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I. The Technion-@srael Institute of Technology, Haifa

The idea of setting up an institution of hiysher technical education
in what then was Palestine, a remote and neglected province of the
Ottoman Empire, was conceived at the beginning of this sentiry bty a few
young scholars and scientists, members of the recently established Zionist
movement, who believed that the country that had suffered centuries of
devastation and neglect could not be revitalized without the establishment
of institutions of higher learning.

The actual opening of the Technion in 1924 took place in the face of
opposition maintaining that a cadre of locally trained aocademic engineers
was not required for the first stages of developuent. It soon appeared,
however, that this view was erronecus and that the ever incrensing nunber
of graduates wars all absorbed by th: natione! economy  With the latter's
diversification more and nore departments were added, thus providing manpower
in fields such as civil engincering, mineral engineering, mechanical
enginecring, eleotrical engineering, chemical engineering, as well as
architecture and town planning. After the founding of the State of Israel
the need was felt for further diversification, and departments were
established for aeronautical engineering, agricultural engineering, materiale:
engineering, biomedical engineering, food engineering and bio~technology,
and industrial and management engineering, so thet the Technion now
socommodates approximately 5700 undergraduate and 2600 graduvate students

who are instruoted by an academio staff of about 1450. Simultaneously the broadenin
broadening of the scientific infrastructire was assured by the founding
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getting up of row entorprises an nneedote 1oy aptly illustrate thie:
In 1547 Devid Ben furion asked the Pregident of the Technion to open a

department of acronnuticrl enginesriag, ag he already then foresaw the

need for maintenance nnd repair ungineers 1o sorve the national airline
and the airforce of the §vnte ot Iar~cl that case into being in May 1948.
It wns with the nasistonce of greduntos of this department, that, several

yeors later, Isrncl iirereft Industrics Ltd, wro to be catablished.

Todny , with its 19000 enplov es, it is the country's lnrgest industrial

complex . ...,

While the very intousive cuarnoter of etudicas ot the Technion does not

allow for industri~l proctice guring the acrderic venr, this is cncouraged

in the coursc of tho long swoer vro-tion. he T.oanion, therefore,

adhercd ir 19491 to tho Intn-tionnl Associntion for the Exchange of

Studenta for Technienl Exp. ~ivne. (1 237EY, sco that Tsrmeld gstudents might

procden their cutlock by werking ~lse ~bpond

In recemt yerrs n increasing naber of science-tesed industrial
enterprines have beoen cateblished by Technion graduates - B.Se.'s, ¥asters
and D.Sc.'s - of the cngincering as well na of the science departments
in cooperntion with loo-l or for.imn invcetors, who roly on these graduates
for their know=how =nd acientific prestire., One of tho reasons for thie

gituntion is tho oxprose pelicy of the ~.chnion to formul-te its curriouln,

rot acoording te currnt pi

cticoe ud requiremonts of industry, but rether ir

in kceping with whet is judiciously coneldered to bc the need on the fore-
sconble futur: (tochnolegicnl foree-sting). This nelicy ie criticised




gometime. by conscrv-tive industrinlists whe went the young .ngineer to
fulfil’' exnotly the tnsk nllotted te hiv within the ormanizotion (1nd
are nctunlly ready to grant hi ooncrous achel-rshira during the last two
years of study in ord.r te asmure * ~msclves of hie s “vicea) Pt it

is becoming wore and more ovidunt that routin. ;ebsg con be carried out
very well by highly trained technicimns -nd forciicr and that many of the
asaignments formcerly pcformed by engincers can be tnken over by the
computer and by sutomstion, thus relessing thuw for creative design,

innovative processes and scientific manngenent.

