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1. (Qué le parecid el ambiente en la Divisidn de Educacifin Continua?

MY AGRATWELE

| AGRADABLE | DESAGRABABLE

|

2. Medio de comunicacidn por el que se enterd del cursor

PERIODICS EXCELSIOR
ANUNCIO TI'TULADO DI
VISION DE EDUCACION
CONTINUA

CONT INUA

PERIODICO NOVEDADES
ANUNCIO TITULADO DI FOLLETO DEL
VISION DE E;ULU’*.EIDN

CURSD

CARTEL MIENSUAL

RADIO UNIVERSTIBAD

ETC.

COMUNICACION CARTA,'

REVISTAS TECNICAS | FOLLETO ANUAL | CARTELERA LNAM 108 GACET.
UNIVERSITARIOS HOY" UNAM
3. Medio de transporte utilizado para venir al Palacioc de Mineria:
AUTOMOVIL METRD OTRO MEDMO
PARTIQJLAR

4, (Qué cambios haria usted en el programa para tratar de perfeccionar el

cursa?

5. iRecomendarfa el curso a otras personas?

SI




6. iQué cursos le gustarfa que ofreciera la DivisiSn de Educacién Contima?

7. La coordinacidn académica fue:

EXCELENTE | BUENA REQULAR MALA

8. Si esti interesado en tomar alglin curse intensivo jCufl es el horario -
mis conveniente para usted?

[ LUNES A VIERNES | LUNES A LUNES, MIFRCOLES | MARTES Y JUEVES ]

DE9 A13H. Y VIERNES DE Y VIERNES DE DE 18 A 21 H,
DE 14 A 18 K. 17 A 21 H. 18§ A 21 H. -
{CON CCMIDAS)

VIERNES DE 17 A 21 H.| VIERNES DE 17 A
SABADOS DE 9 A 14 H. | SABADOS DE S A
IE 14 a 18 H,

21 H. OTRO
13Y

9. iQué servicios adicionales desearfa que tuviese la Divisibn de Educacidn
Continva, para los asistentes?

10. OQOtras sugerencias:
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A Nattonal Stratﬁglc Planning

Model

Scirnel N. Rar-Zakay, Directos of Stiaregic Pluming Cddvencenenr, iael Clivoafi

Tudustries Led.

i we could frst hisw whorg wis aee aod whither we arc
ending, we comeld borrer pudge what 1o do and bow o do i,

Ahraham Lincgln, 1H3E

Can tiations chioase among seversl poisbis futures. or is the .

future pre-derormined on the bagis of peogaphic, demo!
greohie, cultural, economic amd pokiicsf leatures? The author
mainiains 1hal newly Je e Dping JetiErns may welf change tha
frad Tronpd CELL rterinSioe CHBBC 1ot SIS OF gOL imty, g that i i
possiite fgr faliors (o be Tiaslers of i pwrr fufure . This vl
dezznd on the devpiapnant af sophiaticared and demacraric
nNaticnad Clining Boseties .

-

Introduction

Far various reasons, bath the developed countries,?
and the less developed coumenes? have duripg the
last two decades become concerned with two
iMPportanl gueostiogns:

Whar natiemnal HNIEe are Wy ttri'.'in:,; [or in the
lote run?

= Whar must we Jdo in the shoro ran in order to
aschivve the desred ineage?

To answer these quniit-m INCANL B0 enRAYe I a
process of natimal srfarcgic plansing and o
deteranne national priorrtics. Yet, this process s in
If3 |Ilf.sm_".

A philosophical proavacal proablon may be rad:
Can mations tndecd chowe s covng wienal pocable

W it ps Leery Advosge Bt Ay et o0 8 Pt oG B the
cnme Mirgier s Dhoy Gowsrhmu mr P T R g0 2 en
e I suitpe A ds p Wrrhg Fipfeon e il AT PEnetam gt he
Gra=_pm= Fosea g’ Fote wn l o T P ey ol B Tad
TR AR BT T L Y B I e L LY. WL
ratheantirp it @5 et ol b v n SR ET R Do gl 2 stk o
israe] Largraf huchuz e | 08 Tl wat'vor B bddidrg s i 42 Trgome See
Te! 2vw, Iyroe

futures ar is the futere pre-dererninined on the bass
of geographic, demographic, cultural, economnc
and political heritage?

There are indications in the literature that nations
which differ drasticatfly in their characeeristees ween
nevertheless to fallow similar ‘develnpment pat-
terns.” Yet it is possible that the aspirations of the
recont ‘possible futures movement' * the ipact of
the balance of terror® and the il for a new

- Internationa! Economic Order? coupled awith vew

dﬂ'{'lqpm:nu in scicncefiechnologyt and social
weicnees,! will thange wome of 1he deterriiniaic
developmuent chevacteristics of sociery. The teqom
divergence of cnergy copsumption paiturss of
:}:tic‘)n‘srn_u}; eIV as an encouraging sen of ik
possthilities. °
Just as impartant is the possible analogy biinen
the development of pational characier and thar of
hurnan character. It i by now cstablished thas
human character 1 to 3 great extent deermpesd
during the very virly years of life, Jo that grue g
mations as well?

Thas guestion s Far from cheorctical 1o o conern
ke Liraet, Doe to wars and other oonade pressares,
the buracli polideisns spend miwar of then e ans
resaurees dealing with short rampd toreign pohey
issues. [ the meantime the nation 1+ 4CYUITING SO0k
chataerernnies which, to many people, are far from
desitable feg. emitgration of talened youngsien
lach of respect for the faw, materialism, erej. Mk
amstogy e honman development holds, then roebe:
of ez for these ysues today will not ciable s
chanpe of the undeydrable manonal characio et in
the future. The discussion of the Lanier pletowsfaat
|im'~lii‘ln'~ " hi":l.'ll”l.l 1he o af thes LY bg

hinnld b }"-inud et thyt the aoghier b
wprntedd et fpatens can b bosiors of e oae
tune rather thhan a7 slaves,

Thie eptimnne non=fanthstic vien will depend,



It 3 claoned dhat ol cconomic, h‘d:mvhty_n At
soctal activities ate aimed at satistying thew 13
!-Dnzl needs. P dilferently, there are somne basic
5 | activities witich are present in all sociciies od
are peomanent, Heneeo they provide a useful 1aw
matenal  for the onational  strarcgic plaoning
model ' The definitions of the 13 funcnional
domains are given heve in the Appendix,

The analysis calls for® aggregating SIC (Standand
Industrial Classification) infonmation according o
the definitions of the functional domains. Thivis far
from an casy tak. Certain indosaialb prodoces,
cronomic ctivities and the hke fan cadly e
catvgonized as belonging to one funcdonal donain
ar another. For cxample, sll che food itews belung
to the Food Domain, Yet there ate cortain seems,
such as raw matcrials that cannot be placed in one
domain or another before a careful scarch is
conducted (with the aid of inpurfoutput tables) to
find out which function they scrve. For example,
chemicals which are used in the food industry will

be included in the Food PDamain, while chemicals -

used in fuel will be inctluded in the Energy Domain.
" Afier laboriows work all industrial and cconomic
activities will be classified into the 13 Functional
Domains. .
Rescarchers have for bong found the funcrional
analysis to be a usefui one, Funcuional notions were
used by the pioncers of modern Anthropology and
Sociology. Emik Durkheim. W. Raobertson
Smith, Bronislaw Malinowski, A. FK." Radcliffe-
Brown and others.!” ‘The functional view insists
upon the principle that in every type of civilization,
every custom, material objeet, idea and belief fulfills
soine vital function, has some task o accamphsh,

*Ak-will bitorme cwa heesfuw, the Funciional Comain can be
chascribed wn ofhae dinerrianns s sl For seampie_ the sHocpt o0 N
the nationat burdfgal may be sggregated secoiding 1o 1he Funchonal
Diwring, Sl

n:::lmﬂ Wik of Matronal Product n:::: :a:?:;f
Ahe:native World | 20004 20008 § International Trade
S-u:mmul Domain 1 20% 5, < ] Patrerra
Doman 3 Demain 2 78% 79% Domain 3
Domain 2 Bomain 3 1% 20% Domain 1
Doman | Damain 2

ACPTesILle an i'!llll\'_'lt"“\.ll'llfl' P witlim o ml;“:‘.
whaole.”

SThe atmab s ot Dhe fnnomt doans walt ),

e pl e show that wtle POV TE SN FIR TS FYPRTI,
sl the e wall sagamie koo ohe 1Y Fan wul
Pyrmains, UVl ;Iflu wssten witl be e tinden Ly
SePHLLe Paaer.

The cownce of the ireded s showa i Figore (4
Labelled Determination of Poonsics. {For thé sale
of simphicity anly 3 demains are ~hown in Figure
rather than 13.) The mndel calle Mistly for finding
out the MNmzains Mix in the Gross Noationsd
Prewdoct "GINIY of a mation in the past aid prosonr,
Nexe, through caretutl analysis of past trends of thiy
iix {with the aid of InputfQuiput Tabkles) an
attempt is nade to determine what the mix would
be 20 years hence, say in the ycar 20000 Thew
figures are marked tn Figure 1 as 2000A.

The aim of the process is to determine through the
wse of the model a2 desived mix Mo the year 2000,
This is marked in Figore 1 as 20003, Althougl dhe
miiaes in Ferure 1 representalseloe values i should
he obvious that one is incrested mostly in the
orders of magnitode, relative values and directions
of change. B
The national priorities eowrege from the desired
mix (Figure 1): Ins the example Domain 315 ¢ “igh
priority while Domatn 1 1s of low priority

The main grestion is what eriteria should be used in
arder to decrde upon the desired mis? The criteria
should be based on the overall ohicctives of the
national strategic planning process which are:

(1) Aclucve long term national goals.

- - - - - -

L Figure bk an entargemant of &6e Lo fiom Fryue 3 108 she, 0 Tew

0 that the seader will F2pome aacme 0f thae gibonte ol the @amrsac
before plunging indo e rethodoiegeal geals

4

e ma w—r—r—

r —_— ——
Rank Orﬁt-! o the Rank Chicer o the T - | Rark Oodir on 1he
Pun of Paat Batit of Mizis of Coalribation
Polvrmance Svewrcturat Change {5 Nationad Czoals
- Coram 1 g ) S, ol
D ram 2 Pranadin 3 Aorisin 2
Doran X orra‘n 2 Diesetan 1
e ) JUR [ K

Figure 1. Determinition of priotities? Example with theve dosoin
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cffort expended in finding out scientifically what to
do, will tend to be as large as that used in doing it .»*
' Furthermore, it is clear that when ten well
intentioned diligent persons pull 3 care in ten
different directions the cart may not move ac ali.

L]

, -far transcends “the numbers’ in any one matrix or
' another: the public discussions that will cmerge
, from the process are important in contributing 1o a
. national focus and narioral drive. A division of the
national budget to the 13 Functional Domains may
. reveal that “the cart is being pulled in ten different
directions” without anyone heing aware of it..

_ Thus, above and beyond the desire to berter usc
t scarce national resources lic the two guestions
. which opened this paper. It takes years to raise them
to public artention and may take penerations to
answer thermn, for the difficulties are many.** But
the reward is high: the fulfilment of man as capable

: of frec choice. '
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The frontiers of stiategic planning:
Inivition or formal models?
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Fernmal PLANSING Das alwaes Lad s
critics, especially amung shictsleeyed
managers and  entreencurs who
tend to place greater fith in intuition
than in acadeinic models. Dut now
some of AMerea’s mosd pringinent
companies are foundering, whether
or not they pnriue formal planning,
and the debate is keener than ever,

[s there wlid evidence to confirm
or deny the utility of simtegic plan.
ning And can  managers,
operating in an unceriain, errakic
veonomic climate, we shralegic nlan-
ning tools with any espectation of
suocess?

tools?

F

[nfulilgn vs. formal planning

A nunber of consnltimts, notably
MeKinsey & Company, lault fofmal
planning for restricting consite ration
L nundane proposals, depersonatiz-

ing resource allocation, and ubal
cating  managerial  imagination  to
yuantitative  critena. Instead of
dominating resaurce  allocation,
guantitative planning methods “are
often most naefd . L L for comfinning
h}'pm]w ses thal have bten cnnceived
with a liberal dose of hunch, intui-
ton, judgment, and eeneace,”
wity Frederick W. Cluck, a McKin-
~wny director.

Quitey Flunsicker, managing di-
rectnr of MeKinsey & Company’s
Furich offive, concurs. Lambasting
the "a'most mechamistic” diagram-
ming nf data on “markit size, growth
Tate, cumpeefing sharn- ani! s on.” he
cancludes that “the wiin Jessens of
cypirienee are thal .
tonls can iupph*mrnt_. but nat
supplant, good thinking, and that a
snccessful strategy cannnt e de-

. analytical

'l.'l:‘hlpl.‘d withoul ereative ideas a”
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beginning and management

mitment at the end, " o
Finallv, Thamas . - Peters, a

McKinsey & Company principal, e

ports in The McKinsey Quarterly on
the common attributes of 37 well-run
organizations including T1BM, Procter
& Camble, and AM. "None of thase
attributes depends,™ he notes, “on
“modeni’ management tols or gim-
micks. . . . Al that s needed {5 time,
encrey, and a willingness on the part
of-management to think mther than
to wake wse of Imauydenient fior-
wmulas,”

Linigrtuately, this Bonding, alomyg
weith e ol conedusions sleveleperd
hy MuEiioey exeontives, woold be
THILIEL: {_'I)II'iI]t‘.”.i'hﬂ I'fil wWere bascd on a
canbian sehection (iking the Forfune
5ixi) of comnparable firms with and
withiat format resource allocation.
Afteer afl, ior every example of a spec-

-

LY -

.
PR ) f’

i e m——r el L

A ——— - vy -

r +..,n’rlr';‘

tmcolar supcess that has stemmend
from managerial intuition and
creativity, there is the counter-
example of 2 Grm lpondering for lack
of farmal planning. By deducing a
superior approack from companies
selected for their vision's proved suc-
cess, the consultant’s appraisal ig-
noresother examples where the same
approach seemed ingenious but
failed.

Heed lor croativity

Formal planning does cause ex-
cessive delay, caution, and muachin.
tions al many cotapanics. But so do
competing visions of the future. In
the 1950, American business peeds
to stresss unfettered creativity in stra-
tegic plans along with their imple-
mentation via truditivnal precepts.

Pl.auning coneepls and foels Pl

promiience, fade frowm view, and -
sumnetimes reappeat o slighthe al-
tered Brms. In the 1960y, the most
popular strategic planning tool was
time-adjusted relurn on investment
fRO1). ’

At that bme, the top exevutives of ©
such conghimerates a3 Amercan
Standard, Avco, and Litlon ladus-
trics cotcentrated on mergens and
internal financial controls. Coptrot
ovier nperational activities was el o
division maniagers.

The higher the RO in Rros ac-
guired at a low pricefeamings cin,
tie higher rose the camimgs per
shute ofthe parent company, Arise in
the price of its stoch usnally followed,
Stock poces uf many cunglmnerates
zoomoed urtil c‘u".lpsus at the ot -
ing divisions cought Wall Strect and
top managers by sarprise. The sy
RO signals had been misleading, Be-

AFHIL 1901 ]
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Lnedly, ehiel eneewtives recogrized
that their involvement in wwrations
was ¢ssential.

ot when the peed s a2 too]
stmnarising cowmples strah-gic rela.

uwrder of profitability, Uowever, this
dictum  favars natare or ohsolets
prodacts. In the BOL egeation, e
numerater is high Mvaawe posloe
Vit haas Deen hoveed e top officiency,
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“Formal planning repels many sction-oriented emt’uﬁves.
In fact, somn executives are apl to pervert planning
tools and activities by exploiling them to fustify,
aftar the fact, how and why a decision was matie.”

Consuliing Croup, seemed fikely o
A WSy el et g e S I Ay A Y e TR = S Ty fulfll that need. Therefore, dusing
fhe 197k, numesvus  companies
tionships among the vperating units  andd marketing runs largely on ac- rushied o adopr the technique of
and the operating envimument be. currulated  customer Tovalty. Also, prrrtfotic Frigrageve .
came mos! evideot, portfoloanafysis  the denominator is fmw becanse mast
emeczed. RO pen:‘ewed ilna H.xed' fair;:ll.l.shes _ha-.-c heto .dv-!u’tn Partiolip managamaat
adequucies woere tesponsible for giv- viated: hivenlories smd rereivables
ing 4 a hack seat o poctialia analysis are relatively bow becanse ihe poesd. Essenticlthe,  porthbio  manege-
ot rany cisagsasies luring e 1970, uety are mature o declining, taean s dves erossechssily g pod-
Mo dnrbng the 1050, RO s making Actually Jong-runge  growth T o pther wnits wogding toonar-
a najor coweback, pn::q)eds Tor thene s of prodoets ket oot ared vedativ e et sheare, i

A Youk ut Tour migur and 563 vadid
rieaxons for the initial eclipse of ROE
by pertfolio anulysiv showld enable'us
o uadetand both toods Better and
shioukd alw provide an sosight into
How these rival strategie approsches
whoudd fare during the coming de-
wde,

Cne complaint abowt RO con-
ermed the difficulty most people
have uwnderstanding any  time-
adjusted techmigue. The furcndas are
net infuitively obviows, snd disputes
over cdliscivenied cash flow versug
prisen! value oe athey vanables oaly
heighten the oonfusion,

A seound crnglsint is pt ROL
resuhis s mishewding. The theary of
eupital hudigetiog fasdde hat come
pale deedsion mhers should alhoate
fusds o conteuding roprsaly o
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are apt b be poor. The comgsany
instead showld e supporting re
placemarnt emtries,  Unipctupately,
mew products inour Bath current and
niesag-term hosses; henve thx,l.}r tendd 1o
be rejected undes an RO program.

& third proiziem with RO is thin
it tends to encwwiape deception,
Managers are usually cnofident whowt
their own prodects and caper fo see
thesy implemented. This may Jead
them to estimate profits earlior mul
higher than an objective analysiy war.
rants. In many coinpamies, capital
busdgeting his depenerated imin 2
game of filve esimates,

Fourth and finally, ¢ven if 1A
worked as inbended, it wopld puide
aecinive gk [0 awoye o ety
of projeats ot might he idepeust-
enth profitabie but Spenppatible

witly e poodber, Inoodlwes weeds,
progects fesnd bo e evadogetend ol sicle
thw cordont of the total covpwratim
undler s B0 psrogram. M. =

Miagether, mam elinivrton
frweral tlint et cadfusted RO
sttt el pencrated Gise osdi-
ity s ] weaningsles o i bieacliog
comnputtiony. elredes ot beeling
cenglosoreates amlb ather ROI-
NN Ry sarpafilions, the daie
1960k dramuatized Yhe need for an ad-
ditinnsd mapagerial wd. & balliant
encept, peneered by the Bastun

=

Yhi- resnlis of this aahois appear ina

25 2 Wb o jaalris,

{n Figies 1, the irmdistnye's growth
tate the uppwer thigh.
growlh) fena the hsver fow-grinsth)
coly, i diversified cowpany, The
v iddings e s she comnpany’s dyesined
arrath mite, Products plotied o an
it el bave aleve as erage mar-
et prowth, and vitw versa, The
farther Toft 3 produet appears in the
satnik, the more dominant its mark et

LTS ENTN] Bt

shure @5 in proportion b s closest
ivmpihitor, Products petted oo the

right sicde have o bower iparket share

thim the fndustey’s beaber, e

I stadl personpel ar operading
earcubives ekt taajor pronbicts o
RGNS TE write, estrrates el ket
seronetiyarad ket share e e fairy
whaleer  asinte

previse, Fiowever,

satd



Figure 1

GROWTH-SHARE PORTFOLIO

(BOSTON COMSULTING GROUP)
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erecutives genenally know how fast
their industry is growing and what
their product’s standing is, appruxi-
matious usually suffice,

Porflin management does ‘ot
huve the flaw. that mar BCH as a
plamaing bl The model i simple
and cleurdy stinmariaes linportant
strtegic relatianships, A thine puee-
spective can e added by ploiting
injects perindically on the sane or

wrliicl charts. In addition, the re-
sults of portfolio analysis are

grounled in operating logic. The
method integrates snch key factors as
demand, compe itive position, mar-
ket strategy, noar-term cash Hows
and accrual-basc profitability, inter-
nul orranization and executive as-
signmends, and  averall corporate
soundness.

