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WINGATE T.H. LASTER OF EDUCATION THESIS ABSTLACT

The development and testing of a multiple-choice programme
to teach systematic fault finding in electronic equipment.,

Fault finding, and theyepair of faults, in electronic
equipment used by the Royal FWavy, are presenting problems
which have become more and more difficult in recent years.
This is due to two main factors; the first beingt hat the
increasing complexity of equipment is producing a requirement
for higher levels of training, and the second facior being
the difficulties surrounding the recruiting and retention of
men with high levels of education and training.

Laintaining equipment in a ship at sea alsv presents
special problems due to the measure of self-reliance vhich is
necessitated by the ship veing away from home ports for
long periods.

In an attempt to overcome tihese problems, an investigation
was comuissioned to examine new methods of famlt finding., The
aim was to discover a new generalised method of fanlt finding
which could be applied to all elecirical and electronic
equipments, and to devise a training course which would
instruct men in this new metnod, if it improved psrformence.

Such a meinou w™as Iowiu, aua Ol weSulily Was uiscovered
vO work extremely well,

daving founu the method, inveswi_ation vhen vook place
as 10 the best way of ailsseminating whis intormation. 1n oraer
that training 1u vie new meuaou could taxe prace ia vhe fielw,
without vhe necessity ol bringiing men peck ©0 Ttraining
establlsiments, a teaciing programue of the multiple choice
style was written covering the fault finding method.

“his thesis covers the development and testing of the
methad of fauit finding chosen, and the riorous developaent

and testing of the teaching programme,

Both the method of fault finding, and the teaching
programme, have been accepted as standard for the electrical
branch of the Royal Navy, the acceptance Leing based on
the successful outcome of the investigation.
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I 0DUCT 101

The following work covers the develogment of a multi.le choice
programme in scranbled text form, designed to teach a generalised
method of 3, stematic Fa;lt Finding in any electionic equipment.

The develoyment was cariied out at H.Il.S. COLLIFGL00D, tue Royal
Naval Veagons and Zlect_ical School, whilst the author was on tie

instiuctici.el steiff of the cshablisirent.

Wig is a report on a specific aspect of the use of Jrograrized
Instruction, snd the.e is no generaglised discussion in the text of
Programmned Instruction theory and methods, or of the historical
developmpent of programmed instructidn, because this Would expand
the work to unmanageable proportions, A general knowledge of the

subject of Programied Instruction rmust therefore be assuned.

Although the period of development of this .ro.remie was betveen
Noveniber 1964 to Au_ust 1967, work vas rot carried out continwously
during this time., TFovever, these dates should be Lerne i nird
vher consigering .o ~ollowing work in the context of other work
carrcied out in this country and elsewhere. A general view of the
immediate histor%ca% development of programued inst.uction can

22

easily be found. A review of the other work bteing carried out

at the time of the development covered by the following thesis may be

found in the Proceedings of the 1956 Conference of the Association




(24)
for Pro.rammed Learning.

The theory a..d methods of Programmed Instiuction have already
\3,4525,50,33)
been well discussed in published works,
The specific subject of the programme considered here was
Systematic Fault Finding in 3lectronic Equipments. There has been &
. (1,5,7,16,19,32)
larpge amount of work on this subject, but the work
reported here represcents a basically new ap.roach. Previously the
line of attack advocated was almost invariably to base the method of
fault finding on a specific electronic or electric equipment., Detailed
faults were _iven which were said to be common ior that equipment, and
the recomnended fault finding and repair procedure was _iven for that
fault. lioreover, it has also been usual to include a section
dealing with the .se of test equipment such as oscilloscopes, signal
zenerators ana uweters. (42) As an example, this latter reference
goes rrom test equipment to s ecialised maintenance procecures, end
then to "... common faulis and now to cure them..." Some fault

finding courses have included such preliminary work as teaching the

colour code of resistors.

This type of ayproach outlined above is very wasteful in itime and
efrort for the purpose of Royal Havy electronic and electrical

technicians. It is im_.ossible to cover in detail the vast range of
equipment now in service in the Royal Navy, and some generalised

method is required. lioreover, test equipments and basic theory are
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already well covered in existing courses.

The method developed for the pro.ramue covered by this thesis
differs from the above methods in both res_.ects, Firstly, a level
of knowledge of electronics was assumed comparable to the existing
training, requirements. This level required that trainees would have
a working xnowleage of circuit theory for the equipment under
consideratim sufficient to-difrferentiate vetween normal and faulty
measurements and test results, The trainees were also required to be
able to operate the range of test equipment necessary for the iault
finding procedure, Secondly, ihe metnod of iault finding tau.ht in
this yro_ramne was complevely general and logical, and it could be

applied to any electronic equipment.

The agoroach described in tinis thesis is also rather different
from techniques usin_ the Pressey Punchboard. (22) In the
punchooard technique specific problems are posed and the punchboard
is used to check answers in tne fault finding sequence, Thié makes
it more of an eyuipment simulator device, compa.avle to the Trainer

(%4, po28)
Tester sheets used for testing during the production of the

method described in this thesis.

A further tool in fault finding techniques is that of the concept

of signal or data ‘low in the circuit. This technigque depends upon

monitoring si.nals at various points in the circuit and comparing
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monitored si_nals to expected signals. It has gp.eared under
. various names, &id in .act may be considered parily as related to the

(21)
well-lknown half-split method.

Use of this itechnique can occur in one of the stazes in the
fault rinding method advocated in ihe programne covered by this thesis,
but only if a schematic including ihe necessary signal iluw data has
been prepared for the equipment in question., Tais raises problems
of the vast amount of docuuentation required to cover the range of
equipment in service in ihe Royal Navy, and also in the scale of
some of the schematics which would be required for the very camplex
equipment. If any such schematics are already available for naval
equipment, then the use of these snould fit into the signal tracing
section of the fault finding method advocated here. If no schematics
are availavle, the principles behing his todl of fault finding can
still be used within the .ethod advocated, and this use is in fact
encoura, ed. unus the tool of signal flow, which has sometimes been
used as a method of fault finding complete in i.self, in fact fits
within the method discussed in this thesis as only one of the steps

in the overall method.

It can be seen from this discussion that the progsramie following
cannot stand as a fault findin, method complete in itself, It must be
precegded by eneral work on electionic theory and test equipment, and

followed by work and experience an specific equi.ments. In the actual



use of the programie this programued course in Tault Tinding was fitted
into existing courses to fulfili this requirement, and to allo. a
logical and _eneral metnod of fault finding to be used throughout the

Royal lavy.

At all stages of developueat of the pmw.ramme, exteusive testing
was car.ied out, and the total test population numbared over two
hundred. At the coanclusion of develo menrt and testing the work was

accepted as standard practice for all electiical personnel in ine Jloyal

Navy.

In 1964, vhen the work was com.ienced, vuhe history of Pro_iamued
Instruction in this country was very recent, and the Royal Favy, itself
one of the lealers and iniviators in the Jdovelopment ol ro_reied
Instiuction, haw oiliy wesh sSTUGYINE Lo SUDLIECT SELrlously 10T Luwo yeuls.
fias wurlk wuersture represents an early atteupt to use pregrammed
inst: .ction methods when compared to present day work and research.

There remains a great deal of work to be done in both the programming
field, and the subject of fault finding, and this can only bz a
beginning. ‘'he Toyal Wavy is continuing extensive developmeitt of

both of these subjects.

It was thought necessary to submit seveial ivems with this thesis to
facilitate study of the work, and To avoid over-lengthy descriptions of
technical details. A list of these items is included,. but br.ef

desrciptions are included in the text.
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Systematic Fault-Finding.
A Programmed Instructian Manual.
Printed in H.M.S. COLLINGWOOD, July 1965.

Reference number D.P, 65/6352.

Systematic Fault-Finding.
Programmed Instruction Manual Supplement,
Brinted in H.M.S. COLLINGWOOD, July 1965.

Reference number D.P. 65/6352b,
Engrgved "Clue Board".
Printed "Clue Sheet'.

Set of "Printechnic Trainer Tester Fault
Finding sheets" , comprising twenty faults
based on a superheterodyne radio receiver,

reference EL 53,
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Puncred "Clue Board'.

Book of solutions to the faulv finding
sheets in reference 5 arewnarea for use

with the orozramme under test.



CHAPTER 1.

PREPARATORY WORK

The ships now coming into service with the Royal Navy
are being fitted yith an ever increasing amount and
complexity of electronic and electrical equipment. on
comnissiming the ship is often fitted with sufficient
equipment in this category for the electrical branch on
board to be the largest single specialisation, and this
equipment is constantly being added to and modified during
the life of the shipe No part of the ship is immune fram
these changes, from the installatim of computor complexes
for the weapm systems, 10 automatic toasters in the crew's

mnesses.

In these circumstances, the servicing and maintenance
of this electrical equipment is a task which is becoming

more complex and diverse every year, besides having a

steadily increasing growth rate.

The responsibility for this task of servicing and
maintenance falls upon the electrical branch of the ship's

complement, and the overall size of the electrical



The particular requirements of servicing and
maintaining & ship whilst at sea also mean that there are
special problems concerned with the training of the
persannel who have been recruited. Although the ship
can come into the dockyard for major overhauls and repairs,
the vast majority of servicing must depend upon the unaided
resources Of the ship itself., The mgjor resource of the
ship is its crew, and thereiore the crew must be trained
to carry out any servicing and maintenanee necessary
without relying on dockyard assistance. As the
accomnodatian on board a fighting ship is necessarily
strictly limited, sufficient personnel cannot be carried
to provide experts for each main item of equipment. mvery
man must be capable of performing several tasks, and every
man in the electrical specialisation must be capable of

servicing and maintaining several types of equipment.

In fact a small degree of sub-speciglisation in the
electrical branch does take place, with the persamnel
divided into three main branches., These three branches
are as follows :

(a)  Ordnance
(b) Camtrol

(¢) Radio.
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As a general guide, the duties of these sub-specialisations
can be described as folléws :

(a) Ordnance - Weapons systems

(b) Control - Heavy electrics

(¢) Radio - All radio and radar equipment,

together with associated equipment.

However, the variety of equioment in each sub-
specialisation is still extremely diverse, and the strict
allocation of responsibilities is virtually imphossible,
on, for instance, a full weapons system with elements

of all the three above divisions.

Broadly speaking, each man in any of these sub-
specialisations must be capable of performing any task
within the sphere of that group, dependent, of course,
on the level of his technical ability. He must therefore
understand the operatio of many different types of equipment
and must be capable of performing the maintenance schedules

and servicing on that equipment.

In the electrical branch of the Royal Navy, the
training policy is therefore to give a broad theoretical

basis of understanding upon which to build detailed



knowledge of specific equipments, Vhen the actual aount
of equipment fitted in ships was less in quantity and
complexity, it was then possible to follow up this general
training with specific training on maintenance techniques
and servicing on particular equipments., One of the main
items in this training was the technique of fault finding

on that particular equiovment.

This was done by providing special courses which
would be taken by a man going to a certain ship, and
would consist of instruction o the specific equipment
which he would be expected to maintain o that ship.

The length of this course could vary a great deal
corresponding to the amount and comolexity of the
equipment covered, and the fault finding technique taught
during the course dealt only with that particular item of
equipmer ¥, not cmtaining any general fault finding

instructim.

However, when the men were required to ve capable
. of servicing any of a large range of equipments, 1t was
no longer possible to include detailed fault finding
techniques in these training periods to cover all the

equipments the man was likely to meet.
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specialisation, together with the proportion of the ship's
complement with this specialisation, is constantly
increasing, However, the special problems involved in
maintaining a fighting ship in front line readiness whilst
at sea are not solved by the simple expansion of the branch
involved.s As the equipment becomes more complex and more
diverse, a higher level of technical training is

required for the electrical branch,

If the need for higher levels of technical training
could be offset by the recruitment of persmnel of a
higher standard of ability and training, then the problem
would be very much simplified. However, the electrical
branch has for some time required the highest standards
of the entrants to the Royal Navy, and this problem
cannot be rectified by tThe intermal drafting of persomnel,
Also, 1in the pgrowing technical society of the world at
large, competition is already very keen for persons of
high technical ability and training, The result of this
situation is that the Wavy is finding it very difficult
to maintain the standards of entry, and almost impossible
to raise them., Thus the situation cannot bebremedied

by demanding a higher entry level.




Noreover, with snips being designed for soecialist
roles, the equipment an board each ship was necessarily
rather different., It is not possible to leave a man o
one particular type of ship for an extended period, as
in fairmess to the man's domestic life, he must be allowed
to serve in a variety of shipd giving some time in home
waters, and also giving some time ashore, If the man
were then given specific training on each equipment which
he was likely to encounter in his next ship, he would be
spending a much greater proportion of his time on courses

than in performing his alloted task in the Royal HWavy.

This situation was worsened by the increasing
complexity of equipment and the correspondingly increasing:
length of time required to give this detailed training.

In an extreme case, one course in detailed techniques

t ook ap.roximately one year to comvlete. It was
obviously impossible to give this sort of training every
time a man Jjoined a new ship, which would be an avera.e

of once every two years.

In view of these problems, it was thought that a

possible solution lay in continuing the broad theoretical

training in basic principles, which was already in




existence in the training schools, and attempting to
find a method of fault finding which could be taught in
a specific faulf finding course, and which would be a
ceneral method applicable in principle to any electrical
or electronic equipment. The author was given the task

of investigating this possibility.

The following task requirements were given 3

1. To instigate an investigation into the
p0ssibility of discovering a peneral
method of fault finding in electronic
and electrical equipmen t, which would be
generalised in content and which could be
applied to any type of equipment.

2¢ To formalise such a method, if found,
and discover the degree to waich it would
assist in fault finding techniques.

3. To discover if this method could be taught
to the normal entry level of electrical
trainee, and to what higher levels it
would also be of use.

4., To initiate a pilot scheme if the above

requirements were saiisfied, and to carry

out an investigatim of the imirovement,



if any, in fault finding nerformance

shown by trainees teking the course.

The method had to be a systematic, logical,
develooment, which would appeal to the trainees,
Unless the method could be seen to produce results, it
would be extremely difficult to justify any time and effort
spent n this training, both from the trainee's osoint of
view and from the training administration point of view,
Horeover, unless this could be dane in a reasonably short
course no advanta_e would be gained, as manpower shortages

precluded any drastic increase in training time.

Pollowing from the task requirements, an investigatim
was started to determine whether such a general nethod of
fault finding could be discovered. The first task was
to casider any existing publicatias on fault finding in
electronic eq.ipments. Many such'gublications vere
investigated, but almost invariably these ccasisted of
specific fault finding detail on stated equipments, with
little or no informatiom on generalised fault finding

(1,5,6,12,32)
techniques.

The general line of attack advocated by the autnors




of these works usually started from a list of common
faul} symptoms in that particular equipment., It then
gave the actual fault conditien for these particular
symptoms, and the method of confirmidng this diagnosis.
This was of no use in the investigation into possible
genergl fault finding methods for use in the Royal Navy,
firstly because none of these works was applicable to
service equipment, and secondly to produce standard
works using this method for service equipment was not
praticable due to the vast range and complexity of service
equipment, requiring very large lists of possible faults
running into hundreds and often thousands of possible

faults for each equipment.

However, some work produced by the United States
Navy for use at the Polaris School seemed to offer a
starting point?- This establishment had produced a method
of fault finding based on the use of six basic steps in
a certain order, These steps were shown in a simple
flow diagram, and the methad of fault finding was based
on following information flow through. this diagram. The
titles of the six basic steps, in their correct order,
are shown below :

(a) Symptom Analysis




(b)
(c)
(a)
(e)
(£)

Equipment Insnection

Signal Injection and Sirnal Tracing
Voltage and Resistance Measurements
Substitution of Components and Reoairs

Performance Tests,

The flow diagram for the correct use of these

steps is shown overleaf,
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A brief description of each step is as follows :

1, Symotom analysis of the multi~-unit eguipment.

Firstly a multi-unit equinment 1s one made in
several different sectios, each section being a separate
unit, the complete equipment cmsisting of the separate
sections connected electrically. Each section or unit
is a physical entity in itself. Symotom analysis is the
consideration, or analysis, of the facts, or symptoms,
which are known concerning the fault, Such symotoms
could range fram complete breakdown of the system, %o
interference showing in the loudsjeakers or display screense.

Faults can also be divided into three types :
(a) Catastrophic - complete breakdowm.
(b) Non-Catastrophic - system operates but
not at peak efficiency.
(¢c) Intermittent - a fault which is not
always present.
If at this sta.e the fault is not isolated to me
particular unit of the equipment, then the ricnt hand
branch of the flow chart is followed. 1f the fault is

isolated to one unity; then the left hand branch of the

flow chart is folléwed.

2. External inspection of the multi-unit equipment.

An examinagtion is made of the outside of the




cabinet or container of the whole system to try to

determine facts such as broken conections between wnits.

3. Signal tracing or signal injection.

Signal tracing is using an oscilloscope or other
similar device to trace the passage of correct signals
between the units of the multi-unit equipment.

Signal ;njection is injecting the correct signal to
various points between the units to determine whether the
correct final output is obtained.

In each case, the object is to discover the actual
unit which contains the fault, witnout going inside the
units at all.

In each case, a method knowm as the "half-split
method" is used to cut down the number of actual steas
taken. This consists of injecting or tracing the signal
at the mid-point of the suspected faulty area, thus
determining which half contains the fawlt. This is

continued progressively until the faulty uvnit is traced.

4 Symptom analysis of the single unit.

This step is similar to symptom analysis of the
complete system, except that in this case only the faulty

unit is considered.




5e Complete inspection inside the unit.

The unit which has been determined to be the
one containing the fault is now subjected to an internal
visual inspection, the object being to determine any
immediately apparent faults without the use of test
equipment.

If the fault is now isolated to one stage, that is
an area of the circuit having me particular functiom,
then the left hand branch of the flow chart is followed.

If the fault is not isolated to one stg.e, thnen the

right hand branch of the flow chart is followed,

6. Sipnal injection or signal tracing in the faulty

This step is similar to the previous signel
injection and signal tracing except that it takes place in
the unit which has been determined to contain the fault.
It has the object of discovering the sta.e of the circuit
which is at fault,

The '"half-split method" is auain used, but in this
case the test points are the circuit points between the

stages contained in the unit.

Te Voltage and resistance measurements.

The previous steps should have isolated the




faulty stage, and now fault finding is pursuved by taking
voltage and resistance measurements around the faulty sta_e.
The object of this test is to aiscover the actual

component or connection which is at fault.

8. Repairﬂggg[pr re )lacement,

The fault, having now been isolated by the

previous steps, 1s repaired.

9. Performance checks.

These are carried out on the system as & whole

to check the validity of the repair,

This method as described above provided a starting
point for fulfilment of the first requirement of the
investigation, namely, a general method of fault finding
in electronic and electricdl equipment had been discovered
wnich could be genmralised in content and which could be

applied to any type of equipment.

This basic method was investi_ated in an efiort to
determine the extent to which it would prove uszful in the

situation under consideration. A vrecis was produced of

the method, and this was circulated a.ongst interested
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personnel for cumment. In the light of these comments,

a Trevised version of this method was adopted as the basis

of the fault finding method which would be taught in HOKQS;
COLLING.00D in an attempt to discover whether a basic methoa

of fault finding could be usefully and easily taught.

The revised method of fault finding is summarised

on the flow chart shown overleaf,

J
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This type of flow chart has become known as a
dichotomous choice alzoritim, and the use of charts
such as these was discussed e xtensively at the 1967
Conference of the Association for Programmed Learning. (23)
The chart is self-explanatory, being entered at the
START position, and then following the instructims

implicitly. A loop facility is provided so that

unsuccessful atteupts re-enter the flow sheet.

The formulation of tnis method fulfilled vart of
the second task requirement. This was to formalise a
method of fault finding, and to discover the degree to

which it would assist in fault finding techniques,

To fulfill the second v»art of this requirement,
the method was again extemsively circulated amongst
expert personnel at all levels, in an attemot to discover
whether it would assist in fault finding techniques.
From the full commnents received on this revised method,
it was decided that it would assl st significantly in

fault finding techniques, 1if the subject could be

adequately taught.

This then led on to the third task requirement,
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to discover whether this method could be taught to the
normal entry level of electrical trainee, and to what

higher levels it would be of use.