In order to fulfil these takks effectively nnd for a considerable
number of yenrs, while taking on over-insre-sing responsibilities, the
engincer,; the industrial sciontist, and the mannger have to continue the
learning process almost pernmnently. First of all, it is becoming clearer
and cloarer that the broad knowlcdze in a specific discipline acquired
during four years of undergradumtc study chnn-t answer the demands of modern
sopuisticated industry. Cradunte .ork with its deepening and specialization
is called for. This trond is ‘neouracd by Torwned looking cmployers, both
public and private, by meens of snlnry increrents for helders of master's
and doctor's dearccs., For reasons of cconerics ~nd ~ge (students begin
studying 2t thc age of twenty-onc) after throo yours of militory gervice)
very few nre studying tull tiue towards - higher degrec., Scveral hundred
@ Cuate strdonts combine a halfeti = assistantship w’th half-time study.
4he majority are registercl on o qu.sver-itanc basis weale warkiifxg in
industry or in resecarch cstablishments. These either attond lectures and
seninnrs in the afternoons and cveninge on the Technion canpus in Haifa
or nt its Tel Aviv branch. Others arc releascd by their employers so that
\hey may devote one or two full days a week to their studies. This is
particularly important in the v-rious fields of experimental rcsearch that
cannot be orrried out on the cmployer's premiscs and when the time comes for
the writing of the thesis. As an altermetive, it recenily has been decided
to allow the replncement of thesis research by the ecrning of additional
oredit pointa towardt; tF ¢ master's degrec by wny of study nnd examination.




With or without hih.r deerc.s, todry's ~nad {oa.orow’'s onfingeers,
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scicntists nnd industrisl nancaors nave 1o ~dopt th. princaplc of 1ife-
long learning, if they do not wont to f~11 bchind or to forugo the chance
of profussicnal advancoment. Th. T. chnion thercfore s:t up on Extension
Division over twenty ycnrs ngo It runs refrosher courses so that Technion
and other university sraduatcs mny heeomo aequeinted with the 1~test
~dvances in science, tichnology ~nd the mrnagement sciences.  The Txtension
Division, ~ full-flcdsed ncndawic departront honded by o scnior staff momber,
organizes courscs in various towns, in large industri~l cnterpriscs and in
thc highly industrialized agriculturrl Toens. Concuntrated ‘fweeks' of
refresher courscs or summer schools cre or~rized on the Technion campus,
frequently with the participation of lwcturrs *roi abrond. Onec— or
geveral-day symposia and seminare arc hoid in prustige hotels; thus also

offering the opportunity for contacts with collengucs nnd for thec exchange

{
of experience.
Lost year 10415 pcersons took part in one or morc of +he Extcnsion }ﬁ
Division's 256 dirferent activitics. ne v ther stiff fece tor partici-
pation in thc pregroames of thc Division, which has to be gelf-sunporting,
arc cnrricd by the employcers in the majority of casus, o ynof of the i

high vnluc industry ~tirimtes to this phasc of linkepe with the Te¢chihion.

The Institute, often by wny of this Division, nlso acts as host to

e

the periodic mcotings of various pred.ssionnl ~nd gciontific nssociations,
both national nnd internationnl; with members of its gtaff taking an
active ,-rt in the proccedings by lecturcs on the latest rosults of their
research. This consiitutes another way of transfer of knowledgz from
wniversity to industry.

Bl A R BB S i

A further phiase of this linknge is to be found in the library andw
jnformation servicce. The Technion must boast of the largest technological
and scientific library in the HMiddle Eaet with approx. 100,000 volumes,
gsubscriptions to ~bout 5000 periodicnls and approx. 400 abstracting services
end indexes. Thoy ~re at the dispesnl of the industrial community, as are

the sorvices of n staff of cxperienced information officcrs. These carry
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out liturnturce scarchos in every kind ot puilic ticr, such g books,
periodicals, manu~ls, ruports, thusce, si~nd~1is, pnt vto ~nd spocificrtions
in order to retriuve the purtinent infor ~tiow requirs - d.  The custoner is

charged a modcst feo for this scri

Certainly th. nost inportant single freter in thoe complox interfaco
betwecn tlic Technion and Isracl industry is the senior full-time ncndemic
staff member. Besides his tenching nnd guidance ~ctivitices in the under-
graduate and graduatc schools, in the extonsion division and besides