Third, inputs ure alijective dataor
casily verkable ostiates,
sults have standard intesprotations,
That is, the theory of portlolio win-
agum{.‘nt‘descr:iln:s whit euch cell's

and 7o

1]

Brancial implications are and where
pruclent decizion makers should de-
ploy or divest pesourees fee Figure
1. Estinmades ol tuture tiene-adjasted
BOT are cither omitted oe wsed as
supleaents, Fourth, il 1nost im-
purtmt, portfulio nuomagemens) oon-
templates o carporate structure
whose conpuments make halaneed
contribations  sulject b ounlike
cribypi.

il cap-
tivaded plasiners and o4 JArators,
uarng the 19740k, ukp oty such
as Veows,” “dows,” and Cexperience
curves” Levame nart of the Tanguage
of Lusiness, Consultants and execu-
tive seminars espoused purtfolio
management, But as the (04
dawaed, criticisms of portfolio
management—mited for 3 de-
cade —began to grow.

NLI L Illfll!‘l' llli‘i iKI'n'.

The Miaw: in portlallo manar ot

The: key proldein will «Hialin
manmecment is that it was  Lersold,
In America's diverse eocenomy, nn
single business approach has univer-
sal validity, Alse, managers tend te
place teo much fith in the value of
tools. Evecutives—not techniques
—are ultimately responsible  for
strategic planming.

The very points that contt wte lo
porifolic maragement's stren b also
disguise hidden weakness For
example. the simplicity of the nodel
mukes it aclearer tool, But managers
run the tisk of indulging in oversim-
plifcativn, Inouse, a 2 ¢ 2 grid ia
necessanly  incomplobe, Purtfiolio
aalysis exclodes  such  impoctant
stratepic variables as msk; ynlngrall-
ity to inRation amd evigwanice Auct e
tivnes; soctal, political, amd coulogical
pressures; continuity  of  supply;
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course ol Anierivan basitnsss in e
1980,

Another proddeo iy that alilougeh
e lugic of porthelio heory seems
impeccahde, it not necessanly: ek
sant. After all, the course of human
events is not especiad Ingical, and
empirical outcomnes cunlradict
thenictical predictions with emlar-
rissing Trequoncy. Fn: inslance,
contrary to portfolio theory, nany
corpanics romain saceessful by es-
chewing star prclncts ard confining
themselves by cows, Bic Pen, Procter
& Camnble, and Philipp Momis cnne
readily ta mind. -

A Lhird prﬂblf-m wnth puortfolio
theory is that its tupadnwn apprixch
can ilampen _lhc i_.':llthlu.m.un of
operating managers, - aflecling their
initiative and acuity.- Texas Instru-
ments fell victim ta this problem. TYs* -
managers reportedly continued to
use expenicnce—curve pricing long
w alter 2 changing, circumstances had

irenddered it inapplicable. Thev hept’
Jeduciasfprces-on sesicenduclors -
~during periods of capacity shortages,
therehy depriving the company of
millions - dollars of profits.
| Lasily, vven il portlelio manage-
~ ment wirked as intended, it wenld
ride decision makers to el gose only
ameng available optiona—the ones
- on Lk grid, Thes, Swiss wateh com-
prandes inissed the inroads of Timex, .
which at frst appealed to different
market segments via new ¢lignnels
urtd much lower prices. -Timex, in
tutn,. missed 1fe inroads made by
digrital watches,
TMustintia managernent by itsellis
less appropriate in the I950s than it
vwdy during the Jast dmde. The bot-
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—depend larzely on apuarteds
tinwneia! resulls {BCGIL the distunt
nrospect of stars must s ield tocnrrent
rr.l]lt:.e-s Moreover, porttalic man-
ement does not cover many Getors
thit are particularly important in to-
Jarv’s business envimnment,

|

t
The answer: exignded modals

_—

Does this mean that portfolic
mziugement js 130 longer applicahle?
o, It is a helplied roal when used in
cancert with othets. . For example,
sunazement consultants Hayes/ 1l
Ifn_c-n:rbomted use # '35 a paint of de-
parture for strutegic planning. En cun-
tr.istE MeKinsey & Company rele-
E..lh:& portivlio analvsis to the end of
thf_' st—r.ltf-gu:- pla_nmng [rocess.

[ Haves.."lhll attempts ta.improve
the Riseal predu,tmnt. of purtfolin
thilmnf and m mtmdur:e the dimen-
sic Trisk h],r uung. "the metliod de-
e, s in F|gun::§2‘3,"and'

The haﬁ&?{li!lllfilzi;;ﬁ-}]‘l F-'igurn 21y
the company’s index of-advantage -
ity mmpehtn.f- sipariority vis-a-vis
Dthﬂr mmp.]mes in an industry. This
genern] measnre is devi ]npt,(] by staff
..i.l'l..i]'LStS or putside Lunsulhnts wha
stud} such factors as entry bartiers,
pmiluct differentiatiun_‘de?r;d -by
custmners internal strengths costs,

¥ 19
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riskErand Thanoge ment efectiveness.
When requests for resaurce allo-
cation, ate analysed -and platted on
Figure . 2,; each-appears as a circle
whi: dum{'t- -, i5 propariional to re-
UMCLCY OF “gales. Circles Eallings brlow
th I'.II.I;.L wiadane apd tie be regeetedl.
On tha deftsidic wl the? chart are poe-
jeets forawhich b3 fiem Jacks an ecn.
7 Thirseat tha top LNt
[TLEFELPE hl'gjq. p.l-,_p.iﬁh,' knit gty na v

aomic matipnake,

tomhliy oo potitive o iclvintagi—

thivv e, owly 1ty -Brms seeking
Lee WY _eqapr b= Ehecision
w1 &I poeil Do oamc

rrakers give preference to projects in
the uppur right cortier. Prefereed
proposals are_then aulyjectsd to risk
analysis.

Even though a company may be
well situated to undertake potentially
profitable prujects.
may harber more externad nsk than
de-cisinn makers are willing to toler-
s, Therefore,

these sentures

in Figarer 5 such

“vhroents as solatility of demanal,

clangers to Jealth and salety, inters
ruptions i cipply, Lilor profless,
techolopical ohsolincenve, and so
§orth, are comined into a risk indos,
BDecision mnakers give preferenoe o
propusals in the upper Telt corner,
Proposals atuse the diagonals on

Figures 2und 3 move o a Anal display
on Figore 4.

The final churt quantifies how
much should be invested in each of
the contending projects. On Figure
+4, 2 diaganal aligns two growth mtes-
(1} the company’s production and
marketing capracity and {21 market {or
demand} greadih. (The range of rutes
iy appapiriate for the company and
iteleatny il could inchuele nesative
tabess.) Lionv prklucts usatl appoear
i e diaggonal i il lower Teft sex-
tion o Figine 45 sbars e loeatedsl ng
tha right. Depending on whetleer
neneggemenl secks b gaing, lold, or
rel i puisle ket shares, staes appoar
resprectively abiove, on, ar laclow this
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slisgeaal. [F any guestinnaarhs sur-
wwed the prior analyses, they shunid
appear far above the diagonal line.
The plots show how moch real capae-
ity is needed, This is then translated
inta dollars.

The List step involves comparing
the revoanmiendations suggested by
Figure 4 with ovailable internad und
external funds, Typivally, the siwm of
reqquests Tur exceeds the money avail-
able far investment. Which projects
should take prionty? And  which
should be rolepated? While an ROH
approach would dictate appurtioning
the totat cash in order of profitzbility,
portfolic managemen! suggests
merely maintaining the cows, und in-
vesting heavily in the star products
fincluding potential stars still ynder
development). Any residue could be
channeled to questionmarks (see
Figure 4). The prospects of dogs are
analyzed separately.  Presumably,
the company will divest, harvest, or
simply continue the dogs, confining
their support to essentlals,

This methed overcomes three of
the four major cljections to the sale
use if the purtfolio matrix, Firsi, the
procedure is nol simplistic. Any rele-
vant factor that the |mrtfu|iu alrix
minits can be incorporated inlg the
index of advantage or inder of risk,
Second, Lhe procedure subatitules
eaphicit ROT estimates for the argu-
ahle fiscal predictions that stem from
portinlio categurization,

Third, the procedure combines
centralized aml decentratized ap.
greaches. it begins with partfalic
analysis (2t headquarters), schjects
elipille projects to RO astimates to-
gether with advantage and sk
placements {al the Rrm's business
unitsh, and ends with allocations ac.
curding to corporate strategy (hack at

i1 WAHNAGEMENT REVIEW

' 2t

Iarahpantenst, This abertatum ven
(et iees scbeetion ol ratclidales with
investment polential, decentralises
their analysis aevording oo relevant
opreraling Lactors, el contralizes the
final decision on resnuree allneation.
Hounalvses fur Figmres 2 aned 3 are
comlycti] ghesd of Figore L noemi-
nation of candidimes isdelogated also,

The reactiom ol managers

Managument must weigh these
benefits against the reactions of the
execulives tonermed with contend-
ing projeets. Sonx welcome partici-
pation and precivion, but ethers find
the plethora of apalvses and charns
too burdensome. Formsl planning
repels many action-oriented etecu-
tives. In fact, soime executives are apt
tn pervert planning tools and ae-
Hvities by exploiting them to jusiify,
alter the fact, how and why a decision
was made.

This danger poses a dilemina. It
impottant to record and wnenitor the
assunptions and conclusions rom
which the indices and other deter-
minanty of cla pesition were de.
Hved. U this is not dene, the com-
prany may kil esoirees withont
updating: for eoviranmental clunges,
Alsa, the wlocation systeen could fal]
apart if Gadser clatu nar poditical eonsid-
:.'mtiq'm find their way into the shugsi-
sioh cnilenia.

Realistically, however, few man-
agers have the time or patience to
review former inputs aud assess them
retruspectively for acoity. This work
is usuall delegated to a stalf group
whase very presence affects the work
climnate and planning methods. Some
eavculives are inore comlortable with
decisions that are logically juestifi-
alsle than with options representing

wranlen vespsns B whinhe e bensaage
dovcienbation: v weeded il s
availihle Thisis thas reason ot o
sultunts SeXinsey & Coogumn nwe
porlalio analysis onhe ol U cmd of
tlsir planning provess as i coyrahnon.

Live ool

The operating environment

20N, portioliowaalysis, and other
slrdegic planming woly continue o
lu.*lp nuny erecntives ke Hieir
companies  suceessful, hut o eayg
stidics do ant renlly prose or dlis-
prove 1h- toels” erduring iy,

Certainly, the evidener kor seek.
ing dilferent plannivg approaches gy
compelling. From a pasition ol intes-
national TITCETT I T during the
1850, Amurican indusiny s fallen
behind in many foreign atd some
domestie markets. To whut vxtent
have formal methoeds of strategic
planning infurnced this decline? 1tis
impossible to answer this question,

Caom pmn’el ruppeect inoa restric-
tive and Lighly conpetitive environ..
menl, probably have Toss need for
soplisficaten plineiug  teclinigues
thien For sevisitis ity e emergings ech-
telogy, Jerwmed, and eepolation, T
B can foeHungg companices with
thewrunds of cmplos ces e 1o
b i Dillions of il bt
r.-mupntvr'inﬂ tlocvne i, up-
mal B analyes, snd nnimacinalin e
atlministrition?

Perhaps  some  eompanivs  that
share a brilliant histonv—including
sotne of America’s logest manulac-
turing and merchamlising  vrgani.
zations—lasve simph' oulgrimn the
hpan eupanity for enduringhe effee.
tive matagement in the present cli.
mate, with or without ol plan-
ning tools. .
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Nol salisfied wilh tradilionat pt’anning techniques, a

‘ growing number of cotnpanies are turning-1o -
strategic planning. This new approachreliesheavily” -

oninput from the engineering function to allncate the
cnmpany s resources and chart its futiire growth.

MARK D. ZIMMERMAN

Srall Editar

]
THE increasinply complex
business environment of the
19705 has (orced many indus-
trial! firms to restructuce their
internal operations. One result
has been the vmergence af
strategic planning which brings
together input from all major
operating sections of the corm-
pany. Because of the nature of
the process, it I‘E}_iﬂs heavﬂ}-‘ on

-

Eaton’s Nonstop |
Planning Process

Eslon Corp. depends on strategic planning to kaep ovar
00 corporale building blocks {called product-markat

. segmants, sk to strelegic business vnlln aniargel. Each

. blotk-like z8 gmani generatagits gwn revanues. upmnlmq

<.t R ll_'lus'lmgnls and strategic-action plans. Clossly

" relaled tagmanis belgag o divisions which, inlurn, repor

1 major groups. Dhvlyions and groups prepare proht gnd
stralegic plans on & ¢antinuing besin, Manthly plans are
incorporated (NG & rolling lorscast 1l in crysiallizad sech
Decamber asihe yeor-ahead lorecas! (O Hizad plan}, By 1he
time & corperate pian undergoes ith finel (Gp-side review,

stratagic plans for the subseguen yorr I some dmmon;
are being hnadized.

Produgl RAsraer
b Epgments




ENEInesring expertise o 23545
acoempany's overall competitive
position and utilize its re-
suurces more effectively.

More Status, Clout

for the Engineer

The importance of the eng-
near becomes more evident aa
compahies Key in on individual
praduct lines. For examgle,
input from the engineer is es
sential to analyze the strengths
and weaknesses ol products sold
by o company and its comnet.
itors. [n turn, information
abeut products nearing comple-
tion of engineering develop-
ment has a large bearing gn
company plans for the futere,
Also, the engineer is tapped in-
creasingly to work alongside—
or lead—corporate contem-
poraries in mapping out
strategieg enabling tha firm to
maximize the uze of reseure:s
across a muttitude of objectives,

The strategic planning pro-

22

cess draws on many skills and
attributes possessed by the typ-
ical engineer. The nature of his
work requires him ko analyee
forecasts, trace trends, project
technical developments, and

commit himself to short and -

long-term programs. These
qualificalions provide a sound
basis for participation in the
strategic planning process, par-
ticularty teday as firms see
mare clearly the inadeyuacies
of tradifinnal business lorecaat-
ing and lnancial planning.

The stralegic planning pro-
cess expases the engincer (and
others) to A variety of sophiste-
cated analytical tocls and in-
volves hit in many facets of the
business. The invaluoble expe-
rience gained in strategic plan-
ning greatly enhances his po-
tential for moving up the corpoe-
rate ladder. In fact, some of the
nations enginecrs atready have
uzed thi: assignmenta to propel
themselves into inp spols
within their companins.

[ = =
v

I — Firsl laak at pralit plan
2= Emeond [Gok at iyl plin

3 — Set peedd plan
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e Carps e Paan

Keaping Business
Units on Target

Strategic plunning provides
the dizcipline and methodology
to take a sophisticated asscas-
ment of a company's capabili-
ties ralative to thoga of its com-
petition, [t helps tha company to
develop plans that enable it ta
strengthen its position in pram-
ising markets. Equally impar-
tant. strategic planning muy be
used to identify the need o
abandon markets in which the
petential does not justify oon.
tinued effort.

A critical first task in imple-
menting sirategicptanningisto
break down & company inte
mezasurable business units that
have independent and unique
markets. These units, called
product-market segmoents or
strategichusiness units (SRUs!,
are the basicentities forwhicha
compary develops 4 business
review, strategic plan, and
aperating plan.

Abreakdown by product lines
is essential when a company at-
ternpts to determine why it ia
straong in some marketa and
weak in cthems, Product seg-
mentation alse helps to analyze
why a competitor’a product
dominates the market or is pro-
duced at lower cost. Beyond
these considerations, an SBU is
evaluated in the context of com-
pany objectives in arder to
reconcile the unit’s role in the
overall framework of a compa-
ny's long-term gouals and objee-
tives.

The strategic planning pro-
cess forces a compuny to ask (-
self tough queslions auch os:
Where are we todoy? Wit are
the company’s resources, oo
ket position, and plana Tor
growlh? What do we want to be
tomurrow? YWhal nclions are
needed to make ux more conts
petitive in specific markets?



How do we get to where we want
to be in six months, five years,
or even by the year 20007

The precise answers to Lhese
questions depend on an assess.
ment of ttine magor strategic in-
flurnees on business oporation,
These influences eonsist of in-
vestment inlensity, producliv-
ity, market position, growth of
market served, yuality of prod.
uct andfor service, innovation
differential, vertical inlegra-
tion, cost-push facturs, and cur-
rent level of strategy eiloris.

Strategie planning thus
entails many dimensions which
set it apart from conventicnal
planning activities. For exam-
ple, traditional forecasts and
plans produce growth plans
+"osely keyed to increases in

spulatien or of the Gross Na-
+ranal Produet. But these
“macra” mMeasures no longer ac-
curately reflecl, nor can they be
used to develop effective plans
of action for, an ever-changing
marketplace,

Consequently, strategic
planning entails far more than
extrapolation of historical
LrEnds Through strategic plan-
ninE, a comMpany can anglyze
arfd evaluate the total
environment in which it
operates-md ay and in the fu-
ture. The- pmces:s includes mn
assesstnent of external business
factors and internal operating
strengthﬁ and weaknesses—in
markeling strategy, pricing,
design, quality. manufacturing
capacity, and efficiency as well
as customer and supplier rela-
tionships.

The process also enlails a
carcful analysis of market
share and an evaluating of com-
petitor sirengths and weak-
nesses, This analysis outlines
a product’s expected life cyele,
capital expenditure trends,
technological trends, economic
conditions, availsbility of man-
power-and-even social and po-

=]

i

liical prossurea. .

One vapert in strafogic plan-
mng simplilics the provess hy
distinguishing between the
"pull” of estornol forees and the
“push™ of luternal netiena, The
pull side represents sorial,
political, and econemie Fivlors
in the external environment
weer which a company bns ne
cuntral. Fhe push side cncom-
passes intentionnl acliens Lhal
can be effected Lo make a com-
pany move counter Lo, or faster
than, the pull luctors alone

2

3

would aceomplish, v unater-
standing and munipuloting
these Tiorees of chooyne, o coin-
pany con pinpeint the type and
extent of dilference they niaike,
in buginess spurations, v
The selfanalrsis yesulling
fromotrategio plaoning cnables
i romnfiany to betlen underaond
s internal stroctare and ex-
ternal  environment,  This
knowledge helps the company
La set more precise objectives
snd schieve a unity of direction”
based on its statement of mis-

-
t

Inlugrated Organization
Structure Aids Planning

An inteclocking crganizalicnd! 3iructure mAiRIANS an ongang intariace
between enginessing snd other business functicns in compames such as
Eaton, GE, GM_ and Inlernational Harvesler, Thos siruciure taciltates the
strategic ple- ning process by Consiantly mashing, arantegraling. alf activiles
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sion objectives, list of alternn-
tives for reaching objectives,
putline of basic program, de-
scription of strategic programs,
and an evaluation of program
viability.

