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The rapi’” technolo~ical ~rarril achieved "in thce dcveloped countries has demanded
more and more cpeative caprbilities uith facter and ragter reaction times. Completely
new face g 71 endervour have snruns into bain~ as a rcsult of scientific and
engineerins creativitvy = ovrorenice, nucleonics, cceanography, space and communications
technolory. All ‘hese fields heve Javande? huee netional expenciture and rreat
creative efforl. Clenrly everv country needs to fosior and nurture creativity and
thig is eveeptionally irue for all Jcveloping countries. The relationship between
acience, ‘technolo;ww end enminecrin- is important and nust be understood before
~ongidering engineerings desiery, and some iiscussion on “his aspect is given. But the
paper is particulnrly concerned with the creative asnects of engineering desigm, and
after tracing the translatioa nrocess of going fron an idea throwh to hardware, attempts
to ilentify some of the abilities required within the total design process.

Some of the currenc methols being used to ictentify, select and develop creative
encineerins desirmers are then dincussed toreiher with some of thic more recent aids
to creativity. These include systematic desimm methods, morphological analysis and
operational research, etc.

The impret of education and training of creative designers is considered in some
detail and sugrestions for improvement nre given. Tinally, the necessity for establish-
in~+ the correst workins environmert by proper management and organization is set out.

The poper also containn seven sppentices giving ‘einils of she Funismental
Nesirm lethod, a Survey of “ncineering Crentivity recently carried oul, and copious
references to work on enginecring creativitv.

Recommendations and conclusions are -iven showing how the suggestions pui forward
in the paper could be applied *o leveloping countries with the help of UNIDO. It is
stressed, however, that the accuirins of engineering fesiem ability takes time and
that there are no short cut mcthods by which a daveloping country can build up capabl~
and confident design teams. Indigenous desicmers must be educatcd and trained with
their countrics! necds in view, if they are to rc'uce the production ga: between

affluent and emergent natione.

We regret that some of the pages in the microfiche
copy of this report may not be up to the proper

legibility standards, even though the best possible ;
copy was used for preparing the master fiche. ’
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PREFACE
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Every nation today needs to foster and nurture oreativity, and ‘
this is eepecially true for developing countries. Since engineers are
conoerned with providing artifaots ‘o improve the harnessing of nature '
for purposeful ends, it follows that productivity in engineering is 4
vitally important. Creativity may be looked upon as an ability to
produce new rosults from nature. Indeed, creativity is the prime
mover of all human progress. In industry creativity needs to be
applied everywhere but particularly in the design area.

The good designer is the oreator par exoellence. How can he
be seleoted, developed and motivated to produce oreative work? Is the
4ndustrial scene detrimental to oreative people, and what type of environ—
ment and leadership is best suited to achieve oreativity? These and |,
other guestions about oreativity are very searching and diffioult to i \
answer. Much research is now being conducted into oreativity but more
is required, especially in engineering. v

The national climate has a bearing on oreativity as is evidenoed
when emergencies oocur. ‘World War IT saw vast technological crestivity
from radar, jet engines and atomic power to penicillin and plastics.
Predition and Government polioies oan also help or stifle oreative efforts.

* I¢ is not the intentiom to disouss these latter aspects of oreativity in
this report except in so far as they impinge on engineering design
oreativity.
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1.

SOME THOUGHTS ON
THE CREATIVE ASPECTS OF ENGINEERING

ntroduction

When one looks for a definiticn of crextivity there is almost a
bewildering array of statements. Dr.:, de Bono prefers to use the temm
‘lateral thinking' to creutivity(”. Othexrs talk about innovation and
invention. The term invantion has at least three separate meanings,
first it may mean a contrived object, second the mental processes involved
in contriving, and thirdly, the abjlity to evolve a novel ccheme or object,
the latter is generally called inventiveness. Innovation is generally used
when change ocours by applying comething new. It roeally concerns the
process of applying or installing some novel feature.

However, even allowing for the use of these differing terms there
otill remains the argument about the same term being used in the arts and
eciences. Is oreativity in soulpture or painting differcnt from creativity
in engineering deeign? Much research ie being oonducted today on this
topic and evidenoe sc far suggeste that the eame processes are involved in
both uctivitiu.(z)(”

Creativity in engineering is generally depicted in terms of an
engineering product or its development at one end of a spectrum, but at the
other end it may well be in terms of its aesthetic beauty, as with a sus-
peneion bridge. It will be shown later both these extremes of view are part of
the whole,

ne further word needs to be defined, and that is discovery.
Diecovery means to apprehend or expose to view, hence discovery preceeds
invertion. Soience is oonoerned with the discovery of knowledge relative
to the unchanging laws of niture. It has to do with acquisition of
knowledge, whereas technclogy seeks tc use the knowledge disocvered to
useful ends. I{ is an unfortunate ocourrenoe in the history of mankind
that the time gap hetween disocovery and application has often been long, e.g.
utilisation of the cbeervation that vapour rises from boiling water to its
application in the steam engine. On the cther hand, Michael Faraday’s
discovery of electromagnetic induction led to working dynamos being intro-
duoed within a few years.

Often inventions lead tc new discoveries and so a chain reaotion
is set up producing new thinking. Indeed, mcst of man's sccial, economic
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and technical systems have beun built up by a synthesis of varicus

inventions and creative leaps.

However, in looking at all these statemsnts one is struck by
the underlying fact that creativity and invention prerupposes existing
knoviledge. To be creative roguires a rearrangement of already known
knowledge. This rearrangement demands a mental jump to break through
existing thought patterns. All human beings have self organising memory
systeus leading to certain basic procesaes. The human mind stores
information in pattems (concopts). Thc stimulation of creativity
ooncerns the problem of breaking out of these conventional pattéms.

If certain concepts are fixsd it requires faith and courage to break
out s.g. Marconi and his wiraless experiment. When he proved the
poesibility of long runge broac casting there already existed an accepted
theoxy that such a process was impossible,

Perhaps creativity in engineering design may be considered to be
the bringing into bsing of a new 1nd useful combination of existing elements.
As Lowis 4) bas pointed out this fits many historical cases including
Whittle's work on jet propulsiom. He created a new powsr plant by
oambining two alresdy existing elements, naasly, the gas turbine and the
reaction of propelling jets.

2. The Feed for Creativity imn the Design Process

Retuming for a moment to science and tschnology, we have already
indicated the intsrrelationship Letween thess two sotivities. These can
b® seen mors claarly in the form orf the diagram in Figure No.1. Where
the circle depicting sciencs concerns the discovsry of knowledge about nature,
while the oircle depicting technology deals with the application of this
body of knowledge to ths needs of mankind. The social, technical and
eocenomic aituation at any instant oreates 3 demand of ons kind or another
T™his demand may be met by new organisations of systems or sub-systeas, or
aow administrations, or the production of new artifacts. These all requirs
careful design. Enginssring, therefore, concerns the appliocation of the
laws of science and the ’'mow-how' of technology, slong what may bs called
the design line. Ths design line is depicted in Figure No.2., and does

o
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not cover research and development. Howover, these will often be
required to refine or produce new knowledge and also to validate design
ideas. However, design can only meet demand in the economic environment
obtaining at tre time. [Established technology has to be made compatible
with the economic atmosphere of demand and profit. Engincering design
is the link between science and teohrnology. It translates luiorledge into
useful hardware economically. Deeigu is thLe heart of engineering and has
to be oonsidered in its entirety, It cannot be dissected into 1 split

function activity,nor cen engineering design today be confined to one man,
4t is a corporate aotivity. Design of a jet aircraft or high speed diesel
engine demands considerable teams of designers. This brings into focus
further prodblems concerning creativity. How is oreativity to be fosterad
in a team as opposed to an individual?

Bsfore locking at this aspect it is necessary to consider again
the full range of engineering design activity. PFigure No,l. endeavours
to show the span of ooncem in design, at one end we have new product
design and at the other modified product design. In between there is
the partial new product design. It is important to recognise that every
product is part of a systes which may be automatic, semi-automatic, or
husan opsrated. Thus a domestic appliance has to fit into an exiating energy
distribution system, an airoraft into a transport system, and so on. Too

often engineering design is considered in isolation from the system into
whioh it is to fit. The aesthetic, ergonomic and techniocal aspects differ ain

priority according to the type of produot or system conoerned. For a new
domestic appliance aesthetic appeal will dbe vital, but for a new guided weapon
technical and srgonomic aspects will be most important. Most manufaoturing
enterprises make their profit from tho modified product design by applying pro-
gressive jmprovements. These design evolutions wuy allov a firm to survive for
& oonsiderable period of time, depending upon competition. But ultimatsly sur-
vival is more and more concerned with the introduotion of new products and pro-
cesses. Hence the importanos of oreativity. Looked at in another way, there is
a need in most industries for both an Athenian and a Tutonio approach to their

cverell work. Pigure No.4 illustrates this point. Hsre the lefthand side of
the diagram shows the familiar bduild up of a feasibility etudy aided by

research and development work. Such studies lead to a techniocal solutiom.
Real design now has to take place. The technical 'ideas' have to be turmed
into geometric form and creativs design takee place. In all this proosss
~ exeativity ie required. Por this purpose more of an Athenian approach is
aeoessary where winhidbited questioning, cross questioning and argusent can



take place. Once, however, the design is formulated precise instruotions

for production or construction have to be issued. Here a much more disciplined

approach is required, ic with conventiornal product work, where modifications
%0 meet customers' requirements are reyuired. Here a tultonic approach should
bs applied tn ensure that accurate detailed production instructions are iasued,
whioh do not havs to be continually altered and correoted. On the righthand
side the design is applied to applications and iteration takes place between
development and delineation to produce a prototype or mock-up, Finally,
detailed manufactucing instruotions have to be prepared and issued. This
does not mean that there is no creativity involved in the more traditonal
sngineering work, but it is not of the same order as on the other sids.

Returning to the desizn line, Fijure No.2., it is possible to identify
ten disorete sters as the design procass takes place. First it is necessary
%0 acospt the problem situation — this means that an enterprise has to be
prepared to acoept a risk situation if they aocoept a contract or tender for
one. The next stsp is to identify the main problem and sub-problems. This
oan be a most arduous task requiring careful interrogation of customer or
client and other bodies. The identified problem has them to be specified
and good engineering design depnds upron the scouracy of this statement. Wall
bas E, Matohett described design as being:

'The optimum solution to the sum of ths true needs of
s partioular sst of circumstances.'

e design process then oontinues with ths gensiation of posaidble
altermativs solutions. Here oreativity comes fully into play as ideas
are brought forward by s team of dasigners. It is in this phase of ths
work that a number of desigi methods have become available, in an endeavour
to stimu)ate freer umstructured thinking. Some of thass will be desorided
later.

After examimation and application of such techniques the best
solution taking into scoount all the comstraints and reoonciliations that
bave to be made, is chosen, and dstail desiyn is commenced. Manufaoture
and asseadly taks place as the process continues and feedback takes placs
on & oontinuous basis. These itsrations will inavitably havs repercussions
on the design prooess, vhich moves forward cyclically. In fact, design ie

|
1



-5 -

extended into manufacture and test. In the test and inspection phase
designers have the chance of seeing their oreations in operation and last
moment adjustment may be made. If the object designed requires erection

and construction at some site then this may be looked upom as the extension of
production. Finally, handover to the custcuer of the product and/or its
system takes plaoe, which, in turn, alters the environment in sows way.