It was thought that this course would not easily
lend itself to conventional methods of instruction for
several reasons. These were as follows s

(a) As this was a new venture not catered
for in the syllabus of any existing course, it would
probably be necessary to include extra time in the
present courses for this purpose. In the riglid system
of military training it was not particularly conveaient
.to write into specific courses some extra time in which
this fault finding course could be developed.

(b)  Any development of the course would have
to be with a test population which would be a floating
one, not necessarily all being available at the same
time.

(¢) It would not necessarily be convenient

to provide a full time instructor for the course as this

was at the outset anly exyerimental development.

There were also difficulties associated with the

Tuning of the course as an established one if the trial




nroved t0 be successful, The course would be required
to be given to large numbers of very diverse tyses of
trainees, as it was enviseaged that if the course was
successful it would eventually be given to all members

of the electrical specialisatim of the Royal Havy. Some
of these persomnel could be given this fault finding
course as part of existing courses already programmed, but
there would still be a large number of personnel who were
not expected to be included in a formal course at a
training school for a lang interval, and even some
personnel who would not be expected to be included in a

== (29 1)
formal course for the remainder of their service.

It was therefore decided that here was a situatim

in which the benefits of programmed instruction could
530
prove to be particularly usefufﬁlz ;ggre was already in
existence a nucleus of experienced workers in the field
of programmig instruction among the staff of H.M.S.
»

COLLINGWOOD, amongst these being tne author. liost of
the rejports dealing with this work are Royal Navy or joint

service renorts, and as such are not generally available.

However, those which are more readily available are given
at the end of this thesis.

- (23,2",’2_5‘27.2%‘707'31‘ 3 ‘37' 3‘5‘3‘5"*2))
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Yearing in mind these consideratiors conceining the
actual running of the course, and the success wanich
had been noted in previous experiments by the Royal Havy
- - * - . 3
in the use of -rogrammed instruction, permission was given
to the author to proceed on the development of this method

of fault finding with a view to producing it using

poogrammed instiuction techniques.

It is of interest at this staze to swmmarise the
formalised ideas of ir. D. Wallis, Senior Psychologist
of the Naval Manpower Divigsion of the linist.y of Defence
(Havy) , concerning characteristics of an ™"igeal"
training course. These ideas were vresented in a naper
entitled " Production and Maintenance of Human Canacities
in Manpower Systems " at a conference held in Brussles
by the NATO Science Com.ittee, entitled "Operational
and Personnel Research in the Lanagcement of Kannower

(1)
Systems " , in 1966,

Ir Wallis was at this time ensaged in training
research for the Royal Wavy, and one of his narticular

subjects was program.ed instruction.

s (8 9, 0,206, 57, 36 37 3%)



22

In this paper, the principal characteristics of an
"ideal" training course would consist of at least the
six following features :

() a clear and c omprehensive statement of
ob,ectives, couched in behavioural terms. They are
identifiable as the final output of the systems,

(b) the skill or informetion to be acquired
is broken dowm into stens or items, each of which is a
necessary prelude to its successor, and is capable of
being handled in ame "cycle" of the instructional process.
The steps are displayed and responded to in a continuous
series. Bach resnonse is an intermediate output of the
system, indicative of any progress in learning.

(c) a particular sequence of instruction
which is appropriate to each student. it is derived in
the first place from a »rior analysis of all the successive
skilleu behaviours, or increments of knowlecge, waich
the designer has decided may have t0 be taught during the
orogress towards achieving a final output. This ceneralised
sequence of itemised data and instructions serves the
purpose of injecting an initial, ©vut not inflexible,
programme into the system's information store. But the

actual sequence experienced by any individual student can

be modified as instruction proceeds, under the control
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permitited through feedback of his particular oro_ress.

(d) a means of eliciting and recording
regponses from a student throughout eacih cycle of the

entire sequence of instructional steps.

() a facility for continuous comparison
of actual behavioural outputs with the responses which
ought to occur at each sta, e, A mechanism will orobably
be needed to subverse this functiom 1f the instruction
apolies to complex skills such as manual tracking or
target classification. Under other circumstances a
human instructor, or even the student, may be canable of
exercisin, the role, The results of comparison are at the
earliest practical moment brought to the situdeni's notice,
verhaos after some filtering or modification by the

controller,

(f) a built-in set of decisim-rules,
operating as a "controller" uwvon data from the ressonse
comparator. It is on the basis of these rules that the
information store will be directed to display confirmatory

or corrective feedvack, and to introduce new or remedial
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steps towards the system's objectives., Decision~rules
correspond to a ‘"stmategy" of instructian; and
whatever set of them is actually adopted will be an
expressim of the designer's owm exnerience or ovreferred

theory of instruction.

These remarss gre included here as it is of interest
to note the similarity between the method of gp_.roach
used in the development of the fault finding srogramme,

and the formalised method advocated by Wallis,

Having decided that programmed instiuction offered
the best chance of success with this course, the accepted
precepts in the preparation of a pro ramwed course were
followed, Questions of space do not allow a general
discussim on the principles, merits and organisation of
 ogrammed instruction in this work, and lies outside the
scone of the reference. However, several references of

standard works on this subject are included.

The model of an instructional system talien for the

development of this course is showm in the diagram overleaf.
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This is a closed-loop system, analasous t0 a servo
system, in waich the feedback is immediate and

continuous,
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The stages in the preparation of a teaching oro, ramme

to fit this model can be sumiarised as follows :

1, Task analysis

2. Declaration of onjectives

3, Construction of critericn tests

4. Determination of knowledge and abilities
among p-ospective students

5e Pehavioural analysis

6. Construction of instructional system

7. Assessment of training effectiveness and

. (Qgiz,ZO'zﬁ
efficiency .

The first step of task analysis had alreaay been
carried out by a study of the tasks of all ratings in the
Royal Wavy. The contents of this report are classiiied
but deal very fully with the task of the ratings at sea.
This in fact complated the first stes in the sroduction

of the systen.

The second sten was to declare the training ovjectives

for this particular course. Again, this had been
considered previously in the task requirement given to
the author and may be summarised as an objective that the

trainee given this course would have g significantly
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better fault finding psrformance than the trainees who

( f% IZI )

were given only conventional courses.

The first practical difficulty arose from the questim
of how to measure fault finding performance, and thus to
judge in the objectives had been fulfilled. This
constitutes the tnird step of the construction of criterion
tests, The most obvious aiuswer was to set the trainees
fault finaing tests on actual equipments in use in the
Royal Navy, and to devise a method of marking performance
in vhese jests. This was not found to be practicable.

For the test to bs valid, no error in results should
occur due to insufficient knowledge of the actual equipmenc
chosen. Also an equipment would have to be chosen which
all trainees would have covered in theoretical courses,
and with which there would be no samoling error due to
differences in familiarity with the actual equivment.
Moreover, the marking of periormance on an actual
equipment would be very tedious and involved, requiring
a staff member standing over each trainee during his tests
and marking his individuval fault finding werformance.

With these difficulties in mind, a search was therefore
instituted for a criterion test which could use an

equipment simulator to eliminate these difficulties.
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An almost ideal solution was found in a comaercially
produced simulator produced by Printechnic under e trade
nane of "Irainer tester sheets"(f@) Examnles of these
sheets are submitted with the thesis to avoid lengthy

descripotions, but a brief descrintion is felt fo be

useful at this sta.e.

The actual sheets chosen were concerned with a
superheterodyne radio receiver. This tyoe of receiver
is more usually called a superhet receiver, and is ithe
normal type of radio sold commerciglly today. It first
converts tne received radio frequency to a staudard
frequency to enable a simplified cirmuit with fixed
tuning to be used in thz majority of the receiver, and then

detects the message being passed in the transmission.

The use of these sheets immediatelg eliminated any
difficulty due to trainees not being familiar with the
equipment used for thz tests, as all members of the
elecirical branch of the Royal Navy cover this egquinment
in the basic course vhich they are given on entry. Also
as the circuit was not me encountered in the normal
events by personnel working on naval equipment, although

the general type of circuit was fully understood, there
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would be no errors in the resulis que to differing

amounts of familiarity,.

The sheets camsist firstly of a full circuit diagram
of the receiver., This is complemented by a large scale
photosraph of the actual receiver, clearly showing all
electrical componentis. A numberin_, system is uszad so
that the circuit diagram can be related to the actual
lay out of componentvs in the receiver, thus including
one of the first measurable parameters in fault finding -

the ability to trace a circuit through an actial chassis.

Twenty diflerent faults are coversd by the series,
eachh fault having a separate test sheet. The fault
symptoms are ;iven at the head of the shest. Almost
every test which could possibly be made on thz circuii is
listed on the sheet, with the answers to all of the tests
covered with an overlay. If the trainee wishes to
investifate the result of a specific tesi.ithen he rubs ous
the overlay for that particular tests  For examsle, the
trainee might wish to measure the volta._e at a varticular
point in the circuit. His first move is to find the exact
point in the circuit diagram. He then atiemdts to match

this point in the circuit with a numbered voint in the lav

- . e - SN R .
- L H . h s LSSy
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out Ciagrram of the receiver, This ~ives him the reference
of the point in question. He then ~oes to the arprooriate
fault sheet, finds the reference number, enters the
column for voltages against the particular reference number
and rubs out that particular portion of the overlay.

When the overlay is rubbed out, the answer to the test
then appears, and a opermanent record is left of thc fact
that the trainee attemoted to find the fault with that
particulat test. It is recomiended that each tast is

numbered in the order in which it was attemited.

The trainee continues these tests, numbering each
test in turm, and attempting to gradually narrow dom the
faulty area, and eventually to determine the exact fault.
When he considers that he has found the fault, he goes
to the repair and renlacemeat section of the fault sheet,
finds the reference number of the suspected component by
comparing the circuit diagram and the lay out panoto ranh,
and rubs out the overlay. Underneath the overlay is
shown either "SR" i.e. symotoms remain, or "FC"

i.e, fault cured.

A permanent record is left on the actual fault sheet

used showing which steps were t aken to rectify the fault,

and the order of these steps. It is then extremely
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easy %0 (o tarough the particularialt questioning the
trainee as to his metnod of fault finding, and his
reasons for making the tests he did in the order showm o
his fault sheet, This gives a permanent record of fault
finding technique which can be scored accurately, and
which provides an excellent situation for remedial
treatment, It is felt that these sheets are timus ideal

for the testing of fault finding performance.

A preliminary test was carried out on these sieetis
to check their suitability, and to decide upm the best
way of administering the tests., It was not thousht
necessary to give each trainee the whole series of tests,
and after further investigation it was agreed that a
pre-test consisting of three separate faults, ana a post-
test consisting of three sevarate aults would be adequate.
Tests were then administered to individuals of a wide
range of ability to discover the actual feasability of
using these sheets with the far;et populatiom. The
results of this test showed that in fact these sheets
were almost ideal for the ourpose of criterion tests
for a teaching wogramme, and that further detailed

consideratim could be deferred until the aciual teaching

vro_ramme was at a more advanced stage.
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This successfully concladed the third stage in the
development of the nro.ramme, namely the constzuction

of criterion tests ( Vide suvra p. 26 ).

The next two steos in the production of the vro.ramine
had both been previously covered by service investigatims
and thus no further work was necessary on them. Thus
the next stage was the constructim of the actual

teaching nrogramme,
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CHAPTER 2,

PREPARATIWN OF THE PROGRAILE

The first cmsideration was the broad outline of
the programme., It was d&cided that the most sensible
attack would be to divide the programme into six sections
to correspond with the six basic steps in the method of
fault finding. These six basic steps are :

(a) Symotom Analysis

(b) Equioment Inspection

(¢c) Signal Injection and Signal Tracing
(d) Voltage and Resistance Measurements
(e) Repair and Replacement

(f)  Perfamance tests.

Therefore the first six sections of the programme
would have these titles, and each section would deal

with one step in the method.

These six sections would then be followed by a
further section which would mould the six basic steps
into a composite method of fault finding. It was decided

that this secti.n would take the form of examoles of
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fault finding in specific cases on a selection of electronic

circuits.

Space does not allow for a full discussion o the
P

merits of the vardous tyoes of teaching orogramme; such

st (26 29)

as the linear, branching, skip or adjunctive prozrammes,
or to follow the ideas of early workers such as Skinner,
Pressey or Crowder, but ithese tooics have already been
fully covered in a large number of publications.

Illoreover, the majority of teachin, pco, rammes written
today bear little resemblance to the original, 'Classical"

ideas of Skinner.

Iliany of the early programmes were written in a linear
svyle, possibly because tlis was taought to be easier
to handle. Hovever, it was tThe accepted opinion in the
Royal Navy that linear pro_rammes we.e not thzs test venhicle
for producing piosrammned instruction courses. The wain
criticism of trainees given linear programmes was of
boredom with the very slow progression of information.
Research into pro.rammed inst.uction in the navy therefore

1
coalcentrated on multiple choice braiiching pro_ramtes,

1. R.N. Programmed Instruction Memorandum 1/66
Devartment of the Director General of Naval Training.
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In the light of wvais previous exverisnce it was felt
that a pro;ramme employing the tec:niques of multi)le
choice branching would be most suitable, and therefore

(cfw)

development of the estual programme could procecd.

In the early sta_es of production a close ldaason
with the late Richard Goodman and his associates of t a2
Department of Cybernetics and Computing of the Bri _hton
Collese of Tecmoloyy was maintained. The actual fecanicue
of writing may be sumiarised by tne follow.ing .oin steos
1. Analyse the criterion for terninal
behaviour and checx their validity.
2e Presare decailed notes of course content
to . ive the blasis of a course which would »nroduce this

termingl behaviour.

e Divide t ne course into well defined sections,
each witn g specitic DJurpose in thz break dom of tae
teaching method.

4. Construct a criterion test for eaca sectim
which would fully cover the contenis of that sectim,
placing the correct amount of emphasis on each topice

5 Develop a logical and satisfactory

pro.ression of steps wnich would cover the section and

which gives the correct information in an aasi.dilable




fashion to enable a trainee to pass the criteriom test,

6. Break dom the progression of steds
further to give the spine, or main frames, of the
oz ramme

T Revise the spine,

8. Produce subsidiary frames, including
questions and answars,

9. Revise the subsidiary firames.

10. 8cramble the frares,

11. Test.

Depending on the actual results obtained in step
eleven above, a loop could uevelop in the pro;ression
the size of which, and number of tours, would de:zend
on the actual circumstances encountered. It is not
possible to pive actual rules for this loop, but it
should be maintained until a satisfactory result is
obtained to the test. Assuming that a correct itest
sequence has been devised, it should be possible to
discover the exact nature of the erivor in the oro:ramne
which is causing the wisatisfactory test result. This
may be a simple error in frame cotent, or a more

serious error in development of ideas.
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The first step in this production seguence had,
as mentioned earlier, ween already carried out, The
terminal behaviour ror this .roun of electrical trainees

R

had been laid dowm by a fleet Vorking Party. Therefore
the first actual sten carried out was to prepare detailed
notes of tne course sonteat to .ive the basis of a course
which would produce tais terminal benaviour. These
notes were based on the flow diagram giving the actual

1
method of Bult finding to be used .

When these notes had been produced, ihey were :iven
as much circulation as possible amongst interestad
persons 10 assist with the revision., This piincinle
of extensive circulation and revision was maintained
throu, hout the nroductiom of the programme., It is
cmsidered important that this is done, as no matter now
experienced the writer, the pro.ramme cannot failt do
be iﬁproved by su:gzestims gathered from other workers

in the same field,

Heving satisfactorily completed this staze, it was

then possible to proceed to the next step of dividing tae

1. Vide supra 2. 17.
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course into well defined sections, each with a specific
purpose in the break domn of the teaching method. This
was acain completed very easily, as the course naturally
broke dowm into sectioas to corresyond to the six main
steps in the faulv finding method, each of which had a
clear and specific purpose. lioreover, it had already
been decided to follow these six basic sectioas wita a
problem section in wnich the main steps would be combined

into a composite metuod.

Vork then pro-ressed through the production stevs
as far as production of the spine of the ovro.ramme,
continuing with the requiremeni that all work should be
revised as uuch as vossible by several persos, so that
the end result was in thz best possible condition.
In particular, having decided upon a particular
development of ideas to cover each section, 1t was very
easy to check the spine azainst this pro.ressim in order
to aetermine that the lozical o ogression of the course

was maintained.

When revisioa of t..e spine was compla.e, then work

could berin on the production of tne subsidiary frames.,

This included aduin,; questions and answers to the completed
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spine frames. Durin,_ this sta,e slignt difriculties
were eacountered vitn several of th: frames. The
precepts of previous work done in pro,rammed inst:uction
all necessitated the response of the student, in this
case by the question ana answer tecanique. Zowever,

it was thought tinat to include questions on avery; Jraue
if this was for the sake of asking a question rather than
for the usefulness of the question was not a ; ood
programiing tenet. Therefore a comnromise solution
had to be i1ound vhere as manv frares s mossible had -
grestin and enswer technique. However, this me not

allowed at this sta,_e to be an absolute requirement.

Bach frame for vhich a question and answer routine
was not thou;ht to be desirable then required furtner
investigation, If the information contained m the main
frame was not sufficient to warrant the inclusion of a
question to cneck thz effectiveness of the exvlanatim,
then there was a possibility that the frame did not
contain enougn information. There were obviously some
bridging frames which aid not need this consideration,
but there were also soue frauwes where the inlormation
given was not sufficient to ask a pervinent question.

The obvious solution, and the easicvst e, was to
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presume that these iJra:res should be extended to e combined
with the following frame thus containing sufficient
information for the question technique. In most cases
this was found to be possible, but there were a few
frames where thisvas not thought to be a feasible

solution.

une of the mein considergtions in the ori_inal
writing was to limit the number of words, or the total
content, of each framne to a size of the order of one
hundred and fifty words, or its equivalent in content
where dia.rams were included. Thisvwes taou nt To oe a
very necessary requirement, as the e xperience gained from
writing previous programmes was that facing a traineq
with a seemingly large amount of material on a frame would
produce a form of rental blockage a.ainst this info mation,
or would more simply result in an unconcious refusal to
assimilate all of the information contained on that
particular frame. Althourh no absolute tests nad been
carried out to deteimine the exact amount of information
on a frame to orovide the most efficient form of
communication, it could be said that this maximum of
one hundred and fifty words per {rame was an informed and

well considered estimate, Looking forward to the conclusions
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of the tests carried out on tihis prosramme, this estimate

would appear to be well founded.

A further cunsideration in the f rame writing was to
attempt to avoid the overuse of such terms as - "Good,
you axe correct", or "Well done" . It is felt that in
meny vrosrammes the use of these terms is overdone.
Althou; h reinforcement is required when the trainee :ives
the correct answer t0 a question, and encoura_ement is
required for those who are not doing so well, there are
many criticisms of this technique of always including a
congratulatory vhrase. The trainees have often felt
that they were being talked down to. Sufiicient
encouragement should be given in most cases by the mere

fact that the trainee gave tne correct answer.

In this programme an atiempt was made to give
confirmation and encoura ement without the overuse of

these terms.

Purihermore, when a trainee selected the incoriect

answer, it was not felt 1o be reasonable to continually

say :- "No, you are wrong'" , as this could have
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equal}y diasadvanta;eous results., Confirmation was given
by the repeating of tiae question and the trainee's answer
and showing that this was in fact t he correct answer,
The tecinique of repeating the question is thousat to be
ext.emely important as the trainee does not always
remember the exact words of the question once he has
passed on to the next frame. If the questim requires a
mathematical or a technical solution a reveat of the moin

facts of t he question provides valuable reinforcement.

By omitting the constant repetition of the teims
discussed above, a source of irritation was removed,
but confirmation of results was retained. In cases vhere
trainees were recording poor performances in tn: ansveis
which they ave they ere not overly discourared by the
comstant repetition of the term "No, you are wrong" |
and the only true measure of performesnce was o:ro0-Tess
throu h the pro.ramme. Althou-h this was not thougnt to
be an ideal solution by everyme, it is believed that the

results obtained by the use of this programme, discussed

in following chapters, support the use of these tecimmiques.

When the subsidiary frames were all prevared, a

further final check on the frame sequence and content was
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carried out. The next step in the sequence would be to
scramble the frames, However, before commencing the
actual mechanics of scrambling, it was necessary to
decide upan the format of the completed programme in
order to allow for any spscial requirements of thet

B (29 30 7)
particular format.