Plugging into
Sophistication

Growing numbers of com-
panies are expected to follow
industry leaders in applying
strategic planning to products
such as aircraft engines, elec-
tric motors, engine valves, farm
tractors, lift trucks, and truck
axles. The acknowledged
pinneer of strategic planning,
General Electric, has over 48
strategic business units that
range in size from smalt o large
entities. The primary product
areas of International Harvest-
er are covered by about wix
EBUs. Another multipational
firm, Eaton Corp., presently
boasts over B00 product-market
segments {or SBUs.

The engineering function be-
comes much more visible and
influential as it meshes with
cther business functions in a
strategic business unit, reports
International Harvester. The
company recently used a com-
bination of matrix management
and strategic planning to coor-
dinate engineering, manufac-
turing, marke ting, finance, and
project tmanagement of a pro-
gram Lhat moved a new tractor
fram concep! Lo consumer in 12
tn 18 months less tine than
would have hean possible with
eonvenlional  managament
tuchnugques. A makrix arrange-
neent 18 used by TH to bring
“"doera" togelher on womenthly
basi= to function as "planners”
af long-terin strategiea and of
shart-term operating details,

Companies realizing the pe-
tential payofT rom a thorough
strategic analysis ¢an tap oul-
side expertise to launch their

INTRCDUC IO N
Mt g B -, Dosonoiion
ey KW - 3
But.rasy Thg a0y imen
Warsgt nter'y ot
Fhangya, #5200 4796 Propechon
GEMERAL MANAGER'S OVERVIEW
ENVIAONMEMNTAL MSSESENZNT
M Analyis
Ecomme Ayyurphiong
Tomparton .
Legiptative anct Ragotacary Actiwity
QBJECTIVES AHD GOALS
BTRATEGIC ISSUES
STRATEGIES *
Stategic Assgsament
Crileng lgr Ivcesime [ Straegy
Stratmgy Eweree!s
PRAOGRAMS
BUSINESS SEGMENT SUMMARIES
QUALITY PLAN .
FINANCIAL BUMMARY
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gtrategic planning efforts.
Management consulting firms
such as Boston Consulting
Group, Arthur D. Little, and
McKinaey can be retzined ta
formulate the first strategic
plan for a company.

Another source of help is the
Strategic Planning [nstitute,
established by Harvard Busi-
ness Schoel along the lines of
research pioneered by General
Electric. The Institvte ha= iden.
tified 37 busic Mactors that affeet
prafitability of a business, com-
piled a duta base Mrin informa-
tivn supplicd by G000 companics,
antd developed oo standard set of
profit-predicting cquatinns for
usi: by participating flvmes,

Compunies eventually be-
come aufficiontly adept at
strotepic planning that they
ean cireumvent Lhe data base
and plug in data generated by
uhe of their own businesses,
This presently is being done

with a system known as Prolit
Impact of Market Strategics
(PIM3), which can he used to
evaluatle the impact of prol.
itability (return.an-invest.
ment} on variables such asg
market share and R&D spend.
ing. The PIMS system also ¢an
be used for other combinations
al {acters,

Becruiting specialists report
a strong demand for profession.
als of varied backgzrounds who
can provide o business with de.
gired skills in strutegic elan.
ning. Sune firms e ovenusing
the planning Munction us &
moals of attrebing pd iden.
tifving individuals they cnn
groom for tup managenient
gt i the Tubire, As o rule,
strategic planners Lond o b
hetter eduesated amd Bronder
thinkers thun the financial
planaers trum whom  Lhe
strategic planning lunction
evalved, sav recrditers, -

-
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UMDERSTANDING THE
FORCES OF STRATEGIC AND
NATURAL COMPETITION

Bruce Henderson

How can today's busingss exaculive ensure that his company oullaats thy
com petiion? Darwin and the theory af natural seflection may pravide

SOIm: SUFPRiSING answors,

Stralegic competition leads to time compression,
Ce  tive shifls as & result of strategy can 1ake
pla. .n a few shon vears. The samg evolution by
natural competition might require genertiions.

Sirategic competition is a relatively new phenom-
envn in business, it may well haye the same impact
upon business productivity that the industrial rey-
ofution had upon Individual productivity.

The basic elements of stralegic compelilion are:

® The ability to understand compelitive iniéraction
as a complete dynamic system that includes the’
interaction of compelitoss, customers, money,
peopie, and resources,

« The ability 1o use this understanding to predict
the consequences of a given intervention in that
Systern and how that intervention wiill resull in
new patterns of stable dynamic equilibrivm,

¢ The avatlability of uncopimitted resources that
can be dedivaed o different uses and purposes
in the presenl even though the dedication is
permanent sl the benefits will be deferred.

» The ability w predict the risk and return with

v osufTicient gecuracy and confidence Lo jusify the

1 cammutinent of such resources.

!Jucu 1., Jersan 13 Charman, Boaston Censuiing Group,

. Copywht © 1988, Ihe Bosion Consuling Grotp, Ing,,
loalon, Maas, Repnnlied by permussion.

* The willingness i deliberately act 1o make the
commilment.

This description of arrdtepy sounds jike the basic
requirements for mahing any ordinary invesimeni.
It 15 that. Bur it is far more. Strulegy is all encom-
passing in ils commilmeni. Strategy by definition
mvolves the commiunent and dedication of the
whole firm. Failure of any competilor to reacr and
then deploy and commtl its own resources against
the strategic compention of anvther competitor can
result in & complete inversion of «he competitive
relationships and a mygor shift in the equilibrium
between them, Thi is why strategic compelition
leads to time compression, Naturad competition has
none of these charwteristics,

How Economiic Competition
Parallels Biological Competition

Nuturi! eompeution is the basic form of competi-
ton between fiving orgtnisnes ar organizions for
their necessary life resources, Success in Lhis com-
peatition leads to growth in the population of the
winner. This growih progressively preempis the
required resources from other competitors. This
results in a prowess ol sateral selection which was

1



12

first identified and described publicly in 1859 by
Darwin and Wallace.

These ideas were not Rew cven then, Bath ar-
win and Wallace reported that Malthus' piciure of
the pressure of human populagian epon subsisience
provided the key clement Jeading to the ifea of
evolution by naluml selection in the struggle for
life.

Yet the parallels hetween hinlogical competition
and economic competition hisl already Ixen no-
ticed hefore Matthus, who, o the first page of his
“Lssay on the Principle of Population,” sind, T s

observed by Dy, [Benjamin] Franklin tha there s -

no bound 10 the prolific nature of ptants and anj-
mals but what i5 made by their crowding and with
each other's means of subsistence.”

In a system of natural competition, .the coexist-
ence of competitors is dependent upon the existence
of differences betveen them. These differences must
be of sufficient value and maghitude 1o provide
cach with a unique and significant advantage aver
all competitors in same subseclion of the ensiron-
ment in which hey can preempt the required re-
sources.

This principle was demonstrated in biology by
Gause. Small animals that could exist indefinitely
in & hoitle with a given sufficient amount of food
could not coexist with another similar species. This
law of mulual exclusion i now known as Cause’s
Principle. -

Natural competition resuits in both sirata of com-
peliton and a hierarchy of competition. Within each
stratum, the competition 1§ for resources Lhat are
peeded in comman. But each stralum is nself the
resource lor the next hapher level in 1he hicrarchy.
This hierarchy is the equivalent of the ecologicai
food chain.

Over long pedods of time, naturel competiion
creaies very complex popuistians with u wide speg-
trum of charactenistics. But for this complexity 10
develop, there ‘must be a variety of resourees and
environmental conditions thal can be traded off
against each. ather so thal each competitive group
can become uniquely superior by specialization in
s0Mme segment,

LN

Key Différencés Between Strategic
and Natural Competition

Stralegic compelition includes natural compeiition
and more. Sualegic competition is the integraton
of lagic, pame theory, sysiem dynamics, sensitivity
analysis. the Jaws’ of chance. and culwiral evolution
with the patierns of rawral competition,
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Strateprc compelitivn s el an allerng oI
substitute for natural competition, Tuis the ¢ oer-
ate prediciion and management of the higher orders
of the coniralling variables.

Strategic competilion aise incm porates Lansarch-
fan evolutzon as s depemdent varkable of 1arwinian
evolution. Iairwinian evolution by e selection
functions #l all {fesels of complesiny and develop-
ment. 1 depends unon the ity r.l[ml‘riljlir_‘-i i the
comnjchitor which are inherem o snovessive poner-
atiens, Lurkireh i evelution depentds upon -
guired skills cond abalines which can only he prer-
pewited by colieral iving and proessures,

Cultures can change caprdly i subjected to severe
environmental siress, Bul the inherent abiluies can-
not change excepl stowly through natural selection
and ehiminalion from ene geperation 1o the next
Furnthermaore, innate abilities s¢l the Limits on how
far cultsral evolution can go and be effecive.

Strategic competition s the commitment of re-
sonrces for the achisvement of fong-term objectives
with fall comprehension and undentanding vf the
olzl charactenstics of the competitive svitem.

Expediency vs. Deliberateness '

Watural urmpﬁumn i wildly expedient in it ow-
ment-ree-merent interhetion, Thoweser. i i jnler-
ently extremely conservitive i its chiantge ia char-
acteristic behavior, By contrast, siranenw L'Lnrn;wll-
tion 15 deliberate, varelully considered. and nghal
reasoned in Hs comantmens, bab the consegiienoe
may well be radical change in & relatisely ~hon
irme.

Evciutionary vs. Revolutionary

Nawural compelition is evolulionary: strategic com-
petition is revoluticnary.

Natural competition is really low-risk incremen-
tal trial and error. Small changes that ~eem e he
beneficial are gradvally adopied and maintained.
Other small chaneges are tricd und added. It s
tearning By trial and error withoug the need for
either coammitment or folesight, TUis the adaprines
al the thne 1o the wav that thines are at the ume Ny
15 Lhe basic pallern of evolutGen. 10 Qs Darwintan
natural selection, [t fupctions even il controllr
pure chance ur pure cxpediency. For these s
reasomns it Is Inevitahiv very conservative and prad-
ual and it produces nearly nperceptible chenge
near term regardless ol the comeguences longe 1,



STRATEGIC AND MATLIHAL

e fetnantugle
¥ "Sicategic competition by il very conimitinents
ks 10 make a very large change in |.nrn|w:i||~.-..
relationships. [ revolutinnars -.h.lrmu s moder.
-ated only by two fundamental whibijons, Siralepic
failure can,beTis sweeping in it u'ﬁll“'ulm_nu\ A%
strategic sucvess, And chunacteristically an alen
delense has a major competitive adyantage over the
witabker. Strateric success usoally depends upon he
cuilure. perceptions. attitudes, amnd characteeistic
‘beharior of competitors and their mutual awiereness
of each uther.

Strategic success usually
depends upon the culture,
perceplions; attitudes, and
A characteristic behavior of
competitors and their mutual
awareness of each other.
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o ‘fhlb L5 u'rh_',. in gcupuillu.s and in military stralegy
S as u.eli as.in buulnexk stralegy the patiern ol com-

I petition contains, long' periods of naturat. competi-
e ':mn punuudlediby reldllhel_}' sudden and I:TI.IJUT
Ml shifts in re]almmhlph a5 a re'iu'tt e:l"ilralu..gv It is the
‘ “.m. ald, p.mun_ ef'm.:r and[peace. even though

| [P e

mmlpemmn COnLNUes du:mg peace. .,

tav b . rdEmrredo - ok g

Current Bueineee ‘Behavior: ~
Between the Twe "Extremes

* T

""..-l.':""'\

o urrenﬂy normat mﬂdtrn business’ h{'hu\-mr eCms
10 falt between (the. e extreml:\ of these twa modes.
Jom-lowever ashifi !uwnlrd SLrdlegic competition swems
--‘tu h: the :ecular rrend, The suceessful wse of stra-
- M lL‘.EIL cnlnpellln-n by the moslaggressive direct vam-
b pelitor can mah ¢ I.hL same foresight aml dedicativn
+ Lof resources the murequmle for survival of olhess
' gFentaally the mastery, of stralegiv competiion witl
oty iy n:qulfumnl [ for adapling (0 that kind of en-
cwifiament in which mast of the change is the resull

Y of strategic vommilnents.
. !.:luml competition should be respected. T is 1he
ess that preduced the infigile and cxquisite
L complexity. variewy, 2nd interaction of ali the forms
taf.bife on planet-Edrth® This wus-accam plished by
pure chance with no plan. foresight, or uhjc:..:m:\.
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Fhe stang peni was the cyuisvalent ol *-h:rih:
chvinenl ML Flovw v ar dook ol lens o AR
al e, uI'». intintesial chonees aml ok TRALIALR
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Looking at the Survival Factors

Nalural eepetibon muost be complerely under-
stowsd, 11 is the foundatton, [ is the svsiem and
pattern of inleracuion upon which any form of
srategic competition must build and modits. Ln-
derstanding of nateral competition is requi ! in
order w predict the elfect oa thse relationsl .~ as
the resuft of inlervention in the ffedback loops of
that s¥siem.

Ditlerences between compelitors bs the prerequi-
site Jor survival in nawural competition, Those dil-
ferenves may not be ubiious, But compelitors who
make their living in exactly the same way in Lhe
same place at the same time are highly unlihely o
remain in a stable equilibrium. However. any dil-
ferences may give ane competitor or the ather an
advantapge over all sthersin sume part of the com-
mun vompelitive environment, The value ol that
difference becomes & mieasure of the survivad pros-
pects as well as the fwure prosperiiy of that com-
pa.lllnr

There are nedrly wnoinfinits number of  nibi-
mations of competitive actors in ap envii  ment
thut has a large number of variables, It she  J oot

he surprising that the world is filled with 4 vast
variety of competitars, all differenr, which seem 1o
exist in a moving bul stable equilibrium. The range
ol sive, behavior, and chiracieristios is not acciden-
Lal; it is inevitable. {tis also stable even though ever
changing in dewil. Those differences are.the a priori
requiremient for the survival of each and every one
of them in their particular sebsection of the envi-
ronment. That s natural compelition as it always
has been.

Tovrard a Mew Tlhizory of
Eul,_,':ineee Cormplilion

Straiegic competition is nat aes. The elements of
it have been recapnized and wsed in warlare sinee
the humun race becamie able o combine intelh-
geove imagination, accumulaed resources, and Je-
liberately coordinated behavior, The distilled wis-
dom ol many centuries has been expressed in many
maums, such as “Concentrate strength aguinst
weslhngss ’
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Bul maest mililary strategs has boen fooesed on
the battte jtself or the war tather han on the
equilibrium of the relationship that continued
through both peace and war. Geopalitics is this
Lurger perspective of the continued competiion of
this dynamic equilibrium over time. Yet there i
still a very dimited general theery abhout geop hitical
dynamic ¢quilibriem.

Competitors who make their
living in exactly the same way in
the same place at the same time
are highly unlikely to remain in a
stable equilibrium,

The peneral lhem}' ol business competilion s
almost centainly in its infancy. But the elements of
a general theory Lhat integrates all of the ¢lemenits
seem L0 be developing. The integration itself is the
critical development.

Classic Theories Too Simple and Slerile

The classiv economic theories of husiness compeli-
ton scem ta be so simplistic and sierile that they
are ohslacles 1o progress and understanding rather
than contributions. They seem 1o be bused on views
of compeution as a static egquilibriom in g s
economy father than a dynamic equilibrium, They
are based un theorerical concepts af cost behasjor
thal have never been observed in reality and thil
directly contradict observable and guantifiable ev-
idence. They make assumptions aboutl compelitive
behavior that are neither observable nor uswelul in
predicling compelitive behavior. The {rame of ret-
erence of “perfect competition™ is a theoreical
concepl that has never exisied and probably could
not ¢xisl. Unforwunately. they have been used 10
develop public poiicy that is equatly unrealisic,

The Critical Hypotheses

Nevelopunent of the general theory ol busingss cum-
petiiion will permit the predicuon of the conse.

TG S0 b hia Tl gy ry -
<

guvnees elany kid o bsness canpetiiwn Bovan
e the base ol Batl soalegiy coupeniten are e
sttuctine public palicy. The petiegal |mh|iu dd
benefit on both counts, The des r]npnwm at' i gene
eral theory of business competiion will requite the
westing and revision of many interlocking hy -
potheses
We wonld now h}pnthunizt that:

* Effective compelition wili renb in oo range of
sizes of conmipelitors fTom sery Jarge 1osery ol
This spectrium af size will be stahle over Lime

s Competitts who survive and prosper will hase
l.Iﬂil.IIH.: udx'rmlugm vVES uny and all other vom-
pelitors in speetlic combimttions ol 1ime, place,
pmdugtu and cuslomers,

 Forany prven competitor, there will be ditferent
t.mupunnn whua wall pmwdt. th constrain for
alinost every combination ol relevant Tactars.
Therefore. the lrantiers or boundaries of GOl
itive parity will be constantly changing as any
one ol the conapetitors changes, adapts, graws, of
redeploys,

s Perpetval conflict will exist along those [reribieTs
where competitive ability is at parity.

*» Very lile confict will-exist where there i . Lo
‘-upérinrih' lhat is wvisible. Thermiliars anaicus
af the bawleiront i< vseful in \mmlmna

* Business ¢COmpennon i an 1I'Ih:.1’fl'l-l|\ lowutliple
front witk a dilferent competitor on cach font

* Any redeploament of resources will change b
halance OF compeiitive Parity on al last s
fromis. Tone 1s sirengthened. others will be - cak-
ened,

« Whenever a from or 2are of compenitnne paras
hecomes stable or siatic, then “boargeois” <o
pettion will deselap, Such “bonpeas™ copipwe
Liuen esists when the defense FIENERS TS ERE
hawh and the oficrnse always acts as o Jove. This
15 o mbual recagnition of mualls predictadde
behavior,

* The fewer the number of competitive vana®tles
thar are vriticall the fewer the number o cone
petitors, 11 onlyv one factor 1s crical. ther e
maore than 1wo or three competitors ure likels to
coexist, Galy one will survivg if the available
market shrinks. This is the “rule of threc ind
four.”

* The more vanables that can be impantani. the
larger the number of competiors that will coessy,
but the smalles their absaluie size.

# The more variable the environment, the foswer the
aumtber of sunviving competitors, Inthir 4.the
ahility 10 cope with the greater chany 4 the
eavimement beoomes the u'l.urrid'mg and von-
tralling fawtor,



The new entry or the development of 4 new
competitor depends upan the ability of that cont-
petitor 10 develop and wdentily a clear superiority
compared with all other existing competitors in
some subsection of the letal market. Sequence of
entry is important,

These and other hypotheses are direct derivatives
from the observable facls and generally accepied
theories of evolution in the biological and ecologival
sense. They are the pattern of palural competition.

The eathier work of the Boston Consulting Group

“attempied to develop a generil theory of competi-
Lion based on:

* Observable pallerns of cost behavier;
+ Considerations of the dynumics of sustainable
growth and capital use;

#= The role of the capital markets in permilting
these effects 1¢ be leveraged or discounted: and
¢ The relationship betwesn (hese in a system of

compelition.

