observations.

It 1s called the ™goodness of Tfit test” because 1t
compares the number of observations made 1In a given
distribution with the expected number under (H*>). The value

of Chi-squared so obtained i1s then tested for significance

using tables ((13).
2.6. Region of Rej;Jection.

The teglon of rejection consisted of all values of
Chi-souared such that the probability of rejectin« Ho when

It was 1In fact true. a. was ecual to or less than .05.

1.e. a ™ .05

2.7. Significance Levels.
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The sisnificanco values for Chi-squared are given 1in

the fTollowing table (U3)s™

Table 1. Critical values of the Chi-squared stastistic

Alpha Degrees of Freedom
1 2 3
.05 3.0U 5.99 7-01
.01 6.63 9.21 11. 3~
.001 10.83 13.81 16.27
In this chapter a result significant at a= .05 1a
denoted by ¢. at a= .01 by ¢ and at a =.001 by eee
2.8. The Nino EXxercises.
For a list of the nine exercises see section 2.10.
2.8.1. Exercise Number 1.
2.8.1.1. Introduction.
The subjects were g%ﬁéﬁ a card with the Tollowing
information; -
-eYou are bound i1inwards for the Breaksea Litht Vessel

with visibility about U miles and your vradar 1is
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Fig 2 Decca and D

worklns* D.F, bearings (corrected) are Scarweather Light

Vessel 021* +true, Helwick Light Vessel 13tt* true and Dacca

readings are Purple A 552 and Green D UO0.2 Mark your

position on the chart.”

This test was designed to look for a preference between

the Decca and the radio direction finder (D.F.)

When plotted the bearings formed a diamond shape with a
diagonal of about 1 mile. The D.F. and Decca positions were
an equal distance, about 7 miles off the Devon coast (see
fi1g.2). To prevent the subjects®™ choice being biased by the
proximity of land, and deciding on a position which places
the ship closest to the potential danger, the ship was
designated as being bound Inwards to the Breaksea Light
Vessel where there was land on both sides. The other
possible navigational effect was that the intersection of
the Dacca lines put the ship further ahead and there was a
case for selecting this position as the most dangerous
position. The rather unlikely choice of aids was Justified

by the poor visibility and the fact that the radar was not

working.

2.8.1.2. Results.

The results divided into the following groups:-
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Table 2. Sub;)ects* 1i1dentity numbers v combination of

Position Lines.

1) Decca Only. 2,6,10,11.12,16,18 and 20 Total 8
2) Mean Position. 1,7,13, 15 and 17 Total 5
3) D.F. Helwick /Decca sreen. 5 Total 1
U) D.F. Scarweather /Decca purple. H Total 1
5) D.F. Only. IH Total 1

Subjects numbers 3,St9 and 19 had no current experience
with Decca and so their results could not be used for this

exercise.

2.8.1.3. Test Number 1

This was to test the above sroups to see 1If there was a
preference for a particular stratesy. The test used was the

*»Qhi—squared goodness of fit test"CX*")

Ho The subjects showed no preference for one particular

»
strategy =

Hi The subjects preferred at least one strategy*
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It was not possible to test the sroups as they stood
because the cells were too small for a test. so the

data were combined Into the followlns sroups:-*

Table 3» Observed and expected frequencies of navlsetlonal
3tratesles

Stratesy Observed Expected

One aid only

Both aids

Mean Position

Total

This seve a value of of tt.63 two desz*"s of
freedom. which was less than the critical value of 5-90.
The result was non slsnlfleant, the null hypothesis was

accepted and the alternative hypothesis rejected. There was

no evidence that the subjects chose a particular stratesy.

2.8.1.U. Test Number 2.

Of the subjects who chose corners was there any

evidence of a preference for a particular corner?



Ho The subjects showed no preference for one particular

|
corner.

Hi The subjects preferred one of the corners-

The sample was too small to test the four corners

Independently so the results were combined.

Table U. Observed and expected frequencies of the subjects*
preferences for the different corners.

Corner Observed Expected

Testlns seve a value of X® of 13- 36*** on one desz*ee
of freedom. The result was significant, the null hypothesis
was rejected and the alternative hypothesis accepted. There

was strong evidence that the subjects selected the Decca

only corner.

2.8.1.5- Test Number 3-

This test looked for evidence of a preference for one

of the aids. Because of the sample size, the test had to be

carried out using all the data.
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Table 6. Observed and expected values for the subdecti

choice of aid.

Observed Expected

11.75 8
a. 25 8
16.00 16

This save a value of X* of 3.32 on one desree of
freedom. The result was not slsniflcant and the null
hypothesis was accepted. From the look of the data a larser
36onple mlsht demonstrate a preference for the Decca.

particularly when the previous result Is also considered.

2.8.1.6. Test Number U.

Did the subjects base their decisions on Information
from one aid only, or did they take the Information from

both aids Into account when fIxIns their position?

Ho There was no preference for the use of one or both aids

only, rather than a combination of aids-

Hi The subjects preferred to use one particular aid or a

combination of aids-

In this exercise the subjects who used one aid only
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were those who chose the Oecca only or the D.F. only
position. All the other subjects combined the aids In some

manner. The distribution Is shown In table 7:-

Table 7. Subjects* choice between one aid or a combination

of aids.

Stratesy Observed Expected
One aid only 9 8
Both aids 7 8
Total 16 16

It was clear from the above data that the result was
non-si«nifleant and the null hypothesis was therefore
accepted. This findins was Important iIn that no preference
was Tfound Tfor the prudent stratesy of combinins the
information from the two aids. More than half of the
subjects were prepared to use one aid only when fTIxlIns
their position, thus rejectlns some valuable Information

that was readily available.

2.8.1.7. Test Number 5.

Did the subjects prefer an i1ntersection of position
lines or did they prefer some sort of mean position amons

several position lines?
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Ho There was no preference for an intersection of position

lines,or a mean position among several lines.

Hi The subjects preferred an intersection of position

lines, or a mean position among several lines.

In this exercise the test was looklns for a preference
for either the corner or the centre position. As subject
number 15 chose a position that was on a position line but
not at an Intersection his position was distributed 50/50.

The distribution 1s slven 1In the following table;-

Table 8. Subjects* choice between Position Line

intersection or central position.

Position Observed Expected
Intersection 11.5 8
Mean Position

Total

This gave a value of X*of 2.25 on one degree of
freedom; the result was not significantt and The null
hypothesis was accepted. Again this non-significant result
was probably a consequence of the small sample size* but,
as In the previous test, it demonstrated that many of the
subjects neglected much of the i1nformation which they had

been given.
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Althoush test number 3 (2,8,1.5) did no''t demonstrate a

fyf* ernihigh* »1d when the data were combined,

elsht out of the sixteen subjects takins the exercise
selected the Decca only position while only one subject
selected the D.F. only position so there was some evidence

of a preference for the Decca navigator.

This exercise was inconclusive iIn some respects because
of the small sample size. What started as a Ireasonable
sample was reduced because four of the subjects had no
current experience with Decca and so were unable to take
part. Test number 1 was inconclusive, and tests 3 and 5
might well have been significant 1f the sample size had

been larger, but 1t will be possible to repeat these tests

later with larger samples.(see section 3*fiI»6.)

Two i1mportant facts emerged from this exercise. First

there was a wide range of different strategies fTollowed by

the subjects. Second was the large number of subjects who

used one aid only and so i1gnored much useful i1nformation.

2.8.2. Exercise Number 2.

2.8.2.1. Introduction.

The subjects wore given a card with the fTollowing
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Fig 3 Decca and Radar

CO

Information: -

“Outward bound fron Applodoro to Milford Haven, Docca
Readings are Purple 1 50.2 and Green EUL.9 while a radar
bearing and distance off Baggy Point was 11U’x U.7 miles.

Mark your position on the chart.”

The results when plotted gave a diamond between Baggy
Point and Lundy Island with the Decca Position closer to
Lundy Island. The dramond measured 1.5 miles diagonally.The

radar position put the ship closest to the land (fig.3)*

The obdect of the exercise was to test for a preference
between Decca and radar. In order to prevent the subdacts
from selecting the position closest to the land the ship
was put on an outward course- with the closest land astern,

and the next nearest land at St.Govans Head.

2.8.2.2. Results.

The results divided into the following groups:-
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Table 9. Subject i1dentity numbers v Combination of Position

Lines.

1 Radar Only.

1,2,4,11.12,13,17.15.16 and 18 Total 10

2 Decca Only.

6 and 10 Total 2

3 Radar distance and Decca purple.

20 Total 1

1 Centre Position.

5,7 and 17 Total 3

Subjects 3,8,9 and 19 bad no current experience with

Decca and so did not take part iIn this exercise.

2.8.2.3. Test Number 1

This test examined the results to see 1f there was

evidence of any particular strategy. Aaain the sample size
was too small for a test but an examination of the

results su«*ested that there could have been a preference

for the radar only position.

2.8.2.U. Tost Number 2.
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This 'test looked *fov a preference for a particular

corner.

Ho The subjects showed no preference for one particular

com ere

Hi The subjects preferred one of the corners.

In this exercise thirteen subd®cts had a choice of four
possible corners so iIn order to carry out the X= test the

results were combined: -

Table 10. Subjects* preference for the Radar only or other

corners

Corner Observed EXxpected
Radar Only 10 3. 25
Others 3 9.75
Total 13 13. 00

Testlns save a value of x= of 18.67»«» on one Oeeree of
freedom. the result was slsnlfloant. the null hypothesis
was redacted and the alternative hypothesis was accepted.
There was strons evidence that the subdects preferred the

radar only corner.

2.8.2.3. Tost Number 3.
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This test examined whether a preference existed for one

or other of the aids.

Ho There was no preference for one particular aid*

Ht The subjects preferred one of the airds*

The results were allocated amons the two aids as shown

In table 11:-

Table 11. Subjects* choice between Radar and Decca.

Position Radar Decca

Radar Only 10 0

Decca Only 0 2

Radar ran«e/Decca 0.5 0.5

Mean 1.5 1.5

Total 12.0 u.o

These results were combined In table 12 for

test - -

65



Table 12. Observed and expected values of the subjects*
choice of aids

Aid Observed Expected

16 16

TestIns «ave a value of X* of 3«06 on one desree of
freedom. The result was not significant, the null
hypothesis was accepted and the alternative hypothesis
rejected. There was no evidence that the subjects preferred
one of the aids. Had the sample size been Jlarger a
preference for the radar ml«ht have been demonstrated. The
radar placed the ship closer to the 1land and this ml«ht

have had an Influence on the subjects* choice.

2.8.2.6. Test Number U,

Did the subjects prefer to use one aid only or did they

ppefer to use both aids?

Ho There was MO pT"eference for" the use of one aid only»

rathen than a combination of aids-

Hi The subjects preferred to use one particular aid or a

combination of ailds-
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In this exorcise the subducts that used one aid only
were those who selected the Decca only or the Radar only
positions. The results were allocated as shown i1In table

13:-

Table 13. Subjects* choice between one

of aids.

Strategy Observed Expected
One aid .only 12 8
Both aids U 8
Total 16 16

Testing gave a value of X= of 3.06 on one degree of
freedom. The result was not significant, the null
hypothesis was accepted and the alternative hypothesis
rejected. There was no evidence that the subjects preferred
to use one aid only. Had the sample size been larger it
seems possible that a preference for one aid only would

have been demonstrated.

2.8.2.?7. Test Number 5.

This test examined whether the subjects preferred an

intersection of position lines or a mean position.
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Ho There was no preference fTor either an intersection of

position lines, or a mean position among several lines.

Hi The subjects preferred either an intersection of position

lines, or a mean position among several lines.

Table 1U. Subjects™* choice between Position Line

Intersection and Central Position.

Position
Intersection

Mean Position

Total

This gave a value of of 5*06* on one degree of
freedom. The result was significant, the null hypothesis
was rejected and the alternative hypothesis accepted. In

this exercise there was evidence that the subjects showed a

preference for an iIntersection of position lines.

This was an i1nteresting result because 1In this
situation two accurate and reliable aids were available so

it was unlikely that the ship’s position would be .on an

intersection of position lines.

2.8.2.8. Conclusions.
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Fig 4 Visual and Dacca

This oxarciso was daslsned to look for avidenca of a
praferance betwaan tha Dacca and tha radar. Had thara bean
a larsar sampla It was posslbla that a prefarance for tha
radar mlIsht hava baan damonstratad but It was posslbla that
the subdects took tha presanca of the land into account so
this tost was rapaated with tha radar and Dacca positions

ravarsed. (Saction 3.8.2)

The finding that tha madority of tha subdacts chosa to
usa only two out of tha four avallablo position Jlines for
fixing their position suggests that this undesirable

navigational practice may be frequently followed at sea.

2.8.3. Exercise Number 3

2.8.3.1. Introduction,

Tha subjects were liven a <card with the fTollowim

information; -

»Bound from Milford Haven to the Bristol Channel.

St.Qovans Head bore 308* true and Caldy |Island Lighthouse

bore 0OOU-true. Decca readings were Purple J5U.5 and Green

. H
QUU.I. Mark your position on the chart.

When plotted the bearlnis formed a diamond shape. 2
miles X 1.2 miles about 10 miles South of the Pembrokeshire

coast. The north and south corners were formed by the
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Intersections of the visual and Decca bearlnss respectively

(fl«.4).

The exercise was Intended to look for evidence of a
preference between the Decca navlsator and visual bearlnss.
The ship was well clear of the land and bound for the
Bristol Channel where there wouldbe land on both sides of
the ship, so the position of the land was not expected to
Influence the subjects* decisions. The flsure was made as
resular as possible with the ansles of cut the same In
order to make the visual and Decca positions equally

attractive.

2.8.3.2. Results.

The subjects selected the following strategies:-
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Table 15. Subject 1i1dentity number v choice of position

1) Visual Only.
1,a,5,10,11.13.1tt.16,18 and 20

Total 10

2) Decca Only.
12 and 15

Total 2

3) Bearing of Caldy Island/Decca Purple.

Total 1

U) Mean Position.
7 and 17

Total 2

Subjects 3,8,9 and 19 had no current experience of
Decca so they were excluded from the exercise while subject
Number 2 plotted the bearings incorrectly the results were

not able to be .used.

2.8.3.3. Test Number 1

This test examined the results to see If the subjects
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adopted any particular stratesy*

Ho The subjects showed no preference for one particular Tl”'
i

strategye

Hi The subjects preferred at least one strategy

From the results there were four distinct stratesies
and with Tfifteen subjects 1t was not possible to use a X=

test so 1t was necessary to combine the results as shown in

table 16:-

Table 16. Observed and expected frequencies of navigational

stratesies.

Stratesy Observed Expected
One aid only 12 S
Mean(Position 2 5
Both Aids 1 S
Total 15 15

This save a value of X*' of IU.8*** on two desrees of
freedom. The result was sisnifleant, the null hypothesis
was rejected and the alternative hypothesis was accepted.
There was evidence of the subjects selectins a particular

stratesy. which in this situation was for the wuse of one

aid only.

B
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2.8.3.M« Test Number 2.

Of the subjects who selected corners was there evidence

of a preference for one particular corner?

Ho The subjects showed no preference for one particular

corner®*

Hi The subjects preferred one of the corners*

In this exercise thirteen subjects selected three

corners so the results were combined for the test.

Table 17* Subjects* preferences for the visual only and

other corners.

Observed Expected

10 3*25

3 9*75

13 13*00
Testing gave a value of of 18.67*** on one degree of
freedom, the result wes significant, the null hypothesis

was rejected and the alternative hypothesis accepted. There

was strong evidence thdt the subjects preferred the visual

only corner.
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2.8.3.5. Test Number 3.

Was there any preference for one particular aid? |In
this exercise the subjects were given the choice of Decca

or visual bearings.

Ho There was no preference for one particular aid-

Hi The subjects preferred one of the aids-

The results were allocated to the two aids, those

subjects who chose mean positions and subject 6 who chose

an intersection of both aids had their position allocated

to the two aids according to their position on the chart.

Table 18. Subjects* choice between Decca and Visual
Bearings.
Aid Observed Expected

Visual Bearings
Decca Navigator

Total

This gave a value of x= of 3-75 on one degree of
freedom. The result was not significant, the null
hypothesis was accepted and the alternative hypothesis
rejected. There was no evidence of a preference for either

one the two aids. As more than three times as many of the
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selected the visual bearlnss as the Decca Navigator, it
seemed that a Qlarser sample mlsht have demonstrated a
sisniflcant preference. In this exercise the visual
bearInss placed the ship <closer to the Jland and the

subjects may have been Influenced by this.

2.8.3.6. Test Number U.

This test examined whether the subjects based their
position on information from one aid only, or whether they
preferred to wuse both the aids. This differed from test
number 1 because 1t only looked for a preference for either
one or both of the aids, while test number one examined all

the stratesiss followed by the different subjects.

Ho There was no preference for the use of one aid only,

rather than a combination of ailds*

Ht The subjects preferred to use either one particular aid

or a combination of ailds*

In this exercise the subjects who wused one aid only
were those who selected the visual bearings only or the
Decca only positions. The data are given in the Tfollowing

table: -
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Table 19» Subjects* choice between one aid or a combination

of aids.

Method of fixing Observed Expected
One Aild Only
Both Aids

Total

This gave a value of X of Kk.26* on one degree of
freedom. The result was significant, the null hypothesis
was rejected and the alternative hypothesis was accepted.
There was evidence that the subjects selected their

position using the information from one aid, mostly visual

bearings, only.

2.8.3.7. Test Number 5.

This test examined whether the subjects preferred
either an iIntersection of position lines or a mean position

among several lines.

H,, There was no preference for either an intersection of

position lines, or a mean position among several lines.

Hi The subjects preferred either an intersection of

position lines, or a mean position amon., several lines.
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The results were allocated for the X* test as follows

Table 20. Subjects* choice between Position Line

Intersection and Central Position.

Strategy Observed Expected
Intersection

Mean Position

Total
This gave a value of X of 6.67"* one degree of
freedom. The result was significant, the null hypothesis

was rejected and the alternative hypothesis was accepted.
There was evidence that the subjects preferred an
intersection of position lines to a mean position among

several Ilines.

2.8.3.8. Conclusions.

These tests fTailed to produce a preference for one of
the aids perhaps because of the Ilimited sample slse:
however more of the subjects favoured the visual bearlnas
compared with the Deoca Navlsator. The results must Dbe

slishtly suspect because the visual bearln«s put the vessel

closer to the land and a similar sneroise was therefore
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administered but with the positions reversed. (in section

3.8.3.)

Some of the subjects complained that the dramond was
too large, and one said that he would suspect Decca lane
slip (13). The problem was that it was difficult to design
a regular figure that was an acceptable size, given the

relative positions of the land and the Decca lanes.

The fact that most of the subjects demonstrated a
preference for the visual bearings was evident 1i1n the
results of all the other tests. This finding 1Is surprising
when 1t i1s considered that i1In the given circumstances the
Decca would probably have been as accurate as the visual
bearings. Hence the need to repeat the exercise with the

positions reversed (see 3.8.3.).

The finding that the majority of subjects used only one
out of the two available methods for fixing their position
confirms the tendency of navigators to reject useful

information as previously stated iIn section 2.8.2.8.

2.8.U. Exercise Number

2.8.U.1. Introduction

The subioots were Biven a card with the followlns

information; -
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1,1
Table 21. Subject i1dentity numbers v. choice of stratesles.

» 1

1) Mean Position.
5.6,8,9,11.1~.16 and 18.

Total 8
2) Intersection of the bearings from the Hen and Chickens
and the Helwlck.
3,10 and 15

Total 3
3) Intersection of the bearings from the Helwick and St
Qowan Lightships.
20

Total 1

T

U) Bearing from the Helwick Lt./VI. and a mean position h
from the other two bearings.
2,7.12 and 13

Total a
5) Bearing from the Hen and Chickens and a mean position
from the other two.
19 "fm h

Total 1 -

Subjects numbers 1, and 17 plotted the bearings
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incorrectly so their results were excluded from thli

exercise.

2.8.U.3* Test Number 1.

- 0
—
—

There were a total of five different stratesles, so

=

with a sample size of seventeen. It was not possible to
carry out the X test as the data could not be sensibly

combined.

2.8.U.U. Test Number 2

Of the subjects who chose corners was there any
evidence of a preference for one particular corner? In this
exercise only four subjects selected a corner position so

It was not possible to carry out this test.

Tests three and four did not apply to this exercise as

only one aid was used.

2.8.U.5. Test Number 5.

Did the subjects prefer a position on an iIntersection
of position lines or did they prefer a position amon«
several position lines? This exercise was complicated by
the fact that some of the subjects selected a position on mm

one bearing but not at an intersection. In this test the

results were allocated 50/50»
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Ho There was no preference for either an 1iIntersection of

position lines, or a mean position among several [lines-
Hi The subjects preferred either an 1i1ntersection of
position lines, or a mean position among several lines-

Table 22. Subjects* choice between Intersection of Position

Lines and a mean position.
Stratesy Intersection
Mean

Hen&Chlck/Hel.

Hel ./St.a.

HelwlcK

Hen & Chick.

Total

This save the followlns table for the X* testi-

Table 23. Observed and Expected values of the

stratesles.

stratesy Observed Expected
Intersection 6.5 8-5
Mean Position 10.5 8.5
Total 17. 0 17.0

different

| tfel

This save a value of X* of 0-53 on one desree of
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freedom. The result was not significant, the null
hypothesis was accepted and the alternative hypothesis was
rejected. There was no evidence that the subjects preferred
either an 1i1Intersection of position Jlines or mean
position. Again this 1i1s an 1iInteresting result since it

would have seemed logical for the subjects to select a mean

position.

2.8./1.6. Test Number 7*

This was an additional test designed to see 1f there
was a preference for one particular bearing. At the start
It was suggested that the subjects might favour the bearing
from the Hen & Chickens because i1t was the closest of the

three beacons.

Ho The subjects showed no preference for one bearing

Hi The subjects preferred one of the bearings*

All the results were allocated to the three bearings;
those who selected an i1ntersection of two bearings were
allocated 50/50 while those who chose a mean position were

allocated according to their choice of position.
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Table 2H, Subdecta* preference for the different beacons

Bearlns Observed Expected
Helwick 7.2 5.67
St. Gowan u.17 5.67
Hen 8 Chickens 5.172 5.67
Total
This save a value of of 0.95 on two desz™aes of
freedom. The result was non-sisnifleant, the null

hypothesis was accepted and the alternative hypothesis was
redected. There was no evidence that the subdects preferred

one of the bearinss.

This result demonstrated that the subdects showed no
preference for any particular position line. Thus they save

no extra resard to what should have been the more accurate

bearins.

2.8_.U.7. Conclusions.

This exercise seemed to show that when only one aid was
used there did not seem to be any accepted method of
selectins a position. The possibility that the subdects
misht prefer the bearins from the closer beacon because of

Its sreater accuracy was not demonstrated.

The non slsnificant result from tost number five may bo
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Fig 6 Radar Bearings and Distances
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<XAOtrued aa ahowlns that, where more than one aid Is
concerned, the subjects think more In terms of there belns
a choice between two separate positions rather than there

being only one position and both airds giving useful

Information concerning lts location.

2.8.5. Exercise Number 5.

2.8.5.1. Introduction.

The subjects were given a card with the following

Information; -

**Qutward bound from Cardiff with visibility about U
miles, radar bearings and distances off Nash Point were 083*

X 7.5 miles and off Foreland Point were 19M* x 7.8 miles.

Plot your position on the chart.”

The object of this exercise was to examine how the

subjects made use of radar.

When plotted the position lines formed a kite shape

about 1 mile across (fi* 6). The Intersection of the radar

bearings was closer to, and about 5 miles from, the nearest

point of land. The ship was outward bound so the land
represented no danger and the subjects should not have been

tempted to pick the position closest to the land.
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The reduced visibility In the Instructions w.s the

reason that the subjects could not use visual bearin«s to

verify their position.

There are three different methods of fixing a position
by radar; an i1ntersection of ranges, an intersection of
bearings or a combination of range and bearing. In general
radar bearings are considered to be less accurate than
radar ranges (1U).

2.d.3>2. Results.

The results were divided into the following groups;-
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was "to tast the above 8z*oups to see 1f there was a
for one particular stratesy* Because there were
five different stratesles and nineteen subjects 1t was not

possible to carry out a X® test.

2.d.3*"< Test Number 2.

This test examined whether the subjects who chose
corner positions demonstrated a preference for one

particular corner.

Ho The subjects showed no preference for one particular

cornere

Hi The subjects preferred one of the corners-

Because of the small sample size the subjects selectlins
the corner defined by the i1ntersection of the radar ranges
were tested against the combined results from the other

three corners.

Table 26. Subjects®™ choice of corners

Corner Observed Expected

Radar ranges
Others

Total
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TostlIns save a value of X* of 7«7 on one defz*ee of
freedom. The result was sisnlfleant, the Null Hypothesis
was rejected and the Alternative Hypothesis accepted. There

was evidence that the subjects preferred the corner defined

by the 1i1ntersection of radar ransas.

2.8.5.5. Test Number 3.

This test looked for a preferred method of position
fixins» It was Intended for situations where the subjects
were given the choice of two different aids but 1iIn this
situation It was used to examine how the subjects used the
radar. In this exercise the subjects had the choice of
using ranges only, bearings only or a range and a bearing
and the test looked for evidence of a preference among

those three.

Ho There was no preference for one particular methoid of

position f1 iInge

Hi The subjects preferred one method of position Tfixing
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Table 2?. Observed and expected frequencies of position

fixins methods.

Stratesy Observed Expected
Ranse Only 8 a. 7
Bearins only

Range and Brs<

Total
This save a value of of 3.97 on two degrees of
freedom. The result was not significant, the null

hypothesis was accepted, and there was no evidence that the
subjects demonstrated a preference for one method for

fixins their positions.

This result was important because i1t demonstrated that
despite being taught that radar ranges were the most
accurate method of using the radar (38) a substantial

number of subjects wused other methods.

2.8.3.6. Test Number U.

Test number H was iIntended for situations where more
than one aid was used and was not appropriate fTor this

situation.

2.8.5.7. Test Number 5.
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This "tes"t sxsunlned whethsi* "the subjects preferred an
In"tersec"tlon of posl®"tlon lines or a mean posl“tlon amons

several position lines.

Ho There was no preference for either an intersection of

position lines, or a mean position among several lines.

Hi The subjects preferred either an intersection of

position Qlines, or a mean position among several lines-

The subjects who chose a mean position were those who
chose the centre position with the exception of numbers I1U
and 17 who chose positions on a position line but not at
the centre. These two results were allocated 50/50 slvins

the following table:-

Table 28. Preferences for Position Line Intersection or

Central Position.

Position Observed Expected

Intersection

Mean Position

Total 19 19.0
This gave a value of of 5.26* on one degree of
freedom. The result was significant, the null hypothesis

was rejected and the alternative hypothesis accepted. There
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was ovidonc© that the subdocts preferred an i1ntersection of
position lines. This result was 1In line with the results
from the previous exercises where a similar result had been

demonstrated.

2.5.3.9. Conclusions.

The main conclusion from this exercise is that despite
beins tausht that radar ranses are more accurate than radar
bearinss (38) there did not seem to be any consistent
method of handling this situation. Test Number 2 showed
that when corners only were considered there was a
preference for an i1ntersection of radar ranges, but when
all the results were examined, (test number 3). there was

no evidence of a preferred method of using the radar.

The preference for an iIntersection of position lines.

Test 5, continued to bo demonstrated.

2.8.6. Exercise Number 6.

2.8.6.1. Introduction.

The subjects were given a card with the following

information: -

"Heading North, bound for Milford Haven with a Decca

warning indicating that the Purple chain was off the air.

Ar
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Fig 7 Visual Dacca and D.F.

Bull Point Lishthouso boro 132* true, Docca roadin« sroen

¢11.8 and a corrected D.F. bearlns off Hon & Chickens beacon

(Lundy Island) was 2:18= true. Plot your position.”

When plotted the results save an equilateral triansle

with sides 0.6 miles. The triansle was situated about 8

miles N.W. off Bull Point (Fis 7). The ship was headins

North and so clear of any danser from the Devon coast or

Lundy Island, but she would have had to alter course at a

later stase to head for Milford Haven.

The object of the exercise was to look for a preference

amons the three methods of obtainins position lines.

2.8.6.2. Results.

The results divided i1nto the followins sroups.
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Table 29. Subject 1i1dentity numbers v position Tfixins

3tratesy.

DCorner defined by the visual and Decca position lines.

¢1,10,12.15.18 & 20 Total 6

2)Corner defined by the visual and D.F. bearings.

1.2, kI & 16 Total a

3)Centre position

5.6.7,11.13 & 17 Total 6

Total 16

Subjects number 3.8,9 & 19 had no current experience
with the Decca navigator and they did not take part in the

exercise.

2.8.6.3. Test Number 1.

This test examined whether there was any evidence of a
preference among the above strategies. From an examination
of the table i1t i1s clear that there was no evidence of any
preference except that none of the subjects selected the

Decca/D.F. corner.

2.8.6.¢01. Test Number 2.
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Of the subjects who chose <corners was there any

evidence of a preference for any particular corner?

In this exercise there were 10 subjects who chose 3
corners sivins an expected value of 10/3 m 3*33 which was

too low for a test.

The fact that none of the subjects selected the
Decca/D.F. corner demonstrated some sort of preference,
vi/hich was probably related to the subjects* stated dislike
of the D.F. while In this case there was not the strong

preference for the visual to overcome this dislike.

Tests number 3 and U were not suitable for these

particular circumstances.

2.8.6.5. Test Number 5.

This test examined whether the subjects preferred an
intersection of position linos or a mean position among

several Ilines.

Ho There was no preference for either an intersection of

position lines, or a mean position among several lines-

Hi  The subjects preferre«! either an intersection of

position lines, or a mean position among seveial lines
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Referrins to

table 29 the data for the X* test become: -

Table 30. Subjects* preferences for a Position Line

Intersection or

Strategy

Intersection
Moan Position

Total

This gave a
freedom. The
hypothesis was
rejected. There

an i1ntersection

2.8.6.7. Conclus

This test

particular aid out of three possible choices. It was a

rather unlikely

results iIndicate

how to deal with

was designed to

a Mean Position.

Observed Expected

16 16
value of of 0.56 on one degree of
result was not significant. The null

accepted and the alternative hypothesis
was no evidence that the subjects preferred

of position lines or a centre position.

ions

situation and the Jlack of significant

s that the subjects had no clear 1dea of

it.
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Port-Eynon Pt.

Fig 8 Visual and Radar

100

Scarweather

Part two of the present work demonstrates a strons
preference for the use of two position lines only. (Section
6.U.7.3). As the results of the rest of Part one |Indicate
the subjects had [little confidence in the D.F. so 1t was
likely that slven the choice the subjects would not have
bothered to plot the D.F. bearins at all. hence the

confused results from this exercise.

2.8.7. Exercise Number 7.

2.8.7.1. Introduction.

The subjects were i1Informed:-

<Qutward bound from Cardiff to Liverpool. compass
bearinss off the Scarweather L/VI. and Port Eynon Point
were 062* true and 335° true respectively. A radar

observation of Oxwich Point save true x 8.tt miles. Plot

your ship’s position.”

When plotted on the chart the position lines formed a
rectanile about 1 mile x 0.8 miles. The centre was about
8.5 miles south off Oxwich Point (fi. 8). the nearest land.
The corner formed by the visual bearines was furthest from

the land while the radar position was diaaonally opposite
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and closest to the land (Oxwlch Point).

The object of the exercise was to look for a preference

between visual bearlnss and

position put the ship closer

been a slight bias In favour

2.8.7.2. Results.

The results were divided

Table 31. Choice of Position

1) Radar Only.

1,5 end 16

2) Visual Only.

2.U.6,8.9 end 11U

a radar position. As the radar

to the land, there could have

of the radar position.

into the following groups;-

fixing strategy.

Total 3

Total 6

3) Visual bearing/radar range.

3.10,13,19 end 20

H) Mean Position.

7,11,12,15,17 end 16

Note: none of the subjects

Total 5

Total 6

chose the fourth corner, visual
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bearing and radar bearing. This would not have been a very

accurate position so it was not a likely choice.

2.8.7.3. Test Number 1.
This test examined the data to look for evidence of a
preference among the different strategies. It was clear

from Jlooking at the results that there was no preferred

strategy in this exercise.

2.8.7.~. Test Number 2.

Of the subjects who chose corners was there any
evidence of a preference for a particular corner? In this
exercise although the visual bearing/radar bearing corner

was rejected the sample size was too small for a test.

2.8.7.5. Test Number 3.

This test examined whether there was a preference for

one of the aids: 1iIn this case visual bearings or radar.

Ho There was no preference for one particular aid*

Hi The subjects preferred one of the aids-

The use of the aids 1is given in the following table!
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Table 32. Subjects* choice of Visual or Radar methods.

Position

Visual only

Radar only

Visual bearing/

Radar range 2.5 2.5
Centre 11,12,

15.17 & 18

Centre 7

Total

Allocating the data for a test:-

Table 33. Observed and expected frequencies of Visual or

Radar methods.

Aid Observed Expected
11.25 10
8.75 10
20.00 20
This gave a value of X of 0.31 one degree of
freedom. The result was not significant, the null

hypothesis was accepted and the alternative hypothesis was

rejected. There was no evidence that the subjects preferred

one of the aids.
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This test was repeated In with the visual and vradar
bearings reversed In respect of their proximity to land,

(see section 3.8.3*%)e
2.8.7.6. Tost number U.

This test examined whether the subducts preferred to

use one aid only or whether they used Information from

both the aids.

Ho There was no preference for the use of one aid only,

rather than a combination of aids*

Hi  The sl.-bjects preferred to use either one particular aid

or a combination of aids*

In this exercise the subjects who wused one aid only
were those who used either the radar only or visual

bearings only* This gave the following table for the

test:-
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Table 3"~ Subjects* choice of one or both aids

Stratesy Observed Expected
One aid only 9 10
Both aids 11 10
Total 20 20

The result was clearly not sisnificant, there was no
evidence that the subjects preferred to use one aid only.
In this exercise there was equally no evidence that the
subjects preferred to use more than one aid, and in fact
there did not seem to be any preferred method of using the

aids.

What was i1mportant was that In a situation where two
good and reliable aids were available almost half the

subjects based their position on i1nformation from one aid

only (see section 6.U.7.3*)*

2.8.7.7. Test number 5.

Did the subjects prefer a position at an i1ntersection
of position linos, a centre position, or did they select

their positions 1In a more random manner?

106



Ho There was no preference for either an intersection of

position lines, or a mean position among several Ilines*

Hi The subjects preferred either an intersection of

position lines, or a mean position among several Ilines*

In this test the subjects who selected a corner
position were considered to have selected an |Intersection

while the remainder selected a mean position. This save the

followins table for a test: -

Table 35. Subjects* choice of Position Line Intersections

or Mean Positions.

