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TRIDIMENSTONAL APPROACH TO TRACHING FOR TNDUSTRY

1. Nature of technical work in industry

In spite of the bewildering variety of industries existing
today, ali the techniques on which ey are built up are com-
posed by combinatiens of individual orerations performed on
materials, energy, and data. Performing an "individuar operation!
constitutes a step in "processing”., YWhan processing raterials,
one always resorts to energy, and acts on he basis of .ot
Collected and intexpreted berfore, dvring, end af ter processing.

In turn, energy can he precessed orly whon associated 4o atarial
sites which participate actively or passively in proccesing,
accom»lich~d  again on the basis of data characrerising the whole
tiiing; finally, deta is Processed by operating on eueryy or ma-—
terials, the data being processed cerresponding biunivocally to
the physical characteristics of the energy or the motericls operated
vpon. So, materials, energy and data appear in all procussing. The
distinction betwveen "processing” (man-proveoked changes), wnd ro-
tural phenomena, is the delibearate role that "data™ is ¢iven in

% the first. Man measures, estimates, or calculoves, poorly or accu-
rately, correctly or wvrongly, the variables interventing the iro-
cessing he wants to undertake, and acts accordingly. This is tiue
of the cave-man who needs a stick for se.f-qufense and cats a
branch fron a tree after pondering its lenght ang welgni, as is
for the optician vho grinds a precision lens.

Being able to perform one single step in processing, or
séveral related steps of basically the same kind constitutes a
"skill",

Although at timesthe final objectives in processing can be

achieved through the application of a single skill, this is

not usually the case. Combining individual operatinns of different
nature (thus requiring different skills), constitutes a " technique”.
For instance, a screw can be, if so desired,produced vtilising

one single skill, turning, but in making & gear one should resort
- to a number of other individual operation, such as milling, heat
treating, etc.; and the whole is referred to as a "techinique" ., One
says that "technical knowledge" is required to ensure that the
appropriate operations, tolerances, sequences, materials, etc.

are performed, adhered to, followed, or utilsed when combining
individual operations in processing. Technical knowledge there-
fore requires an awareness of the tools, of the operations to be
performed, etc. although it is not akin to a skill,
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This gives a clue to the nature of th2 work of the ternaic ...
he deals with what pertains to putting tugether sinatlc operstvi. v’
relatea between tnem by the fact that they Toriind o 7O boutal .
of materials, do energy, or of data, «i i Covl NLGAT CTe B0, Jov
instance, if precessing is set to DIOLC? GeaT LR, LG
will set and oversee the various meCnini: o Sieps QUi Wil
entaiis control of materials utiliseca, (olCranets, asuznbay, Lo
processing will produce paper from pulp, ine tecninilian weals v
the successive operations called for, stca o8 noXing=in cuilli-er
and water, sineec forming, drying, coienc.oriag, vbC. wand ncir
matching, oo well as lecoking after the porfornance o0 eCulllt: .,
control of the process, etc.; Lf procass’u eneir, . Wi teClan ..o
Will deal withn the transformations occurriuag, tholi oharacioui. ...
stability, etc. and with the equipment VitdineGs Tnoadlocaser. vl
deaiirg with the concomitani or successior opssa, oo, catle D
his lookiny after tne charccteristics ol ue produacos: 0 0fF s
ransfornations, ond usiang lne inforaztoon obtoeincae o ed Just o
individual operaticnis; by the sam TONLY, s NTLiL Ln0N sdter i
performance of the equipment and its fwaetioning, wac rw?"" n3
production, the cfficiency, etc. all thiz constiiutiag eiendnvs o
the feedback cycies fundamental in all proconsing

All that preceeds indicates that the work or tre technicaar
as defined nere ("whati pertdias to cobination of individual
operations in processing of materials, Ccacidy or Jdive?s Gl L
extremely veried : tne number of combinetions of lodovidual o
successive operations (feeaback included) trhac mdy oceur oh pPYoo-
CE381Nng 1S €norous.