It is possible to produce a scrawbled programme eitner
in a suitable form for electro-mecharical teaching
machines, or in the form of a scrambled text. It had
not been necessary up to this point to take a decision
on which form to use, but now the advanta,es and
disadvanta es of the two main t,nes of format hed to be
considered and a decision taken to oproduce the prosraimae
either for use in a teaching machine, or as a scra.bied

text.

A brief sum.ary of some of the advarta_es and disadvantaces

for each particular method are as follows

Advantages of machine oresentation.

1. Good nhysical presentation is possible.
2. The machines generally have a high cheatproof

aspect.
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3. The machine gives an almost instantaneous

Presentation of the next frame in the sequence.

1, The machine is generally stetic,

20 The exrense of the machine can be a limiting
factor.

3 For machines which use various fomis of film,

production of the actual programme may be difficult.

Advantages of scrambled text presentation.

1. The text is very portable.

2o Productim of the actual programme ié usually
very easy.

3. The cost can be very low, depending upon the

actual form Jof production,

Disadvantages of scrambled text presentation.

1. The text is selaom cheatsroof.

2o Good presentation is difiicult.

3e In any scrambled text there is necessarily a

lot turning back and forward between frames.

The various advantia_es and disadvantages had now to




welghed against each other in order to discover the most

acceptable form of presentation.

For a normal training course it is considered that
the machine presentation is the most advanta_eous.
However, in the case of this particular course the major
disadvantare of the wachine was its non-oortabvility.

Bven thnough there are machines now in oroduction waich
are regsonably sortable it was not thousht vossibvle to
tie the use of this programme to the availability of a
machine., If the pro.ramme under developm:unt proved to
be acceptable, then trainees in a wide variety of places
and situations would be jiven the course, and in the vast
ma, ority of these occasians it would be impracticable

to provide a machine,

The disadvanta.es of expense and tec:nical difiic.lties
in producing a film for the machine did not anpear to be
a limiting factor as the Royal Navy already had time
available on the large aumber of machines already in use
for xisting, programmes, and the technique of arcducing
films had been mastered in the production of earlier

programmes.
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Therefore if the disadvantage of the book format

could be resolved, then the major disadvantage of

non-portability of the machine would mean that the _rogramme

was best produced in scrambled-text form. (C£lq)
The major disadvanta, es of the te..t format as
outlined above are -
1. Not cheat proof
2. Good preséntatiun ig gifricult
30 There is necessarily a lot .f tuming

back and forwards throu:h the text.

Unfortunately, all scrambled texts suffer from the
third disadvanta_e outlined a bove. nce the decision
has been taken to produce a scrambled orosramme in text
form there is no satisfactor; way of surmounting this
difficulty. However, 1t was taousht that the first

two disadvanta_es of the text form could be overcome.

Therefore it was decided that the advanta, es of the
scrambled text outweighed its disadvantages, the machine
presentation being discounted mainly on the grounds of

na-portability, and the solutiuvn determined ujon was

to produce the programme in scrambled text form.
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It was decided to aroduce th» scrainbled text in
foolscap size, and it vas @lculated that three frames
could be contained on each page. The princinle of
operation would be to read only the top frame of each
page for the first third of the orogramme, the centre
frame of the page starting again at the first page for thne
second third of the programme, and to once more start
at the first page but to anly read the bottom fraiie of
the page for the last third of the programme, There

were several regsons for this method.

The first of these was that as the programne was
to be produced in a scrambled text £ ormat, the trainee
would be given the complete programme as a books If this
appeared to be a very large book then he would become
discoura ed before even looking at the pro ramue. This
is a very viable point with scrambled textx as they are
necessarily very wuch longer than a normal text book
containing an equivalent amount of information. Tnis
is due to ths lar.e number of brancnin. frames, and
also to the fact t hat in aany cases a fraue neea only
cotain a very rew words. This produces an artificially

extended book wnich can appear to be very daunting.



If the operating conditions of the Jrogramie are to
be as ideal as possible, +then it is vital that the trainee
is not allowed to build up any pei'sonzl opoosition to
the programme and thus the programme should ap.ear to be

as compact as possible.

The problem of some fraues consisting, of very small
amounts »of material is also very wasteful fram a pointing
point of view. In some cases g frame may consist only of
one sentence, and to have a whole page of the - ro:mamme
with only this amount of »rintin is not reasonable, THEtha
trhree frames on eech Marce, comnensatio conld te mede for
this by ensuring that a very small frame was bvalenced by a
larger frame so that each page was used as efficierntly as

nossible.

Althourh there were to be tiaree frames to each nage,
it was not considered reasonable to have these fra‘es
reading sequentially down the page. As Dboth sides of
each page were to be used for _rinting, there would be
six frauves visible at any one time, When scrambling
the frames mre wuld have to be taxen to ensure that none

of these f rames would interfere with the frame being
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consicered, i.e. there would be five frames visible on
the page as well as the one being considered; and name
of these five frames should have a direct relationship
with the frame being read. Any of the frames leading
from e particular frame would have to be at least one
page different from the orifinal frame, Thus the
scrambling would have {0 be at least at six irame
intervals, and a oJage would have to be turned to accomodate
this. There would be exactly the same amount of sage
turning if the frames were read across the too of
sequential pages, and the difference in frame numbers
of associated frames would be much smaller, <thus giving

a neater effect to the scrambling,

The technique of scrambling employed was to prepare
a mock up of the completed book, and to insert into this
mock up the completed f rames, arranging the scrambling
so that any associated frames were at least one page
different. At the same time an attemnt was made wnere
possible to ensure that correct ainswers resulted in a
progressive movement througn the book by pages, to
corresyond to the vrogress through the procramme, Care

was taken to ensure that the actual amount of ocage



turning was kept to a minimum as this can prove to be

a major source of irritation, and snould be avoided if

at all possible, A running check could also be maintained
on the scrambling to see that no mistakes occurrea
resulting in the appearance of any unused frame numbers.

In the production of commercidl scrambled books, this
task is usually performed by the publisher, wiaen the
oublisher has secialised knowledge of these tecaniques.
In this case the scrasbling was all completed by the
author, both to ensure a close control on various factors
as described sbove vhich could affect the efficiency of
the completed programme, and because the scra..bled bcok

was to be produced by service orinters who had no previous

knowledge of this type of booke

An addition to the actual teachin; proframme was
made at the begihning of the scrambling to ensure that
no one was atteuwpting to work through the vro_ramue by
reading the frames sequentially, instead of following tae
correct scrambled route. Although it may be taought
that this is not a matter to be safepuarded against, in
fact it is fairly prevalent amongst trainees with no

previous experience of this type of vro-ramme, and vho
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are not sufficiently well motivated.

This addition took the form of an ext.a frame
printed on the vage immediately followin_ frame l.
Anyone attempting to read the book in the normal text
fashion would come to this frame, whereas following the

scrambling it was impossible t0 arrive at this frame,

The contents of this frame were as follows -

FRAUE 2.

Tou should not have arrived at this point.
owhere have you been told to go to FRALE 2.
Now go vack to FRAKE 1 and use this book

proverly.

The inclusion of this checking frame was justmried
wnen the results were analysed, as a very hi_h »voportim
of readers turned.directly to frame 2 upon cownletion of
frame 1, instead of following the scra. bling which would
have taken them further through the »rogramme., This was
in svite of detailed instructions for using the book

glven on an insert page at the beginning of tne Hrogramme,
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On completion of the writin_. of the first section
of the programme, the mock up was closely insvected to
ensure that no further improvements could be made. This
was done by again circulating the work among interested
personnel. It cannot be stressed too strongly that the
writing of a programme such as this is a task which can be
periormed by one man worxing entirely on his ome. The
more opinions and susgestions that can be gathered togetner
the betters TVhen a concensus of opinion considered that
this first section was in a suitable conditiom, and no
further improvements could be made, then it was deeiied to
be completed for t he moment, andwrk could coimence on
the £®cond section of the irogramme, In fact, whilst the
mock up of the first section was undergoing distribution,
work was started immediately on th:e first sba.es of production
of the second section, 1in order to keen delays in comoletion

of the orosrame to a minimum.

The technicue emplioyed for the writing of this second
section and all subseguent sectims was identical to that

employed in the first section of tne prosramme. This has

already been fully described,

Cn completion of each section, it was included in the
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mock up of the scra..bled book, to keep a runnin_ check
on tne suitability of the layout. All sections wers not
necessarily of the same size, In fact there were larce
discrepancies between the sizes of tue six basic sections
of the programme. ‘This was because the sections had been
taken from the six basic steps of the fault findaing method,
and were not necessarily of equal status or comuiexity.
The actual ler-t™s of the six basic sesctions ere es shom
below g

1, Symptom analysis 60 frames

2. Equipment inspectimn 26 frames

Ba Signal injection and signal tracing

53 frames

4. Volta_e and resistance measurements

26 frames
5e Repair and replacement 19 frames
6o Performance tests 5 frames

This gave a total length of 189 frames for these

six basic sections of the »Hrogramre.

The length of each section does, however, ¢ive a
reasoable value of the estimated difficulty of each

section. In writing the programme, no precmceived
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limitation was .laced onr the number of frames vhich could
ve included in each sectim. Instead, the ideas in
that section wers develoved until it was thought that an
acceptable sta.udard of understa:ding would be acihieved

by the trainee ujon vorkinkg through the >srogramme.
Althougch involved testing of progsrammes can ve car-ied
out in an attemot to discover the correct amount of {ime
required for eaclk section, the only acceptable criterion
in the final situation is whether the nrogramne aciually

accomplishes its stated task.

As an absolute measurement, tris is the mly
plct 19)

criterion of the sta:dard of the oro ramme. Rerardless
of criticisms concarning nrosramme format or frame lay out,
if the programme achieves its stated ob‘ectives with its
var; et dooulation, then it can bve sald to be a successful
Jrogramee . Tests on frame content and other methods of
checking the development of the frames can only be aids
to production, and caniiot be mandatory to thz prosramie
as a whole. It is the end oroduct wnich must be tested,
not the method of producing it, and thus the actual
nroduction of jvozrammes must sill be degendent unon a

certain measure of intuition on the nart of tine author

or authorse.



When the six basic sections of the jrogramme were
com_leted, consideration was piven to the fault finding
problems which were to come next, andvwhose pmrjpose
was to mould the six basicsteps of the fult finding method
into a composite method. For these oroblems an electronic
circuit was mquired, and it was &cided that the best
vehicle for this »ur)ose would be g simple superheterodyne
radio receiver with which the trainees would already be
familiar, It was planned that this circuit would be
printed on a fold out sheet at the end of the scrambled
book, so that it could be viewed in conjunction with
whatever frame was ®ing considered. It would have been
simpler to produce tnis circuit as a sevarate nand out
sheet, but this was inhevently unsuitable as it could
be lost, and would become an awkward ancillary to the

Drogramne

Three suitable faults were chosen on this circuit,
based on their trainin_ value, autaenticity and general
usefulness in their task of moulding the basic sections
into a composite methods These three faults were
investizated in the actuul circuit being used to determine
the exact symptoms which should be obtained with these

particular faults. Also the various test voltages and




signals were determined which would be obtained witn that

pvarticular fault in thz circuit.

The actual faults chosen were as follows, exactly
as the, are presented to the trainee :-

1. There is no sound outout across the entire
receiver tuning band even with the gain control set at
maximum g;gin.

Through the vents in the receiver cabinet, you

can see that at least some of the valves are 1lit.

2. A receiver has an output which varies
considerably from station to station across the tuning

band.

Other receivers in the same frequency range are
working oroperly, which eliminates atmospheric conditias
as the source of the troubles

4n equioment inspection fails to show anytiing wrong.

30 The outout of a receiver is normal across
the ertire tunin. rainge except that, in addition to the

desired output signal, a loud noise signal is dresent.
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The fault was prasented to the trainee as the
immediately apparent symotoms which would be observed
with this fault. The branching techanique of the oro.ramme
was then to be emoloyed to oprovide the trainee with a
choice of moves in nis attempt to rectify the fault.
The trainee would be cradually advanced tarowu-h the
tecimiques of fault finding by the branching srojrame,
until he could make an estimate of the possidle faulte.
This was all based o the method of fault finding vhich

had been taught in the first s&x sections of the vro rammne.

The production of these secticns of the prugramie
was along similar lines to wvhe earleir sections.  However,
the first requirement was to investicate each fault and to
determine the correct series of tests to rectify the fault.
This nad to be the sequence of tests which a trainee
would follow if he were followving the Jrosram.e met:cd
impligitly, and noi the stegs which would tve followed by

an experienced fult finder,

The next step was to takke a sawple batcn of trainees
and to _ive tanem the actual faults in an atteaot to

discover the more usual and importent mistakxes vhich
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they would make in attempting o fina the fault. If
possible, these had to be rectified in the osro_ramme,
as well as showing how the six basic stevs could be welded

together to form a composite method of feult finding.

The main stens in t he nroductian of these three
fault sections rvere tmen as hrefore, Sirce =2 lezic~l
develormert of thou ht had already been nroduced in
determining the correct method of fault findinz to be
used, the next ste» was to write the spine of taaz
programme, This was followed b, revision, sutsiciiary
frames with questions and answers, revision, and then
scrambling, The three problem sections could taen be

inserted into the mock un of the »Jrogrammed text.

(n completion of these three sections concerning
actusl faults, the first draft of the pro.ramme was
complete. Extensive consultation then took »lace with
various authorities in an attemnt to rectify any aistaxes
in the programme before classing the programie as ieauy

for testing., This task took several ..onths and could be

divided into two sta:es.

The first of these was consultation with tecnnical
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experts in the electronic field to check the accuracy of
the technical content. The second sta_e was to check the

actual programming techiique.

The accuracy of technical comtent can be split into
two sections, The first of these was to check the actual
theoretical accuracy, disre arding fault finding as sucih.
All examples and oroblems were checked to verify that correct
values had been sunplied,; that the electronic wheory was
correct and that all statements concerning electranic theory
were in fact true. The second part of checking the
accuracy of technical comtent was to confirm the fault
finding technigue., The basic method of fault finding
had already been agreed, and this was a check to see that
the develooment in the orogramme followed this method
correctly, and thai all tests and results were factual

and accurate.

Checkin_ the theoretical accuracy was extremely easy
as there were a large number of officers with expert
electronic knowledge serving in H.i.S., Collingwood,
several of whom were extiremely interested in the vroject.

Any technical noints raised by these officers vere discussed

and annotatioiis made to thz draft before the programne




o

was passed for e second sta e of checkin_. The
purpose of this second sta e was to cneck the ectual

programuing t echrique,

The investi, ati n for itnis sve e was headed hy
Hr. D. Wallis, of the Benior Psycholo ist's Denarirent
of the Director CGeneral of Naval YTreining., IIr. Tallis
at this time wms the leadin. authority on all Program.ied

instruction in the Royal Navy.

The delay in completing this sta e of final revision
was mainly due to circulation difficulties amongst the
various interesteda versons, In fact interest vas so aigh
that it was extremely difficult to retain the draft

programme long enoush for nroduction to take place.

The peneral resnonse to these checks was extreuely
encourasing, and only a few minor revisions wer: sur-esteds
These revisions were made after consultation between the
author and those making the sug; estion, In fact, oly
four frames needed revision, and there were no large
scale revisions su _gesteds This should be true of
programme writin_ in general if the correct sequence of

steps in the vroduction of the work is followed, and if
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sufficient revisicn is carried out at each stage in the

production.

The mock ua of the programme was then given to g
number of trainees in a small scale test for which no
detailed resulis were kept as the numbers were too small
for analysis., Twelve trainees worxed through the
programme in their own time and each was interviewed.
The results of these interviews were unanimously

encouragings. -~

Therefore considering the opinions expressed by
those given the »rogramme to gvaluate it, and the trainees!
respomse, it was kcided that a large scale test could be
carried out, as the pro _ramme anpeared to be substantially

successful,
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CHAPTER 3.

FRAVME PROGRISSION ~ARRAY GELENTS

The method of progression through the individual
frames of the programme was given a great cdeal of trousht.
For ease of prcduction, the mock up of the vrogramiied
text had been made with the route given in the normal
menner, that is with the relevant frame or page nuibers
ghown directly against the varimous answers to the question,

or .iven at t he end of the frane.

At the time at waich this programme was teing writien,
there was evidence that the cheating aspect possible in
this form of instruction was large enoush to merit serious
attentime. Cheating a pro/ramme can be done in several
ways, deoendant unon the actual foimat of the programme
and the means by which it is presented. One of the ezsiest
methods of cheatin, with a programi.ed text is to look un
all the possible answers and to check which is the correct
solution, without attempiing to work out the answer, or

to follow the route given for this answer.
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Any trainees who were ;easonably vell motivated
would have no incentive to cheat in any way. Hovever,
the typge of trainees under instruction in this particular
case were not necessarily adequately motivated. Cheatinz
was :nom to occur in the other orosrammes in use at this
time in the navy, and it was possible that it would also
occur in the fault finding programse under develoment,
particularly as it would be easier to cheat vith a
programmed text than with the teaching machines in use

for the other vrogrammes.

The standard answer to cheating is that if the
material to be musht is proverly ovro;rammed and oresented,
designed for the tarzet sodulatiom srecifically, taen
cheating should not occur., However, it was still
considered thetv even with the best nossible vro  ramiing
and presentation, chneating would still occur. This was
especially true considering the special circumstences in
which this coursewuld be [iven, waere many trainecs
would be required to work on the »ro_ramme without

supervision,

Cheating in the existing courses was found to be

varticularly prevalent towards thes end of a necessarily
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long session, when the trainee had reached saturatior.
In the casés in which this cheating did occur in the
existing »rogramiaes, then almost invariably it would be
detected by the class supervisor. it the cheating did
hanpen to elude the suoervisor, then it would be
discovered at tae next criterioan test, which would never
be & a _reater interval than one or two days, thus
enabling remedial action t o be taken in time to avoid

the wastage of the course.

As the orowosed course in fault finding would have
to be given in a more informal way, with irainees
working without close suvervision and strictly controlled
periods, then the cheating aspect might become more
importants As discussed earlier, the existing tight
training schedule for these electrical trainees did not
allow for the inclusi.n of extra formal courses, and thus
the amount of control occuring in other programmed

instruction courses would ve lacking in this course.

It was £11 that however much the oro-ramme was
trainee orientated,; and however much efrort was nut into
motivating the trainezs, cheating would sill occurat

=

this training level. This cheating would have to be cut

down as much as possible.
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Therefore g method of frame pro ression external to

the programme, with built in cheat-proof facilities,

was designed. This tokik the form of a "Clue Board"

wnich is in use today for several nro_rammes. This

clue board was in fact developed indenendently of other

workers in this field, oricinally in 1964. Hovrever,

1

it is not now unique.

Examples of the various t;nes developed for use

with this programme are submitsed with the thesis.

The first aesign atiempt was to produce a wooden

clue board which was laid out. as showm in the diagram

on tne following nagqes

1,

K.D. Duncan, Ixneriments with an inexpensive device
for pro _ramwed instruction in the multiple choice si;le.
Procrasmed Learning, Vol I, 3., November 1964. 145-.35

J. Annett, A low cost cheat proof teaching system.
Programmed Learning, Vol I, 3. November 1964. 155-153

(29 .
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The actual board measured asproximejely 15" x 12"

and was numbered on wvoth sidss to save space.