Stratesy Observed Expected
Intersection 1Y) 10
Mean Position 6 10
Total 20 20

Testins save a value of X» of 3*2 on one desree of

freedom. The result was non-sisnifleant, and the null
hypothesis was accepted. There was no evidence that the

subjects preferred eirtther an intersection of position lines

or a mean position.

This result follows the soneral trend In that more than
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twice as many subdacts selected an Intersection as a mean

position but taken on Its own the result falls short of

significance.

2.8.7.9. Conclusions.

This exercise suffered from too small a sample size
otherwise there could well have been more significant

results.

It was not possible to demonstrate a preference between
the radar and visual bearings for position Ffixing. This Is
a reasonable result because they are both reliable and
accurate methods of position fixing. In this exercise the
position of the land may have affected the results, so the
test was repeated with the positions reversed (section

3.8.5.).

The fact that there were so Tfew significant results
atgaln demonstrated that the subjects had no clear method of
tackling the problem, which pointed to one aspect where the

training of the navigators appeared to be Inadequate.

2.8.8. Exercise Number 8.

2.8.8.1. Introduction.

The subjects were given a card with the Tfollowing
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Fig 9 Decca Position

Foreland Point

instructions; -

eeQutward bound from Cardiff to Milford Haven Dacca

readings were Red B15.9, Green CUO.I and Purple B61.0. Plot

the ship’s position.”

The subdocts were presented with three Decca readinss
giving a small cocked hat 11n the form of an 1sosceles
triangle with a base of about one mile In the N-S direction
and about half a mile i1In the E-W direction (fig 9). The
position was equally distant from the Iland, about fTive
miles iIn each case and with the ship outward bound there
were no immediate dangers close ahead that might affect the

subject’s choice of a position.

The object of this exercise was to examine how the
subjects dealt with three position lines from the same aid.
The overall accuracy was about 0.1 to 0.2 miles for 68* of
the occasions accordin« to the Decca data sheets (37). but

they save no indication as to the relative accuracy for the

Dacca linas 1n this araa.

2.8.8.2. Rasults.

Tha rasults wara d‘védad into tha following groups;-
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Table 36. Choice of Position fixing strategy.
1) Corner defined by the red and green lines

3, U and 18

Total 3

2) Corner defined by the green and purple lines
6,7,8,9.11.12,15 and 16.

Total 8

3) Corner defined by the red and purple lines

1,10,13 and 20

Total k

a) Mean position
2,5,1~.17 and 19

Total 5

Although subdoots 3.8,9 8 19 had no current experience
at sea with Dacca they were Included In this exercise for
the following reasons:-

a) They had all been taught how to use Dacca and should
understand 1i1ts operations and limitations.

b) The exercise was a test of how the subjects handled a
position involving three position Qlines of a similar
character and the aid used was of secondary Importance.

c) None of the subjects objected to using the Dacca so It

was assumed they must have had confidence In their ability
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to complete the exercise.

2.8.8.3. Test Number 1.

This test looked to see i1f the subjects preferred any
particular stratesy. From the data i1t was clear that there
were no signs of any preference for one particular strategy

30 there was no point iIn carrying out a formal tost.
2.8.8.U. Test Number 2.

Of the subjects who chose corners was there any
evidence of a preference for one particular corner? Asain
an examination of the data showed that none of the corners

was favoured sufficiently to produce evidence for a

preference.

Tests number 3 and ®t wore designed for a situation

where more than one aid was i1nvolved and therefore did not

apply hero.

2.8.8.5. Tost Number 5*

Did the subjects prefer on iIntersection of position
lines or did they Prefer a mean position among several
lines? This exercise involved testing those subjects who

chose corner positions against the group who chose a mean

position.
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Ho There was no preference for either an intersection of

position lines, or a mean position amon«? several lines.
Hi The subjects preferred either an intersection of

position Qlines, or a mean position among several [lines.

This save the following table for the test: -

Table 37. Choice of Position Line Intersection or Central
Position.

Position Observed Expected

Intersection

Mean Position

Total

Testlne save a value of X= of 5» on one deeree of
freedom. The result was significant. the null hypothesis
was redeoted and the alternative hypothesis was accepted.
There was evidence that the subjects preferred an

intersection of position lines.

2.8.8.7. Conclusions.

This exercise demonstrated that there was no accepted
method of treating this type of problem. The only
significant result was that the subjects avoided the centre

of the figure which 0 A £g8§ was a more likedy position
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than any of the others. None of the subducts mentioned
fixed errors or data sheets (37). More of the subjects
selected the 1iIntersection of the Qreen and the Purple
position lines than the others possibly because i1t placed
the ship closer to the land, althoush In this case there
was no danser because the ship was outward bound. In
seneral it was a danserous practice because the
green/purple position misht sive the 1i1mpression that the
ship was behind her actual position and this has led to

accidents 1In the past.

2.8.9. Exercise Number 9.

2.8.9.1. Introduction.

The subjects were given a card with the TfTollowing

information; -

“Bound i1nwards for Cardiff 1In moderate visibility
without Decca. D.F. bearings of the Helwlck Lt./VI. were
326- true and of Lundy Island were 238* true. A radar
observation off Rillage point was Ittt x 9.6 miles. Plot

your position on the chart.”’

When plotted the position lines formed a square with

sides 1.2 miles, the mid point was 9.5 miles North of Bull

Point 1n the middle of the channel (fi«1l0). The radar

position formed the Eastern corner and the D.F. position
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the Western corner. The ship was bound for Cardiff so it

was not important which side of the channel the ship was on

but the radar position put the ship further ahead of the

D.F. position and this could influence the subjects* choice

of position as 1t would put the ship closer towards any

potential dangers that might Jlie ahead. In the last
exercise the subjects did not seem to take any account of

this fact (2.8.8.7.).

The object of this exercise was to look for

preference between the D.F. and the Radar. The moderate

visibility in the 1i1nstructions explains why the visual

bearings were not available.

2.8.9.2. Results

The results were divided Into the following groups

Table 38. Subdeots®™ Choice of Strategy.

only. 1.2, t5.8,9.10.11.12.13.15.16 & 19
Radar

Total

Radar range/D.F. Helwick 3.6 8 20

Total 3

Centre - la, 17 a 18

Total 3

There were a number of possiblf& &%rA€dg§lgs Vvyhich tho
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subdocta did not attempt. The most notable absence was the

D.F. only position.
2.8.9.3. Test Number 1.

This test was to see 1f there were any sisns of a

preference amions these three strategies.

Ho The subjects showed no preference Tfor a particular

strategy or strategies-

Hi The subjects preferred at least one strategy.

The table for the test was:-

M x>
Table 39- Observed and expected values of the subjects

strategies.

strategy Observed EXxpected
Radar Only la 6.67
Radar range/D.F. 3 6.67
Mean Position 3 6.67
Total 20 20. 00
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This save a value of X* of 12_.10** on two dearees of

freedom. The result was sisnifleant. the null hypothesis

was rejected and the alternative hypothesis accepted. There

was evidence that the subjects favoured the radar only

position.
2.8.9.U. Test number 2.

Of the subjects who chose corners was there any

evidence of a preference for one particular corner? In thla

exercise only two out of the four possible corners were

selected so the radar only position was tested for

preference against the radar range/D.F. position.

Ho The s,uhlects showed no preference for one particular

cornernm

Hi Thie wajects preferred at least one of the corners-

The table for the X™ test was:-
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Table UO. Subjects* preferences for the different corners.

Corner Observed Expected
Radar Only
Radar ranae/D.F.

Total

Testing «eve s value of x= of 5.88» on one degree of

freedom. The null hypothesis was rejected and the

alternative hypothesis accepted. There was evidence that

the subjects preferred the radar only corner.
2.8.9.5. Test Number 3.

This test examined whether there was a preference for

one particular aid.

no preference for one particular aid-
Ho There was

Hi The skiblects preferred one of the aids-

as. "the different positions
Allocatina the results from

save the followins table:-
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Table Ul. Subjects* preferences for the different aids I%ﬂl
"NVIF.
Position Radar D. F.
Radar Only la. O 0.0
Radar ran«e/D.F, 1.5 1.5
Mean IU & 15 1.0 1.0

Mean 18

Total

Allocatin* this

0.75 0.25

17.25 2.75

for the teat: -

Table U2. Observed and expected values of the subjects™

preference for aids.

This save a

freedom. The

Observed Expected

value of X= of 10.5I»* on one _.Oeeree of

result was sleniflcant. the null hypothesis

was accepted and the alternative hypothesis rejected.There

was stron* ev

idence that the subjects preferred the radar

to the D.F. This is underlined by the fact that none of the

subjects had the confidence to select the D.F. position

its own.

on
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2.8.9.6. Test Number U.

This tested whether the subjects based their decision

on information from one aid only or whether they took both

aids i1nto account when selectin* their position.

Ho There was n© Preference for the use of one aid only,

rather than a combination of aids-

Hi The subjects preferred to use one particular aid or a

combination of aids-

in thl8 exercise the subjects who used one eld only

were those who selected the radar only position, while the

oneswho selected the other positions were the remainder.

The table for the X= test became: -

Table as- Subjects’ preference for one or both aids.

Strategy
One Aild only
Both Aids

Total
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This save a value of of 3>2 on one desree of
freedom. The result was not significant, the null
hypothesis was accepted and the alternative hypothesis
rejected. There was no evidence that the subjects preferred

to use one aid only.

This result follows the general trend. In that more
than twice as many subjects <chose to use one aid only
(radar) rather than giving some weight to each of the aids,
but taken on Its own the result falls short of

significance.

2.8.9.7. Test Number 5*

Did the subjects prefer a position on an Intersection
of position lines, or did they prefer a mean position among

several position lines?

Ho There was no preference fTor either an 1intersection of

position lines, or a mean position among several [lines.

Hi The subjects preferred either an 1ntersection of

position lines, or a mean position among several lines.
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The radar only and the radar ranse/D.F. croup were the
subjects who preferred a position on an Intersection of
position lines, while the others preferred a mean position.

The table for the X® test became:-

Table tJ. Choice of Position Line intersection or central

position.

Position Observed Expected
Intersection
Mean Position

Total

This cave a value of of on one deczee of
freedom. The result was sicnificant, the null hypothesis
was rejected and the alternative hypothesis accepted. There
was stronc evidence that the subjects had a preference and.
from the results, 1t was clear that they preferred an

intersection of position lines.

2.8.9.9. Conclusions.
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This oxerciso demonstrated a strons preference for the
radar over the D.F. althou«h the sample size was not larse
enough to demonstrate what may have been a preference for
fixing their position using one aid only. As there was a
slight bras for navigational reasons in favour of the radar

this exercise was repeated (see section 3.S.7.).

2.9. Tests on the Combined Results

2.9.1. Introduction.

Many of the results of the 1i1ndividual tests were
inconclusive because of the small sample size. By combining
the results from the nine exercises 1t became possible to
increase the sample iIn some cases and thus carry out more
realistic tests. These tests were carried out where the

circumstances of the exercise made such a combination

possible.

Tests 1. 2 8 3 were specific to each exercise and were

not therefore suitable for comblnins 1In this manner.

2.9.2. Test Number U.

Did the subjects base their positions on one aid only

or did they use the i1nformation from all the aids?
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Ho There was no preference for the use

rather than a combination of ailds-

Hi The subjects preferred to use one

combination of ailds-

The results from the individual

follows : -

Table U5- Choice of either one aid or a

by exercise.

Exercise One Aid All Aids
1 9 7
2 12 h
3 12 3
7 9 11
9 It 6
Total 56 31

This gave the Tfollowing table for

12U

of one aid only

particular aid or a

(t:-



Table U6. Observed and expected frequencies of subjects*

choice of either one or a combination of aids.

Observed Expected

Testing gave a value of X® of 7.18** on one degree of
freedom. The result was significant, the null hypothesis
was rejected and the alternative hypothesis accepted. There
was strong evidence that the subjects preferred to use one
aid only. 1t was anticipated that iIn each situation one of
the aids might prove to be more accurate than the others,
but this was not considered to be sufficient reason for the

subjects to totally reject the information from the less

accurate aid.

2.9.3. Test Number 5

Did the subjects prefer an Intersection of position

lines or did they prefer a mean position amon« several

position lines?
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Ho There was no preference for either an intersection of

position lines, or a mean position among several Ilines-

Hi The subjects preferred either an intersection of

position lines, or a mean position among several lines-

The results from the different exercises were as

follows: -

Table 47. Choice of either position line Intersection or

mean position, by exercise.

Exercise Intersection Centre
1 11.5 L1 HS)
2 13-0 3-0
3 13-0 2.0
b 6.5 10.5
5 15-0 1.0
6 10.0 6.0
7 IU. O 6.0
8 15-0 5.0
9 17-0 3-0

Total 115-0 uu. o

This Ssave the following table for the test: -
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Table 118. Observed and expected frequencies of subjects*

choice of position line Intersection or mean position.

Position Observed Expected
Intersection
Mean Position

Total 159 159.0

Testine *ave a value of x= of 3 1 . on one aeeree of

freedom. The result was hirthly slinlfioant. the null
hypothesis was rejected and the alternative hypothesis

accepted. There was strone evidence that the subjects
preferred an iIntersection of position linos rather than a

mean position amons several position linos.

2.9.U. Test Number 6.

Of the subjects who used a central position. did they

choose the eeometric centre or did they select some other

position?

roo preference for either the geometric centre
Ho There was

or a weighted position-

Hi The suhjects preferred either the geometric centre or

weilghted position
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Tes"tIns gave a value of X® of 1.88 on one degree of
freedom. The result was not significant, the null
hypothesis was accepted and the alternative hypothesis

rejected. There was no evidence that the subjects preferred

either the geometric centre or a weighted position.
2.10. Conclusions.

Because of the sample size there were fewer significant

results than might otherwise have been obtailned. However,

as a Tirst experiment the experiment was successful because
there were a number of iInteresting results which had not
been previously published and which were of assistance iIn

the design of follow-up experimentation.

At this stage the conclusions must still be tentative

because most of the exercises were conducted with rather

small samples: the main conclusions to Part 1 of this work

are discussed at the end of chapter 3.

Choice of positions. Durln* these exercises It was

considered likely that some of the sublects would select
What they considered to be the -most danserous position'.
Steps were taken to eliminate this HHM%HFed variable in the
design of the exercises BHE 88 the selection of the "most
dangerous position” Is subjective It was not possible to be
certain that this variable was completely eliminated, or to

N oa this i1nto account. The
test whether the subjects took tR
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exercises discussed in chapter 3 were designed to allow for

this by reversing the positions from the different aids to

see 1f this made any difference to the subjects* choice.

1) There seemed to be no generally accepted method of

selecting a position when there was more than the minimum

necessary information.

2) The subjects demonstrated a dislike of a mean positi

among several position lines.

3) The subdeots preferred to use one aid only. even when

information from more than one aid was available.

U)The results from this study were sufficiently promisin«

to dustify a second study alons the same lines usin* a

larger sample. This study 1s described in chapter 3.
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CHAPTER 3

Experiment Number 2.

Further experiments using the Bristol Channel Chart.

3.1. Introduction.

Experiment 1 carried out In the sprins of 1976 showed
some promising results, which seemed to Justify TfTurther
experiments alon« the same |lines uslns a lar*er sample.
With the results from that work available It was possible
to i1mprove on the design of the experiment and to Increase

the realism by reducing the sise of the "cocked hats.™

The First Experiment had given some useful Insights
into Which aids the subjects considered the most reliable,

and how they treated the errors which are always Present

when navigational systems are used.

At the same time some of the e¥dr&ksés Woi™®

—-t* I
These were the ones in which an Jihter2Sifify result had been

A n
obtained and in which HE was hoped that the result would be
repeated under slightly different circumstances. Most of

the alterations were concerned with the positions of the

land relative to the different exercises as It was not

always possible to be certain about how this had Influenced

132

«“1



[0

©

page 133

00

10

CM

the subjects* behaviour In the earlier work.
3.2. Objectives of the experiment.

The objectives of the experiment were to confirm the
preference among the aids, found in the Tfirst experiment
and to confirm the finding that the subjects preferred to
reject relevant i1nformation rather than to deduce a
position fix on the basis of all the information provided.
The general approach was similar to that for experiment

Number 1 (see section 2.2.)

3.3. Design of the experiments

The experiments were designed on the same basis as In
Experiment 1 and the Bristol Channel chart No L(D1)1179 was
again used Dbecause Its suitability had already been
demonstrated (fig 1). The number of exercises was Initially
reduced to seven with a further exercise (number 8) being
added later when It was seen how strongly the subjects were
rejecting the Radio Direction Finder (D.F.) In exercise
No.l. It was decided not to repeat experiments 3. 6 and 8
from Experiment 1 because It was considered unlikely that
they would contribute further Information.

3.U. Tests and Hypotheses.

The same six standard teste that were used in
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Experiment 1 were repeated iIn this experiment (2.U.). As 1In

Experiment 1 1t was TfTound impossible to carry out test
number 6 with the individual exercises so this test was
postponed to the end of the experiment when i1t was carried

out on the combined results.

To enable the results to be compared the * X stoodness
of fit test” (U2) was used again because 1t had proved to

be successftul in analysing the results of Experiment 1

(2.5.).

3-5- Region o f Rejection.

The region of rejection consisted of all values of X
such that the probability of rejecting H> when i1t was 1iIn

fact true, {a) was equal to or less than 0.5. 1.e- < -05.

3.6. Significance Levels.

The significance values for X used In this experiment

are given in the following table ((U3):-
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Table 1. Critical values of the X® statistic.

Desz”™ees of Freedom

In this chapter a result significant at a=.05 i1s denoted

by at a = .01 by ** and at a = .001 by

3.7. The Eight Exercises

(See section 3.11. for a complete list of the exercises.)

3.7.1. Exercise Number 1

3.7.1.1. Introduction,

The subjects were slven a card with the followln«

instructions: -
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Fig.2 Visual and D.F.

"Vou are bound i1nwards for Cardiff, visual bearings off

Rillase Point and Bull Point lighthouses were 173 * true and

196 <« true. D.F. bearings (corrected) were. Scarweather

Light wvessel OttS < true. Hen and Chickens Lighthouse 250

true and the Helwiok Light Vessel 317"

true.

When plotted these bearings made a kite shaped TfTigure

about a miles by 2 miles to the North of Rillage Point (Fig

2). The position and shape of the figure were designed as

far as possible to neutralise any effect of the land on the

subjects* choice of position. The visual bearings gave a

poor cut and the identification of Pillage point could have

oeen in doubt. The D.F. Position was made as attractive as

possible, and the three bearings made a small cocked hat.

with gooH gﬁaﬁeg gf cut while the position was further
strengtBfenedl BY ¥HE VISHg! Dbearing off  Bull  Point

Lighthouse passing through one corner.

The obiect Of the exercise was to

test the dislike of
gb "D the D.F. demonstrated earlier In 2.8.1.. 2-8.>74
Q) 85 and to see how far the subjects were prepared to take this
;%% © predudioe. The D.F. position was made
(0] "0 possible While the visual Position was extremely doubtful.
IIO C
c 3
D

h 8nip was bound 1Inwards i1n order to minimise the
e
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Exercise No. 1
Fig.3 Subjects' choice of position

U9

InfFluence of the lend on the subjects” decision as later

she would be In the river with land on both sides. Thus at

this point eivlns the benefit of the doubt to the position

closest to the land would not have served any purpose.

3.7.1.2. Reults.
The resUlta are given in fig 3 and table 2
Table 2. Subject numbers v choice of position.

1) Visual only.
2.3.11,12.16.20.23.24.32.33 and 36

Total 11
2) Mean Position.

1,9.25 and 26
Total U

3) D.F. position and bearing of Bull Point.
U.3.6.7.10.13.1«.18.19.21.22.28.29.30.31.3U.35. -d 37.

Total 18

. N RijJa”e Point and D.F. bearings from
a) Visual bearing $}o% R=||ag g

Hen and Chickens and Scarweather Light Vessel.

17 and 27
Total 2

5) Did not plot a position on the chart.

8 and 15
Total 2

1UO



3.7.1.3. Test Number 1.
This examined the above groups to see If there was

evidence of a preference for one particular strategy. The

test used was the ” X* goodness of fit test”.

Ho The subjects showed no preference for- one particular

strategy or strategies™

Hi The subjects preferred at least one strategy

The results were tested from the following table:-

Table 3. Observed and expected frequencies of navigational

strategies.

Strategy Observed Expected
Visual Only 11 8.75
Mean U 8.75
D.F. and Visual(3) 18 8.75
D.F. and visual () 2 8.75
Total 35 35.00
Testing gave a value of of 1S.1tt#** on three degrees
of freedom. The result was highly significant, the null

hypothesis was rejected and the alternative hypothesis

accepted. There was strong evidence that the results were

vl
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not random and the subdects preferred at least two of the

strategies.

3.7.1. it Test Number 2.

Of the subjects who selected corner positions was there

any preference for one particular corner?

Ho The subjects showed no preference for one particular

cornere-

HJ The subjects preferred at least one of the corners-

This test was not i1deal fTor this particular figure (fis
2) because although the corners defined by the visual
bearings, the two D.F. bearings and the visual bearing from
Bull point were acceptable, the third corner defined by the
two D.F. bearings and the visual bearing from RIllage Point
was an area rather than a corner but It was Included In
this test because It was expected that some subjects would

select this position. The subjects®™ choice of corners Is

given iIn table U:-



Table H. Subjects* choice of corners.

Corner
Visual Only 11 10.3
D.F. and Bull Pt. 18 10.3
D.F.and RillagePt. 2 10.3
Total 31 31*0
Testing gave a value of of 12. on two degrees of
freedom, the result was significant. the null hypothesis

was rejected and the alternative hypothesis was accepted.

There was strong evidence that the subjects rejected the
D.F. and Rillage Point bearing corner. In this result the
preference was expressed 1In a negative sense. i.e. a
rejection of a particular corner. The result was
Interesting i1n that although the subjects rejected one of
the corners which was deliberately made unattractive, there
was no evidence of a rejection of the visual only corner
which was also doubtful as 1t was only defined by two
bearings. with a poor angle of cut. Thus because of their
prejudice against the D.F. a number of subjects chose a

position Which could not be justified by the geometry of

the figure alone.

3.7.1.5. Test Number 3.

This test locked for a preference for one of the aids.
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Ho There was no preference for one particular aid

Hi Thie subjects preferred one of thie aids.

In this exercise 1t was not possible for any of the
subjects to select a D.F. only position so the information

from the subjects* positions was allocated between the two

aids in the following manner;-

Table 5. Allocation of the subjects* preference for the two

ailds.

Position Visual
Visual Only

Mean Position

D.F.and Bull Pt.

D.F.and Rillage Pt

Total

Table 6. Observed and expected values of the subjects*

preference for the two aids.

Observed Expected

35.0 35.0

Testing gave a value of X® of 0.6 on one degree of



freedom. The result was not si«nifleant, the null
hypothesis was accepted, and there was no evidence that the

subjects demonstrated a preference for one of the aids.

This exercise was strongly weighted in favour of the
D.F. and the fact that the subjects were not offered a D.F.
only position was probably why this particular test would
seem at variance with those obtained in the Experiment 1

where the subjects rejected the D.F. (sections 2.8.1.9»

and 2.8.99. )e-

3.7.1.6. Test Number tt

Test Number U examined whether the subjects based their
position on information from one aid only or whether they

used both the aids.

Ho There was no preference for the use of one aid only,

rather than a combination of ailds*

Hi The subjects preferred to use either one farticular aid

or a combination of ailds-

In this exorcise the subdeots who used one aid only

were those who selected the visual only position. The data

are given in the following table:
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Table 7. Subjects* preference for one or both of the aids.

Preference Observed Expected
One Ai1d Only
Both aids

Total

Testing gave a value of X* of tt.83* on one degree of

freedom. The result was significant, the null hypothesis

was rejected and the alternative hypothesis accepted. There

was evidence that the subjects favoured one particular
strategy. which 1n this exercise wss to make use of both
aids. What was of Interest was that in this exercise which
favoured the D.F. eleven subjects selected the Visual only
position which had deliberately been made unattractive.
Whether under similar circumstances at sea many of the
subjects would have bothered to use the D.F. Is an

interesting question which must remain a possible subject

for further research
3-7-1-7- Test Number 5

Did the subjects prefer an intersection of position

lines or did they Prefer a mean position among several

lines?
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Ho There was no preference for either an intersection of

position lines, or a mean position among several position
linese~
Hi The subjects preferred either an intersection of

position lines, or a mean position among several lines.

In this exercise it was difficult to decide whether the
subjects who chose the D.F./Visual bearing of Rillage Point
position were selecting an intersection or a mean position.
Fortunately there were only two subjects who chose that
position and they were allocated to the mean position. The

data are given in the following table:-

Table 8. Subjects” preference for @& Pposition line

intersection or a mean position.

Position Observed Expected
Mean Position 6 17.5
Intersection 29 17.5
Total 35 35.0
Testing save a value of X- of 15.H*» one degree of

freedom. The result was significant. the null hypothesis
was rejected and the alternative hypothesis accepted. There
was strong evidence that the subjects preferred an

Intersection of position lines to a mean position.

This result was affected by the fact that most of

1U7
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subjects who selected corners selected the position defined
by the D.F./visual bearin* of Bull Point and were therefore
selecting an intersection of three position lines from two

different aids which navigationally was a good decision.
3.7.1.8. Conclusions.

This exercise was designed to see how far the subjects*
expressed dislike of the D.F. would be taken. Many of the
subjects in the Experiment 1 made statements like **only
consider the D.F. as a last resort”. In this

exercise,

where the alternative to the D.F. was an unrelirable
position defined by visual bearings, most subjects took 1t
into account but tost Number U showed that oven under those

circumstances eleven of the subjects preferred to ignore

this aid.

ThO other point of iInterest was that two subloots
declined to provide a position. Presumably in practice they
would have checked their Information but In this
circumstance there was a reliable position defined by the

two D.F. bearlnes and the visual bearlne off Bull Point.

This result demonstrated that there is little point In
oonslderins the Radio Direction Finder as a valid
navigational aid for merchant ships unless considerable

attempts are made to instil more confidence iIn 1ts use. It

IS however an important aid for yachtsmen who have less
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Fig.4 Radar and Dacca
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choice of alternative electronic aids.
3.7.2. Exercise Number 2.
3.7.2.1. Introduction.

The subjects were given a card with the Tfollowing

information: -

"Bound from Appledore to Milford Haven 1In moderate
visibility, Bassy Point i1s 097 * x 5,7 miles by radar and

Deooa readinss are Oreen E UO.3 and Purple 1 51.0."

When plotted on the chart the readinss save a square

about one mile across situated four miles west of Bassy

Point (Fis t™. The moderate visibility meant that there
were no visual Dbearinse available. The ship would Dbe
expected to pass about four miles off Lundy Island durins

the passase to Milford Haven so the Jland presented no

particular danger on this passage.
The exercise was deslsned to look for evidence of a
preference between radar and Dacca and was a follow on to

Exercise Number B in Experiment 1 (2.8.2) except that in

this case the Dacca and radar positions were reversed with

the radar position putting the ship further out to sea.

3.7.2.2. Results.
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The results divided into the following groups;-

Table 9. Subject numbers v choice of strategy.

1) Radar position Only.
2.3.a,11,15.2/1.27,30,31 and Total 10
2) Decca position Only.
1,9,10,13,16,18,23,25,33 and 36 Total 10
3) Radar range and Decca position line.

Total 2
26 and 29
H) Radar bearing and Decca position line.

Total 2
32 and 37
5) Mean Position.

Total 7
5,6,1a,17,20,,21 and 22 ota
6) Subjects with little experience of Decca or who did not
plot a usable position.

7.8.12,19,28 and 95 Total 6

3.7.2.3. Test Number 1.

This tested the above «roup to see If there were sl«ns
ot a preference for a particular strate.y or strate.les.

For the purpose of this test the subjects from «rouP six

were excluded.
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Ho The subjects showed no preference Tfor a particular-

strategy or strategies-

Hi The Subjects preferred at least one strategy™

Table 10. Stratesies «rouped for X* teat

Strategy Observed Expected
Radar Only 10 6.2
Decca Only 10 6.2 g S
Radar ranse/Decca 2 6.2
Radar bearing/Decca 2 6.2
Mean Position 7 6.2
Total 31 31.0

Testln« save a value of Xx= of 10.45« on four decrees of
freedom, the reeult was sl.nlfleant. the null hypothesis

INH

was rejected and the alternative hypothesis accepted. There msMi
was evidence that the subjects were TfTollowing several
distinct strateg#es and fﬁgp {HS results were not random,
3-7-2-U- Test Number 2.

Of the subjects who chose corners was there
a preference for any particular corner?

m
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Ho The subjects showed no preference Tfor one particular

cornere

Hi The subjects preferred at least one corner

In this exeroise the subjects who chose corners were

those from the fTirst four i1roups. Their results are *iven

in table 11:-

Table 11. Subjects®™ choice of corners.

corner Observed Expected
Radar Only 10 6
Decca Only 10 6
Radar range/Decca 2 6
Radar bearing/Decca 2 6
Total 2U 2U

Testln« save a value of x* of 10.67* on three oesrees

of freedom, the result was sisnlflcant. the null hypothesis

was rejected and the alternative hypothesis accepted. There

was evidence that the subjects showed a preference for the

Radar only and the Decca only corners.

There was §§ iéﬁqg F&as8R for the subjects rejecting
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the radar range/Docca corner, . although the radar _'\/

bearing/Docca corner was not very reliable, but 1t looked

as though the subjects were thinking Iin terms of one or

another of the aids rather than combining the data iIn order

to obtain a position.

3.7.2.5. Test Number 3

This test looked for a preference for either one of the

two airds, but in this case the preference for the aids was

equally divided.

3.7.2.6. Test Number U.

Test Number a examined

whether the subdects based

their positions on Information from one aid only or whether

they to ok the Information from both aids Into account when

deciding on their position.

Ho There was no preferenc( for the use of one aid only,
rather than a arfctrmat 1on of aids-
Hi The subjects preferred to use one pa#'1ICU1ar aid or a

combination of aids-

Assumln* that the subdects who chose the mean position

used both the aids the data are In table 12.-



Table 12. Subjects* selection of one or two aids.

Strategy Observed Expected
One Aid Only. 20 15*5
Both Aids. H 15.5
Total 31 31.0

Testln«k save a value of X* of 2.61 on one oesiree of

freedom. The result was not sisnifleant, the null

hypothesis was accepted and the alternative hypothesis

rejected. There was no evidence that the subjects preferred

to fix their positions usln. Information taken from one

only or both of the aids.

Although this result was not significant It was

important to note that almost

twice as many subijects used

one aid only as both aids. This must be of concern when It

is considered that they had Information from tw o accurate

and reliable systems available for their use.

3.7.2_.7. Test Number 5.

pia the subjects prefer an Intersection of position
lines OF did they Select . mean position among several

lines?
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He There was no preference fTor either an intersection of

position lines, or a mean position among several position drwne s L

lines* EH!:

Hi The subjects preferred either an intense Ction  of

Cosition lines, or a mean position among several lines.

In this tBSt, the subjects who selected the Tfour

corners demonstrated a preference for an Intersection.

The group who chose a mean position were deemed to have
chosen a position among several lines with the exception of
subjects It and 17 who chose a position on a position line
hut not at an intersection. For the purpose of this

exercise these two subjects were excluded from the test.

: inter ion or
Table 13* Subjects" preference for @ tersection or a

mean position.

Strategy

Intersection 22 13*5
Mean Position 5 N
Total 27 27 *0

Testing gave a value of X- of 10.70« on one degree of
freedom. The result was significant, the null hypothesis

was rejected and the alternative hypothesis was accepted.

There was strong evidance that the subjects preferred an
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intersection of position lines to a mean position among
several lines. Compared with test number u this result
showed that the lack of preference for a particular aid was
not tied iIn with preference for an iIntersection of position

lines.
3.7.2.8. Conclusions.

One of the objectives of this exercise was to look for
evidence of a preference for Decca or radar. However 1t was
not possible to demonstrate any preference. The result
needs to be examined In conjunction with exercise 2 of
Experiment 1 (2.8.2.8.) where there was no evidence of a
preference but possibly, siven a larger sample a preference
for the radar might have been demonstrated. The main
difference " between the two exercises was that In this case
the Decca position put the ship closer to the Jland and
possible danger. Thus 1t was possible that the subjects
were reacting to this by selecting what they considered to
be the more dangerous position, even though In this case
the land presented no immediate threat. See section 5.2_tt.

for a further discussion on the preferences for the two

aids.

There was a clear preference for an intersection of
position Qlines rather than some sort of weighted position

among several lines. Again i1t seems that the subjects were

not making the best use of the iInformation available, but
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Fig.5 Visual and Oecca

rather deciding their position on an either/ or basis.

3.7.3* Exercise Number 3-

3.7.3.1. Introduction.

The subjects were given a card with the following

instructions: -

"Bound outwards for Milford Haven, visual bearings off
St. Qovans Hd. and Caldy Island Lt. Ho. are 316"true and OIlO*

true. Deooa readings are Oreen PU7.7 and Purple J55.5."

When plotted the bearings gave a diamond shaped figure
of about 1 mile across (fig 5). The nearest land was 7
miles to the North, but the ship would have to close the
land later on her passage to Milford Haven. The Decca lines
intersected to the North of the figure l.e. closest to the
land While the visual bearings crossed at the southern
corner of the figure. The angles of cut for the two aids

were kept as close as possible to about 60*

in The oblect of the exercise was to examine whether a

Q@ preference exfsf@@ ﬁgy 88883 or visual bearings. This was a

repeat of exercise Numfef 3 #H EXPEFiMEAt 1 with the Decca

and Visual positions reversed. The diamond was made smaller
than 1In the previous experiment because the subjects had
criticised 1t as being rather large and stated that they

0 would have expected Decca lane slIP (13) to be present.
_x
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3.7.3.2. Results.

The results are given in Table Itt;-

Table IU. Subject i1dentity numbers v choice of position.

1) Intersection of visual bearings.
2 ,.5,6,9.10.11.13.16,17.18.20.23.2U.26.27.29,31,32.33 and
36.

Total 21

2) Intersec tion of Decca position lines.l.tt and 22

Total 3

3) Position inside the dramond

3.7.21.25.30.3U and 37

Total 7

a) Subdoots who lacked current experience of the Decca and
did not participate.
8,12.15.19,28 and 35.

Total 6

3.7.3.3. Test Number 1.

This test examined the above eroups to see If the

subjects followed any particular strategy or strategies.
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Ho The subjects showed no preference for a particular

strate"3y or strategies-

Hi The subjects preferred at least one strategy.

The data for the test are eiven In table 15:-

Table 15— Observed and expected values for the different

strateaies.

Strategy

Visual Only 21 10-3
Decca Only 3 10.3
Mean rosition 7 10.3
Totak 31-0

Testlns *ave a value of X* OfF 17.29**» on two

dasneaa
0f freedom. The result WAS sisnifioant. the null hypothesis
WAS rejected and the alternative hypothesis accepted. There

was strong evidence that the EUbjeCtS favoured a particular

stratesy, in this case the visual only position.