- We recognized early Lhe inappropriateness of
accounting theories developed for other purposes as
~ mode} of economic behavior, We then develnpt,d

e concepts that can be summarized as “Cash in
and oul is all that counis.’

From this slart, the concepls of the gxperience
curve, the growth share trade-off, and the product
portfolio were devetoped. These were further ex-
tended by analysis of shared experience, business
risk versus financial risk trade-offs, the cost of
preliferation, and cultural and behavioral exirapo-
tation for competilors.

Many of these ideas are now commonly accepled
assumptions and part of the business language.

This conceplual framework of business compeli-
tion is far from complete. The knowledge and in-
sight into competitive systems are expanding al an
exponential rate. The growth is paratieling the ex-
pansion of our knowledge and insight inie the
physical sciences in the 1ast century.

-

Linking Science and Economics: |
The Path to Understanding
Competition |

The potential for developing a gencral theory ‘of
impetition from sociobiology has been substantial

STRATEGIC AND NATURAL COMPLETEION
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since Darwin’s The Origin of Species, However. for
nearly 160 years, biological competition and eco-
nomic competition folliswed different paths and
fittle or no exchange of ideas occurred beiween
them. This happened even though philosophers
such as Qswald Spengler peiceived Darwin’s con-
tribution 10 be “the application of economies to
hiotogy.”

Over seventy vears ago Allted Marshall in his
Prinviples of Economics, observed thut “econunmics
his e near Kinship withoany physical soence, Iuis
a branch of hjolegy hroadly e pocted ™

Muore recendy, Hinshleifer uhserved that:

The traditionil core ol compannentilized eamumice o
characterized by mdel thats Gy posdlite rativnal self-
inlerest Bebangur anthe pant ol indivaduabs with preferences
for gowds and services, and by allempy (0 esplain thewe
interactions among such imdividosls that take the form of
markecl cachinges under a lived legal svstem ol propers
and free Conlragt.

Only a very limited portion of human behavior can be
adequately represented by such constraints. In recent vears
economics has begun to break through these wI-imposed
barriers.

From one point of view ol the various socal sgiences
devoeled 10 the study of mankind vaken together constiluie
but a subdivision of the all envmupassing leld of scoodings !

For whalever reason., cconemics has been sterile
in its abilily to conceplualize compenton, The con-
cepts of perfect competition or of L-shaped and U-
shaped marginal cost curves are of questionable
validity. Nor are they observable phenomena in the
hroad sense.

To understand competition and its homeostasis,
we must be able o integrate ils entire system. The
guannfication of socighiology hus demonstrated the
power of analysis when competition is viewed as a
dynamic, ever-changing system.

[f competilion 1s Tully understood as @ system,
the benefils in rationalizalion of public policy with
respect to antitrust, regulation, and international
trade can be far-reaching.

i believe that insight into strategic compelition
has the promise of a guuanlum increase in our
productivity and our ahility o both conual and
expand the potential of our own fuwre.

a

Y1 Mk der, Fonrnat wf Foow wnd Fyomernty s, [T Seg b 1L L
Wlaim, S.r.uiv..lhl'.uft}_ﬂ-, Th T
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INTRODLCCICN

El objetive de este documento es mostrar la importancia gue las activi-
dades de informacibn industrial tienen, para que la funcibn de Gestién
Tecnolbgica se efectln, mis adelante, incluso existen alguncs ejemplos
y précticas que intentan mostrarlies de manera més pragmética las

\
expariencias que en México tenemos sobre cormo manejar las fuentes

infarmativas en apoyo de algunos problemas de administracibn de la

tecnotogla,

Antes de pasar adelante &5 necesario acordar algunos significados vy

concaptos que pueden aborrar malos entandidos:

Gestitbn Techolbgica.— Es la funcifin dentro de la empresa encaminada

a administrar eficaz y eficientemente la tecnologfa ya gque junto con las
actividades de Finanzas, Mercadotecnie y Personal es detarminante en

el desarrollc o estancamiento de las empresas,

Tecrologia,.~ Es el conjunto de conocimientos v habilidades que apli-
cados en forma sistemética a la produeccibn, permiten generar bienes
¥ servicios. Eg saber ¢Hmo se hacen las cosas a diferencla da cierncia

que £5 porqué suceden las cosas.

Informacibn,— La posicibn competitiva de las empresas depende en

gran parte de la informacién de que &sta disponga ¥y de su hakilidad para

convartirla en productos v servicios que el mercado necesita, solo
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mediante la aplicaclbn sistemética de los conocirmientos que la informa-—
cibn transfiere, podrd crearse un clima favorable a 1la innovacibn v a

la creatividad para desarrollar una tecml.ogfa propia, Cada vers es
mas acap;:ado el hecho de que asfl come una empresa requiere para
operar de recursos financiaros, maguinaria y equipoe, gente, etc,,
tarnbién requiere de conocimientos tanto de mercado para producir lo
Aque la genta r?ecesita, como tecnolbgicos para producirlos con las
caracterfsticas mhs ventajosas de calidad tanto para los usuarios como

para la ermpresa misma, ¥ estos conocimientos vienen implfcitos en

la informacibn tecnolbgica,

PROBLEMATICA DE LA INFORMAGION

Una encrme cantidad de conocimientos tecnolbgicos (informacibn) existe
an al mundo y su acurmulacibn crece mas dla a dla. De a‘l.gunﬁ manera
los pafses en desarrollc deben ser capaces de localizar, scleccionar,
evaluar vy adaptar astos conceirnientes para ser aplicados con fines

productivos,

Para tener una idea mejor de ésba problemitica revisemos algunos aspec=

tos referentes a la axplosibn de 1a {nformacién,
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Desarrollo Histbrico: ~

En los sigios pasados especialmente del siglo XWVIII hacia atras los
cornocimientos existentes sobre I(;,*1'«@.r'|r.':'ien y Tecnoclogfa, debido a su
reducido rimearo podian ser adquiridos con cierta facilidad por una
persona dedicada al estudio. Esto propicié que en el Renacimiento
algunocs: fueran considerados como genics, Leonardo Da Vinel par
ejempic dominaba las artes v las ciencias naturales y logrd acumu-—

tar la mayor parte de conocimientos de su &poca.

En la actualidad 8sto ya no es posible pues a medida que la huinani—
dad profundizd en los distintos campos de la ciencia, se generaron

nuevos conceptas y conocimientos, que sirvierop de base a otros

posteriores o nuavos,

Esto ha dude come resultado que en ruestra época sea imposible
adquirir y aprender todos los conocimientos tan solo de una discipli-

na o rama de la ciencia,

La creatividad del hambre, la investigacibn, tas necesidades de la

industria, etc,, han hecho que los conocimientos se multipliquen



con una velocidad tal, que resulta diffcil incluso, no solo su asimila-

cibn, también su organizacibn, localizacibn y recuperacién,

La Explosisn de la Informacibn,

LPero culill hz sido el desarrolle de la informacibn Cientffico-Tecnolbgica

en la historia de la humanidad?

4

Los slguientes datog nos permiten gpraciarlo:

- En 1665 se publich 1a primer revista de caracter cientffico, (en
Francta primero denominada Journal des Scavans) posteriorimenta
llarmada Journal des Savants. En el mismo ano en Inglaterra se
publich 1a primer revista de Philosophical Transactions. En 1882,

Alemania publicd Acta Eruditorum,
v

-~ £n 1B00 habla aproximadarnente 100 revistas de imvestigacibn en al

munco

- +

- En 1800 el iOmero se habfa elevado a 10,000 con la adiciéin de una

-

revista de resOmenes.

- -

- En 1a actuslidad la tasa de crecimiento del nOmerc de publicacionas

peribdicas de caricter Cientifico y Técnico se duplica cada 10 afos,
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Fara el afio 2000 se estima que se publicarin 1 x 105 do rovintas.
Actualmente se publican mas de 100,000 rovistayg tiocnicas,

Se publican al afo carca de 4 » 106 articulos de caracter Cientilico

Tecnolbgico.

£n el mundo entero se registran méas de 300, 000 patentes diferantes
al afio,

En el murklo existen més de 500, 000 personas dedicadas a la inves-—

tigaeibn.

Chemical Abstracts, cobra dedicada a la localizacifn y organizacin
de los documentos en esa Area de la ciencia resenb en 1977, 500,000
1

artfeulos sobre investigacibn, reportes técnicos, patentes, confe—

rancias v otrog documentes de aproximadamente 14, 000 ravistas,

Es importante para los pafses en desarrolle estirmular a la industria

hacia la aplicacidn de la Informacibn TEcnica.

Los catllogos industriales que constituyen una fuente Jde inforrmacibn
importante e indispansable para el ingeniero y €l thcnico representan
el doble del volumen de las publicaciones cientificas y son dificiles

.de aprovechar de manera racional,
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LA EXPLOSION DE [INFORMACION

{CONTAMINACION DE LA INFORMACION)

EN LOS CAMPOS CIENTIFICOS ¥ TECNOLOGICOS EL CRECI-

MIENTO DE LA INFORMACION S.E DUPLICA CADA 10 AROS.
100, 000 REVISTAS 1 4 M, ARTICULOS TECNICOS,

2,000 FUENTES SECUNDARIAS,

80,000 LIBROS C v T/ ANO (20% DEL TOTAL).

20, 000 REPORTES TECNICOS/ AND (120 M, PAGINAS),
MUCHA INF'{EJRMACIDN .f POCO TIEMPO,

EJECUTIVOS DEDICAN 4 H/DIA A LECTURA,
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GENERACION DE LA INFORMACION

La informacilin se gernera en las actividades de investigacifn v experi—
mentacifn que se realiza ya sea en laboratorios pOblicos o privades de
todos los pafses desarrollados ya sea mediante investigacibn basica,
irvestigacibn aplicada o desarrollo experimental; respecto a nuestros
palses, v en es;aacial. refiriéndorme a México podria comentar, gue ol
proceso de industriallzacibn se ha llevade a cabe en gran parte con
tecrnologfa importada pero que cada vez es mayor €l nimerc de empresas
industriales que estin realizando Investigacién vy Desarrolla en sus

campos industriales,

Sin ningln interés de abundar més respecto a 10s tan discutidos porcen—
tajes de invastigacibn, es consenso genaralmente aceptado gue para

palses en dasarrcllo lo major es;

APROVECHAR L NIVEL DE CONOCIMIENTOS TECNOLOGICOS
DISPONIBLES v NC TRATAR DE DESCUEBRIR LD QUE YA SE

DESCUBRIO,

Nos es rmas facil apoyar a las industrias, sobre todo a las pequefias v

medianas an una progresibn de actividades que van;



Seleccionar Tecnologlas
Adaptar Tecnologfas
Maodificar Tecnologfas

Crear Tecrnologlas

A nivel macro, se debe dar preferencia a las actividades de Irvesti-
gacibn y experimentacibn que aczleren la introduccibn de productos

Y procesos ya existentes y probados en otros pafzses, que sean cormpa-
ti bleé con nuestro patrdn de desarrolle o que se puedan adaptar o

modificar sin muehos prablemas.
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ESTRUCTURACION DE LA INFORMACION

Los técnicos, ingenieroas y empresarios, son totalmente dependientes
de su habilidad para adquirir ¥y manejar la informacién téenica dispo-
nible, como marce de referencia palr"a los conceptos gue manejar*er.rms
posteriormaente, la figura No. 1 nuestra, los canales ¥ fuentes de
informacién involucrados en la satisfaccidn de 1as necesidades de infor—

maclén por parte de la industria,

Es interesante mostrar en esta figura el progresc de un artfculo de
informacién a través de una variedad de medios de comunicacibn, desde
que se descubre hasta que se acepta dentro det acervo de conocimientos

registrados,

Los canales méas usados para la comunicacibn son indicados con lineas
rmAs gruesas mientras que las punteadas representan canales con menor

probabllidad da ocurrir,

En el ele horizontal se rmuestra la disponibllidad de 1a informacibn a la
camunicdad v en el eje vertical se representa gl tiempo relativo regquerido
para aparecar y difundirce desde que se descubre hasta que se imprime

o difunde en cada medio de comunicacién.
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10.

Algunos aspectos interesantes de esta figura son los siguientes;

Comunicacibn Interpersaonal,

l.a comunicaclbn interpersonal es quizé uno de los cenales més
importantes de informacidn para los ingenieros y técnicos, y se
refiere a la dlscusifn con 10s colegas y tiene la ventala de que

as informacibn que se adquicre rapidamente con pequeno esfuerzo

Iy es selectiva, tigme la posibilidad del diflogo para evitar malos

entendidos y es informacibn que lleva implicita la experiencia

personal del colega.

En un estudio de ingenieros en un ambiente industrial fué demos-

trado que ciertos Individuos son reconccidos como buenas fuentas

de informacibn ¥ se confla en ellos como "gate keepers", ya que
cierran el puente entre los colegas dentro de una empresa y los

canales formales e informales del extarior,
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Literatura Primaria,

!
El primer registro de nueva informacibn estl en la forma de un

reporta de imvestigacidn, t&rmino que cubre cualquier cosa desde un
cuaderno de laboratoric o bitacora de registros diarios, hasta docu-
mentos mis formales que han sido producidos como resultado de una

obligacibn contractual a camblice de forndos para investigacibn,

Conferencias .

Ya sea a nivel naclonal o internacional proveen un enlace adicional

entre canales de comunicacibn formales e informales.,
2

Patentas

El sistama de patentes garantiza por definicidn que se trata de nuevos
descubrirmientos, v en el cuerpd de la especificacibdn generalmente

engloba y comunica importante {nformacibn.

Tesis o Disertaclonas,

Se puedan considerar como una forma especializada de reporte v

contienen {nformacidn bastante cormpleta,

Revistas (Journals).

Han sido el principal medio para la revelacifn del nueve conocimiento
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de.los Gltimos 300 afos, y al mismo tiempo son considerados como

el registro fundamental de ctencia vy tecnologfa,

Literatura Secundaria.

Existen aproximadamente 2,000 revistas y servicios de Indices y
Res(Gmenes, 10s cuales proveen la clave para accesar la literatura
prlm_m'-{a, este tipo de obras, dado el crecimiento vertiginoso de
revistas, ti;?.ndenh especializarse, existiendo cbras en los campos

de la ingenierfa como el Enginearing Index, en el campo de la qu:meir.:a
como el Gh_érnl;.:al Abstracts, en el carmpo de la industria alimentaria;
coma el Food Sclence and Technology Abstracts, etc., también existen
bases computarizadas para casi cada una de cstas fuentes, Con estas

fuentes se recuperan los docurmantos.,

Existen también otras fuentes secundarias que NEs permiten recuperar
informacifn directamente como, moncgraffas, manuales, handbooks,

enciclopedias, libros de texto, normas, etc.
Revistas de Serviclos de Alerta.

FPueaden tormar la forma de reproguccibn v :ﬂifusi&n de las tablas de

contenido de fuentes primarias como por ejemplg Current Conts.,

1
; 1
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Fuentes Terciarias,

Este tipo de gufas de informacibn nos permiten tener una par;orﬁmica
de las fuentes primarias y secundarias de algtn campo determinado o
sector industrial, y pueden servir de primar punte da refarencia para

iniciar al planteamiento de un proyecto,

Barreras a la comunlzaclién,

£l sistema tiene imperfecciones o prablemas dentr-fo de los que destacan:

- El volumen tan extraordinario de informacibn con el consiguiente
problema no solo de aprovechar esta tnformacibn, atn solo de

clasificarlo.

- Extste duplicacibn da la informacibn ya que los individuos son acredi-

tados dependiendo del nimerc de publicaciones que han realizado,

- Existe también informacibn contradictoria y desde luego errbnea,

por eso as muy {rmportante criticar y evaluar la informacibn,
= Las barreras del idioma, el 80% de la informacién esti en inglés,

= La falta de conocimiaento de 1as fuentes y de como usarlas efectiva-

meants,



UTILIZACION DE INFORMACION EN LA EMPRESA PARA RESOILLVER

SUSs PROBLLEMAS

La informacibn es un insumo bisico para que la industria pueda tormar

decisiones en la solucién de problemas de distinta {ndole como:
- Que tipo de maquinaria y equipo &5 el que me conviene adquirir,

- Como debo distribuir mi planta (lay-out) ¥ manejar mis materiales.

_'.
- Que nuevas lineas de productos debo introducir ¥ coma debo diversifi-

ﬁar* las actuales,
- Como pusdo Incramentar mi productividad.
- Comao aprovechar ocportunidades de mercado.
- Como resolver problemas técnicos,

Podriamos continuar con una lista muy larga de problemas vy necesidades
o~
de informacibn que tiene la industria, siendo més (til el establecer un

modelo que nas parmita identificar el tipo de problema o necesidad, lo

cual hacemos a continuacldn.
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15.

-— . . Anflisis de las necesidades de informaciOn para 1a toma Jdo

decisiones:

100
Trascenden—
cia
T o= 'Estudios Sisterna de
- ‘*1 - “Especiales ) Informacibn
- _A- 1 .
- £ : I A = LT
hMediana
e . ~Nada Sisterna
Oparativo
o =l
Q 100
Recurrencia

De. este modelo as im

[ —— m—

portante destacar los siguientes aspectos princi-

- £l eje horizontal es el de recurrencia, es decir mientras més veces

se presenta la necesidad de informacidn de la emprasa, méas a la



+

derecha debe situarse,

- - - - . "
- -

‘El eje vertical'se refiere al’ impacto o trascendencia que tiene esa

necesidad para la empresa,

Existen 4 alternativas © cuadrantes que son:

— - nz

— Talta mt:ur*r‘encia alta tr\ascer\derw:la. Para necesidades de este tipo

o gine o oo P2 om0

eés recomendable crear dsntm de 1a empresa un sisterna de infarma-

_ cibn, este, tipo de necesidades son las de tipo estratbgico para la

el Beab

empresa,

- Co-sepmelismrsm oL T o - T

—

— Alta trascendencia baja recurrencia.— Este tipo de necesidades puede
- ez frawww L LtR3C JE o T 7

satisfacer—se de rmanera adecuada con estudins especiales ya sea

o= Loy o™ €
r*eah zaﬁns por personat dentro de la empresa o por servicios de

e

asesorfa y axtarlslm'n_snm tecnclbgico.

v e
TR LT

-t -

- b&j.a trascerﬂ&ncia alta recurrencia.~ 35Son las necesidades de tipo

Al e W Tt e !

thotico, operatlvo que se resuelven con sistemas de tipo operativo

Comg rest o as T Y LntdE Telt T s
basadas en lnfor-maciﬁn interna de la empresa,

F

arrdmes pemr R et DT - - 7
ns nncnsidades c.ar'ar:terizadas pc.'-r‘ baja tr*ascendanma baja recurrern—

gr inbrer moifs mLt et - TS
cia son necesidades sin impor'tancm.

st et parteT L. . T T

aal hacsrnos i [ wig iy T LRl Y o L g
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T

Sistamas de Informacibn-Innovacibn— Tecnologfa,

Los sistemas de informacibn para la empresa es el mecanismo por

medio del cual la empresa posee la capacidad de monitorear su

entorno y detectar tanto oportunidades como amenazas que le

puedan afectar, tdentificando de esta forma conocimientos Otiles

para sus proyectos de desarroilo tecnolégico y creando asl un

ambiente propicio para que a innovaclbn tecnolbgica se presente,

Algunas funciones formalas que deben cumplir son;

)

Sistamatizar y organizar el flujo del conocimiento dal
axterior a la empresa de tal forma quo éste sea usado en el

desarrollo de 1a misma,

]
Proporcionar informaclibn al personal profesional que permi-

ta desarrollar una capacidad intelectual gue se aplique a la

creacifin de productos v a la penatracifn de mercados. FEi
desarrollo profesional de los individuos gque prestan sus

servicios en la compaffa se realiza meadiante la difusibn

metbdica y racional del conocimiento contenido en documentos,

revistas y reportes tbcnicos, estudiog de instituciones de
I & D, etc,, de acuerdo a las necesidades de informacion de

la empresa y de cada uno da los usuvarios del centro infarmativo,
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3,~ Colaborar en la solucibn de preoblemas de tipo operativo v de

tipo estratbglico,

4,~ Analizar tendencias en los diferentes entornos (techolbgico,
econbmico, etc. ) que permita a la Direccibn y a los responsa-

-

bles del proceso de innovacidn tecnolbgica y organizativa 5.
detectar a tiempo el advenimiento, el progrese vy las conse—

cuencias de cambios en los entornos gue presenten oportunida- |

des de negocio o amenazas para la empresa,

5.— Organizar la capacidad profesional de los colaboradores de
la comparifa de tal forma gue sea utilizada en el anflisis y

evaluacibn de informacibn que permita contar con un clirma de

inmovacibn a todos las niveles. "

6.— Qrganizar el uso de la informacibdn generada internamenta

de tal foryna que exista una armonfa organizativa.