DIAGUIL STOUING LAY OUT OF CLUE 3OARD
Frame A B C A B C Frame
1 7 8 5 52 58 - 56
3 10 9 - 54 60 57 59
4 11 13 - 63 65 64 61
5 10 9 3 62 66 68 64
9 6 4 - 71 72 70 63
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The numbers were aroduced with a "Dymotane!" machine
and were stuck on to the board with thsir self achesive,
In use, the colusns of numbers under the headings "AY,
"B" and "C" were covered by a sheet of paper winich was
clipped to the board. This sheet had blank sguares orintec
in appropriate positims to correspmd to the positions
of the hidden numbers. This left the two outbside
colunns of firures visible. These outer two columns
contained lists of ell the frame numbers in whic™ there
was & rmltinle choice, The covered numbers nnder the
headin~s "A", "B" and "C" :ive the correct frame to
nrogress to for that particular choice on that »varticular
frame, Of course, each question in the »srocramme had
the answers to the gquestion only identified by the

1abels IIAH, IIBH and "Cllo

The method of use was for the trainee to siuter the
board at the frame number which he was vorking on,
assundng that this was a c¢.oice frame, and to move across
the board until under t he column which corresoonded to the
choice of his aanswer. He would then black in the
aparooriate square on the covering sheet, using a sorft
pencil, and the number whica had been hidden wndzrneath

the sheet would appear in a similar mainer to taiking a brass
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rubbing. The number waich apoearea would indicate the
next frame in the squence. No other choices would be
visible to him, and he would thus have no option but

to proceed to the frame indicated. This system cut

out the cases wnere a trainee could cheat by looking at
all the possible answers to a question frame, and simoly
look for the ome wnich told him that the answervas ¢ orrect.
This cheating could damage the co-rect use of the
programme, and tais is wihat the clue board was desismed

to overcome,

However, +this was not the only use of the clue
board. In workizg tihrou_h a branchin:z vro ramme using a
machine pfesentation, or using a scrambled text in the
normal fashion, the trainee leaves no record of his
passagce throuzh the individual frames, unless he is
specifically asked to keep a record of his movements.
The keeoing of tThis record is tedious, and also introduces
a spurious effect into the prorramme as the trainee has

the impression that he is very much under test conditions
at each question, and that each individual choice may

be counted a_ainst his performance.

In using the clue board method, a trainee leaves

a complete record of every choice as he works his way
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throu; h the nrograime,,and at the samne time he does not
feel that he is being asked to do something wanich is
out of the ordinary, or a special form of test, as
using the clue board is the normal, and in fect the
only, method .f working throuch the »ro.ramme.

Thus the clue board is an extremely useful gid in the
testing and validation of the programme, as vell as a

method of measuring individual performance.

In actual use of the prosramme, very few atteumts
have been observed of trainees trying to cheat, and
the clue board had obviously been instrumental in
preventing these atiemnts., However, in onerati.n of
the srosramme the main use of the clue board was fournd
to be as an aid in the iesting and validation of the

programme,

Although this boerd was found to work satisfactorily,
it was felt that further improvements could be wede in
the design. The main drawback to this oridinal board
was that it appeared to have a rather poor finish, and
to be amateurish in manufacture. This detracted from

the overall impact of the prosramme. In preducing a
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viable programme, ofte of the most important considerations
is that it should be pooduced as attractively as nossible,
This is so that there is no inherent reactiom of a

detrémental nature from the t_ainees.

Therefore an atiemnt was made to produce a wuore
professional looking board. This was nroduced in the
workshood of H.II,S. Collingwood, to the design of the
author, The material used for the board was trafiolite,
a proprietory sandwich material of five or three layers.
These layers are aliernately black and white. The
outermost layer can be removed by an engraving process
and will then reveal the other colour underneath. The

board can be engraved in this way on both sides.

The lay out cf these boards was essentially similar
to the original board oroduced witin the dymotaps. dnce
again the centre of the board was covered with a clip on
sheet of paper, marked with apnropriate squares, the
frames which had a choice of route having their numbers

visible in the columns on either side of the board.

Examples of an unused sheet and a completed sheet

are showmn over, and an example of this board is aiso

submitted.
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This trafiolite board was found to be excellent.
The aovearance was first class, and the ease with which
the hidden numbers apneareda vhen rubbed with a soft
pencil meant that there could be no vossibility of errors
occuring, in the use of the board. Unfortunately, it
was consicered that these boards were too exvensive %o
produce for lar;e scale use, and after the first nrcduction

batch were comoleted no .wore were ordiered.

Meanwhile, the segrch for suitable substitutes
was continued, The most reasonable mevnoa of those
experimented with was 1o use a sheet of aluminium alioy,
of the same tyve as is extensively used for the chassis
of electrical equipment., This was e asily obtained as
large quantities were in use in H.il.S. Collingwood in
the workshoovs, The method of producing the aporopjriate
numbers on the poard was to use a conventiomal hamzer
punch. This could be usea by any available verson,

who was not even required to e semi-skilled, and taus

the actusal production of these sheets was very easy.
P : M

vhe la; out of th» board and the size of t.e poard
was kent exactly the same as for the earlier voards,

so that the existin, ccver sheets could be retained,
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and so that therewuld be no diffe_ence between the
completed cover shects using any of the three different
types of clue board. An examyle of this alwiindum alloy

clue board is also submitted.

The three 1, nes of clue voard described aove were,
in fact, those used during testin_. of the pro_ram.ie.
However, waile this was texing place a further
development of thz clue board took place, and it is more
convenient to discuss it at this stage than in the

correct time sequence.

None of the clue boards designed so far were
completely satisfactory. It was still thow ht that the
use of some form of external clue voard was essential,
but it was hooed that a more convenient toe could be

desi/nea. ‘The use of these large boards was not alwa)s

. particularly conveniunt, especially as it was found vwhat

there were a lr.e number of requests for copies of tae

prosramuwe to be distributed by poste.

However a completely satisfectory tyne of clue
board was finally discovered. This Jinal {ywe was

oroduced on a special e of tracing naper by the

following method.




The srid for tha tavle of numbers is orinted on the
foont of the sheet of nener; and the an rooriate numbers
are then orinted on tne reverse of the sheet, in
mirror fashio. Because of the 1, e of oaper used these
numbers show throu_n to the front of the sheet., The
AN, "B" and "C" choice columns are then overorinted
on the front of the sheet with a solid layer of a sn»ecial
tyoe of ink, This larer of ink is sufriciently dense
for the numbvers covered by it to be invisible when viewed

from either side of the naver.

An exam)le of this form of clue shest is saom m

the following pa.e.
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The use of tne clue sheet is exactly as belore,
When a trainee wishes to make a choice of ansver, ne
enters the table at the fra.e number of the Joint at which
he wishes to mase the choice, usin, the frame numbers
visible in the columns which are not blacked out. He
then moves across the sheet until he is in the colurm of
his answer choice, either ™A™ , "B" or "CW, He
then rubs off the overlay ink from th: front of the sheet
using any normal type of eraser, and the number printed
on the reverse side of the sheet becomes visible. This
tells him the frame numbzr of the next f:éme in nis

sequence,

This again leaves a permanent record of the trainec's
pro_ress throu.h the vrocramme, and enables both his
periormance to be checked, and the programme to e
validated. From the cheat nroof asvect, this t oe of
clue shest was far suocerior to the earlier tywves, as
the underlying numbers are completely invisible watil
the overlay is rubbea off. (n the earlier 1, ces of

clue board, the trainee could always remove the overlay

sheet to discover the underlying numbers on the board.
Althoush this was never observed in practice, it was

a drawback .f the orisinal ovoards.
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This final t; 2e of presentation was found to be
very successful, and the other ty es of clue voards were
keot only for demonsiration purnoses. The pvaner shezt
was found to be varticularly useful vhen it was necessary

to send a copy of the pro_ramme by nost.

To simplify the use of the oro:ramme by class
instructors, and to increase the efiiciency with waich
it was used, a further set of information was produced,
This took the form of a supplement to the orosramne

and contained the followin_ sections :

1. A brief descrivtion of the fault finding
method as taught in the programue,
2. A vrevision sheet and flow dia:sram of the

method.,

3. A table showing all oossible multinle choices.

4, Flow diagrams of the entire oro;ramne,

produced to corresjond to the sections of the »ro-ram.e.

A coyy of this sunolement is also submitted with

this work,

Vlhen these items were ready, a final check on the
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programme was car-iza out t0 determine whether there were
any factors which Wéuld affect the way in which it would
be used. This was eflected by giving the nrosramme and
clue board to indivicuals of widely differing abilities
and standards, Dboth to check the programme for
inconsistencies, and to check the mode of overation,
This test proved 1o be comoletely satisfactory, and the
next stage of detailed testing of the pro¢ramme was

instipated.
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VALIDATION OF THS PROGRALRIE,

It was cansidered to be good programming vractice
to test the pro.ramme itself for internal cohesion before
carrying out detailed tests on whether the orosramme
produced a satiisfactory imdrovement in nerformence.
Therefore the first sart of the testing of the srosram.e
dealt with the prozramme only, and did not use criterim

tests,

In this first test the programme was checked for the
presence of any discrevancies, any voints at wnich excess
errors occurred, or renedial frames waich were in fact
left unused, It was carried out with a group of 107
trainees in four different cate_ories as follows

Radio Electrical I‘echarnics
Leading Radio Zlectricel liecharics
Radio kechanician An rentices

Radio Blactrical Artificer A wwrentices.

There are now thvee mnin cate~ories of mogincgs in the

eloctiie~l hrench of the Royal Navy. These three caterories
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are titled '"Rodio" , "Ordnance" and "Control", The
title does not necessarily describe their duties to a
non-snecialist, The radio ratings do not only ceal

with radios, the; also have regsponsibility for radar,
naviiatiom aids, direction finding equiomer t, telejrinters
computor equipmant, recordin: devices, and nany other
associated equipments., They Have no responsibility for
what mignt be termed '"heavy" electrics including
generators and electrical supuolies, but do have various
responsibilities for weapon systems.,  All the four _rouns
of ratings used in this test come into this radio

cate, ory,

The Radio ZRectrical ilechanics are the junior entries
to the radio branch, and are undergoing their Ifirst
electrical training. These mechanics, whose title is
usually abbreviated to "R.d.li." , are mostly of seconcary
school stendard, and will become the semi-skilled itracesman
of the navy on com.letion of their t.iaining., Their task
is to work under the direction of nore senior ratinss, arn.
the; would only be piven coaparatively simple tasxs 10
perform without suneivisions The length of their basic

course cevends upm t he ace of entry, and the course

includes en introduction to service sibjects, as well as
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specialist electrical training. The specialist jart of
the course lasts approximately six months, and the actual
length can depend unon their oserformance. The eguivalent

army rank of these ratinss is "Private" .

After gaining exoerience at sea, and »assing a
preliminary examination in technical subjects, the R.3.iL
can be rated up to be an R.Z.M. First Class. Thig is the

equivalent rank to a Lance Cornoral in the army.

The rating then returns to a shore bvased school for
further professional training after a suitable lenrth of
service at sea to pasin practical exmerience. An R.3.1%
could exmect to spend between two and four years a:sea
before returning for this further »srofessional training,
which is held at H.i.S. Collingwood, the Royal Naval
Vleapons and Electrical School, The len-th of this course

is again approximately six months.

On satisfactory comnletion of this course, and after
satisfying various service requirements, he may be rated
up to a "Ieading Hand" , in this particular case a
"Leading Radio Electrical liechanic" , usually abbreviated

to "L.R.&@.M." . This rating is the equivalent of a
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Corporal in the army, and the second _roun of ratings

involved in this test whwe in this cate_ory.

The last two ;roups in the test nopulation are
slightly aifferent from the two grouns described g bove.
Also, althouzh they are both classed as anirentices,
there is a difference between the two grouss. The Radio
Mechanician Annrentice can either enter the navy direct,
or he may be transferred from another category whilst
alfeady serving, He will usually have at least two passes
in the Urdinary Level of the General Certificate of
Education, If a rating already serving in the navy
wishes to transfer to this cate_ory, but does not nave
the necessary qualificgtions, then there is a mcans of
entry by the successful passing of a service examination

of a corresponding level,

The length of the basic course for these ratings is
apvroximately two years, and, on successful comnletiom,
they may exvect sneedy advancement, certainly to Petty
Officer, and most probably to Chief Petty Officer.

For convenience, the title of this group is usually

abbreviated to "R.IL.A.M .
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The Radio Electrical Artificer Annrentices are the
most hi_hly skilled group in the test. Artificers are
the skilled tradesmen of the navy, and receive long and
intensive training. They will all reach the rating of
Chief Petty Officer in the course of a normal service
career. IEntry is by means of interview and selection
from the results of the General Certificate of Iducation
Ordinary Level examination, and a high standard of entry
is required, The basic length of apprenticesnin is four
years, and the _roup used in this test werz in the tuira
year of their apprenticeship. They had covered all the
basic electrical and electronic theory in the course, and
were in the stage of npassing on to specific equioments.

The title of this rrouv is normally sbbreviated to0 "R.E.A.A."
for ease of reference in the service, and the same »dractice

will be used here,

In fact a sigpificant nrovortiom of these R.E.A.A.s
will reach cominissianed mrk in t he Royal Navy, as an

avera;e of one in three officers are commissianed firom the

lower deck under v arious schemes.

For the first stage of this test the comnleted overlay

sheets were used which each trainee had oroduced from




the clue board whilst working tarough the »nrogramme,
These clue sheets were studied to discover the frequency

of response on each frame of the >ro ramme,

Initially the test was car.ied out by keening a
straight tote of the numbers of {cainees using each frame.
It was decided phat the numbers using each correct frame
need not be counted, and the list of frame numbers was
amended so that it only included remedial frames, At the
same time a record was kedt of the time taken to vork

through the prosramme.

The diagram overleaf shows the number of resyomses
for each remedizl frame in the programme, given in the
order of comnletion, i.e. with the trainee’s result
who took the least time on the extreme edre of the left hand
side, and the result of the trainee taking the longest
time on the right hand sideo For convenience, the
results are spnlit into the first six basic sections of the

prozramme, and the problem section. These results are for

a total of 107 tra.nees. (Fig 4.1)
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The results were then re-olotted in ascending error

rate, as shom in fig, 4.2 overleaf.

It should be remembered that as well as the divisim
of the programme into sections to corresoond to the six
basic stens of the fault finding method, there was also
a section after this where three actual fault “inding »roblems
were posed, the trainee being led throush the solutim of
these problams to consolidate the six basic steos into a
comoosite fault finding method. It was hooed thatv 1f the
six basic stens were understood, then the error rate in the
section of the »nroyramme dealing witn these three orovlems

would be less than the error rate for the first six sectiaus

of the programiie.

In order to show the results senarately, the results
up to and includin, frame 189, which are those conce med
with the six basic stens, are shown on the left aand side
of figures 4.1 and 4.2, and the results from frane 190
onvards are snom on the risat hand side of the daia, rams,.
The frames from 190 onwards deal with the three »roblems

civen in the programme,

It anjears from these two diagrams that the error rat:
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of the problem section is lower than the error rate for
the first six basic sections. However, the total
possible errors on the problem section are ratiner lower
than on the previous sections, and thus direct comparison

is not possible. This will be considered later.

The first diagram showed the error rate for each
remedial frame in the programme in order, aad no imuediate

pattern appears to emerge.

There are a total of 87 reuedial frames in the first
six sections of tre programme, and 35 renedial fraues in the
problem section., In each case the fi.ures are for a sample

of 107 trainees.

As an immediate measure, frames which had a resyonse
rate of greater than 50% were considered for revision. There
were only three of these frames in the first part of the
programme, and none at all in the problem section. This
was the first real indication that the programme could be

successful. (Fig 4.2)

The three frames in question, 11, 54 and 187 were

examined in an initial attenpt to discover reasons for this

hi, h error rate.
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The first frame with a high error rate was frame 1ll.
The error rate on this frame was 65 incorrect res.)onses
out of a total of 107 trainees, or apsroximately 61
This frame required trainees to distinzuish between
casidering all the symntoms of the fault collectively,
or considering the sym)toms me at a time, The programme
had in fact fmught that all the symotoms should be cmsidered
colleciively, However, the answer that they should be
considered one at a itime was not comnletely incorrect,
and it was felt that this mistake was comparatively
unimportant for the overall surpose of the programme, and

it was decided that this did not require i:mediate revisic..

The gecond frame with a high error rate was frame 54,
Aspin there were 65 incorrect resoonses from a total of
107 tiainees, or aporoximately 61¢%. This was in jsart a
trick question, in that earlier in the procramme an

almost identical set of circumstances had been saom to

have a certain solutim. On this {rame the circumstances
were very slightly altered; necessitsting a dirfferent

solution,

However, it was thoucht reasonable to leave this

frame as it stood, as it showed an extremely iumcortant
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facet of fault findin,, in +that circumstances are never
exactly the saue in two cases, and that the approach
to the solution of the problem must be accordingly modified

in each separate fault finding problem,

The third frane with a high error rate was frame 187
with 85 incorrect responses, the error rate besing
approximately 80:5 » This frame was definitely felt to

require revision to make the programme fully effective.

However, as there were only three frames on the
whole programme with a high error rate, the decision
concerning revision was taken out of tle author's hands.
Superior officers decided that the pressure to have this
programme in the field as soon as possible precluded a
revision and reprint of the programme at this stage for
only three frames. The solution chosen was to place
particular emphasis on these points when the pro ramme was

followed up with live insiruction.,

Therefore it was considered that this simple test
provided strong evidence of the basic suitabilivy of the

programie, and that further testing should be carried out.

However, before proceedin, with further tests, it
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was now convenient to consider long term revision of tThe
orozramile,  For this durvose it was &cided to taeke a
Tiyjure of one third total res.onse rate as the limit at
which to unceriake revision, Thus all iframes ith &

response rate of [ reaterthan 34 should be investigated.

In the first six sectious of the srosrarue, the
basic method, there were bven such frares, and in thz
1 oblem section there were nc frames wnich hod ~m error
rate reaterthan 32, (Tig 4.2, -~ = 88)  ron ~ith
this emoller er:cr rate the ~rorramme was vwrititen in such
a way that the revision neceséary was minimal, ond the
nrozramme in its nresent state was e svitable vehicle for

further tesis,

It wes not possible to carry out revision do'm to
this one third error level at this time, but a note of
frame numbers -equiring this revision, and of )jossible
revised versions and adciticns, was ket ready for s
secnd edition of the programme, if it nroved to be

successful in the »rimary object of improving fault Iindin:

performance amongst electrical ratings in the Royal VFavy.

£ ) . o . 1, >
Before leaving this first test, two irurther dia:rrams

can help tc summarise the results, shom overlsaf.




- . N

vredine2s on the ficsv

six secti.ns o

o~ a3

L the pro. ramue.

93

L le3 Mioto _ram siioviag the error rate for 107

Remen.Ac
FRAMTS -
A
Lo
30
20 )
lo
°© ! _ _ —
o 10 20 30 4o So 6o o %0 %o

ResPor S5 Per RemeD A FRAmMe



Tvipinezo

Rerme.!
FrRAmMe

30]

LS

DA

an

cr

P

A

1e oooblen ssction of the Hro, ram.c,

FLJII_J

4

Jistorrai choving the error rste of 107

25

30

3s

Resporsts

Pe’ Remen AL FRAmME



It has

s

already veei. stated tlat this Hrosramie would

be given to different t;pes of ratin s if it .roved to e

successful,

investigate

Thereforzs it was £1t to te incortant to

the error rates for each sevarate frouo of

the aifferent cate_ories waich would be vorkin, through

the urogramne,

These categories would in fact e the

four grou’s already naued as being in the test pojulatim,

The purpose of this test was to ascertain if the pro;ramie

was sulitable for all these different levels,

An

investigation into comparative ervor rates was therefore

cariied out,

are sumnarised in the following table.

The Ti ures obtained during this investiratio

_éroup‘ Number in | Average error | Standard |Hi _hest | Lovest
Group rate Deviation | error error
REM 70 20,2 6.9 35 1
LREM 14 14.4 5.5 26 8
RMA 27 14.9 5.1 33 2
REAA 22 12,4 6.6 26 2

It can be seen that there is reerkably little

diffevence between the different rouns for this test.
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A comparison of the different groups was underteken
to see if there was any significant difference in the
error rates for the difierent groups in the test

population.

Por this purpose, the two types of apprentices,
- Radio Mechanician Ap;rentices and Radio Electrical Artificer
Apprentices, were tasen as one group, and the two types
of mecnanics were taien as the other group., The courses
taken by trainees within these groups were essentially

similar.

The comparison was based on a chi-squared test for

two independant samples.

The catzgories used were levels of performance in the

programme taxen from the error rates. These rates were

split into four _rouys as foliows :-

Group 1 0 - 10 error frames used
Group 2 11 - 20 error frames used
Group 3 21 - 30 ervor frames used
Group 4 31 - 40 eiror frames used

‘The sample was then summarised for the iwo groups,

apprentices and mechanics, according to these categories.,
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The following tavle shows the results obtained in this

way
Apprentices iiechanics | Total
Group 1 12 9 2l
Group 2 30 42 12
a Group 3 7 | 24 31
Group 4 0 9 - 9 )
Total 45 84 133

The hypothesis is that the two groups differ with
respect to some characteristic of tneir training, and
therefore to the relative frequency with wnich  roup

members fall in several categories.