As movement is made along the design line so the scope for making changes
diminishes. Figure No.5 illustrates this point. Hence whon considering
creativity in enginecring design we zre primarily concermed with area 'A' in
Pigure No.3, ind the first three stiges ol Figure No.5. Vhile Figure No.2 also
sets out some of the intellectual skills and abilities associated with the
various phases of the design line,

Any country wishing to maintain an economic advantage will need to con-
sider very carefully these areas and concentrate on obtaining maximum creativity
to meet their asijor needs, Obvicusly the psarticular nezds will depend upon the
state of develorment of the country under consideration. If this is accepted it
follows that selectica of those who have creitive ability and the development of
these people is of parzmount importance,

3. S8election and Development of Creative People

The underlying feature of oreativity in engineering design is the
faot that the new design produces an artifact that is different from, and
better than its forerunners. Creative engineering bes s definite aim or
goal which is achieved by ocombining old and new ideas in unusual ways.
However, it zay not involve any new ideas, but simply using old ideas in
now wgys. Perhaps Edison bad the latter in mind when he eaid:

'Invention is 1% inspirstion and 99% perspiratiom.’

laock also seeas to play its part, for accidental creativity does ooour and
serendipity has been ooined to cover thie aspect. However, it is probably

true to say that a prepared mind is required to grab hold of the happy

scoident. Creativity is a conscious aot which cannot be performed vicariously,
or imposed by opportunity, and in engineering there is generally a well ideatified
aeed.

Can oreative mdivid}uh be identified? Do they have peculiar
sannerisms, personailitiss, temperanents or characters? For years people
have oomsildered crea.ivity to be a gift which some were endowed with.
Research now seems to indicate that the amount of ocreativity in the general
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(1)
popuiation is distributed in the same way as other buman aptitudss. If
this ia so can it be measured, or are there any prediotions or tests which
cculd be applied? Much work is still being done in this area, but results

are not y»t conclusive.

Renent surveys have indicated some of the factors which eeem
to cor ~ern creativity in engmeera(”‘ In particular, R.J. Perry's work
ie use: .. 6) His aim was to provide some general information on the
background cf aero-engineers and to determine aspects of their work or their
approach tc that work that could be connected with creativity. A SumBATy
of the main results is given in Appendix No. 11. Two points worthy of
note are the high value placed on drawing and sketching and the low weighting
given to mathematics by these particular engineers.

31 A Method of Selection

In order to select engineering graduates who might make good
design engineers, some exercises were conducted at Dunchurch
Lodco,' Warvickshire, when the present writer wae Prinocipal.
About 50 graduates who had taken degrees in varying disciplines
were assembled at the Centie and divided into groups of eix.
They were presented with certain basic material, such as some
drawing pins, cartridge paper, cbalk, strink. cctton reels.
adhesive tape, etc. Each group had exactiy the same amount of

each material. They were then asked to build a crane in model

form which was tc provide the maximua 1ift height for a 1 1b bag

of lead ehct. [Each group wae observed and from time tc time, a
member of each group wae called for an interview while the remsinder
ocarried on with their deeign.

One group's effcrt can be esen in Figure No. 6(a), while & grouwp
at work can ba eeen in the same illustration, at (b). The
observer's reporte were interesting and a typical example of one is
given in Appendix No.III. Subseguent teete have revealed that the

# The Staff Training Centre of the English Electric Company Ltd.
Now Dunchurch Industrial Staff Training Centre. (DISC)
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observers' evaluations were correct and that Mr. X was significantly
supsrior to his peers with regard to spatial ability, a factor o

(7) (see ippendix Nodk)
some importance in engineering creativity. The id:ational
fluency of the gradustes was noted, e.g. who thought of what and
the number of ideas brought up by each member of the group, and the
quality of each idea. Note that this wae not a eolo effort but a
oorporate one simulating in miocrooosam the real industrial engineering deeign
eituation. Subsequent analysis revealed that there was little
co-relation betwaen the olass of university degree obtained and the
oreativity of the candidate, a fact already noted by Lﬂil“)

312 A Method of Development

Numerous writers have emphasised that there are certain environmental
features whioh can help or hinder creativity, and this has already been
alluded to whan discussing Figure No.4. Even a very gifted .erson
requires a stimulating eavironment, including freedoa from districtions
which can deflect a train of thought. Manageament of suoh an area is
not so easy for it must not be toc authcritarian, but it must bave a
wam but demanding atmosphere with a high esprit de corps. This i3 why
management of design is such an art. By poor management creativity
ocan be stifled. One method that was used by English Electric te
stimulate development of oreativity in its engineering designers was
to use the Engineering Zmployers' West of England Asscciation's
FAundanental Design Method course designed and run by 5. Matchett.
Altogether over 100 designers from the company have attended this course.

Essentially, the FDM approach concentrates on the desizer's oind.
I% is dased on the application of work and method study to the design
process. Hithertc these techniques have been appliod to investigating
what people do rather than to how people think. It is a highly
disoiplined form of thinking whioh allows the individual to increase
his awarsness. It brings his thought prooesses out into the open,
thereby making it easier to bring oonstruotive oritioisa to bear.
FIM csuses a designer to think more logically and clearly about his
work, questioning every move ho makes. At every stage of the design,




Py Py P3'""” 70 oto. (Figure No.7) assessaent is made by a
self interrogation procese.

This requires tnat the designer be able to reooznise the easential
nature of his own thinking (T) at that moment in time, and also the
essential nature and content of the control (C) (Figure No.7) which
he is exercising. Thought in progress is thereby continually
monitored and redirected. 3Such a possibility demands a new form
of awareness which is only developed by practice. In addition,

FIM trains designers to use various fundamental ooncepte regarding
what essentially ought to be happening at any point in the design

prooess.

One such concept is that of the total qvailable dimensions,
possessing sir fundsmental facts (See Pigure No.7). For convenienoe,
these various wavelengths of thought are often imagined as follows,
sach maue being used as s definite catalyst to commence mental
soanning and progression in depth in its area of the total spectrua:

(Weed) Neaning (Reason)
Objective Purpose
Pora Cause
Magnitude Consequences
Standard Effectivenecss
(time) ——————— Hedla  ————— (Space)
Ocoasion Looality
Duration Positiam
Frequency Relation
Sequence Environment
(Means) Natter (Method)
Nea Prinoiple
Natoerials . Prooedures
Nachines Priorities
Noney Performance

Hence the fundamental design method developed by 5. Natohett
ommosntreates on disoiplining one's omn thought and work. UNr,
Matochett has desoribed his method thus: (8)
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'What a person has hitherto oonsidered to be thinking is replaced
by, or supplemented by, mental aotivitiee of a higher order. The
differences are to be found not so much in the form of logic employed,
but in the quality, in the oontent and in the modes and depths of
mental activity.

Thrvughout an F.D.M. oourse every student works on a major practioal
projeot dbrou:ht with him from his own company. The project tutorial
repeatedly forces him to consider this project, and justify his own
thoughts and actions in teras of basic abstractione. In addition,
daily exerciees, intimately geared to hie own projeot require the
student to produce answers in terms of 'the eseence'. He pute
forward coneidered propositione regarding such things as the items
listed delow:

1+ The essential nature of a process that will provide the required
eolution.

2. The procese refined into a definits etrategy im which overy slement
i expressed in terms of essentiale.

3.  The oritioal path that will maximiee achievement while ninimising
resources comaitted.

4. The essential nature of the key problem, described im euch a vay
that it stands out in relief.

5. The eseential nature of any satiefactory solution. Thie exzercise
is usually completed long before any glimpse of the material fomm
of the deaign is obtained.

6. The essence of the most important skill required for the euccess

T. The mental catalyste, directors and comtrols that one reliee om,
same of which are lieted below. (Our thoughte and actiocas are
highly patterned, though we are norwally totally unaware of this),

8. The ecssmntial faotors that eaused the most important ides in the
project tc be conoceived,




9.

10.

- {0 =

The essential poditive and negative factors within the total
environment (including oue's inner world), that most influence
current progress of the project.

The essential nature of those abilities, vital in one's normal
work, which self study has helped ome 4o understand.  Also weak-
pess and praotical means of overooming these.

e Mental Catalystis, Directors and Comtrols used by those gtondig‘

A Matchett Course aro as follows:

gatalyete

Memories of past designs

Competitors' products

Deliberate doodling and day-dreaming
Single words with rich associations
Self-questioning

Basio forms and archetypal symbols
Biological analogies

Soience fiction

Irritation, anger

Complete quietness

Deliberate distortion of existing idess
Teodnical reading

Prying to descride what omne is attempting

Namia} Disectors

Use of free asscoiation (private vreinstorming)
Use of formal propositions

Oritical analysis techniques

Pormal dogie

Soientific method

Statement of objectives

DPefinition of prodlea

Definition of major obst.cles

Oonoepts of the struoture of the design process
Strategies proved sucoessful in the past
Systematic faotorising and obharting




Controls

Engineering fundamentals

The essential requirements

An appreoiation of one's own mode of thinking

An appreoiation of othur people's view of decisions made
Analysis of feedback from results

Knowledge of the past history in some field

A olear vision of the design as a system within a system
Conscious standards of own progress and performanoce

Highly disciplined modes of thinking such as in F.0.¥W, theories
and examples.

ees Projeots studied on an F.D.M. course freyuently make use of a great
variety of charting methods, matrixes and formal methods of displaying
thoughts and decisions #ith all of their interactions, freedom and con-
straints. In the table below, for example, the effect of each item
on all the others can be traced by illuminating each in turn.

TABLE X
Interaotion of Parts in a Vesign Project

Itens affected by elimination

Eliminate Aircraft | Door § Hinge | Latoh|Shear CloaurJ Support [Operator
Devicojdevice | Device

Hinge No Yes No Fo Yes Yes Yea

Latch No Yes No Ho Yos No Yeos

Shear Devioe No Yes No No No No No

Closure Device ¥o Yes No No No No Yo

Support Device No Yes No No No No Yes

The main purpose of using such chirts, materices, eto. on F.D.X,
courses like that of defining the essence of problems using modes, is
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bound up with obtaining greater internal control over one's own
thinking. In a very real sense, all of these devices servo as
temporary mental crutches, which will be dispensed with, except
for special purposes, once the necessary mental skills have developed.

Great achievement, of either an individual or a team, cannot
always wait on the acquisition of further teohnical knowledge and
panagerent aids.  The key factors are, more often than not, the
level of individual skills and the precise way in which these are
utilised in pursuing necessary objectives.

These in tarn depend primarily upon the level of awareness and
understanding, which can only be modified appreoiably by a very
careful analysis carried out by the individual himself.

The rewards of such analysis are many. A kind 'of deconditioning
takes place, a person becomes progressively freed from his past biases
and thought patterns; anc also from his own self-image. Vealnesses
in knowledge, attitude and skills become apparent, together with the
possibilitics of overcoming or compensating for them. As undexr=
standing develops, the threshold of consoiousness is lowered so that

thers is a much greate:r awareness of the nature and significanoe of
every move one makes. Gradually one learns to become, as it were, an

acourate and independent observer, and later controller, of ocne's om
thoughts. Further details of the FIM oourse have been supplied by ¥r.

E. Matchett, and are inoluded in Appendix No.IV for completeness of this
report.
Several evaluations have been made by the English Eleotrio Staff

Praining Centre (now DISC), of these Matchett F.D.M. courses and
their effect on designers. The report written on this evaluation
is, of course, confidential to the Company (now GEC/AEI/EECo), and
eapnot for this reason, be given in totec. However, a summary of
seme of the main points as to the effect aof the training and
develoment of engineering designers is given in Appendix No.V,
together with a persomal report of one design engineer who attended
the oourse, showing how it had helped him in his own design area.

or Ta

In stimulating and developing oreativity other factors need o
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be oonsidered, for example, the traditional educational system

and its time honoured pedagogic methods. Many have suggested
that the formal educational prooess has negated against croative
capabilities beoause the olosely direoted well-disciplined
activity from kindergarten to uniyorsity, has encouraged conformity
and fear of stepping out of lin(e{'(w:lth this cones a resistance

to ohange. Thinking is ohannelled along a set route, using
available information, being logical and sequential with justi-
fiocations being made at eaoh step. In other words, by traditional

use of information the thinker has to be right at eaoh step.