Los sisternas de informacifn para la innovacibn son recomerdables

‘crearse en empresas en las cuales:

4
'

' H

. . . . L
a) Se encuentran ubicadas en una industria en la cual €l dinamismo !

tecnolbgice es moderade y alto.

k) Las necesidades de informacidn son recurrentes & importantes.
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El tamaRo de la empresa es mediarng y grande.

La Tecnologla es un recurso competitivo estratégies.

L.as principales etapas que sa deben efectuar ¢en la creacifin de un

servicio de informacibn-itnnovacién-tecnologla son:

1.-

Apoye de la alta direcclfn. - Diffcilmaeante tendri éxito un
sistema que no cuente con recurgos y apoyo de log altos
directivos,

ldentificacién de las Areas estratégicas de negoclo, - Permite

-la ubicacibn general del sistama tanto en servicios como en

recuyrsos necesarios,

Identificacibén de necesidades de informacidn de log usuarios
pﬂten_c:ialas.— DefintctHn da expectativas v requerimiantos
personatizados.

Cefinicidn de servicios gue se proporcionarin a los usuarios,
- MMonitoreo

- Diseminacibn selectiva de informacibn,

- Grupos de evaluacibn.

; |
Idgentificacidn y seleccidbn de las fuentes informativas documen—

. lales y no documentales que constituiran el acervo,

Adquisicibn, catalogacibn, almacenamiento y recuperacifn del

sistema.
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, . . J _| o . e
WETY e Evaluul:lﬁn y r‘atrogllnjq:ntaci&n del sistema., Comao esté o

- .c%liﬂadx (preclﬁlﬁn} el tiempo de PBBPU&StB vy el costo del

=i ste.ma

F * "

Algunos cornentarios adicionales a estas etapas son;

Algunos errores comunes en el establecimiento y operacibn de

y

sistemas de infnr*mnmﬁn n:lentr-n de ampresas son:

' T
o

i L

1.— No definir claramente las necesidades dea los usuarios,

2:—-. Comprar sisternas de informacibn. caros y sofisticados cuando

equipos més simples y baratos hubieran sido igualmente

ﬁﬁl&ﬁ- - -
3.- Igmrar- la neﬂ&sidad de gente capacitada en bibliocteconomia/

LY

B, documentacién. s

REL b - et
4,- Subestiman el pmblema del idioma,
—m ELT T 2 7 - .
5.~ Gastar rruy pm:o en el acervo de informacibn,
e prliierre R s

6.~ Fallar en el control de las revistas,
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METODOLOGIAS DE BUSQUEDA DE INFORMACION

Desde el punto de vista general, las necesidades de informacibn
tecnolbgica para una empresa por parte de sus ingenieros y teenicos

puede presentarse an tres formas:

L

1, Informacidn para la actualizacibén, Como yva se ba mencionado
antes, dada la axplosibn del conocimiento a5 necesario que los
ingenieros v tBcnicos estén alerta de los nuevos descuﬁrimientos
Y avantes en sus carnp?s- de accibn, el medio mis comiin para
esta actualizacifn es el contacto con colegas, dantio o fuera dal
lugar donde trabajan, as{ come la asistencia a conferencias, y

desde luego la lectura de revistas en sus campos de accibn,

2, Informscibn parala Operacién.— En las actividades operativas
diarias de la industria es muy frecuente la necesidad de datos o
hechos come la viscosidad de un Alufdo, o las propiedades fsicas
de un material, generalmente se aplica la regla del menor esfuerzo
en la adquislcif_m de estos datos, como se muestra en la siguiente
I‘igur"a-t, es decir en 1z fuante {nformativa .qun:e primerc se encuentre

lo buscado se detendré la blsqueda. ,-"‘/
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Informacibn Exhaustiva.— Este tipo de blsqueda de informacién es la
encaminada a satisfacer las necesidades de informacibn a nivel
estratégico como ta seleccibn entre varias alternativas tecnolbgicas
para fabricar un nuevo producto, buscar nuevas oportunidaoes de
mercado, conocar las tendencias tecrolfgicas de un proceso de produc—

clon, etc,

Es este tipo de necesidades el objeto principal de las practicas que

4

realizaremos mis adelante,

Sea muestra en la figura siguiente una secuencia o metodologfa recormen-
dable para recuperar informacibdn, de la cual zlguncs aspectos relaevantes

son los siguientes;

Etapas:

1 -2 r:Las dos primeras etapas son muy tmportantics en cualgquier
Blusqueda pues si no se enti"e-.nde perfectamente lo que se osti buscande
no ce encontrard informacidn debemos dafinir; limitaciones téenicas,
capacidades, fuentes de informacién utilizables (patentes, reportes,

normas, artfculos técnicos, ete,) retrospeccibn o perfode de blsqueda,

forma en que se esperan los resultados; documentos bibliograffa ete,’



e3

3. Esta etapa es vilida solo cuamas 1o porsona o Uenes Ton comusy--

mientos necasarias, ah cuyo ¢aso debe rocurrirse O fuentes seoun—

darias de tipo informativo.

4. Se refiere a la ptaneacidn de las fuentes que se utilizarén para

obtener la informacién de manera més facil vy répida, listando las

fuentes en el orden en gue serén usadas. Las fuentes terciarias son

- —— A

;dc inestimakie valor an-‘ia definiclbdn de las fuantes que se utilizaran,

-

sobre todo cuando no se conoce bien el campo de bdsqueda, es prefe-

rible usar primero las fuentes secundarias especializadas, es

- -
-~

necesario deflnir en esta etapa los descriptores o palabras clave

usando catilogos de palabras clave o thesaurus.

5. Con obieto de probar la estrategia de blisqueda, es recomeandable
""a_ . ’ -

realizar un sondeo para probar si esth correctarmente planteada la

oisqueda en caso positivo se debe emprender la bhsqueda principal de

informacibn,

6. ~ El éxito en la blsqueda de informacidn depende de varias caractie—
ri{sticas; expsriencia, creatividad, perseverancia, ertrenamiento, de

parte del investigador,

7. LUina vez ide.r;tif"icado log documentos, es necesaric recuperarlos |
para lo cual se debe acudir a servicios como al BLLL en Inglaterra,

Information unlih'\itn_d o NNorth Caroling on Estados Unidos de Armérica,



b "oN fOrd

|

DEFINIR EL TEMA
TE

LA BUSQUEDA

FLTJAR LA PROFUNDIDAD
DE LA BUSQUEDA

FAMILIARIZARSE CON EL
5= TEMA E LA BUSQUEDA

1-

[FEENFOCAR 1A BUSQ‘UEIH;

51 ES NECESARIO
]

REALIZAR BUSQUEDA
PILCTO

¥

DEFINLR ESTRATEGIA DE

REALTZAR BUSGUEDA
PRINCIPAL

RESULTADO IT LA
BUSQUEDA

LA BUSQUEDA

SI LA BUSQUEDA NO ES
EXiTOSA CONSULTAR ESPE-

1 CIALISTAS EXTERNOS Y
FUENTES IX MATERIAL NO
PUBLICADD.

et ¥

il



CONOCIMIENTOS ¥ EXPERIENCIAS (INFORMACION) TECNOLOGICAS }

L L ,,

*

\ l COMPRA COMPRA COMPRA, COMPRA BUSQUEDA Y EXPERIN-NTACION |
v v v _I
APREND I~ MODIFI= | MEJORA,
ZAJE CACION ' !
»
INVENCION
v'd

EXPLOTACION
COMERCIAL

& . hd b r

ADCPCION ADARTACION DESARROLLO

v - L g ¥ , 1r

SEPENDEN ASIMILAC!ION INNOVACION

an - - F ]



25 ,

07

- -

L.a NECESIDAD DE INFORMACION PARA LA GESTICN TECNOLOGIC A

La figura No. § muestra un modelo para cenceptualtizar las distintas
opciones para desarrollo de la tecnologfa en una empresa, asf como las

implicaciones y relaciones con la informacidn tecnolbgica,

Como se puede observar la opcidn de compra (lado izquierds) en cual-
quiera de sus formas Asistencia TBenica, Maquinaria v Equino, Patentes,
Entrenamiento mediante relaciones contractuales crea una dependancia

peligrosa para la emp-esa, asf como una répida implementacion.

£n el extremo opuesto se encuentra la opcibn acliva © creativa que conduce
a2 la innovacién ., mediante la bisqueda, experimentacibn y e:xplutacién

comercial, desarrollando tecnotogla propia.

De manera intermadia se tienen las opciones que conducen a la asimilacién
i I
variando en grados de pasividad, actividad, adopcibn, adaptacidn y desa—

rrotlo,

La utilizactédn de una u otra de estas alternativas depende de numerosos
factores entre los que cabe destacar; la naturaleza del producto, grado
de sofisticacifn tecnolbgica del procese de produccibn, tiempo disponible

para su implamentacibn, etc.
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_, Paro indiscutiblementa de la forma como ue admini,bee La teenelogla
'dela amprasa el conacimianto y exporiencia que se chcuecniran
implfcitas en la tinformacidn tecnolbgica son insustituibles en ol proce—

s0 de administrar la tecnologfia,

.Las industrias de pafses en desarrollo principalmente las medianas y
pequeﬁas necesitan de servicios de informacibn gque No resultan costea—
bles ni eficientes 8i se organizan en cada centro de produccifn o en

cada en-ipr-«asa, por el alto costo de los recursos Que se requieren.,

- — e —

Estos servicios deben ser generadores de un flujo de conocimientos

L. -
tec‘mlﬁvgicos hacia laz empresas, que les permitan identificar areas

el

hct?mlalas da dasarrollo tecnolégico a través de cportunidades de

—— —-k

.
|
- B

B — - -

¥

A continuacibn les comunicardé a ustedes las experiencias de desarrollo

- v npern_l:iﬁn de un Servicio de Informacibn y Asistencia Tecnolbgica.

4
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OEJETIVD. Sensibilizar a los participantes en las metodologfas
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de accesn a“la informacién.
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PRESENTACION DE LAS FUENTES:
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Tomando como punto de partlda la figura 1 de canales da co-
Smunicacifn. derla~informaci®n se pretende presentar de mane-
ra concreta algunas de las mis importantes fuentes de la

SHTIURA L. o B TETT.
informacibn y posterxormente realizaremos algunos ejerci -

cios,
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FUENTES SECUNDARIAS

. RESUMENES E INDICES

Existen en la actualidad mds de 2000 servici-
os de resumenes e indices cubriende la cien-
cia y la tecnolegia, desde mi punto de vista
la utilidad mis grande que presentan es el e-
vitar tener toda la literatura publicada en un
drea especffica, va que estas fuentes precisa-
mente nos permiten saber en éonde se encuentra

la informacifn que necesitamos.,

También pueden considerarse herramientas u
tiles en la actualizacién profesional y como
acervos completos de conocimientos pasados. Con
respecto a este dltimo punto es importante men
- cionar, gque la tecnologfa desde mi punto de vis
ta, generalmente se le evalua considerando prii
cipalmente su obsolecencia pero tomando como
punto de referencia los paises desarrollados.
Especialmente para nuestras pequefias v medianas
empresas, este es una parametro ne aplicable
¥a que nuestro patron de desarrollo es diferen
te de el de los paises industrializados, y vol
viendo & nuestros servicics de resumenes, son
precisamente estos los gue nos pueden ofrecer
las distintas alternativas tecnolSgicas para
seleccionar la mids adecuada de acuerdo a las
caracteristicas de la empresa, el mercado y el
pals,

A continuacifin les presentare a manera de

3o.
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ejempic de estas fuentes, cinco servicios de

los que copsidero mds aplicables.
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Engineering Indax

Anual 1985 Mengual 1962 Computarizado 1970

- Es el mayor servicio de resumenes in-
terdiscipliario - del mundo de la literatura de
ingenieria, en 1974 aparecieron 85000 resume
nes y, anotaciones extractadas de mis de 2,000
revistas, repartes; conferencias, simposios,
l;brnq. estandares, .

-
F-o. v T ourt

=-+ . Practicamente cubre todos los campos
de la:tecnologfa y los ‘resumenes son arregla
dos alfabdticamente por encabezados, de acuer
do. -a una lista.de 12 000 terminos aproxima
damente - denominada SHE {Subject Headings for

. Engineering) .

S R :
;_zgg;Lnfnplicaciﬁn de la infnrmacién conte -
nida en esta fuente tiene aplicacifn précti-
camente:en: todo tipo de industrias y en Espe-
q;ulppara?la realizacién de funcicones .de In-
genlerla;, Investigacidn y Desarrollo, Tenden

cias:Tecnol8gicas, Planeacifn.

2= B B il - -
.

-ra «» Aparece.mensualmente y puede ser <¢on-
sultado en-forma computarizada desde 1970,

P . T - -
o — wm l— L = -

Matals. - Abstracts: - - s
- - =1968 i

c - -4-:#—""'-1' -
. -

P R i e -"-':":"-'
zz2£s. E8 publicado por la Rmerican Society
for Metals cubriendo aproximadamente 1000
revistas en:los siquientes temas relacicnados
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+

con la trangformacifn de los metales: Ma-
quinado formado, forja fundicifn, soldadu-
ras, seleccin de metales. Puede consul-
tarse por computadora.

3.
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Chemical Abstracts. Tt P L)
1907

Resumens bibliogrificos de articu-
los seleccionados de aproximadamente 14000
revistas cieqtificos y Técnica procedentes
de m&s de 150 pafses y publicadas en mds
de 50 idiomas; resumenes de patentes regis
Fradus en 26 palfises resumenes de nuavoes
libros, disertaciones, conferencias e Iin -
formea t&cnicos sobre temas de o relaclona
dos con la qufmica especificaménte-Bioqui-
mica, Qufmica Orginica, Qufmica Macromo-
lecular, Qufmica aplicada e ingenieria gui
mnica.

Applied Science & Technelongy Index
1958~ ' ' ’
|

Es la continuaci6n de el Industrial
Arts Index.y es publicado mensualmente con
recopilaciones anuales. La manera de con-
sultarlo es por encabezados alfabéticos con
referencias cruzadas, es decir un artfculo
se puede encontrar buscando bajo distintas
palabras clave, cubre solo revistas en In-
glés,
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-.and:5cience“and.Tecnnﬂlogy Abstracts
1969- ; o
‘Resumenes bibliogrAficos de articu
los :seleccionades de aproximadamente 2000
revistas icientificas y técnicas preceden-
‘tes -de :mis de ‘50 paises y mis de 43 idio-
‘mas; resumenes de patentes registrados en
;mﬁnfdaizn;paisés-cubre agpectos como, "‘Ma-
iguinaria-y equipo para-el procesamiento,
eonservacifn, estindares, aspectos-ccond-
‘micos 'y -estadisticos en:el Area deIngenig
‘ria-de ;alimentos.

35,
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" Patente

. .

Se estima que a nivel mundial exis
te un volumen de 17 milicnes de patentes
de las cuales 4 millones todavia estan vi
gentes.

Algunas de las ventajas que tiene
el uso de patentes como fuentes de infor-
macifn son la siguientes: .. ...

- La informacién tfcnica-cbtenida de
loes patentes es muy completa dado que es
necesario incluir suficiente informacién
para evitar rechazos por "“insuficiente re
velacisn™.

- Estan limitadas por definicién a
contener sclo nueves desarrollos, datos e
ideas.

- En la seccidn correspondiente a es-
pecificacibn discuten las dificultades a-
sociadas con investigaciones previas, téc-
nicas productivas y ofrecen métodos espe-
cifices de solucifn esto en ccasiones no

se publica en revistas y libros.
- Hormalmente revelan las innovacio-
nes tecnolfégicas antes que otras fuentes

de informacién.

- El sistema de clasificacin por su



hs

-

consistencia permite recﬁﬁéraflas con fa-

cllidad y rapidez una vez que sc conoce la
clase objeto de la husqueda, la recupefa-

cifn de informacifn de patentes puede rea-
lizarse ﬁur cualquiera de los tres siste-

mas siguientes:

Sistemas Oficiales Nacionales, esto es, si

se efectuan busquedas utilizando la infor-
macifn generada por gobiernos en materia
de-patentes, como pox ejemplo, la Oficina
de Patentes de EUA.

Sistemas Oficiales Internacionales, esto

es, 8i se efectuan busquedas utilizando la
informacién generada por organismos inter-
nacionales en materia de patentes como por
ejemplo la focina Mundial de la Protecci-
8n Intelectual (OMPI) '

Sistemas Privades, esto es, si se efectuan

" busguedas, utilizando la informacin gene-
rada por organismes internacicnales en ma-
teria de patentes, como por ejemplo Der-
went Publicaticns LTd {Inglaterra},tIFi

Plenum {Estados Unidos), Chemical Abstracts
(Estados Unidos). -

Rdemas es posible enfocar la meto-
dologfa de’ la recuperacifn de informacién
de acuerdo & si se hace manual o por medi-
o8 computarizados,
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', A,continuacidn se mucstran algunas de jas

fuentes de acceso a las patentes.
Sistema Oficial de E.U.A.

En la actualidad tienen un volumen
superioc a los 4 milliones.

Es importante mencionar la gran im-
portancia de este accesc, ya que algunas 5
timaciones presentan esta fuente como el -
mds completo a nivel mundial por el inte-
reés que el mercado industrial de los EUA . v
tiene para otros palses lo cual motiva el

registro de sus patentes en esta fuente,

Para la recuperaclifin es importante B "™*

considerar la existencia de 3 elementos:

{?*. .
.1.- El Boletin de Clasificaci6n.(Official
Gazetta) '

"
4
2.— El Indice de Clasificacidn

-

3.~ Manuval de Clasificacién B

-
1

. . .
* "
- T8

Estructura.- El sistema consiste de 3155 cli ‘
ses y mis de 100 000 subclases. -

Para el acceso es necesario consul-
tar primero el Indice de clasificacifn, vy

afinar la clase en caso de que sea necesa-

ar



U

rio en el manual de clasificaci®n otros

accesos. existentes es por lista de paten-

tes,

‘39,
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World Patente Index

Estd fuente de informacidn contie-
ne los resumenes de patentes en lcs cam -
pos mecinico, élEctrica y general, otorga-
dos por los principales patses industria-
lizados desde 1974 entre los que destacan
Union Sovietica, Relno Unido, Alemania Oxi
ental, Alemania Occidental, Japﬁn, Francla.