For the above results, chi squared equals 10.7
for three degrees of freedom, with a significance

level of 0,02 .

Thus the ngll hypothesis is rejected, and it would

be expected that a trainee in an ap.rentice group would
have a lower error rate than the trainee in a mechanic
group. Tuis is borne out by the average error rates of

the various groups.

This result comes as no surprise, but it is
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interesting to note the comparatively small difierence
vetween the roups. It is considered that these results
do not provide evidence that the programme was not
suitable to give to all members of the experimental
population, In all cases the number of ervor frames
used by the trainees in working tnrough the complete

programme lies witnin acceptable liuits,

As well as the classes of frainees on career
courses used as the experimental group in this ser.ies
of tests the programme was given to several other
individuals., ‘These were ratings and officers
who could be given the prosramue on an opportunity
basis, some of thgm bein;, on other courses, and
some being an the staff of the school or part of the

ship's company.

Some of these individuals could be included
with the classes under test btecause of thneir cate.pry
of rating, level of training and practical experience
in electrical and electronic work in the Navy.
However, some of these individuals were not capable

of being fitied into the four cate.ories of the test

population. These indi.iduals consisted of senior



ratings and of.icers, ovut the number involved was 100
small to allow statistical results to ve obtained.

lowever, there werc several results obtalned with
individual ratings which can be included in the test
pooulation, as well as the actusl test classes, and these
have bemn incluced where appropriate, making the actual
total ~reater than the 107 trvainees involved in the

detvailed tests,

Detailed results of the individual ervor rates
obtained from the completed clue sheets of the total
sample are showm in thz following four diagrams. 1In
each ;roup, +the first ciasram shows the individusl
error rate in answering; the questiuns included in the
prozramme in the order of comnletion of the total nrozremme.
The second diasres in each case shows the individual ervor

rates drawn in ascending orcer.

The results from the siell numver of ofiicers and
senior ratings workin, tarou._h the oro.ramue fall within

the eneral limits of these detailec results.
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It has already been described how a check was keot
on the time taken by eacnh tisginee to complete the
Drog ramme. This time was measured to the nearest ten
minutes. All {rainees Wére instructed that the time
taken to complete the programme was relatively unimpoortant
compared to the rull understandin,, of each frame.
The time taken was measured by noting the time of issue
ana the time of return of the programme durin_ lesson
periods., Yhus the trainees were unavare that they vere
being timed.and the.e was no particular incentive to
rush throush the orosramme.,  All measurements of time
talken should thereforz he true measurements, unafiected

by external factors.

The results of this test are sumugrised in the

following table.

Grouo Humber in Average time Standard |Loa_est|Shortest
sroun in minutes deviatim

REM 69 132 47.8 260 TV

} LRER 14 134 41.1 230 30

REA 27 137 4%.08 210 49

RIEAA 19 149 3.6 220 6C

Longest and shortest times are messured in minutes.




The individuval rssults for all \rainees varticisnating
in this test are showm in the followins diagrems, (Fi;$ 4.9
to Tig. 4.12 inclusive) The results are s.om accordin:
to the four grouvs involved in the test, i.e. Hadio
Electrical liechanics, Leading Radio ilectrical :echenics,
Radio Lechanician Avorentices and Radio Electrical Artificer
Aporentices. “he first aia;ram in each gsrou) shows the
time taken in order of ascending numbers of remedisl fremes
used durin; the Jrosramme, and the econd ciagram in

ascending time taken vo complete the »n.rosramme.

These dia_rams are shown overleaf.

The time talen ©y the diffe.ent srouds of {trainess
snow surprisin_ly suwall variations considerin_ the
differences in ability and exjerience. The R.Z.iLs
tock the longest time, as would be exmected from the _roud
with the smallest amount of tragining and exverience.
However, the soread of the results, and the totc
variation of each _rouv are fairly si.ilar. This
provides a further argument in favour of the noscibility
of usin, the prozramme to equal effect an a range of

trainees with differing amownts of treining and exwv.rience.
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As for the raw error rate on the pro_rauwe, a
comparison on performance was carried out for the two
basic groups involved, the mechanics or semi-skilled
personnel, and the apprentices or skilled persanel.
The parameter was the time taken for each inaividual

to work through the programme,

A chi squared test was carried out to wetermine
the probability of the two groups having a different level
of performance produced by intrinsic factors of the

groups rather thaan the programie,

The cate _ories used for tne chi squared test were
taken rrom the number of minutes each trainee took to
work through the pro.ramme. Having regard to the average
time for each group, and the spread of the times, the
categories decided upon were four in number, with the

following composition s

Group 1 0 - 75 minutes
Group 2 80 - 150 minutes
Group 3 155 - 225 minutes
Group 4 230 minutes and above

As the times were only measured to the nearest
five minutes, there were no intervals of less than

five,
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The test population was then sumuarised for tne
two main groups, the gpprentices and the mecuanics,
classifying, each individual according to the four
cate ories shown above., The following table shows

the results obtained in this way.

Apprentices lechanics | Total ]
Group 1 2 1 i'”z
Group 2 29 38 67
Group 3 18 28 46
Group 4 0 16 16
Total 49 83 132

A value for chi squared was now computed at 1l.7
for three degrees of freedom, . iving a level of
significance o§ké.01 o Thus a differeice of performance
on the time taicen was to be expected. This can also

be suspected from the aversge times of the four .roups

of the orginal test population,

Although the apprentices had a better performance,
the most important factor is whether the pro ramue was
suitable for all groups in the test population, The

results for the time taken do in fact show that the

parameter as measured was satisfactory for all groups.
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However, it was decided that these tests <id not
completely s_ecify the internal cohesion of the »ro ram.e,
and ths level of derformance of each trainee who vorkesd
through it. A further test was therefore orevcared to
test the error rates of trainees in the »ro_ramme by

a second check on the remedisl franes uszd,

for this test a schneme of weishting each remedial
frame was produced. This weirshting scheme zave sach
remedial frame a certain score, termed the vei, ated erior,
which &epended uoon the extent of the mistake wvhich led
the trainee to thet warticular remealal frame. There
would obviously be different levels of lack of understanding
of th: content of main fremes, and this would be shotn
by which actual incorsect ressonse vwas _iven waen working
through the »Hro_ramme. Some answers to the questions on
the main frames would be sli ntly incorcect, vwhilst others

would be grossly incorrect,

If the Jrozramuie vas cor.ectly written, then the
extent of the errvor in  ivin, en iucorrect answer would
be shown by the aimount ol remedial action deemed necessaxry

to correct the wistake. A _eneral measure of the amount

of remedaial action given could tren be measured from the
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extent of the remedial loop in that part of the »ro.ram.z2.

This would o.ly e so 1if the programme had already
been showm to be satisiactory in cwmtent cnd oro ression,
Any remedial frames vhica vere used by too lar:e a
sroportion of the trainees would show an inherent fault
in the »ro_ramme, eilther due %o incorrect question
techniques or to lack of explanaticn, In this case a
false estimate of the oterformance of the trainees would e
JAven, ana it would be impossivle to use this wei_ hiing.

scheme,

However, by =zeeping a strai;ht forward record of
the numbers of trainees using each remedaial frame, as
discusseda gbove, 1t had already beea shown that there
were no soints in the srozramme where excess errvor rates
occurred. Tierefore the >ro ression of the imein frames,
and the extent and cmtent of the guestioning, had
already been snowa to be satisfactory. It was thus felt

Jossivle to proceed with this wei;hted error scheme,

Weirnted scores were uvhen worked out for each remedial
frame, based mainly uoon the amount of remedial action

given in the orogramme to correct this mistake. This score
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actually varied between one and twelve,

Detailed results were then obtained from the vest
crouss, and a record kept of een trainees' total weighted
error score on the prosramme. This record vas kenf in
two sections, the first beings the weighted score on tue
first six basic sections teaching the faulté findin_ metnod,
and the second being the w:ighted score on the taree
worked examnles of actual faults desismed to tie the method
into a composite series of actions. It was noned thet
this would show the relation, if eny, between the amomnt
of error made in learnin_ the basic method of fault findin,,
and the amount of error made in learning how 190 anuily the

method to an actual fault.

However,; a total wei_hted error for each traines
would show little more than the stiairht forward count of
errors made during the pro_ramme. In pseneral, if a
remecial frame had a hi-h mweishted error, and thus showed
a more s erious mistaxe, 1t would be howned that fewer
trainees would ive this answer than the number using a
remedial frame which had only & small wei, hted er.or.

A simple formuls was vhecefore devised which would show

the severity of each remedial frame, depending poth on

the number of trainees using that frame, and on the




welghted error for that remediel irame. In fact the
total weiznted error fro each remedial rrame tas cmsidered
as the wei hting of the frame multinlied by +tnz nuxzber

of trainees using that frame, This meant thet six
trainees usin, a remediel frame with a wei-hiing of rour
was held to be equivalent to twenty four trainess usiny

a remedial frame with a weighting of one.

In the first test on the .ro ramme, wnere a straizht
total of remedial frames used by each trainee, and the
numbers of vrainees using each renedisl frame, was zent,
it was consicered that frames waich were uced by 507 or
more of the frainees required iri.edieste revision,.

Using vhe wei _hting system, this could be modified so
that the total wei nved error for each remedial {rame

should not exceed this value.

There were 107 trainess involved in this test,
ana therefore for the remedicl franies which had a
wei inted error of one, not rnors than 5% irainees
should use tnat narticular remedial fraie if the
Jro.ramme wWas 10 be caisidered successiul in tuis test,
Similarly, for a remedial frame with a wei ntin, of

two, not wore tnan 27 trainees snould use thatv renedial
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frame; for a re.edial frawe with a wei hting of taree
not more than 18 trainees should use the Irame, and
equivalent nunbers could bo wozked out for each weisiting.
These values can be Llotted on a ¢rash, wnich we can
term the curve showing the anorm of res_.onses., This

craph  (Fig. 4.13) 1is shown on the follouing naces

The results for each remedial frame in the »Jrec rame
coild now be niotted on this . rah, Any noints vhieh
fall below tie curve ~re sstiafactarv, ard sary ~oints
vhich fall onteside the curve can be considered as reedin:

further investi_ation with a view to ‘ossible revisions.

For ease of weference, the results were diviced
int o two grous, The Tirst roun contained the results
for each remedial Tra.ie in the first six basic secticns
of the pro ramie, and the second Zroup contained ihe
results for tne section of tie 1o ramne vaich daelt
with the three actual provlems on fault fincing in

soecific circuiits.

fvwo _repns of resulis were then plotted, In each
case tne renedial frames are divided into _roups

corresponGin; to their wei_hting, and the number of
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trainees usin, that particular reiwelial fra.e. The

first _ranh, (Fig. 4.14 on page 114), stows the resionses
for the first six secticns of the .ro. vamme. The secona
travh, (Fig. 4.15 on a-e 115), shous the Tes .onses

for the mctiun of the oro ramie deating with the throe
fault finain. >roblens, Those remeuicl iraries vhose
resulis are avove the norm are marxed vith the actual fvaue

number,

In the dia, ram for vl fisrt six sectiuns of the
JLoLTallle (Fig‘4n14), nine remeaial frames lie outside
the curve for the ncrm. Their Trere numters are 11, -1,
24, 46, 54, 65, 91, 99, and 187. Of these nine
frames, three requiring revision were nicked out in the
first test on the straight forward incidence of trainess
on remediagl frares in the wroiramme, and thus this test
has discovered six more irames requirin_ revision. These
éix further frames had then to ve investirated with g view

t0 necessary revisions,

Before looking et the atual frame content, it was
necessary o ixnow how fareach frame deviated from the
norm of veighted res,onses. This deviation vas

therefore cezlculated for eagch of these L. aies.
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The results for each of the nine iroes outside tre

curve of the ‘morm" are shom in the table velow,

Frame |l Tleizhting | Res_onses | Norm |Deviation Percenta e
number from devietion
norm froa rom
11 1 65 53.5 11.5 21.5
21 3 27 17.8 9.2 34
24 8 11 6o 4.3 59
46 2 52 26,7 565 16,6
54 1 66 53%.5 12.5 19
65 2 41 26,7 1.3 55
g1 3 50 17.8 12.2 41
99 p) 23 17.8 5.2 25
187 1 85 55.5 515 37

The three frames wiich h.d already been ciscovered
as requirin, revision can be omitted fram this discussiwn,
as they have alread; been reviewed. These three frames
are 11, 54 and 187, This leaves six other frames vhich

could require revision.

At this sta'e in the tosting oroceudre, it was

decided only to anply revisios if ébsolutély essential.
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The hichest nercenta e devietion from the norm was the
415 of frame 91, I:noring the tnree frames found alrsady,
there were also three other irames with a high deviati.n.
These were 21, 24 and 65. Frames 46 and 99 vwere not
consicdered to have such a hi h deviation that they regnirec
drastic attentiom. Thus a decision nad t0 be ta.en on
four frai.es, as to whether immediate revisian should take

o

olace, or whether revision could safely be left to the

next edition of the wro, ramme,

The deciding factor on this revision was the amount
of pressure being applied to brin,, the nro_ramme to a
final stage of testing. Revision of these fraies, ana
producing a nevw edition of the »rosramme would nave taien
at least three months, mainly due to the work lond of
the printers. Yherefore the unfortunate cecision was
taken that further vevision could wait until all tests heoc

been comnleted.

It is not consicderad that leaving these six fvaries
in taeir ori_inal state made any si nivicent difference
to the final performence of the pro ramn.e, as the nuaver
of frares involvedvas s:iiall, and the amount of er_or

apparent o each frame was also small.
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On the section of the oro;ramme containing th2 three
worked examples, there were no cases of remedial .rames
with ercors :reater than the norm, Thus no cases of

revision were necessary in this soctions

This wei hting of romedial frarmes is thou ht to we
an extremely useful tool in the testin, of drogramnes.
It is not known vhether this device hes been used wefore,
but it is suggested thet it is a test having much miore
beariug, on the effectiveness of the ,)ro_ramme than a
straicht count of the error rate of the sample nopulatiom

working throu h the jro ranue.

The weighted errors of individuels were now tabdulated
to investigrate the comovarative performance of the various
grouns involvea in the test. These wesults are »resented
firstly by the total wei:hted error of each trainee on
working: through the »nro.ramme, In each groun, the first
eravh shows the total weignted error in ascendin,. order of
time taken to complete the pro ramme, The second _renh
in each case showus the total weiphted errox in ascending oraer,
Any extra results obtained for individuals in any of these

grouns are included in the results. The .ranns are on the

following four pages.
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These =raphs can te summarised in t e following table.

Groun|l Number in liearn Standard Ilaxinum | liininum
groun weighting | deviation
REM 73 31 12.3 68 10
LREM 14 25 13.3 66 10
REA 27 22.9 8o 7 49 6
TAA 22 19.1 10.9 44 2

The results for the four differant i, jes of trainess
show a rewarkable de ree of cohesion, considerin_ the

differing. levels of trainin. ana experience.

The results of all trainees taken to:zetvher are showm
on the two histo. rams on nases 124 and 125. The first
histo,ram shows the wei_hted res onse rate for the first
six basic sctions of the nro.ramme, and the second
histo_ram shows the weichted resonse rate for the vroblem

section of the yrogramme.

The results for any individual trainees fallin; withir
the -.rouss for this vest are included in the table and

the aia;raus thus the total nunber of results is sli atly
[ 9 .-

larier ¢ han than the orizinal content of the test nonulation,
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The dist.ibutin on these histo rams is resaraceq
as bein_ satisfactory, and furnishes further evidence
that the orocramme is viable. The overall wei htea ervor
in res.onses on worxing tarougin tne pro;_amme, for a
total of 138 trainees, sives a value of 26.7 for the
conplete text, This.value, and the values of nean
weighted error for the different zouns, is well celow
the fi_ure ®mgen for a satisfactory level before revision
was r equired. In fact, the weighted ercor isatvally
below the fijzure taken as the maximum fotal error measured
as g strai ht count of remedial frares used, Therefore

the resalts of tThis test are ver, satisfactory.

One further testvas ar.ied out on ths viability of
the pro, ramme, This test compared the weigzhted error
on the first sixsctions of the pro_ratune, and the
weiprhted error on tne section of the pro ramme canteining:
the three worked exainoles of actuzl faulis. It was hojed
that the error rate on the voroblem secti.nwuld be lower
than on the pro ramme for the basic method, as the traines
should nave been able Vo a’.ly the method whicn he lesrnt

in the first six sections to Tthe problems.

The results of this test are suhown in thne following

eight dia rams, fig 4.22 to 4.29 inclusive.
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These _raodhs may pe .unwarised by th: folloving two

tables of results .

Results for rirst six basic sections of the orogramne.

Group || Number | Average Standard laximum | I'inimum
in welghted | deviation
.roup error
REM 69 2502 1000 53 7
LR} 14 18.9 12.4 59 7
Ri:A 26 16.7 8.1 59 5
REAA 21 13.7 T.7 50 4
Results for the oroblem section of the oro. ramme.
Groun {|Number | Averare Standard Faximum | Iiininum
in weighted | deviation
Jroun error
REM 69 8.0 ~.6 57 0
LREM 14 5.0 3.0 14 2
RIA 26 4.9 e 11 0
RIAA 21 409 3.6 14 0

It should be noted taal althougn the mexizwn wei. ntved

er.or Jocr the R.E.I, _roun as shown in the gescond table

is )79

the next hi hest is 15,

which is more in g; reemeny



with the maximum weighted error in the problem section

for the other three groups.

As for the test on the vaw ervor rate, ana the test
on the time taken, a chi squared test was carried out
for the parameter unier consideration. This was
carried out, as before, using two main experimental

groups, apyrentices and necnanics,

The categories used for tnis test were not tne same
as tuose used for the raw error rates, as the wei ited
errors are necessarily hi her tnan the straight error
counts. Considerin, the total tueoretical weigauted
error and the total theoretical raw error, a close

ap,roximation is to take a 1.5 conversion factor.

This then (ives the following catesories :

Group 1 0 - 15 weighted error
Group 2 16 ~ 30 weignted error
Group 3 31 - 45 weignted ervor
. Group 4 46 - 60 weighted ervor

There are, uowever, toaree results wiich do not




fall within these cate,ories; those of trainees with
weighted errors of hi_her than 60. Thus a further
category was includad for this group, making five

cate,ories in all.,

The following table shows the results for wei.nted
errvor rates, split into apprentice and mechanic

populations, for each of the five categories :

Apprentices l'ecaanics | Total
Group 1 19 11 30 .
Group 2 21 39 60
Group 3 8 25 53 -
Group 4 1 9 10 |
Group 5 0 3 3
Total 49 87 136

1The value of chi sguarel ror these res.lts was

. calculated to be 16.4 ior four desrees of freedom,

¢giving a level of gigaificance of 0.01 .

Therefore it would e expected that the two typges
of trainee would differ in taeir respective performances,
and it would b2 expected thai the apyrentice group would

have a lower error rate than the mecnanic ooup.




mowever, +uais woes not disprove tnat the prograinie
could be given sovisfzctorily to the Cillaront closoos
wm7olved in tnzss tests. It is expected thet e difference
in @rlowmence would occur with ailrferentv ieveis of
trainee, the main criteria is that the extremes of
these groups do not find the programme too difficult

or too easy.

The group finding the most difficulty is, as
would be expecved, the group of Radio Electrical
liechanics, This group had a mean weighted error
calculated to be 31, The grou, finding the least
difficulty is the Radio Electrical Artificer Apprentice.,
'his again is as expected, and this group had a mean

weighted error calculated to be 19.1 .

The question nust now be whether these extremes
of vatue are satisfactory. 'rhis must be a matter for
Judeement, coupled with a close study of the results.,
It would .ppear that the results of the two extreme
types of trainee are, in ract, satisfactory, the
weighted error rate of the Radio Ilectrical llechanics
not being disproportionately large, or the weignted

error rate of the Radio Electrical Artificer Aporentice



disproportionately small,

It can therefore be said that this test s.ows
that the programme is suitable for all the imembers

of the test population, with regard to this parameter.