3.7.3.11. Test Number 2.

was there any evidence that the subjects preferred one
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particular cornar?

ubjects showed no preference for one particular

H. The subjects preferred at least one of the corners-
Table 16. Subdocts* choice of corners.

Corner
Visual Only
Decca Only

Decca/Visual

Total 25 25-0

Testlns save a value of X- of 29.12»« two Oe«raeB

of freedom. The result was slsnifioant. the null hypothesis

was rejected and the alternative hypothesis accepted. There

was strons evidence that the subjects favoured the visual

only corner.

3.7.3.5. Test Number 3

Did the subjects show any preference for one or other

of the two aids or was their choice equally divided?
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Ho There was No preference for one particular aid

Hi The subjects preferred one of the aids.

With the subdocts who used only one aid when Ffixing
their position there was a clear preference of twenty one
to throe fTor the visual bearinss. so the data from the

subjects who chose mean positions were also included iIn the

totals.

Table 17. Subjects®” preference for aids.

Testing save a value of X* of 10.»5»* on two desreas of
freedom. The result was sisnifleant, the null hypothesis
was rejected and the alternative hypothesis accepted. There

was strons evidence that the subjects preferred the visual

bearings. "] s Ii@,v{ was In agreement with that from

Experiment 1 (section 2.8.3-5-).

3.7.3.6. Test Number U

- 8nl when fixing their
Did the subdacts use one aid nx
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positions or did they take i1nformation from both the airds?

Ho There jes N0 preference for the use of one aid only,

rather than a combination of ailds*

Ht The subjects preferred to use either one particular aid

or a comb iriation of aidse

In this exercise the subjects who used one aid only
were those who selected the visual only or the Decca only
positions. the remainder made use of the information from

both the aids.

Table 18- Subjects?* preference for one or tw o aids.

Strategy
One Aid only
Both Aids

Total

Tastlns save a value of X" of 9.32»» on one desree of
freedom. The result was slsnifioant. the null hypothesis

was rejected and the alternative hypothesis accepted. There

was evidence that the subjects preferred to TfTix their

positions uslns i1nformation from one aid only.
3.7.3.7« Test Number 5
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Did the subjects prefer an intersection of position

lines or did they select a mean position among several

lines?

Ho There was no preference for either an intersection of

Dosition lines, or a mean position among several position

lines

H. The subjects preferred either ar, iIntersection of

position lines, or a mean position among several lines.

In this exercise the results were clear: those subjects

selectins the visual or Decca position and the subject (nho.

3t) who selected a combined position selected an

intersection, the others selected a mean position.

Table 19. Subjects- choice of an intersection or a mean

position.

Strategy

Intersection 25 15*5
Mean position 6 15.5
Total 31.0

Testing save a value of X- of 11.65**- «« one desree of
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freedom. The null hypothesis was accepted and the
alternative hypothesis rejected. There was strong evidence

that the subjects preferred an Intersection of position

lines.

This result was In agreement with the result obtained

from Experiment 1. (section 2.8.3.7.). Again It seems that

the subjects were Tfixing their position on the basis of one

or other of the aids rather than taking some Information

from both and selecting the position which best fitted the

data. in this exercise the strong evidence for an

intersection must be partly due to the preference for

visual bearings over the Decca navigator, also demonstrated

earlier (2.8.3.5. and 3.7.3.5.)%*
3.7.3.8. Conclusions.

This exercise was designed to look for evidence of a
preference between visual bearings and the Decca navigator.

It was clear that the subjects preferred the visual

bearings even to the extent. In many cases, of totally

rejecting the Information from the Decca navigator. Despite

giving the Decca the benefit of any doubt by being closer

to the 1land, the subjects rejected this aid In preference

to the visual bearings. The cuestion which this exercise

raises Is whether the subjects would navigate In this

manner at sea or whether they have been conditioned by

their seniors to reject Information from electronic
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Fig.6 Radar Position

"devices” and were therefore reactins 1iIn what they

considered to be the '"correct” manner In this experiment.

3.7.U. Exercise Number H.

3.7.7.1. Introduction.

The subj;Jects were presented with a card containing the

following information:-

"Bound outwards from Cardiff i1n moderate visibility,
radar positions are Foreland Pt. 179” true x 8.8 miles and

Nash Pt. 082* true x 8.0 miles."™

When plotted on the chart the bearings made a square
about 1 mile across to the North of Foreland Point (Fig 6).
The channel 1is widening out at this point and so there was
little danger from the land at this stage of the voyage.
The moderate visibility explained why visual bearings were
not available to check the ship’s position.

The object of this exercise was to examine how the
subjects used the radar information. This was a follow on
from Exercise 5 iIn Experiment 1 (section 2.8.5.) with the

radar ranges and bearings reversed iIn relation to the

direction of the land.

3.7.~.2. Results.

n\m
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Fig. 7
Exercise No.4 Subjects’ choice of position

10

Table 20. Subject numbers v choice of stratesy.
1) Those who chose the Intersection of radar ranses.
1,3»».5.9.11.12,13.17,18,26.27.29.30,31.32,3~.35 and 36, "

Total 19

2) The subject who chose an iIntersection of radar bearinss.
2H

Total 1

3) Those who chose a mean position.
6,8,20.22,28 and 37.

Total 6

IX) Those who used the Information from Foreland Point only.

10,1U.16,21,23, and 33

Total 6
5) Those who used the i1nformation from Nash Point only.
2,7.19 and 25.
Total K
6) Could not select a position.
15

Total 1

3.7.tt.3. Tost Number 1.
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Wore there any signs that the subjects favoured a
particular strategy or strategies? If not the data could be

considered to be random.

Ho The subjects showed no preference for one particular

strategy or strategies-

Hi The subjects preferred at least one strategy.

The data from table 20 were grouped as shown In table

21 for the test: -

Table 21. Observed and expected values for the different

strategies.

Strategy Observed EXxpect«
Radar Ranges 19 7.2
Radar Bearings 1 7.2
Foreland Point 6 7-2
Nash Point a 7.2
Mean Position 6 7-2
Total 36 36.0

Testing gave a value of of 2(

of freedonm. The null hypothesis

alternative hypothesis accepted. There was strong evidence

that the subjects were fTollowing a particular strategy, 1In
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thi8 case the Intersection of the radar ransos and

rejectIns another stratesytiee. the |Intersection of the

radar bearings, and the data were not random.

3.7.tt.U. Test Number 2.

Of the sub;jects who selected corner positions, was

there a preference for any particular corner?

Ho The subjects showed no preference Tfor one particular

corner -

Hi The subjects preferred at least one of the corners

Table 22. Subjects* choice of corners.
Corner Observed Expected
Radar ranges.

Radar bearings

Foreland Point

Nash Point

Total

Testing gave a value of X* of 25.20*** on three degrees
of freedom. The result was significant, the null hypothesis
was rejected and the alternative hypothesis accepted. There
was strong evidence that the subjects preferred the corner

defined by the Intersection of the radar ranges.
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This result demonstrated that the subjects were
following the method which they had been taught. An

intersection of radar ranges 1is considered to bd the most
accurate method of position fixing using radar (IU) and

therefore their teaching has been of some value.

3.7.M.5_ Test Number 3.

Was there any preference for one of the aids? This test

was not suitable for this particular exercise so 1instead

the data were examined to see 1f there was a preferred

method of using the radar.

Ho The subjects showed no preference for one particular-

method*

Hi The subjects preferred at least one of the methods*

The different methods used by the subjects are given 1in

table 23:-
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Table 23. Methods of uslns the radar.

Method Observed Expected
Ranses only

BearInss only
Ranse and Bearlns 10

Total 30

TestlIns save a value of X® of 16.2** on two desrees of
freedom. The result was sisnlflcant, the null hypothesis
was accepted and the alternative hypothesis rejected. There
was also strons evidence that the subjects rejected the
Intersection of bearlnss. The subjects who selected the
mean position were excluded from this test because It was

not possible to decide what method of TflIxIns they were

employlns.
3.7.U.6. Test Number U,
This tested whether the subjects wused one aid or a

combination of aids In flxlIns their position and was not

appropriate for this exercise where only one aid was used.

3.7.U.7. Test Number 5.

Did the subjects prefer an Intersection of position

lines or a mean position amons several?
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Ho There was no preference for either an intersection of

position lines, or a mean position among several lines.

Hi The subjects preferred either an 1intersection of

position lines, or a mean position among several lines.

Table 2tl. Subjects* preferences fTor position.

Preference Observed Expected
Intersection
Mean Position

Total 36 36

Testins gave a value of X of 16*™ on one degree of
freedom. The result was significant, the null hypothesis
was rejected and the alternative hypothesis accepted. There
was strong evidence that the subjects preferred an

intersection of position lines.

This result was probably influenced by the subjects*
strong preference for an i1ntersection of radar ranges. This

has already been discussed In 3.7.~N."N.

3.7.U.8. Conclusions.
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Ho There was no preference for either an intersection of

position lines, or a mean position among several lines*

H. The subjects preferred either an intersection of
position lines, or a mean position among several Ilines* f
1>
Table . Subjects®™ preferences for position. I
Preference Observed Expected
Intersection
Mean Position
Total 36 36
Testing gave a value of of on one degree of
freedom. The result was significant, the null hypothesis
was rejected and the alternative hypothesis accepted. There
was strong evidence that the subjects preferred an
intersection of position lines. m

This result was probably Influenced by the subjects*
strong preference for an iIntersection of radar ranges. This

has already been discussed In 3*7*N*A*

3.7.U.8. Conclusions*
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3.7.5.3. Test Number 1.

Test number 1 examined whether the subjects followed

A
selected strategies or whether the positions were chosen at
random.
Ho The subjects showed no preference for one particular
strategy-
Hi The subjects preferred at least one strategy
Nl |
Table 26. Observed and expected frequencies of Navigational
strategies.
e
Strategy Observed Expected
Visual bearings
Mean Position
Radar position
Radar range/vis
Radar brg./vis
Total
adfc— |

Testing gave a value of of 18.0** on fTour degrees of
freedom. The result was significant, the null hypothesis
was rejected and the alternative hypothesis accepted. There

]1'
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was evidence that the subjects preferred one of the

stratesles.

3.7.5. Test Number 2.

Test Number 2 examined whether the subjects selected

any particular corner. u
Ho The subjects showed no preference for one particular
coriier
Hi The subjects preferred at least one of the cornkrs.
Table 27. Subjects* choice of corners.
Corner Observed Expected Ihy
Visual bearings 16 6.75 ~h
Radar position 5 6.75
Radar range/vis. 5 6.75
Radar brg./vis. 1 6.75
Total 27 27 .00
Testing gave a value of of 18.°

of freedom.The result was sisnifleant, the null hypothesis
was rejected and the alternative hypothesis accepted. There
was evidence that the subjects favoured the corner defined

by the visual bearinss.
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3.7.5*5_ Test Number 3.

Test Number 3 examined whether the subjects

demonstrated a preference for one of the aids.

He. There was no preference for one particular aid

Hi The sut'jects r-efer-r-eorie of thie ai s.

This test was conducted iIn two parts because 1i1n this
exercise there were two situations, those subjects who used
one aid only, and then the subjects who used both aids 1in

some way to FTix their positions.

Table 28. Subjects who used one aid only.

Aid Observed Expected
Visual 16 10.5
Radar 5 10. 5
Total 21 21.0

Testing gave a value of X*®¥ of 5.76* on one degree of
freedom. The result was significant, the null hypothesis
was accepted and the alternative hypothesis rejected. There

was evidence that the subjects preferred the visual
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bearings to the radar.

When all the results were used and the positions from

those subjects who selected mean positions were allocated

the results are i1n table 29;-

Table 29- Subjects* preferences for the two aids.

Observed Expected

23. 1 17.5
11.9 17.5
35.0 35.0

Testing gave a value of X» of 3.58. The result was not
significant, the null hypothesis was accepted and the
alternative hypothesis rejected. There was no evidence that

the subjects preferred either aid.

Although this result was not significant, almost twice
the number of subjects selected the visual bearings as the
radar which lends weight to the first test which suggests
that a preference exists for visual bearings over the

radar.

3.7.5.6. Test Number U.

Did the subjects prefer to use one aid only or did they

take both aids i1nto account when Tfixing their position?

18U
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Ho There was no preference for the use of one aid only ,

rather than a combination of aids.

Hi The subjects preferred to use either one particular aid,

or a combination of aids-

The subjects who used one aid only were those who

selected the visual or the radar only positions, the others

used both aids In some way.

Table 30. Subjects* use of one or both of the aids.

Strategy Observed Expected

One aid only

Both aids
Total

Testing gave a value of of 1.U, on 1 degree of
freedom. The result was not significant, the null

hypothesis was accepted and the alternative hypothesis

rejected. There was no evidence of any particular strategy.

This result was alarming. The subjects were offered two
reliable methods of position fixing and yet the majority
chose to 1gnore one of these methods when selecting a

position.
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Testing gave a value of X of 13.36*** on one degree of
freedom. The result was highly significant. There was
strong evidence that the subjects preferred an i1ntersection

of position lines.

This result was 1In agreement with the general trend of

this work.

3.7.5.8. Conclusions.

The test demonstrated that under some circumstances
there was a preference for the visual bearings over the
radar, a result that i1t was not possible to demonstrate 1iIn
Experiment 1 (section 2.8.7.). It was not a marked
preference but as they are both reliable methods of
position fixing, there was no technical reason why there

should be any preference at all.

3.7.6. Exercise Number 6.

3.7.6.1. Introduction.

The subjects were given a card with the following

information; -

”Bound  from Cardiff to Dublin, D.F. bearings
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Fig.9 Decca and D.F.

(corrected) are, St. Qowan Lt./ VI. 310* true and Helwick
Le./vVl. 0U9* true while Decca Readings are Green F U5.1
and Purple 1 70.0~

When plotted on the chart the bearings gave an
irregular shaped quadrilateral about 1 mile across and
situated about 1 mile north of Lundy Island (Fig 9). The
ship was bound for Dublin and well clear of any dangers 1in
the Bristol channel, so the position of the land should not
have had any i1nfluence on this exercise. The quality of
the information from, the 2 aids was similar, the D.F.
bearings intersected closer to 90* than the Decca and the
two lightships were both close to the ship’s position with
no land iIn the way. The Decca coverage iIn this area was
acceptable with a good angle of cut between the position
lines.

The object of the exercise was to compare the subjects*
attitude to the Decca and the D.F. This exercise did not
relate directly to any iIn Experiment 1 but exercise 1 was
similar although 1t was carried out further up the Bristol

Channel.

ID
3.7.6.2. Results.
Tfm
co The subjects* choice of strategies are shown in fig 10
CN = and Table 32:-
0
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Fig. 10
Exercise No.6 Subjects’ choice of position
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Table 32. Subject numbers v choice of stratesy.

1) Decca Only.
1,2.3,a.6,7.10,11,13.16,18.2U.25,27,29,32.33,
3U,36 and 37.

Total 20

2) Combined D.F. and Decca position lines.
1A4,17,23,28,31 and 35*

Total 6

3) Mean Position.
5,20,22,26 and 30.

Total 5

N) Those subjects without experience of Decca or who TfTailed
to plot a usable position.
8,9,12.15,19 and 21.
Total 6
It was noticeable that none of the subjects chose the
D.F. only position.
TN

3.7.6.3. Test Number 1.

Was there any evidence among the above data that the

subjects were fTollowing a definite strategy or strategies?
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Ho The subjects showed no gieference for- one particular

strategy

Hi The subjects preferred d least onle strategy

Th©® different strategies fTollowed by the subjects

given i1n Table 33:-

Table 33* Observed and expected frequencies of

subjects* navigational strategies.

Strategy Observed Expected
Decca Only

Decca/D.F.

Mean Position

Total

When th©O data were tested 1t gave a value of
13.61** on throe degrees of freedom. The result

significant, th® null hypothesis was rejected and

are

the

of

was

the

alternative hypothesis accepted. There was strong evidence

that thO subjects preferred one of the positions and

data were not random.

3.7.6.U. Test Number 2.
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Of the sub”™jects who selected corners was there any

evidence of a preference for one particular corner?

In this exercise. although the figure had four
corners, two of the corners were close together, the corner
given by the intersection of the D.F. bearings and the
corner given by the Green Decca line and the D,F. bearings.
This meant that for practical purposes the figure was

basically triangular.

Ho The subjects showed no preference for one particular

corner

Hi TTie sumjecl5 W¥refe)red at least orie of thie corner-s

Table 3. Subjects* choice of corners.

Corner Observed Expe
Decca Only 20 13
Decca/D.F. 6 13
Total 26 26
Testing gave a value of of 7.5°** on one degree of
freedom. The result was significant, the null hypothesis

was rejected and the alternative hypothesis accepted. There
was evidence that the subjects preferred the Decca only
position. The third corner was the D.F. only and as none of

the subjects selected this one 1t was not i1ncluded in the
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te s t.

3.7.6.5. Test Number 3. §F 1
Was there any preference for one particular aid? |In
this test, as none of the subjects selected the D.F. on its
own, all the positions were allocated between the two aids.
Those subjects who selected the Decca/D.F. corner were
allocated 2:1 to the D.F. because there were two D.F.
position Jlines and. only one Decca line. The mean position
was allocated according to the subjects* choice of
position. These allocations are summarised i1n table 35:-
Table 35. Subjects* choice of Aid.
Aid Observed Expected
Decca 2H.75 15.5
D. F. 6.25 15.5
Total 31.00 31.0
Testing gave a value of of 11
freedom. The result was significant, the null hypothesis )
Pi P,
was rejected and the alternative hypothesis accepted. There
was evidence that the subjects preferred the Decca. Because
o f the construction o f the figure the allocation o f the
subjects who selected the mean position tended to favour

the D.F. slightly but not enough to influence this result.



3.7.6.6. Test Number U.

Did the subjects prefer to use the i1nformation from one
aid only, or did they take both Into account when Tfixing

thelr position?

Ho T*le”e was no preference for the useof one aid only,

ra then than a combination of aids-

Hi  The 5u)Xxjects referred touse e:lher onme arl: cular aid

or- A combinal:on of aimps-

In this exercise the only subjects who used one aid
only were the twenty who selected the Decca only position
as none of the subjects selected the D.F. only position.
All the other positions involved the use of i1nformation

from both the aids.

Table 36. Subjects* preference for one or both of the aids
Strategy Observed Expected

Decca only

Both aids
Total

Testing gave a value of of 2.61 on one degree of
freedom. The result was not significant, the null
hvp«th»els wé&s and the alternativ« hypothesis
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rejected. There was no evidence of a preference. Although
non significant, almost twice as many sub™Jects preferred to
use the Decca only as preferred to use both the aids. This
was further evidence that many subjects were not willing to

make use of all the available Information.

3.7.6.7. Test Number 5.

Did the subjects prefer an Intersection of position
lines or did they prefer a mean position among several

lines?

Ho There was no preference for either an 1iIntersection of
position lines, or a mean position among several position

lirie5

Hi The subjects preferred eilther an intersection of

mos: l:am liries, or a mean posi:li:on among several lines*

In this exercise, because of the construction of the
figure, there was some doubt as to whether the subjects who
selected the combined Decca/D.F. position were in Tfact
selecting an intersection or a mean position so the results

from that position were allocated 50/50.
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Table 37- Subjects* preference for an Intersection or a
mean position.

Preference Observed Expected,

Intersection

Mean Position

Total

Testing gave a value of of 7.26** on one degree of
freedom. The result was significant, the null hypothesis
was rejected and the the alternative hypothesis accepted.
There was evidence that the subjects preferred an
intersection of position lines. Although this result might
have been considered suspect because of the construction of
the figure, i1t followed the general trend of a preference

for an i1ntersection of position lines.

3.7.6.8. Conclusions.

This test was 1In agreement with Exercise Number 1 in
Experiment 1 (2.8.1.) where the subjects also demonstrated
a preference for the Decca over the D.F. This exercise was
designed to favour the D.F. as far as possible but 1t did
not seem to make any difference to the result, so i1t must
be assumed that the dislike for the D.F. 1s so deep-seated
that this aid is unlikely to be used iIn practice except as

a last resort.
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Fig. 11 Radar and D.F,
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3.7.7. Exercise Number 7

3.7.7.1. Introduction.

The subjects were presented with a card containing the

following i1nformation;-

“Bound for Southampton, D.F. bearings (corrected) are
Scarweather Lt./VI. 055* true and Helwick Lt./VI 3IV3* true,

while a radar position off Bull Point i1s 1U8*x 7.0 miles.”

When plotted the bearings formed a rectangular shape
about 1 mile across and 7 miles off the land (fig 11). The
radar position put the ship further from the land than the
D.F. position thus giving the benefit of any doubt to the
D.F. The ship was outward bound and clear of the land so it

should have minimum effect on the result.
The exercise was based on exercise number 9 1
Experiment 1 (2.8.9.) and was intended to look for evidence

of a preference for either the radar or the D.F.

3.7.7.2. Results.

Tne results were divided iInto the following groups;*
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Fig. 11 Radar and D.F.

3.7.7. Exercise Number 7.

3.7.7.1. Introduction.

The subjects were presented with a card containing the

following information:-

”Bound for Southampton, D.F. bearings (corrected) are
Scarweather Lt./VI. 055* true and Helwick Lt./VIl 30-3* true,

while a radar position off Bull Point i1s 148*x 7.0 miles.”

When plotted the bearings formed a rectangular shape
about 1 mile across and 7 miles off the land (fig 11). The
radar position put the ship further from the land than the
D.F. position thus giving the benefit of any doubt to the
§.F. The ship was outward bound and clear of the land so it

should have minimum effect on the result.

The exercise was based on exercise number 9 in
Experiment 1 (2.8.9.) and was intended to look for evidence

of a preference for either the radar or the D.F.

2-7.7 .2 . Results.

Tne results were divided into the following groups:-

199



Kt

Fig. 12
Exercise No. 7 Subjects choice of position
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Table 38. Subject numbers v choice of strategy.

1) Radar Only.

2.3, 9.10,11.13,1~.17.18,19.21,23.26,27,29.31,32,33.3" and

36.

Total 21.

2) D.F. only.
5,7,8,12,16,22,35 and 37.

Total 8.

3) Radar bearing and D.F. bearing off the

Lt./VI.

25 and 28

Total 2

i) Radar range and D.F. off the Helwick Lt./VI.

2l

Total 1
5 Mean Position.
6, 20 and 30

Total 3

Scarweather

6) Not available because of subject errors or because the

subject refused to decide on a position.

1 and 15
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Total 2

3.7.7.3. Test Number 1.

Was there any evidence that the subjects were followin«

a particular strategy or strategies?

Ho The subjects showed no preference Tfor one pa“ticulane

strategy =

Hi The subjects preferred at least one strategy.

The test was carried out on all but the last of the

groups from table 38:-

Table 39. Observed and expected values of the different

strategies.

Strategy Observed Expected
Radar only 21 7
D.F. only 8 7
Radar range/D.F. 1 7
Radar brg./D .F. 2 7
Mean Position 3 7
Total 35 35

Testing gave a value of X® of 39.17M*** on four degrees

of freedom. The result was significant, the null hypothesis
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was rejected and the alternative hypothesis accepted. There

was strong evidence that the subjects were fTollowing a

particular strategy, 1In this case the Radar only position.

3.7.7.~. Test Number 2.

Of the subjects who chose corners was there evidence of

a preference for one particular corner? In this test the

subjects used all four corners .

Ho The subjects showed no preference for one particular

COHiere

Hi The subjects preferred at least one of the corners.

The subjects®™ selection of corners 1s given in table

HO: -
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Table HO. Observed and expected values of the subjects*

choice of corners.

Corner Observed Expected
Radar Only 21 8
D.F. Only 8 8
Radar range/D.F. 1 8
Radar brs./D.F. 2 8
Total 32 32

Testine save a value of X of 31.75*** on three decrees
of freedom. The result was sisnificant, the null hypothesis
was rejected and the alternative hypothesis accepted. There
was strong evidence that the subjects favoured the radar

only corner.

This result showed that the subjects were not over
influenced by the proximity of Jland, as the closest
position to the land was the D.F. only corner so they were

more iInfluenced by their dislike of the D.F.

3.7.7.5. Test Number 3.

Was there any preference for one method of position
fixing? In this exercise the subjects had the choice of the

radar or the D.F.

The test was carried out In two parts, Tfirstly with

those subjects who used one aid only, and then with all the

20H
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data allocatlns each position accordIns to the aids ysed

Ho There was no preferenee for one particular aid

Hi The subjects preferred one of the

aids

Table Hi. Subjects who used one aid only.

Aid Observed

Testing gave a value of X of 5.

significant.

Table U2. Subjects* preferences
complete data.

Aid Observed Expected
Radar 2U.25 17.5
D. F. 10.75 17.5
Total 35.00 35.00

Expected

83*. The result was

for the airds using the

Testing gave a value of X of 5.21* on one degree of

freedom. The

result was significant, the null hypothesis

wee redebted and the alternative hypothesis accepted. There
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was evidence that the subjects preferred the radar to the

radio direction finder (D.F.)

3.7.7.6. Test Number u,

This test was to see if the subjects preferred to use
one aid only or whether they took the information from both

the ailds i1nto account when deciding on their position.

In this exercise the subjects who wused one aid only
were those who selected the radar only or the D.F. only

corners. The others used 1Information from both the aids.

Ho Thier9 was no prefer-ence tor thie use of one aid only,

rather than a oaf<inal lon of aids-

Hi  The subjects preferred either one particular aid or a

combination of ailds*

Table ¢13. Subjects* use of one or both of the aids

Strategy Observed Expected

One aid only

Both aids

Total
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Testing gave a value of of on one degree of
freedom. The result was significant, the null hypothesis
was rejected and the alternative hypothesis accepted. There

was strong evidence that the subjects preferred to fTix

their position using the information taken from one aid

only.

This must be considered to be further evidence that the

subjects were rejecting the information from the D.F.

3.7.7.7. Test Number 5.

This test examined whether the subjects preferred an
intersection of position lines.to a mean position among

several lines.

Ho There was no preference for either an intersection of
position lines, or a mean position among several position

11nes.

Hi T-.e accjects preferred eitler a1 1ntersecilon of

position Qlines, or a mean position among several lines.

Table HU. Subjects* preference for an intersection or a

mean position.
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Strategy Observed Expected
Intersection 32 17_5
Mean Position
Total
Testing gave a value of of on one degree of

freedom. The result was significant, the null hypothesis
was rejected and the alternative hypothesis accepted. There
was strong evidence that the subjects preferred an

intersection of position lines.

3.7.7.8. Conclusions.

In this exercise the subjects demonstrated a clear
preference for the radar over the radio direction Tfinder
(DO.F.) ((.7.7.5.). This was 1In agreement with exercise
number 9 iIn Experiment 1 (2.8.9.5.). In this case any doubt

would have favoured the D.F. rather than the radar.

Because of the number of subjects selecting the radar
only position, the preference for the radar over the D.F~
ran through the other tests and made i1t difficult to

extract any other useful results.
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Fig. 13 Visual and D.F.

Exercise Number 8.

3.7.8.1. Introduction.

The subjects were given a card with the following

instructions: -

Bound from Appledore to Milford Haven, corrected D.F.
bearings were Hen and Chickens 259* +true Helwick Lt./VI.
003* true. Visual bearings were Bull Point Lt. Ho. I0tt* true

and Baggy Point 125* true.”

When plotted the bearings gave a kite shaped Tigure
about 2 miles x 1 mile. The visual bearings gave a narrow
angle of cut at the apex while the D.F. bearings made a
good angle at the base (fig 13). The two visual bearings
passed close to the D.F. position 1iIn order to give
confidence 1n that position. The figure was about halfway
between Lundy Island and the mainland, and on the present
course the ship was well clear of the land. The next

landfall would be on the coast close to Milford Haven.

The test was designed halfway through the experiment
when 1t became clear how strongly the subjects were
rejecting the D.F. 1iIn exercise 1 and 1t was 1iIntended to
present as favourable a D.F. position as possible iIn order

to examine whether a preference for the D.F. could be

demonstrated under any reasonable oilreumetanbeet
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ThO "test was deslsned to Oxaimlne the above sx*oups fTor
slsns that the subducts demonstrated a preference for a
particular strategy or strategies. From th©® data 1t was
clear that there was no evidence for a preference and it

was therefore assumed to be random.
3.7 .8.U. Test Number 2.

Did th© subjects demonstrate any evidence of a
preference for one particular corner? In this exercise only
2 corners were chosen, the visual only and the D.F.
position, and there was clearly no preference between the

two.

3.7.8.5_. Test Number 3.

Was there evidence of a preference for one of thO aids?
Because of the proximity of the visual bearings and the
D.F. position it was not possible to decide whether thO
subjects who selected th© D.F. position were favouring that
aild or whether they were selecting a combination of D.F.

and visual bearings so the test was not carried out.
3.7 .8.6. Tost Number U,

Did th© subjects use one aid only or a combination of

ailds? Because of the difficulty iIn deciding whether the

Ei,Ai p"Biticcn was really one aid only, the test was not
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carried out.

3.7.8.7. Test Number 5.

Did the subjects prefer an iIntersection of position

lines, or a mean position amons several lines?

Ho There was no preference for either an intersection

position lines, or a mean position among several lines.

1 Thie subjects Jrefer-red either- an intersection

pos 11 10)I.11nes , or a mean position among several [lines*

of

of

In this test the subjects who preferred an iIntersection

were those groups who chose the visual or the

position.

Table H6, Subjects* preferences for an intersection or a

mean position.

Strategy Observed Expected
Intersection 17 13
Mean Position o) 13
Total 26 26
Testing gave a value of of 2.U6 on one degree
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2.H6 on one degree of freedom. The result was At
significant, the null hypothesis was accepted gRd #Rhe
alternative hypothesis rejected. There was no evidence that
the subjects preferred either a mean position or an
intersection of position lines. This was the only occasion
in the experiment where there was no significant evidence
of a preference for an iIntersection of position linos and
probably demonstrated that the nearest some of the subjects
wore prepared to go to accepting the D.F. w”s by selecting

a mean position.

3.7.8.8. Conclusion.

This tost seemed to show that 1t was not possible to
get the subjects to demonstrate a preference for the D.F.
however attractive the circumstances were made. It was
interesting 1i1n that this was the only occasion that there
was no evidence of a preference for an 1ntersection of
position lines so 1t looked as though more subjects
selected a mean position because of the more attractive

D.F. position.
3.8. Tests on the combined data.
Because of the nature of the experiment i1t was possible

to carry out certain of the tests on the combined results

from the eight different exercises. In this way the sample

size was increased and the results became more
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generalised.

Only tests U, 5» and 6 however were sufficiently

general for this treatment.

3.8.1. Test Number U.

E>id the 8ub;jects prefer to use one aid only or did

they take their information from both airds?

Ho There no preference for the use of one aid only,

rather than a combination of aids-

Hi The subjects preferred to use one particular aid, or a

combination of ailds*

The results from the different exercises are given 1iIn

Table 11?7:-
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Table H7. Subdects* preference for one or both of the aids

by exercise.

Exercise One Aid Both
1 11 18
2 20 11
3 2H 7
5 21 la
6 20 11
7 29 6
Total 125 67

Exercises U and 8 were not
because exercise k involved only
It was not poesiblo to separate the preferences for the two

ailds.

The observed and expected values for the test are

given i1n table U8:-

Table us. Observed and expected frequencies of the

subdects* preferences fTor one or both aids.

Strategy Observed Expected
One aid only 125 96
Both aids 67 96
Total 192 192
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Testing gave a value of X of 17.52*** on one degree of
freedom. The result was significant, the null hypothesis
was rejected and the alternative hypothesis accepted. There
was strong evidence that the subjects preferred to use one

aid only when Tfixing their position.

3.8.2. Test Number 5.

E>1d the subjects prefer an intersection of position

lines or a mean position among several lines?

Ho There was no preference fTor either an i1ntersection of
position lines, or a mean position among several lines.
Hi The subjects preferred either an intersection of

position lines, or a mean position among several lines.

The results from the different exercises are given 1in

Table 49:-
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Table U9. Subjects* preference for an 1i1ntersection or a

mean position by exercise.

Intersection Centre
31 k
25 6
25.5 5.5
30 6
27 8
26 5
32 3
17 9
213. 5 U6.5

The data for the test are £iven iIn table 50:-

Table 50. Observed and expected values for the subjects*

preferences of intersections or mean positions.

Strategy Observed Expe
Intersection 213. 5 130
Mean Position H6.5 130
Total 260.0 260

Testing gave a value of of

of freedom. The result was sisnificant, the null hypothesis

was rejected and the alternative hypothesis accepted. There
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was strong evidence that the subjects preferred an

Intersection to a mean position among several position

lines.

3.8.3. Test Number 6.

E>id the subjects who selected a mean position prefer
the geometric centre or did they select some other
position? This was the first time that this particular test
had been carried out because the sample sizes In the

Individual exercises were too small for testing.

Ho There was no preference for either the geometric centre,

o- a we ightex position.

Hi The subjects preferred either the geometric centre, or a

weighted position-

The data from the Individual exercises are given In

table 51:-
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Table 51. Choice of geometric centre or weighted position

by exercise.

The data for the test are given in table 52:-

Table 52. Observed and expected values of the subjects*

preferences for the geometric centre or some other
position.
Strategy Observed Expe<
Centre 29 22
Other 15 22
Total ntx nil
Testing gave a value of of
freedom. The result was significant, the null hypothesis
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was rejected and the al"terna“tlve hypcthesis accepted. There
was evidence that the subjects preferred the seomotric

centre to weighted position.

3.9. Conclusions.

3.9.1. Choice of aids.

This experiment was designed to examine whether there
was a definite and identifiable preference for any of the

four methods of position fTixing used In the exercise.

3.9.1.1. Visual Bearings.

In both Experiment 1 and iIn this exercise 1t was not
possible to demonstrate a preference for any other aid over
the visual bearings, despite efforts to present the other
aids 1In as attractive a situation as possible. The two
exercises iIn Experiment 1 (2.8.3.5. and 2.8.7.5.) showed a
preference fTor the visual bearings although the sample size
was not large enough to produce a significant result. In
Experiment 2, exercise 1 deliberately favoured the D.F. but
many of the subjects selected a poor visual only position
instead of a good visual/D.F. position.(3.7.1.5.) Exercises
2 and 5 (3.7.3.5. and 3.7.5.5.) both demonstrated a

preference fTor visual bearings.

There was evidence 1In both experiments to show that the
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subducts PFoferences tor visual Dbsarlnss was probably
taken too ™ar. (See conclusion tor a discussion on the use

of visual bearlnss)*

3.9.1.2. Radio direction Finder (D.F.).

From Experiment 1 there was evidence that the subjects
had Ilittle confidence In this aid (see 2.8.1.9. and
2.8.9.9.). This finding was confirmed by 3.7.1., 3.7.2.,

3.7.6.. 3.7.7. and 3.7.8.