. ~ Este banco estd computarizado y la
nanera de recuperar la informacifn se pue-
de efectuar por:
= Tema

= Companiia

Patente
Clasificacibn Nacional
= Clasificaclén Internacional

Claimé Gemé.

-

"'Esté banco cubre patente en EUA.
desde 19?5 a la fecha y s8lo registra pa-

tentes snbre Meclnica y Eléctricidad, las
patentes pueden ser localizadas:

- por tema

- por nombre de la compania
- por patentante

- por c¢lase y Subclase.
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IMPADOC.

Ez un bance de patentes muy impor-
tante, propiedad del gobierno Austriace
que tiene un registrc de 8 & 9 millones de
patentes a nivel mundial.

Su misién es registrar y ordenar
los datog de biblicgréficos de las paten-
-tes para que puedan ser aprovechada la in

formacién de patentes.

11,
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ESTANDARES.

£8* ura importante fuente.de infor-"

macidn tecnolfigica, que permiten en mu -

chos casos identificar areas en donde me-

joran la confiabilidad, calidad, seguri-
dad de los productos o de la maguilnaria o

equipo utilizado en las empresas, ya que

definen requerimientos minimos, m&todos

de prueba y métodes de uso. Encontramos
estandares de dos tipos:

a)

b)

Internacionales.- Las dos organi-
zaclones mis importantes son: The
International Organization for -
Standarization (ISO) y the Inter-
national Electrotechnical Comissi
on {IEC), aun cuando existen otros
que agrupan algunos palses como
European Committe for Standariza-
tion CEN.

Nacicnales.- La mayoria de los paf
ges y sobre todo los industrializa
dos tienen una gran cantidad de
nofman que son un valioso apoyo
informativo,
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CATALOGOS

~ La informacifn de catdlogos es de un
volumen dos veces mayor que el de los ar-
ticulos de revistas técnicas. Las empre-
sa3 generan este tipo de informacifn para
facilitar la comercializdcidn de tus pro-
ductos, perc constituyen indudablemente un
elemento informativo de enorme utilidad,

I.os catdlegos puaden conseguirse as-
eribiendo directamente a las empresas fa-
bricantes o distribuidoras en otros palses,
actividad para la cual es indispensable
contar con-pirectorios Industriales Intexr
nacjicnales comp los KompaAss gque nos per-
miten determinar la empresa, direccifn y
tamafo aproximado por ntmero de obreros o
volumen de-ventas,

Existen también servicios que se de-
dican a vender colaccicones de catilogos
industriales como Information Handling
Service {de EUA.) o Berliner {tambien de
E.U.A. L.



SERVICID DB DOCUMENTACION

para la recuperacifn de los documen-
tus.una ﬁez conoaida s utilidad, exigten
servicinb que se dedican a ‘tener coleccio
nes ccmpletas de revistas, © a consequir
les en otras biblictecas de los servicios
que cnnsldern mis importantes por su con-
fiabilidad egté ‘el British Lending Libra-
ff‘éuiéﬁ en base ‘a un sistema de cupones.
puede conseduir - practicamente cualguier
artfculo patente o conferencia, sin em-
bargaiexisteﬂ-ﬁfroé gervicios en-E.U.A. co
mo Infur@éfién'ﬁnlimited-y North Carclina.

- -

-
"

Considerando 1a intervencisn de estos
sarviciogjﬁafizlafrééupera&iﬁn de documen-

- -

tos, es importante degtacar gue las activi
dades de”informacifn tecnoldgicas en una

T,

empresa no deben encaminarse al almacena-

je de dncumentus, gino al diseho de ser-

vicios que permitan estar alecrta de las

1
amenazas ' opartunidaEEE tecnoldgicas para
la empreaa v a la recuperacién de la infor-
ot
macién verdaderamente Gtil y aplicable.

R

e - -

44.
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INTRODUCCION. -

El objetivo de este documento es mestrar las ex-
perienciﬁs, el desarrollo histbrico y las tenden
cias que tiene INFOTEC ¢omo servicios de informa
cifn, asistencia tfcnica y extensionismo tecnold
gico (BIATE} en el apoyo de la Gestidn Tecnoldgi
¢d de las empresas, tanto a nivel conceptual y

filosffico como a nivel priactico y operativo.

Para este fin es necesario abordar aspectos sobre
8u concepcifn general, objetivos b&sicos, y sobre
todo ejemplos practicos gque muestran claramente
el tipo de-hpnyo y potencial gue un mecanisma de
esta {ndole presenta a la ¢reacifn de una techo-

logfia propia y a la innovacidn tecnalSgica.
DESCRIPCION GENERAL.

INFOTEC es una organizacifn de servicios tecnold

gicos principalmente para la industria mediana y

_pequefia del pafs , que realiza actividades de di

fusibn de informacibn, asistencia técnica y exten

pionismo tecnoldgico,

Se inicié-cnmu un experimento dentro del CONSEJO
RACIONAL DE CIENCIA ¥ TECNOLOGIA {CONACYT} a prin-
cipios de 1972 con el fin principal de difundir

la informaclén cientifica y técnica a la industria
satisfaciendo la correspondiente necesidad que en
ella existia. Debide a 1a.prom0ci5n ¥ operacibn,
paulatinamente asa necesidad se fue transformando
en demanda, hasta el punto en que INFOTEC requirif
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su autonomia para el mejor desarrollo de-sus fun-
ciones, y en 1975 se separo fIsicamente de CONA-
CYT.

Para su pperacidn recibe un subsidioc de parte del
Gobierno Federal que es administrade en fideicg-
miso por MAFINSA, y aportaciones de organizacidnes
internacionales dentro de lis qun destacan OEA ¥

L ONU.,

. .
LR L L]

v - 5Su Zoperacifn no persigue fines de lucro, sin em_

bargo,rlos sérvicios y apeyos que proporciona a la

industria se cobran, bisicamente para recuperar

T
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ados ~en el servicio
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IIT.~ FILOSOFIA:¥ OPERACION DE INFOTEC.

" MISION: cContribuir el desarrollo tecaollgico e
- CAS s © v *o”

%+“industrial del pafs a través de facilitar y pro-
mover el uso del conccimiento—entla:produccidn de

bienes y servicios.

FIN: Favorecer la creacibn de una capacidad tec-

nolfgica propia y de innovacifn en las empresas.

Algunos de los propdsitos biAsicos perseguldes son:

Resolver probiemas t&cnices y operacionales.

* Incrementar.prodictividad.

° Mejorar procesos y productos existentes.

Dezarrollar nuevos procesos ¥y productos.
®* Aprovechar oportunidades de mercado.

En un contexto mis amplic, el papel de INFOTEC
como mecanismo de apoyo a la comunicacidn entre

el sector industrial v la Infraestructura Cien-
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tifico Teconolfgica se muestra en el siguliente

diagrama:
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SERVICIOS ACTUALES DE INFOTEC

Los servicios de INFOTEC pueden ser agrupados en
Cuatro categorias.

- Bervicios de Informaciéin
- Servicios Técnicos compartidos
- Seryvicios de capacitacidn

- Sarvicios de Asistencia Técnica

Han sido disefiados para satisfacer; desde las més
sencillas necesidades de informacis&n técnica, hasta
los m8s completos casos de asistencia tecnolbgica
para la industria con un enfogque multidisciplinario
y flexible a continuacibn se muestran sus principa-
les caracteristicas.

Servicios de Informacidn:

= Boletfnes de Noticias Técnicas.- Se publican un
conjunte de boletfines t&cnicos gque constituyen
un medios para mantener informados y al mismo tiempo

incrgmeﬁtar los conocimientos de los profesionales.

- Servicio Express de Informacidn.- Consiste en el
servicio de consulta a bancos computarizadeos de
informacifn que permiten localizar y obtener infor-
macifin confiable en un minimo de tiempo.

- Divulgacifin de informacidn del National Technical
Information Service (U.5.A.), se ponen al alcance
de la industria los resultados de las investigacio-
nes ﬂél Gobierno de los Estados Unidos gue consisten
et mis de un milldn de reportes en nultiples campos

de la ciencia y la tecnologla.
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- Servicios Editoriales.- Consiste en la publicacifn
de aquellos libros que se consideran de Interés
para la industria.

- Servicio de Documentacifn.- Mediante este servicio
la industria puede cbiener practicamente cualguier

documento publicado en el mundo,

Servicios Técnicos Compartidos i +

- Programa de Informacidn Tecnolfgica.~ En este ser-—
vicio se integran una combinacidn de servicios de
informacién y asistencia t&cnica basindose en los

gervicios mas usados en la mayorlia de las empresas.

Sexvicios de Capacitacidn

-

- Este programa estd formade por un conjunto de cursos
Y seminarics encaminados a dotar a los individuos
que manejan los conocimientos tecnolfgicos, de los
concaptos métodos y té&cnicas que les faciliten ad-
miﬁis}rar la tecnologia.’

Eervié&ﬁé de Asistepncia Técenica

-~

-

- Este ‘servicio constituye un instrumento multidisci-
Plinario da poyo t&cnice, que operando temporalmente
como una extensidn de la empresa, le proporciona
servicios de ingenlerfia y.consultor{a en general;
adaptandose a ‘'sus necesidades particulares, para lo
cualfpreviémentp ge presenta una propuesta gue espe-
cifica“el alcance, duracifin y costo del trabajo en
cuestifin,
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Desde'el’puntoTdelvista de necesidades de informacién
para la admipigtracitn de la tecnelogia dentro de

las emprasas,sdeben;,visualizarse 3 niveles cada uno
teniendo diferentes, necesidades. En INFOTEC estamos
conscientes de estd situacibn ¥y nuestra gama de ser-
vicios para-satisfacerlos; bﬂdriamos presentarlos asf.

= T, -

1.~ EstrateqfarTecnolégica.- A este nivel se establece
los planes & largo plazo de 5 a 10, se definen cbje-
tivoa, polfticas, etc. Los tipos de trabajo que

'hEMDEanﬂliZEaﬂlﬂﬂﬂj!T~ "

.mrPrnnﬁsticosrr.Tbndencias-Técnﬂlagicas . o
tyConmultoriazen:el:desarrcllo de sistemas de
pacreatiyidad.eny la:empresas. . S L. STl s

'~ ‘Asesoria.enzla.organizacibn y administracisn de
Teslazfuncifn' de Investigacifin ¥y Desarrollo

- Cursos de innovacibén tecnolbgica.

ZrAnfilindside. Vuiperabilidad.

- Exploracidn de oportunidades de negeocios.

-~ Boleiirss 2p *=+sipic-
2.~ Tictica Tecnoldgica.-: Nivel en el cual se desarrollan

los: planeszaucorte plazo.
increamestar o mas-: oo

- Los tipo de servicios son los siguientes:
— Eesvicin REDONE o licwld6e. - . T omEem ow
-rAgesoria.en .contratos; de negociacifn de tecnologlia,
- 'Eatudios de .mercado de preductos industriales -

- ;Anflisisyde patentabllidad e Infringimiento de

patentes.
-~ jEatudios :de :factibilidad Técnice Econdmico..-

- Zldentificacibn-desproveedares .alternativos de -

<Tecnologlazsia - .. . =4 . R S
'ges -Col Goliwrs 2~ .~5 . .in . T .-
3.~ Operaciones:zTecnolégicas. z __~_ :-

-

e I ccensizx v la st vl
- Diseno e Ingenieria de productos

- Proveedores de maguinari y eguipo.



Especificactones de materias y producto
minado

Procesos alterpativos de fabricacidn
Distribucifn de planta (Lay Qut])
Manejo de Materiales.

Planeacién y cvontrol de la produceién.
Laboratorios de prusbas y analisis.

Cursog para formas Gate Keepoers,

84
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TENDENCIAS DE LOS SERVICIOS DE INIOTEC

A lo large de su desarrollo, INFOTEC ha presen
tado una clara tendencia, como era de esperar-
se, a realirar trabalos mis completos, con ma-
YOr valor agregado, ¥ por lo tanto mis intere-
santes.

Con un enfoque m#s orientade hacia la solucidn
del problema que tiene el cliente, nos hemos
ido separando del enfoque documentalista hacia
el anflisis, evaluacién y en muchas ocasiones
aplicacifn de la informacién para resolver la
probhlemitica industrial, procesc que en mdlti-
ples ocasionea ha requerido de apoyo institu-
cicnal externo a INFOTEC, habiendo trabajado
con consultores independientes especialistas en
campos caomo; metalurgia, electrénica, empague,
abogados de patentes, etc., e instituciones tan
to nacicnales como internacionales como el Ins-
tituto de Ingenierfa de la Universidad Nacional
rutbdnoma de México, Standford Research Insti-
tute y Production Engineering Rescarch Associa-

tion,

Lo anterior no guiere decir gue yva ngo se rca-
licen trabajes de tipo documental, blsguedas
bibliogrificas, recuperacibn de documentos, etc.
3inc que estos se elaboran para empresas gue tie
nen la capacidad técnica, como el tiempo para
analizar e implementar dicha informacién.

En otras palabras la versatilidad de INFOTEC pa

ra atender las demandas de laz industria ha cre-
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Un cnméntario final gque confirma la directriz

que hemns tamadu con respecto al cobro de ser

- - 0% .&\..-

vicias, “es quu el industrial debe estar cons-

ciente de que los servicios que se le propor-
- Shall
cinnan tener la posiblidad de ser autofinancia

LA ’blea, meta que_ astoy seguro gue habremos de

L. e
cunseguir dentrn de dos anog a partir de esta
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1.- E;_urpresa fabricante de cilindros hidriulicos.
& o fr

P%ohlema.

e . e

‘En general Prnducto deficiante, particular
- Taw ol a7 .. "1--1-

St Tiente ho cumplia can estandares (normas)

- u—;u:—'—“‘gﬂﬂ f—-ﬂ
al no mantener concentrlcidad interna, pro

- am=

- vacando fugas fuera de limites telerables.

ThOt Loy e -
Traha]n de Ingenlerfa de INFOTEC:

a)’ Identificac;dn de informacién t&cnica

- - =

cubriendc los siguientes aspectos:
Lo iy oLE o _
= procesas alternativeos de fabricacién

{3 en este caso)

T -

materias prlmas

ulerancias da fabricaci&n

d -I-i-.ﬁ-

espesar de cromado en el vastago

;
1
t ,t:-,é-,p.

soldadura

- e a . * L
£ . —1antr01 de calidad
- ITiges ECF gt s -
e = ‘eat&ndares de fabricacién y mé&tcdos
TR o T

de prueba

b} En base al proceso mds adecuado se usd

Yo e oo s T

informacitn - para disefar una herramien-

e - A i - -
R = et - SRS

- e ow oy o+ .



ta especial gue al mismo tiempo gue corta,
Jenera su propio soperte. La misma herra-
mienta sirve para inyectar un flufdo que de
saloje la rebaba {viruta} gue se produce en
. el corte.
c} En base a informaciéin sobre soldadura se 1i-
- dentificd y adquirié un eguipo para soldar
por arco sumergido que elimina las imperfec
T -clones da la“goldadura manual. Este equipo
2+.5¢ combind en la ocperacién con un torno para
. .:lograr una velocidad de depfisito en la sol-
o dadura que d8 como resultado uniformidad en
z=.todas 'las piezas fabricadas.
d}: En base a informacifin de méquinas y equipos
. ..usados por la industria de motores de combug
+ ti6n interna, se disefio/adapts un ejguipo pa
z=ra rectificado/pulide final los cilindros
~=hidr8ulicos.
e)_-Adquisicifn de equipos para medir el acabado
¢~de la superficie (profiléSmetro} y en base a
+- estiindares Ee estableciercon los rangos acep
A=tables de calidad.
f)..Se construyd un banco de pruebas para medir
¥ -log produc%us de la empresa contra los estén
dares y contra preoductos de la competencia.
Resultados a corto plazo:
a) Ahorro de $B0,000.0¢ (G.5.) en la compra de
* una miquina para rectificado/pulide final.

Inversifin gque no se justificaba para el bajo
r.volumen de.producciénsde.la empresa.
b) _Se . estandarjizaron las dimensicnes de los ¢i-
t=lindros a fin de ofrecer productos de fabri-
¢§g£dn bajo especificaciones y evitar dise-

oty §
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flar cilindros para cada aplicacifn.

Al cumplir con especificaciones, los cilin
dros de la empresa fueron aceptadeos por fa
bricantes de maquinaria de *“precisién"; am
pliindose considerablemente el mercado/ven
tas (en £l primer anc la empresa logrd ven-
tas de aproximadamente 300% a las gue tenfa
antes de modificar sus procesos).
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APOY0Q A LA INNOVACICN TECHNOLOGICA

Uno de los aspectos mis d€biles de los paises en de-
sarrollo es 1la falta e capacidad y de experiencia tan-
to a nivel macroeconfmico como a nivel microeconbmico
para el manejo y administracidn de la tecnologia o ges-
tifn tecnoldgica. Las experiencias mias dentro de
INFOTEC muestran gue la mayorfa de las empresas tienen
problemas en la incorporacién del elemento tecncldgico
dentro de st planeacifin a2 largo plazo, en sus planes a
un ano a si como en sus pperaciones diarias. La incor-
poracifin exitosa del aspecto tecnolSgice depende funda-
mentalmente de un ambiente propicio y pesitivo a la inno-
vacitin. INFOTEC ha venido desarrollando escencialmente
servicios de consultorfa orientados a resclver esta pro-
bhlematica, %niﬂiaimepte con sistemas de informacifin que
sistematizan el flujo de conocimientos dentro de la em—
presa, creando un departamento de informacifn, gque debe-
r4 evolucionar a ser el departamento de planeacidn tecno-
l8gica que serviri posteriormente como ntoleo del siste-
ma.

Este enfoque regquiere un proceso participativeo dentro

de la empresa a través del cual el personal de la empresa
gsea capaz de entender y usar la infoermacién tanto econd-
mica como técnica, y administrativa; formar grupos estra-
tdgicos de evaluacifn de negocios en los cuales se discu-
ta la aplicacifn de la informacidn y las necesidades adi-
cionales de la empresa para llegar a resultados practicos,
esto constituye un instrumento ideal para llegar a detec-
tar oportunidades y amenazas.



Generating Effective
Corporate Innovation

Edward B. Aobarts
David Sarnall Professor of Mmagament
M.LT.

Effccrive corporate innovation requires the planned inte-
grauon of suaffing, structure, and sirategy. This view
arises from 15 years of research ar MLL'T. and elsewhere
on the problems of managing indusidal research and de-
velopment and the technologica! innovation process. The
resulbs of our studies focus an four different areas which
retate both to conventional reseaech and development
programs carried cut by most technology-based firms and
o the more venture-ariented new-product developments
being undertaken by increasing' numbery of such Rrms.
There arc bith similarities and differences in emphasis be-
tween these twa very dxf'ﬁ.r-.nt areas of technical innova-
tion, and Tl try to point Dot these differences and their
implications, .
The four critical arcas are these:
[ The stoffing of technical arganizations must peovide
s the several key functlnn.', nnhsa ry Ty achieve success-
ful inhavation. - -
£1 The oeganiration must be struciursd o enhanee the
flow of technical apd marker mfmm.mnn int reicacch
and development. -
[ The organization’s structure must xlso assure sicong
. tnks with marketong, ro assure that inpuvadons effec-
avely muve forward in commercial suctens, B =-
[ The company must adopt srafepic planning mechods
that improve imegrarion of top management’s technical
pluns with other dimensions of veradl corporate steatery,
Five different key staff roles piuse be (ulfilled if innova-
tive ideas arc o be generawed, developed, cnha.m_rd
commergialized, and muw:d forw ard in the organization:
O The creative scientist or enginger, the source of

- - -

-
N

There is no rule book, Bul hene are some piing np.m}
stafting. siruchuring, it strategy setling which v.e Fur

igransd ooty ol b peend of any crotpany intent AT 6
assaing s Tutuee throogde e bidde e ad innovatnan %
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creatvity watlun the organizaton about whian so mu-;h.
— perhaps tw much — has heen wrtten,

O The emtreprences whe pushes the technical idea {ic
may be his ot someone clse’s) forward in the organization
toward the point of commerdabzanon.