But he does not need to bz ¢killed Qv all “he ovevatior r-
might deal with; his work calls for "kucwicdga" o. the indivicna.
operations, their possibititics and lim1La~'o.s, et those ol 1

materials; the standaxrds applicable, eic. Squilly innoriant ie

the aptitude to combire operations to «chieve {he roeud s soua i
in the simplest wey, to conftrcl and modify them for  mere efyicier
for fuller and better utilisation cf the ¢quipment, o cnsure the
performance of the lattcr through acjistieatr and caentuaily YCwoiy»
work, etc. All of this can Lu lencminetc) "ecnnicar newleduwe
and aptitude®.

We have this far characterized the {(wo fivst "ordevs™® of
activities as to the aptitudes needed in the individual:

- The "first order® corresponds tc skills, the ability to |
perform, assisted or not, orne cing.c Step in proce $8ing, o
several relatec steps of basically the same Yind.

~ The “"second order" corresponds to tcchnical competence, i
aptitude to deal with all that periains (o ~emb:ning sing: -

operations into a well defined stego in processing.
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Up to this point, we have dealt with individual (single)
cperations, and with their combination for production, more in
general for processing. The somewhat detailed precicions included
above on technical activities, perhaps the most confusing, cledr
the vay to define the rest, in which elements other tron technical
start to play an increasing part : '

- The "third order" of activities corresponds to tre aptitude
to set a work a predefined process so trat the constititing
operations meet the double constraint of technicual correct-
ness and feasibility, plus optimal schedulirng. This includes
choice of materials and operations for optimal performance
and econony, critical path analysis, scheduling of operations
and maintenance cycles, inventory control, manning end the
1ike. While tue "second order" of activities are those of
an executant, the "third order" belongs to an organizer of
production plant lavel : these activities thus rcquire dis-
cernment on "technico-organisational" matters *.

- The "fourth order" generalizes the preceeding concepts and
moves into areas broader than operation or production wvithin
predefined processing and objectives. It consists in choos-
ing among different processing possibilities, raw materials,
volune of production, type products to be made, specifications,
etc., attempting at optimal overall operations. Awareness of
the skills is less and less necessary. All of this broadly
corresponds to the usual concept of wengineering". The engineey
would then be characterized primarily for his judjement on "tech
nico-economic’matters.

These four "orders" of activities embrace production operations
in somewhat static conditions as to technological develcpment. They
would normally ensure sound operations within the prevailing conditionsg
and knowledge. They do not guard against change, obsolescence, com-
petition. Then :

- A "Fifth order® comes into play vhen innovations are intro-
duced vith regards either to materials, products, equipment
or processing. All this requires »technico-innovatory"
capabilities, and embrace design, conception of new products
and equipment, use of non-conventional materials ( for instance
- wlocal”materials), improvement of existing equipment, devising
newv processes; more in general they consist in shifting the
boundaries of the known technology ("known" to the individual
and to the technical or Tndustrial community in which he wvorks)
If ve resort to the usual wording, we would be referring to
a higher type of “engineering” work, frequently supported
by R&D -activities. '

¥ Penominations sucn as "nioh level technician", "operational
engineer", "ingenisur-technician", "industrial engineer", etc.

correspond roughly to certain modalities of work of the nature

described under the third and fourth "orders" of activities.

.