EM®1*clse 1 offered the subjects the choice between poor
visual bearings and good D.F. bearings, three bearings with
a good angle of cut further strengthened by a visual
bearing from an easy to ldentify lighthouse passing close
to the position. Despite this there was no evidence of a
preference for that position: one subject did not even
bother to plot the D.F. bearings. Because of these results
exercise 8 was devised to try and discover whether It was
possible under any circumstances to obtain a preference for
the D.F. when another aid was available. Again an
attractive D.F. position was combined with a poor visual
position but there was no evidence of a preference for the
D.F. position even though It was strongly supported by two

visual bearings.

Exercise number 6 was designed to look for evidence of

a preference between the D.F, and the Decca Navigator,
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Exercise 1 (2.8.1.9* ) of Experiment 1 Indicated that there
mlsht be a preference for the Decca so this was repeated
uslns a larser sample. Again. despite making the D.F.
position more attractive than the Decca position, the
sub;Jects showed a strong preference for the Decca Navigator

(@ =.01 section 3.7.6.5.).

Exercise Number 7 was designed to test for a preference
between the Radar and the D.F. This was a repeat of

exercise 9 In Experiment 1 (2.8.9.9.) except that this time

the D.F. position put the ship closer to the land. This

resulted In a significance level of a .05 (3.7.7.5.)
while In Experiment 1 the significance level was a = .01,
This could have been because In this exercise the D.F.
position put the ship closer to the land while |In

Experiment 1 the D.F. position put the ship Tfurther from
the land. thus there was some evidence that the subjects
were taking the position of the land or other dangers Into

account when deciding on theilr position.

The tests showed that the D.F. was not regarded as a
viable aid In these circumstances, which was In agreement
with remarks expressed by J2 of the subjects to the effect

that they would only use the D.F. as a last resort.

In the Official Inquiry Into the grounding of the

”Stancrown” (36) theExperIment 1 where the subjects

demonstrated a preference for the radar (a = .05, section
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2.5.2.5>)> This was probably explained by the fact that
in Experiment 1 the radar put the ship closer to the Iland
while 1In this experiment the Decca position was closer to

the land.

Exercise 3 was devised to look for evidence of a
preference for either the Decca or visual bearings,The
subjects demonstrated a preference for the visual
bearings.(a = .0l. section 3.7.3.5.). This was a repeat of
a like exercise in Experiment 1 (2.8.3.5.) where the sample
size prevented a similar result but where there was some
evidence of a preference for the visual bearings. In this
exercise the visual position put the ship further from the
land than the Decca position, a reversal of the situation
in Experiment 1. It would seem therefore that the subjects*
preferences for visual bearings were stronger than the need

to select the most **dangerous** position.

In both Experiment 1 and the present study none of the
subjects mentioned Decca fixed errors or data sheets (13),
so it seems likely that they are not consulted very much at

Sea.

3.9.1.4. Radar.

Radar was®" Involved i1In Exercises 2,U,5 and 7. Exercise 2
where the subjects* preferences for Radar or Decca were

examined was discussed 1In section 3»9.1.3. and exercise 7
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examined whether there was a preference for the Radar or

the D.F. This was discussed iIn section 3.9.1.2.

Exercise U was devised to examine how the Radar was
used. The subjects demonstrated a strong preference for the

corner defined by the iIntersection of ranges, (a = .001«

section 3.7 .~A.".). The results also demonstrated that
almost all the other options were selected by one or more
subjects. A similar finding was obtained from Experiment 1
(2.8.5.5.) but the sample size was too small for a

significant result.

Exercise 5 was devised to examine whether a preference
existed for radar or visual Dbearings. In this exercise
those subjects who used one aid only demonstrated a
preference for the visual bearings (@ = .05). With all the
subjects* positions being included In the data i1t was not
possible to demonstrate any preference (section 3.7.5.5.).
The radar position put the ship closer to the land than did
the visual position so this could have reduced the number
of subjects selecting the visual position. The experiment
(section 2.8,7.5.) 1In EXxperiment 1 was also non
significant although the data suggested a preference for
the visual bearings, particularly when the subjects were

using only one aid.

3.9.1.5. Summary.
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From these tests a ranklns order of preference by the

subjects for the different airds was produced:-

1) Visual bearings were preferred over all the other aids.
In some situations. In particular where the D.F. was
concerned, some of the subjects* preference for this aid

bordered on the reckless.

2) There was a clear preference for the radar over the D.F.
but as far as the Decca was concerned there may have been a
preference for the radar but there was no significant

evidence for this.

3) Decca was preferred to the D.F. It was a popular aird and
many of the subjects seemed happy to rely on it, but none

of the subjects asked for data sheets.

U) D.F, was the Ileast popular aid, and this was
demonstrated so clearly that there seems to be a good case
for no longer Tfitting 1t to merchant ships as a

navigational aid.

3.9.2. Use of Information.

Tests U,5 and 6 were designed to examine how the
subjects used the i1nformation provided. In general the

problem with navigation today 1i1s that there 1iIs more

information available than 1i1s strictly necessary to
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navigate iIn a given situation, therefore the main problem

which faces the navigator i1s one of information management.

3.9.2.1_. Test Number U.

Test number U examined whether the subjects used the
information from one or both of the available aids. This 1is
an 1mportant question because In practice the information
from both aids contains errors and the most probable
position lies on some sort of mean position derived from
all the information that is available from the different

sources.

Although many of the i1ndividual exercises did not
provide evidence that the subjects were using i1nformation
from one aid only, there was no case where there was
evidence that the subjects preferred to use i1nformation

from both the aids. When the data were combined there was

strong evidence (a = .001, section 3.8.1.) that the

subjects preferred to wuse one aid only. This was also
demonstrated iIn Experiment 1 (a = .01, section 2.9.2.).
Therefore there seems to be strong evidence that the
subjects tend to use iInformation from one aid only, a

practice which is potentially very dangerous.

3.9.2.2. Test Number 5.

Test Number 5 examined whether the subjects preferred
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1.n"boFSGC*tl.on of posd."tl.on linos or o noon posl."tlon onions

several linos. In practice the ship®s position need not
necessarily be Inside the ‘'"cocked hat"™ produced by the
lines (@M). None of the subjects selected a mean position

outside the cocked hat, so i1t seemed that they were not

senerally Aware of this fact.

In none of the exercises was there any evidence that
the subjects preferred a mean position amons several
position linos. In fact apart from Number 8, all the
exercises demonstrated that the subjects preferred an
intersection of position lines. Exercise number 8 had been
devised to try to persuade the subjects to accept the D.F.
position but the only effect of this was to make enoush
subjects select a mean position that there was no evidence

in favour of an iIntersection. When the data were combined

there was strong evidence (a =.001, section 3.8.2.)
that the subjects favoured an 1iIntersection. There was
equally strong evidence (a = .001 section 2.9.2.) from

Experiment 1 so 1t would seem that following from the
preference for one aid only the subjects preferred an
intersection of position lines, an equally dangerous

procedure.

3.9.2.3. Test Number 6.

This test examined whether those subjects who selected

a mean position chose the geometric centre or some other
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position. Because of ~the small number of subcfects who chose
a mean position It was not possible to carry out this test
In any of the individual exercises and the data had to be
combined. The test showed that the subjects tended to
prefer the mean position (a = ,05 section 3.8.3.) but this
result was not demonstrated 11n Experiment 1 (section
2.9.M»9.). When the data from both experiments were
combined a signifleant result was obtained (a= .05). The
preference was probably a continuation of the concept of an
intersection, and iInstead of the subjects selecting an
actual intersection of position lines they were mentally
selecting an iIntersection at the Geometric centre of the
figure. The area covered by the positions was small, and
because there were slight variations in the shape of the
figures plotted by each subject 1t was Important that not

too much should be read iInto this result.

3.9.3. Quality of Work.

In Experiment 1, 8 out of 180 positions plotted by the
subjects had to be rejected because they were plotted
incorrectly. In the second experiments 6 out of 272
positions were Tfound to be at fault. These ™blunders” are
discussed Tfurther 1In section 6.tt.5. but when i1t 1is
considered that the subjects knew that their work was being
observed this result gives some concern over the

reliability of their work at sea where It iIs not Dbeing

studied as closely.
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3.10. List of Exercises

3.10.1.

The

Experiment 1.

number

Decca and D.F. (6)

Decca and Radar (@)

Decca and VIisual(3)

Three D.F. bearlnss

Radar bearings and dlstances(U)
Decca, Visual and D.F.

Visual and Radar(5)

Three Decca readings

Radar and D.F.(7)

In brackets denotes the exercise

Experiment 2 where the work was followed up.
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CHAPTER H

The desisti, construction and operation of the simulator.

The first two experiments in the present work had
demonstrated that i1t was possible to obtain useful
information from what were very basic experiments without
usins any more complicated equipment than a chart. It was
hoped to 1i1mprove on this by the use of what was to be a

very simple type of simulator.

H.l1. Backsround.

Lookins at the desisn of simulators that were iIn use at
that time (1978) 1t was clear that the main expense was in
makins them 1i1nteractive. This was because a computer was
essential to carry out the calculations necessary to ensure
that all the instruments read correctly resardless of the
ship’s position iIn the workins area. At the time micro
computers were not as cheap or as easy to use as they are
today but even now a considerable prosrammins effort 1is
necessary. None of the simulators on the market then had
facilities for the takins of visual bearinss and even with
the larser machines the subjects were forced to telephone
the instructor for this information. Most of the existins
simulators were fTor night or poor visibility only because

of the difficulty of producing realistic graphics. An

attempt was made 1In Germany to wuse a system of slide
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projectors "to produce a dayli.sh*t sys“"tem bu"t for realism an
enormous number of slides were required and there were
difficulties 1In desisnins the equipment to provide a smooth
changeover. There were still problems with the observation
of transits and the taking of visual bearings. It was not
until the ailrcraft i1ndustry produced “Computer Generated
Images” (C.G.X.) that the daylight simulator became a
possibility, but the visual scene 1i1s still somewhat
primitive and the equipment very expensive SO research time
iIs Jlikely to be restricted on these simulators for some

time to come.

One of the results from the previous two experiments
(3.10.1.1t.)) was that the subjects demonstrated a very
strong preference for visual bearings so one of the
objectives of the simulator was to verify these findings.
It was obvious that even given the use of a large simulator
it would not be possible to simulate the taking of visual

bearings in a realistic manner.

It was decided that i1t would not be possible to design
an interactive simulator with the resources available and
therefore to concentrate on making the simulation of the
navigation aids as realistic as possible in a
non-interactive simulator. This decision implied that the
type of experiment which could be carried out 1n the

simulator would be limited. In particular 1t would not be

possible to examine how the subjects manoeuvered their

233



ships. This was not considered too restrictive because most
of the work which required a manoeuverins capability was
concerned with collision avoidance and a considerable
amount of research had already been carried out In this

area using part task radar simulators (29. 30, 31).

A fTurther reason for selecting a simulator which the
subjects could not manoeuvre was so that each test would be
a precise replication of the others iIn the series. This was
important because the object of the project was to compare
the subjects* choice and use of navigational aids under
similar conditions. IT the subjects had been able to make
different manoeuvres then an additional variable would have
been i1Introduced which would have been difficult to allow

for In the subsequent analysis.

N.2. Objectives.

There were three main objectives iIn the design of the

simulator;-

To verify the results from Part 1 of the present

work.

Part 1 of the present work had produced some useful
results, in particular the order of preference for the

<Jifferent aids, and the subjects* liking for an

intersection of position Qlines rather than a central
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position among several lines (3.10.1.a.). It was hoped to
be able to examine these preferences in Ffurther detail,
especially where the subjects would have to decide which
aids they wished to observe as well as what 1i1nformation
they were going to use, given a situation where there was
more 1nformation available than was required for the

performance of the particular task.

The strong preference demonstrated by the subjects in
the previous work for a position at the iIntersection of two
position lines rather than a centre position would be
further investigated (3.10.2.2.). In particular, the
question of whether the same subjects normally plotted more

than two position lines?

11.2.2. To design a realistic research simulator.

One of the problems of this part of the research was
to try and design a simple, low cost simulator that was
also capable of producing worthwhile results. For this
reason the design of the experiments had to go hand in hand
with that of the simulator. The most important difference
between the research simulator and a teaching simulator is
in the control of the variables Dbetween the different
exercises. In the teaching situation i1t is not considered
so i1mportant that each exercise 1is i1dentical provided the

students gain useful experience during their time in the

simulator. In the research simulator it was vital that each
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Subjject experienced exactly the same situation iIn order to
keep the unknown variables to a minimum. This was seen to
be a matter of how the experiments were designhed rather

than a construction feature of the simulator.

The most i1mportant requirement as far as the research
was concerned was to be able to record as much information
as possible without 1i1ntruding 11nto the experiment. In
particular 1t was necessary to record how the subjects
fixed their positions and what aids they consulted. The
first part did not appear too difficult as 1t was intended
that the subjects would plot their positions on the chart
while recording the time Dbeside the position and 1t was
therefore possible to decide which aids were used by
examination of the |lines on the chart. The second part was
more difficult because some sort of recording device was
needed and 1t was expected that this could present
problems. Asking the subjects to 1log which aids they
observed had two main drawbacks. Firstly the method was
unreliable, as It was not possible to ensurethat the
subjects logged every occasionwhen they observed one of
the aids. Secondly, 1t would interfere with the experiment.
The fact that the subject had to mark alog every time he
examined one of the aids mightdiscourage him from viewing
it and at the least 1t would make the experiment less

realistic. Thus 1t was considered essential to provide a

system which recorded automatically whenever the subjects

observed one of the different aids.
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Th® cholc® of Aids "to be wused 1iIn the slmnulatoi* was
largely decided by the need to repeat the first part of the
present work when the Radar, Decca, Visual Bearings and the
Radio Direction Finder (D.F.) were used. It was decided,
however, that as i1n Part 1 the D.F. was so strongly
rejected (3.10.1.1.) by the subjects, there would be little
purpose in continuing to use this aid unless the simulated
area was so deficient in other navigational aids that the
subjects were forced to use this method. This loft the
visual Dbearings, Decca and radar. The echo sounder was
included iIn this part of the work because 1t 1i1s found on
every ship but was not used iIn Part 1 because i1t is not
usual to plot information from this aid on the chart. There
was the question of whether to use the satellite navigator.
Omega or Loran C, but these were rejected for two reasons.
Firstly 1t was i1mportant when 1t came to analysing the
results to restrict the number of variables otherwise it
would prove difficult to come to any firm conclusions. The
main reason, however, was because 1t was Intended to test
at least twenty subjects and 1t was important that as far
S3 possible they all had first hand experience of the
<NMiMerent ailds used iIn the simulator. Hence the ailds were

confined to those which are In common use.

N.2,3. To produce a simulator which should, 1f possible,

have a potential for general use other than the present

research project.
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simulated visual bearing of

Sizewell power stn.

view of the
simulator

ok

Video and pen
recorders

There appeared to be a need to be able teach the use of
different aids in various navlsatlonal situations. For this
role the simulator must present as realistic a view of the
different aids as possible while at the same time It has to
be cost effective, thus rullns out an interactive
simulator whoso high cost made 1t uneconomic for use as a
simple teaching aid. It would appear that a simulator
designed to meet the requirements set out 1In section
u.2.2., would therefore also have a useful teaching

function.

U.2.H. Methods of simulating the different navigation aids.

U.2.U.1l. The use of slide projectors.

This was the first method of simulating the navigation
aids to be considered but 1t had the disadvantage that it
was not possible to simulate the movement of the different
Iinstruments as the ship progressed during the exercise.
This would have to be achieved by advancing the slides by
means of a pulsed tape which would have given a jerkey and

unreal presentation.

U..2.H.2. The use of video recordings.
About this time the 1dea of video recordings was

considered as lightweight recording equipment suitable for

using on the ship had become available in the Polytechnic
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Sizewell power stn.

view of the
simulator
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video and pen
recorders

There appeared to be a need to be able teach the use of
different aids iIn various navigational situations. For this
role the simulator must present as realistic a view of the
different aids as possible while at the same time i1t has to

lost effective, thus ruling out an interactive
simulator whose high cost made 1t uneconomic for use as a
simple teaching aid. It would appear that a simulator
designed to meet the requirements set out 1In section
woulld therefore also have a useful teaching

function.

ix, 2, Ix. Methods of simulating the different navigation aids

k.2.1x.1. The use of slide projectors.

This was the fTirst method of simulating the navigation
alds to be considered but i1t had the disadvantage that it
was not possible to simulate the movement of the different
instruments as the ship progressed during the exercise.
This would have to be achieved by advancing the slides by
means of a pulsed tape which would have given a jerkey and

unreal presentation.

~’2.11.2. The use of video recordings.
About this time the 1dea of video recordings was

considered as lightweight recording equipment suitable for

using on the ship had become available in the Polytechnic
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and thanks to a srant from Shall Zntarnatlonal Marina it
was possible to purohasa aqulpmant for tha simulator. Thara
were certain advantages In tha use of these methods* In
that there would be continuous movement of tha readings of
the various aids and tha display could be presented on a
small television screen. The only problem was whether it
would be possible to obtain an acceptable quality of
recording. The main [Iimitation was that i1t would not be
possible to alter the speed of the presentation and so an
exercise would have to be run at the same speed as that
which the Polytechnic training vessel *SiIr John Cass**
maintained during the on-board recording operation.
However* with a favourable tide 1t was possible for the
ship to manage about twelve knots thus giving a run of siXx

miles during the half hour of an exercise.

Recordings were tried out during a trip across the
Thames estuary on the **Sir John Cass** with the the help of
the members of the Polytechnic*s media-services department
and  this proved that i1t was possible to make good quality
video tapes of the different aids. The method chosen for
displaying the information was to use three video recorders
in parallel and to play video tapes of the radar* Dacca and
the echo sounder. It had been decided that i1t would not be
possible to simulate the taking of visual Dbearings using
the video because of the difficulty of 1including the

compass card in any display. To reduce the equipment on the

ehip*» bridge while recording the aids only the Dacca and
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the radar were recorded durlns the run. The echo sounder
was taped separately. This Instrument was kept runnlns
while the other aids were belns televised and after the run
the paper was wound back, the tip removed from the stylus,

and the Instrument run asaln while the trace was TfTilmed.

The radar proved to be the most difficult aid to record
by video. The Marconi radar 1In the shlp*s demonstration
room was chosen because It was the easiest to black out
and, after several trials to set the brilliance rlsht, an
acceptable recordlns was made.

The quality of the video was later dudssd to be
acceptable by the subjects who were asked for their opinion
of the different aids but It still remained the Ileast

satisfactory of all the recordlnss used In the experiment.

U.2.U.3. The visual bearlnss.

It was decided to use a slide projector for the visual
bearlnss and this In fact proved to be more difficult than
anticipated. The Tirst set of photosraphs taken from the
ship proved to be Indistinct because the ship was too far
from the marks when the photosiP*Phs were taken and the use
of a telephoto lens wbs ruled out because the vibration of
the ship caused camera shake. A further voyase had to be
undertaken uslns a yacht much closer to the shore In order

to obtain the photosraphs. To simulate the compass card

the centimetre scale on a transparent plastic ruler was
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Fig4 Block Diagram of the Simulator

photographed and printed on clear plastic. The relevant
part of this scale was then cut out and 1inserted iIn the
slide mount so that the scale appeared superimposed on the
view of the coastline (see Ti« 3). This proved to be a most

realistic method of simulatins a compass card.

11.2.U.U, The presentation of the information.

The three video tapes, radar,Decca and the echo sounder
were played in synchronism on three separate video
recorders (fi* f©). If the subjects wanted to examine one of
these aids, they had to press a button on a control box so
that the correspondin* picture was displayed on the
monitor. At the same time a slsnal was sent to a pen
recorder and the lensth of time the subjects held the
switch down was recorded. When the switch was released the
screen went blank. A circular scale marked iIn decrees and
fitted with a movable pointer was attached to the monitor
so that the subjects could measure radar bearlnss. The
range rings had been switched on when the radar display was
recorded so i1t was possible for the subjects to measure
distances. Thus 1t was possible for the subjects.to measure

range and bearing of any desired object.

The  visual bearings were displayed on a tape
controlled slide-projector. Again the subjects were

required to hold a spring Jloaded switch 1In order to

Illuninate the screen while at the same time the pen

23



5%

recorder was actlvatsd and tha tlIma tha sub™aet spant
watchlns the display was lossad. This display did not show
any continuous movamant but It was raasonabla at the chosen
distance off tha shore for tha [landmarks to  appear
stationary over short time "Intervals as no transits ware
available for this experiment. Tha slides ware advanced by
means of a pulsed tape so there was the sllsht problem of
the subject havins to wait for the tape, to move the slides
In order to take a series of bearlnss correspondins to
different sections of the coastline but sufficient slides
were used so that they chanssd every few seconds dependlns

on which marks were belnc projected.

U.3. The deslsn of the experiments.

In Chapter 1 It was shown that there was very little
previous published work on which to base the experiments so
they were deslsned to verify the results from Part 1 of the
present work and also to answer some of the questions which
arose from that work. There was the problem of obtalnlns
sufficient results to allow a satisfactory analysis. Part 1
of this work had demonstrated the lensth of time It took to
acquire data for this. The restriction was still that. In
seneral. In order to obtain a larse sample It would be
necessary to test the subjects durlns their lunch period,
which effectively reduced the len*th of time available to

about half an hour. Because of this [limited time It was

necessary that the simulator be sufficiently realistic for

244



the subidects not to require any Instruction or practice In

Its use.

One of the problems resultine from this sort of work Is
whether the results relate to that particular experiment
only or whether they can be senerallsed to other
situations. If It Is not possible to senerallse the results

then the research would be of little value. (See 5.1*1>)

In order to make the results more general It was
decided to test each subject +twice, uslns two sllishtly
different navlsational situations. They had to be
sufficiently similar for the subjects* reactions to be
comparable but there had to be slsnlflcant differences so
that their behaviour could be examined under the different
circumstances. The loslstlcs of usins the ship to record
the situation meant that the two runs had to be physically
close tosether in order that they could be recorded iIn one
day. By uslIns the two separate runs for the experiment and
testing each subject twice, an additional variable was
introduced which had a potential effect on the analysis and
which would be particularly important i1f the results of the
two runs proved not to be sufficiently similar to allow the

data to be pooled.

Ne3_.1. The experimental area.

The area that was finally chosen for the experiment was

2H5



the Suffolk coast near Southwold. It was selected because
it was close to where the ship was based at Harwich, and
presented an Interestlns ranse of navlsatlonal marks. Also*
the Decca coverase was sood so this aid could be
Incorporated In the experiment 1In a realistic manner.
Althoush the seabed did not vary a sreat deal there was
enough information for the subjects to verify their

position by echo sounder If they so desired.

i1i1.3.2. Run 1.

The first run was selected from Southwold. south for
half an hour (see fis 6). This had the advantage that the
8ub;)ect8 were able to take visual bearings of the
lighthouse at Southwold and Sisewell power station so at
the start of the exercise they had a clear choice of aids
and they could Tfix their positions using any one of the
three aids or Indeed auty combination of aids. Later during
the exercise the subjects had greater difficulty 1In
identifying the different Ilandmarks. particularly the
churches, as there were a number of different churches
available for the taking of bearings and the only way to
Identify them properly was for the subjects to run bearings
from a known position, such as a Dacca position. Throughout
run 1 there were always at least two visual bearings
available for the subjects If they wished to navigate by

this method.

246



a.3.3. Run 2.

Run 2 was dIfforant bacausa It Includad a coursa
alteration. Durlns this axarclsa tha ship was roundlns
Orford Ness which [Is a spit of sand and shinsla (see fls
7). 1t presented a radar mark which was easy to Identify
so the subjects could have been expected to make more use
of the radar than they mlsht have done durlns run 1. There
was however a danser In that the shape of the spit varied
accordins to the tide and the part of the spit visible on
the radar was not necessarily the same as the charted
portion ii1ti), The other major difference was that for much
of the run the only mark for visual bearlnss was Orford
Ness llshthouse. At the beslnnlns and rilsht at the end it
was possible for the subjects to obtain cross bearlnss with
Orford castle but for most of the exercise the ansle
between the two was too narrow to beof much use
navlsatlonally and because of the distance off the coast
the use of a transit was not considered appropriate.

N_3.~N. Differences between the two runs.

1) In run 1 the ship was steerins the same course
throughout therefore the compass headlns which iIn this
experiment was obtained from the radar, was less important
for monitoring changes 1n course. In run2 the ship was
altering course for part of the timeand therefore the

compass would require more freguent monitorins*
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2) In run 1 thoro w«ro »IwAya two vi«u«l bosrins« available
for the subdecte throushout the exerelae. Some of these
bearinss, however, were of Churches and were difficult to
Identify unless the subjects plotted from known positions.
In run 2, for most of the time, Includins the critical
period when the ship was alterIns course, Orford Ness

LIffhthouse was the only mark available for visual bearinss.

3 In run 2 Orford Ness was a clear and easily ldentifiable
radar mark but there was no such equivalent mark available

in run 1. .

li,u. LIshts.

One of the dlsadvantases of all simulator experiments
Is that they only represent part of the situation. This s
considered acceptable i1n tralnlns when the object Is to
train the subjects In one particular aspect only but In
research It can lead to mlsleadlns results if this fact Is

not taken Into account.

In the present work the sub;)ects were deliberately not
placed under undue pressure as the object of the experiment
was to examine how the subjects behaved In a typically
normal situation with sood visibility and no particular
problems with the navi«ation. In this type of situation
most merchant ships would probably navigate with only one
officer on the brid«e and a rating working close by to be

available 1T needed. The steering would be by autopilot.
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2) In run 1 th»r» w«r» »1wya two visual boarlnss available
for the subjects throushout the exercise. Some of these
bearinas, however, were of Churches and were difficult to
igcgentity uUnless the subjects plotted from known positions.
In rvn 2, for most of the time. Including the critical
period wWhen the ship was altering course, Orford Ness

Lighthouse Was the only mark available for visual bearinss.

3 In run 2 Orford Ness was a clear and easily Identifiable
radar mark but there was no such equivalent mark available

in run 1. .

U.U. Lishts.

One of the disadvantages of all simulator experiments
Is that they only represent part of the situation. This Is
considered acceptable In training when the object Is to
train the subjects In one particular aspect only but |In
research It can lead to misleading results If this fact Is

not taken Into account.

In the present work the subjects were deliberately not
placed under undue pressure as the object of the experiment
was to examine how the subjects behaved In a typically
normal situation with good visibility and no particular
problems with the navigation. In this type of situation
most merchant ships would probably navigate with only one
officer on the bridge and a rating working close by to be

available 1f needed. The steering would be by autopilot.
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In this case, the slnsle officer on the brldse would be
responsible for the navigation which would consist of
monltorins the shlp*s position and addustlns the course as
necessary to keep the ship on the Intended track. At the
same time he would have to keep a lookout for other ships
and manoeuvre his ship accordln® to the **Reculatlons for
the Prevention of Collisions at Sea*™ whenever It was

necessary.

It Is unlikely that they would be expected to carry out
any other duties, when the ship was as close to land as she

was placed In this experiment.

It was the aspect of keepIns a Ilookout and avoldlns
other ships that had. to be simulated. otherwise the
subjects were likely to spend all their time on the
navlsatlon which would have been unrealistic and mlsht have
led to unrepresentative results. To simulate the keeplns of
a Qlookout a system of llshts was devised (See 1.7.). These
lishts were spread alons one wall In the simulator and were
low power L.E.D. Il«hts. They were In three colours. red,
sreen and white as those are the colours which seafarers
would be accustomed to look for. The llshts were deslsned
to switch on for about a second or two and then switch off
asaln. A simple timlns device controlled the swltchlns (see

appendix i and altosether there were nineteen Illshts for

the subjects to observe Inoludins one flashiIns end one
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Fig5 Layout of the Simulator

Lights Over

occultins llIsht.(For = list of ths lishts s«s sppsndix 4).
The 1lIshts had no particular navisational sisnifieanca*
Indeed there was an anomaly iIn that the subieets were asked
to observe lishts durinc what was a daylicht exercise but
they provided the essential side task that was required to
prevent the subjects from spendinc too much time on the

nsvisation.
4.3. The layout of the simulator.

The simulator was housed in a disused darkroom which
had been part of a science laboratory. The  television
screen. slide projector and control box for the different
aids were placed on a side bench while the subjects were
provided with a chart covered with tracins paper on the
front bench. They were also provided with the normal
drawlns instruments* parallel rulers, pencils and a pair of

compasses. For details of the layout see Fi* 5.
4.6. Runnins the experiments.

The subjects were selected from students studying for
their Master"s certificate who asreed to spend half an
hour durlns their Qlunch break takins part 1iIn these
experiments. Tng were assured that the resu!ts would be
confidential, and that their names would not be revealed.

They were also told that there were no problems or pitfalls

deslsned to trap them iIn these experiments! i1n other words
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they were to nevlsate In the same manner as they would at

Sea.

The first four subjects were used to test the simulator
and they were slven run 1 only, as the Intention was that
any faults detected by these subjects would be remedied
before run 2 was set up. In fact only two faults were
detected by this method. First, the orlslnal switch for
illuminatink the slide projector to display the visual
bearInss was not spring loaded and subject No 1 left the
light switched on for most of the run. The equipment was
subsequently modified by the Inclusion of a spring loaded
switch to Illuminate the projector. Second there was a
fault In the Decca tape. It appeared that when the master
tapes were copied there was a gap in the recordings which
resulted in a *jup*™ 1In the Decca readings. The subjects
identified this fault as **lare slip™ (13) and 1t was cured
by recopylng from the master tapes on to another working
tape, although 1t was not until after subject No 1t had
completed his run that the nature of this TfTault was
identified and finally cured. Because this operation proved
to be relatively trouble free i1t was possible to include

the data from these four subjects iIn the final analysis.

ft6.1. Measurement of Performance.

At first 1t was not considered practical to quantify

the subjects* performance because with a non“interaetive
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simulator It was not posslbla durlns tha ooursa of tha
exercise to present tha subjects with navlsational tasks
and then assess their performance iIn the execution of those
tasks. It was however later realised that 1t would be
possible to assess a subject*s appreciation of his
situation by asklns him to make a quantifiable navisatlonal

decision at the end of a test run.

It was therefore decided to ask the subjects to produce
a course to steer and an estimated time of arrival (E.T.A.)
for a point about six miles ahead of the ship®"s position at
the end of the exercise. This would test the subject's
appreciation of the ship®"s course and speed. i1ts Tinal

position and the effect of the tide.

The measurement evolved In two stages. From No. 5
onwards the subjects were Just asked to produce an E.T.A.
and later from subject No 10 onwards, the iInstructions were
rewritten and they were asked for a course to steer as well
as an E.T.A. Even so there were a number of the subjects
who forgot to provide an E.T.A. durlns the exercise. It was
decided that reminding them after the exercise was
completed could result 1In the subjects making a separate
calculation, when the object of asking for the E.T.A. was
to test the subject"™s awareness of the tide and other
factors affecting the ship during the exercise. Therefore,
iIn general. 1f the subject forgot to complete an E.T.A.

this was treated as missing data* although the subjects

were reminded to produce an E.T.A. during the exercise.

233



Rg.6

Pttrt of Chart Na L(D2-D5)1504 Cromer to Orford Nose

Runi

62»

»>

1L

Thorp«o#»i

k<

VAPIS X

o 2

20, 29

25 »

40 Adjoining 45 Chart 1810

254

/\qn-;{#

oF fﬁ{)

* B

Thus ths msssursmsnt of srrors durlns this sxpsrimsnt
was probably ths Isast rsllabls of all ths varlablss. No
attempt was made to quantify the errors In abgplute terms,
but, rather,they were used for ranklns purposes only. The
measure served 1i1ts purpose but In the deslsn of follow-on
experiments a better assessment of performance will be

required.

The fTact that some of the subjects for«ot to carry out
their Instructions Is further evidence of carelessness In
carryins out the various tasks (see conclusions to Part 1,

section 3.9.3%)*
a.6.2. Instructions for carrylns out the experiments.
U.6.2.1. Run 1.(PIs 6)

The subjects were slven the followlns Information,
similar to that which they mlsht expect on taklns over a

watch: -

”You are iIn D.R. position 51* 15"N. and 1* 43* B bound for
Felixstowe. Your course i1s 185 * true and compass and the
ensine revolutions are set for a speed of 10 knots.
Southwold Lishthouse and Sisewell Power Station are
available for bearinse *nd other marks will be available

later. The radar i1s set on the six mile ranke and the ranee
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rinss mile intervals. All th« navigational

aids are properly set up and have been checked.

The exercise will run for 30 minutes, durlns this period
monitor the ship"s position and deduce the course to steer
from the end of the exercise to a position with Orford Ness
Lishthouse bearlns 090* x 5 miles, sive an E.T.A. for this

position.

Keep a proper lookout and 1los all the llshts that you

observe” .

There was a potential ambi«uity over the position for
tho E.T.A.. There Is some confusion as to whether bearlnss
should bo named ”to” or ”from” a mark and this has caused
some difficulty at sea. In the Standard Marine
Navigational Vocabulary” (4U) bearings are always referred
to as "from” a mark but this conflicts with what Is often
used In practice so the naming i1s not always clear. In this
exercise there was no doubt because the alternative

position was fTive miles Inland.

U.6.2.2. Run 2 (Fig 7)

The subjects were i1nstructedx-
”You are i1n D.R. position 52* 07*N and 1* AIFF E bound for
Felixstowe. Your course is 206* true and compass and the

engine revolutions are set for a speed of 10 knots. Orford
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Lishthou.« «nd CMtle nrn ev«ll*bl. for compMO bomrlin««.
The redor 1» »et on the »Ix mile ren«e with rene» rln«» »t

one mile Interv*!»_. All the n»vil««tlon»l »1d» h»ve been eet

UP correctly end hove been cheeked.

The exercise will run for 30 minute», durln« this period,

monitor the ship*» position, end deduce the course to steer

from the position st the end of the exercise to the Cork

Lishtfloet end prepere en E.T.A. et thet position for the

pilot station.

Keep a propar lookout and lo« all tha Ilshts that YOU

observa”.

The pilot stetlon for Felixstowe wes et the Cork
LIshtfloat and clearly marked on the chart so the subjects

had no difficulty In ldentlfyln« the required position.
U.7. Treatment of the results.

From the data recorded In the simulator 1t was possible

to construct a number of meanlnqful variables that were

used in the validation and analysis of results.(See

Chapters s end 6.)

These variables are discussed In the order that they

were devised iIn thé simul.tor and not In any particular

order of merit. The variables discussed here are the
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first-ord«r or m«a»ur«d variabl«»# «m thay war« takan
directly from tha Information raeopdad durln« tha
experiments. Thera ware also four second order-variables
which were obtained by a combination of these TfTirst order
variables. The second order variables are discussed In

chapter 6 where the data from the simulator are analysed.

a.7.1. Lishts.