pendemic rescarch leading to publicntions in scientific journals, he puts

his sorvicee at tho dircet dispos-l of individunl firms in the form of

consultotion and applicd rescerch. Mo does this with the oxpress encourage-
ment of thc Tochnion which, in its constitution nnd rogul~tioms, sets aside
onc out of six wecekly werking d-ys for this very purposc.  The staff member
is froe to utilizc this time rccordin~ to his wishes, provided his work

is likely to ndvnncc his professionn] and sciemtific standard. As to
remuneration, he has the choice of working either in the private capacity of
designer, consulisnt, rescarcher, cte., thus cnrning the rrtcs obtained on
thc professionrl sconc, or to put his time ~t the disposal of the Technion
Research and Developrent Found-tion Ltd, (soo Lolow), which then prys

him an additiohml third of his Technion s 1 ry. This cheice is made
ccecording to individunlowishes ard circumstances  Architocts, consulting
cnginesrs, wcll-known "troublc shoc’crs” will choosc he first alternative,
while the research-minded ~nd consuitonis who ~v~il thunsclvee of the

services of thce Technion labor~torice will prefer the lotter.

Anothor important personnl link betwcen industry and the Technion
is thc adjunkt teacher, generclly o senior employee of an industrial compeny
or a member of o firm of consulting engincers. He brings to the classroom
the woalth of his professional knowlcedge cnd introduccs the student to
the pwobiem created Ly the confrontntion of theory and overy dey prostice,
while he himself benefits from thc need of re-thinking his cxperience in
order to present it to his studente in & systusatic form.
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of ost:blishing the T.chiaten, i+ rodnstitut of toennoloy or o tuche

nical wniversity, o distinet e {oesl*y oor schoel of onrinvering
th-t ig prrt of © cor npchoneiv uni sreit ) were wiae sndeod. They thus a
brought cbout the crortion ot i ~e-duric institution which ~lwaye hos i wn

scen its primcry t-gk in the troining of hish=1cvel tochnicnl ~nd seientific de

manpow.r tnd in disecmin~tin, the knowl.die roguired for the industrinli- pr
zation of Prlugtine, nd for th. logt twouty-five yenrs, of the State of . in
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Isroel.  The nuthoritics of the Tochinien nover hnd to cope with the compoting in

and often conflieting requir ments of other doprrtmente which, in the : bo
traditionnl university, ~ro likely to b considored no oqual to or of cwven i th
gronter importanee than the waginecring secionecs. Ag ~n independont : Th
institution, morvovur, th.v ~lwiys «njos dircet necese to Government and ; 2)

other sources for thoir bud ct~ry roeguireeents.  The foot that the President |

of the Technion hns nlucst nlunys boon an wngineer and that o consideradblc

nunber of the memburs of its Internntion:l Bonrd of Governors nrc compctont

and successful industrislists, cngincoers and profoessors of engincering b)

R s

from Isracl nnd ~wond ~lso constitutes nn isrortant freter contributing

to its success in furthoering lsrnel's fast cconomic doewvelopmont,

c)

IT. The Technion sicsomreh —nd Dovelopoont Foundation Limited

In spitc of ~11 the links estrlished betweon industry ond the technion

| d)
- ng deseribed ~bove - it 2till roo ing truc that it ic nc cneoy tesk to

T
bring about the full utili.otion of its resources by industry. Per it is %

two strange worlds thoi have 1o meet herc, worlds of diffurcnt outlock, of %
different rolus in socicty and of diffcront aims, viz. the satiasfaction v]
of wnterial necds ag agoivst the tronemiesion of knowledge and the
expension of its fromticrs. This is truc evorywhorc, but the more so in

a doveloping country where, in spitc of all advonces, & large part of

the industrinal community still is guitc unsophisticatcd, especially so in »
the pumerous sreller enterpriscs which are understaffed as rogards : o

engineers, not to spenk of rescarch personncl. On the other hand, many
younger acadomic Penchurs, who, in the yonrs of their postgradustc studics
and research, hove concentrated on bnsic problrms, lack direet intersive