We shall not deal with other Functions not directly
influencing the technical aspects of producticn or of industry,
but which h-ve a bearing on overall operations (incInding financiaj
aspects, sales, etc.) and DArTiIculi»iv o on thoip developmont along
the time. But it is unavoidable (o think of a "highar order" of
activities, that concerning "svsrams”.  So far, we have dealt with
wvhat oceurs in nroducing qoods, services, or infovnaiion, within the
boundaries of one or several ralated prosesges, Howavaer, todays’
realities reauire more and more to plan, to concaive, to realirze
Projects emhracing a number of major production or Processing
Activities interralated so a9 o reduire coherent and concomitant
definition, design, setting up, and oporation,

Then, processnes are comhined very mucn 1like individnal
operations were in tha praceeding disoussion, “Processes” is used
here in the broadest rossible meaning, and inelude sa@rvices, ete.
as will be senon below. Three type svstems ran hHe identified:

- Systems where the technical or scientific considerations prevail.
This is the caizae of 3 meteorological data collenting notwork, of
A defense svstem, ete. Cost considerations are done by comparison
with similar or substitutive solutions, rather than with respect
to product value.

- Systems of a technico-econonic nature, such 2s a nationwide
or recional communications system, a complex data processing
installation, a river basin davelopment project in~luding eneray
generation, irrigatiocn, flnod conftrol, ete., a notroche ical

Plant and its utilitice, storaae, trarsuvart Facililies. These
systems are the most closely reiatad to inductey.

- Systems for whick the definina elements are of a technico- |
economic and S0C1al nature, such ag tndustyial complexes, a
satellite urbanization, reqional (ohvsiral) planuning (aménaqement
de territoire), etc. A pumbcr of elam mte of relatively new
concention enter the picture, AmMong them nollution control,
vtilisation of industrial wastes, ate, alomaside with o
traditional ones such as transtortation, utilities, ete.

_ Because of the uriquan natvure of aach sugten, there i3 no
point in speakirg of worr witair a pre-definad step-up, that ic,
the realm of the skilled workerg and technicians., Eaeh case is a
case of macrodesign, and this s the main differen~e with the
common technical activities. Howevar, gome AsLects within the
secornd type of system 1listad ahove are amenable to A more or less
general treatment, and some of tha tonlg of ordirary desion, such
as PERT, operations research, etc. apply. At anv rate, the
aptitudes needed to deal with svstems are to be found in a teanm,
rather than in an individual. The problem of manadgement )

/.




related to technological or scientific achievement acquire a new.
dimension: the traditional pattern of wvork, j.e. in-line
orqanisational units where the haade are aagisted by his
subordinates, becomes more and more inademiate. .

The capacity to tackle matters with an interdisciplinary
outlook, not only within technoloav, hut also embracing tha
natural and social sciences seem indispensable on the "concention®
side, along with the ability and ineight to plan Foar the Future.
Naturally, everv "system" is eventu2lly fragmented into
components that are handled as deseribed when talking about tne
five "orders" of activities.

1
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2. Grouping of operations

The individual operations that are at the basis of aill
processing ean ba group2d using as criteria the  nature of
the modifications performed on materials, enerqgy, and data.

Bach arovp would comnrise similar operations, "similar"
in the sense that thev aro baced on th~ csame kind of nhveical
principla. Thasa we will eall "rypo cberations". For instance,
turnina, nillina, filing, arindina, ete. are a1l based on
removing raterials by anpiving shaar colicitations on the pileces
being worted on. Thece ar~ arouped as a type operation that could
be called "removal of rarorial",

Ore possible classification of tvpe overations is given
in the attachmeri and consists in 25 of them. Thev constitute
a continuum, goin~ ivom the easiest to conceive (changing the
position of materials), to the most subtle, the operations
with informaticn.

The fragmentation and classification as given is certainly
amenable to further scrutiny and elaboration. On purvose, scme
of the type operations are verv broad (for instance mass transfer,
or processing of internal energy, or transportation), and could
be advantageonsly broken down. However, this is not necessary
for the purpose of this paper, and besides, in some cases, the
names have a clear meanincg as to what operations they embrace.
For instance, "mass transfer" can be subdivided in 4 good nunber
of the so-called unit operations in chemical engineerina. The
same basic phenomena govern all of them, however, and therefore
it is legitimate to use a common denomination.