This was the number of li«hts the subjects recorded
durin* the experiments. The subjects were instructed to lo«
all the Ili«hts which they observed, althou«h a few of the
subjects had difficulty iIn observin« the li«hts only one
subject did not observe any at all. DurinE the experiments
there were no problems with the liEhts. as the equipment
worked well and most of the subjects were able to observe
the liEhts without undue difficulty. There were. however,
some difficulties with the flashinE and occultinE liEhts

where the subjects sometimes lIoEEsd them several times.

U.7.2. Error.

The error" resulted from the measure of performance
used 1In this work. As already explained this was not an
ideal method of measurlnE performance. so i1t was not
considered appropriate to analyse the results from this too
deeply. The -error was obtained by plottinE whére the

subjects* course and E.T.A. %#ould have placed the ship an
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then the distance between this end the ship®s required

position was measured. A more iIntereetin« method would have
been to examine the error In terms of cross track and alon«
track components but the data were not considered to be

good enough for this purpose.

t.7.3. Time.
The signals from the switches on the different

n»vi«atlon.l ailds war# connactad to a pan racordar. From

this It was possibXa to calculata tha total tima tha

sublaots spent watchln« tha ailds by naasuramant of tha
traces on the recorder chart. The points of startln* and

stoppln« each exparlmant ware also noted on tha
chart.

racordar

The time which tha subjects spent watchln« tha aids
was recorded as a parcenta«a because tha actual times for

each axparlmant ranad from 29 to 32 minutes. It was

therefore considered that the parcantae of tha total tlma

of the experiment was tha more useful measurement.
U.7.~. Toline.

The subjects plotted all their positions on charts
which were overlaid with tracin« paper. From this It
possible to obtain and retain a record of the number of
positions and position lines plotted by each subject and to
find the number of times that two position lines only war
used. This variable was «lven the name "Tollne". The

Importance of Ildentlfyln« this variable was that It relates
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directly to the subiects” preference for corner poeltlone

as demonetreted In Pert 1 of the present work. (3.10.2.2.).
a.7.5. Moline.

=\oline™* wee the number of poeitione plotted by the
subdects usin« more then two position [lines. In prectice
this meant positions with three position lines es there
wore a ne«li«ible number of positions plotted with four or
more lines. Moline was obtained 1In a similar way to Toline.

by countin« the number of lines on the chart.
a.7.6. Position.

**Position*™ was the total number of positions plotted by
the subjects taken from their cherts. There was e certain
amount of sloppy work on the charts. as not all the
positions had a time beside them and i1t was not always
clear whether the subjects intended them to be positions or
not. AlthouBh the ambi«uous positions were not fTrequent
enough to affect the results of this experiment they were
further evidence that navigation was being carried out in a
careless manner. This was the more remarkable when 1t was
considered that the subjects knew that their work was being

Observed and recordede

U.7.7. Visual.

261



Vsl w»* th« number of tlmos tho »ubjoct« ob»«rvod
the visual baarln«s. This information was taksn from ths
pen rscordsr tracs and rsprsssntsd ths numbsr of tiImss ths
subjects prssssd ths switch on ths sllds display. This did
not necessarily represent ths numbsr of tlmss ths subjects
observed a visual bsarin« because ths projector was driven
by a pulsed taps and therefore one observation could
include up to three visual bearlnss. or i1t could represent
one bearing only. Therefore, iIn fact .the variable eeVisual**
underestimated the number of visual bearings the subjects

observed.
U.7.8. Decca.

**Decca*™* was the number of times the subjects observed
the Docoa Navl«ator. the information a«aln bain« taken from
the pen recorder chart. In thle case the number of
potential position lines was exactly twice the number of
observations beoause the Deeca Havisator always displays at
least two position Llines. In some eases there are three

position lines available, but not In this experiment.

U.7.9* Radar.

-Radar- was ths numbsr of timss ths subjscts obssrvsd
ths radar display during ths sxsrclss. Ths information was
again taksn from ths psn rscordsr chart. Thsrs wars a

numbsr of rsasons for ths subjscts dscidlng to obssrvs ths
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r»d»r »nd thw not noooasnrlly connoctod with
navigation. A common uoo for radar at saa la aa an aid iIn
tha kaopin« of a lookout for othar ahlpa or dangara. |In

this varlabla It waa not poaalbla to aaparata tha diffarant

usas Oof tha radar and tharafora It tandad to ovaraatlmata
tha numbar of tlmaa on which tha radar waa uaad aa a maana

of fixin« position.
U.7.10. Sounder.

It waa not possible to identify any lines on tha chart
taken from the echo sounder so i1t waa assumed that this aid
was used as a visual check only. This variable waa
therefore a measure of the number of times the aid waa

consulted.

U.7.11. Visualp.

This was a record of the number of visual position
lines plotted on the chart by the subiecta. It was taken
from the lines the aubiecta plotted on the chart and
checked against the pen recorder trace as well aa the log

which some of the subdecta kept during the exercise, to see
whether they were i1n fact visual bearin*s.

U.7.12. Radarp.

This was the number of radar position lines plotted by
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the subdecte on theilr chert during en exeroiee. One of the
result» from Pert 1 of the present work. (3.8.4.3) wee thet
the Bubdecte demonetreted e deer underetendin* of the
errors In reder beerin«» by refuein* to use them whenever
possible. This wes else demonstreted i1In the simuletor where
the subdects elmost elweys plotted reder renses end beeeuse
they hod been provided with e drewin* compess elmost ell of
the reder position Jlines were circles end so not too

difficult to i1dentify.
a.7.13. Deccap.

This was the number of Decca position lines plotted on
the charts by the subdects. Because of their relationship

to the Decca lattice pattern, these were easy to ldentify.
t8. Evaluation of the variables.

The difficulty of deoidln« whet the totel number of
observetions of the eld. reelly meent iIn term, of observing
them fTor the purpose of nevilgetlon hes elreedy been
stressed. This implied thet the number of plotted position
lines ere more meenlngful verlebles. but the problem here

iIs thet i1t we. not elweys possible to be totelly sure whet

a line on the chert represented. In most of the situetlon.
It wes possible to i1dentify the eld used, but on
occeslons i1t wes difficult. Also there we. the problem in

deciding whether e pertlculer line drewn by e subject o
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hi» oh»rt h*d «ny n»vi«»tlon»l »iBiilfloano«. Th# d»n««r»

inherent iIn thi» type of »loppy n*vi««tlon «re dI»ou»»e<J In

the variou» text» <12). Fortunately aa far a» thia work waa

conoarned theae anbiauoua line» repreaented a vary »mail

proportion of the total number of poaltlon line» ao they

did not affect the final evaluation.
U.8.1. Methods of Evaluation.

Because they are the lar«a»t uaar of raaaarch

simulator, the modal for thi. work was the published

research from CAORF (45). hut this work differs from that

iIn one aspect which 1. relevant to the treatment of the

data. The CAORF experiments were all dealmned with a

particular object 1n view, typically to examine e harbour

entrance or perhaps to examine whether a particular

navlaational aid would result iIn TfTewer collisions or

strsndlnss.

The present work however had the more «eneral objective

of tryln« to establish the i1nformation which navl.ator. use

when «akin« their decisions, which meant it was not so easy

to define specific objective, «td therefore to de.i.n the

experiments around those obioctivos.

In thi. work the run was the only Independent

variable, and this comprised only the two states of
or run 2.

r
The other variable» which have been i1dentified
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are dependent »8 they ell related to the oubirecte*

performance. There was the denser of unwanted and
unquantifiable variables affectlns the results and this was
reduced by the construction of the experiments. The
possible i1nfluence of a learnln« effect was eliminated by
reversin* the order in which alternate subjects took the

two runs.

The problem of nuisance variables Wald »5) was
eliminated by holdIne the experimental conditions constant.
In this way any unwanted effect was spread across all the
subjects and could be considered to have affected them
equally. In any experiment it is unlikely that all these

nuisance variables can be identified and so by
ooncentratln* in the results on comparisons between the

measured variables their effect should be minimised.

a.9. Summary.

This work demonstrated that 1t was possible to
construct a low cost non-Interactlve simulator. Durln* the
tests the subjects who all had considerable experience at
sea were asked for their opinions on the realism of the

simulation and they all agreed that i1t was acceptabl

It was also demonstrated that 1t was possible to obtain
13 meaningful variables from the simulator but it was

necessary to validate the results before any further
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CHAPTER 5
The usefulness of the simulator results.

Before the data obtained from the simulator experiments
could be examined. It was necessary to carry out some tests
to determine whether the simulator could be considered to
represent a realistic model of the navisatlonal situation

at sea.

The only way of completely verifying any simulator

results would be to test the same subjects In a similar
situation on board a ship but 1t was not possible to
arrange for all 28 subjects to undertake a voyage so other

methods had to be considered.
5.1 . Comparison with other experiments.

It was hoped to make use of the data collected for the
E-M.I. bridge design exercise (38) as there would have been
records of which aids the ship’s officers consulted but
these data are not available, and unfortunately not even a

synopsis has been published.

5.1.1. Other simulator work.

Both Hammell (23) and Curtis (3D. have -carried out

experiments to compare the reactions of navigators iIn a
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simulator with those observed at sea, and 1n both cases
demonstrated that the simulator was a realistic
representation of their behaviour at sea. In addition to
these two. there are a number of other experiments
(described in Chapter 1) where simulator results were

accepted as a substitute for observations obtained at sea.
5.1.2. Other Published Work.

The other method which wee considered while the work
was being examined was to note how the results from the
present work relate to other published data In the same
field, and here the work by Holder (32) was particularly
Important because he drew his sample from the same
population as the present work. For a more complete
discussion on the work carried out by Holder see also

section 1.8.1.

Although these results were not sufficient in
themselves to validate this experiment, they provided a

useful precedent for simulator research.
5.2. Preference for the different aids.

In Part 1 of the present work (section 3.9.1.) an order

of preference for the different aids was established. the
subjects demonstrating a clear preference for Vvis

bearings whenever possible. (3.9.1.5.)»
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In those Oxperiraonts 1t w«s not possible to find
evidence fTor a preference between the radar and the Decca
navigator as the subjects demonstrated considerable
confidence iIn both ailds. What these results seemed to
demonstrate was that there was no iIntrinsic preference for

either aid but rather the choice depended on the particular

situation.

The Radio direction Tfinder proved to be so unpopular

that i1ts use was dropped 1In the second experiment (see

section 3.9.1*2.).

By comparins the preferences fTor the different aids

demonstrated In Part 1 of the present work with those
obtained from the simulator a desree of confidence In the

results from both experiments could be demonstrated.
5.2.1. Subjects* preferences In Part 2.

Part 1 of the present work had demonstrated that the
subjects exhibited certain preferences for the different
aids. In fact so extreme was the rejection of the radio

direction finder that Its use was dropped from part 2.

E.xperlment 3 was devised In part to examine whether
these preferences still existed In a situation where the

rf whMi i mfdeirs
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position and which aids to use. In this experiment the
preferences could be demonstrated by two methods; Tfirstly,
toy notins how frequently the subjects observed each aid by
examinins the pen recorder trace, and secondly, by
examinins how many position Qlinos from each aid were

plotted by the subjects.

The subjects®™ choice of aids iIn the two runs are given

in tables 1 and 2;-

Table 1. Number of occasions when the aids were observed

durins the two runs.

Radar

Echo Sounder

From observation it i1s clear that the echo sounder and
the Decca were observed less frequently than the other two

aids. The number of observations of each aid are, however

of the same order for the two runs.
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Table 2 Subjects* choice of aid by plotting.

Aid Run 1 Run
Visual 181.7 157
Decca 197.6 193
Radar 7U. 8 120

In this case 1t was clear that the Decca was the Tfirst

choice followed by the visual bearinss i1In each run.

5,2.2. Summary.

Although 1€ was not possible to carry out the same

a

test as In Part 1. from the data the order of preference

for the aids was as follows: -

5 2 2 1. Aids observed by the subJects

Table 3. Subjects preferences for the

observation.

Aid Runl Run2 Combined
Visual 1- 1 - 1 -
Decca 3 3 3

Radar 1- 1- 1 -
Sounder a a a

5.2.2.2. Aids plotted by the subjects.
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Table ti. Subjects» preferences for the use of the different

ailds.

Aid Runl Run2
Visual 2 2
Decca 1 1
Radar 3 3

The fact that there was no difference iIn the order of
the subjects* preference for the aids 1In the two runs
further Justifies the combination of the data for these

runs.(see 5*2.4.).

5.2.3. Conclusions.

This results were compared with Part 1 where the
subjects demonstrated a Tfirst preference for visual
bearings followed by the Decca and Radar (section 3.9.1.).
At a first glance they do not correspond with that finding
and possible reasons for this are discussed 1In the next
paragraph. On closer examination however, the above results
are shown to be very similar when some of the circumstances

of the two runs were taken iInto account.

These results were not as clear as the preferences
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demonstrated in Part 1 of this work, mainly because in this
experiment the number of variables was «reater. In
particular the subjects were free to decide when and where
to plot their positions so the selection of airds by the
different subjects was not always comparable. Also the
subjects were not always free to select the aid of their
choice because of the lack of suitable objects for visual
bearinss or radar marks. The only aid which always save two
position lines throushout both exercises was the Decca
navisator. This was reflected 1In the sreater number of
Decca position lines plotted by the subjects. The fact that
the subjects observed this less frequently than the other
aids was explained by the ease of obtainins iInformation

from this i1nstrument.

With the visual bearings, the subjects did not have the
opportunity to use them as frequently as they might have
chosen. When they did, as demonstrated in run 1 then the
visual bearinss were observed more frequently than the
other ailds. They were not observed as frequently iIn run 2
because for most of the exercise there was only one visual

bearing available (sections U.3.2. and U.3.3.).

Thus the results were threfore similar to those
obtained from Part 1 of the present work since during the
first part of run 1 where two visual bearings were

available, the subjects demonstrated a clear preference for

this aid. When i1t was not as easy to obtain visual bearings

2/t
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the subdects used the other aids, frequently resorting to
the Decca when they were i1n difficulties. A preference for
the Decca was demonstrated in the plotted position [lines
while a preference for the radar was demonstrated in the
observed data. Thus, as i1n Part 1. 1t was not possible to

distinguish between the two aids using those data (section

For the reasons previously explained 1t was not
possible to obtain as clear an order of preferences as 1In
Part 1. Nevertheless, when the different factors were taken
into account, the preferences for the different aids were
similar to those demonstrated iIn Part 1. and this
consistency must, in part. help to validate both

experiments.

The most Interestlns result was the larse difference
between the number of occasions when the subjects observed
the radar and the radar position Qlines plotted on the
chart. The most likely reason seems to be that the subjects
were uslns the radar as a visual check on their position
without plotting any of the Information obtained. The other

possible reasons were:-

a) Because the radar was the only compass available In the
simulator and so some of the observations could be a check

on the ship®s heading.
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b) Althoush th©® 3ub;Jocts wore told that the ships on the

radar screen did not present a danger of collision they

were probably still observing the radar for this purpose.

c) The quality of the radar picture in the simulator was
not as good as the subjects were accustomed to at sea,
hence the subjects might have observed this aid more

frequently than they would at sea.

The other clear result was that the echo sounder was
not consulted as frequently as the other aids. Although it
does not give as much i1nformation, 1t can still be used to

verify an otherwise doubtful position so 1t was probably

not being used to i1ts best advantage.

There were certain difficulties 1In obtaining the data
on the wuse of the aids with reference to the number of
times the ailds were observed, as there were occasions when
the pen recorder was not working properly. When the plotted
position lines were examined i1t was not always clearfrom
the charts which aid was being used. Indeed one subject did
not plot any position lines so average values were used to

complete both sets of data.
5.2.U Combination of data.

As a result of difficulties with the simulator there

were some missing data (section U.,6,) so the sample size
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was rather small for some of the tests so the results of
the two runs were combined thus sivins a total of 51
replications. The two runs were tested by a "Hotellins*s t*
test (U6) 1n order to examine whether the samples could be
considered to be drawn from the same population. The
Motelling’s t” test was used rather than the simple **t”
test because there were 17 variables and at a 5X level of
significance there was a high probability that one of the
results could appear to be significant when 1n fact 1t was

not.

The two hypotheses were:-

iiee was rio difference between the runs

il There was a difference between the rurr

When the test was carried out a value of F of
approximately 1.82 was obtained, which 1i1s less than the

critical value of 1.92 for a = .05*

The result was not significant, and the null hypothesis
was accepted, there was no difference between the two

runs.

This result ~justified combining the data from the two
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was rather small for some of the tests so the results of
the two runs were combined thus sivin« a total of 51
replications. The two runs were tested by a »»Hotellins*s t”
test (U6) 1n order to examine whether the samples could be
considered to be drawn from the same population. The
Hotellins*s t” test was used rather than the simple *t
test because there were 17 variables and at a 5X level of
siarnificance there was a high probability that one of the
results could appear to be significant when i1n fact 1t was

not.

The two hypotheses were:-

biefc was rio A1FF2TeTicO bO1WOO@l thO Yurt

t Ther-O was a diffsrence between tbe runs

When the test was carried out a Vvalue of "F” of
approximately 1.82 was obtained, which is less #HaA ¥he

critical value of 1.92 for a = .05.

The result was not significant, and the null hypothesis
was accepted, there was no difference between the two

runs.

This result dustified combining the data from the two
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runs and was important Dbecause 1t meant that the results
from this experiment could be generalised to other

situations.

Although this test demonstrated that i1t was possible to
combine the data from the two runs iIn order to iIncrease the
sample size, there were differences iIn the problems
presented to the subjects so that they could be expected to
navigate differently 1In the two situations. In order to
look for any differences 1iIn technique which may result from
these problems, as well as examining the combined data,

each run was tested separately.

5.3. Time the subjects spent observing the aids.

This was another aspect that could assist with the
validation of the simulator because the experiments were
based on the assumption that the subjects were fTamiliar
with the different navigational aids therefore any evidence
that there was a learning effect between the subjects”

first and second runs would throw doubt on this premise.

The time the subjects spent watching the aids was
recorded on the pen recorder and so was readily available

for this test.

Because the order in which the subjects took the two

exercises was alternated, half the subjects took run 1 as
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their first exercise and half run 2, so any difference in

difficulty between the two runs would not influence this

test.

It there was any learning effect, it could be

demonstrated by the fact that the subjects spent Jlonger

observing the aids i1n their first run in the simulator than

in thelir second. IT there was no difference i1n the time
then i1t could be assumed that the subjects were TfTamiliar
with the aids and knew how to obtain the required

information. Thus the statistical test required was a one

tailed test to look for evidence that the subjects spent
longer watching the aids 1In their Ffirst exercise than 1In

thelr second.
5.3.1. Methods of Testing.

A test was chosen that looked at the differences In

the subieots times, but as not all the subjects completed

two exercises In the simulator the sample size was

restricted to 20 pairs.

There are two types of statistical test for looking

the difference between sample means. If the sample size

less than 3. and the population can be demonstrated to have

a normal distribution then the test to use i1Is the

2). IT the sample does not have a normal distribution
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then non parametric tests must be applied and in this case
a suitable test to use would be the «Wilcoxon signed rank

test” (™8). Hence the first test to be carried out must Dbe
a test for normality.
1.3.2. Test for Normality.
Tests and Hypotheses
Statistical Test

The method chosen was to use the ”Nscores” command in
"Minitab” (U?). This routine constructed a normal
distribution which was as close as possible to the given
data. This was then tested for correlation with the actual
data. IT the value of the correlation coefficient ’r” was
significant then the data could be considered to be
normally distributed and the ”t” test applied.

Thr- corr-elat 1on coefficient = 0

j T O CO.,elatioCl ccefflcievt *

Region of Rejection.

The region of rejection consisted of all values of the
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then non parametric teats must be applied and In this case
a suitable test to use would be the **Wilcoxon sisned rank
test” (18). Hence the Tirst test to be carried out must be

a test fTor normality.

5.3.2. Test for Normality.

Tests and Hypotheses.

Statistical Test.

The method chosen was to use the **Nscores” command 1iIn

"Minitab” ({l7). This routine constructed a normal

distribution which was as close as possible to the given

data. This was then tested for correlation with the actual

data. IfT the value of the correlation coefficient 7r” was

significant then the data could be considered to be

normally distributed and the ”t” test applied.

x> The corre laliaoail coefficient - U

L Ta correiation coefficient =«

Region of Rejection.

The region of rejection consisted of all values of the
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correlation coefficient r™ which were so small that the
probability of their occurin* under Ho was equal to or less

than a = .05

Treatment of Data.

The data for the time that the subjects spent watching
the aids were sorted iInto two columns, one for the subjects
taking their first test and the other for the second test.
The Nscores for these columns were then calculated and
plotted against the original data using the **plot” command
iIn Minitab. (*"7). The Correlation coefficient ’r* for the
two sets of data was then calculated using the **Correlate
command and then compared with the table printed in the

Minitab handbook (@@17) to see i1f they were significant.

5.3.2.1. Results,

The correlation coefficients and significance |levels
obtained for the two runs are given 1iIn the following
table:-

Table 5. Correlation coefficients and significance levels

for the first and second tests.

Teat Correlation Significance

Coefficient Level
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Both these results were significant, the null
hypothesis was reflected, and the alternative hypothesis
accepted. There was evidence that both correlation
coefficients ”r” were significantly different from 0. The

data could be assumed to be normally distributed.

This result meant that 1t was possible to use the 7t
test (U2) on the differences in times that the subjects
spent watching the aids.

5.3.3. Test for difference 1In times.
Region of Rejection.

The region of rejection consisted of all values of 7t~
such that their probability of rejecting Ho when It was 1In
fact true were less than gq. - .05 which In this case was t >

1.73.

Statistical Test.

The ”t” test used was where ;-

« » -~

and
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Table 6. Differences iIn time watching the aids between the

subjects” first and second runs.

Ist_Run 2nd.Run Difference(X)

12 10 2
18 12 6
14 14 0
6 12.9 -6,
12 6 6
24 19 5
14 20 -6
14 14 0
19.3 9.3 10
25 22 3
29 31 -2
29 39 -10
15.8 19.6 -3
17.7 11.6 6
21 16.7 4
10 11.3 -1
30 30 0
25 19 6
24.5 19.7 4
15 17.1 -2

DF t - 0.18 on 19 degrees

result was not significant, the null hypothesis was
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accepted and the alternative hypothesis rejected; there
was no evidence of a difference iIn the time spent watchln*
the airds between the subjects®™ Tfirst and second runs in the

simulator.

This result demonstrated that the subjects did not need
to learn how to use the aids iIn the simulator, otherwise
they would have taken longer during their TfTirst attempt
than the second. Thus i1t followed that the presentation of
the navigational i1nformation was iIn a manner to which the
subjects were accustomed, and as they had no previous
experience of the simulator this meant that the
presentation must have been iIn a similar manner to that
which they were wused to at sea. This was encouraging
because, although It was possible to produce realistic
simulations of the other aids, the radar proved to be
difficult since 1t was i1t was not technically possible to
make a good quality video recording of the radar display

(see also section U.2.U.2).

5.~. Errors.

5. .1. Description of errors

A measure of the quality of navigation 1in this

experiment was devised by asking the subjects to calculate
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a course to steer end the E.T.A. for e position about half
an hour’s stearain« from their position at the end of the
test. The ship’®s expected position accordin« to the
subject’s answer, havin« taken the tide i1nto account, was
plotted and the distance between that and the actual
position was measured. The difference was taken to be the
subject’s error. This measure was admittedly crude and no
attempt was made to draw any conclusions about the absolute
values, but i1t was considered to be a suitable scale for
comparing the performance of the different subjects. When
the errors were examined 1t was noticed there sixX errors
were considerably Jlarger than the others and these were
provisionally distinguished by the term ”blunder”. For the
purpose of this experiment a Dblunder was defined as an
error which exceeded two standard deviations and in this
experiment this came to about 3.5 miles. Unfortunately
this was too small a sample on which to carry out any tests
but 1t was possible that these six outriders could have had
an undue effect on some of the results so they were always

considered when the errors were discussed.

5.~.2. Use of errors in validation..

Another measure of the simulator’s realism was whether
the subjects navigated better during their second test 1iIn
the simulator. In this experiment the measure of accuracy
of navigation was the subject’s error iIn E.T.A. IT the

subjects produced a smaller error during their second test
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then 1t wbhuld be re-asenable to i1nfer that there was a

learnins effect and the realism of the simulator could Dbe
in doubt. As the subjects had an averase of six years
watchkeepins experience i1t was unlikely that their
navigation would improve as a result of this experiment so
any differences observed In this experiment must have Dbeen
a result of the subjects learning how to use the simulator

rather than an i1mprovement iIn their navigation.

5.11.3. Test fTor Normality.

The first stage was to test the data for normality. The

errors fTor the first and second tests were again placed 1In

two columns, the Nscores calculated and the correlation
coefficients *r’ obtained using the programme "Minitab”U7)

on the E)EC10 computer.

Hypotheses and Tests.

Ho Thi® correlation coefficient = Qe

-1 :;"le cOrreilaticn coefficient -

Rejection Region.

The region of rejection consisted of all values of r*

such that the probability of rejecting Ho when 1t was 1in
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fact true were equal to or loss than a * .05

The results from this test are shown iIn table 7:-

Table 7. Correlation coefficients and significance levels

for the subjects” tests 1In the simulator.

Test Correlation Significance
Coefficient Level

Test! .856 N. S.

Tes t2 . 850 N. S.

The results of this test were not significant, the null
hypothesis was rejected and the alternative hypothesis
accepted. The correlation coefficient was not significantly

different from O.

This result meant that the ”t” test could not be
applied and the 1less powerful non parametric “Wilcoxon

matched pairs” test (U8) was used.

The observation 1s iInteresting because, according to
Anderson and Parker (i19). navigational errors have a normal
distribution. This 1s assuming three main types of error,

systematic, random and blunders, although In practice i1t is
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not oatsy to separate them. In this experiment the
“blunders” had already been i1dentified and the remainins
errors could be assumed to be a combination of the othe
two. It was assumed that the mean would*be offset by the
systematic errors, which i1n this case was mostly a result
of the subjects not takins the tide 1nto account. When the
histogram of the errors IS examined (see appendix no.3)
there are two main peaks, the largest displaced from zero
by about one mile which representated the subjects who did
not take the tide iInto account and a second peak which
occurred at about three miles and for which there was no
obvious cause. It was probably this second peak which
prevented the distribution from being normal. Later work by
Anderson and Ellis (50) and Hsu (51) suggests
distributions other than normal but they are all Dbasically
“Bell” shaped. The small sample size, the need to use
estimated values and the relative crudeness of the measure
prevented any firm conclusions from being made about the
error distribution. |Ignoring the tide seems to be a common
practice at sea as well as iIn the simulator 1i1f the
difficulty some students experience when practising
chartwork for the Department of Transport examinations 1Is
any guide. This probably does not cause any trouble for
most of the time but a number of accidents have occurred,
perhaps the most notable being the grounding of the “Torrey
Canyon” , where the navigators did not take the tide into
account and did not realise what was happening to the ship

until 1t was too late (562).
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Test for Differences.

The aim of these tests was the same as iIn the previous
tests i1nvolving the time that the subjects spent watching

the aids (6*3.3.). so similar hypotheses were used;-

Qo wrxrs wo d1 Ferenc9 iIn the errors for the two runs

Te eT OF in thi9% 9econd r-un wer e smaller- thari ir: tha

3t run

Statistical Test.

A one tailed test was again chosen because, if there

was a learning effect, the errors would be smaller 1In the

second test than 1In the Tfirst.

The “Wilcoxon Matched Pairs Signed Ranks” test 1is
described i1n Siegel ((U7) chapter 5. This test uses the
differences between the errors iIn the subjects* fTirst and
second runs and by taking account of the magnitude and
direction of these differences, tests whether the two
samples can be considered to have come from the same
population. Its chief drawback as far as the present work
was concerned was that not all the subjects 1iIn fact

completed an E.T.A. for both runs therefore it was not

290

Ci -



H3a

*-_1
nV/ s

MV

possible to measure the differences in their errors.

Region of Rejection.

The region of rejection consisted of all values of
which were so extreme that the probability of rejecting Ho

when 1t was iIn fact true was equal to. or less than, a

. 05.

Treatment of Data.

Because of the complications with the blunders two

different tests were carried out;-

Testing with blunders included.

This sample consisted of all the subjects who completed
an E.T.A. fTor both runs. The column of errors fTor the
subjects* Tirst test was subtracted from the column for the

second test and the differences were then ranked as shown

in table 8:-
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Table 8. Differences and ranks for the two tests, subjects

who completed both tests, blunders Included.

Difference Rank
- 7.65 -12
1.3 8
1.0 5.5
0.3 2.5
. 0.3 - 2.5
~a .6 -11
0.8 a
- 1.0 55
3.7 10
1.1 -7
- 1.9 -9
0.2 1
The - sign against a rank indicates a negative

difference between the 2 columns.

The and - ranks were then summed separately and the
smaller of the two was tested against the values i1n table J
in Haber and Runyon (53). The sum of the positive ranks was
31 and the negative was t7* so In this case 31 was tested
with a sample size of 12 and the result found to bo non
significant and the null hypothesis was accepted. There was

no evidence that the errors for the subjects taking the
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test for the second time were less than for the first time.

5.U./1.2_ Testing with blunders excluded.

The errors greater than 3.5 nautical miles which had
been defined as blunders were then deleted from the data
and the test repeated,the results after the columns were

subtracted and ranked being given iIn table 9:-

Table 9. Differences and ranks for the subjects who

completed both tests. Blunders excluded.

Difference

This gave a total of 21 for the sum of the ranks of
numbers with negative differences and 2~ for the sum of

ranks with positive differences.
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The sum of 21 was again tested against the values 1iIn
Table J i1n Haber and Runyon (53). and the result found to
be non significant and thus there was no evidence of any
difference i1n the errors between the subjects first and

second tests iIn the simulator.

5./71.5. Conclusion.

This test was complicated by the small sample size.
What was an adequate sample for the whole experiment was
reduced because the Tfirst four subjects were not asked for
any E.T.A. and 1t was not until subject no. 10 that the
instructions were TfTinally settled. Some of the subjects
ignored this instruction for one of their exercises and
therefore 1t was necessary to iIntroduce mean values in
order that all the data could be used. It may have been
because of this small sample that i1t was not possible to

demonstrate a normal distribution (5.7.3).

Although i1t was possible to consider other variations
for testing the errors, the fact that both of the tests
gave non significant results was evidence that the subjects
did not i1mprove their performance iIn their second test iIn
the simulator. Whether or not the blunders were included
in the data made no difference to the results as there were
two 1n the first test and four iIn the second test so their

effect was evenly distributed.
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Despite the data belns rather crude neither of the
results sussested that the subjects Improved their
performance In their second test, which would seem to
indicate that they were not learnins in the simulator and
must have been navisatlns i1In the simulator iIn a manner

similar to that which they used at sea.

5.5. Lishts.

A number of lights were arranged in the simulator and
were programmed to switch on and off nineteen times by a
simple timing device. Low powered bulbs designed to be
only Just visible were used (see appendix jD) and as a side
task the subjects were asked to log all the Jlights they
observed. They did not have any navigational significance,
rather the i1ntention was to simulate the fact that the
watchkeeper has other duties to attend to i1n addition to
navigating the ship and to prevent the subjects from
spending all their time observing the aids which would be a

dangerous practice i1f allowed at sea.

As well as using the number of lights logged by each
subject as a measure of performance (section 6.U.U.) they
were also used to test the validity of the simulator, so 1t
was considered relevant to examine whether the subjects

showed any Improvement in the number of lights which they
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observed durinst their second test in the simulator. This
test differed from those concerned with the time spent
watching the aids and with the errors as those two
variables were directly related to the use of navigational
equipment while the number of [lights observed by the

subjects did not relate directly to any particular

navigational task.

5.5.1* Tests and Hypotheses.

5.5.1.1* Test for normality.

The first stage of these tests was to test the data for

normality in order to decide whether the ”t” test or a non

parametric test was appropriate.

-0 1'"e correlation coefficient = 0

4 Tne correlalion coefficient 4'0

Region of Rejection.

The region of rejection consisted of all values of
such that the probability of rejecting Ho
when 1t was i1n fact true were equal to, or less than, a

-05
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Treatment of Data.

As with the previous tests, the llshts lossed by the
subjects In their first and second tests In the simulator
were placed In two columns and entered Into MInltab @#t?) on
the DECIO computer. The Normal scores were calculated using
the **Nscores*™> command. These were then plotted against the
original data and the correlation coefficient i el
calculated by the correlation command. The results of this

correlation are given In table 10:-

Table 10. Correlation coefficients and significance levels

for the Tfirst and second tests.

Test Correlation Significance
coefficient Level
.01
-05

Both the results were significant, the null hypothesis
was accepted, there was evidence that the distribution was
normal so It was possible to use the ”t” test to see IT

there was any Improvement In the subjects” performance

between the two tests.

5.5.1.2. Tests fTor an Improvement In performance
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Subject 1st.Run 2nd. Run Differ

5 U la 0
6 5 5 12
7 9 16 7
8 9 13 a
9 7 12 5
10 15 18 3
11 2 9 7
12 12 19 7
13 la 18 a
71 11 15 a
15 12 16 a
16 11 13 2
18 2 V4 5
19 0 2 2
20 0 a a
21 la 15 1
22 11 11 0
23 6 la 8
21 13 la 1
25 11 3 -8
26 19 19 0
27 10 19 9
28 16 18 2
Testing gave a value of t a. 32 on 2
freedom. The result was significant, the n

299



was rejected and the alternative hypothesis accepted.
There was evidence that the subjects observed more lights

during their second test In the simulator.

The lights did not simulate any particular activity at
sea and so It was reasonable for the subj ects to
demonstrate a learning effect. The fact that the experiment
was able to demonstrate this Increased the confidence In
the simulator and supported the theory that any [learning
effect In the previous two examples would also have been

detected.

5.6. Tests for a distribution of lights.

As well as examining the number of Jlights which each
subject observed It was Important to examine whether any
one light or lights were observed more or Jless frequently
than the others. This could have pointed to a particular
part of an exercise where the subjects might have been
experiencing difficulties and thus lead to some aspects of

the task which needed further examination.

5.6.1. Tests and Hypotheses.

The object was to test the pattern of Ilights observed
by the subjects In the two runs to see whether any of the
lights were observed significantly more, or less,

frequently than the others.
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Ho There was no difference in the number of times the

different lights were observed*

Hi Some of the lights were observed more frequently than

others*

Statistical Test.

The test required was one that would demonstrate
whether the pattern of observation of the Jlights was
similar to a predetermined distribution. In this case the
distribution adopted as standard was approximately
rectangular which implied that all the lights would be
observed an equal number of times. A common test for this

purpose is the ”X* goodness of fit” test (U2).