6]

i

Jxpericnce of the dndustrint o~
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11 thug Loorse ol o drecdy ovor e ort Y TSR itet
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wng crented in the form »f - ooper-toe crpanie-tion oo 1lod o Jachinios

desunreh and Develcpment Foundntien L it h il ds long, tul ox-

preesive of its chrrnetir, “he Tochnaonts nweo Londs at proatiy nd

indicates thot the institution's Lroinpow.r ~ndl  xtungive 1 Loratery

installations nrv¢ ~t thu fire'e dispes 1 nnd thit o mivile, nonepoiitioel

body 18 its solc owner. The worde "rusuerch ~nd dovelop at' point te

the prineipnl rrens of cetivity the Founantion is intund. 4 to ecpurite in.
These includo:-

a) Testing, ~ prinnry netivity rogquired by ~ny indusiry *h. products
of which hrve to mcet ofiei~liy-sct at-ndnrdes or to st nd up in
compctition with similnr locrl or forcign products.

b) AA-hoc investigntions for the ifuprovownt of industrinl procusses
or products, th ir adaptetion to loc-l riosources 'ad monufacturing
conditions or for the desim of nuw preducts

¢) Rescarch in the litur~l uonau of the $or, nimed ot sclutions

to scientific or technologienl problins which » v or noy not

lend 1o commercirlly exploiteble roaules.

d) Developmcat and dctniled plonning of - protoiype 4o im up to the
gtage of manufacturing or of = lnooratory pron on until ite larg.-
scale production.

v) Extending inolusive consulting servic.s to industri~l enturprisce
with the nid of the oveirsll rosourccs of tho Techalon.

The word "foundation” conmotus that it is nn organization whose profits
arc either ploughed back fro the enlarguscut of staff and the aoquisition
of ndditiona) equipmont or go to the Technion to hclp it bmlanco ite budget.

Lostly, "limited" conveys the fnot thnt the Foundntion is n Wusincss
firm that is not supportcd bty public funds, vut rather “as tc oarn its




ke p .ad i3 even expected 1o tbtring in profits to its owner, viz. the

rechnion

Fro. i1 ~bov it will be under:tood thot, if it is to be euccessful,
the Found-tion's mrnncement hno 1o be completely separnte from the ~dmin-

istration of the Technion ~nd h-s to be r.a on diffevent principles. 1Its

genernl policy, of course, is dcterrined by the Technion's nuthorities whose

repregentntives corastitute the Foundntion’s Bonrd of Directors who, in

turn, ~ppoint the Mrnaging Director. Experience hzs shown that for this

peat ~n «ngineer or scientist with considernble experience of the industrial

gcene ie preferable to a member of the ~cadenric staff no matter how out-
gtandins, a8 the engineer will find it much easier $o sell the Found~tion's

pervices to the bLusginesgs world.

The Poundation's testing laboratories are designed exclusively to
serve various Lranches of Israel's industry and are werking in edésest
connection with thern. i.e. advances in industry are reflected in testing

progra s, while results of testing in turn are analysed and fed back

into the plant so as to bring abeut changes and improvements. Problems that

do not find their im.edite golution become the subjects of ad hoc research.

1f aa industry develops testing facilitic. of its own (mostly under the
guidance of the Foundaticn) cr if ctler private or public laboratories are
opened which can do the job on an eqal level, the corresponding Found tion

facility closes down without any need for a decision by an academic body.

personnel are hired and dismiesed on the sume besis as in any other commercialg

or industrial enterprise, i.s. they anjoy all the social rights Israeli
labour has won in the course of many decades, but not the specisl privilege
of tenure extended tc full-time members of the Technion's senior academic
gtaff,

The Foundation's industrial testing latoratories operating at present
are the following:-

#
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Building Materials Testing Laboratories

Hydraulic Testing Laboratories

Soil and Road Testing Laboratorics

Qeodetic Research Institute, i. :. surveying work hat cannot be
carried out by regular meens and instirumentation

Isreel Institute of Metals (materials and procucts), partly
supported hy the Ministry of Commerce and Industry

Chemiocal Testing Laboralory

Industrial Psychology Testing Laboratory.