Saif William James, 'Genius, in truth, means little more than
the faculty of perceiving in an unhabitual way, or put in another
way, 'Seeing what everybody else has sean dbut thinking what nobody
eolee has thought'. In oreative work jumps have to be taken, steps
are left out. To obtain oreative thought it is, therefore, necossary
t0 break away from the normal habits of thought and leap up with
imagination into the suboonsoious. See Figure No. 8. To develop
imagination an attitude of day dreaming may be necessary - the mind
has t0 free wvheel. Beeides providing the correct environment for this
40 bappen there are a number of techniques which may be used and csome
of these will now dbe diecussed.

4 o Creativity ~ Some Problea Sol Meth

8ir Joshua Roynolda(")uidx
"Invention is little more than new comdbinations of those images which
have been previously gathered and deposi.ed in the memory. JNothing can be
made of nothing, he who has laid up no material can produce no combinations'.
How then can these new combinations be brought to the oonsoious, examined
and used? It ie beginning to beoome apparent that there are roughly three
levels of genersl problem-solving teohniques which may be useful in this context:

a) Algorithaio - Here preoise instructions may be set dom and
henoe a oomputer may be used,

%) Heuristic/etretegic - In this olass general prinoiples may be set out
but with no detailed rulee of play. A oomputer
mey be used but it is extremely difficult to
arrenge in moat cases.

¢) Intuitive = These oover a broad range vith many degrees of
uncertainty.
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The latter in engineering design is often covered with the time honoured
statement, 'We took a calculated risk here, but no one has ever seen the
oaloulation!'

To make the best use of individual teohniques it seems reasonable to arrange
them into a suitable set of conosptual ocategories. S.A. Grogory“z)hu
suggested a matrix in three dimensions which oonsist of the following:

a) Urgency of Problem via Identifioation, viss
Breakdown, ourrent competitive problem, market foreocastj

technologiocal forecast in long range.

b) System level in terms of complexity, vis:
Material; component; sub sysiemj super system.

¢) Stage of Development, vits
Fully optimised; evolved and needing ourrent optimisationj

Xnown solution which neads improved alternatives.

Teohnigues may be viewed in this matrix with location according to their
applioability. For example, those falling in the algorithmic (manual or
computer), such as 'attribute listing' will be seen as a teohnique for dealing
with the preparation of a specification for a design brief. ! imjilarly, all
those techniques ooncerned with optimisation fall into this same area. Most
design methods and well established textbook procedures and in the same category.
¥ith the strategio techniques, where it is difficult to oomputerise, the work
study approach or gquestioning teohniques may be seen in terms of system level
and stage of development, while intutive methods may also be seen against the
ahove three-dimensional struoture.

Looking at the overall picture of engineering design methods a kaleidoscopio
view can be seen in Figure No. 9. F.D.M. has already been discussed. The
others vary from various systematic obarting methods and decision trees to
behavioural techniques, such as brainsterming and synectios.

In addition to the ahove there are other goneral methods which can be used
$0 aid oreativity, such as the scientifio method, operstional research and the
exhaustive matzix.
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The Soientifio Method

This method oonsista of a circular process which starte with observations
leading to a statement of the problem. It is a gathering phase where all the
relevant information :nd significant data is assembled. The next step is the
formulation of an hypothesis. Movement to this atage paquires inductive
reasoning. Induction moves from the particular to the general, thereby
making possible an increase in information. Then follows the third stage,
which requires deductive reasoning so that the oonsequencss of the hypothesis
may be tested. The creative step is in the formula:ion of an hypothecis or
model. Validation of this step is generally by a controlled experiment which
is observed, and these observaticns are then compared with the original cbser-
vations. If this comparison is encouraging, the hypothesis may be tested again
to dstermine whether it can predict results in new contsxts. If, bhowever,
there are discrepancies, the bypothesis is modified until it can bs applied to
all cases. Ths hypothssis now becomes a theory or a law, and can be used to
prediot with certainty results when conditions similar to the original ones
are in axistancs.

From ths foregoing it ocan bs seen that the circularity proocess is not unlike
the design prooess itself. It i. a characteristic of the deaign method that
ths problem to be sclvaed is in oconnection with the fulfilment of soms human
satisfaction. This problem may be perceived as a result of markst research
or direct obsarvation, or intuition. The next stsp is to generate as many
alternative sclution possibilities as can be handled with the resources available.
This 48 like forming ths hypothesis - a search for reasons for the ocourence
which were cbserved. This will probably be no one correot solution for all
time. A good solution has to be founi to the dssign problem by evaluation.
Engineering dssign is further characterisci by ths absence of complsts knowledge
which is merely one aspsct of the limited rescurces with whioh ths engineer has
%0 work. It follows thit sinoe knowledge and resources are limited somaone
has to take responsibility for outoomes. Here the oritical decisiond is taken.
The dssigner using all the knowledge, expert advioe and sxpsrience availabls
together with intuition makes a creative leap for which hs will bs responsible.
Unlike ths soientist, however, wvho can later modify his hypothssis, the
eagineering designer generally nas to live with hias design duoision.

Returning to Figure No.1, for a moment, ths diagram atteapts to show the
interaction between soience and dssign. It is clear that in the industrial
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oontext where firms ars soienoe—-based thers will be exton&i:f use of the
eoientifio method in rese.rch and development departments. Their work will
often be found to impinge on design aotivities. lUainly this will be in the
form of codifying existing knowledge found by others and formulating theories
(h.vpotheais) and planning, designing and conducting experiments.

But the soientifio method is also used in the industrial situation to
inoreass productivity, hence the rise of work and method study, eto., with the
consequent rise of management services and other departments to examine
operational dats critically to develop imporved ways of doing things.

of Q%gsot relevance to design is the Kepner Tregoe approach to problam
solving. ~ Hers the scientific method is applied to problim analyeis (PA).
See Pigurs No.9, a logioal series of steps to ascertain the cause of a deviation
from an expeoted norm. Decision Analysis (DA) an analysis between alternative
courses of aotion and Potential Problom Analysis (PPA) an analysis of the cause
of future deviation from an unexpected norm. By going through ths oyole of
problea analysis, decieion analysis, potential problea analysis, snd demanding
s written answer to the questious, ihat, Where, iihen, How much, How many, under
the headings, ‘is' and 'is not', it is possible to draw distinctions and changes
may be investigated. TFrom the changes the cause will then emerge.

412 m;aﬂml Research

An official definition of (OR) Operational Reeeurch is 'the attack of
modern science on ocomplex problems arising in the direction and management
of large systems of men, machines, materials and money, in industry, business,
government, and defence. The distinotive approach is to develop a soientifio
aodel of the systam, incorporating messurements of factors, such as ohance and
risk, with which to prediot and compare the outcomes of alternative decisioms.'

A typlocal example of the use of OR in design has bsen the development of
AIDA ‘Analysis of interconnected decision areas, Most systematic design
methods are primarily used for analysis; they help to generite information about
the engineering requirements. But as more and more information is obtained
there comes a time when a designer has to syuthesise a solution from s large
aumber of faotors, eich one of whioh has its own .eet of oonetraints, eto.

The traditional enginsering approach has been to split up the prodlea intc a
gseries of sub-problams, but with many sophisticated advanced teohnologies, the
sub-problems are so interdependent that this becomos very difficult.
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The basis of AIDA is that of an OR approach whioh leads to an option
analysis. Just as critical path analysis provides a languige for discussing
inter-rslationships of timing of different design activities, so AIDA is a
language in which inter-relitionships of decision ind the qu2stions of
compatibility at each stage of the design activity can be discussed.

For very large projects like a supersonic aircraft, or a power station
there will be several design areas where a number of alternative d2signs are
possible. See Fiure No.9. under AIDA, where each decisionurea is ringed and each
option within these ar:as is marked by an 'X'. Then a map or the decisions
cak be drawn out where links between options express incompatibility.
Clearly with very large systems the number of optiocns can be large, and a
ocomputer is required to provide the best options to choose in each area,

AIDA is most useful in the early definition stage where the views of those
outeide the engineering design process can be taken into account early enough
to influonce the design. Thus, in motor car design (a consumsr durable
product,of the modified produot design type. See FPigure No.3l), it will be
the marketing departaent and long range planning people who are particularly
oonoerned in helping to develop concepts, as well as production peopls.

Yot another mathod of design to encourage creative thought is ths
exhaustive matrix.

Nershologicsl Apalysis

The term was ocoined by Frits ktw(w). He first suggested that if one
studies the features of any objeot they can be set into an hypothetical
asrphologioal box, suoh that no pigeon-hole in the box oontains more than one
feature. Same boxes may be eapty. Zwicky pointed out that by going through
Shis kind of order:d analysis it was possidle not only to ocharacteriée fully
& givem objeot of some kind, but also it was possible to set out the list of
sharecteristios which would be expected to hold for any objeot likely to fall
within the same class.

Frou this set of general characteristics it bacame possidle by permutation
and combination to work out likely chareoteristics of objsots which do not yet




exist, dut whioch might be capable of achievement.

This approach makes use of a mitrix to rslate all the conceivable features
or functions required of the solution to all the possibl: meins of obtaining
them. Thus, the Zwicky morphological approach foouses on the 'form' of
design, whereas the Uatohett Fundamental Design Method rocuses on the '‘mind’
of the designer.

For exampls, when designing a domestio appliance the designer would list
yertiocally on his matrix paramters such 18 form, ®ise, matericl, eto. Om
the horisontal axis of th: astriz he would then extend a 1ist of means of
achievement - these would bs parametier steps. To matrix is extonded until
the designer's imagination runs out. It is then necessary tc establish
oriteria to judge possidble solutions, and these may be in quantitative and
qualitative terms. Finally, the field of possible solutions is obtained by
applying these oriteria and .xercising personal judgement, again, for large
satrioes a computer may be of help.

eristios o { ) Des

In general vhen cpplyir( I“Kn ic design methods, of which there are
s dewildering number today, l will be noted that they:

a) Help the designer to oover the design problem ares eszhaustively

») Provide s mechanical method to assist the designer's aind to handle
massive ocperations (possidbly with a computer).

¢) The oreative leap, oF stage is recognised to be s different kind of
aotivity and provision is made for this.

4) Separste imaginative idess from their logical judgement
(deferred evaluation).

e¢) Preseat s oclear snd easily followed record of the design prooess.
£) Allow many designers to take part simultaneously ia the design prooess.
g) Cause the design to revolve by logiocal predetermined stages. It imposes a

disoiplins on the design team.
3) Vake explicit the distribution of effort beween retrieval asd gemesation

of design information.
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Out of all these factors (c) is the most important for, if no provision is
made for a creative leap, designers will be forced into a purely mechanistio
approach to the work, which will amost inevitably be aterile. Too much
concern with mechanical technique oould detract from the real crsative phase
of engineering design work,

415 Organised Group Methods

The most potent techniques for idea generation utilise the concept of free
assoociation. The two best known, brainstorming and synectice, were both
worked out initially in terms of group activity. This has great advantages,
since any group can draw on wider ranges of schemata and associations than any
one individual.

a) Brainstorming

Brainstorming has several operational aspects and thase have been
described by A.F. Osborngg) A emall group is brought togeth-r to
disouss {deas %o solve a problem which is directly stated. In this
group there must be ne critical discussion and no strong leadsrship
atteaptas. Ideas are generatsd until the discussion runs down. The
disouseion is recorded. After the session the various ideas put
forward are evaluated by some suitable person or group.