Historically, certain type operations were associated with
certain materials. For instance, ovderations 7, 8, 9, 10 used
to be especially applicable to metalis and particularly steel,
bronze, cast iron, etc.; and since these materials were utilised
mainly to make mechani~al avparatus, those operations (plus
some others) are usually regarded as constituting the field of
mechanical engineerina. :

_ _ In fact, the operations 7 to 10 apply nowadays to a large
variety of materials and for many different purposes, and so it
is no longer rational to think of them as belonging exclusively
to the classical mechanical engineering. The same is true of the
operations with energy. Electrical energy was of particular
relevance tc practical applications, and this cave birth to
electrical engineering while other forms of energy were aiven
scant attention both in teaching and in professional 1life.

But nowadavs, drawing of usable enerav from chemical sources
and from nuclear yoactions; tne conbustion pile; the divect
conversion of radiation into electron flow, etc. entice to assume
a more rational approach. ilot only that, but obtention .@f
mechanical enerqy from, say, combustion, was 100sely tacked to
mechanical engineering mainly because, on the one hand, the
devices (engines, boilers, etc.) were made of steel, cast iron,

/e




ete. that ie typical mechanical enqinecerine meteriale; and on the
othaer hand, becauvse the energv thnus derived was mainlv used %o
drive machine tocls and mechanical eauipment. Then tha advent
of Cremical endineeving aporoach (o processing introducad vaporizing
d~viens cf all kxinds, furnaces, Fline aqas hoatere, re-hoilers,
(O=hoilers, d#as eraines, ete., in everv rearoct similar to the
traditional steam hoilens and combustion endgivnes but hﬂwcfvfntmn(
integral parte of drocascing unita, &0, nowadavs, ona thinks of
boilers, combustion encines, condensers, eto. less and less as
machanical ecuinment and more and more as davices Ffor processing
ol energy. The wall ¥nown divorcz bhetwesn rha "procduciion" and

the "thevrmo" men goes haond in hand with Ubhe preceading remarks.

.

A1l this entices to spzak about "eneragy transformitions"
thus setting the bacis for a unified aprroann of ensrgy nroces ﬁ1wq
More in ageneral, the prnceedlna considerations would indicate'a need
to reorgapnise and even re-name tne divisions of technologv ag thev
stand nov. More loagical qroupinas of tvpe aparations hoth in teaching
and in professiona) practice would lighten curricula and allow For a
more rational approach to technical problems and to the use of
materials and equipment.

For our present purposes, it suffices to draw Aatgtenftion on
the continuum of individual operations, and try to ser wnat patterns
emarge From it that can be of use for a ratiomal approacn to teachina,
This matter will be examinod mers in detail a2frer we discuss in the
next chapter a most important aspect in the performance of
operations. At any rate, the rew aonnral remarks thzt have baen
included in the diagram are indicative of certain patterns.
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3. Degree of technical sophistication in performing operations

It is worth noting that severa. agrades of "technical
sophigtication” in performing the individual operations are
possible: : :

- manual (including artisanal work),
- assisted (powered tools or egquipment japplication of enerqgy),
- automatized (proarammed steps ir machines, eta..)
-~ controlled automaticallv (incorooratinag a Ffeed-back
control cvale).

The attached scheme includes the range of technical
sophistication usually encountered in the parfcrmance of the
operations listed along the abscisse.

It is interesting to note that:

- There is a gradual shifting away from m2nual operations ,
as one progresses along the tyne operations involving materials,
; energy and data. In fact, From roughly on~ third of the scale
} - on,is impossible to conceive manual operations {Aaltrongh setting
| the conditions -physical variables, timing, etc.-, for the
transformations to take place can be done mamally.

- Automatizationis seldom enconntered (in »alative terms),
in the simpler overations. In fact, the acotiomics of automatization
of operations where odd shapes, discrete {as opnosed to continucus)
displacements, trajectories other than those ezcy to generate '
by 1links, pivots and cams, etc.weighs heavilv against simple
operations such as assembly, transportation, fastening, etc.
unless numerous repetition reduces the unit costs. "Automatic"
is used throughout as self-acting, predetermined as to actions
and their sequence, and occurring by virtue of equipment and
set conditions not reguiring continuous manipulation or re-setting.