At this stage in the discussion of the testing
of the programme, a sumuary of the various parameters
tested will simplify later discussion. These tests

are listed below :

1, A straight coﬁnt of the number of trainees
using each remedial frame occuring in the
programme .

2 A straignt count of the nuwuber of remedial
frames used by each individual trainee.

3. ‘'he total weighted error for each remedial

frame in the programme.

4. The total weighted error for each individual
trainee in working through the programme.

5. The time taken by each trainee to complete
the programme,

These can now be summgrised.

The first test on the prozremme was to check the

numbver of trainees using each remedial frame in order to




find any frames wuich obviously regairmed revision. For
imhecinte revision a Ti;ure of 50 of trainees using a
particuler remedial frane was faken as the maxinmum ailowable.
No frames were found wrere this wes found to be necesscary,
althourh three frees were round . ith ervor rates n eveecs
of 501"110 These tiiree fra-es were exsined and Tere ot
thourht tn reguire iirediate revisi n. For lon. teim
revision it was d&cided o investirete emedial rrames
waich vers used by -reater than ore thiwvd of the trainees.
Ten such franes were fourd, In neither case were any fromes
found e the provlem szction of the [ rosramue which
required revision.

The error rates on the ro remre Zor individual
traireecs were nov sumiarised, It ves found that the
results for the four . rouos teking this test were
compatible. Thus from the results of this test. the
Jro.ramue should ve in a suitable condition tv be iven
to any of .he four d¢ifisrent yoiss in the test »Homulstiaa,
At the same time, the error wvates for cac _roun vere
comnared with the tine 2.cn to comolete the »ro:rance.

No satisfactory comuection could be round betwsen the
nunber of errors .ade m the oro_ramme, and the actial

time fa.;en t¢ comdlete the piro; ramme,
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The time ta.en .y eachh tiainee to co.pleie the
prograume was then noted, and the results sw.nmarided
by test srouws. The results for each of the four test
croups show that theorocramie cen egually well be _iven
to any t.ainee of the four main  rouds texing the test.
Thus the oro.ramme is a _ain nroved to ve satisiactory for
the wnole swectrum of whe test pdpulation.

For the next 8st, a weisghted error was assiimea %o
each remecial .rame, azpendin_ upm the extent of the
error which led the tiainee to that varticular fa..e.
The fivst conside-ation was to investirate the toval
res ;onse for each weisnted remedial I'rame. 4s shom
earlier, a system was &vised of consicdering both the number
of trainees using each remedial frame, and the vie_2ting
of the frame, +to decidethether revisiun of the irane
was necessary. A 'morm" result was obtcined witiiin
which all the frame results should fall. iline {. raues
were iound to fall outsicde t nis norm, and trus required
revision, However, it was impossible to unae-tare
extensive revision at this sta. e, and after investi,ation,
it was d&cided that the revision of t.ese nine fra.ss could
safely ve left until the next edition of the nio_ranue.

The fact thet only nine frames in the entire orosremie
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required mvision should maxe very little cifference to tne
pérformance of the Jro ramme as a vhole, This Tact

was substa.:tiated by the errors recorded a1 the problem
section of the programme., o frames were found on this
oroblem section which req.ired revision, and thus the
serformence on ths: trainees in the actuel fult fincing
situation had been shom to imnrove from workin. throu h

the fault finding metiod as exnle ned in the first six

sections of the oro:raiue,

The weiphted errors on the ororramime weie then sumigrised
for each of the four groups in the test osopulation., 4
compariscn of these msulis showed that all four _roupns veie
compativle, and that once a _ain it was true to sa; tiet
the n2o. raume could ©e , iven to each of the four _roups
with equally advairta sous results, Althou. h the resiults
are very similar for the four rouns, there is a steady
reduction in errors fron tne R.Z.IL. [roup to the H.Z.A.A.
Jroup. this is to'® exjected, as the four . —oups are
listed in the theorstical order of ability and ex-erience.
However, the diver ence of results for the four mrouns is
not so gireat as to sreclude the advantaze of being able to
give tnis pro ramme to any trainee within tiue four test

L TouNs,



Two histograms were then drawm, showing the
weighted errors for the trainees in the first six
gections of the programme and the problem section of the
programmé. Althousn there is a smaller actual weighted
ervror on the problem section than on the first six

sections, the distribution of both histograms is

satisfactory.

Diagraiis were then drawm to show the wei_nted error
on the first six sections of tie programme compared with
the weighted error on the problem section. These were
su@ﬁarised firstly in order of com.letion, and then in
descending order of weighted error. No satisfactory
connection could be found between the time taken to
complete the programme, and ithe weighted error of the

trainee.

" The raw figure of weighted error on the problem
sectiﬁn cannot be directly compared with the weiohted
error on the programme section because of tne different
number and weighténg of error frames in tnese two sections.
A correction factor of 2.636 has been computed for the

provlem section to make the two sections comparable.




This produces results as shown below s

. Group Number in Number not Average
Group Improving Saving
REM 69 12 5¢2
LREM 14 p) 5¢3
RMA 26 6 . 3.8
REAA 21 8 1.0

The average saving, refers to the di.ference in
weighted error on the first six sections compared to
the corrected weignted error for the problem section.
A "sgving" is effected a&f the performance on the
problem section, after correction, is better t han the

perfornance on the previous sections,

In the REM group, a proportionately small number
did not improve their performance on the problem section
compared to the programme proper, but the avera.e

saving is small, of the order of 5.

In the other three . roups, a proportionately
larger ﬁumber did not improve, and altiough the saviné
of the IREL group is apuroximately the same as the REL
&roup, the other two are lower, The REAA group

in fact can hardly be said to have improved at all.



However, improvement on the latter half of tie whole

programme is rot necessarily to e expected.

To checik the significance of the changes in performance,
a Wilcoxon matched-pairs signed-ranks test was carsied out
for each group. Again a corrected weigiited erior was

taxen for the problem section, ,

Weishted error rates were compared for each individual
trainee in all groups for weiganted erior on the projramue
section and corrected wei_nted error on the problem section.

The results are showm below :

1b‘ma.ll sauiple treatuent Lar e sample treatment
Group T N ¢ Z o
B || -220 68 - 5.4 n.s.
LREM | -25 13 sig 0.098 sig
RIiA -99 25 <.05 1.709 0.0436
REAL | -96.5 20 | sig 0.673 0.25

T is ihe smaller of the sums of like si.ned rauks
N is the total number of independently drawm cases
Z 1is the deviatin of the observed value

& 1is the level of signiiicance




Althou.h the numbers of IREM and REAA trainees are not
really lar.e enou:zh for lar_e scale treatmeut, the result
can be informative. However, no particular pattern
emerges from these results. The REM group siow a
significant change in per:ormance. The RUA group have a
level of signiiicance just below 0.05, the stardard level,
but it is not low enough to be conclusive.

dik ngb
28 The other two groups of IREM and REAA, the—=null

, and t.us any change in

——

pefformance cannot be ta:en as relating to a particular

set of circumsta.ces.

However, tnis is not a drawback of the usefulness
of the programme, as the performance of all groups on

the problem section was satisfactory.

This completed the tests on the actual programme and
snowed that :

(&) The pro_ramme itself is in a satisfactory
condition to proceed to tests to discover and evaluate
the increase in fault finding performance accrued as a
result of working through the prosramme.

(b) The programme vas suitable for the whole

spectrum of the test population used in validation of




the progremme, and these four groups could again be

used for the evaluation tests.

The next sta.e was the.efore to instigate tests
to evaluate the increase in fault finding performance

accrued as a result of working t.rough the programme.,
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CHAPTAR_ 5.

EVALUATI(N OF THZ _PROGRAMIE.

The main anslysis to discover the teachin_ efficiancy
of the jrogramme was carried out with a nre-test / ~oect-te~t
system, These two tests used the fauli findin,; sinuletox
sheets vroduced by Printeciuiic under the title of Miraine.
Tester Sheets". The eries on the superneterodyne radio
receiver whichi consists of twentiy separate fault shcets
was caosen as tne stancard, and tucir contznts were
considersd to e exactly ri~ht for this test. The
variety of faults included in the s:rizs of tweniy slso
orovided a mears of neasuring a wide field of fult finding:
nerformance,

Theze testsvere cescribad in Chanier 1, and g series
of them are submittea'with this work, therefore further

descriniion is not .ecessary.

There were tvo wain alvisions in the samnle »rooulatiax
taken for these ®sts., These were the etreriemtal _soun
and the control jroun, The experimental sroun tooir the

pre-test, followed immediately Yoy the orosramme, and then

took the »ost-test. ‘The control g¢roun took the pre-test
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and took the nost-test affer an interval equal to the
avera_e ivime taken to work tThroush the nrosramme by the
expesimental sroud. The control groun aid not have any

ingtruction in fault firdin, technigues in the interval

between the tvo tests,

The content of the emperimental —rou» was as follovs
(a) one class of Leading Radio Dleci-ical
echanics
(v) one class of Radio ilecianicisn Annrentices
(¢) two classes of Radio Zlectrical Artificer
Adprantices

(d)  three classes of Radio Zlectricel ilechanics.

As has been shotm earlier, career course classes
in H.lL.S. Collin_wood are strictly coanarable, eznd can be
-« 3C 37
considered as motched, Therelore, altinou h the classes
used for the evaluation were nov thz same actusl troinecs
as those who tooX Jart in the Tirst seriss of velidetion

tests, the results of the classes used Zor evaluation

can ve tauxen in context with the classes used for evaluation.

The control .1 .un consisted of o emess—seesi=x of

twenty one trainees.



To obtain an entirely unbiased res.lt, btoth the
control sroouo and the expe-iemtal groun were marxed on
the same strict scheme, ana to the marking a,ency there
was nothing to distin. uish the two :rouwds. To assist
with this policy of oroviding strict marking catrol,

a marxing scheme was prepered in waich there was no
00ssibility of producing different final warks because of
extraneous causes during the marking. Iloreover, the
tests were all marked at the same time and by the same

person,

The strict control of the marking situation was
dependent upon an ideal set of solutions for eacn of the
twventy faults in the series chosen for evaluatim. These
soluti ns were not ideal in the sense that they were the
best possivle solution to the fault, ovut were ideal in
the sense that they were the solutions to beexrected fxom
a trainee followin. imnlicitly the method of fauilt findin
taught in theprosramme., It had already been established
that this varticular method of faultv finding was consicerec
t0 be desirable ior the trainees in question, and taus
measurin_, the fawlt finding nerrormance in the are-test

and the nost-test based on the criterion of this fnlt

findin,, method, would produce a direct result of the
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training value of the Hrosramme,

Thus the fi.st step in the evaluation of the »Hro ramme
as a trainin; aid was to produce this '"ideal'" set of
solutions for the faults in the test series, and to
produce a write up of these solutions reacy for use in

the evaluation tesis,.

At the same vime investi atims into the exact mevhod
of marking the fault finding simulator sheetis were carried
out, The possivility of using, actual eguilaments for wne
evaluatim tests on feult iincin,; serfornance had already
been discounted because of the difficulty of »roducing a
sufiiciently viable and strict mar<ing scheme, The fault
finding simulator sheets haé been chosen because they
offered an extrmely ;ood solution to this nroblem. ihen
using the sinulator sheets, a »esmanent recora of each
sten in the fault finding meirod useld by the trainee is
left in the rubbed out sortims of the shests. IToreover,
as the trainee is requirec to number his steds in wvhe ordier

of compnletion, a comoleve record of his ovo_ress throu h

the fault can be obtailned.

Another advantase of these sheets is that no arvificial



asvect is introduced into the trainees' feult finding by
requiring any othe> records to be keot of his fault
findin_ performance. In any situation requiring the use
of actual ecuipments, the record could be kecot by an
observer, but this would be very wasteiul in manvowver,
and imoossible for lar_.c nunbers of trzinees., If the
trainee was required to keen a wevsonal record tien tuis
would introduce an artificial asnect into the fauli

findin situation.

In fact no artvificial ascect Gue to the use of the
simulator sheets as a criverion tesv was introduced, as
preliminary trials of tnese sneets hau proved o e
s© successful that the;wre in lar. e scale use in t he
trainin_ establishment in norial fault fiuding sit ations,
and in fact a fairly lsr.e number of sleets of this kind
had been made in tue =stablisiment. These shests deali
with specific naval egn_nnanis. Thus the trainees wvere
familiar with this sort of sirulator, and no shiurious

effect would be Hroduced by unfamiliarity with the © e

of test.

Orce thr M"ideal" set of solnticrre t0 the fecte

had bzer determined o navth eten was to lay dowm a
? -
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marxin  scheme, Thig dcheme bad to be svflficiently
rdrid for there to be no discrepancies in merking, if
trainees' solutions were markzd at different times or

indeed by different jersons.

To do tﬁis, a decision was required on the nost
importent factor in  .od fault finding, and the comerciive
emphasis to be ¢iven ©o the different aspects of fault
findin. performance wiich culd be marked, For exemnle,
it would be'possible to mark the trainzes' solutians
solely on the time teasen to vejalr trhe fault. EHowever,
it can te ar _uved vnet tnis is not always the most in-ortan.
criterion of sood fault findin:. It could bea-ued I.-om
a purely logical viewooint that the most importent:

1, ' "

criterion was thatv vne favl

.

v snould be reraired in ihe
smallest number of steus, as this shovld “e the iwost
efficient solution, Unfortunately, +this is not elweys the
case, and it is impossible %o state cate_orically vhich

is tune wost imsortant criterion.

To . ive thz h.oadest sossible victure, 1t was
decided thet thne followin_ laranleters snoulc be used :

(a) Number of steps taen to cure the fault.

(b)  Time ta:en to cure the fault.



(¢) Number of com,onents revlaced or renairs

made,

Fowever, it was obvious that a (irect measurement
of the numter of stevs taken, or the number of comionents
replaced, would not give a direct neasurement of ihe
efficicacy of the fault findin oeriorzance. It .2i_ht be
several times uore comnlicated, costly and wasteful, to
carry out a certain test or coujoneni renlecenent tian to
carry out otners. In electronic te. ms, checiin_ a
volta_e would be amon st tne siiplest tasiks, ihereas
replacin_ certain comwnonents such as a transfor.zr couvld
involve a substantial amount of work in unsoldering,
unbolting, revoltin,, and resoldering, If the comnhonent
re >laced did not in fact renair the fenlt, theun the
overation would be even more costly, both in teriss of
material used, and in teris of the man nours required,

as well as the inconveniencé of the fault not being

relaired correctly.

Therefor a '"wei nied" score mes _iven tTo eacn sten
in the &.4lt findin wmetnhod, devendin wuoon its comslexity
and the asoroximete time it would tane to carxzy out. This

nroduced two further narameters e
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(i) "'eizhted" score for the number of stens
token to renair the Bult.
(ii) "eighted™ score for the number of

comporents replacec cdurin: the fult Tinding secuence,

There vere thus a total of five "araieters wiich
coulc pe used to measure fault findin: 7erforuance,
These tere
(a) The number of stens teken %o cure whe fauli.
(b) The veirhted score for the number of sten
taken,
(¢) The number of comnonenis revlaced or
repairs made,
(d) The vei hied sore for the comnonenis
revlaced.

(e) The total time taren to cure the fauli.

As stated above, it wae founu to be imn.ssible to
state cate orically which of these five narameters was the
most imortant, In tho special circumstences of renairing
faulty electrwumic equinoment in a shin of the doral ilavy et
sea, this situvation becomes even more comniicated. There

will be occasions curing, which different narameters will be

of orime im)ortance. For exernle, 1if a radsr equiomens
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sustained a failire at an inopn.oriure iouent, then the
most imnortant criterion would be that the fault was
repaired in the shortest oossible time, re;arvless of
the number of cowodononts replaced, or inceed vhether the
sequence of stens was logical. On the other hand, a
shiv at sea can only carry s ceriain number of soares,

and these must be conserved ag much ags possible,

However, it was decidesa thav rfor inis evaluatim
test, one particular requirement snould be that onl: .ne
component was renlaced., If the trainee was follciin.. the
losical .etuod correctly, then the stens of the fault
findin_ method should indicate exactly Whigh canoyonent was

~
at fault. Thus one, and one wuily, COMPQE?t snould ve
replaced, Also if the la_ical method was followed, +inen
the time axen to wepailr +th=2 Ault, acd the n.mber anc
weigsntin_. of stens, sinould be at a mininum for most of
the faults cured by The test ponulaticn. Phis voulcd not
always be so if thetirainee wasexde.izsced but the level of
exmevience of the test .opulation was such thet their
ontimum sercosmance swuld te attained by foll wing the
method _iven inm the o raime, 1if this was foll:wed
faiti.fully, It should be remembered thetv the ~ro rair.e

under test was gtienntin, to teach a vasic method of fault



finding wihich could ve followea by a jerso. with nc srevious

expe_ience,

Thus tane actual rariin_  scheme had to be considered
collectively, ratler than ouoting one »articular test
result for a :roun. Unforiunetely, ¢ .is collective
consideration has to be car iea out objectively ratner than
subjectively, as it sas oeen shomr tuet tThe circarstance
of a particular fault may - overn the besi solutica of it,
This objective consiceration nrocuces a certcin emount of

comblexity in ©hez cetalled analysis of results.

Iith the above »oinis as a basic set of criteria,
the marking scheme and ideal solutions were Jrepared.
These were sroduccd in a s arate booulet, o coyy of
waich is subritted wita this thesis. The maxikin, schene
orovided for wei hted scores to be  iven for aifferent stens
in the fauwlt finaing, method, depending uron the reslative

comnlexity of The sten. .21 bhied stores were elnn ~odnced

w

for the repair arnd re logecctt of comyonents. Th
weis hting varied tetveen one azd Iive for aiflferent steds,

and full details are _iven in the su: .lenrentaryr booxlet.

It is .ecalised that this wel hiin, scueme imjoses a



further conditi . on the mariing scneme, as stels nay
have relative complexities in excess ol this diflerence
in wark. Hdowever, 1t 7as not considered nracticel to
pursue this weil hting scieme too far as it would introcuce
false conaitions. ‘The veigahtin scheme, used in

moderation, should be vetter than a strai-ht count of

stens, as lon. as it was used without an excess of zeal,

In examinin_ the lar:e numbers of i -ainees in olvea
in this tiial, it was Thous/ht tnat to  ive each class
exactly the same test woild orocduce discrejancies, es
there vwas bouzd to ve soe collusion betveen the clesces,
anc¢ this would invelicate the results, Thereioie a sies
of criterion tests was nredsared, and the actval test

given vv each _rou) was varied,

However, <these tesvs had to be sirictly comnatible
in order thai the test resilts s-oulda e comnarable, n
orier to (o this a series of tests was srenared in ~nxich
each test containzd taree feults out of the wwonty faults
available from the sirmlator sheets. Dach test of three
faults was selectec. so that it camtained one {ault from
each of the three main areas of the circuit usea for the

examsles, Yhese areas were the radio fiequency stages,
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the intermediate frequency siages and the audio freguency
stares. Bach test was a2lso s:lected so that the total
number of stews necessary to cure the foult as saom: oy
the ideal solutions, and the total weigrted store of these
steds, should be similar for all the tesis. It was not
found wossible to make these totals exactly the sare, "ut
each test was selected so that there was a discrenancy of
only one unit in the total scores, a.d in fact Tae
majority of the tests ned exactly the same totals, v

is not considered that this cifference of one in the total
gcores for the testvs inwroduces any noiviceable veriatlian

in the results.,

For ease of refeience, tne ideal score foracen T alt

was termed the "bo_ey" score.

The classes of Racio Zlectrical liechanics, Lecain;
Radio ®lect ical ilechenics and Radio iechanician AX rentvices,
were eacn iven one  rouo of three faults as the are-test,
and one grouy of three faults as the vost-itest. The
class of Artificer Apnorentices was iven two ~rouns of
three faults as the nre-test, and twvo _rouns of three

faulss as the posi-test.



165

The control :roun, consisting of itwenty; one t-ainees,
took ane group oif three faults as the »re-test, anc one
croun of three faults as the post-test, witnout heving

any fault findin. ianstruction in the oderisd betwezn the

two tests.

For each fault in waich a solution was founa, the
five parameters listed chove were measured. A senerate
record was xept of faults wnich were not successfully

aia_nosed ard renaired.