In addition to this freewhesling generetion of ideas Osborn proposes
e nusber of ways of manipulating ideas. This we may call a kit of
'perturbation' techniques. These perturbation techniques may, in faot,
be traced back historically at least to Lord Bacon. Thevy include the
suggestions: adaptiony modification; substitution: modification we
say iaterpret further se: change of magnitude: addition, subtraction
(minify or omit), sultiplication (magnify or duplicate): rearrangesent:
shange of sequence, reversal, combination (unite or purposes), and eo on.

») Snectice
fymectios emplays an intsrdieciplinary group of whiech only the
leader at first imows the problem. This he leads up t0 in a very
gwneral way by trying to state notions having a relationsh.p to what
say be required. He atteampts to get his group to suggest ways of
expressing this general notion by examples. Very often analogies of
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some kind are used: sometimes metaphorical statemerts. Thus,
'a flame' is a ‘'ghostly presence'. Biological analogiss tend to

bs favoured.

o) Kepnor Tr3goo
A third group method is the application of ths Kepner Trogeo(ﬁ)
method previously mentioned. Here the charting eystem is employed
by a design group. Undoubtedly this scisntific method ef approach
yields benefits in terms of time to find a solution. Limited
evaluations taken at Dunchurch Lodge showed, in the case of thres
groups of designers that the group that had bsen exposed to the
KT method and ussd it, were the only group to come up with a
realistic design solution within one day, the time socale set.
The method is particularly valuabls for analysing the reasoms for
the malfunctioning of designs and, therefore, applies tc the latter
stages of ths design procsse.

The Impect on ‘ducatjon and Trajning

There is much talk conocerming ohanges to sducation in all countries, and
eagineering education is no exoeption. Some of the features that have bemn ‘
smtioned in this report have importance for both professional educationslists and
{adustrial managements. The changing nature of our sccisties with increasing |
emphasie being placed on internitional reeponsibilities, and the raising of the
standard of living for developing countries, makes it essential tc encourage
the maximum utilieation of creative taleats. Froas the ability tc use oreated
wealth to furthsr creative solutions tc sxtensive social problems is ome of the
most pressing husan predicaments today. The limitations are social, politiecal
and eoonomic, the resources are dedicated creative peopls vho can use soimoe
and engineering to f£ind solutions. To use Von Xarean’s pithy remark we noed
'The soientists to explore what is, and the sagineers to oreate what has nover
boam'.

This boing the case,doss our existing emgineeriag oducational mtn.

® The author's comments here oconoern the UK eagineering esducational systems,
sines he is not so familiar with those ia other oouniries.
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allow for maximum creativity? In the main, the present system does turm out
good researoh and dsvelopment enginesrs, but not good design and production
sngineers*, It will be noted that from Appendix No. II that less than a
quarter of the design enginecrs questioned held a degres, Most industrialista
would support the view that their best desi mers do not come :rom the hisher
sducational university system. This means that the majority of engineering
designers cannot qualify as professional engineers. (Ureat efforts are being
mads by the Institution of Mechanioal Engineers through their ducation

Committes to try and persuade the Council of “ngineoring Institutions (C.-.I1,)
to provids another route for designers to become chartered engineers,

(c.h‘)(21)(22)

To be sucoessful and achievs a bettsr enginsering design output from the
existing higher sducational system a new approaoh is necessary. A possibility
here is ths 'back-to-front' teaching mothod.

b 13 =to-Front Teach Approac

Rere a ocourse would be designed to sttreot those school leavers who
vere disenchanted with sterile analysis and who had shown some creative
ability, with a concern for eocononic and social factors. The baok-toe
froat approach starts with the concrete and moves backwards to ths
adbstrect. An undsrstanding of the engineering involved in some current
bardware would first bs studied, showing ths maorosoopic nseds of the
aystem; this would lead into ths subsystems, general slements, and
thenoe to the mioroscopic, dealing with ths structure of matter.
Ingineering taught in this way could be made intsresting, vital and
relevant to socisty's nseds.

™he teaching plan for such a course could be approached more from
the art of the precticsl eaginisr, the oreative person. It oan best be
fl1lustrated by ome of the author's diagrems taken from a previous paptr(23 )
Pigure No. 10.

Bowe the identified human need is expressed in ourrent hardware form -
18 oould de 2 car, a mechaniocal digger, or a pover station. In this

® It 1o prebadly trwe to say that the US is better at education for production.
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ocase a mechanical digger as a typical example of plant engineering
hardware has been used. Some alternative ways of removing subsoil
from place to place would be discussed, such as blasintg, blowing,
dragging, eroding, etc. The economic and hsitorical factors would be
jntroduced, e.g. building of caterpillar trucks or the introduction
of bulldozers, and by these means the student oould be introduced to

a variety of eub needs via existing hardware. The maintenance factors
and ergonomic requirements for safe operation, eto. oould be studied.
The digger could then be broken down into discrete units - engine,
steering, transmission, eto. - to enable the study of specifics; and
the historioal study of the transmission systeas could include new
developments and, by these, the ooncepts of the laws of motion and
energy transformation introduced. These would in turm lead to the
general laws of syetem elements and from them exoursions oould be made,
where required, into the molecular and atomic systeme. Moreover, as
progression proceeds tovards the right of the synoptic illuastration,
dusign and manufacturing considerations may be introduced.

In conventional teaching of engineering it is usual tc conoentrate
on the fundamental laws first, and to practioe analysis. In this new
approach an effort would be made to bring ideas together first by
synthesie, and to introduce the student to utilisation faotors.

A Dnim[}_’roduction Teaching Approach

Another approaoh is to use a projeot design mothod£24) Here an
opportunity is given to students to attempt deeign and manufacturing
sxercisee, whioh are oonduoted in siroumstanoes as closely resembling
pormal industrial ones as possible. Groups of 6 tc 8 undergraduates
are presented with the problem of making some plece of squipment whioh
is preferably required for some laboratory or works. The Jéb has to
be completed within the framework cf time and ocoete. No instruotion
or help is provided unless it is sought, and oonsequently, the group
disoovers at first hand the importance of organisation, division of
labour, delegation of responsibility, assessment of resouroes, provlecs
of communjcation, estimating, progrees, planning and accountancy, in
addition to putting to use the manual skills of drawing,machining and
fitting. Appendix No. VI gives part of a report by an undergraduate

working on a design-and-build project at the NTC*.

*MTC. Manufaoturing Training Centre, Rugby, of the inglish Eleotric Co. Ltd.
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In this oonneotion it would pay some engineering educationalists
to study how arohitects are educated and trained. For some time civil
engineers have lamented the fact that architects have a poor appreciation
of engineering matters, but it does appear that their design training
has much to commend it. Too often enginearin.: undergri:duite education
is research based, and the educators themselves are increasingly being
recruited from ¢he system. In fact the educational system becomes
self devo:iing of its most successful candidates. Consequently they
are witliout experience as engineers who haive dons design, or invented
something, or who have had experience as entreprensurs. Conseyuantly
the precfessors, leoturers and teachers have removed themselves from the
sccial, economic and politicil problems of the day.

If Liam Hudson's researoh worlt:(‘?5 ) is oorrect it would appear that
the products of arts faoulties of our universities #ill, on the whols,
be 'divergers', while engineering students appear to be 'cConvergers',

By 'divergers' Liam Hudson means those who are better at open ended

tests, but weaker at I.Q3. tests. A 'converger', on the other hand

is the reverse and tends to perform best on intelligence tests.
Although the implioation that divergers are creative and convergers 1re
not has not bzen fully proven, it oertainly appears that the majority
of engineering university oourses recruit from the oconvergers.
Architects, on the other hand, ars nearer the artists and are recruited
from the divergers. On looking at architectural courses today, one is
struck by the stress plaoced on, and the time allocated to, practieing
design skills. There are abstraot exercises, limited objeotive design
sxexcises, and total design projects, as well as 'live' projects. They
81l require an independence of approach and a heterodoxy in analysing
solutions.

It is perhaps werth ncting that scademic reseiroh in architecture
is of recent origin and only indulged in by a few, Also, the subject
of architeoture has not developed acadecically like, say, medioine or
engineering. For this reason it is mainly taught by those who practioe,
rether than those who research into arohitecture. This is very different
from the majorit: of engineering teaohing, where the higher instruotion
is arranged to be given by those who have carried out original research
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into eome adbetruse engineering aspect for which
a higher degres. For this, and other reasons,
whether original reseirch is a good qualifioati
designers. Archit-cts do not mike or construc

they have been granted
it scoms questionable
on for those who teach

t anything, whereas

mechanical onginears do, and must, therafore, understand manipulative

and assesbly processes. Porhaps the comparison here is betder

represented by the gedical profession where students h:ave, of necessity,

40 help practice on live patients while, and be
Engineers too ne3d to practice and understand m
know how things ire m de. If creativity oomes

fore, qualifying.
achining processes, eto, 2nc |}

from a prepared mind

then engineers could be trained better by having & walking-the-ward

approach using industry as a laboraotry to teac

h future designers.

Whatever new methols are tried it is important that they encourage
imagination, and inculoate habits of indenpendent thought and action.

The present courses are biased toward effective
1ittle opportunity to demonstrate the use of kn

.4 -ment and tion for Creativ

furning from the sducational to the industrial scene
isplications of time factors centioned that warrant the

ly imparting Xnowledge with |

owledge given. %)

there are a number of
concemn of industrialists,

who are always endeavouring to mastsr a situation so0 that a profit is obtained

from their energies.

One problea facing large industrial complexes is how they can foster

entrepreneurship. Poor utilisation of scientists and engineers dogs the

l1apge oonoern where all too cften, people are pressed into a standard mould.

(21)

The wedding of oreative enginsers and scientists with entreprensurship produces

striking innovations in a short time, as the new enterprises on Route 128
tontify. Along the highway near Boston there is a string of new companies
started by former saployses of the Massachusetts Institute of Technology. The
companies have been remarkably sucoessful and have largely been formed by young

sen im thsir early thirties. They all had one feature

in common, they wsre 2

satrepreasurially ginded and with an idea they were determined to convert into
a product or service which they would offer to the market. M.I.T. studied
more tham 160 firws on Route 128 whiok had been formed by forwer K.I.7.

It is significant that few of these enterprises bhad failed.

employess. (28)
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The reasons for this low mortality rate are not easily determined,
8iven is the fact that since the companies are small it is much easier for

individuals to experiencs stronger motivations to make 1 creative contribution
and for this contribution to be recognised.

but one

6:1

Woﬂty_x‘ Environment

It is vital that management at all levels undertands how to use
oreative individuals. Certain traits of a creative

oult for the conventional wisdom cf a company's organisation to handle ther
very often they are impulsive, anti-eatablishment, non-conformist, have

independence of Judgement, and have a tendency to work with intonse energy
bursts followed by exhaustion. Bumour aust not be out of place
often creative people are humerous.
perience that creative

person make it diffi-

for very
Also it seems to be a law of ox-
people work best when set tight deadlines, and that
they ar¢ not particularly stimulated by conditions of work
pensions and the like.

s Job security,
They are very much motivated by recognition and
epportunity for achievement, and it is in this area that managers of
engineering designers need to ocncentrate. As Herszberg has pointed out(29)
conventional personnel policies have tended to concentrate on factors which
are dissatisfiers rather than real mctivators. Such factors, Herberg
called, the hygiene factcrs, they are concerned with the environment in
which the task is done, their theme is Job context.
selves, create job interest, but
tration setting in.

They may not of them-
when satisfactory they prevent frust-

In order to improve a company's human creative resource more
attention hae to bLe paid to the real motivators, which are associated
vith Job satisfaction, e.g. individual recognition amd reward,

interesting and challenging work, genuine responsibility, soope for
individual advanoement and growth, etc.