- The need for physical skills diminishes when going from
the first to the last type operations, while the requirement as
-to intellectual capability and rational comprehension of the
phenomena involved increases.

One, can speak of "skilled worker" with pertinence only
wvhen the degree of automatization is not substantial; if it is,
is more appropriate to refer to "operative". 1In the latterS
cases, the worker does not manipulate the thing to be transformed,
but sets and oversees the equipment that effects the transformations

A "skill" is really the ability of conducting hand or
povered tools or devices, so as to perform the desired operation.
If the movements and action of the to0ls or devices is vproarammed
and occurs automatic~lly then one can rnot speak of 'gkillg" although
one zan refer to "specialisations". ' ' )

{
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- At the technician level, one individual usually deals or
can deal with 2,3 perhaps 4 of the tvpe onerations. Since there
is a gradual change among neighboring groups, usually the work'
of a technician embraces a nord or less wall defined area of the
scheme. More in general, one can associate certain fields of
enginearing (as under«tood today) to certain areas of the diaqgram.
For inetance, Civil cndineerinag vesorts for the most to operations
within the first 6; Hechanical engineering from 3 to 10;  Chemical
engineerinat 13 to 15, etc.

- Another remark worth makina is that leaving aside the nure
skills, the other four "orders" of activities hring in elements
of combination of operations, scnoeduling, optimizaticn, innovation,
that is, the elements tiric and chande. The bi=dinensichnal
Tepresentation flattems the picture, while the third dimension
brings in the dynamic side of industry, the wav technical ‘
knowledr~ (the flat nicture) is put to work. This should also be ‘
paramount in designing training curricula; especially For "orders"
of activity two to four, those more clecsely related to the
conditions in which work takes place in industry.

- It is clear that the choice as to modes of operation. 1s based
more and more on technical considerations as one moves to the right;
manual ~ action, more in general "labor", becomes lesc a defining
element when dealing with "matter" (transfer phenomena) and even
less when it comes to energy and data.

So, when selecting processes, designindg, and constructing o
equipment, the solutions for the operations referred to are
dictated by technical considerations. conditioned, naturally, by
the omnipresent economic factors. But it can be said that :
technically speaking the design and operation of a chemical plant
(involving mass transfers, energy transfers, chemical reactions),
will be done in essentially the same way regardless of the stage

-of development of the country. But operations such as packaging, ;
or transportation, or use of the final products, which may o
involve operations included in the first half of the 1list, could
differ enormously depending on the local conditions.

P

In fact, when "manual" execution of operations is Feasible,
the diversity, relative value, and implications of the possible
solutions (and combinations of partial steps) are far more
difficult to extricate, and depend a 1ot more on the local
conditions. The technical and economic considerations are no
longer straignt-forward; investment, employment, product design,
management, even social aspects becone essential.

These considerations are indeed important when comes to teaching
for the "orders of activity" described above, under 1. The case
of trainina for design will be dealt within more detail 1later on,
under 4.

%N
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-~ At the end of the scale one could speak af a "mental" mode
of performance of operations on Adata (¢r information, more in
general). This would complete the spactvum, with automatized
operations at the Centre. Needless to sav, manual operations reaquire
accompanying mental pronesses, that "control" the operations, as
discussed under 1. above.

By the sam» token, mental processing is accomnanied by some
pPhysical activitv such as spealinc, writing or anv other means
of recording or convevinag informatiov.
.

- An intereszting remark sioemming from what preceeds, 1is that
the graphic could he hattes presentad az a vl inder, ae it ie
dene at the hottor of the 731a, Joining rhe "manual' and "mantal"
ends. S0, the moie of oneeation dianetrically onosed to 1hose two,
18 the Farthest removed from the way man weuld acl relvine on his
own means.