Region of Rejection.

The region of rejection consisted of all values of
such that the probability of rejecting Ho
when 1t was iIn fact true. a was equal to, or less than, .05

1.e. a ™ .05.

There were 19 lights altogether which gave 18 degrees

of freedom so iIn this test the result would be significant
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at a =.05 1i1f the value of was ereater than 28.87 (V93).
A value of of HZ.31 or greater would Indicate a value of
a = .01 or less and would be considered to be hilshly

sisnificant.

Treatment of Data.
ey
The data were examined iIn three separate tests. Firstly
the two runs were examined separately and then the data for
the two runs was combined in order to see i1If the larger
sample had any effect on the results. The number of times
the different 1lights were observed 1is presented in table

12:--
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Table 12. Number of lights observed in the two runs.

Light Runl Run2 Combined
1 11 9 20
2 15 16 31
3 18 19 37
K 19 13 32
5 12 11 23
6 20 in 3u
7 18 11 32
8 17 16 33
9 17 19 36

10 18 13 31
11 16 n 30
12 19 16 35
13 17 la 31
la 18 17 35
15 18 17 35
16 m 15 29
17 18 12 30
18 15 17 32
19 12 9 21

5.6.2. Test for Run 1.

Using the XY test on the data in Run 1 the Tfollowing

results were obtailned;-
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This was much Qloss than 28.87 which i1s tho critical
value for X= .05 on 18 deareea of freedom (@3 so the
result was not si*nlficant and the null hypothesis was
accepted; there was no evidence that any of the lishts were

observed more, or less, frequently than the others.

5.6.U, Test on the combined data.

The results from tho X* test on th™ combined data

are:-

Total 587
Expected value per coll 30.89
Total X» = 13.76
Degrees of freedom - 18

This was much less than 28.87 which i1s the critical
value for X~ .05 on 18 degrees of freedom (@3 so the
result was not significant and the null hypothesis was
accepted; there was no evidence that any of the lights were

observed more, or less, frequently than the others.
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5.6.4. Conclusions.

One of the objects of the above tests was to look for
evidence that the subjects were observins significantly
fewer lights at one or more particular points in the tests.
Had this been the case 1t would have been expected that
there were signs of difficulties 1In navigation at that
point. As there was no evidence of this, 1t must be assumed
that the navigation was reasonably straight forward and the
subjects experienced no particular difficulties during the
exercises. This did not mean that all the subjects observed
the same number of lights, but this question i1s discussed
further I1n the next chapter.

(6.U.4)

Although there was no significant statistical
evidence, by looking at table 21 it is clear that lights 1,
5 and 19 were observed less frequently than the others.
There was no navigational reason for this as 1t was common
to both exercises so It points to a possible danger at the
beginning and end of the watch where the navigator 1is
probably less alert. Light no. 5 was the flashing light so
It points to another possible danger, that i1f the period of
the light 1s made too short 1t may not be as readily

observed as a fTixed light.

5.7. Summary and Conclusions to Chapter 5
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ThO obdoct of those tests was to examine the validity
of using this particular simulator for conducting
experiments in navigation, and the basis for claiming that
this was an acceptable method of conducting the experiments

rests on the following points:-

5.7.1. Other simulator based research.

A considerable number of other experiments have been
conducted i1n simulators i1ncluding at least two specifically

N"Q3j2ned to test the validation of part task simulators

(23) (31).

5.7.2. Preferences for the different navigational aids

This was based on the experiments carried out iIn part 1
of this work and the preferences 1In general agree with
those results (see section 3.9.1.5.) and with the work
carried out by Holder (32). In this experiment 1t was
further complicated because the number of times the aids
were observed was examined as well as the type of aids used

for plotting the ships position.

5.7.2.1. Preferences among the observed aids.

Here 1In Dboth runs the preference was for the visual

bearings and the radar with the Dacca a third choice and
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the echo sounder belns used the least.

5,7.2.2. Preference smons the plotted aids

Again 1In both runs the preferences were for visual
bearings and the Decca. with a stronger preference for the
Decca In run 2 Dbecause there were fewer visual bearings

available. The radar was a poor third.

5.7.2.3. Comparison with other work.

This compared directly with the results from Part 1 of
this work where the visual bearings were the TfTirst choice,
followed by the radar and Decca. The result was not so
clear 1n the simulator experiment as there was a limited
choice of aids, which would be the case at sea, so the
subjects were forced to make use of what was available
rather than their fTirst preference. It did demonstrate that
visual bearings appeared to be the first choice, followed
by the radar as a check i1f i1t was only to be observed, and
the Decca 1f it was necessary to plot a position line. This
result was iIn agreement with Holder (32) whose work 1is

discussed In section 1.8_.1.

5.7.3. Time spent watching the aids

There was no evidence that the subjects spent longer

watchina the aide durina their first test In the simulator.

308



so this was taken to demonstrate that the subjects were
already familiar with the way that the aids were presented

and used them iIn the same way as they would at sea.

5.7 .U, Errors 1In the subjects* E.T.A.

There was no evidence of an 1Improvement 1in the
subjects* accuracy of navigation in their second run. This
was again taken to mean that the subjects were performing

iIn a manner similar to the way they would at sea.

5.7.5. Number of lights observed by the subjects.

This was one aspect of the simulator where no attempt
was made to simulate an actual situation at sea. Rather, it
was designed as a method of loading the subjects. The fact
that they showed an i1mprovement in their second test was to
be expected and confirmed that performance differences

could be detected when present.

The author does not claim that the above tests form a
complete validation for the simulator but. rather, the
inclusion of this chapter 1i1s 1iIntended to point to the
problem of validating marine simulators and. 1i1n particular,
the need to provide a data bank of information on behaviour
at sea against which to test the simulators without which

any attempts at validation will be suspect.
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CHAPTER 6

Tests with the seventeen variables.

From the results of the two runs a total of 17
variables was 1identified (section H.7). It was decided to
test the variables in pairs for correlation and this
chapter examines the results of these tests. The temptation
to use more sophisticated tests was resisted because the
simulator used was a basic non-interactive type (chapter U)
and the simpler +type of statistical test was considered

more appropriate.

6.1. Tests and Hypotheses

6.1.1. Hypotheses

The tests were carr ied out for correlation between

the 17 variables so the hypotheses were:-
h9t 9 as "1 Corro lalionm b91lw9en a air o ne
9r: an lee

ri, The » was a ccrrelatiot fietween a ijai ©OF the variablee
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6.1.2. St»tx3tic»l Tests.

In order to increase the sample size the data from both
runs werecombined. It was then tested usins the
“"Hotellinks t test” 1In order to demonstrate that the two
runs could be combined iIn thisway. (see 3*2.1). Despite
this testit was possible for there tobe variations
between the runs so each was also tested Individually.

The tests were carried out on the Polytechnic Computer
(see 5.3.1.) The variables were fTirst plotted In pailrs so
that the relationship between them could be examined
visually (Appendix 1). then the value of the correlation
coefficient ”r” was calculated. The correlation coefficient

IS a measure of the linear relationship between the two
variables; a value of 1 or -1 indicates a perfect
correlation while a value of O iIndicates that there 1s no
relationship. When there 1s a negative correlation it
indicates that the relationship IS iIndirect, i.e. one

variable 1increases as the other decreases. {j12)

To test the correlation for significance the value of

was calculated, using the following formula @l12);-

ymr

It was then tested for significance using statistical
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tables I3)*

The values of ”t” vary dependins on the number of
observations included 1i1n a particular sample. The results
were sisnificant (i.e. lie In the rejection resion) for the
following values of ”t*. when a 1is the probability that

Ho Is rejected when 1t la In fact, true:-

Table 1. Significant values of ”t” for the different runs

(U3).
Runl Run2 Combined
Sample size 27 2U 51
a
2.05 2.07 2 .0a
2.77 2.80 2.75
3.70 3.75 3. 65

These were equivalent to the following values of the

correlation coefficient 7r”:-

Table 2. Significance levels for the correlation

coefficient with the different runs.

Runl Run2 Combined
0.38 0.42 0.28

0. 9 0.51 0. 37
0.60 0.62 0. 47

312



In this chapter a sisnificanco level of a = .05 only 1is
denoted by e» a significance level of«c-- .01 1s denoted by

** and a significance level of a = .001 by

6.2. Treatment of Data.

A total of 28 different subjects took part iIn these
experiments, of which 27 took part in run 1. and 23 of them
also took part in run 2. H subjects undertook run 1 only

and 1 subject undertook run 2 only.
Thus the sample was made up of;-
23 subjects taking both runs 1 and 2
U subjects taking run 1 only.
1 subject taking run 2 only.

This gave the following sample size;

Table 3. Subjects taking part i1n the different runs.

Combined data 51
Run 1 27
Run 2 2U

There were some early difficulties with the simulator,
and some of the subjects did not carry out all of their

instructions so there were some gaps iIn the data. As the
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computer package could not handle columns of unequal
lengths. rather than reduce the sample size i1t was decided
to substitute mean values for the missing data before the
tests were carried out. For details of the mean values see

appendix No.2

6.2.1. Justification of Results.

ephe 17 variables were tested In pairs thus giving a
total of (17x016)/2- 136 different tests. This was repeated
for the two runs as well as the combined data, making a
total of tiI08 tests TfTor correlation. These results are

summarised i1n table U:-

Table U. Numbers of correlations at different significance

levels.

Data Significance Level Total
-05 .01 -001

Run 1 7 6 9

Run 2 9 10

Combined 13 10 12

Total 29 26 28

IT the data were random. only about 6.8 of the
correlations from each test set of 136 would be expected to
give a value of the correlation coefficient ”7r” great

enough to give a significance level of .05 or less. As the
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results show not only are there considerably more
sisnificant correlations than this but many of them occur

at the .01 and .001 Ilevel.

From this i1t was clear that the data were not random

and therefore 1t was worthwhile examining the results 1In

detainl.

When these results were examined i1t was on the Dbasis
that the simulator was of a simple type and some of the
missing data had been replaced with mean values so the

results were Interpreted in the light of these limitations.

6.3. The different variables

The 17 variables were allocated the following names for

use 1In the experiment:-

6.3.1. Oscore.

One of the results from the first part of this work was
that many of the subjects demonstrated a strong preference
for visual bearings and i1n discussion afterwards stated
that »they preferred the more traditional methods” . In this
context ~traditional methods” was taken to mean visual
bearings, or a visual method of navigation as opposed to an

electronic method (see 3.9.1*1.)e-

Oscore was therefore devised to quantify this
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preference so that the subjects who preferred a more
pictorial type of presentation scored lower than those who
preferred one that was numerical. Oscore was calculated

using the fTollowing formula;-

Oscore

where:-
V - The number of times the subjects observed visual

bearings as indicated by the pen recorder.

R « The number of times the subjects observed the radar

display as i1ndicated by the pen recorder.

S - The number of times the subjects observed the echo

sounder as i1ndicated by the pen recorder.

D - The number of times the subjects observed the Decca

navigator as i1ndicated by the pen recorder.

This order was chosen as i1t ranked the different aids
acoordins to how pictorial the display was. The visual
bearing was totally pictorial since the subdect was taking
measurements from some form of landmark. The radar was next
on the scale as i1t showed a plan view of the area, although
In some iImportant aspects this plan was not the same as the
outside world (14). The echo sounder provided contours of

the sea bed although the vertical dimension was

considerably exaggerated. The Deoca navigator provided a
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digital display w hich boro no relationship to the outside
world. W ith this calculation no attempt was made to
guantify the differences between the aids but, rather, an
arbitrary scale was chosen "to prevent any personal bias

from entering the calculation.

6.3.2. Pscore.

Pscore was a repeat o f Oscore but using information
taken from the subjects? charts instead o f the pen
recorder. The number of position lines plotted by each
subject from the different aids formed the basis o f the
calculation. Because the echo sounder readings are not
usually plotted the calculation was made using the
following formula,;-

Pscore “ V 2R 3D

where Vv, R, and D stand for Visual, Radar and Decca

position lines.

6.3.3. Oscore?.

Oscore and Pscore were calculated on a different basis
and from the first results it was feared that this might
make a comparison difficult and, in particular, it was
anticipated that the use o f the echo sounder might prove to
bo ipx*egular and thus interfere w ith the correlations

, SO

Oscore?2 was designed as an insurance. Oscore?2 was

'

calculated in the following manner,;-
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Oscore2 -V 2R o 3D
\Y R D
where V, R, and D stand for the number of times the
different aids were observed, the data being taken from the

pen recorder.

6.3* e Lights.

During each exercise the subjects were asked to log the
number of lights which they observed (See section U.4 for a
description of the lights). The variable ~lights™ was the
total number of lights observed and logged by each subject

out of a possible 19.

6.3.5. Error.

As part of the exercise the subjects were asked to
calculate a course to steer and an E.T.A. for a position
ahead of the ship at the end of the exercise. The error was
the distance 1n miles between where the subjects’ course

and E.T.A. put the ship and the given position (See section

a.5.1.).

6.3.6. Time.

Time was the percentage of the time that the subjects
spent watching the aids compared with the total time spent
on the exercise. This was calculated as a percentage of the
total time because, although each exercise lasted about

thirty minutes, there were slight variations iIn the time

taken by the different subjects. The iInformation was taken
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6.3.13. Radar.
Radar was the number of times that the subdects
observed the radar; the iInformation was taken from the pen

recorder.

6.3.1". Sounder.
Sounder was the number of times that the subjects
observed the echo sounder; the iInformation was taken from

the pen recorder.

6.3.15. Visualp.
Visualp was the number of position lines plotted from

visual bearings taken by each subject.

6.3.16. Radarp.

Radarp was the number of radar position Jlines plotted

by each subject.

6.3.17. Deccap.-

Deccap was the number of Decca position linos plotted

by each subject.

6.U. Results from the correlations.

The significant correlations for each variable wore
then examined in detail. The values of the significant

filiente 1ijbtiained are presented 1iIn the
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Correlations for the Combined Data
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tables and discussed i1In the following sections.(Figs 1,2,

and 3)

6.U.1. Oscore.

The following significant correlations were obtained

with Oscore:-

Table 5. Significant correlations observed with Oscore.

Variable Runl Run2 Combined
Oscore2 _BT»** _BLF** _B5RR*
Visual -.56** - . 59#»
Radar -.Uo** -.28 -.37**

6.U.1.1. Oscore?2.
The correlation with Oscore2 was expected and followed

from the method of calculating the two variables.(section

6.3.1. and 6.3*3.)e

6.a.1.2. Visual and Radar.

The negative correlations with visual and radar were
related to the weighting of the variables used to calculate
Oscore (section 6.3.1.). They were negative because a Ilow
value of Oscore was designed to demonstrate a preference
for pictorial as opposed to numerical types of display. The
correlation suggests that the subjects who favoured visual

aids consulted these aids very frequently. As expected the

echo sounder did not show up In this result because 1t was
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not wused as frequently or consistently as the other two
aids. More surprilslns was the lack of a correlation with
Decca. This sussests that the subifects who favoured
electronic aids saw Jless need to consult them too
frequently, probably because the Decca display presented
the Information In a clear and unamblslous manner (section

5.2.2.).

6. (I.2. Oscore?2.

The following correlations were observed with Oscore2:-

Table 6. Significant correlations with Oscore2

Variable Runl Run?2 Combined
Oscore S74C»« B1»**
Visual - . B60*** —.B2»**

Thé correlation with Oscore was discussed iIn section

6.0.1.1.

6.U.2.1. Visual.

The reasons for the correlations with visual were the

same as Tfor Oscore (6.0..1.2.).

An iInteresting Tfactor was the Jlack of any other
significant correlations with Oscore or Oscore?2. In
particular. with time, lights or error, it seemed that 1in

these exercises, in which a straishtforward naviitation
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situation was simulated, it did not matter whether the
subjects preferred the more pictorial or the numerical typo

of display as far as their navisational performance was

concerned. It 1s 1Important to note that this was a
straightforward exercise with no deliberate equipment
faitlures or instrument errors 1iIntroduced to confuse the I
=1
subjects.
6.U_.3. Pscore.
[T
The fTollowing correlations were observed with Pscore:-
Table 7. Significant correlations observed with T
Variable Runl Run2 Combined
Error .. oa - uU8* -.23
Visualp - . 62.. .. 66- ., - iII
Radarp -.16 - 56-- -.30*
Deccap T2 EREE ilih
pif

6.U.3.1. Error.

The correlation with error was probably connected with

blunders as U out of the 6 blunders occurred In run 2. (see

6. tt.5.1. )

6.a.3.2. visualp, Radarp and Deccap.

It 1i1s appropriate to discuss all those correlations
together as they are all linked 1n their relationship.

Pscore was calculated by using these three variables
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(section 6.3.2) so the correlations demonstrated that
Pscore was a real measure of preference amonsst the for
the different typos of display. Visualp save a nesative
correlation and Deccap a positive correlation because of
the way in which Pscore was calculated while Radarp did not
correlate as well 1In run 1 because there was no obvious
radar mark such as Orford Ness In run 2 for the subjects to

use.

It was noticeable that i1n this case Radarp, althoush
neutral in the calculation (6.3.2.), showed a nesativo
corre lation iIn Run 2. This was probably because some of the
subjects fixed their position usins a visual bearin* off
the lighthouse and a Radar distance off the land, a

strategy that would produce a low Pscore.

This result showed that Pscore was a viable scale for
measuring the subjects* preferences for pictorial or
numerical displays and that such preferences exist. The
lack of any correlation with Oscore or 0Oscore2 was probably
because there was a considerable difference between the
aitdsthat the subjects observed and the i1nformation which
they plotted on the chart. This was discussed 1In Section

5.2.5. where the subjects” preferences for the different

aids were examined.

It was probably because the navigation was relatively

simple and did not present the subjects with any undue
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difficulties that the Pscor® variable was of limited value

In this experiment.

6.U.U. Lishts.

The fTollowina correlations were observed with Lights:-

Table 8. Significant correlations observed with Lights.

Variable Runl Run2 Combined
Time - . 5/A*%* -,U9** - . D1***
Radar -.35 -.35 - 3NF*
Deccap _52«"» -0O0ou -.22

6.U.U.1. Time.

This gave an 1interesting result. It was clear that
there was an inverse relationship between the time that the
subjects spent watching the aids and the number of [lights
which they observed. This relationship was i1mportant
because 1t demonstrated that in both runs some of the
subjects spent so long watching the aids that they were not

able to keep a proper lookout.

The relationship demonstrated an important fact. The
design of the simulator had been made as basic as possible
and the number of navigational aids which the subjects had
to choose from were very limited by today’s standards 1in
order to ensure that as far as possible they had

experience of all the available aids. Also, the task was
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quit« str»i1®htforward. Dospito this, the result
demonstrated that 1t was quite easy to overload the
navigator. There are i1mportant Jlessons both for bridge
teamwork training and for the designers of navigational

equipment on the priority of navigational information.

Radar .

This was clearly a case where sample size was
important. Had the samples for Run 1 and Run 2 been larger
It seems likely that there would have been significant
correlations for all throe groupings. The fact that the
correlations wore negative showed that the Jlonger the
subjects spent watching the radar the fewer lights they
observed. This finding goes back many years when many
captains wused to warn officers not to spend too long
looking at the radar but to keep a proper lookout as well.
It seemed that some of the subjects were using the radar as
a visual check on their navigation, without plotting the
results and probably spent too much time observing the
display. In these experiments they were told that the
lights would not correspond to marks on the vradar and so
the subjects were aware that a visual as well as a radar
lookout was required. This result was also discussed in
Section 5.2.5 where the lack of a relationship between the
time the subjects spent watching the radar and the number

of radar position lines was examined.

6. ,3, Deccap.
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This correlation was confined to Run 1 only and was
probably connected with the fact that some of the subjects
started the run fTixin« their positions by visual Dbearings
from Southwold Lishthouse and Sizewell power station and
when they were no longer able to use Southwold Lighthouse,
they turned to other marks which consisted mainly of
churches that were difficult to 1identify. There was
evidence that, at this point, some of the subjects then
turned to the Decca navigator thus demonstrating that they
considered the Decca to be a second choice aid in this
situation. The correlation with Lights was probably because
the subjects spent some time attempting to identify the
different marks and thus’missing some lights before they
turned to the Decca. There was no evidence that the
subjects plotted Dbearings from the Decca position to
Identify the marks. This procedure should have been well

understood by the subjects.

6.U.5. Error.

When the results with Error are considered, 1t must be
noted that Error was the least reliable of the variables
because some of the subjects did not complete an E.T.A. as
instructed. Therefore more estimated values had to be used
with this variable than with any of the others so the

relationships must be viewed with caution.

This variable was more complicated than the others
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bocaus® of the problems of blunders discussed iIn section
5.U.1. In practice this was a croup of six subjects whose
errors were fTour miles or creator. The data wore therefore
tested for correlations twice, TfTirst with the complete data

and then with the blunders removed.

The results from those correlations are contained in

tables 9 and 10;-

Table 0. Correlations observed with E]
included.

Variable Runl Run2 Combi]
Pscore -.on -.23
Time -13 -.37 -.17
Moline -. U5» -.09 -.22
Permore _-Uia -.08 -.23
Decca --o1»* -.08 -.19
Radar 17 .02
Deccap -.37 -.36 -.32%*
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Table 10. Correlations observed with Error blunders

removed.

Variable Runl Run2 Combined
Pscore -.15 -.24 -.10
Time -. 2 -. 40 -.31*
Moline -. U9* .06 -.22
Permore -. a3* .02 -.13
Decca -.20 .03 -09
Radar -.32 -.46* -.20
Deccap -. 18 .09 -.04

6.U.5.1. Pscore.

The only siscnlflcant correlation with this variable was
in run 2 with the Dblunders Included. It was noted that
this was a negative correlation, 1i1n other words, the [lower
the Pscore, the higher the error, suggesting that those
subjects who had a higher Pscore. 1.e. iIn this experiment
preferred the Decca, produced smaller errors and were less
inclined to blunder. As four out of the six blunders
occurred In run 2, it i1s probably why there was no similar
evidence from run 1. This demonstrated that the use of
Decca was related to reliable navigation, perhaps because
it always produced two position lines so that i1t was easy
for the subjects to use 1In conjunction with another aid,

which enabled a position to be plotted using three [lines

from two aids. The Pscore/Error correlation demonstrated

the value of such a strategy.
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6.U.5.2. Time.

Althoush there was only one slsnlflcant correlation, it
was 1iInterestin* to note that the correlation coefficients
increased with the removal of the blunders and i1t lobked as
though a larger sample could have shown a more definite
negative correlation. It was of Interest that, even 1In a
simple exercise |like this, there was evidence that the
subjects who spent Jlonger observing the aids produced
generally Dbetter results although not greater freedom from

blunders, but see section 6.U..tt.l.

6.U.5.3. Moline.

This correlation was confined to Run 1 so 1t was
probably related to the difficulties which the subjects
experienced in trying to ldentify the different Jlandmarks.
It was a negative correlation, I.e. the more times the
subjects fixed with more than two position Jlines the
smaller the error was likely to be. This was an important
finding 1In that 1t tended to support the second of the
explanations offered for the Error/Pscore relationship
(section 6.U.5.1.). Another aspect was the demonstration
(6.a.7.) that the majority of subjects preferred to fix
their position with two position lines only and while in
theory this was an undesirable procedure i1t was of great
value to have evidence of the dangers of this practice. The
danger was of a wrong identification of Qlandmarks and 1if

the subjects used only two position lines this error could
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so undetected for some time unless the position was so Ffar

out that It appeared as a blunder.

6.t5.ft Permore.
As Permore was related to Moline the same relationship
has been demonstrated and this verified the previous

result.

6.ft5.5. Decca.

This result must be treated with caution because It was
only slsnlflcant with the blunders Included, but It was
probably connected with the correlation with Pscore.
(section 6.ft.5.1.) where the subjects who used the Decca
tended to plot more than two position lines and produced
more smaller errors as well as belnx less Inclined to
blunder. The fact that less Interperatlon Is needed by a
navigator In Ffixing a position by Decca as compared with

visual bearings or radar may also have been Important.

Decca demonstrated a negative correlation In run 1 only
which, again, was probably connected with the difficulty of

Identifying the visual marks In that exercise.

6.ft.t5.6. Radar.

Radar only demonstrated a significant correlation with
run 2. but it was i1mportant as It lllustrated that the more
times the subject used the radar the smaller his error was

likely to be. See section 6.ftft.2. where the danger of



spending too long watching the radar was discussed.

6.U.5.7. Deccap.-

This result only showed a negative correlation with the
combined data before the blunders were removed but i1t did
seem to demonstrate again that the subjects who wused this
aid had a better 1i1dea of their position and were less

likely to make a blunder than the others.

6.IX6. Time.

The correlations observed with Time are given iIn table

11. -

Table 11. Significant correlations obtained with Time.

Variable Runl Run2 Combined
Lights _-3ACke -. U9*

Visual .31 .aa”* .36%*
Decca .38* .ai*x*
Radar S7QF**

Sounder .28 -50* Clio**

The correlation with Lights was discussed in section

6. tl.tl.1I.

6.a.6.1. Visual. Decca Radar and Sounder.
The relationships with visual. Decca, radar and sounder

were to be expected. They were all positive correlations
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and showed that the more frequently the subjects looked at
the airds the longer the total time spent watching aids was

likely to be.

What was of iInterest was that there were no further
correlations. There was no evidence of a relationship
between Time and Error, Toline. Moline or Position. It did
not seem to matter how many position Qlines the subjects
used or how frequently they plotted their positions. There
was also no evidence of a relationship between Time and
Error so i1t looked as though many of the subjects were
spending Qlonger watching the aids than was necessary for
the navigation. The aids should have been checked during
the exercise and this would have taken some time, in
particular 1t takes about twenty seconds to check the lane
identifier on the Decca navigator (13), but this was
probably not a complete explanation for the unnecessary

amount of time the subjects spent watching the aids.

It probably meant that the subjects observed more
information than they needed. From the 1logs which the
subjects kept during the exercises and the pen recorder
charts they appeared to observe all the aids, with the
possible exception of the echo sounder, as a matter of
routine each time they fTixed their position. As they only
plotted some of this there was considerable wasted or

redundant information noted on each occasion the aids were

«beerved. This finding is i1mportant when it is related to
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the relationship between the time watching the aids and the
number of lights that the subjects observed (6.U.U.1) and
the fact that observing this i1nformation caused them to

miss a number of lights.

On this occasion all the aids were relatively close
together which i1s not the situation which would apply on
board a ship, so iIn this exercise the walking time between

the airds was not simulated.

These results demonstrated that probably the more
sucessful navigators were those who spent a minimum time
watching the aids as this did not have any bearing on the
final error while at the same time they were able to

observe more lights.

6.4.7. Toline.

The Tfollowing correlations were observed with Toline:-

Table 12. Significant correlations observed with Toline.

Variable Runl Run2 Combined.
MOIine — 70<**~k

Permore _ TSy 84«**

Position AT0»»» 73grEx

Sounder 33 .24

Visualp -M»»» _24

Radarp .05 56%*
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The larse number of slenlficant correlations
demonstrated the subjects* preference fTor TfTixin« their

positions usins two position lines only.

6.U.7.1. Moline.

The negative correlation demonstrated that the subject
who TfTixed his position with only two position lines did not
plot many positions with more than two [lines. This meant
that positions with only two lines were considered to be an
alternative to positions with more than two [lines, rather
than the two methods of position fixing complementing each

other.

6.U.7.2. Permore.
This was a verification of the previous result using a

different method for calculating the subjects* preferences

for two or more position lines.

6.11.7.3. Position.

This was very strong evidence that the subjects
preferred to fTix their positions using two position lines
only. 1t was an i1mportant result because using two position
lines only i1s bad practice as there 1i1s no 1i1ndication of
possible errors iIn the position. In certain circumstances
even a blunder might not be noticed. The only check which

the navigator has 1s to TfTix his position at frequent

intervals but much of the value of this method is lost it
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the subject 1s uslns the same aid or aids each time. In
section 6.11.6,1, it was demonstrated that the subjects
observed enoush i1nformation to plot their positions with
more than two position lines but that they obviously

considered this to be unnecessary.

This result related to Part 1 of the present work
(section 3.9.2.2.) where 1t was noted that the subjects
preferred an intersection of two position lines rather than

a position amons several lines.

6.U.7.ji. Sounder.

The result 1i1ndicated that, although most of the
subjects were satisfied with fixing their position using
two linos only, some of them used the echo sounder as a
check on the result although given the circumstances of

this particular exercise i1t was not of much help.

6.U.7.5. Visualp.

This relationship was strongly demonstrated in run 1
because here 1t was possible for the subjects to fix their
positions using two visual bearings only although most of
the subjects only used this method for the Ffirst half of
the exercise because of the difficulty of i1dentifying
marks in the second half (section 6.U,U.3«™» This was a
further demonstration of the confidence which the subjects

had In this method of position Tfixing (or perhaps, as

suggested 1In 6, (1.7.3*» overconfidence).
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6,11.7.6. Radarp.

This correlation was confined to run 2 because there
the subjects had Orford Ness point which was easy to
identify on the radar screen while 1In run 1 Sizewell power
station was the only conspicuous mark on an otherwise
featureless coastline and this was only clear for part of
the time. The result demonstrates the subjects* confidence
(or, again, overconfidence) iIn the use of radar as an aid

when using two position lines only.

6.U.7.8. General.

These results were fTurther evidence that the subjects
were observing far more Information than they were using,
ds was shown by the correlations with the plotted position
lines rather than with the airds themselves. It also
confirmed that the subjects had a strong preference for
using two position lines only. Coupled to this preference
was the fact that they preferred to use visual bearings or
radar range and a visual bearing. This is a bad practice
because the misidentification of a Qlandmark can go

undetected for some time and possibly lead to large errors.

New section 6.5*8. Renumber subseqguent sections

accordingly.



6.U.8. Moline.

The followlns results were obtained with Moline:-

Table 13. Significant correlations observed with Moline.

Variable Runl Run2 Combined
Error -.09 -.22 _ U5*
Toline —_T70*** —_BI***
Permore -OXdMita LOQ*** ,O0***
Decca .33 .30 31*
Radarp 27 __U3* ~.09
Deccap _Uo* 55 NZO*F**

The correlations with Error and Tollne were discussed
iIn sections 6.U.5_3. and 6./1.7.1._. the remainder are

discussed below.

6.U_.8.1. Perraore.

The correlation with Permore was a result of the
definition of Moline and it demonstrated the relationship

between the two variables.

6.U.8.2. Decca.

This seemed to 1i1ndicate that when the subjects fTixed
their positions with Decca they were less confident than

with the other two aids and so plotted a third position

line as a check. This stratesy was simple to use because
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the Decca always gav® two position lines and throughout the
experiment 1t was an easy matter to obtain a third line

from another aid.

6.U.8.3. Radarp.

The negative correlation In run 2 was a result of the
subjects* preference for TfTixing their positions using a
visual bearing off Orford Ness Lighthouse and a radar
distance from the point of land, despite there being
obvious dangers in relying on a radar distance off a beach
(). In many cases the subjects did not use any other
aids to check theirr positions. This further demonstrated

the preference for two position lines only.

6.U.3.U. Deccap.-

This correlation was similar to that for Decca. It did
seem that although the Decca navigator IS a well
established and popular aid 1t was not generally trusted 1in
the same way as the radar or visual bearings. There 1i1s no
technical reason iIn this experiment for this lack of trust,
so it seems possible that 1t 1is because the subjects
instinctively preferred to trust a visual type of display
where they could observe and ldentify the different marks.
For whatever reason, It appears that subjects who used
Decca for plotting their positions also tended more

frequently t® adopt the prudent practice of using more than

two position lines.
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6.a.9. Permore.

The fTollowing relationships were demonstrated with

Permore:-

Table 11U, Significant correlations observed with Permore.

Variable Runl Run2
Error -.08
Toline Y Kl -
Moline

Oeccap .25 -33

6.U.9.1. Error, Toline and Moline.

The correlation made with Error was with the blunder
data included When the relationship was tested again
without the blunders the value of the correlation

coefficient ™ Increased to -.U3* 1In run 1.

These relationships were discussed In sections

6.U.5.U., 6.U.7.2. and 6.U.8.1.

6.4.9.2. Deccap.

This was more evidence that the subjects who used the
Decca preferred to plot more than two position lines (see
6.a.8.2. and 6.U.8.tt.). Although the result was only

significant with the combined data, a larger sample might

have given significant correlations with the two runs.
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6.U.10. Position.

The fTollowins relationships were demonstrated with

Position:-

Table 15. Significant correlations observed with Position.

Variable Runl Run2 Combined
Toline _70*F** I3»** SI3FF*
Decca .06 .52** .39**
Sounder -U3=* .33 L37**
Visualp _55** .38 _U2**
Radarp .17 .36 L3T7x*r*
Deccap .29 _i2* .38**

The correlation with Toline was discussed 1In section

6.a.7. 3.

The above figures show how the different aids were used
iIn the two runs and, 1in particular, the differences between

the runs.

6.U.10.1. Decca.
The correlation related to run 2 only which suggested
that the subjects had a more ordered approach, probably

because they were able to plan one strategy for the whole

run and carry i1t through. In run 1 those subjects who
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started off fixins their position with two visual Dbearinss
were Tforced to chance their stratesy in mid run and use the
Dacca when they found that they could no lonser 1i1dentify
suitable marks. Those subjects who chose to use more than
two position lines iIn run 2 were forced to use at least one
Dacca Iline because that was the only other position line

available.

6.U.10.2. Sounder.

Although the correlation applied mainly to run 1 from
the value of *r’ 1t was possible that, given a sufficient
sample size, 1t could apply to run 2 as well. The use 1n
run 1 was probably connected with the difficulty of
obtaining marks for visual bearings so the subjects used
the echo sounder to check their position although, 1i1n fact,
there was a more distinct pattern of soundings available 1in

run 2.

6.U.10.3. Visualp.

Visualp correlated strongly with position In run 1
and this was a Tfurther demonstration of the subjects*
preference for visual bearings as their first choice method
of position TfTixing. Given a larger > sample size it was
possible that a significant correlation could also have
been obtained from run 2. In this run however, 1t was not
possible for the subjects to use more than one visual

bearing at a time, hence the lower value of *r-.
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6.U.10.U. Radarp.

This correlation only occurred In run 2 and again was
probably connected with the fact that Orford Ness
constituted an ideal radar mark, while there was no

equivalent mark available 1In run 1.

6.U.10.5. Deccap.

Again the correlation only occurred iIn run 2 presumably
for the same reasons as for Decca. This result did not mean
that the Decca navigator was not used iIn run 1, but rather
that 1ts use was 1irregqular, probably because the subjects
only turned to 1t when they were unable to Tfix their

position by visual bearings.

6.U.10.6. General.