In thie connection it is pathetic in British industry how the
Oowmoil for Industrial Design (C.0.1.D) will persist in giving
Queen's avards to managing dirsotors cf companies and not to real
designers. Seven Queen's awards granted to Marooni Ltd., is hardly
likely to motivate design teams or individual designers. It is to
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bs hoped that the proposed National Design Council whioh may link
engineering design with industrial design #ill correct this situation.
Much better awards are given by the Engineering Materials and Design
Auaooiation.. The 1969 Class I Award was made to Mr. L.A. Hopkins
for bis original desisn of the Hoverbed. (See Appendix No. VII).

Managers of design teams will need to see that adequate recognition
and rewards are granted tv their individual designers, so that they are moti-
vated to achieve better performances. They will have to recognise that many
creative people are indiosyncratio and need careful managing if their crea-
tivity is to be enoouraged, but they should not be coddled.

There seems to be some evidence to suggest that age is an advantage with
oreative people. Maybe the mature man or womsn has developed the willpower
and persistence required for creative achievement. For rssearch work, how-
ever surveys have indicated saddle shaped ourves with twin peaks of achieve-
ment separated by 10 to 15 yurs.(z‘z)

Stimulating Creativit

While recognition is paramount thers are osrtain stizulations
which oan aid oreative efforts. Many of thsse have already been
discussed. Oreater understanding of the mental prooesses involved
are required,and Mat-hett's work and others needs applying in design
offices, one gspect scems olear and that is, that it ip essential to
allow engincering designers ‘'time off' to study some of ths new
systematic methods and to become aoquainted with the application of
group techniques.

However, there are consideradbls depressants in ths socio~technical
systems of the Wast, The tax systea favours manipulators vather than
oreators. The blistering tax systea to maintein a Wslfare State in the
U.X., ths antitrust laws in the U.S., and the emergency antitrust
regulations in the Common Market mitigate against innovative sucess.
Perhaps stimulstion of creativivy could best be achieved by soms
highly visible rewards like financial recognition, without tax to those
who demonstrate their ability. This point might ocertainly be oconsidered
by the developing countries whose bureaucracies are not yst fully
established.

33 - 39 ’ ”lu‘ Green un‘. m’ E.Cele
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Rooruitigg Design Staff

Intelligence does not seem to correlate with creativity as
E. de Bono has pointed out“) 'the charm of lateral thinking is
that it is an exciting search for the sinplicity of a good idea
and that it is open to everyone, since it is not dependent on
sheer intelligence.' Vertical thinking, as he has called con-
ventional logic thinking, has high probability, but lateral thinking
bas low-probability with sideways thinking, Nevertheless, it
appears that a certain threshold of intelligence may be required
by oreative people depending upon the culture in which they operate.
Ouilford(3°) has attempted a measurement of creativity through
hypothesis of apititude traits believed to be related to creativity.
The five types of operation provided for by this ooncept represent
the scope of all intelleotual activity inoluding, therefore, the
quality measured as intelligence. His five types are cognition,
memory, divergent production, convergent production and evaluation.

It seems clear that our present educational system puts a great
emphasis on intelligence and intelligence testing, rather than on
ereative thinking. In industry creative people are required and
therefore need identifying, placing, utilising and developing to
the full. New approaches tc the seleotion of engineering designers
and their management seems an urgent and pressing problem. Some
of the work by Jaokson and llouiok('") may point the way to better
testing for oreativity.

In the developing countries it aight be possidle to set wp
oducational systems whioh are designed to encourage and develop
- oreative thinkers, rather than oopy much of the present educatiomal
ouphasis in the West whioh is §oared to soholarship and acoumulated
past wisdom.
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Special Note
Tt Acknowledgements

T1+2

In writing this note on Creativity the auther is partioularly
grateful for help roceived from 7. Yatchett, R.R. Yhitfisld, S.A,
Gragory, J.D. lonk and R.J. Perry. In particular for peraission

to publish Appendix IV by the West of England Employers' Association,
which sets out the objectives of Mr. Matchett's courses,

The author also wishes to acknowledge his indebtedness to
members of the C.E.I. Working Party Sub-committee, of whom he is
a mesber. The C.E.I. Working Party on Creativity and the Engineer
was set up in 1968 under the chairmanship of Mr. H.G. Conway.

E.I, Creativity Work Pa

The history of the Yorking Party vas given in the CME of May
1968 and is set out below for completeness.

Creativity and the oer

'Much has been written and talked about of late on preparing university
greduates to mest the needs of industry. /Ioot proposals involve the
acceptance of gradustes as they are, varts and all, and do not deal
with altemative educational courses.

Thy is it that the productivity of engineers, in terms of now
jdeas, varies so greatly? What is the influence of the educational
prooess? The Institution considers it important to atteapt to find
an snswer to these questions and has therefore established a Creativity
Working Party umder the chaizmanship of the Past-Presideat ir, H.0.

Convway.

I¢s terms of rsference are to survey the exieting soope 224 conteat
of mechanical engineering treining, both theoretical and prectical, for
professionsl engineers. It is to pay special regard to the extent to
which the overall training of mechanical engineers, as at present
earried out, tends to develop an analytioal approsch to engineering
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problems, instead of fostering the oreative ability needed in

designing and managing. The working party is tc recommend
changes to be made in order to remove weaknesses,

The preliminar; survey may be undertaken by a small team of
one or two engineers and a social scientists,

For the time being, creativity in engineers is defined as
denoting:

the adility tc synthesise and evolve new and improved
engineering configurations in the servioe of man.

Essential elements for creativity are perception, imagination,
and the ability to design and experiment. The relevant
slements may exist in varying proportions in ihe make-up of the
individual but, at least in mechanical engineering, perception
and oreative design are predominant. Creative design may range
from the ability to evolve the overall conception of ncvel
systems or machines to the ability to oonoeive better design
of elements of michines or structures forming part of larger
ocomplexes devised by others. Both extremes are equally
important.

As this problea is not confined to mechanioal engineering,
other members of CZI have been invited to collaborate. The
Ministry of Technology has become an enthusiastic supporter of
the investigation. The work is proc2eding in twc phases.

Phase 1 involves a literature survey and this is being undertaken
by a member of the Working Party. Phase 2 will atteapt to
identify the oharecteristios which lead to creative work. The
Working Party have in mind a survey of perhaps 500 individuals and
& selection of organisations who are oonsidered to be creative.

The Counoil has approved a grant of £1000 from the James Clayton
Bequest Pund to support the investigation and thers will be further
essistanoe from the Ministry of Technology.
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Fhase 1 as set out
will de issued in due course.,
spooial studies being oarried out in scae

above is mot complete and various publications
Phase 2 is about to start with
British universities.




1.

3.
4.

Se

6,

7.

9

10.

1",

12,

13.

“.

-) -

APPENDIX NO. I
LIST OF REFERENCES '

'The Use of lateral Thinking' by Edward de Bonc - Jonathan Cape, 1967,

'Creativity and Intelligence' by J.W. Getsels & PV, Jackson -
Jobhn Wiley, 1962,

'Professional Creativity' by E., Von Fange - Prentice Hall, 1959,

‘Creativity in Engineering Design' by W.P. Lewis
Meohanical Engineering Education - Pergamon Press , 1968,

'‘Creative Engineering - an Engineer's Viewpoint' by L.A. Kilgore
Westinghouse Engineer - September 1960,

'Survey of Engineering Creativity' by R.J. Perry.

Unpublished report carried out at the request of Rolls-Royce,
Bristol €ngines Division (RJ. Perry is a Company undergraduate
in Behaviourasl Sciences - University of Aston in Birmingham.

'Special Ability' by I. Maofarlane 3mith - University of London
Press. 1964.

‘Control of Thought in Creative Work' by E. Matchett. C.M.E.
April 1958 pp. 163-166.

‘New Directions in Engineering Education' by Willias Bollay
8ee Chapter 5 of Education for Imnovation - odited by Daniel V,
deSimone. Pergancn Press 1968

‘On Creativity' by Professor David Bokn
Extreact from 'Arems' May 1967.
Sir Joshua Reymolds quoted by Offmer D.H. (1967)

Inergising the creative potential in future engineers. Jourmal
of Creative Bebaviour 1. Pp 15-21,

'Some Botes on Prodlem Solving Methods' Yy 8.A. Gregoxy
Special report for the C.E.I. Creativity Working Party.

‘Bow to Solve It' by G. Polya
A Doudleday Anchor Book 1957,

'Creativity Categories as a Faotor of R & D Staffing' by J. Balderston

I.E.E.E, Trensactions on Enginesring Management Vol, BM-2 No.2.
June '*’0




- 32 -
"The Rational Manager - A Systematioc Approach to Problea Solving
and Decision Making' DBy CoH. Kepnsr and B.B. Tregos.

The Design Method' by S.A. Oregory - Buttsrworth 1966.

1Systematic Method for Dssigners' by L.B. Archer - Design 1965.

Conference on Design Kethod - London 1962 - Editors J. Christopher
Jones, D.G. Thornley. Pergamon Press 1963.

'Applied Imigination' by A.F. Osborn - New York Charles Scribner 1953.
'Syneotios' by 9.J.J. Gordon =~ Harper and Row 1961,

'‘Pinding, Training and Keeping the Engineering Designer'

by Bwen M'Bwen. Paper No.t. Second Conference on Trends in
the Education and Training of Professional Kechaniocal Engineers.
I.Meoh.E. 18tk Ame, 1969.

'Possible Altsmative Routes to Professional Mechaniocel Engineering'
by B.T. Turner. Paper No.10. Same confersnce as Ref.21.
1Teaching Enginearing Design' by B.T. Tummer,

Ingineering Designer 1966 IED/4.

‘Creativity in Universit, Enginesring' by M.T. Deere

New University Nov. 1967.

‘Contrary Imiginations' @ Psychologicsl Study of the nglish
Sohoolboy' by Liam Hudson Methuen 1966,

‘Education for Creativity' by C. Stark Dreper
Chapter 2 of :bducation for Innovation - sse Ref. 9.

'‘The Organisation Men' by 4.H. Whyte - Peliocan Books 1960,

‘New Enterprises on Route 128' by E.B. Roderts asd N.A. dainer
Soience Journal December 1968 Vol.4 No.12.

‘Work and the Nature of Nem' by F. Horsberg - Staples Press 1966.

'A Revised Structure of Intellect' by J.P. Ouilford 1957
Peychology Lab. Report No.19. Chas. Angler University of 8. Califormia.

‘The Person, the Produot, and the Response 1 Conoeptual Problems

in the Aseessaent of Creativity' by Philip 7. Jackson and 3. Messiok.
November 1964. Educational Testing Servios, Princetown, New Jersey
RB 64-57.

'Creative Years and the Research Environment' by Domald C. Pels
1.E.E.E. Transactions of Engineering Management. Pedruary 1964,




————

-33-

OTHER USSPUL WORKS ON CREATIVITY

Andersen H,!, (19%9). Creativity in Persvective. 1In Anderson 1l,l{, (ed)
Creativity and {ts cultivation. New York, Harper i kov.

Andreve F.l. (1965). Factors affecting the monifestation of creative ability
by leientints. Journal of Peroonality 33, 140 - 152,

darron 7o 11963). The Needs for Order aaa for Li.or.ier ig Motlveg in

Lreative Activity, In Taylor Co¥ey darron F. (eds)., Scientifie
Creativity. New York, John Wiley.

Barroa F. The reasurement of Creativity. In Measurement and Asessament in
Behavioral Seicncee pp. 34i-3((C.