1 The project rasniger, who can focus upon the specifics
of the new development and indicare which aspects will
go forward, which can be economically sappored, and
which must be deferred and who can coardinate the
needed efforts.

O The sponser, the in-house senior individual who pro-
vides coaching, back -up. and large skirms behind which
enrreprencirs snsl vreanive sciensiats can hide, Flis nole 3
that of proteaor and advocare - and somerimes oot

“legger of funds —- <o thar innovative tedhnical sdeas sur

vive past the hirth stage to gain the confidence of the
technical arganizanon,

O The gare-keeper, who brings ossental information
mnto the techpical organizanion. Gate-keepers comc intwo
varieres: the technival gare-keeper and the marker gare-
keeper; buth of them account dispropurtionately foc the
information thar is used in developing innovative ideas
and movirny the resulting processes and products torward

-~ mmw-mmibcuang and the mackemplace.

In seudivs of many research and Jdevelepmient argani-
zarioms over the lase 15 years, we have observed deficiens
cies primarily in al! but one of these kev roles nevded for
orgamizational effectiveness, The role af creative scientise
seems to be overemphasiceds arganivzdens rend weoas-
sume that havity creasnve peupic on the pasrall guarans
tres offective developuenr of new products, mew prow-

f e L 2 e TECENDNGG, Fal a3
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csses, and pr?duct‘-imp;bvf-_:ﬁcnis, This asswnpoion s far
from correct, and i1 has tended to cause sy<tematic neglect
of 1he other funcnions necessary for effecrive innovation.

This observarion is imporrant in rthe light of wur con-
clusion that each of the several rales required for effective
technical i mnmanun presents unigue challenges and must
be Flled withvery different types of people, cach type to
be recruited, managed, and supported differemly, offered
difierent sets of incentives, and supervised with different
types of measnres and cc-ntml‘!- Most rechnical organiza-
tions seem naot. to.have grasped this concept, with the re-
sult that all technica] people tend w be recruited, hired,
supervised, monirored, evaluated, and cnmuraged a5 if
their principal.roles were those of creative scientists. Bot
only a few of These people in fact have the persanal and
technical quoaliications for sdennhc inventivencss; a
creative SCEnist or engineer1s 4 special bird who needs 1o
be singled our and cultivated and managed in 2 special
way. He is prabablyra suoog, innovative, sechmically
well-educated individual who enjoys working on ad-
vanced pchms ‘often as a 'loner.” In an industrial lab-
oratory, he is likely to be amang the minarity of soienrises
and engincers with doctorates, but edveation itself is by
no means the ehterion for creativity,

he enirepreneur is 2 specal person, too — creative in .

his own way, but his is an aggressive, form of .:n:auwt}r

appropriate for s:lllng an idea or ;'pmducr The entre

prencar’s drives may be less rational, more’ emotional
rhan those of the creative sucnnst, he i§ committed to
achieve, and Yeas"concernied 2bout how to do 5. 14¢ is as
likely to pick .up and.successhully chamnpion semeone
else’s original idea as to push soniething of his own ¢rea-
tion. Such an entrepreneur may well have a broad ranpe

ol inrercsts and activities; and he muost e recruited, hired,

E.MREPRENLEUR 7;)

manzged, and sunlated very differenuly from the way a
creative soienbst i treated in the erganization.

The pinject manager is a snll differenr Lind of person
— an grganized ndividual, sensidye w the needs of the
everal different pesple be's 1eying 10 coordinate, and an
cffecuve planner; the laner is especially important if long
lead time, expensive matenals, and major support are in-
volved in developing the ideas 1that he's moving forwand
in the organization,

The sponser may in fact be a more experienced, older
project manager or former eptreprengor who now has
matured 10 have a softer touch than when he was first in
the urpanization; as a senior person he ¢an coach and
help subordinates in the organization and spezk on their
behalf to rop management, allowing things ta move for-
ward in an <ffecuve, erganized fashion. Many organiza-
tions totally ignore the sponsor rale, ver aur studies of in-
dostAal research and devclopment suggest that many
projecss would not have heen succossFol were it not for
the subtle and oficn unrecognized assistaner of such
semiar people aciing in the rok of sponsors. Indeed, or-
ganizations are most suceossful when chief engineers or
laboratory direciors 1ake on this sponsor role as part of
their narural behavior.

Finally, there is the information gate-keeper, the com-
municative individual who, in facy, is the exception to the
truism that engincers do not read — especially that they
do not read technical journals, If you' re Jonking for a fiow

" of technical information in a research and development

organizaton to enhance new product developnent or
process improvernent, you have to look to these pate-
keepers.

Bur those wha do rescarch and development need mar-
ket information as well as technical information. What'do
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custOmers seem to want? What ate competitors proyid-
ing? How might regulatory shifo impact the firm's pres-
" ent o o mnttmplatcd products or processes? For answers
to qugsnnns such as these research and developmem
P‘“Plf need peupk‘ 1 call the “macker gate-keepers,” ens
ginerrs of sdentises, or possibly m:rkl:tmg people with
. technical backgraund who facus on'market-telated in-
- bormadon and communicare effectvely to their echnical
.‘ Enl'lﬂgucs Such a pgreon rrads trade journals, talks ro
;undws, goes 1o trade thows, and is sensitive to competi-
“tive infarmation. Without him, many research and de-
velopment peajects and laboratories become misdicected
with respect to macket trends and needs.
The :ig,niﬁcant point here is that the staffing needed to
" catse effective innovartion in a technical organivation is
+ far bmﬂd:t than the ry pical sesearch and development di-
“rector has osually assumed; owr studies indicate thac
"many ineffective technical arganizations have failed 10 be
innovarive solely because one or more of these five quite
differen critical functions has been absent. (For the mast
recen! application of Qur measurement techniques to re-
search and drvelopment staffing fssues, readers may wish
to see Richard G, Rhoades' umpublished master's thesis
on "A Camparison of Laboratory Perfornuince by Means
of Cridcal Functions Analysis,” Sloan School of Man.
agement, June, [977.) t

f

The Sodial Aspects of Technology

The structure of an arganizaton also affeuts the success
. of its creative efforrs. The need, of cnurse, is for an inter-
relabonship which enhances the fow of the eight kind of
information into ant throogh the rechnical organizating,
#sures its appeopriate use theee, and encourages the fuw
of resules of rechnical peograms from the research and de-
welopment group to the other pars of the organization
where they can be made o coung,

Ng research and development organization produces o
profic. At best such organizations can praduce rhe
technical bases thae will permit the firm™ marketing and

- manufacturing activities ta produce the profit. Thus the
- search for effective, profitable innovaton must embrace
the nrerface relafionships that bring informadon into re-
search and development and move is resules forward o
" other parts of the Arm.

My colltague Professor Thomas [. Allen is respoasible
for some of the best studies in the counsry on the factors
that affect technical informarion Row in an organization.
{Ser “Communications in the Research and Depeloprrent
Laboratery,”™ by Thomas | Aflen, Techmology Review,
Qictaber!Nupember, (987, gnd “Desivn for Commeni-
eation int the Research and Develnpment Laboratary,” by
Thamts [. Allen and Alan R. Fusfeld, Technulogy Re-
view, May, 1978.] He has found, for example, thar if you
separate rwo technical people by 60 or 70 feer, you've

- suppressed che likebhood of technical communication by
rwo-thirds; separate them by another 70 feer and you've
essenpally climinated 90 per cenr of the posubility of
technical communication betw een them; furthermore, he
Endft na dlffﬂf!”'“.: n rht ImFEdITHt'HT [4a] ..ummunu..]t‘lnn
beowesn 3,000 miles aod 3,060 feer.

He has also Byund thae the social relationships berween
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The euperlise of 3 chiel gxeculive can most influance any new
technology ased product davelopmegnt program in Lhe Progracm &
parly stages — during prelmimary study, dessgn, and developmant,
Aul currant research sugons! s 1o 1ha author that chial exaculive
olficers actually davote anly triviagl amownds of their tma and
attention |o theése sarly Slages of such new-product programs
inslead. they typscatly have Signfcant ivolve menl only during
production and markalng — when "i's o late o do anythang that
can nfuvence lhe outcome ~ 3ays Professor Robens. (Ths
Mlustratve Bgure comes bom related work by Foster and Ghuck of
MeMinsey and Co.)

technical peaple are critically related to the technical re.
lanonships betwern the same people. The person with
whom you go o lunch or Jinner is also the person with
whom you'll talk abour new echnical ideas: the sources
of wchnical prablenesalving ideas within che Rrm coeres
late wrangly wnh the source, of informanon about the
Sunday aftermundn fouanall pane.

Professaor Allen's approach emphasires the social as-

pects af managing 4 wehnical organization, an Jrea that’

techrical mansgers have seldom considered, Hrechnology
s to Be usehul an product improvement, new prsucts,
and New business, we mist take o broader, more celearal
view of what in fact rakes place in the creation anul en-
hancement of technical infirmation Aows.

Another view af informadion flow related o innovation
results from the wodk of Professor Eric von Hippel of
MAT., who has dawribed and analyzed a series of passi-
ble pameros for innovations. He conclodes rthar user-
dominated innovation «— that is, innovanon inspiced and
often ¢reated by 2 cistovmer rather than a supplier — s
far moce prevalent than we have assumed; and he pro-

poses that both wohnical and marketing organizations.

shauld adjust cheie strategies o capitalize on the vser
domination af muely innovation, (See “Users ur In-

navators." &y Eric A, von Hippel page 111)

Cheoosing Amunyg 3 Spectrum of Venpure Surategics

Thus fac [ have emphosized issues related w information
flow in innovanan — where the Wdeas really come fror
and how they reach thae critcal paint within the firm in
which they will be thoughtfully considered. Now we
come tao 1 S0l moere cruaial tssues 71 the inbarmoation

comes inno the A and 3 the Arm has the technical ‘4
] |

lergeaner Techagogy Paview &



= PROJECT MANAGER

ow-how and other resources for using that informa-
tion, then what has o be done te causc those innovative
technical products to be developed and w move forward
into the inarketplace? QGrganization struciures to fink re-
search and development outputs to the market vary
grearly, and 1 shall limit my discussion here o the so-
called “*venmure soategies.”

Firms have moved in many very different directions in
their eforts 1o respond to venture opportunities — new
products and new business areas — presented by
technological innovation. The spectrum of the firm's
possible involvemens is wide, ranging from the low
commitment of undenaking ventore capital acivities o
invest in someone eke’s development of 2 new business
1dez all the way 1o the other extreme of inlensive inernal
venture managemen typical of companics like 3IM.

For any given opportunity, cach firin must select from
within this spectrum the appropriate approach, depend-
ing on the available staff, the firm's general straiegy, the
resources available 1o move products forward inwo the
market, and the chanacteristics of the markets inte which
the new prodoces are to be maved

To make clear the nature of these altematives and the .

process of chaosing ameng them, let me trace one com-
pany's experiences aver the past 15 years trying to de-
“elap broad new business bases. . 3

This mul-bilion-dollar corporation began its venture
strategy organizaton in 1960, For the Rrst four yeans it
followed a venrure capital approach of investing in the
start-up phases of hgh-technology fitms — a policy the
management calied “window on echnology,” designed
to provide varied perpoutives on the sources of new tech-

nalogy aod un now market opportunites. Afer four years
in which the firm invested in 13 companies, the manage-
ment concluded thar “window on technology™ was nor

 providing adequaic infermaten and insights on the

launching of bread, ambiticus new businesses. S0 the
venture capital approach was replaced by an intemal ven-
rure research and development organization — a spedal
laboratary group 1o, develop new technical ideas. The
firm's pnnapal business was in the field of materials, and
the new group’ sgoal was to develop new product systems
heavily drpcrzu «n special matenals properies and
know-haw #%hich would be forward-integrated in the
market relative 1o 1he company’s other businesses. Over a
fiveyear period the firm spent $40 million of comporate
funds in this adivity; the resull was two new products,
both of which failed.

S0 at the end of Rve yedrs inanagement comchuded that
it was 1ime te close ot on this iemal venmure research
znd development approach, But the firm was still com-
mitted to creatitg new preducts and new businesses, and
s0 management wonceived of an oppaortunities analysis

group to srudy broad ranges of market opportunities and,

pinpoint global business areas inte which the firm should

move. During the next two years, this oppormunitdes

a2nalysis group presented eight major new business pro-

posals to the exccutive committee of the company, and -

they scored a perfect record: the exerutive commirtee re-
jected every one, At the end of that period, the company
was ready to scrap this approach for getting into new
businesses,

But manapgement remained committed o the need for
IVl:'lf'I'“.ll'i:l"lg :Fﬂl'll'l i-l'llﬂ 11} H'IJ‘II'CL"ISI S0 Ih{' campany



adopred its present internal venture strategy of rying to
develop small businesses based on off-the-shelf comme:-
dyl exploitatons W test on 2 pilot basis the company's
tdeas foc differcar markets And in facr, during the past
several years this firm has been snmcwhnt suecessful in
:nu:tmg a few new market areas,

. My point is not to :mp!uslu this last apparent success,
which may, in fact, soon um into 2 failure. My poinc is
rather to :mpha.su: how much work and time are neces-
$ary o create 2 basis for meaningful diversificarion, and
haw many diffecent approaches are available from which
o choose.

Looking back at all of our srudies of venruring, 1 think
we have learned a few — pat many —— things: -

O Fimst, long-term persistence is required for any suceess
in venturing into major new busipess eiideavors. The 15-
year fmilure record that 1{ust described is somewhat on
the long side but not really an wncammaon experience.
New-venture development of new produdts and new
businesses 1 not something ta ga into for a year or rwo or
three or foar; it's something to which you had betcer have
3 Inngrm-m commimment suppurted by the belief thax it
matters that you succerd.
{1 Secnad, almost every successful pew venture strategy
is samehow dependent upan ¢ither copying or cowpling 1o
the steengths of small-company technizcal entrepreneur-
ship. This is true whether you're engaged in venture-
capttal investments in new, high-technology companies,
or in joink v:ntun:s trying 1o combine the technical idecas
of a small nm firm with the capital base and distribution
upal:nhqr of i 1 large Brmy oc wying to create an enviton-
ment in your own large firm chat mimics in important di-
mensions the creadve, aggressive, entreprencurial milien
of the small; high-technology-based enterprise. All these
strategics cmph:su?: the virmues of the small, high-
Lcd"-nnlngy firm; it’s intriguing Lo mie chat large corpora:
tmni trjnng 0 tnter nnovative new businesses are 5|m.p11,'
doing théir best ro imitate what the small companies have
been dmng for many years. This suggests to me thar large
COMPAnits wantng 1o ventuie inta aew pmduns and new
business areas — and even those seeking merely ro im-
Prove J.xjst_lng pmducu and processss — might deliber-
ately and vérv specifically look at new entorprise forma-
tion and growth’and ac the enureprencurs who achieve it
Our stedies demonstrate that the kinds of people who
keave'lasge, high-technology firms to form successful new
Dﬂlﬂpﬁﬂld‘\ are the same kinds of people whu, when they
stay in the large firm, are the key entrepreneurs behind
n:-.-. venture Jdevelopment there In other words, thene
seems to be 3 particular kingd of persan who is going to try
o da his eniepreneurial thing — whether on his own
ok with 2 few hundred thousand dollars from 2 New
otk xenure capital Rrm or inside the bowels of 2 majec
mrpurft:nn investing severdl million dotlzry in atremprs
210, Lluru.h new businesses,
r EJ T'nu'd no generalizatdons are possible on the subject af
whu": strategy for new-vemure development really
; w:wr}:s Mihen we lnokatthe fow m.i]nr COrPOrItng who
have™ sul.xnafully moved baldly intn new  businesses
theodgh innovatve technalopy, we find that each one's
5 Siratezies for spocess are very different from the other,”.

GM’E“ KEE@ER

For examples, Minnesota Mining and Manufacruring Co.
bas for 30 years followed a strategy of depending upor
internal venturs somuladoe with a beauful organiza-
tional approach fur sreaing and exploiting new ideas. In
revent years Dow Chemical Co, has taken a very different
approach, udlizing venture capital mvestment and out-
side sechaology acquisiion as a strategy for building

_prafitable new businessus. Through the medium of Exxon

Enterprises — a still different stragegy which appears w
have sgong merit and high possibility of success ~~Exxon
i picang ragether venture capital, joint ventures, and
in-house research and! development results into the base
for signihcant new bldines enddes.

These sirategics arc examples of suceess to be looked 2t
carefully, but no individual or company can expect o be
successful merely by mimicking any one of these
strategies. The approach that works for one firmn may not
work far another, even if both firms do the right kinds of
things abour staffing and smucture, becavse there remains
the need 1o develop a formal technicslstrategy wichin the
fren.

How 1o Win Profits hy Planning Technology

Our smudizs reveal that most corporanions have ignored
technniogica!l strategy 2% an ckement of overall corpocste
serategy. Far somy reason, most fiems Loie ther atention
to financial and nurketiog strategies and planning, igr

ing technology os aniajpor area for Jamamumt, plann

and straregic developmene,

Two audbrrs fosthoonmng i this series will facus an
this issue n much greater depth -— George R i, Vice
Presidenc of Xerow Curp., who will giu'c evidonee that at

e e e P -



‘+ast one company does not ignore the rechnolivgical

mponent of strategy, and my collcague Alan R. Fusleld
i Puph-Roberns Associates who will deseribe in much
geeater detail how technology planning considerations re-
late to strategy. Bot let me anncipate these discussions
with the nllowing comments.

No firm can divorce product {rom the technology em-
bodied in that product. When we talk abour the competi-
tive positions of producr lines t+0 1o five years hence, we
are zlmost of necessity ralking about the underlying
technological basis.of these produc Lines. An executive
who wants 1o look at his irm’s direcrion in the next half
decade must stane by profiling the competitive produer
positions of his company and studying the product and
technalegy strategy options availablk 10 him.

What dimensions and approaches are relevant 1o
manitenng 1echnical performance? Which key projects
need 1o be monitered by top management, and in whar
ways? For every praduct subcategory af the firm, where
does the firm st2nd? ks the product’s leadership clear? Are
you in a productiechnology parity pasitun, or are you in
& carch-up position with respect to your competition?
Whese were you with respect to those measures three to
five years ago? Where will you be three 1o five years
henae? . , "

As you try to answer these questions for each major

odugt or sub-product, you may be surprised and dis-

syed at what is revealed about the technological
strengths and weaknesses built into your 1echnical pos-
ture. ¥You oupht 1a have a deliberate swaregy for tech-
nolegical develnpment in each product carepory, and yon
espeaally need wieategies for those products where you

8 Inncoanon - Teghnology Aeview
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find voursell romewhar lrighiened as you analyze your
future position,

Research and development slisuld not be done on good
faith. You shouwid do roscarch and developmem lor
strategically justified reasons, acvarding to a clear
strategy that says what you are trying 10, achieve and that
gives you some measuning points at which vou will be
forced 1o evaloate and further justify what is being done.
Can you find a way to take the offensisve, launching for-
ward with new rechnelogy in a hold way? Or are you
going ta br adaptive and exploitative, countenng what-
cver the competition does 2nd urying 1o make the best of a
weak rechnical position?