An interesting recent development is the setting up of Research Centres.
Te initiative for establishing them sometimes comes from outside the
Technion, and they are generally created by several members of its academic
staff, often from different departments, but administered by the Foundation
and expected at the very least to cover their own expenses. Their co-
operative, often inter-disciplinary rescarch projects are funded bty industrial
or governmental bodies, local or foreign foundations. Several of these
Centres already have proven perticularly successful. The following partial
1ist shows the different areas that are oovered by them:-

Building Research Station

Material Processing and Machine Toal Centre

Electrical Enginecering Research Centre

Food Iniustries Research and De 'elopment Station

Agricultural Engineeving Research Centre

Aeronautical Engineering Research Centre

Centre for Urbtan and Regional Studics

Automotive and Internal Combustion Engineering Research Centre
Coastal Engineering Research Centre

Centre for the Biomedionl Engineering Soienoces

Institute for Transportation

Road Safety Research Centre (supported by the Ministry of Transport)
Mineral Engineering Hesearch Centre

91

Stone Technology Centre
Chemioal Research Centre
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Chemical Engineering Rescarch Centre

Laboretory for the Technology of Plastic Materials
Physics Research Centre

Solids 'lechanics Research Institute

Computer Scienc's Research Centre

Nuclear Science lesearch Centre

Operatione Research Centre %

Centre for the Study of Man at Work . 5

There are of coursc are~s of scientific endeavour relevant to industry, 0
which by thcir very nature do not lend themselves to cooperative rescarch, m
and there are researchers in every field who peefernto work alone. But their g
work as well, in so far as it is sponsored by bodies outside the Technion,
is administered by the Technicn Research and Development Foundation which 8
also does the canvassing for new contracte.

The Isracli Government, well aware that it is only by continuous advancea' o
in design and quality that products can hold their own on both the local 1
and foreign markets, strongly encourages industrinlists to devote an in- ; )
crrasing part of their neans to research. As only very few enterprises are a
large enough to set up their own regearch and development departments they ]
avail themselves of Govermment, public and university laboratories, with the 1

major share going to the Technion. The Ministry of Commerce and Industry . B
gupports short term research aimed ot the improvement of products and E
processes by 'matching funds', viz. contributing the same amount put up

by the enterprise. The National Council for Research and Development even

is rendy to cover ninety per cent of the cost of research and developnent

lending to new lines or production, : |

The Technion Research and Development Foundation alac\ acocepts major
industrinl consulting assiguments vhich may call for specialists from
various departments of the Technion and possibly for the support of
verious laboratories snd of the Technion's Computer Cantre which may boast

of the lergest computer in the country. The principal areas of this type
of activity hitherto have beun:-




Mineral Fngineering

Environmental Engineering (Air Pollution)
Electrical Engineering

Chemistry

Chemical Engineering

Industrial and !anagement DIngineering

Architecture and Townplanning

lLastly, the Technion Research and Development Foundation acts as the
official owner of the spiritual property of the academic and other staff
members of the Technion in so far as patents, author's rights, licensing,
gale of instruments developed Yy them, etc. are concerned. While safe-
guarding the right of the individual to his shere in the profits, it thus
saves him the cost and the risks usually involved.

The Foundation's turnover in 1972/73 totalled over IL.28 million

_ (approx. § 6.7 willion) of which amount IL.12.7 million were income from
testing and IL.15.3 million from reseorch, consulting and other activities.
Ite net profit to the amount of 1L. 500,000 was transferred to the Technion,
a small, but nevertheless significant contribution to its annual operating
budget of IL.124 million. Of considerably greater significance, however,
than the material profit resulting from the astivities of the Foundation are
the benefits accruing to the academic steff from their participation in them.
It enables them, first of all, on the basis of their funiliarization with
jndustrial problems and their close con.acis ‘with nen holding key positions
in production and management, to transalt to their students a realistic
picture of the industrial world which eighty per cent will join on completion
of their studies, Secondly, it directs them to areas of research whioh are of
relevance to the national economy and thus likely to enhanoce ma satisfaction
they derive from their work.