Baumann D.W. (1968, intercinzi;linary Syetoms ~ngineering at M17. Journal
of fnyineering Education. Vol. 58 No, 7 dareh 1568, pp, 2235,

Bellay . ond iusignam it.s. (1968). Jyetess Design im Education., Joummal
of Ingineering Education. Vol. 53 No, 7 Mareh 1968. rp.818-22,

Buras T. ond Stalker G.M. (1561). The Management of Innovatjon; london,
Tuvistock Publications.

De Limene D.V. (19(8). Education for Innovation. I.ik Spectrua. Vol, $
Noe 1 Jun. 15€8, pp.R3=89,

Doppelt J.B. (19C4), Definitions of Creativity, Trane. New York reademy of
Science Ser.II Vol. 26 No, 7., 788-7m3,

Duckworth J.C. {1965.. Inccntives to Incovation and Invention, ~lectrenico
and fowver. Journal of Institution of Elec. Lngineers Vol.11 June 1965.

Getsels J.U. ind Jackeoa P.¥, (1962). Crextivity und Intelligence. New York
John Wiley,

G.Oﬂl.l Vo and Goertul “oac (1%5}0 ¢radles of Eminence. londoa. wonstable.
Uordon WeJede (1961). Synectics. New York. Haryer & Rowv,
Uregory S.A, (ed). (1966). Tie Veaign rethod. iondon. Butterworth.

OGuilford J.p, (1967). Creativity: Yeeterday. Today und Tosorrow. Joummal of
‘reative dehaviour 1, .o, 1 3-14,

Hapding R, (1567). An «natosy of laspiration. London. Frank Cass.

Hitt VoD (19€5). Toward e I'weeFactor Theory of ureutivity, Paychol itecord 15,
127-132,

Hitt V.D. and Stoek JoR. (1965). The kelation between I'eycholozieul Characterie-
tics und vreative Lehavior. Psychol. .iecord 15, 133-140,

livdeom L. (1966). Contrary lmaginations. iondon. hethuenm.

Jaskeoa P.W. und Mescick S, (1965). The lerson, the iroduct and the Aestonse!
Conceptual Problems in the ncassament of ureativity. Journal of
Personulity 33 No, 3 309=329.,

Kiag B. (1963). Object iCrectivity, Mechanieal Cngineering 38-41,
Kosotler A. (1964), The Act of Creation. London. Mutehinsoa.

Lehrwnn HiCo (1953)¢ ~ye sad sohievement, Princeton, liev Jersey. | rinceton
University irees.

Likert R, (1961.. /iew Pattern of Kenugemeat. New York. HeGraw 1411,

MaeKinnon D.W. (1761), Fontering Crestivity in Students of «agineering. Jourmal
of .a;ineering Lducatiom ;2 129=142,




—“-

Meckler B. and Shomts F.Co (1665). Cre.tivitys Treoretical nnd Metbodo-
logical Considerations. Poychols Record 15, 217-253.

Mackworth He.He (1965) . Criginality. American Paycholopist 20 Noe 1 51-606.

Noiherson Jele (190Y) e Mow to mnnnze Creutive Engineers. Hechanical
E-ll;;iﬂ..m& Febe 1'}650

McPhereon J.He (1967). The People, the Problems anrd the Prohlem-Solving
Hothods. Micland, Michiyan. The 1ensell oo

Naddd B.R. (1965). rotivationsl ispects of Creativitye Journal of rersonality
33 330347,

punn Reus &Rd Coons Heke (16(5). Computer aided Decign. seCraw 1411 Yearvook
seience and ‘ltechrolorye New Yort, IeUraw H1l.

varquis DO (19€0). geicnticts in o Technology=Driented vrgandication = Thelr
Expectations, Inceutives znd (areer . atterns = Paper SToented at
the 10tk Inntitute on kemearch Administration, 36-29 April 1966.
wachington wue

latchett Bo (1468). Control of Thought in Creative Worke Chartered l'schanical
Lagineers joa.ony Inate tieche Enge 15 Noo 4 163-166.

Nedndok Sehe (1962)¢ The Associative Lasis of the Crentive Process. 1sychols
Review 63 22C=752.

Hoffie Ve Jo und Goodner 5. (1967). A Predictive Validity -tudy of creative
and Affective Menagerial Perforrinces The Creativity Rosaroh

jnstiiute cf the Richerdavn Foundatlion 150 Sreuncoore, North Carolinn.

Nadler Go (19567). wWork sycters Design i The ldeuls Concepts liomewood,
Illinoic. Ric‘lﬁl‘d Ve Irvin Ince.

National Conference on Creative Engineeriny fducatione Oummary of Findings of
Reconrendationas VYoods Hole, Massachusetis, Sevte 1965,

Nicholson P. J. (1959). An Experimental lnvestigation of the Effecte of Traimiag
upon Creativity. Abstract in Jourmaal of Creative sehaviour 1 Noel 19567

offmer Dohe (1967). Emrgizing the creative Potential ia Future Tniineers.
Journal of Creative Behaviour 1 15=21.

Osberm AJF. (1993). Applied Imagination. Now York. Chsrles Scribner.

Parnes SeJo cnd Brunelle Edhe (1967). The Literaiure of Crestivity (Part 1)
Journal of Creative Behaviour 1 No. 1 52=5Te

Parnee 5.0, mnd Headovs Ao (1963). Development of ladividual Creative Jalemt e
1a Tajlor CeM. uad berron Fo (eds)e 1bids

Pels D.C. and Andrevs F.M. (16€6) Scientists 12 Organisations. New York.
John Wileye.

Pels D.C. (1967) Creative Tensions in the research and Development Climate.
Science, July 14 1967 Vol. 157 Noe 3785 ppel€CeSe

Rensk, Richerd and Livingston, Carolyn We (1961)¢ Develoring Crestive In-
ventive Ability. Occasional Paper Noe 23e The A.Ge Bush Library of
Manegewent Orgsnisation and Inaustrial Pelations Conter. Vaiversity

of Chicago.

Roborts keB. and Wainer ReDe (196(. Some Characteristice of Technical Entre-
pum;zz. MIT Sloun School of Nunngerent Working Paper No, 19566,
Hay 1 .

Redo (1966)s The ldentification of Creative kesearch Scientiste.
Psyohologia Africana 11, 99-132.




- 35 -

Sisberg A.l. (19564), Creativity et Vork. Boston, Induatrial Cducution
Iustitute.

Sedith 1.M, (19C4), Spstial Ability Londoa, Unive of Loadon Prosg.,

~teia kele (1957)s Soclal and Peychological Factors affecting; Creativity
of lndustrial Research Uleniotas,. Inrudliched mes. precented
at Tull seeting of the industrial ieseareh Inctitute, . itesburgh,
Pa+, Octob. 1957, h Borelson B, Steiner Uske (edg), 15Ch Humas
Ushaviour. New Yorx. Harcourt, Brace Yorld,

Tayler (oW, and Barron 7. (eda)e (1563). Botentific Creativity. New York,
Joha Wiley,

68 Departreat of Commeree. Tectaolyical Innovation, its Gaviremment and
Managenent. Jun. 1967. US Governmont Printing Office, washington D¢,




- -

X NO,

SURV=Y OF “NGINFERING CREATIVITY
CLUSIONS FRO R 4 !

t. gnason for Survey

The object of conduoting the pilot stud, was to provide some
general information on the background of airoraft enginesrs, and
to determine aspects of their work or their approach to that work
that could be conneoted with ore itivity. In this way it was
hoped that the survey would help people to redefine and refine
their ideas on creativity, and throv some light on how sanageamt
could help to stimulate creative work.

2. Nethod of Suvey
The survey was conductad by questionnaire and {nterview amonget
approximately 8 of the relevant staff. It covered 127 peeple:
108 were asked to fill in a questionnaire .nd 99 completed uestionnaires
were retumed : 19 poople were intervieved.

3. ¥ain Pisdings
a) Nean age of respondents was 3 - 38,

») %F went to gremmar sohools
3.9 went to public schools
46.95 went to seccndar; schools.

e) 23 Deld a ist degree
3.9 held a higher degree
9  held and WC or ONC'

4) Drwwing vas used cocasicnally er fregeatly W 708 aad
sketehing by 9%%.

e) Righ level mathemtics was woed rarely or cesssimndlly
W only 208°

£) 40F of the respindents thought that ne ereative ability
ves nesded for their present job, about 60% o fair or
large amount. % omly 19 thought they had no eveative
ability, 814 that they had 3% least a fair amownt.

e WG « Nigher NMitiomal Certificate, ONC Ordimary National Certifieate.
¢ low level mathematios is defined for thie purpese as simple caloulations op
graphieal imtegratiom, ote.
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8) Llogicsl thought was given as 1 source of ore.tive thinking
in 508 of the cases, flashes of insight or out-of-the-bl.e
%y the other half. Nore or less oqual numbers of ideas came
to individuils on their own, 13 to a man during discussion,
but twice as many came at home as at worg,

D) 327 stated thut oreativity sacourageswnt oias by thought
Sreinstorming, 397 via rewards, 60f from acknowledgement .

feasisl Coumente

Bo hard and fast mlntmmboemarmthumrm,
although the sample is adequate, no statistiosl oorrelations have
boen made. It does, however, poss oertain questions and suggests
Shat further studies ure Becessary. The importance of spatial
a1ty - draving and sketobing (perspective and 2D) - the 1ack
of wee of high level mathematios. Motivition to do orextive work
%0ems to depend upon acknovledgeent which lines up with Hersverg's
m” It would appear that job earichment % applying Berbery's
astivation/Aygiene theory oould hemefit these designere.
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APPENDIX NO.
OBSERVER'S REPORT AGD

A group of six engineering graduates were observed throughout oné day.
They were asked to design 2 modsl to 1ift a 11b. bag of lead chot through

the maximua height possibdle givon certain TOsOUroes.

mwm' Cartridge paper
Ahesive tape

Glue

Elastic bands

Paper olips, drawing pias,
Ostton roels,

String

D of heervatiss

s lex nmummmtmm.
$ide arguments socurred frequeatly.
mm»um:mm.m.
fais ver immedintely oriticined.
wm-mumu-mummm
'mmtottnm.

n__ m«u«tmamu.m:aum-hum
m-m«mmwuuxm&omdmmn
certain nembere of the GROWP.

“Mﬂimp“d‘uww“.

3. mmmwuu,m-un.mm. el me
m«untd\‘nu.-alu‘-dhﬁmum-
e chosmn scluticn failed %o Taise the lead satisfastentily .

. o Idtﬂsu--nmudumhndntm-nm
potiossble thet num.dunitqulhhlmm

% Jestify ay propesale.

e fisal ”Munﬂ“‘lhm“““
Mmmmmatnuua-.
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e growp 414 not vin the prise or eeme second or third, but they
bad one feature whioh other groups did not have - that was a chart showing
the progrees of the design thoughta. They rejected a nusder of pescible
aftractive sclutions whioh were indicated on this ochart.




APPENDIX NO. IV

The Objectives and Methods of F.D,M. Training

P.D.Y, training i3 used by a Company as a neans of obtaining appropriate
further developrent of the capabilities of persons in responsibie technical and
managerial positions. This training helps a man to understand more orecisely tho
real demands of his job, the strengths and weaknesses of his present approach, ard
the disciplines he can apply to improve his performance.

The whole erphasis of this advarced fora of man-development is that of training
by objectives. Such objectives are arrived at by a careful appraisal of the nost
urgent neeas of tne Company, the departzent and the individual. (The nature of
such an assessment is outlined in documents D.09 and D.10).

The Philosophy of training by objectives jmplies that each man requires
ipdividual tuition during training, in order that he may have every opportunity

of reaching his goals, It is important to realise that the ovjectives will be
different in every case, and that it is therefore not possible to structure any two
courses, or two learning experiences within the same course in the same wajy.