-~ Finally, the scherms could bhe completed so 25 ta include an
indication on what "orders of activiry" proadoamipate for each tvoe
operation revresentead in the ahsicas., Hownver, this would call fer
a8 thres-Fdimensional diagram, vith individval operations occuoying
closed areas pervendicniar 1o the abscdssa. The succasive areas
wvould define a sort of warped cvlinder, indecd d4:FFioult to present
on a plane.
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4, Teaching
Following all that prececdsz, a logical approach to teachins
vonld include three dimensions:

1. type onerations

2. degree of tecnnical sophistication appropriate to varicus
oroaduction or onerationaj cet-nne

1. "Ordero " of act ovity {ebilla, teoupianesi teehnico-=orcanicationd)
technico-coonoecin, and teclinicos irvvorat ive fuanetiong)

Thes Fipat hoods Fa the pnvevesiiiv oof tochrntooy; the carond,
to the ovient ab to waich 5 naceinte and/on REREE v"-i.-‘sl'.v",r*. and /o
PeEeS3ATY O reanyt ta st o ot T nesratgn Fhe anenationn, aa 5
fovetion of te~viniral ~lus 1o7ael conditinme (ineluding velunes of
prodvcrion, capatal o dah iy, st P thiime s to tha 1nead
AYemanls that aond i iron the “nitsrnal arvangeronts for a aiven,
moye oy lecq woll dslinad Lyne of ayadanoet oy,

The avproach that trevas i0g ~Adpnst cyoevyhons adntendl ates
alnnat exclnsively tho First A porsior The oscninont v l=ive t9
the epavations dealt, is usuallv mentionsd o deccribed Alon~side with
the onerations, but without refarring svstematicaliy te the totn)
vavac of possihilitics, What i« poe, celdom 18 aver tha onsonamic
{and other asnects) of the mods: of parformance af sach tvnpe operation

1o drgeussed.

And the Adivargity o7 nodoc 2% performancs 16 far arsaten fov
the operations within cva fivat Walf of onr olascilimaricn, thary
15, those corresnonding rouchly to rachanical operatione, Pne
picture ig furtlrer comnlicated n this avead by the diversiry of
materials availabhle powadavs:, and tas countle= qgoods that a podern
economy can produce.

Needlass to =ay, the featuares inrerporated an o every wechanical
desian imply the modes of operar:on to he r snrted o in the
production stage. And reciprocally, tie acrtual possibilitios ac to
mnodes of operation, and (heir cconnrmiag, Timitarions, shortoovinis,
etc,, influence desiqn. This conctaitutesg a alear difference with
design for orerations at the anter end of the omalel  a deteraoent
plont can not techmically 4 vfer excent 1n dataile or s 2o, recardless
of the status of development o thn countwy wnere it is to he bujlt;
a high voltage alternator and more jr 1°neral A Dower coreraring
Plant, can be said to follow international standarde as to design,
construction, operation, and control.

&

But a cookindg randge, or a washing machine, worden boxes, ,
furniture, hvcicles, or valves, oan be desicgned and/or manufactured f
in widely different ways. ,

.. /.
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Tt so happens tha C mechanical “rodrﬁrion. verticularly of
light aoods, occupies a kﬁy Place in industrial development. .

Tndustry develonsg following a more or lese wolj establisrnd
pattern, that starts with huu]dwna conatruction (apﬂ related
industry);  thon taxtile MAustry (and comcomin anilv elothing
Aand Footwarel; 1icnt werhanicad novatey (ineluding plactica

moulding, Fahriecation of comnon mEral ahanes, arte 5 Tiahi ~hemieal
1n~u”r“” (1nﬂ1uﬂwn1 Fovend orOcass ing, hvwkuu pPromets, ete. )i lisht
Qlectricad and clactrorom iy on mAvstre (soplicmees, electricgl

nateryals . felanommunicotions and v]aﬁt‘on1\.; mdvstrial necte
ani~al anodz, etc.