It was not possible to demonstrate any significant
correlations between Position and Visual or Radar, and
neither of them was likely to have been significant even
with a larger sample. This again suggested that the
subjects were consulting these aids without plotting the
resulting iInformation on the chart. Care must therefore be
taken 1n iInterpreting the result 11n that the subjects
behaviour in the simulator could be different from the
situation at sea because of (what was probably the biggest
difference), the lack of windows in the simulator. Where
it would be natural for the navigator to look out of the

windows at sea to check the landmarks and keep a lookout

«ther ships» 1t was not possible in the simulator, so
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it may b®© that tho© 3ubdo ct3 us©d the radar and, to a lesser

extent the slide projector as a substitute.

6.a.11. Visual.

The followin* correlations were observed with Visual:-

Table 16. Significant correlations obtained with Visual.

Variable Runl Run2 Combined
Oscore —.dl*x** -, 56** - .59eee
Oscore?2 - B64**> -.60** -.B62***
Time .31 -t4* .36*
Radar .32 .42* .36*
Sounder .20 .42* .30*

The correlations with Oscore, Oscore2 and Time were
discussed Iin sections 6.U.1.2_, 6.U.2. and 6.U.6.1. The

further correlations are discussed below:-—

6.U.11.1. Radar.

The use of a visual bearing and radar range Is a
popular method of fixing the ship’s position as It combines
the accuracy of the radar range while avoiding the less
accurate radar Dbearing (tb). In this experiment the
correlations of visual and radar suggested that a number of

the subjects used this method. Again because of the

position of Orford Ness i1t was more popular In run 2 than
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In run 1.

6.U.11.2. Sounder.

This correlation demonstrated that the subjects tended
to observe the aids In «roups. The correlation with run 2
only was probably because 1n run 1 the subjects made a -
number of extra observations of the visual bearinss when

trying to i1dentify the different marks.

6.U.12. Decca.

The TfTollowing relationships were demonstrated with

Decca; -

Table 17. Significant correlations observed with Decca.

Variable Runl Run2 Combine
Error -.51*# -.08 -.19
Time .38» SULDS
Position -06 -52»* .39»»
Radar -38» .33 -39»»
Deccap .27

Note - the correlation with Error was with

data included; when they were removed the correlation

disappeared.

Th« ions with Error? Tim© and Position have

mi
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already been discussed In sections 6.U.3>3*> 6.U.6. and

6. ¢1.10.1. The other correlations are discussed below;-

6. ¢1.12. 1. Radar.

This was the only aid which correlated with Decca and
related to the preference for more than two position lines
shown by the subjects who used the Decca. During this
exercise there were only two position lines available from
the Decca so they were forced to use another aid and, from
this result, it looked as though the radar was the Tfirst
choice for a check ard. This result was In line with Holder

whose work was discussed iIn section 1.8.1.

6.01.12.2 . Deccap.

In run 2 the correlation demonstrated that the
observation of the Decca was related to the plottlins of
Decca position lines. In run 1 there were generally more
aitds available and the non-significant result probably
demonstrated that the subjects tended to observe all the
aids 1n groups regardless of whether they intended to use

the information or not.

6.1;.13. Radar.

The fTollowing correlations were observed with Radar:-
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Table 18. Significant correlations with Radar.

The following correlations have already been discussed.

Table 19. Previous discussions of the correlations with

Radar.

Variable Section

Oscore 6.U.1.2.
Lights 6. a.tt. 2.
Error 6.a.36.
Time 6.a.6.1. v
Visual 6.a.11.1
Decca 6.a.12.1

6.U.13.1. Radarp.

The correlation demonstrated that the subjects who
observed the radar also plotted the information. It was not

very strong because of the observation of redundant
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Information, discussed In section 6.U.6.1.

6.~M.1"_. Sounder.

The TfTollowing relationships were demonstrated with

Sounder: -

Table 20. Significant correlations observed with Sounder.

Variable Runl Run2 Combined
Time .28 -50™ | (Ohane
Tollne .33 -2U .28»
Position . .33 37»»
Visual .20 ] Vi -30»

These results which have already been di

given in table 21.

Table 21. Previous discussions of the correlations with

Sounder.

Variable Section

Time 6.U.6.1.
Tollne 6.U_7._tt.
Position 6.U.10.2.

Visual 6.11.11_.2.

The fact that there were no more correlations was an
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Indication that the aub;)ect8 used the Echo Sounder less
frequently than the other aids, as demonstrated iIn section
5,2.5.. and that no pattern of use has emerged from this
work. The correlation with Toline rather than Moline
suggested that i1t may be considered a check aid by some of
the subjects who fixed their positions using two lines

only.

6.U.15. Visualp.

The fTollowing correlations were observed with Visualp;-

Table 22. Significant correlations observed with Visualp.

Variable Runl Run2 Combined
Pscore - (0*** 62** -.66***
Toline Ul* 21 .29*
Position _55** .38 -U2**
Radarp -. 0U -59*» .22
Deccap -.3n -.26 7 _29*

The correlations with Pscore. Toline and Position were

discussed in sections 6.U.3.2.. 6.U.7.5. and 6.7.10.3.

6,Z1.15.1. Radarp.

This correlation in run 2 Turther demonstrated that a
number of the subjects used the visual bearing of Orford

Ness Lighthouse and the radar distance of the point to Ffix
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their position and underlines the subjects* preference for
this method of position Ffixink. The popularity of this
method was also referred to 1In sections 2.8.5*1 and

3.7.5.3. of the present work.

6.U.15.2. Deccap.-

The negative correlation demonstrated that the subjects
tended to use the Visual and the Decca as alternative
methods of position fixing and agreed with Holder (Section
1.8.1.) where these aids were both considered as primary
fixing aids while the radar was regarded as a check aid

(Section 6.12.1.).

6.U.16. Radarp.

The following correlations were observed with Radarp:-

Table 23. Significant correlations observed with Radarp.

The following results have already been discussed.
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Table 2U. Previous discussions of the correlations with

Radarp.

Variable Section

Pscore 6.U.3*2.

Position 6.U.10.U,
Radar 6.4_.13>1<

Visualp 6.U.13*!

6. /1.16.1. Deccap.-

This relationship also demonstrated the popularity of

the radar as a check aid. Section 6.U.12.1.

6. /1.17. Deccap.

The fTollowina relationships were observed with

Deccap: -

Table 25. Significant correlations observed with Deccap.

Variable Runl Run2 Combined
Pscore y LT9FF*

Lights 52** .01 -.22
Error 37 -.36 -. 32*
Moline ¢10* ~1osuce
Permore 25 .33 .29%*



Table 25-
Variable
Pscore
Lights
Error
Moline
Permore
Position
Decca
Visualp

Radarp

These correlations have already Ix

Runl

,T2%*%*

52**
-.37

- to*

.25

29

27
__3/\

-.18

following sections:-

Table 26.

Deccap.

Previous

Variable
Pscore
Lights
Error
Moline
Permore
Position
Decca

Visualp

Significant correlations obi

Run2

.79eee

.01

-.36

.55»*

.33

U2*

-.Ug*

discussions of

Section
6.a.3.2.
6. a. tt. 3.

6.0.5.7.

6.a.8.a.
6.U0.9.2.

6.a.10.5

6.U.12.2

6.a.15.2
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Radarp 6.a.16.1.

6.5. Summary and Conclusions.

6.5.1. These exercises ware carried out in a simulator and
the subjects knew that their methods were being examined,
therefore they could be expected to navigate to higher

standards than they would necessarily demonstrate at sea.

6.5.2. Although the subjects were provided with, what 1i1s by
today’s standards, a basic navigational system, the fact
that there were not very strong correlations between the
observation of the airds and the plotting of the position
lines suggested that they were observing more Information
than they needed. This collection of redundant Information
should be taken as a warning to avoid assuming that the
standards of navigation will automatically be i1improved by
legislating for more and more navigational aids. From this
experiment i1t looked as though the need was for better
training iIn the efficient use of the aids with which they

are already provided.

6.5.3. The number of lights which the subjects observed was
In Inverse proportion to the time which they spent watching
the navigation aids. Although a reasonable conclusion, when
this was examined 1In conjunction with the fact that most of
the subjects observed more information than they used there

was »vidence that they wore spending too much time
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observins the different aids to the detriment of an

efficient lookout. This reinforces the danser of
overloadlns the man on the brldse. It must be emphasised
that In this experiment the navlsatlon was deslsned to be

stralshtforward and a realistic representation of their

task at sea.

6.5.H. The number of blunders; accordlns to the definition
of ”an error exceedlns two standard deviations**, was only

six out of thirtythree therefore any remarks must be

accepted as speculative.

By examining the graphs (appendix 1) the following

observations can be made: -

a) Those subjects who blundered tended to use two position

lines only more frequently than the others.

b) The subjects who committed blunders tended to plot fewer

positions than the others.

c)There was a tendency for those subjects who wused the
Decca to be less prone to blunders than the others, but
this may also bo connected with the tendency for the Decca

to be used with more than two position lines.

The problem of blunders was of considerable i1mportance

and, although there were not enough data available from the
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present work to draw any TfTirm conclusions, i1t 1is a topic
that should be the subdoct of future research. What was of
concern was that, iIn the present work, out of thirtythree
E.T.A. which the subjects presented six could be considered

to be blunders.

6.5.5. There was no evidence of any relationship between
the time that the subjects spent watching the aids and any
preference for a particular aid or %ype of display. 1In
these circumstances i1t did not seem to matter whether the
subjects preferred a pictorial or a numerical type of

display as far as the time needed to observe the

navigational information was concerned.

6.5.6. Most of the subjects preferred to TfTix their
positions using two position lines only. Out of a total of
380 position linos plotted, 265 were plotted using two
position lines only. Some of the subjects did not plot any
positions using more than two lines. This result relates to
section 3.9.2.2. of the present work where the subjects*
preference for an intersection of two position linos

rather than a central position among several lines, 1is

discussed.

This would seem to demonstrate a TfTailure of the
training system. The navigators seemed to consider a ship’s
position to be a point on a chart even though they should

bo aware of the possible errors iIn the navigational aids.
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Coupled with the preference for two position linos only
was the danser of relyins on a method of position fixins
that gave no i1ndication of possible errors. In this
experiment the subjects had enough information to use more
than two position lines throughout. They knew that they
were being observed and that their actions wore being
studied so i1t was reasonable to assume that they were
probably being more careful with their navigation than they

would have been at sea.

6.5.7. There was evidence that the subjects who used the
Decca navigator tended to fix their position with more than
two position lines while those subjects who wused visual
bearings or radar used two position lines. Although 1t was
possible to check the Oecca by using the [lane 1i1dentifier
(13) the subjects demonstrated less confidence in this aid
than 1n the other two. There was no reason iIn this
experiment for this lack of confidence; 1t seemed that
there was still a prejudice against this type of aid.
Because of the danger of wrong 1identification of the
different marks 1t is very Important that visual and radar
positions are checked by some other aid. The fact that such
a check was frequently neglected was one of the more

disturbing experimental findings.

6.5.8. The variables Toline and Moline represented the
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number of positiona that the subdects used with two
position lines and more than two position lines
respectively. In this experiment there were a total of 13
subjects who never used more than 2 position lines 1In one
of the runs and only U subjects who never used less than 3
position lines iIn one of the runs. This situation 1is
alarmins for the reasons previously stated (see section
6.U.7.3.). Contingency tests with the other variables to.
look for differences i1n performance between the two sroups
proved to be non significant probably for the followins

reasons;-

a) The experiment was set up with no faults to trap the
subjects, and the navigation was simple and
straightforward; thus In this situation the main advantage
of using more than two position lines, which iIs to detect
errors in the equipment and plotting of the Information,

was not so apparent.

b) The runs only lasted about half an hour so there was not
enough time to build up a sufficient sample to provide a

significant result.

Some i1mportant observations of the differences between
the two groups that are of interest and should be taken

account of i1n further research are: -

a) Blunders. Three out of the six blunders occurred i1n the

360



13 out of 51 exercises which were carried out usine two

position lines only.

b) Lights and Time. There was no sign of any difference
between the number of lights observed and the time that the
subjects spent watching the aids for the two groups. Thus
it did not appear that the Moline group were at a
disadvantage in other aspects of the task because of their

better navigation.

c) The Toline group seemed to observe the aids as least at
frequently as the Moline group, and to spend about the same
time observing the aids but they were not making use of

this extra information.

When the Histogram of Permore (appendix 3) is examined
It is remarkably skewed towards Toline thus demonstrating
the subjects* tendency to use two position lines only for

much of the time.

6.5.9. The use of the echo sounder was erratic and it
seemed that the subjects did not know how to use this aid.
Some of them used 1t frequently, every time they observed
the other aids; others hardly at all. Again what could be a
potentially useful source of i1nformation was not used

systematically.

6.5.10. Pscore proved to be a valid measure for evaluating
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the subjects* preferences fTor the different types of
display. Although 1i1ts use iIn this experiment did not Ilead
to any direct results, probably because the navigation was
relatively straightforward. It could be of value iIn future

experiments.

6 .6. List of Variables.

A brief list of the different variables is i1ncluded for

quick reference.

1) Oscore, numerical scale fTor measuring the subjects*
preferences fTor different types of display: a low value

indicates a preference fTor visual displays.

2) Oscore2, similar scale to Oscore but without wusing the

echo sounder 1n the calculation.

3) Pscore a similar scale to Oscore2 but using the plotted

position lines.

) Lights, number of lights the subjects observed, out of a

total of 19.

5 Error, distance i1n miles between the prescribed position
and the position 1If the subject*s course and speed had been

followed.
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6) Tim©, pOrcOntas® of the total time which the subject

spent observing the navigational aids.

7) Toline, number of positions plotted using two position

lines only.

8 Moline, number of positions plotted using more than two

position lines.

9) Permore. percentage of positions plotted using more than

two position lines.

10) Position, number of positions plotted by the subject.

11) Visual, number of occasions that the subjects observed

the visual bearings.

12) Decca, number of times the subjects observed the Decca

navigator. Al
It

13) Radar, number of times the subjects observed the radar.

M) Sounder, number of times the subjects observed the echo ¥1

sounder.

15) Visualp, number of visual Dbearings plotted on the

chart.

fli
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CONCLUSIONS.

7.1. Simulators.

This work has demonstrated that 11t 1is possible to
design and construct a simple simulator based on recorded
information and to use i1t for a research project. Durins
the same period the same simulator was also sucessfTully
used Tfor teaching <the uses of the different navigational
ailds. In this work i1t was considered undesirable to make
the simulator interactive because of the number of
variables it would introduce. When the simulator was used
for teaching 11t was found that 1In some situations the
greater realism, particularly with the visual bearings,

more than compensated for the subjects not being able to

manoeuvre the ship.

7.1.2. Validation.

The difficulty which i1s always present with simulators
iIs whether the results relate to the simulator only or
whether they can be generalised. In this experiment the

case fTor validation rests on the following points:-

1 The results obtained “were. where applicable, in

agreement with both of those obtained in the first part of
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this work and also with Holder (sections 5.2.5. and

1.S.1. ).

2) There was no evidence of a learnin* effect between the
subjects* first and second trials In the simulator as far
as time watching the aids and the subjects* navigational
errors were concerned. This result was taken to demonstrate
that the subjects were already familiar with the

navigational methods available to them in the simulator and
therefore that there were no material differences between

reactions in the simulator and at sea. (sections 5.7.3 and

5.a.5)

3) When i1t came to the additional task of observing lights,
there was evidence that the subjects logged more lights
during their second trial in the simulator (section
5.5.1.2.). As the subjects were not TfTamiliar with this
device 1t was reasonable to expect an Improvement iIn this
area. The logging of lights was, however, a side task and
not directed to the navigational behaviour of the subjects.
The fact that a learning effect was detected in this
unfamiltar device suggests that it would also have Dbeen

found in the simulated navigational aids i1f the subjects

had also found these to be In an unfamiliar form.

Where the radar and navigational equipment simulators

approved for training purposes by the Department of
Transport are concerned. there are at present no
366
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requirements for validation by comparing the subjects*
behaviour i1n the simulator with that at sea. The
specification simply Jlays down criteria for the different
navigational systems (6”) but there i1s no mention of using

subjects* reactions as a test for validation.

) The samples wused iIn this work compare favourably with

those used i1n similar experiments (section 1.5.).

7.2. Navigational aids.

The common navigational aids were examined 1iIn these
experiments and the way that the subjects used them was
analysed. The order of preference for the ailds was as

follows:-

7.2.1. Visual Bearings.

These proved to be the most popular method of position
fixing, and 1t was not possible in any part of this work to
identify a situation where the subjects demonstrated a
preference for another aid over the visual bearings. In a
number of situations some of the subjects* selection of
visual bearings tended to the reckless (3*7.1.5* and
3.7.3.). In the simulator experiments the subjects also
tended to select the visual bearings fTirst and only turn to

other aids where this method of position fixing was no
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lons®r available (6.U.U.3.). One of the differences between
the two runs was that in run 2 for most of the time, there
was only one visual Dbearins so the subjects had to use
other methods of fixin« their positions (4.3.3.). Where two
visual bearinss were available, there was evidence that
these were sufficient on their own, without the need for

cross checkins (6.4.7 .5.).

There are some points which need considerins when the
use of visual Dbearinss 1s discussed. There are strons
advantages for these methods. To besin with they are Dbased
only on a compass whose error can be established without
much difficulty. Also, many of the marks used are permanent
features, either natural landmarks or artificial structures
like lighthouses or Dbeacons, and are unlikely to be
removed, although at night the lights may be extinguished
and. finally, the human eye i1s the most acute of all the
sensors available to the navigator. Visual bearings suffer”®

however, two main disadvantages which are not always

appreciated: -

First, there i1s the difficulty of making a proper
identification of the chosen marks, which problem also

exists to a greater extent with the use of radar.
Second, there 1i1s the difficulty that, unlike the Decca,

many of the marks are not always positioned to give the

best angle of cut for a given position. This can lead to
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large Orrora and, particularly with a narrow angle of cut,
the greatest error will be iIn the direction of the long
axis of the >cocked hat”, which can be dangerous as it 1s
usually 1In the direction of the shore and the most
immediate danger. Also, when all the bearings are taken
from one side of the ship only, a situation which iIs most
likely to occur with visual bearings, 1n two out of three

occasions the ship’s position will lie outside the ™cocked

hat” (15).

The dangers of relying on visual methods of navigation
were clearly demonstrated by Lusted (65) 1In a paper on
strandings. According to this paper the majority occurred
In situations where the navigators were relying on visual
methods only, and, 1In some cases, without the navigators

plotting their positions on the chart.

This danger does not seem to be fTully appreciated iIn a
Department of Trade Publication (66) where they state
<visual bearings are usually the most accurate method of

position fTixing” without warning about the dangers of this

method. It i1s the author’s opinion as a result of this work
that. in general, visual Dbearings, radar and the Decca
navigator are all capable of giving accurate results and

the choice of aids must depend on the availability of aids
or marks In any given situation. Whatever method or
methods are used, there 1s no Justification for using only

two position lines for fixing a position when more than two
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are available.

7.3.2. Radar.

This was an aid which was popular with the subjects
because there was evidence that, althoush i1n seneral the
subjects treated this aid as inferior to the visual
bearings (2.8.7.5* and 3.7.5.5.)t they had sufficient
confidence to rely on 1t while plotting their positions
using two position lines only (6./1.7.6. and 6.U.8.3.)» The
neglect of a third position line, at least as a check, iIs
quite unjustifiable. Associated with radar is the danger of
wrong i1dentification of [land marks and, because of the
nature of the display, this danger 1i1s (greater than with
visual bearings (1V). It has the advantage of a greater
range, particularly in poor visibility, so the navigator
has a greater choice of maiTks and does not need to rely on

close and, possibly, unsuitable marks perhaps on one side

of the ship only.

The danger, as Tfar as the present work seemed to
demonstrate, was that because 1t presented a pictorial
display of the ship’s position 1n relation to other objects
many of the subjects did not plot the i1nformation on the
chart (5.2.5.). Some of the subjects seemed to consider
that when the radar was used as a “check aird” (1.8.1.) 1.e.
to check a position obtained by other means, there was no

need to plot the 1i1nformation on the chart. This could
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explain the finding by Lusted (565) where 1t appeared that
in many of the strandings he reported, the navigators were
using the radar iIn this manner. When parallel i1ndexing 1is
being used, as advocated In some circumstances (56), it
must be remembered that the ship’s position is being fixed
by a single radar range and bearing only and should
therefore be frequently checked by other position fixing
systems. There was also evidence that subjects who
performed poorly at Jlogging the lights may have done so
because they spent an excessive time looking at the radar

(6.a.a.2).

7.3.3. Decca Navigator.

In general, the subjects were more cautious when using
the Decca navigator than with the other aids, 1In that they
accepted the prudent practice of fixing their positions
using more than two position lines more frequently. This
result was demonstrated by the correlation between Moline
and Decca rather than with Toline which was the result from
the visual and radar (6.7.8.2.). In Part 1 of this work
there was no significant difference between the subjects
preference for Decca or radar although it appeared that on
the whole they had more confidence iIn the radar. This
result wass reasonable as far as the subjects were
concerned because of all the ailds tested the Decca 1iIs the

one which has the most mechanical output so that even after

the lane 1i1dentification has been monitored the navigator 1is
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still presented with a **take 1t or leave 1t * disital type
of display (13)* The subjects* reluctance to use 1t more 1is
nevertheless unfortunate because this is the only aid that
always offered two reliable position Ilines with a sood
angle of cut. In their discussion after the experiment many
of the subjects were proud of their attachment to the
traditional methods of navigation and this appeared to be
connected with their reluctance to use the Decca Navigator.
The Decca Navigator always provides two position lines so

It iIs easier for the subjects to fix their position with
more than two position Qlines when using this in
conjunction with another aid and this may have been part of
the reason for the subjects* preference for this strategy.
There was no evidence from the present work to distinguish
whether this preference was a result of caution when using

the Decca or whether 1t was because 1t was comparatively

easy to Ffix a position with more than two position lines

when using the Decca, but i1n the author*s view 1t was
probably a combination of both. For whatever reason, the
experimental evidence certainly suggested that the subjects
who used Decca the most tended also to have smaller errors,

including blunders (6.tt5»1*«6.U.5*5*_.6»5*7_).

7.3.U. Radio Direction Finder.

It was demonstrated 1n Part 1 of this work that the
subjects lacked any confidence 1In the Radio Direction

Finder and many of them were prepared to select a position
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which was unaccsptabl©® as far as the seometry was concarned
only because the alternative consisted of havins confidence
iIn a position obtained from this aid (3.9.1.2.). The
results from this work sus«est that the D.F. 1s no [longer
viable as a navisational aid and once satellite systems
become properly established for search and rescue there
would seem to be no longer any reason for retaining 1t on
merch.ant ships in its present form. The dislike of this aid
iIs not only prejudice, as there are technical reasons why
It 1s not as accurate as the Decca and satellite systems

(13). and should be replaced by a satellite navigation

system.

7.3.5. Echo Sounder.

Although this aid has been 1In use for many years, it
does not iIndicate the ship’s position so 1t 1s of less
value to the navigator than the other aids. This was borne
out In these experiments because there was no regular
pattern for its use, the subjects resorting to it only when
they were in difficulties. However, unlike the radio
direction finder, there 1s no substitute for this aid and
there are situations where the iInformation which it
provides 1i1s vital for the safety of navigation. Of (greater
value would be an aid that gave advance warning of shoals
but Judging from the difficulties iIn the aircraft industry

in providing a similar aid 1t is unlikely that a device of

this nature will become available iIn the near Tfuture.
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7.1i. Methods of Navisation.

These experiments demonstrated that there was no
accepted method of navlsatlns when more than the bare

minimum of 1Information was available.

In seneral 1t seemed that the subjects used only
enough 1nformation to provide an uncorroborated position

fix and rejected the rest.

Use of Information.

In the first part of the present work there was strong
evidence that the subjects preferred an intersection of
position lines rather than a mean position, (3.8«2.). In
the simulator experiments this was demonstrated by the
subjects* preference for fixinb their position using two
lines only (6.a.7.3.). This finding agrees with Lusted (55)
where in a large proportion of the strandings he
investigated only one method of position fixing was 1In use.
The finding that, for the first run, the more times that
the subjects fixed their positions using more than two
position lines the smaller the error 1In their estimated
course and E.T.A., confirmed that the general preference

for using two position lines only was Indefensible 1n

practice as well as theory (6.U.5»3«)*
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In Part 1 there was a clear preference by the subjects
for the use of i1Information from one navisational aid only (
2.9.2. and 3.5.1.). This result relates to the
circumstances of those experiments but i1n the simulator
experiments the subjects showed a similar tendency when

uslns visual bearlnss (6.U.ft.3.), but as they\rejected the

use of radar Dbearlnss. and there were few easily
identifiable fixed tarsets, there wore not the same
opportunities to use radar alone. A«ain, Lusted (55)

considered the wuse of only one. navigational aid to be a

factor in a largo number of strandlIngs.

These findings emphasise that, because of 1nadequate
teaching, many of the subjects wore navigating in what was
a potentially dangerous manner and that they did not fully
appreciate the need to plot their positions using more than

two position lines, taking information from more than one

aid.

7.U.2. Lights.

The very large differences 1n the numbers of lights
observed by the different subjects Indicated that some of
them wore overloaded 1n what should have proved to be a
very simple exercise. This points to the dangers of Dbad
bridge designs which are too complicated or which have too
much equipment. A Dutch -questionnaire survey (1.8.3.)

highlighted this problem. It must also be noted that there
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was no correlation between the time which the subjects
spent observing the aids and theilr errors. This suggests
that subjects who spent an excessive time observing the
aids wused this time unprofitably and perhaps generated
their own overload. It would seem therefore that there is a
need for training in the efficient management of time by

navigators (6.U.6.1.).

7. .3. Errors.

Another danger .that appeared in  this work was the
frequency of blunders. Although i1t was expected that the
subjects would make mistakes the fact that 18X of the
E.T.A. calculations could be classed as blunders. was a
surprise (see 6.5.4.), and also a matter of sufficient
concern to suggest that further studies of the frequency of

blunders 1n navigational procedures is urgently needed.

7.5. Recommendations.

A number of recommendations emerge Tfrom the present

work 1In a number of areas:-

7.5.1. Bridge design.

This work did not attempt to look specifically iInto the
problems of bridge design. which has been carried out

elsewhere (section 1.9*) but a number of factors have
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©mersed which th©® author feels have not always been taken

into account iIn bridse desisn studies:-

1) Despite the reductions 1in manpgwer which are now being
planned it should be possible for one man to keep a proper
watch. He should be able to plot positions using more than
one aid and using more than two position linos for each fTix
while keeping a proper lookout and this has i1mplications
for both bridge design and th© training of personnel (see

section 7.6).

2) Visual bearings are a popular and, provided proper
safeguards are taken, a reliable method of fixing a
position and a centre Jline compass repeater 1iIn the

wheelhous© with a clear view would be helpful.

3) It must be assumed that blunders will occur and, as fTar
as possible, the i1nstruments and systems must be designed

for easy cross checking.

I) Proper lookout. This work has demonstrated how some of
the subjects became distracted from the task of keeping a
lookout, therefor®© there must be a clear view from all

workstations for this purpose.
5) Integrated systems. There seemed to be a lack of

willingness to make the best wuse of all the available

information. A possible solution is an integrated system.
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in which th© information from several navigational aids is
processed< but the author considers that this would make
the problem worse because the navigators would then never
learn to assess the information from each aird on 1its
merits. A better solution would be Improved training. The
recent loss of Korean Airlines flight 007 (1st. September
1983) could be the result of & fairlure with an 1iIntegrated
system (57). where the crew, accustomed to a high order of

reliability in their inertial navigation systems, were not

checking their position by other methods.

7.6. Training.

The subjects used 1n this project, who were all
experienced officers studying for their Master’s
certificate. did not in general make the best use of the
information which was presented to them, and In some cases
they neglected to use sufficient 1nformation for reliable
navigation. The author considers that this situation can
only be remedied by the use of training on a ship or iIn a
simulator and because of the Iimportance of visual
navigation it would seem that a training ship is probably
the best venue. The main points which have been i1dentified

In this project as needing attention are as fTollows;-

1) There appears to be overconfidence in the use of visual
bearings. The dangers 1i1nherent iIn using only two such

bearings for routine position fixing need to Dbe
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incorporated much more forcibly in education and training

programmes at all levels (see section 7.2.1.).

2) There 1s a need for greater care in the use .of radar for
position fixing, and the tendency to use radar i1n 1isolation
from other aids, often without plotting a position on a
chart, suggests deficiency in current teaching
programmes. The danger of Tfixing a position from radar
information using only two position Jlines also needs

additional emphasis.

3 The Decca Navigator, when used, was generally used
prudently. The training need appears to be to encourage 1its
greater use i1In conjunction with visual and radar
information to 1i1ncrease the reliability of fixes. This
recommendation may clearly be extended to other radio aids

where accuracy and coverage is sufficient.

0 IT the radio direction finder i1s to be retained as a
navigational aid on board merchant ships, (see 7.3.7.) then
more practical training 1In 1Its use under seagoing
conditions IS required to Instill confidence 1In 1ts use,
otherwise, experimental results suggest that the
established network of radio beacons will continue to be

greatly underused except by yachtsmen.

5 There i1s an apparent need for training 1In the more

systematic use of the echo sounder as an aid to navigation.
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6) There i1s a need for additional training In the way 1In
which a watchkeeper manages his time. The keeping of an
efficient Jlookout appears to be iInhibited In many cases by
unnecessarily long periods spent observing navigational
aids. The balance of time allocated between watching radar

and keeping a visual lookout demands particular attention.

7) It appears vital that navigators should bo taught more
thoroughly on the subject of navigational errors. In
particular they should be aware that fixes should always be
made on the basis of three or more position lines except In
cases (to be treated with caution) where only two are
available. They should be also made more aware of the need
for cross checking between methods of navigation. Greater
understanding 1i1s required as to the likely distribution of
a ship’s position on the basis of information from a group

of position lines.

8 Procedures need to be developed and taught to protect
navigators from the consequences of large errors or
blunders which experimental evidence suggests occur more
frequently than 1is generally accepted. Procedures to detect
large errors may include duplication of operations through

two i1ndependent channels. using back-up personnel where

available.

7.7. Further Research.
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A number of areas for further research which arise out

of this work, not necessarily iIn order of iImportance, are:-

1) To devise method of measurins navigational
performance. The use of projected position errors 1iIn the
present work was not entirely satisfactory as it only took
the end result 1i1nto account and did not assess the
effectiveness of the navlsational methods used en route.
Such a measure would be of value 11n the evaluation of
training and also .iIn the examination of different bridge

designs.

2) To make a more detailed examination of the i1ncidence of
blunders at sea. Such an examination may be more concerned
with behavioural science than navigation but this work has
indicated its 1mportance iIn navigation and the need for

measures to reduce blunders.

3) The problem of the validation of simulators has been
given some attention in this thesis, but more direct
comparison with the situation on board ship would Dbe
desirable. With micro computers there i1s likely to be a
proliferation of navigational simulators and the author
considers that the Department of Trade specification for
train™ng simulators (5™) 1s not always relevant. A data
bank of navigational behaviour at sea could usefully be

established against which to test the different simulators.
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In the 1i1ntroduction 1t was sussested that many
seafarers involved in accidents were navisatins no
differently from the rest, but they Just happened to be
unlucky. From the present work this appears to be senerally
true but 1t must be remembered that one of the reasons for
carrying out this study was that stranding 1nvestigations
are so rare that there 1s little i1nformation available
about the navigational methods involved. All the subjects
were experienced watchkeepers with many years of safe
navigation behind them and i1t i1s hoped that this work will
contribute to 1mproving the already high standard of

maritime safety.
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APPENDIX No 1.

Graphs of selected relationships.

When the relationships between the 17 variables were
exanined. the computer was 1i1nstructed to plot the two
variables using ”~he *plot™ command iIn **Minitab*>* (¢7). This
W35 because the correlations were fTor li.near relationships
only and there was always the possibility of higher order
relationships occuring. The examination of the data for
these relationships was considered to be beyond the scope
of the present work because of the circumstances iIn which
the data was obtained using a basic simulator but the
possibility of a more complex relationship had to be

considered hence the need for the plots.

The plots iIn  this appendix were selected because the
author considered that they 1llustrated an 1nteresting

relationship between the two variables concerned.

The reference numbers indicate the section of text

where the relationship 1is discussed.
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THE 17 VARIABLES
(E) Indicates that
Run 1

ec Oscore

1 2.25(E)

2 2.15

3 2.23

a 2.20

5 2.28

6 2 .25 (E)

7 2.52

8 2.31

9 2. HQ

10 2 .17

11 2.00

12 1.9H

13 2.25(E)

U 1.97

15 2.55

16 2 .67

18 2.07

Appendix No.

the value

Pscore
1 Ttt
2.00
2.175
1.82
1.80
2.00
2.02(E)
2.02(E)
2.02(E)
2.08
1.83
2.35
2.02(E)
2. IH
2.50
2.26
2.02 (E)

was estimated.

Lishts

10

15

17

15

12

18

11

16

11

la

r

.80

.20

(E)

(E)

(E)

(E)

(E)

(E)

(E)

(E)

(E)

Tim

19.68(E)

18

27.

20

12

19.68(E)

18

IH.

12.

12.

19

2H.

20

16

25.

e

.00

00

.00

.00

.00

00

00

.00

00

.00

.00

~0

00

&



-
-m

Sfaws 1

oM

Run 1 continued.

Subject
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13 5 0 0 5

la | 3 75 4
15 5 0 0 5
16 a 2 33 6
18 u 0 0 4
19 2 a 66 6
20 a a 50 8
21 7 2 22 9
22 5 U ua 9
23 1 6 86 7
2U 0 5 100 5
25 I l Itt 8
26 8 1 13 9
27 h | 20 5
28 3 3 50 6

Run 1 continued.

Subject Visual Decca Radar Sounder
3 6 6
4 7 2
7 18 6
8 12 6
4 10 5
6 7 )
6 8 3
4 5 2
7 6 5
4 8 4
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Run 2 continued.

Subject Toline Mol ine Permore Position
5 0 6 100 6
6 6 2 25 8
7 0 a 100 a
8 6 2 25 8
9 10 0 0 10
10 7 0 0 7
11 6 1 la I
12 5 I 58 12
13 5 0 0 5
la a 5 56 9
15 5 3 38 8
16 0 6 100 6
17 9 0 0 9
18 5 0 0 5
19 5 0 20 6
20 2 7 78 9
21 7 2 22 9
22 a a 50 8
23 12 1 8 13
2a 2 3 60 5
25 7 l 13 8
26 13 0 0 13
27 5 1 20 6
28 10 0 0 10
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Run2 continued,
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Run 2 continued.
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Appendbc No.3
>«8togram8 of the different varieblee.
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APPENDIX NO.a

The Simulator Li*hts.

1 The operation of the lights.

The bulbs were wired in groups of 5 on a board which
stretched across the end of the simulator above the chart
table (Chapter t figs 1 and 5). They were set to flash on
and off by the controller In a manner which would appear
random to the subjects who were asked to log all the lights

they observed.