Bach course, and each learning experience is structured in accordance with the
jcular detailed needs as they become apparent, largely on the jnitiative of the
individual course member,

Bxperience gained over & nupber of years has shown that it is not possible to
conveniently classify all of the kinds of objectives that can be successfully

attained through Fundamental Design Method Training, The following are those which
are most frequently found to be necessary:-

Perception
1) Highlight weaknesses in pethods of exploiting physical laws and concepts,

2) 1lsprove ability to recognise casual relationships and significant factors
and modes of interaction with a complex systea.

3) Isprove ability to rise above one's immediate task to examine it from
sany different levels and viewpoints.

) Isprove ability to see particular technical and/or husan probless in the
context of the total circumstances.

) Increass sensitivity to the strengths, weaknesses and feslings of others,

€) Isprove ability to recognise the freedoms that are availsble in a
situation that appears to be totally constrained,

7) Isprove ability to assess the priocrities in one's total activities,

8) Highlight possibilitiss for raising the total value of the work for which
one is responsible,

9) Assess knowledge and 3kills required for the successful exscution of &
pew project.
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10) Improve ability to overcome the emotional attachment to an idea, in
order to recognise its true worth,

11) Improve ability to learn much more from immediate and past experience,

12) Improve awareness of unnccecsary constraints trat one allows to control
one's thinking, and of characteristic bias and patterning,

13) Isprove awareness of the sise and kind of Job that one would ultimately
be able to tackle effectively,

mgiative,

1) Improve ability to confidently move forward in uncertainty, without
taking unnecessary risks,

2) Isprove ability to analyse and learn from one's own actions and
aistakes,

3) Improve Loility to adapt and respond appropriately to the demands
of new situations - both intellectually and emotionally,

k) Improve ability to rapidly change course when circumstances change
or signal that the initial appreciation was in error,

5) Increase empathy with all aspects of the job, such that there is
an enhanced sense of purpose,

6) Improve ability to more effectively discover and use information,

7) Isprove ability to recognise and discard that learning and date
which is no longer appropriate,

8) 2o acquire a convenient means of assessing and directing one's own
mental growth,

9) To acquire the capability to develop any mental skill which becomes
particularly important in one's working environment,

10) Increase ability to utilise present strengths,

11) To develop attitudes and values that enables one's energies and
intellectual capabilities to be more profitably directed.

Amroach,

1) Inmvoabﬂitytothinkintcmofthorulnudluﬂurthnhbo
too attracted by solutions based on familiar practices.

2) Improve ability to analyse past approaches in order to establish more
officient methods,

3) % become far more flexidble in an approach to both technical and human
probleus,

4) To determine actions that can be taken to significantly raise the
offectiveness of persons for whoa ons is responsible,

5) Isprove ability to evolve appropriate plans for dealing with a situationm
Pather than relying on habitual or standard approaches,
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¢) Isprove expertise in the technical and commercial evaluation of
an idea,

7) [Improve ability to evaluate alternative solutions to complex
problens.

g8) %o control the imagination 80 a8 to generate far more jdeas in
e given time,

9) Do expand one's powsrs of vision to see more clearly the total
implications of possible decisions.

10) To improve the standards of acceptability which one applies to
one's owm thougnt and actions.

11) Improve ability to easily discriminate between the form of an
artefact or system and its essential nature,

12) %o work with a greater un lerstanding of the essential structural
oharacteristics of situation, systes and thought proceas.

1)) 0 more easily obwain access to subconscious sental processes
and materials, thus extending the areac over which deliberate
disciplines can pe exercised.

1) To scquire the ability to devise entirely new snd very offective
forms of ocontrols to apply Yo one's thinking.

18) Isprove efficiency and integrity of applying Knowledge in the
oritical areas of ons's work,

) ¢ ability to moniter and ocontrol the direction and oontents
of one's thinking at any time,

33

1) %o be ospad’e of Oo&rTying an increased work losd and responsidility.

g) Te pessess increased cospetence and confidence in respect %0 vital
aress of ooe's work (technical , adainistreative, sanagerial o%0)

3) Slliy w tackle more complex work which places grester demands
o one's juigaent, initiative, imaginative powers and overall sense
of rvespensibility.

N huhnupdutuatcsl;m, lmhrlmhhmd
other pecple.

§) Imsresse poise in discussions and negetiations with custeners and
warious ¢ and oommerc departments,

6) Aa wnderstanding of onsself and cthers that permits a grester
ssatribution to teas work and more offective sommunication where
different disciplines and personalities are invelved,

7) iy W change omn rele, policies, and sanagesent style in &
wy thet will lesd to inoreased offectivensss of ona's growp.

§) Overcose conflicts between personal aims beliefs and values and the

demands and characterists of the work situation.
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9) Improve ability to suppress fears »=d negative feelings at the outset
of new and more deranding work,

10) 4 greater readiness to assess a situation coolly and objectively even
when under pressure,

11) To make a continuou: and creative adaptation and response to particular
circumstances in which one finds oneself,

It is important to realise that the above are only given as examples of
the kind of objectives towards which modern training can be directed, It is
sensible for one individual to Fursue only a few such objectives simul taneously,
8o that his efforts might be concentrated to obtain really worthwhile results,
Other members of the same course can be directing their attention to a different
nucleus of objectives without any person hindering anotner's progress,

In order that the character and significance of present day Fundamental
Design Method training might be appreciated, it is necessarv to draw attention
to the difference between training by objectives and the teaching of a particular
logical approach (for example the P,A.B.L.A, system of the Unitea Kingdom Atonmic
Energy Authority, Alderraston), Unnecessary conflict has arisen in the past
through both course members and their Lanagerent viewing F,D,l. as nothing nore
than a methodology, Many persons have attended earlier courses seeking some
kind of magic formulae for designing and decision raking. Yet on return to tneir
Company the criteria on wnich the success of the training was judged was never
whether one kind of methodology was used instead of another, It was invariably,
and rightly, the extent to which the man had become more capable in his job and
in his relations with other pPeople in the working environment,

Over-concern to learn a formulae has sometimes diverted a person's atten‘ion
from searching for whatever was most critical to him becoming more effective in
his job, Our experience has shown that a major componant in bringing about an
improved performance is to prevent what seems to be a natural tendency to put the
reasons for one's own inability to improve on to some thing, person or system,
either within one's work situation or outside, Quite often these reasons have
been linked to past as well as present circumstances, The "F.D.M. formulae"
oould become sinply another support or tactic for refusing to discover and face
up to the kind of changes that should be initiated by, and within, oneself,

By putting the emphasis of F.D.M. training on to training by objoctivcg,
anyone who now attends a course is left in no doubt as to wnat he is atteapting
%0 achicve, ard what will be expected of him, The man is put in a position
where he can analyse and overcome his own deficiencies, and those for which he

is responsible, He is Judged, and judges hizmself, on whether and to what extent
M has managed to do so,

Shere is one skill which ».D.N. training helps to develop that proviles
the means of major and repid developments in many others., This is the abilivy
%o monitor one's owmn thinking, as though observing any process which is
instrusented for control purposes. The overall objective is to reach that stage
of sareness and development when it becomes possible to apply appropriate
disciplines to onss thinking gt ment tine, Each course member is
expected to learr how he can design and apply the additional disciplines which
Ais thinking requires, as and when they are needed, There is no longer the query
whether or not an "F.D.N. formulae" is of any value., The only questions that are
20w asked are which kinds of mental activities need to be strengthened, and what
Sotisns must one take, on one's own initiative, to produce the necessary .changes,




fhe course is much concerned with discovering a (unique) way of helping

the individual course memoer to think about his thinking such that will bring
about the requirid derelorrent,  Cver tne years a body of kro:ledge has been
built up of nany alITersnil £ILUL ol' approaches, out or uwnion nave veen aictilled
a number of funaamental concepts and vasic modes of thinking. These are
that assist the course member with his particular task, Every
effort is made to ensure that the man works from the basis of his own training
obJjectives. By making a particular nucleus of training objectives the focal

int for ail his ctrivings the basic material is automatically selected and
translated in ac.oraance with the.e ocjectives. In other words the course
material is seen only as a neans to an end, It does not become an end in itself,
Even more 1liportant, luo tic ract that toe cource naterial ic contirually related
to the particular objectives. One does not first of all learn another sub ject,
and only then Legin to Consiuer NoOwW it night be put to practical use.

The major characteristics of F.D.M, training which distinguish it from other
methods of man development, are as follows:=

presented in ways

1) It is stritred to charze rhatever mental skills, values and attitudes
uire improverert in a givin working environment rather than being
restricted to onl; certzi: Y these (For example, interperszonal skills),
or to teacning a technigue ior examini:.g only certain aspects of &
Goapany's activities or products,

g) he development is produced by q;{_m; analysis of the partiocular
sental disciplines and the obstacles which are preventing improvement,

3) %he person is required to search for and succinctly define what he has
Jearned from his current experience and also from earlier experiences,
and "critical incidents”, which contain lessons that he had previously

failed to recognise and exploit.

A) e is required to become objectively conscious of failures and
weaknesses in the disciplines and controls which he characteristically

sxercises over those aspects of his thinking, and behaviour, that have
¢ significant influence on his job achievement and performance,

§) The development is always built upon and around the individual's unigque
charecteristics, and utilises strengths which the man elready
pessesses, to produce the required improvement in capability.

€) he devalopment ia brought about by the individual's gwn efforts rether
than through group work, Throughout the training great care is taken
te ensure & person need not disclose anything to his fellow course
pesbers - or to his tutor - that is of & private and personal nature,
or which touches on aspects of commercial security.

7) e person is required to build up & of his work
situation, systems, and personal disc s 50 rar as these
tafluence the improvement that is required. Much of the methodology
of the course is concerned solely with producing such underatanding,

§) e help to develop understanding, and to test that it is genuine,
great streas is laid on producing models which reflect the

ASENStury of s situation, work aystes or persecnal skill,
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9) The person learns how to use such models as concepts to direct and
monitor his thought and behaviour at any morment in time, Also how
to continually revise such concepts to include additional increments
of understandirg that coue fron cubsequent expericnces.

10) Once the person learns to consciously control his thirking in tnis
way it is possible to learn more from all experience - both immediate
and past., The realisation that such is possible has a major
motivating and liberating effect,

1) r.D.Y teaching is built around a nucber of basic concepts which
are excecdingly powerful once they are understood, One such concept
is of three fundamental cizmersions ("Lledia", “Meaning", arnd "latter")
whioh appear to structure the whole of creation - including any
possible creation of man's, The tnree furdanental dimensions relate
to each other in a triangular system, which ras many recognisatlc
levels within itself, Control of thought and action is described and
oonsidered in terms of this concept for a wide variety of purposes,

12) All of the fundamental concepts in P,D.N, teaching assist a person
%o obtain valuable insights across a whole spectrum of levels,
Ancluding those which are of a kigrly persoral rature, The depth
t0 which an isdividual will wisi (o p-netrate, and the rate at .hi_h
be will wish to proceed, will naturally be different for every student,
Swch & comment would also apply to his total development following
the training, Many factors, Pariicularly those concerning the gencral
Company clicate and canagement attitude to the training, will infiuence
such growth,

Prior to the completion of his P.D.M. training each course member is required
% produce a programms for his own further development.within his normal working
mvironment, He is also required to decide what changes he wishes to implement
ia work systeams, procedures, stc,, which his analysis has shown to constrain
ecktievenent and perforaancs, either his own or that of his group,

Unless there is a definite commitsment of this kind, which is periodically
Poviewed and updated many of the possible benefits of the treining are not
realised, Training by objectives should lead quite naturally to management by
ebjectives, with the person canaging his own further development as an integral
part of sanaging his day to day achievement and performance. The rel significanc
of B.D.M, training lie: in the fact that it sakes management by objectives a
philosophy capsble of realisation in Practice, 3elf management is not possible

& certain point unless and until a person becomes vi' idly aware of all
of the oritical factors and obstacles which he has to learn to control, and until
b0 has scquired the conceptual tools that enable hism to deal with thea,.
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PANDIX \ 1
Some commants received durin evalui debrie
ession and oritique on F.D.M, held & Dunch
6¢h March, 1

The twelve points listed are not in any order of priority but most of
tLem were brought out by three or four attenders at the session. There
were 32 preemt for the whole day.