All five naramete.s wore then comalaved lor the we-test
and the nost-test, The net results orf these cunlerisoms
was found to be very favourable. Gach exderiemntal
sroun snuwed a sisnificent increase in fault findin,.
verformance after woriking tncoush the »ro ramme. loreover,
althou h there were guite a lr e nuuber of cases vwhere ths
trainee was unable to cure the fault before woriking throuih
the orogramme, this was very much reduced afte. the trainee
hada comoleted the .ro ramie, Details of these results
are shown velow, and each is discussed separately vefore
arawin more _eneral conclusions as to the improvement

in fault finding due t2 the oro_ramme,
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Fig. 5.1

NUMBER _OF FAULTS NOT COMPLETED IN PRE-TEST AND POST-TEST

PRE-TEST POST-TEST
GROUP NUMBER TOTAL FAULTS TOTAL PERCENTAGE TOTAL PERCENTAGE ACTUAL PERCENTAGE
GRggP IN EACH TEST UNCOMPLETED UNCOMPLETED | UNCOMPLETED | UNCOMPLETED | IMPROVEMENT | IMPROVEMENT
REM 1 16 48 11 23 0 0 11 100
REM 2 16 48 v 15 3 p N ”
REM 3 10 30 7 23 0 0 7 100
RMA 23 69 20 29 5 7 15 26
LREM 17 ' 51 5 10 0 o 5 100
REAA 11 66 15 23 2 " " 53
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Com.letion of faul§§e

.

Althoush this is not a true narameter of measurement

it produces some interestin_ results.

There were a total of 42 Radio Slect.ical iechenics,
each taking a pre-tesr of three faults, and a :ost-test
of three faults. There vere therefore a total of 126
faults to be cleared in each test. In she pre-test,

a total of 25 faults were not successiuvlly dia nosed,

and 101 faults were correctly clearew. Yhus anppoximatelsr
207 of the faults in the nic-test vere nod daia nosod
correctly, In the )jost-test of the same nossivle total
faults, +wo classes successiully clearad all ine faulis,
and one class left three faults uncom>leted., This -ives
a mariked improvement in fault findin oerformance, and
the actuel fi. ures for the three classes are shom in

Piz. 5.1 on tne previous oace. Taltin_ he three classes
to_ether, with 25 faults unsuccessfully atteanted in e
vre-test, a.d only three feonlts unsuccessfully at.endiew
in the sost-test, a vositive .mprovement in feult findin,
performance of 88ﬂ is ovtained. On this tesis alone,

the pro, ramme would ans2ar to be successful, i it

produces consistent results of this level.
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Yhe next lar esu rouy is the class of Radio :ecranician
A preintvices, there veing 23 in tne class, In this case
a class of 23 ives a toial number of fiults in ezch of
the two tests of 69. In the pre-test, a total of 20
faults were not correctly diarmosed in the pre-fest, and
five in the post-test. This [ives an unsuccessful rate
in the pre-test of 29", and an unsuccessful rate in the
nost-test of T, Hotn of these rates 2re hi “er then

the cormarable .ates Tor t-e clragses of P2A3io Tleet <ol

1,
]

Mechrnics, W oie rether surorising, as the lrdio
Mechenician An-rertices ome considered to be at a hi her
level of trainin, then the Racic Zlectrical llechanics,
Hoviever, <for the Hacio i"ecnanician A»orentices, the
simmle ercentase imyrogement of faults comnleted in the
tests works out to be 76ﬂ9 vhicn is in itself =2
substantiai imjrovenent.

The Leadin;; dadio ilectrical .echernics hove already
had fault finain. ex@idcence in the jerfowiance of tlheir
auties at sea. However, +the, have had litile formal
trainin,; in fault finding .ethols, and tenc to nave
confuded ideas (ue to nossessing a nixture of fairly
sonhisticated oratical know=how nicred u> from senior

ratin s with whom they have been working, anc tha simnle



theoretical knowledge torat they gained whilst on course as a
R.E.id. Out of a possible total of 51 faults in 2ach test,
5 were uncompleted in the pre-test, this being 10¢)
approximately, whilst all faults were correctly dia.nosed
in the post-test, a percentage failure rate of zero. A
straight gain of 10% therefore res.lted, but the percentage
gain could be worked out to be 100¢%,  In either case the
fact that all faults were cleared in the post-test is a

ver; satisfacbbdry result.

The LREMs are the senior fault finders of the test
population, and the senior rating is the man to whom the
junior rating will turn when in difficulty. Thus the senior
man should be able to clear all faults. It is also most
ef.icient if he solves tnis fault in the best possible way,
but it is in some ways more important that he can always find
the answer to a problem whicih is baffling a junior rating.
Thig requirement is amply saiisfied by tnis test, as the

group of Leading Hands solved every fault in the post-test.

The last and smallest group in the test were the
Radio Electrical Artificer Apprentices. This group
should be the most intelligent and highly ftrained of the

four groups in the test. At this stage in their carcers,
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Zﬁey have no practical exde:ience of ecuinments, having.

concentrated on thz theppetical aswect of electronics

durin, their course,

This ;roun had a total of 66 faults to clear in each
of the two tests, as they vere ;iven six faults in eesch
test. A total of 15 faults ware not clearec in the ~ve-
test, an aooroximeote neicentae of 23%:, and this rediuvced
to a total of seven unsuccessful attemnts in the dost-test,
an approximate vercenta_e of 119, This comparatively
high result in the oost-test was a little disan:ointin,,
in view of the hi_her standara of tna _roud., Hovevew,
this im>rovement still represents an aversg.e increase in
performance of 53, aithoush this is the smallest

improvement of the four gsrouns,

An exnlanation for this comdaratively low increase
in persornence was ~ursved by interviewing indivicuals in
the class. From the results of this interview, it
became anvarent thet those menbers of the class who did
not show a satisfacior;” increase in perlormance hac¢ tended
to ignore some of the methods of fault findin_ tau_ht in
the »ro_ramme. The reascn dor doing this was thot they

considered as a result of all their nrevious training that



they alreedy had sufficient tiainin_ to be able to fault
find satisfactorily, without usin,, vhat asozarea at times
to be a very simnle method. In fact several I the trainees
consicezec. that the method was so simnle as to be of no
nractical use. Those menters of this croun who wid follo.
the methoa of fault findin implicitly showed a much nore

satisfactory imorovement in nerfo.mance,

Lowever, the final vesult of this examinatim for all
the four _rouns was very encoura_ingz, and snowed a dzTinite
improvement in fault findine neriormance after t ne t.einees
had workea throu nh the »ro_.ramme., Thus the actual revhod
of Bult findin . taurht, and the srocra.re used to do this,

had bota o2-oved to inciease pe ITormence in Tault findin, .

Paramter - The number of ste)s necessary to cleor the fouli.

In vhis test, the strai it forwarl auwnber ol sieds
taken to clear the fanlt was tolen as the criterion, no
re ard vein_ .aid to ithe relative connlexity of the stens.
A ain ne resulis are ;rouped by each of ihe Tour diilevent
tyves of classes wio took nart in the oxerieient; aid are
sevaratec into resulis for the »nre-test and for the nHost-

test.



A Tfurther megsurerent vas also ie.en curing this
test. Forech _wrour of faults used in either the »re-
test or the jost-test,; the total "bo_ey" score was
calculated. This vas the numpver of sve s vhich vwould e
taken in findin, the iceul zolution to the three fenlis,

Tor eac tmainee, o ceviation from this orey score could
then bhe actermined, this bein_ the cifference uetween tae
actual number of steas ijuien and tre ideal, or bozszT,
nunber of steps, Yhis sives e measurecent of the amowt

of excess work, effort and time bein_ wasted by tae train-e
in correcting the fault cue to nov folloring ihe ccoract
favlt finding methed imdlicitly., This devietion score

gives a more useful result than the strei nt number of

steps taken ¢o cure the ravlt.

As the deviation from b ey score - ives a niore accurate
plcture of the fult findin oeirormence of the {raiiecs,
the results of this test are tavulated by ceviaticn reticr

than oy the strai;at iumver of stess.

The results of this test are shom in the tavle
ove.leal, (WMig. 5.72), tarulated y the four filrfewcrt

orouds iavolved in the test;, and aleo shIying thae

resulis of the control sroud.
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Fig. 5.2

DEVIATION OF TOTAL STEPS TAKEN FROM TOTAL BOGEY NUMBER OF _STEPS

PRE-TEST POST-TEST
GROUP NUMBER TOTAL TOTAL TOTAL AVERAGE TOTAL TOTAL AVERAGE ACTUAL AVERAGE | PERCENTAGE
IN POSSIBLE FAULTS DEVIATION | DEVIATION FAULTS DEVIATION | DEVIATION SAVING SAVING SAVING
GROUP FAULTS COMPLETED COMPLETED
PER TEST
REM 42 126 101 ~785 -18.7 123 -511 12,2 +274 +6.5 35
RMA 23 69 49 -600 -26.1 64 -355 “15.4 +2L5 +10.7 L
LREM 17 51 46 ~134 =7.7 51 +91 +5ek +222 +13.1 B
REAA 14 66 51 -221 =10.0 59 =103 -l o6 +118 +5.4 54
CONTROL 29 63 63 =315 ~15,0 63 -320 =152 =5 ~0,2 =13




All of the four wouds in the %est Hopulation acngeved
[ N - KN

a savin,, in this ‘erzimeter. Only one _roun, that of the

o
Leadin;, Radio slect ical iectanics, aochieved a vost-test
result which was Letter thon the bozey score., The otaer
three rouds were still vworse than bto 2y on comusleticn of
the sro ramme, lovever, in each casge, the imrroverent
was satisfactory. The feulis used for this test were
cdmparatively siinle coanered to the faults which coula
occur in gctual situvaiions &t sea. WThese more aiificuld
faults could nov be tested within the time and facilities
available, bvut from the results of tae criterion tvest,

a dore substantial and useful saving should e apjrarent

oy using this fault findins method on the more com:licetzsd

faults.

Considerin,, individual class results, tae lar est
improvement was male by the class of Loi.del.S. Yhis
~class im)roved their averg e aevigticn from the borgy
score by 13.1 steos, aid as has teen discussea above,
hac a ost-test score wiaich was an averare of 5.4 stens

.

better than the bvorey score. Whals s'.ove a substaiiinl

increase in fault Jindin, periormance.,

The groun with the lar-est deviation froa the vosey
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score was tie class of .l -A.s. Althou-h the nost-test
result was still vell oves tic Do ey scowe, thgre was an
averase ilmorovement in ceviaeticn feun the bocey score of
10.7 stens. This a;ain shows a suvstential in rovermant
in fault findin,, 9erio.mance, 1if esch treinee could cui
out an avera;e of almost eleven sters in foult fincing

on simlle sroblems, It foliows arein vahat the insrovenen.

on more comnlicated problems would be more substantiel.

The class of .l.E.ll.s and tho class of Re.B.A.Aes
showed swaller gnownis of imorrovement, Uhe; actually
imoroved by 6.5 stins and S.4 steds res ectively.

Althou it this result is suslier, itV is still a sirnificent
improvement in faultv findin. reriormance. The results
for the class of R.%.A.A.s are reduced to a nre-test

and post-test of tiee faulvs each, 1in order to .2ke them
comparavle to t.e ovher twee rouds. The »sosv-test
result for this class of R.3.4.A.8 thei closel; a)ireacnes

the bo_ey score.

The nerfo.mence of the cantrol ~rovo nroved inat there
was littvle or no sourious influence accrued frcom exnerience
in the »re-test oroducing a _ain in oJerlormance in the

nost-test, In fact, the cotrol sron» were sli. hily



worse in performance on the post-test than they had been
on the pre-test. The difference in performance on thne
two tests is so small as to be negligible, and there
can be no ,ustificatian at this stage for applying a

correction factor to the experimental groups.

However, before these results can be finally
considered, the level of significance must be detercined.
The system of pre-test and post-test marking lends itself
very easily to a statistical analysis to determine the
level of significance of the improvement in performance.
As each individual in the groups has a pre-test and a
post-test mark, the obvious test is the VWilcoxon
Ilatched -Pairs Signed-Ranks test. This enables relative
magnitude of marks to be compared, as well as the

direction of the difference.

As was discussed earlier, the pre-test and post-
test given to each trainee consisted of three specific
taults. Althoush cvhese could not be mave tle same Irauliis,
the WO tests were uvalaincCed IOT DOLeY Scules alu LoTr type
of tault. +he combination of faults in each test was
also varied, still maintaining the balance between bogey
scores and type of fault. ‘hus no extraneous facwvor

could affect any change in performance other than

experience gained in the pre-test. This experience



factor could be discounted on the evidence of the

control .roup results.

Only those trainees who fully completed three
faults in both of the tests could be used for this
analysis. The total number of trainees in each group

which could be used was therefore as follows :

REM 18
RITA 14
LREN 14
REAA 11
Control 21

Taking the parameter of the deviation from the
"bogey" number of steps necessary to clear the faults,

The level of significance was determined.

Group , N T =
REM 18 41.5 <.05
A4 14 5 < 005
LREL] 14 12.5 < .005
REAA 10 0 -
Control 20 35 S sig

N is the total nwaber of independantly drawm cases
T is the smaller of the sum of like-signed ranks
of is the level of significance



Thus all experiewental groups showed a significant
increase in performance on the post test at the .05 level.
Again the control group siowed that the result of this

test was not masked by extraneous factors.

The overall results of this test on the parameter
of deviation from bogey steps needed to clear the faults,
do not show outstanding improvements, but in each case
a very satisfactory improvement is snown  This improvement
is again sufficient to justify the statement that, up to
this stage of the evaluatiom, the programme had proved

to be successful,

Parameter - Weighting of steps necessary to clear the faults.

It has already been described how a weighting scheme
was devised for each step in the fault finding metiod.
This was to allow for steps of differing complexity.

This weighting scheme gave each step in the method used a

mark of between one and five.

As for the straight number of steps taken to clear
the fault, it is more meaningful to discuss these results

in terms of the deviatiomn in score from the bogey score
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for the ideal solutium to the fault. The results iven
here are therefore the deviations from the bosey wiirntec
score, ana not the act.al wel hited score, They ere
dividec into the four 2xe.imentel roups, and results
are iven for the Jre-test and the jost-vest serzratel .

The results of tie control roun are also included.,

These :es.lts are s ow: in the table overleaf (Fis. 5.3)

A1l the four . rouds of the exoerimential section of
the test »ovulation achieved a saving in this »arcmeter,
However, in this test there were no . rouns waich acinievea
an avera e 2erioitance in vae sost-vestitich was vevier
thai bo ey, ‘'he class of L.R.®.li.s, who had ac:ieved

a scolre better then theun vosey in thne vost-test of tiue

previous varameter, came closest to iie bosey score ILor
this paraneter. “neir avercge wel. nted de iation from

bogey in the post~vest was only 2.1 excess.

Yhe L.B.®.1, _rou> also achieved the hi;nest imnrovement

'y
i

in faulv findin:: ~eriomlance vien ueagsuring this imorovement
on a percentia e vasis. dovrever, tne class of .l A.s

achieved the hi nest actual avera e im:rovement as a

strai_nt count.

In . eneral, all [roups excevt the R.32.II, classes
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Fige 5.3

DEVIATION OF WEIGHTING OF TOTAL STEPS TAKEN FROM BOGEY WEIGHTED SCORE

PRE-TEST POST-TEST

GROUP NUMBER TOTAL AVERAGE TOTAL AVERAGE TOTAL AVERAGE PERCENTAGE

IN DEVIATION DEVIATION DEVIATION DEVIATION SAVING SAVING SAVING

GROUP

REM 42 =-2212 -52.7 -1620 ~38.6 +592 +14.1 28
RMA 23 -1561 -67.9 -924 ~40.2 +637 +27.7 41
LREM 17 -4 04 =23.8 -36 -241 +368 +21.7 N
REAA 11 =573 -26,0 =297 -13.5 +276 +12.5 48
CONTROL 21 ~925 ll.0 -951 =45.3 -26 -1,3 2.5




saowed & verjsatisfactory improvement in fault finding
performance as measured by this 'parameter. The R.B..0,
group, although not showing such a large increase in

performance; did still improve their standard.

In order to c.eck the validity of these results,
g Vilcoxon lLiatched=-Pairs Signed-Ranks test was again
carried out to determine the level of significance.

The results are shown below :

Group N T X
REL 18 26.5 | <005
RLA 14 10.5 | <.,005

LREM [ 13 5.5 | <.005

REAA 11 0 -

Controlil 19 83 W.sig

N 1is the total number of incependeantly drawm cases
T is the smaller of the sum of like-sipned ranks
oc is the level of significance

The level of significance of all the experimental
groups is very low, and thus the improvements in the
parameter of deviation from weighted score of steps

in clearing the fault are significant at the .05 level,




The control group again showed no significant
improvement in performance on the post-test as measured

against the pre-test.

This control group result was again very satisfactory
as it showed that experience accrued during the pre-test
was not af.iecting the performance of trainees in the
post-test to any sinificant de.ree. In fact, +the
control group were again sligntly worse in perforuance
on the post-test than they had been on the pre-test for
this parameter., Iowever, the variation in results
is not si_pnificant, and it can be stated quite definitely
that the results of tne experimental i roups represent
a true measure of the increase in fault finding
performance accrued as a result of working through

the programmme on fault finding.

The overall results for this parametier are therefore
very encouraging. All experimental groups showed a
significant increase in fault finding performance, as
measured by this parameter, and the results of the
control group again proved that these resulis were not
af.ected by experience gained in the pre-test a.fecting

the post-test results ; producing false values. All

improvements are in fact trme improvements.
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Parameter - umver of corvonents renlaced.

In this test the number of comnonents rcplacea auvring
the atte..nts to correcet thz faults inhe pre-test anl the
oost-test were noted. Inis could quite easily e cone
by insgeciin , the completeaw siwulator sneets. Cn these
sheets there is a se-erete colurm for oc.asions vhere a
trainee wishes to rale a comodonent rerlacenent, and

thereiore the total for cach fai1lt is very easily rowd.

It uad already teen declided taat the optimun case
in fault Jindin would be 1o reslace only one com.onent.
Correct annlication of the :ult finaing; ..ethoc should
result in the fault; compment bein, isolatéd, and thus
only one component would require renslacement. "his is,
of course, considerin,; only simple faults vhere only
one canpyonent is at fault in each case. There sre a
large nunber of faults which can occur in electimic
equipmeints wheie the fault is cumulative, end the foiicre
of one comnonent induces feilures in otaer comronentse

For {the sursose of tais test, each fault given was due

to a sin_le failure to simDlify the solution.

The results of this test are sum.ariged in the table

overleaf (Fize 5.4)
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Fig. 5.4

NUMBER OF COMPONENTS REPLACED

PRE-TEST POST~TEST
GROUP NUMBER TOTAL AVERAGE TOTAL AVERAGE TOTAL AVERAGE PERCENTAGE
IN SCORE SCORE SCCRE SCORE SAVING SAVING SAVING
GROUP
REM 42 553 Lo 343 2.7 210 1.7 38
RMA 23 204 360 112 1.6 92 14 45
LREM 17 136 2.7 102 2.0 34 0.7 25
REAA 11 132 2.0 99 1.5 33 0.5 25
CONTROL 21 200 3.17 202 3.2 -2 -0,03 -1




Bach of the four cxerinmental ,-ronns shoved gn imorov ment
in fault findin. ~exformence as measured by this test.
dowever, none of thne grouls orodauced consistent resulis
showin; only one comyonant reslacemeit in each of the fanl.s
in the .sost-test. whis is only to he exoectea; es none
of the . rouns had sufficient fault fincin_ exderience {0
enable them to use the faulv findin, method to its fullest
advanta, e, In these circumstances, the nost-test

verfousmcnces are thou it to be satisiactory.

The rroup of R.E.les, those vwith the least wraining
and no evoerience, had the hi/hest nost-test result, un
average, this .Tou) made 2.7 renlacements in each fault
before the fault wee crred, iovever;, <the: did achieve
the hi_hest actual savin, as a result of workin, tiarcu

the oro. ramue,

Yekin., into eccount the level of training, anc tne
lack of exverience of wvh. other ;rouvs, the results rere
all satisfactory. It must e emnhasisea that altircu 2
the im-rovements showm by this test ansear to be fairly
small in absolute terms, +they rewvresent a very wecl

improvement in fault findin, performence. Any comsonent

which is replaced and is then found to leave the fault in



the original condition is a complete waste of time,
effort and a financial waste of a companent, Thus

the fact that each group in the test replaced less
numbers of components in the post-test than they did in
the pre-test represents a very real saving in all of

these factors.