This emmeration shonld mot be internrated as TOSUCCession
CF Faolated gtope 4y as elonnent.  Thore s T coriy 0f over-
L293ings avd in#c*d~nnr*"wr~ Vie refor to ths stane 2¢ vhich
nAvstry heeapmeg 7(*”!n rather than conciet- ne an ore cr a few
Dier, more nr lesg artq E1cis1ly o dimplanted) @nhury' ises, or in very
small Farilv type shopa.

Buildina coastruntion follows pracrices, ucag materials, ete.
vary tightlv tied to loen) Tircumstances bur the varietyv in the
firal products or in materiale 1s limited, whikicn simr SRR the
prohlem. Tre teviale ang relatad induatry consicre wranlvoan
operation of eouipmont: we exeluds thes wery oxcortion.i case of
dezion and constrict ion o textile couivmony.  Teanpi e ~rlated

N

o textiles 15 better to.iicd Lhroudn in-sorvioe traivirc,

Light mechanical production dnes yoqnive Condan end thig
1s the area where the econonics of wﬂoﬂnﬁ‘xon, ine cha'ee of
materials, the specifications, ote. playv a saranonnt vale, In taer,
it is evident ihat buildingg conngr b varerted (2l thonah design can),
but the flow or mecnan i devices (For ivetones reuscicld ditems,
Parts of buildina sueci as locks, windyr frames), neating orn
ventilating apparctus, coramics or Pinisning Malevizia, sanitary
ware, etc.) is comparatively casy and jno- aaduly crooncive.

Thevefore, these awe the tyne nproducts for which it ig
important to devalon design and production capabilities te start
vith, in the dovnlopqu contries,

The second ar=a, that develocs as a concemenca, is that of
light electrical ard n]n*fromnchnnl(al industrv, whiey does not
dlfppro from the Firat ons2, excent that it incorvoratag techniques
and devices for procoszing of energy (u>ua-Lv erectrizal to thermal
or to kinetic). But the eculnnent is subsg tantialiv n2cnanical in
hature,

ﬂ/'




e i i e —— 1 - e .

If teaching shou1ld contribute to ecreate design capahjlities
in the developing countries, viieh ic ohviaus, then. cu%rinnla
can not be hased onlv on AMDATEing technoloaical knowledne. the
tvo additional dimensiong of traching discisged above should stand
at a par with 1t,

Thus, the stoudies shonld irclude a gystopatc discus=ion
of modes of nerformance ro which each typﬁ~oporation 15 amenable,
The aim should ke not only to ai1ve moneoapts on the mAattor%  hut
also miantitative data, eritsria for analveais, ever nuperical
methods to perform it. Partiemlarly within the fprae nnper "arderg®
of Activiries ihe tecihninarn and fre endinser shonld be able to
Juditiousls dacide betweon mAnnaloand hichlv autor aled nrocadures,
betwern the nse of aencra) narnnseand narrowlv anecialigzed
ecuiprent, hatvean low conacrtv, sopnle couipment and hidkh-speand,
corplex devirecs,  Should 11so b ahle to Dalance the use af mops
or less aporcepriate materisls Against manfacturing procedures,
equipment needed, standardization of parte, reduction of stocks,
skills available.

A more clear distinctjom betwren functions in industry
(third dimension in our analvsis), would normit Pultirg emohagia on
desian at the appropriate levels, and introducing the rechnico-
economic and organisational aspects in & aystematin wiv.  1In other
vords, prumning the present curri~ula ai each leval From thn
technical or informative subjerta wilich are of 1itile ar po
relevance to the "order" of activity At vhi~h the studiec aim,
would permit treating systematically the aunects iust pentioned.

To the same end would contribute a rearrangement of the
subject matter of purely technical content vhich could well be dore
as hinted in the grouping of individual overations discusecd above,

* which often go no '!urthor than stating "in medio stat virtus®
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