1. If P.D.M. is really to succesd it wust pe installed at the top
giret. (0.5, start with the design manager).

2. Some of the techniques are diffieult o use and discussion is
ROCSSATY . (eee eoparate report at end of “hie appemux).

3, To be really effective {4 would be best to see two or three
candidates from the eamé design office to got & 'o0ll' working
with r.D.AM.

4. ?.D. M. taught by Matohett tends to destroy your self oconfidence,
sepetines he does not always fill the void orested and antagoniss
eoours. For other people he destroys to duild up and they §°
back to their Baileywioks cn fire, but end up smouldering.
Prustration seis im, hence the importance of (1) above.

5. There iss need for a oomtinuing dialogue with Matchett if full
suocess and impact of P.D.M, is to be aade. ldeally recall oourses
and in-plant visite should be made ¥y ‘Matchettieed' people, oF
Natohets himself %o stisulate, guide and oounsel .

6. The different set of oonstraints are applied whem you rotum Vo
gour vorkplacs. Must \mow how t0 pandle these.

7. There bis to be a willingness and vish to improve. atchott

8. In many vaye Natoheit 10 his own voret enemy, he poods sove skill
in odueational presentation. Pedagogic approaches of o new type
ave required. He tends t0 use a language of his own. ¥ill bave
4o leamn to sell a oonoept ad acoslerate acceptance, if any benefis
48 %o oome in our lifetime. Mot all representatives agreed an this
latter point, since any work of this mature is bound t0 take time,

9. Natehett aseds to humanise his pessage, he relies o abstrect terms
end 10 too far asay from reality. He should pay sore atintion 1 7
his introduotion %o got people off to & good start.




10.

11,

".
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T™e 7.D.M. ocourse for the older, experienced designer can bde a
dangerous experisnce. PF.D.M. is a way of 1ife, one candidate thought
8 short oourse in psychology would achieve the same success. Some
$ype of pre-course filter should be designed.

F.D:M. helps to put creativity and the design process into perspective,
and for individuale it lowers the threshold between the suboonsoious
and the oonscious. Like the laser it gets your seatal power into a
narrow ocherent deam. It improves the quality and epeed of your
thinking.

Propagation of P.D.M. withia a design team 1is Dest achioved ¥y
baviag s omnverted ‘ocell' (see point (3) above), dut individuals
oan ovangelise by doing their job's detter, shis is difficult for
oeme designers where large teams are emplayed and decisicns are sade
Wy sang pecple in the design ares.
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APP-JDIX NO, v _{cal IT'R)
IERIVIDUAL

JEPORT O FUNDU 2T\ DSIGR LITHOD
(we. 'Y* worke in the design department of a business concerned with
elsotrioal switchgoar)
1 bave divided the totsl gein I have received from the course into

thre? main haadings:

1. Improveaemts in self.
2. Improvements in dealing with people.
3. Tools provided by P.D.M.

\. Japgovements ip Seif
Nore organised thinking.
Priorities in correct oxder.
Amaze of one's capadilities; 1iaitations and special inowledge.
Taken out of sental rut.
Bot satisfied 7.th sosething that works.
dle to stop at any mement and analyse pesitiom.
Asarensss of the iavolvesemt of visiom, moviedge and judgume=t ia
donign.
Bental diseiplines and conirols which I bave added or improved.

o) Semtrels Mded
Btop jumping to ocomclusioms.
Able to extrect bdasic design reqguirensnts and analyse them.

Able to drew charts of stratesy and see ultimate ond clearly.
Able to iavestigate major faotors before embarking om eingle
path, vhich once etarted upem diffioult to stop.
Able 10 snsl:se better (to resolve into smallest slepmnte).
Able to stop and back cheok.
Amove doteruined attitudc againet oriticise of aa iden.
%o seospt ccastruotive oriticien and make ueé of 1%,
Sefine bdetveen cause and oftest.

%) Seatrels lmpreved
Stepped making snap juigenents and rigidly adbeming to them.
Able t0 attend and listem.
®¢ ereats an sseential path.
Cemtrol the feeling of fear and panie.
Oentrol a eonditioned outloock imfluemesd Wy amvirenaents and
Baditual patterns of theught.




-‘,-

Mosegnise the sisoerity of a persons inteatioms.
%o think botter im )D.

2. Inafgvepents in Desling 73th Pecple
I bave tried to be more eoffective vith poople by emplayiag the following
oiaplr rules:

a) Praise - oredit vhen due.

%) Deprisand - used sparingly.
e) Imterest - sustained and sincess.

I boliove (), () and (o) can Do tumed inte management tesms such as; |

a) Tengets
b) Enovledge of resulte
¢) [Emewledge of situation

I bave aleo found it woeful to keep in mind the fellewiag:
Self oriticim
Bespect other's self rempest.
Mmanber Jifferences detwoen pecple (ot 1ike ws, or like ensh
other), different in backgrownd, experiemes, intelligemoe,
odusation and chareocters,
Pt enceelf intc other pereca’s shees.

oo svare of t1he prodles of scammication it 18 amasing how it dreaks
down ot all levels. I hive tried to impreve Shis VW

Imagine instruotions are o wyself.

Give all facts, snsuring net just paseing the 'buck.
$1.0. scpe wmesnted job.

Rasure perecn is fitted with necessary qualities.

nother impertant faeet of commmicstion is the ecatrel of asstings,
et nesmally got out of hand. I tr, the following:

pd Establish vhat Meoting is adeut and informatien rewired to Mo
amirasted.
In other vorde selest planme.
Eoop seeting or correet path.
oy and dloengage frem d.scuseion and take stesk.




Mfisient One'p fork:
1 tr, the following in analysing other people's writien or implied
words.

Bead ke artiels or statesent.

Underline the iaportant words.

Interoonnect the sarked vords find relation to sach other.
Ohallenge sech statement.

1. Ask what is being said.

2. Doss he really meéan shie?

3. The true significance of what is said.

4. Nesd betseen the lines for hodby-horses, obssssional tyeits, e,
Determine cause of cutout in one's understanding.

Pemetrate further to diseoves basis of thiu deficiency (ovem if it 18
laek of knonledge in self, or lavk of communication in other pereon. )

ﬁfﬂlwmnamlnlqumusmw-lmn
selutions to prodleas.

Does a partioular answer indicate a ocontro) ea the vey 1 om viewing

s statement?

Omn 1 00e & way to obange approach to inoresss the benefit geined
fyen ansver!

Is the answer wijustifiably influenced wroagly % fear, emotiom, ote,.?
fas the answer been formed from the statement 'It 1o obvious'?

W

What is going on here - what is happening - YOB time spemt on this
stage usally profitable ~ sust be correct.

- c

hat do ] vent to bring about by any rietion taken?

If shis 48 going on and I want to do something elss, what is stopping
pe, hov much freedon?

Pind st least two 1ines of actiem. Which is better one?
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4th stage - Administration

Aotion or implementation.

Kethods used in obtzininz a greater desrec of control cver th- desirm process

I have chosen aids which I have used because of the set of circumstances
sncountered since oourse. There are many other ajds I could use if
oircumstances had been different, i.e. position of project in time, type of
project, eto.

S8tart with making exhaustive random list of all poseidle significant factors,
from specifiocations, terms of reference, past experience, pust designs, other
designs, manufacture, testing, etc.

By using the knowledge, vision, judgement triangle this helpe to extract further
information.
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Zach side is split into as many units Jnown and soanned over scanning
band, one can go deeper at any point by progression.

Baving collected this jnformation one ne ds to relate the relevant statements
into collective headings.

By making a graph of these headings in%o groups of Vital Need, Very Izportant
Beed, Important Need, Desirable Need,

'VITAL NEED From this it becomes clear
v.I. NEED what is the Primary Funoctional
. VARIES (the need whioh, if not satisfied,
YITH invalidates all other achieveaents).
D. NEED
NEED

A further help tc olear the mind from wrong controls is to reduce all needs
40 the basioc *Provide A Neans'. This is simply to take each need as follows:

Bosd « KXoeping Essential Nature =
of need and produce as
wany numbers of alterna~
tives as poesible

Alse qlqrd at this stage to ensure that nothing but true requirensnts
remnin is firstly the Primary Roujettse

fov can we  Elimimate
Cambine
Standardise
Trasfer
Nodify
Simplify
the whole or gart.

e WA DT
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and secondly, The Se Roulette
the Effeots/Demands/Restrictions, sach will have om the other. By
gxaphing and lettering items this can Quickly be run through.

At all stages it is essential that ome stops and takes stook and baoktracks
to ensure that the functional sffectiveness is still being satisfied.

One needs to develop a number of alternative forws around the chosen conoept.

A detailed study of material and work ocontemt involved in every 1ife stage of
product is necessary,

T™he adove does help one reslise more fully how one does the thinking work,
and hov essential that controls be applied when necessary to the mind,
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APPFIDIX NO, VI

MAXE AND BUILD PROJECT REPORT
PART OF REPORT BY M.A. STOKSS

SEPTEMBER 1968 to JANUARY 1969

The greatest challenge of all, during the course, wa3 the 'design-
and-build' projeot. Not only did my group and myself have to build a machine,
but we also had to work out a feasible design from the specification supplied
by the sponsor. In oy oase, the task was to design and build a machine capable
of polishing 2 small turbine rotor blades to a 32 pioro-inch finish within a
0,005" tolarunce on each surface. The problems were well appreciated in a
projeot of this kind as no—-one had yet accomplished such a task in industry,
After much reseurch and compilation of 3 feasibility study, (all very wortuwhile
experience), a design was finalised and acoepted. Manufacture was then able
$0 commRenos. Pusides the experience gained in snginesering drawing and all
types of machining and fabrioation entailad by the project, further managerial
mowledge was achieved as all ordering, buying, costing, and reports had to be
compiled by meabers of the group
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APPENDIX NO, VII

EMAD DESIGN CLASS I AWARD

The Awards commitiee unanimously agreeu that the Class I Award should
be made to ¥r. L.A. Hopkins for ths desizn of ths Yoverbad, (The desie: is
shown below in the photograph. ) An extansively burned patient suffers from
shock which is soon made worse by massive fluid loss from the damaged skin,
Inmediate transfusion of blood and plasma is give to sustain the blood pressure
and attention is given to the burned area,

The commonest cause of death in these patients is infeotiun, asiinst
which several methods are in current use. Antibiotics may be given. The
patient may be nursed in an isclator and *he skin surface may be treated to
cause coagulation of the tissue proteins, so making the surface less hospitable
to baoteria. At the same time the patient must be supported comfortably,
preferably with access to the burned area. The Hoverbed provides a novel
solution to these problems and has stimulated world-wide medical interest.

The patient is painlessly supportad in a sterile environnent in which temperature
and hunidity are easily contrclled. The drying effect of the air curront

over the skin forms a coagulum which prevents fluid lecss and within 24 hours
becomes mechanically strong enough to permit the pitient to be nursed in an
ordinary bed with a much reduced risk of infection,
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Pigeef} Proseat systematic design methods, in anslogue form
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