Once again, the results for the control group

show remarkably little difference between the pre-

test scores and the post- test scores, There was

thus no improvement in tuis parameter as a result of
experience cgained in the pre-test afiecting the results
of the post-test. Therefore the results of the experi-
mental groups represent an actual gain in performance
wnich is due to the fault finding method as taught in

the programme.

As pre-test and post-test results were avaiable
for each trainee, the level of significance of the
results could be easily determined by means of a

Wilcoxon latched-Pairs Signed-Ranks test.

The results of this test are shown below :




.__C-roup N T x
RELf 17 21,5 < .005
ma || 14 | 14 | .ol
mm || 13 | 17 | <025
(REaa | 0u | o | -
Control 16 73.5 |\, sig

N is the total numver of independantly drawn cases
T is the smaller of the sum of like-siged ra.ks

™ 1is the level of si_nificance

All the experimental _roups have a level of
significance below the .025 level, Although in
general the levels are higher than in the previous test,
they are such that all experimental groups again have
e significant improvement in performance at the .05

level.

The control ;roup again show no significant
improvement in perforizaice in the post-test as measured
against the pre-test, and the cismnces of experience

in the pre-test affecting the post-test pesults can

thus be discounted.
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Parameter - Weiihted score of component replacement.

Taking the results of this parameter measu.ement as
an individual result does not cive a meaningful answver,
Zach fault in the tests has a different faulty component,
and thus the weighted score for the replacement of this
component could vary from fault to fault. lh this case
no general bogey score can be given to the pge-test

and the post-test which would .ive consistent results.,

However, these results were meaningful wnen taken in
the context of the total weighted score to repair the
fault, and these results have already been discussed.
However, for the sake of completeness, the results for
the weighted score of components re_laced are included,

and are shown in the table overleaf (Fig 5.5).

In fact each experimental roup achieved a saving
in this parameter, but this is only to be expected
as each experimental group achieved a saving in the
number of actual components replaced after working through

the programme, as measured by the pre-test and the post-

test,

The control group agein showed very little difrierence
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Fig. 5.5

WEIGHTED SCORE OF COMPONENT REPLACEMENT

PRE-TBST POST-TEST

GROUP | NUMBER TOTAL AVERAGE TOTAL AVERAGE TOTAL AVERAGE PERCENTAGE

IN WEIGHTED WEIGHTED WEIGHTED WEIGHTED | SAVING SAVING SAVING
GROUP SCORE SCORE SCORE SCORE

REM 42 3192 25.3 2394 19.0 798 6.3 25

RMA 23 712 1043 413 6.0 299 43 42

LREM 17 386 7.6 301 5.9 85 1.7 22

REAA 11 423 6ols 313 L.7 110 1.7 26

CONTROL | 21 640 10.2 657 10.4 -17 -0.2 -2.7




between the results for the pre-iest and the post-test.,
This a, ain .ives evidence that the test procedures were

well controlled.,

A vilcoxowm test was once nore carriea out on these

results, and the fisures are given uc.OW 3
uoup H T <
REM 18 13 < . 005
RMA A _wiév 2 < .005
IREM 14 25.5 < .05
REAA 11 1 < .005
Control 21 106 N sig

All experimental groups show an improvement in
performance signifieant at the .05 level. The control

group show no si_ uificant improvement.

Parameter - 'time taken for the pre-test and the sost-test.

In this test the total times for the trainees %o complete
the pre-test and the post-test were measured. Tuis was only
recorded where a trainee complted the whole of the pre-test

and the whole of the post-test, ignoring the cases of results



of those trainees wio completed
by applying a correction ractow

the toval anterent tine .or the

the exserimental classes,

forthe control

overleaf

improvelciltts in

worsing turou h

improveitent,

aind

findin

the class of L.R

rou). The results are showm in une jaole
(Fige 5.06).
All of the four cxerimental _rouds showed substantial
the time ia eu to clear a Tfaulv eiter
the s7o ramme, The cless of Lecdin;
Redio Zlectrical lechanics azain showea & very lar_ e
It et 22 weneated that this is vhe only
croup with any oractical exerience of actusl favlt findin-
trus this imorovereat dves o ver) real cfain in feuld
Seriormeitce for electrical ratin_ s at sea. Iin fact
3.8 nad & ver, low avera e time jer
actually 1).4 dnutes ser fault,

fault in the »ost-test,

[

only a oort of tone test
to their times to dve

tests.

ivided into thz Jour or

PRI

and results vweore also teo.en

and this shows a ver, satisfactory stondarl of fauly

findin, .

for this caelss was over 45 min.tes,

As tne avera_

2

time Del Laalt iv

30 minutes on each fauvlti wnich thney renaired.

they saved cn ave.ese
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Figo 5.6

TIME TAKEN IN MINUTES FOR PRE-TEST AND POST-TEST

} . PRE-TEST | POST-TEST
GROUP | NUMBER TOTAL TOTAL TOTAL | AVERAGE TOTAL TOTAL | AVERAGE ACTUAL AVERAGE | PERCENTAGE
IN POSSIBLE FAULTS TIME TIME FAULTS TIME TIME TIME TIME SAVING
GROUP FAULTS COMPLETED | COMPLETED SAVED SAVED
PER TEST

REM 42 126 - 101 4,252 4241 123 3745 30.5 507 11.6 28
RMA 23 69 L9 ' 27u4, 56.0 64 1466 22,9 1278 33.1 59
LREM 17 51 46 1910 4545 51 784 15.4 1126 30.1 66
REAA 1 66 51 1910 37.4 59 1564 26.5 346 10.9 29
CONTROL| 21 63 63 2923 46,4 63 2980 47.3 -57 -0.9 -2




“he class of lacio .echenicien Alarentices also
showed g ve.; lar 2 imdrovement in thia test. Tae
avera_e time saved oer fault ves 35,1 minutes, althou h

their oost-test zerlource woe not ¢ ite s. .ood as ithe

class of L.i.®.1.8,

The 3edio aAlescirical lechenics and the Recio Zlect sical

Artificer A rentices both showea a lover rate of ivnrovenent,
Fowever, this imrovement is still satisiactory. The

.

results ior these 7o clasces are Lot ap:roximatelt)BQ
luoroveneat in th: vi.e taen to clear o fault after

working througn thne wrogramie,

The results of the cont.ol | .oud are a sgin conclusive,

ro e time talken for tue »nre-test is wvell within

S

The av

®

the bracket of time telen b, tic other four rouns, ard o

dia not in fact insrove ir the sost-test. The Hre-tost

-~

avira e vime vas 45.4 minutes, and the post-test time

was 4.5 minates, vhicuk is a sli 2t fall in »nerlorneice,

) )
'

This works out to

2 o overa.e of -2} discre xancy teireeil
the tine for th2 o wests, Yhis is a ver, small fectur,
and vo .18 maze very lit.le difierence to the resulis of tho

other [ rouss if ajslied es a correction factor. TOUEVET,

the most imuortant asiect of the resulvs of the conuveol



group is that there was no spurious effect in the

meagsurement of post-test performance due to experience
gained by trainees in carrying out the pre-test. ‘the
improvement shown for this parameter is solely due to

the influence of the programme.

A Wilcomon liatched-Pairs Signed-Ranks test was
once more carvied out to determine the level of
sigznificance of the improvements in performance already

calculated. The results are shown below :

Group N ?f - Sy r
R || 18 | 3 | < .005
| R 14 3 < .005 |
Cmam | u 0 -
REAA 11 8 < .025
Control 21 i 63 W osig

H is the total number of independantly drawm cases

T is the smaller of the sum of like-signed ranks

o< is the level of significance

All experimental .roups therefore show an

improvement in performance which is significant at



the .05 level, and in fact at the .025 level,

The control group shows no significant increase

in performance on the post-test.,

In fact, the percentage of time saved an these
relatively simple faults would show to much moré effect
when the trainees were actually called on to carry out
fault finding, at sea when the faults would be more
complicated. A savin_ in time teien to cure the fault of the
order of the results shown here, would show a very large

saving in actual time taken to cure a more complicated fault.

This completed the survey of results for the five
parameters chosen. However, a final investigation was
carried out. This was conceined with the number of
trainees in each group who did not achieve a betier
performance in the post-test than they did in the pre-test,
Although the averaze and total figures quoted so far have
all shown an improvement in the post-test for the experimental
groups, there were some meubers of these _roups who did

not in fact improve in the post-test.

The results of this investigation are summarised

in the table overleaf (Fig 5.7)
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NUMBER OF TRAINEES NOT IMPROVING IN POST-TEST
PARAMETER
GROUP NUMBER IN TOTAL TOTAL OF | NUMBER OF WEIGHTING OF TIME TAKEN
GROUP STEPS WEIGHTED | COMPONENT COMPONENT
STEPS REPLACEMENTS REPLACEMENTS
REM 42 7 L L 5 2
RMA 23 2 2 2 2 2
LREM 17 2 2 3 L 0
REAA 11 0 0 0 9 1
CONTROL 21 12 12 13 1 12
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As would be expected, the rroun wivih the lar est
number of trainees contained vhe lar.est nunver who cid
not im.rove, This was the .roun of Radio Elect :ical
lMechanics, In a toval of 42 trainees in this ~wouy,
seven ¢ia not improve their ocerformance in the nost-tes
when the waremeter was the number of ssens taken to cure
the fault. This was the ni_hzst nunbei not imdrovin:
in any of the tests carried out with the exrerim:ntal

£, 1'ouns.

The sroun of Radio Mecnarnician Anorentices g -ear ©o
have very consistent esults, but in fact it was not the

s,

same incividual {rainees o did not imsrove im the diflzrent

tests. Iloviever, the results Ior this , Toun are guite

satislfactory.

The results for the class of Leadin,; .iedio slecs.ical
lTlechanics are sli:nitly worsce than those for the ladio
llechanician A» ientices. However, considering the .act
that this roud overall »soocuced some of the hi hest

imbrovements in the naranmeters measursd, the total result

must be considereld to e satisfactovy,
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The results for the class of ladio Llectrical
Artificer Ansrentices are the best of the four cie.imental
~rouvs, but of course tais ¢roun contains the smallest
number of trainees so o sii htly false olcture is  ivea,
However, for threc of tie »araxeters all of the roun
imnroved their veriorvmance, ana for vae other two
narameters only one of the . rouoy aid not i:prove, In
this case i1 was the see individual trginee wio old 10t
imorove cach tinme. He dig, however, inorove his

verrormaonce on the Iirst thiee Harametsrs.

The resclts ol the control .-rouy are very interestin .
In each case anoroximately 500 of the ;roun were uvetier in
the post-test, and av.ucddmately 5C,° of th. rou) wer
worse in the )Host-test. “his resuli, coupled wita thaz
small actual differences in treir Hie-test anc Host-test
results, shows that the exreriment was well centrclled,
and thet the s»ruriocus inwlverca vich e A have beer
intro-need T nmin the came e of cirmilator shente
the ore-test and the vost-test was ent To a ainimur,
In foet it could be sald that there vas no correction
factor vhich could ke o3 liec to the Host-test, and tae

improvements shown by the exserimeriel _rouns were ell

measurements of actrval direct imorovement due to the »ro reoimne,
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This concluded the eveluetion tests on the 1o _rarme,

It is consicereld that these results show a ver real

improvenent in favlt fincin, serformance wnich caa ve
attribu'téd to the »ro ramme, and that tnis imrovenent
was reneral over the entire i e of the test Houlation.
However, before drawin, Fical conclusicns concerning tae
test results, it was neccessary to consicder all tho

resulis collectivelys The conclusions viidch Tere Tezached

are discussed in the next chna ter,
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The ori,inal rsquirements leid dovm Tor tuis irvesti cvion
can noi. e examingd tec wetcimine tine extent to valceh taer
have been satisfied. It is therelore comvenient et This
stage to reiterate the ori_inal reguirements, hilca wewre

as follows

o

1. To ineti_ate an investi-ation into tue
possibility of discovering a _cneral metiod of Tault Jindiiig
in electronic ecii naent, vaich woulcl be :enevclisz¢ in

content and which co.ld be ajpiied to any trne of ecuinment.

2o To formalise cuvch a nethod, 1if Jound, anc
discover the de_ree to vhich 1t would assist in faulw

findir, {achriques.

S To ciscover if this metlhod could bs tau ut
to the normal entiy level of elect.ical trainee, and to

what hi lier levels it would also e of use,
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Vi o initiate a Jilot scheme if ihe above
reqg.irements were savisiied, and to carry out an

investi ation of the imarovenent, if sny, in fault

findin. periowmance shom oy trainees tauing the course,

The first twvo .ecul.cien®s listed ebove need no rurtuer
discussion here. It nes already been Cescribea _low a
method of fault Jindin, was ceveloiedthicn could be a  .lisl
to any electronic ecuilment, and 107 T.is method wa
formalised. It wvas found that this rfault fiacin. 1et’oa
was very successiul. and ithe use of {the method ~iocuvced

a ma.xed impooveneut in fauit finding Jecanigue,

Thus the first o regniremerts of tae ori inel

specli'ication were comaletielr satisiiec,

It was also rouni »0ssibple to teech this ieviol of
fault crincin_ to new ent.y electrical treinses, ond thet
this could be cone suc.essiull:s, The nethod wes also
found useful for the hi-hest level of electricel retin:
and in fact could bte used with success by elect.cicel of.ica.s.
Thus the method of fault rincing whicu nad been cevelured

was suitable fou the entire range of the electrical b.asach

of the Roval Navy, Ifrom the lowest level of entyy to the
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speciglist o.iicers in the branch.

The remaining recuirement, that of initiatin,_ a Hilot
scheme of instruction and measurin, the incresse in
performa ce cdue to t1is inst.-uction, reoresanied the major
oortion of the investiration,

Zecause of thz conditi.ns under vhich this -dlot
scheme would be or;zinised, -and other conside.ati ns
alreac; discussed, it was cdecidec thet the best vehicle
for this courssvonle e a braicaing ro, ramre of the
multile cnoice 1t :e, It vas also ¢ecidec thet this would

be best sroduced as a »nro: remned text,

Great care was taeaxr in the .roduction end tvesting of
this n»ro_ramme as it reprecented devartures from nor.cl

oractice in two mejor asnects. hese were as follows

1, Uo 1o tuis time, althou n a reai ical of
work had been car.iec out ia the Royal iavy on the use of
sroframmed instruction, the emphasis nac always been on
the use of teachin, nacaire oresentatvion, as exne.irentis

on vro ramued text oresentations haa not oroved as successnul

as the machine oresentation.
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2. Yhe use o this ene.alised uetucd of
fault Jinding, apnilicarle to all eguioments, was also

a new devarture _or the electrical beanch of the lloyal

Navy,

Thus the »ro rouue anc the method n1ad to be decisively
oroved valid before vhey would be ac.ested for .-ene.zal
use in the novy. "o o uikis, the testin, of the
inst.uctional coursc was sslit into two wain divisions
the validation of the o vemie itself, and the evalugiio:
of the trainin,, ef.iciency of the sro ramme K dekins into
account the valicity of whe fault findins wetncd uvssd in
the procramme, To nrovide a sirmificent result, each
sortion of the test »:ccedures was cervied out »dth a
croun of over one huwidred trainees, and g furiher conirol

_rouo was used in the evaluation of the trainin_ eil..ciency

of the vro ramme,

vuiring the validastion of the Hro remme, sevaial fooues
were round wiich could uselfully te revised, Lowever, .ae
revisions were nov considereu mancetory for the overall

tion

o,
0

aerformance of the o ramme to be megau.ed, Jeli
was car.ied out vy wetailea study of the res onses riave oy

the tranees when woriing throu;h the rrogramme, wiwt it i.




consicered that the pro ramied couise in s;sveuabic
logical fault finding has been mmrmo—=—== validatec
successfully, and that the Lro ramme was in a suitahle

condition for iszeuiate usa.

The evaluatiai of t'e »r. ramse was cariried out 0¥
means of a Hre-tess and a wosti-test, Tl tests boin,
strictly matched, and the perforiance of thie experimecia

grouns teing 1onitvo.e.. v e use of a control _Tou,

L

n the study of the resulvs of vae eovaiuatior tecto

—~

it is imhoriens To renekber van there can M2 ro oo

thin- s a zero xmovled e of faulv .ircins For anr ~erson

'

.

who has any electrical mowled_e. e ardiless ol tne
"extent of tuis lnoviedse, it must orouuce some standar
of Tault findin, in elect.oiic equixenis. Cenversaly,
there can be 2o cuestion of avvemHitin. to teach fouls
Iinain  prececures in elecuronic ec:iient to o iicinece
who has no electrical nowlad_e. Thus the evelustioa

i

results must necessaril; ve less sd:ctacular tha. Tor a

Jrogranume walch assumes zero knaovled e of tne content

vefore eatry to the nro_Tamme,

With this in mind, cthe resulis of che evoluaiion

tests are ver, satisfactory, The results of the convrol



gfoun show that this imdroverent in erloriiance in lault

-

finding can ounly be attrivuted to the Lrolramee, =R

T3 = ety : o aaerie 3t e
R e e R AT R o S St B o

The exce imsntal _oouds shomed an increasse i. fa.lv iandin

veriornaice iia every mpremeter mecsured, and this

+

i.orovemeint was si niflicant,

It can therefore e ssid that the faalt “indin.
Dro_ramnte nas orovived a si pificant increase in fa 1t
findain_ erform~nce, nariicularly in ~es =ct of the vinm
and ef.ort soent in the reair of tre Hilt, dve To
instiliing a 1o icel steicaraised ayyroach to vhe ~rohlam,
and that this increase in periomince ghoulda te more

n ]

auits and eoul weiit.

marked in the mors com lox

As the ro rarme coes ot teach feult findin, on

\ -
- vy

soecilic equixpnts, 1% is i.erative tnaat vae o raiie
te followea up by »raciice on aciuel eguinents as soon &s
nossible, wusin, all of th2 basic ste:s taun 4 i The

070 ramane . vhe siwmlotor sheetv as usad Jorsestin uhis
Jroprarme is iceal fov the iransition sta e Tetween the
aro; ramme and the actual esuisment, ensgblin: the ULasic

methoc to he en:lored in an eguipment circuit wiiliout the

mechazical cowlicati.zs of the equiment,
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The success of this ap.roach o tie Hrodlaius of
fault lindin_ o1 eslsct onic equismerts vas such tat
botn vhe method of Jault .ineinz, e, The HTO rame,
were acojtec as siarcard for the electricel vra.ch of toe
Royal Favy, A snecigl teacain, ro. was formed in
Holo.S. Collingwood, <tae io,al Javel ‘weanons aad Ilectroicel
School, to teach thes: p.incindés., Tnis _rous cousists
of five specialist ofi'icers, and is hesaded by a Lieutenant
Co. mancer, Amon st other »rovlemns. <whis »rou) is
worsin, on che stancaraisation of saecific fault .indin
proceuures on all electrocic egqui yment in tne navy. based
on this metnod or fault lindin,, ana the use of si.ulatvor
sheets as were usec in tae testing of tne »nro rame.

Jhe  rou) rul coirses wilcn are stiended by every
member of the electrica' branch of the loyal Hlavy, and the
programnce a.ﬁd nevow vescirived in this renort are

stancarc to all courses,

There semains a  ieatv deal of org to be Cone on thae
tooic of rault fizcing;, and worik is now » oceadin on
ne .ro rame, Ore

Joints raised curing, the testin, of ¢

narticular quostioa which could not be coasiderec av the

time  was the guestior of vhich narvicular skills ore
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requirec to male an electrical ratin_ e _cod fault fincer.
Is a deen knowled,e requircd of elecironic tineo.y, or
could a ratin, fauli iind satisfactorily vwith a more

detairled {low chart and only a smoll aount of t.oeor .

Unfortunately the author was sub’ect to rouvire
transfer before bein_ able to vursue {.is investi_aitin
any further, wut wori is gtill oroceelin, on tae rmeny
and varied questions vaicn were raised by the resulis

of this investi.ation.
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