To make this task as realistic as possible the the
subjects were asked to log the lights 1In the same manner as
they would have at sea; thus the centre light was logged as
~”ahead”, the Jlights at each end as on the port and
starboard beam respectively. while the remaining lights

were logged as @ points (H5 degrees) to port and starboard.

The order and approximate time 1In minutes into the

experiment when the lights were exhibited i1s shown i1n the

following table:-
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2 The construction of the equipment.

Refer to diagrrams 1 and 2.

ICla was half of a dual timer connected to an astable.

the output of which was connected to a divide by sixteen

binary counter IC3.

The output of IC3 consisted of four binary coded [lines
which were fed iInto IC5 & IC6 which switched the normally
high outputs to low for approximately seconds. These
outputs switch sequentially from 1 to 16 on IC5 and then
are disabled by ICii which was connected as a divide by 2
counter to switch on 1C6 for a further count of 1 to 16

giving a total of 32 outputs.

The outputs of IC5 8 IC6 were connected to a number of
L.E.D. which had their cathodes connected to mSvolts so
mhat as each output went low It switched on the appropriate

L.E.D.
ICIb was connected as a monostable and set to give an
equal mark~space ratio of one to one which was conneC®.ed VO

a medium flash L_.E.D.

IC2 was a dual timer con.nected as a pair of astables

one half of which was set to give a higher P.R.F. than

30



2 The construction of the equipment.

Refer to diagrams 1 and 2.

ICle was half of a dual timer connected to an astable.

tr.e output of which was connected to a divide by sixteen

binary counter IC3.

The output of IC3 consisted of four binary coded Ilines
which were fed iInto IC5 S IC6 which switched the normally
high outputs to low for approximately seconds. These
cutputs switch sequentially from 1 to It c¢n IC5 and then
are disabled by ICC. which was connected as a divide by 2
icunter to switch on 1C6 for a further count of 1 to 15

pivir.c a total of 32 outputs.

The cutputs of IC5 2 IC6 were connected to a number of
.E.1. which had their cathodes connected to *5vclts so

hat as each output went low 1t switched on the appropriate

ITIb was connected as a monostable and set to qive an
a™ual marx-space ratio of one to one which wai

a medium flas.h L.E.D.

IC2 was a dual timer connecteir as a palr astables

sne half of which was set tc sive a hi?her P.R.F. than
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1.C.Ib which resul ted in a TfTaster flash rate than t

medium Fflash L_.E.D.

IC2b was set to sive an unequal mark-space ratio so
that the output was hish for a longer period than the low
(Occulting L.E.D.). A fast /reset switch was fitted so that
the cycle of switching always started at L.E.D.I. The
sequence of switching could be quickly checked by the fast

position which would run ICla at a higher P.R.F.
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APPENDIX No. 5

Advance Publications.

While the experiments described 1In this thesis were
bein* carried out two papers were presented covering some

of the work described here:-

1) ™Coastal Navisation as practiced”. Paper read to a ¢oint
seminar of the Royal Institute of Navisation and the
Nautical Institute on Practical Navigation 1in Coastal

Waters. London December 1978.

2) *Should Navigation Aids be Integrated?” paper read to a
coint seminar of the Royal Institute of Navigation and the
Nautical Institute on the Selection and Display of

Navigational Information. London December 1981.
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rc -:stnl iIe 1 on as Fr.Hcjticed
Captain J. Strange, BSc, MRIN, MNI

City of London Polytechnic

Most accident investigations point to the human element as being
the main cause. Recently we have the Christos B grounding off
the Coast of South Vales iIn a position that casts doubts on the
methods of navigation employed. A common theme iIn most of the
published reports on strandings 1iIs that the means available to
prevent the stranding or at least alert the crew to the possible
danger was available on board but had somehow been ignored.
Today with the consequences of large scale pollution we are
seeing a new iInterest iIn shipping safety and the old idea of
interest In a stranding only being the concern of the owner

and underwriter i1s no longer acceptable.

There are two current approaches to reducing accidents, one 1is
to ensure that the ships are properly equipped and the equipment
IS In working order. Secondly 1t is important that ships crews
are properly trained and able to operate the equipment.

The approach for the research described In this paper has been
t examine how seafarers navigate in practice rather than iIn the
artificial situation which exists for much of the chartwork
teaching. This research is needed because of the pressure to
improve standards. Some of the pressure relates to training

but more seriously there are moves to require certain types of
equipment to be TfTitted although there i1s no guarantee that this
action will reduce accidents and i1t could make the situation
worse by encouraging decisions based on an inadequate understanding.
The research is divided iInto two parts. Firstly, and already
completed is experimentation based on chart exercises to
Investigate the subjects* reaction to various aids. Secondly,
and in the planning stage, i1s a more realistic approach where®
the subjects will be presented with video displays of the various
aids and their use of the aids will be examined.

In the first part the subjects were presented with cards
containing navigational information and they were asked to
indicate on the chart provided what they considered their position
was. They were presented with more information than necessary

to fix their position and i1t was how they coped with the extra®
information and whether they rejected any, that was being examined.
The area chosen for the experiments was the Bristol Channel and
chart number L D1 1179 was used. The Bristol Channel has ”“he
advantage that there i1s land on both sides and so i1t is possible
to use a number of different aids to produce various patterns of
position lines. Kith the number of different ports and lack of .
separation schemes i1t iIs possible to put the ship.on a number of
different but realistic courses.

The subjects were taken from among students studying fot their
Master®"s certificate at the College. The group was chosen
because of their watchkeeping experience, ranging jtom 5 years
to 15 and 1t was expected that their reactions would be
representative of the standards at sea today.

The experiments were conducted In two phases, Tirstly a pilot



Iy 7vu Mi-n “lii? tenfi;jcd the vnjidily of €t .“pj—oiich :.:d
—;-,—a some 1iIntere.>ting results i1t was followed by a fujtl.er
cxper irental prov;ranime on a larger scale.

T;e results of the experiments were interesting for a number of
reasons. The Navigational aid was found to be the most

important factor iIn determining the choice of a position and
from the results an order of preference can be built up. Visual
bearings is the fTavourite, many of the subjects remarking that
they would always use visual bearings where possible. Decca and
Radar shared second place, a result that was surprising as

Radar appears to have the advantage of giving a picture of the
situation while Decca only gives a coordinate position. It seems
that the subjects had considerable experience of Decca to give
this confidence iIn the position. D.F. came last, many of the
subjects remarking that they only considered i1t to be of use as
a last resort. Some of the exercises were designed to see at
what stage subjects would use the D.F. in preference to other
aids and a number of subjects showed a preference for doubtful
visual bearings instead of a good fix with three D.F. bearings.
These results seem to show that instead of objectively using

the best aid for any situation many of them have Tfixed opinions
of the various aids which they apply, regardless of the situation,
hhether these views are based on their own experience or were
obtained from other seafarers 1is not known.

V."en 1t came to deciding on a position the main criteria was the
aid used, most of the subjects choosing a position defined by
their favourite aid and ignored the other i1nformation. Another
possible i1nfluence was to take a position that was closest to a
possible danger although iIn many cases because of the ships

course the ship was already clear of any threat. The similar
method of deciding on a position that puts the ship furthest ahead
v.as not taken up. Again this seemed to be an instinctive rather
than a rational decision. The most interesting result was that
the subjects tended to avoid the centre of a number of position
lines or any position that represented a mean of several possible
positions, and representing an estimate .of the most probable
position. It seemed that they were content to accept the position
defined by their favourite aid and use the other iInformation as

a check on gross error, but not to try and use 1t iIn order to
arrive at a better estimate of their position. Some of the
exercises were more complicated, involving more than two aids, or
involving one aid only with three position lines. [In these

cases the results showed a random choice without any clear
preference for any particular strategy.

Two main conclusions seem to emerge from this work. Firstly that
the seafarers choice of aid and position is arrived at as much

hy personal preference as by any appreciation of the situation.
Secondly that seafarers have not learned how to use several aids
together to get the best of each one. This work seems to iIndicate
that better training might be a more effective way of reducing
accidents than to put more equipment on a ship and possibly cause
further confusion.



':.QUID NAVIGATION AIDS BE INTEGPJA.'ILD?

Csptain J.L. Strange, City of London Polytechnic

Today the navigator®s problem i1s no longer one of lack of
information, as with the technology available there need no
longer be any doubt about a ship®s position. Rather, the
problem is that there can be too much information instead of
too little. This revolution has not eliminated accidents,
but the matter i1s now one of presentation, and navigational
safety becomes a matter of communication and information
management.

One method of improving Communications would be to present

all the navigational information in one iIntegrated display.
This would certainly eliminate some of the problems that exist
today and could mean that the navigator needs less training,
which should prove popular iIn today®"s economic climate. This
would mean that, to some extent, the safety of the ship 1is
transferred from the navigator to a computer programmer which
might not necessarily be an advantage.

This paper iIs based on research carried out at the City of
London Polytechnic. It was carried out In two stages, using
students studying for their Master"s Certificate as subjects
for the experiments. They were chosen to give as homogeneous
a sample as possible, both In terms of experience and.age,
without the group being too restricted.

The Tirst stage of the work consisted of presenting the subjects
with cards containing navigational information, which they

were asked to plot on a chart and to decide on the basis of

this information what they would consider to be the ship®s
position. In every case the information, when plotted,

produced a "cocked hHt* and it was the subjects” estimate of
position in relation to this cocked hat that was of interest.
From this work a number of conclusions emerged:-

D It was possible to establish an order of preference for the
different navigational aids. Visual bearings were the most
popular, Tfollowed by radar and Decca, but 1t was not possible
to separate these two. The radio direction finder proved

to be the least popular.

-) The subjects preferred an intersection of position lines
for a position rather than some sort of weighted position
among a number of lines.

The second stage of the work was the construction of a simple
simulator with the help of some money from Shell International
Marine. This was based on the use of three video recorders
each playing a tape on which had been recorded information from
the radar, Decca navigator and echo sounder on board the

Sir John Cass. The subject was able to display any of this
information on a television monitor by pressing the appropriate
button. Visual bearings were simulated by means of a slide
projector where a scale was superimposed on a photograph of

the particular mark. A pen recorder was used to record the
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time that the subjects spent watching each individual aid.

In addition a number of lights were shown for short periods
from different positions in the simulator and the subjects were
asked to log the position and colour of each light which they
observed. Each subject was asked to complete two separate

half hour runs along the Suffolk coast, monitoring the ship"s
position during this period and finally producing an E.T.A.

and a course to steer for a point further ahead.

The output of these experiments was the accuracy of the subjects*
navigation based on the error iIn their E.T.A. and the number

of lights which they observed. The iInputs were the uses that

the subjects made of the various aids which were available to
them. The relationships between these parameters were used to
try and build up a picture of how the subjects navigated.

When the errors iIn the E.T.A. were examined on their own they
showed a bunching at the lower end of the scale, the majority
being about one mile. For the purpose of this experiment errors
of greater than four miles were treated as blunders and all the
tests i1nvolving errors were carried out both with and without
the blunders included. The accuracy of the navigation for the
different subjects was correlated against the other parameters
which were, preference for visual or electronic position fixing,
time watching the aids, choice of two or more than two position
lines and number of positions plotted during the experiment.

The only significant result was a negative correlation of time
watching the aids and errors, but when this test was repeated
with the blunders removed i1t became non significant. It was

not possible to come to any firm conclusions about the blunders
because of the small size of the sample, only three out of a
total of 25 runs but even so this seemed to be too many. It
did seem that the majority of blunders occurred when the
subjects spent less than the average amount of time watching

the navigational aids so there may be some connection here.

The fact that 1t was not possible to demonstrate any other
correlation between the errors and the other parameters
demonstrates that the subjects, all qualified and experienced
navigators, were able to manage a straight forward

navigational task without any difficulty. The fact that it

did not seem to make any difference how they navigated, whether
they preferred electronic aids or visual bearings, whether

they preferred to use two lines for a fix rather than three or
more, or how frequently they fixed their position, seems to
demonstrate that over the time that they have been watchkeeping
they have evolved their own methods of navigation and under
normal circumstances these produce acceptable results.

The second output was the number of lights observed. This
differs from the navigational errors output In that there was

a much wider distribution, some subjects observing all 19

lights while others observed very few. This seems to demonstrate
that the subjects gave priority to the navigation and treated

the task of logging the lights as of secondary importance,

which In fact was the intention of the experiment. This
particular result cannot be generalised to other situations,

for a navigator®s decision on priorities must depend on each

set of circumstances.

\ 4
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Thic Hit.lur of lirjits logged was correlated with the other
parameters iIn the experiment, and this time there was a negative
correlation between the number of lights observed and the time
the subjects spent watching the navigational aids; the longer
they spent watching the aids the fewer the lights they
observed. This result when examined In conjunction with the
errors 1in navigation suggests that, although the navigators
managed to achieve acceptable results iIn terms of errors,

the length of time they needed to study the aids In order to
achieve those results varied and those who spent longer looking
at them were less able to attend to the other watchkeeping
duties as represented by the lights. This was the only
correlation between the lights observed and the other
parameters, and seems to show that i1t did not make much
difference what aids the subjects watched although there could
be some evidence that some of the subjects were unable to
identify the marks for the visual bearings and this took time.
There was no relationship between the time taken and the number
of positions on the chart, whether the positions consisted of
two or more position lines. From this i1t would seem that i1t
does not take very long to plot a position on the chart so the
subjects should be able to plot more than two position lines

in the time available. What did emerge was that the subjects
showed a preference for using only two lines to fix their
position rather than the more generally accepted method of
using at least three, although most subjects plotted a few
positions with three lines, presumably as a check.

From this work a number of arguments for and against the
integration of navigation systems appear.

The main arguments iIn favour are:-

1) Most navigators prefer a position at the intersection of
two position lines, even to the extent of not plotting
more than two lines. Even when more than two lines are
plotted there is a strong rejection of some sort of
X9 1ghred mean position. In an integrated navigation
system this weighting could be carried out by a computer
to produce more accurate results.

2) The choice, of aids could be carried out more logically.
From this work there 1is evidence that some of the subjects
made rather unwise choices of aids. |In particular the
radio direction finder was not included iIn the second part
of the work because of i1ts almost complete rejection iIn the
first part. There is also some evidence that the subjects
prejudices play a part in the selection of the aids.

3 Some of the subjects spent rather a long time watching the
ailds to the detriment of other aspects of the experiment.
An 1ntegrated display could speed up the process while

N the same time allowing the watchkeeper to attend to

his other duties.

4) An integrated display could be designed to reduce the
influence of blunders.

The arguments against an iIntegrated system are.-
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1) It would be difficult to produce a safe computerised system

to deal adequately with the different situations which might
OCCur .

2) Those subjects who are happy to navigate using mainly two
position lines may accept positions from an iIntegrated
system without properly checking them. There may be a
temptation for all navigators to omit checking, unless
there is some system built in which requires i1t to be
carried out.

3 A strong preference was demonstrated for visual bearings,
but these would be difficult to integrate into the system
and so the introduction of such a system might lead to
their falling iInto disuse.

4 Most aids iIn use today give some indication of the
reliability of their results; the mark for a visual
bearing must be i1dentified, and the quality of the radar
picture gives some i1dea of the accuracy of the fix. One
exception iIs the satellite navigation system where the
navigator is usually presented with a "take i1t or leave 1
situation and he has no way of evaluating how good the
information is. If this becomes the case with iIntegrated
systems then there will be some risks involved In using
them.

5 In the experiments, some of the subjects performed very
well, but if they were given an integrated system 1is
there not a danger of boredom and reduced alertness?

Conclusion

There seem to be arguments both for and against an integrated
system. Before it i1s possible to decide whether these systems
are desirable the system i1tself must be defined, and the
checks iIn the system examined. The work has demonstrated that
the standards of merchant navy navigation could be 1mproved.
The question is whether to seek this iImprovement by using some
sort of computer, by trying to improve the skills by better
training, or, what is more likely, some combination of both
that still leaves the navigator iIn the loop and being able to
decide how his ship should be navigated.



APPENDIX No 1,

Graphs of selected relationships.

When the relationships between the 17 variables were
examined, the computer was Instructed to plot the two
variables using the *plot™ command in **Minitab” (U7). This
was because the correlations were for linear relationships
only and there was always the possibility of higher order
relationships occuring. The examination of the data for
these relationships was considered to be beyond the scope
of the present work because of the circumstances in  which
the data was obtained using a basic simulator but the
possibility of a more complex relationship had to Dbe

considered hence the need for the plots.

The plots iIn  this appendix wore selected because the
author considered that they 1i1llustrated an interesting

relationship between the two variables concerned.

The reference numbers indicate the section of text

where the relationship 1s discussed.



List of Graphs

Ph Relationship Reference
1 Oscoro/Visual 6.a.l.2.

2 Oscore/Radar 6-il. 1.2

3 Pscoro/Visualp 6. tt. 3.2.
a Pscore/Deccap 6.a.3.2.

5 Lishts/Time 6.a. ¢1.l.
6 LIshts/Radar 6.a.a.2.
7 Error/Toline 6.5.3.

3 Error/Position 6.5.3.

9 Error/Decca 6. U. 5.5,
10 Error/Deccap 6. U.5.7.
11 Timo/Visual 6.a.6.1.
12 Tirae/Radar 6.a.6.1.
13 Toline/Moline 6.a. 7. 1.
la Toline/Position 6.a.7.3.
15 Toline/Visualp 6.a.7.5.
16 Toline/Radarp 6.a.7.6.
17 Mol Ine/Deccap 6.a.8. a.
18 Position/Visualp 6.a.10.3.
19 Visual/Radar 6.a.11.1.
20 Visualp/Deccap 6.a.15.2.
21 Decca/Radar 6.a.12.1.

22 Decca/Deccap 6.a.12.2.
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13 5 0 0

U 1 3 75 A
15 5 0 0 5
16 a 2 33 6
18 t 0 0 A
19 2 A 66 6
20 U A 50 8
21 7 2 22 9
22 5 A AA 9
23 1 .6 86 7
2U 0 5 100 5
25 7 1 1A 8
26 8 1 13 9
27 a 1 20 5
28 3 3 50 6
11l continued.

»Ject visual Decca Radar Sounder
1 11.5(E) 3 6 6
2 7 A 7 2
3 9 7 18 6
a 10 8 12 6
5 6 A 10 5
6 11.5(E) 6 7 5
7 A 6 8 3
8 5 A 5 2
9 7 7 6 5
10 8 A 8 A
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APPENDIX NO.ft

The Simulator LlIshts.

1 The operation of the Illshts.

The bulbs were wired In sroups of 5 on a board which
stretched across the end of the simulator above the chart
table (Chapter ftt fiss 1 and 5). They were set to flash on
and off by the controller i1n a manner which would appear
random to the subjects who were asked to los all the lishts

they observed.

To make this task as realistic as possible the the
subjects were asked to los the lishts iIn the same manner as
they would have at sea: thus the centre lisht was lossed as
ahead**, the [llshts at each end as on the port and
starboard beam respectively, while the remainins llshts

were lossed as ft points (It desrees) to port and starboard.

The order and approximate time in minutes 1nto the

experiment when the lishts were exhibited i1s shown iIn the

followins table: -

28



APPENDIX NO.a

The Simulator LIshts.

1 The operation of the lishts.

The bulbs were wired iIn aroups of 5 on a board which
stretched across the end of the simulator above the chart
table (Chapter t Tfi®s 1 and 5). They were set to flaeh on
and off by the controller iIn a manner which would appear
random to the subjects who were asked to log all the lights

they observed.

To make this task as realistic as possible the the
subjects were asked to lo« the lights In the same manner as
they would have at sea; thus the centre light was logged as
“ahead”, the Jlights at each end as on the port and
starboard beam respectively. while the remaining lights

were logged as U points (U5 degrees) to port and starboard.
The order and approximate time 1iIn minutes iInto the

experiment when the lights were exhibited i1s shown iIn the

following table:-
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Lights exhibited

er

10
11
12
13
la

15

16

17

18

19

in the Simulator.

01
03
05
07
09
10
i
13
15
Id
19
20
21
23
25
28
29
30

31

Colour
Oreen
White
Oreen
Oreen
FI1_.Red
Oreen
Red
Red
White
White
Red
Red
White
Red
Oreen
White
Whito©
Oec. Oreen

Red

29

Bearins

Ahead

A Pts. Stbd. W
A Pte. Stbd. ’
Stbd. Beam

Stbd. Beam

Port Beam

A Pta. Port u
Stbd. Beam

Port Beam

Ahead L
Port Beam

A Pts. Port

Ahead

A Pts. Stbd.

A Pts. Stbd.

Stbd. Beam

A Pts. Port

Port Beam

Ahead



2 Th« construction th« «quipoient.
Refer to dl&srants 1 «nd 2

ICI» was half of a dual tinier connected to an (table*
the output of which wae connected to a divide by sixteen

binary counter IC3»

The output of IC3 consisted of four binary coded [lines
which were fed into IC5 & I1C6 which switched the normally
hi«h outputs to low for approximately 25 seconds. These
outputs switch sequentially from 1 to 16 on IC5 end then
are disabled by I1C4 which was connected as a divide by 2
counter to switch on 1C6 for a further count of 1 to 16

civins a total of 32 outputs.

The outputs of IC5 S IC6 were connected to a number of
L.E.D. which had their cathodes connected to mSvolts so

that as each output went low i1t switched on the appropriate

ICIb was connected as a monostable and set to *ive an
equal mark-space ratio of one to one which was connected to

a medium TFlash (.t .o .

IC2 was a dual timer connected as a pair of astables

one half of which was set to «ive a higher P_.R.F. than

30



1.C.I1b which resul ted in a Tfaster flash rate than the

medium Fflash L_.E.D.

IC2b was sot to sive an unequal mark-space ratio so
that the output was hi*h for a longer period than the low
(Occulting L.E.D.). A fast /reset switch was fitted so that
the cycle of switching always started at L.E.D.I. The
sequence of switching could be quickly checked by the fast

position which would run ICla at a higher P.R.F.

31



APPENDIX No. 5

Advance Publications.

While the experiments described In this thesis were

beln* carried out two papers were presented coverlns some

of the work described here:- i& L

1) eeCoastal Navigation as practiced™*. Paper road to a doint

seminar of the Royal |Institute of Navigation and the

Nautical Institute on Practical Navigation 1i1n Coastal

Waters. London December 1978. ¢

2) ¢eShould Navigation Aids be Integrated?™* paper read to a

Joint seminar of the Royal Institute of Navigation and the

Nautical Institute on the Selection and Display of

Navigational Information. London December 1981.



Ca151al ®wmvigatgjon Pract icyd
Captain J. Strange, BSc, MRIN, MNI

City of London Polytechnic

Most accident investigations point to the human element as being
the main cause. Recently we have the Christos B grounding off
the Coast of South Wales i1n a position that casts doubts on the
methods of navigation employed. A common theme in most of the
published reports on strandings iIs that the means available to
prevent the stranding or at least alert the crew to the possible
danger was available on board but had somehow been ignored.
Today with the consequences of large scale pollution we are
seeing a new interest in shipping safety and the old idea of
interest iIn a stranding only being the concern of the owner

and underwriter i1s no longer acceptable.

There are two current approaches to reducing accidents, one 1iIs
to ensure that the ships are properly equipped and the equipment

IS In working order. Secondly it iIs iImportant that ships crews
are properly trained and able to operate the equipment.

The approach for the research described iIn this paper has

to examine how seafarers navigate 1n practice rather than iIn the
artificial situation which exists for much of the chartwork
teaching. This research i1s needed because of the pressure t
improve standards. Some of the pressure relates

but more seriously there are moves to require certain 7
equipment to be TfTitted although there 1s no

action will reduce accidents and it could make the situation
worse by encouraging decisions based on an i1nadequate

The research 1i1s divided into two parts. Firstly, and already
completed i1s experimentation based on chart
investigate the subjects* reaction to various aids.
and 1In the plannin% stage, 1s a more _ i various
the subjects will De présented with video displays of the vario
ailds and their use of the aids will be examined.

Secondly,

In the Tirst part the subjects were presented with cards
containing navigational i1nformation and they —1tion
indicate on the chart provided what thiy i

vas. They were presented with more information than necessary

to fix their position and 1t was how they coped with the extra
infLraation aSd whether they rejected any, that was ~®"'8 examuied.
The area chosen for the experiments was the

chart number L D1 1179 was used. The _ ) ssjble
advantagI that there i1s land on both sides and so it

to use number of different aids

position lines. Kith the number of different P?®0“® @""*,JRber ,,F
separation schemes it i1s possible to put the ship

different but realistic courses.

The subjects were taken from among students studying for their
Master’s certificate at the College. The group w»® @®I®"

because of _their watchkeeping G*PRF®""®*" T®"f*“ * te N
to 15 and i1t was expected that their reactions would

representative of the standards at sea today.

The experiments were conducted 1In two phases, Tirstly a pilot



rly anit k pon this confixiricd the validity of the approach and
<d.s’ed some iInteresting results it was followed by a further
experimental programme on a larger scale.”

TJC results of the experiments were "interesting for a number of
reasons. The Navigational aid was found to be the most

important factor i1n determining the choice of a position and
fron the results an order of preference can be built up. Visual
bearings 1s the favourite, many of the subjects remarking that
they would always use visual bearings where possiblé. Decca and
Radar shared second place, a result that was surprising as

Radar appears to have the advantage of giving a picture of the
situation while Decca only gives a coordinate position. It seems
that the subjects had considerable experience of Decca to give
this confidence iIn the position. D.F. came last, many of the
subjects remarking that they only considered it to be of use as
a last resort. Some of the exercises were designed to see at
what stage subjects would use the D.F. in preference to other
aids and a number of subjects showed a preference for doubtful
visual bearings instead of a good fix with three D.F. bearings.
These results seem to show that i1nstead of objectively using

the best aid for any situation many of them have fixed opinions
of the various aids which they apply, regardless of the situation.
IVhether these views are based on their own experience or were
obtained from other seafarers 1is not known.

When it came to deciding on a position the

aid used, most of the subjects choosing a Position defined by
their favourite aid and i1gnored the other iInformation. Another
possible influence was to take a position that was closest to a
possible danger although i1n many cases because of the ships
course the ship was already clear of any threat. The
method of deciding on a position that puts the ship

was not taken up. Again this seemed to be an

than a rational decision. The most iInteresting ”“esu

the subjects tended to avoid the centre of a number of
lines or any position that represented a

positions, and representing an estimate of the

position. It seemed that they were content to accept POeAAN
defined by their favourite aid and use the other information as
a check on gross error, but not to try and use i1t iIn order to
arrive at a better estimate of their position. Some of
exercises were more complicated, involving more than two aids, or
involving one aid only with three position lines.

cases the results showed a random choice without any clear
preference for any particular strategy.

Two main conclusions seem to emerge from this "Otk.
the seafarers choice of aid and position is

by personal preference as by any appreciation of
Secondly that seafarers have not learned how
togetheV to get the best of each one. ~i1s work
that better traiining might be a more effective way
accidents than to put more equipment on a ship and possibly cause
further confusion.

JL-.e



SnOULD NAVIGATION AIDS BE INTEGRATED?
Captain J.L. Strange, City of London Polytechnic

Today the navigator"s problem is no longer one of lack of
information, as with the technology available there need no
longer be any doubt about a ship®s position. Rather, the
problem Is that there can be too much information instead of
too little. This revolution has not eliminated accidents,
but the matter is now one of presentation, and navigational
safety becomes a matter of communication and information
management.

»
One method of improving co9mmunications would be to present
all the navigational Information iIn one integrated display.
This would certainly eliminate some of the problems that exist
today and could mean that the navigator needs less training,
which should prove popular in today®"s economic climate. This
would mean that, to some extent, the safety of the ship is"
transferred from the navigator to a computer programmer which
might not necessarily be an advantage.

This paper i1s based on research carried out at the City of
London Polytechnic. It was carried out In two stages, using
students studying for their Master"s Certificate as subjects
for the experiments. They were chosen to give as homogeneous
a sample as possible, both In terms of experience and.age,
without the group being too restricted.

The fTirst stage of the work consisted of presenting the subjects
with cards containing navigational information, which they

were asked to plot on a chart and to decide on the basis of

this i1nformation what they would consider to be the ship®s
position. In every case the information, when plotted,

produced a "cocked hat" and i1t was the subjects®™ estimate of
position in relation to this cocked hat that was of iInterest.
From this work a number of conclusions emerged:-

D It was possible to establish an order of preference for the
different navigational aids. Visual bearings were the most
popular, fTollowed by radar and Decca, but it was not possible
to separate these two. The radio direction finder proved
to be the least popular.

2) The subjects preferred an intersection of position lines
for a position rather than some sort of weighted position
among a number of lines.

The second stage of the work was the construction of a simple
simulator with the help of some money from Shell International
Marine. This was based on the use of three video recorders
each playing a tape on which had been recorded information from
the radar, Decca navigator and echo sounder on board the

Sir John Cass. The subject was able to display any of this
information on a television monitor by pressing the app”priate
button. Visual bearings were simulated by means of a slide
projector where a scale was superimposed on a photograph of

the particular mark. A pen recorder was used to record tne
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time that the subjects spent watching each individual aid.

In addition a number of lights were shown for short periods
from different positions in the simulator and the subjects were
Tlkéd to lok thV position and colour of each light which they
observed. Each subject was asked to complete two separate

half hour runs along the Suffolk coast, monitoring the ship s
position during this period and finally producing an E.T.A.

~d a course to steer for a point further ahead.

The output of these experiments was the accuracy of the subjects»
navigation based on the error iIn their E.T.A. and the number

of lights which they observed. The inputs were the 17es that

the subjects made of the various aids which were available to
them. The relationships between these parameters were used to
try and build up a picture of how the subjects navigated.

When the errors in the E.T.A. were examined on their

showed a bunching at the lower end of the scale, the majority
being about one mile. For the purpose of this

of greater than four miles were treated as blunders ~d all the
tests i1nvolving errors were carried out both with ~d

the blunders included. The accuracy of the navigation the
different subjects was correlated against the other par”eters
which were, preference for visual or electronic position fixing,
time watchinl the aids, choice of two or

lines and number of positions plotted during N
The only significant result was a negative correlation of time
watching the aids and errors, but when this test was

with the blunders removed i1t became non signifient. It Ns
not possible to come to any firm conclusions about the bidders
because of the small size of the sample, only three out of a
total of 25 runs but even so this seemed to be too many, it
did seem that-the majority of blunders occurred when “ne
subjects spent less than the average amount of time watch”g
the navigational aids so there may be some connection here.

The fact that it was not possible to demonstrate any other
correlation between the errors and the other parpeters
"monstrates that the subjects, all qualified and experienced
navigators, were able to manage a straight forward
navigational task without a?y difficulty. The
did Sot seem to make any difference how they navigated, whether
they preferred electronic aids or visual

they preferred to use two lines for a fTix

more or how frequently they -fixed their position, seems to
demonstrate that over the time that they

they have evolved their own methods of navigation ~d under
normal circumstances these produce acceptable results.

The second outﬁut was the number of Q)

differs from the navigational errors output in that there was

a _much wider distribution, some subjects observing N
lights while others observed very few. This s®®R*“- *o0 ™®"°astrate

thit the subjects gave priority to the 2-n~tal«
tﬂe tas o¥'*ogg|n8 tﬁepllgﬁtsyas o¥ secondary |«B®rtmce-
which In fact was the intention i

particular result cannot be generalised to

for a navigator®s decision on priorities must depend on each
set of circumstances.



Wi n .-hor of 1ichts I0Rced was correlated with the other
;ar3»erers In UFixperfLnt. and this ti-e there w« » »eg.«ve
correlation between the number of lights observed and the t «
the subjects spent watching the navigational aids; the longer
they “pint watching the aids the fewer the lights they

observed This result when examined in conjunction with the
frroPs 1A n~“Uation suggests that although the nav”~”™ors
manaced to achieve acceptable results iIn terms of errore,

the length of time they needed to study the aids iIn order t
achieve those results varied and those who spent lrager look (¢
af™~em were less able to attend to the other watchkee?ing
duties as represented by the lights, ”~i1s was the n vy
correlation Ltween the lights observed and the 7?*>er
parameters and seems to show that i1t did not make much
difference what aids the subjects watted

be some evidence that some of the subjects 5°
identify the marks for the visual bearings and this tTOk
There was no relationship between the time taken and tte numb
of positions on the chart, whether the positions consisted of
?wo or more position lines. From this it would seem that it
J/>x not take very long to plot a position on the chart so the
subjects should be able to plot more than two position

in°the tine available. What did emerge was that Ae subjects
showed a preference for using only two lines to fix their
position Vather than the -ore generally accepted method of
Ssing at least three, although most subjects plotted a few
positions with three lines, presumably as a check.

From this work a number of arguments for and against the
integration of navigation systems appear.

The main arguments i1n favour are:-

Wn*t navigators prefer a position at the intersection of
two position lines, even to the extent ™ not

more than two lines. Even when more than

olotted there i1s a strong rejection of some ?
welighted mean position. In an integrated

system this weighting could be carried out by a computer
to produce more accurate results.

made <*‘«her uMise ~0o1«s Me second part

r/rhe”irrrrcaus“ *? US a?»°»t%omplete rejection in”e

No-dl:eM-plirrpiit“lrtre”"fel i firoT \ & “Aaldl*“"
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his other duties.

4) An integrated display could be designed to reduce the
influence of blunders.

The arguments against an iIntegrated system are:-
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It would be difficult to produce a safe computerised system
to deal adequately with the different situations which might
OoCcCur.

Those "subjects who are happy to navigate using mainly two
position lines may accept positions from N i1ntegrated
system without properly checking them. There may be a
temptation for all navigators to omit checking, ~less
sthere 1s some system built 1In which requires i1t to be
carried out.

A strong preference was demonstrated for

but there would be difficult to integrate pto the system
and so the introduction of such a system might lead to
their fTalling into disuse.

Most ailds iIn use today give some indication of the
reliability of their results; the mark for a visual

bearing must be identified, and the quality of e

picture gives some idea_ of the accuracy of

exception i1s the satellite navigation system where the
na”~1or 1s usually presented with %! ““ke 1t or leave 1T
situation and he has no way of evaluating

information is. If this becomes the case with iIntegrated
systems then there will be some risks involved in using

them.

In the experiments, some of the subjects perforaed very
well but 1f they were given an integrated system 1is
there not a danger of boredom and reduced alertness.

Conclus i1on

There seem to be arguments both for and against an integrated
lysiL! Sefore 1? 1s possible to decide whether these systems
are desirable the system itself must be defined, and

checks iIn the system examined. The work has demonstrated that
the standards of merchant navy navigation could be improved.

The

question is whether to seek this some

sort of computer, by trying to improve the skills */ "*tter
tracing! o?, whit is more likely, some combination of both
that still leaves the navigator in the loop and being a
decide how his ship should be navigated.
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