in coﬁcluaion, it may be said that the Technion, together wiih other
Israeli institutions of *higher learning, plays an increasingly important
pa.rt' in the development of the country's economy bty means of activities as
described in this paper. The imnact on indusiry, due to the continuously
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growing nunber of -radunteos, is perhaps oven more significant, for they
trenslate into proctice the annlytic ng well as the synthetic ways of

{ackling probic s they hove been tauzht  “hey nre owale,; MOreover, of the
necessity to update continuously the.r knowledge, of th: resourccs in in-
formation and active cooperation offered to them by the Technion, and they

are colert to the need for continuous innovation and improvement of products,
production processes, and of managerent and marketing methods. In recent years
‘an increaging number of engineering and geience graduates have been appointed
to leading positionme in industry, prriicularly in llondD bascd companies, and
t-ken their place -t the gide of the entreprencurial type of menager. This

personal linkage 1.gurs well, I believe, for the future of Israel's industry.

Addenda

Two more institutions located on the Technion’s main campus on the slopes
of Mount Carmel ought to be mentioned in order to transmit a complete

picture of the possibilities of the industry-university interface.

1. Science-Bascd Industry Complex

A group of buildings recently hes been constructed with the aid ‘of a
donation, for the purposc of short tcrm renting of comparatively small areas
to nowly established science-based industrics. These units are equipped
with all modorn facilities and suppl .cs. The personnel of the plants, in
geveral cases graduntcs and former siaff members of the Technion, enjoy the
vicinity of the experienced Technion gtaff, both acedemic and technical, as
well as of testing, 1ibrrry and inforntion gervices, The inocome from the
rent goes to the Technion for the purpose of student scholarships. Successful
enterpriscs are expected to outgrow the sccommodation offered them on the
campus and to transfer to other locations, amongst thom an extensive science-
based industrial estnte on the outskirts of Haifno, vhich hns been established
jointly by the Municipality ond the Technion.

2. 'Industrial Research Administration' Institute.
Certain branches of Isracli industry felt the need for joint research
and testing facilities c8 early ns the beginning of the fifties. They




cst~blished rescarch associntions, threc of wilich, viz of th point, th
rubbcr, ~nd the dilicnte ~nd corenics industrics set uw their loboratorics

on the Technion campus. In 1950 Governient rccogniced the iwportant nrospect
of the food rnd plastics industries 'nd reached “xn ~narcement with the United
Nations Development Programme - with UNIDO rctins ~s tie excecuting agency -
on the ecstablishment and initinl operntion of . Contr: for Industricl Research
in thesc two ficlds. The building for the Centre wns crocted on the Technion

campus with thc gencrous ~id of one of thc lrtier's supportcrs.

In 1971, on the r commendation of -~ committce under tho chairmanship of
Professor Ephrnim K cir-Katchalski, now President of the State of Isracl,
which formed the basis for a “Low Concerning Orgnniz~tior and Administr-tion
of Covermment lese~rch', an Industrial Qescarch Administration {IRA) was set
up in the Ministry of Commerce end Industry. It is headed by n Chiof
Soientist, a university professor on pari-time rcleasc, and sdirected by a
Board composed of scientisis and representatives of industry and government.
Begidcn gpousoring industrialyrcaer.rch ~t the universities and the Technion, as
sct out above, the IRA has taken over responsibility for thc ndministration
and guidance of th¢ country's industrisl rcec-rch institutes, including the
four located on the Technion campus. All of thesc have on their Advisory
Boards Technion professors, ~nd secvernal of their genior stoff serve as ad-
juncts on thc Technion's teoching steff. The institutes ~wvail themgelves of
the Technion's services, as ¢.g. cor bhuter, library ond purchasing facilities,
as well ns of chomical and gonernl stores, and they invite foreign experts and

advisers, often in cooperation with the Technion.

We thus ore witnessing the interesting phenomenon of two types of industry-
university linkage on the sane location, one in 2 way that oan truly be
deternined as interface and the other in the form of an intcrmediate link,
that is independent of the adminisiration and gupervision of the Technion and,
for better or for worse, not guided by its senior socademic staff, Only the
future will tell whether onec type is preferable to thc other or if both
have their specifio advanghges in specific gituntions nnd arc viable side
by side.