What abour refated product arcas — not the ones
you're presently in but those thai ate close to these famil-
iar arcas? Is your present posture well defined? Do you
have a siraregy for the future? Are you going 10 be ag-
gressive? [f your chicf competitior branches into a related
arcz where he hasnt previously been, how will vou re-
spond? What about new products and new technalogies?
Do you have a rechnical program that will suppon your
posture and straregy? Mo you have research and de-

. velopment resources that march these intentions?

What about major manufacturing processes? Do you
change them because manufacuring people tell you they
have problems, or do you have a strategy? Do you want ©
to change your Arm's presest manufacruring process, of
do you want merely to respond 1o whatever the compen- - -
trion docs by keeping ¢ven on the cost per unit em? -
Hew do senior technical and geaeral corporate managers
invest their dime with rapedt 1o the major new prodocs
and new innovative activities of the firm? Do you, in face,



Is This Conversation Necessary?

Connvetthmal wivdom hakh thoar eeean b amd Qe chop
ment wisthe ' poohnmane Wigaoves with personal am
wa with professiomal ealteagne,
Nar neve iy s
True, the elfecrivenews of wiemizn working in basic re-
search correlates direvtly with the extent of their com-
i munication with colleagues working in the same feld in
. other instiutions and companics.
-2 But for engineers developing industrial technology in
+ the typical research and developement laboratory, simi-
laely extensive communication with ouside calleagues
has a negative effecr on performance. In this case what's
needed is that unuswa! cemearch warker who & ala a
“born communicator™ — the gregarious “gare-kecper”
who not only can csach out 1o workers in the same ficld in
other organizations bt can ineerprer cheit work in the
context of his own organization’s assignmenis and needs,
saps Thomas [, Allen of the $loan School of Management
at M.LT. -
On the other hand, Intec-company  commamcaricn
hardly Rgures for enginecrs in technical seevice work,
Professor Allen and his colleagues explain these differ-
ent cenrriunication needs and strategicy this way:
— lssuzs in basic science are defined in univerya| rerms;
everybudy speaks coughly the sarme langoage and has the
same goals. So almost everyone can communicare effec-
tively with almost everyone else.
— Technological problems are mually defined in refaton
to cocporate needs; the gate-keoper's ability to put othees'
work in the contexe of his own rganization’s assignments
ix crueial o Ris siccess as a2 cammunicator.
w— Techiical senijce problems are usually so well defined
and chsely coupled m arganizadonal goals thar ourside
inputs are unnegessary — amd mdy even represent useless

diversicns. — f.M. O

3, Communicalions par porson per week " &t
LIl Ay iy b
: i e RN - x4 =R
'W&mw Wﬁ&idﬁﬂ ;

The need for communication is nof univarial among
rascarch ard dayglpment workera, says Thomas J Afen of
tha Skan Schod of Management at 8.1.T. Thoss engaged i
rase arch — i sonliast & development amnd techmcal servica
— will benefi lrom axicnsive professional communication
with colfedques N smilar work elsowhers. The avarage
anginael #ngaged in development gans nothing lrom such
gomumnigation. And communication with colledgues
autside the organization has almasl no wiecl on tha
parfoemanca of enginears in lechnical service projacts.

& 3025 SETeas

involve rthe time of rop management at the points of
keverage that can affec the future of the firm?

At the very beginning of 2 now technology -based prod-
uct development acrivity, a senior manager is able o
influence the direction of the project in almost any way he
chioses; he can stop ir, enlarge it, aceclerare it, redirect ir,
make it go foc one plece of the market or another, The tap
managet's oppoctunity ta be the hold innovarar o the ag-
gressive obsolerer of technology is greatest at thar earliest
stage. As the product moves forward int development,
productiun, and fnally marketing, the abiliy of the
execurive to influence the outcome gos down — eventu-
afly very close w zero.

But if yuu look at how managers typically speod their
ome, you find 2 very different pattemn. Studies af this sub-
ject seem to indicate that chief executive officers spend
trivial amounts of cheir dme on the study and design
stages of major new projects, the reditection projects of
the frm. {nstead the rypical chief exscutve i primarily
velved diring the produaion and marketing stages of a
peoject, when it's too late 1o do anything that can
influcnge the outcome. The lesson from this s simple: if
you want to affect the Furure of your firm, you need narc
arly the right kind of scaffing in your technical organiza-
tiens and the righs kinds of stracrures ta enhance mfor-
macon flow in and tnsfer oo You necd 1 siraeegic pos-

/

ture which displays critical puints for paying avenaon o
certain dimensions of product and technology, and vou
nieed 1o have an allocarion of managerial time thar brings
the best talents of the company w bear on these focal
peints at the <rifical ome. '

For Addigunal In p:.lt[un :
In aldinon to g pelard papee mentoned by the authoe sl ochers
whidh will Follayw 1 chis series in Tee mcdegy Reitewe, Probeyseor fubers
shiggety redsfings inoche Followang;

Alen, Thema ), Momaging the Faw nf Teckaotoypy, Cambridge:
ALLL. fros, 1977, .

Fusfeld, Alan Ko, "Crnicad Functionss Key rm Managng Teamwork in
the Tanovanion Process,™ paper preseoted at lonovaton Canada 1976
feopies available from che author at Pugh-Robe o Aswusiates, Inc, § Lee
St Cambeidge, Muass, 027420

Raters. Edward B, “Enoecrencunhip and Technology,” Research -
Mo zgemenr, Vol 11, Mo, 4 Jule, V9o d), pp. 249286

Rokerts, Fdwanl B, and Man L Frohman, “lneemad Entrepreceaship:
Seraegy bor Growty,'” Busoress Dearterdy, Sprng, 1971, pp. 7174,

Edw1rd B Roberts holds four Jegrees From &L LT. — in elecrrical en-
greering {5 B and § AL 1958, manugement (550 19810, and sionom-
it TH.D. 19821 and he has been 1 member of the Sioan Schoul Faculty
specializing in syswenn Jvaamids. entreprencunhip, the manag=ment of
reveacih and development, and more recently health care management,
for mare than 13 yeacs. Professor Rabuers is cor faunder ind peesident of
Pugh-Robects Assogisres, Ine, management consileanes, and he has
worked for the sucoews of wveral echaology-hawed new enterprises a1 3
meniter of their buands of direcros. This article is bawd on Professoc
Raoberns' menerls o s svmgeeaan an * The danagemea of npavaton™
apemnired b the MLLT Alemnd Cenrer of New Yark in December,
194,
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Users as Innovators

Eric A, van Hippef '
Sican School of Management
MUY,

wd »

Conventional wisdom holds that costomers articulize
needs and manufacturers develop products responsive to
those needs. Bur recent research on the historics of many
innavative and successful péw products has rewlted ina
differenr view: in some industries, most commerdally
successful produces are developed by product users, not
praduct manufacturers.

'When the User Becomeés the Desigrer

As a preview of what is to follow in this anticle, an ex -
ple from our research dara mav be helpful.

The methuds used in the mid-1350s by semivonductar
manuficturers to bond wites to semiconductor chips
were guite unreliable. Three scientists at Bell Telephone
Labnratories addeessed the problem and developed ther-
macompression bonding — a geeady improved mwethod
which involved hearing the semiconductoc macerial and
pressing the wire againat it. When tests demonstrated the
effetivencss of the methud, the Bell System developed
eyuipment 1o implement thermocompression bonding in
preduction — no easy task given the precise contrul of

Pusition, pressuze, and temperature required. The method

wai adopred by Westem Eleadic stanting in 1956-57.
Orlber semivonductor manufacturen soon followed, all
t g the required production equipment in-houswe,

/ years later, engineers from Kulike and Soffa, a
Rem specializing in the Jesign and building of production
squipment, began working for Western Eleceric on vari-
ous production-machine problams, They concluded that
tmlchinery implementing several process naovazions —

Your costomars may a!reacx_.r hava davalaped \,ruur ne
new products. -

incloding rhennocompression bonding — could be sold
commercially, so in Tare 1959 Yulike and Soffs became
the Arsr of several Brans w manufactuee the imocompres-
s10mn hundq_rh for comuercial sate. Kolike and Soffa re-
tains 3 majot share of thae macket tuday,

Dovs the patternn in the example seem familiac? k
should be to readders whose bosiness 15 in manoficruring
process equipment or sciendific instruments, Inoswudies of
the sources of innovation — we have been working on
this topic at M.LT. for the last halb-decade — we have
found that 60 ta B0 per cent of the products sampled in
those industries were inveneed, peotseyped, and urlized
in the field by inpovats e users befute they were offered
commeecially by equipment or instrament manufactucing
firms,

Soicntific Instrmaents: Users Make What They Need

In the casé of scientific instrumeits, we have studied thees
samples totsling over 100 comme rcially successful prod-
uct inpovatians. The frst sample coasisted of the first-
commercialized versions of four rypes of swiendfic in-
struments: the firse pas chromatograph, the firc nuelear
MAEnenic . resLanie spoctrometer, the Arst ultraviolet

“spectrophotomerer (ahsorprion photu-eleceric typel, and

the first teansmssion elecrron mucrosoipe; these are
commercially important insytruments widely used in the
scientific and industoiadl communities worldwide, Sext,
we made a survey of expert waers and manufaciurees w
determine 2 sample of M major improseieiin inmova-
tinns — judzed on the Basis of inceerental utikity offered

IfrGea  gn TasrrGicJy Sa.en 11
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oilolcw’ Produst manutactaiet's comealianal intérase 1o prod ot
“orgers Marked teseaich, lechnica! semice | and ca'es depanmienis
are typacally ofsenled 1o ComMMUnIcalnms wih us£rs on thell Resds
nd ihe manufaciurer's responses 13 hose nesds. Thare 4t
Aiple barrigrs, shown by the zig-zagged knas, 1o Nows of
INTatien inlp mamnuaciurers on uses-devploped productt —
Caoklon dala,” m 1he aulhor's lemminclogy.
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" ta the instrument user — to these four basic instruments.
_ And finally, weselecied a sample of 63 minor improve-
ment innovations for trznsmission eleciron microscopy
~ — the sampling consisting of all commercially successful
innovarinns which offered any incrementa) functional
utifity tu any subset of users. R ,
The hisraries of each of these three samples of wienifie
instrument innovations {identified in the table on page 14
as “hasic,” “major improsement,” and Y minoe improve-
ment™ Inpovations, respectively} were then carclully ac-
“quired. We stancd by identifying the fiom which firse
“manulactored the product for commercial sale, thus
avoiding inslances of “me-to0’ innovadon, We then
o5 : AR

12 inngyvationd Technnlogy Review

identified and imrerviewed personnel of manufactunng :
companies who were involved in the innovanon wark, %
and we also intervicw ed carly users of the device, Related -

. proeducts and publications generaied prior 10 the dae of

first-to-marker commercialization were also colleaied and
studied. '
The resuir of alt this work; in 83 per ceni of all the in-
novation cases studicd, we found that it was the user wha |
perceived that an advance in instroicntation was re-
yuired; ipvented the instrument; buill a prowetpe; im-
proved the protanspe's vatue by applying in; and Jdiffued
dirailed information an the valoe of 1he invention and
how the prototype device might he replicated. Only whr:tn

tal,
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all of these sreps weee complerad did the manufacturer of
the frsc commercially available instrument enter the in-
novation process. Typically, the manufactures’s con-
tribution was to perform product engineedng wurk
which, while leaving the basic design and operacing prn-
ciples intact, improved celiability, convenience of opera-
tion, e1c.; and then o manufacrure, rmdu:t and sell IJ'u:
improved peoduce.

The frequency with which this uscr—domman: innova-
uon patrern appeared in oor sample of scientific instru-
ment innuvarions was, as the rable on page 14 indicares,
strikingly high for basic innovations and for major and
minoc improvement innovations as well. Usee-dominant

_1--

. '. r
e e oo Manufaciurer

L]
Tochnical
Sarvice far
neovative
Lears

Sales lor
Innoyative
Users

P S

Markel
Resparch

RAD

Technical
Service far : .
Repcline - .

Users

innovarion shuwed no stadstically significant relationshig
to the size — and thus, presumably, w the rescarch and
development potential — of the manufacruring company
Furthermore, the pattern of user-dominated innovatios
appeated 1o hold for companies which were esrablishe
manufacurets of a given product line — manufacrurer
who “gught” to know aboutr improvements needed i
their present produce bine and 1o be working on them -
as well 2s fot manufacturers for whom a given innovati,
represented their initial enery inte a product line.

Qur dara alsu showed extensive precommercial diffu
sion of signi["ln.'.'ml.' user inventions through “home-built’
replications by orher users. ndeed, such “home-built

F L}
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Frrgt Sovice used in [he
hakd devalopoad and buil;

" . Fighd of mhgvations By By
' and sample seleciion.  produg!  prociel
- Criteria® used manul S urer

rmedlation Scieatfc nstumen!

FRovENGRE!

First & type () 100% . o
M aor functanal amn- -y a8
provehents [(34)

- Minor unctonal im- 0 30

peovements (63} )

k
Process ngvalions i $8aW- - 1 0 1
conducky and eloc-
' frovue srbassernbly
manulasturing eip-
Tt .
Fuasl of fype used in 100 0
CONTUTerCial prociuc-
1 L (7} .
Yo Majow Functional im- &3 2
provements (22)
minor furlional im- 20 24
povtments (20

AN enginaatitg poly- ¢ 100
. fLgr ingvalions - - '
— valopad in the U5 .
' afar 71955 whose pro-
ducton in 1875 ex-
- ceddad T mifon
. pounds [8)

An commercialzeg pfas- o 100
\ Fcizors and titraviois '
. . stabdkizrars Oeveloped
L afar 1945 for use wilh
PR fowrr major polyTTms
f18)

—
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After studying the sources ol over 160 Mmajor And minor mnovetions
in four Nelds, the author concludes 1hal users of products, rather
than their manutacturers, arg chiten (he develefers of commersialty

nexT \*udm: un PTOCE b cquipment fnnovations,
Afier discussinng with people in a range of :ln.llmru.s

wi thonifed towaork wath eoo saples:

3 Peewess espipinest dwevanions webaeed o the A
wlactire of salicar bl wemionmd i os: amd .
1 Process coepmie nt B atns elaeed bo the wans
wlas tire of elovonmie solovamh 1u ot pronged i il -
|_|-|,I‘1.
Hiese sare chosen layaire we \|1-:1.II|.II|.'1.f that 1he
annzent of e aien by oasers might vary socording 1o

the nuvchy of the innovanops they needed compared with
the prior expericnce of equipment manufaciurers 1ma-
ditionally sening those wsers. I such a relationship
existed, we reasoned, a higher propontion of innevagons
in semiconductor process equipment than in clectronc ~
subassembly process equipment should come from users.
The former industry was new; it had no established’

suppliers; the needed new cquipmenr invalved near-

unique problems of controlling chemical contamination -
and providing precise, microscopic manipulation on a
mass-production scale. Makers of clearronics products,
on the ather hand, enjuyed established relationships with
supphiers of subassembly process equipment in the pennd
examined, and the prohlems 1o bhe solved in Jdeveloping
vquipment for inwning components intw prinied circuit
boards -= for example — did par <en oy exiragrdi-
nary.

The samples of process equipment innovarions studied
in each industry were analogous 1o thow used in the sci-
entific insirument sudy. We focused on a subtet of the
major process “steps” commercially used in each Indus-
try, and for each one of these {such as the insertion of
component leads inro prinied dreuit cards) we identified: ;
3 Machinery (if any} used in the innial Lummcm:]

practice of the process step; . T
[0 Major functional improvements made in 1the process.
machinery aver time; and "

O All minar funcrional improvements in the pmcts; .
machinery used in two process steps, one step taken I-'rnm *
each industry examined. R
Then, as-belore, we :‘.'lrcﬁﬂly reconstruceed the hls- |
tories of each innovation which was ultimatcly adopred in -
commercially manufacwred process machinery. - We ~
s¢arched the appropriate wechnical liserarure pror o fimst
. commercial innovation secking references to cxperimen-
replications were made and used to produce publishable  1al apparatus functionally similar 10 the cmrm:rcuhu:_[ :
resulrs in every casc where more than a year elapsed be- .

innovation as well as other relevant wark, and we inter-' JJ
+ 4= . . - . ' ‘
‘tween the initial published description of a significant  viewed anthors of relevant articles. When we identified [
‘new instrument innovation by a user and the introduction

nser-inpovator firms we sought out and interviewed per-- A
' ) .

of the first commercial model by an instrument firm, sonnel in them; and if we had noinformarion on the pres- ©
et

viabla new products. A prediclive model is not yot available, bul tha
BUIRGr BLGests Mow Managers can delenming whether produdl
davelgpment by usets is common in theirindustrlgs and haw Ihoy
may capialize oo 1his saurce of innovalions by esiablishing $pecial
ualag and tnchnlhznr Eervice aclivitres, .

- . ) "o Wt

- DR : i to. enee of user-innovators, we canvassed logical porential,
Wser Innovations in Process Machinery user-inpovatar firms ro assure oorselves insofar 25 we
,Having 1hus discovered a user-dominated innovation par-  could that such ser-innovators indeed did nat exist. :

_sem in scientific instruments, we nexi sought to determine We found user-dominated innovation patiems very

whc:her this was an isolated instance, or whether the pat-  strongly present in the segmenis of the process machinery ©
:crn hl:]'d also for ather types of innovation in Dthcr indus-  industey we sampled. As the table on this page shows, all y
A+ “scause innovation in process equipment is relared  of the novel machinery vsed in the nitial commercial 3

‘tu prcss:ng national congirns as the rate of increase
of industnal produoctivity and the inreinanonal compen-
.

twcncss of U.5. m.‘mufat:rurer's, we Jeaded 1o fowus our

=

praTice of a process siep and more than 80 per cent of the
improvenients to that machinery were invented, pro-
tury ped, and used in commercial production by innova-

H , Innovalivn Techinology Review
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.: five us:rs bcfnre rhc-_r wene manu[acrurcd and markered
. by proiess machtncrjr rn:nufactunng compariies. Interest-
,' ingly, we found no Srg;mﬁnnr d:ffcr-.-ncc in the proportian
of user-dominated innovation present in the two process
. areas s:udicd, S0 OUr inifia} speculation as m a reason for
" thf_‘ ‘occurrence of producy dcv:lopn'lcnt by nsers in some

‘0 Many process innovations am not cmbﬂdlcd in in-
- povative hardware. An cx:mplc is the preparation of

-’

LS " . . = .
h’i . - . -

mdusmrs was not suppongd' -,-,5 el SR

Nutl: that 6z Aindings of 2 high level ufumr-dummattd
* inngvation considerably undecstate the tarat level of user
: mvolvcment in the innovation process. "This i5 because: -

O} Users ¢ can and do sometimes make a considerable con-
eriburion to the innovation process without careying their
work far encugh to meer our errena for user-dominated
. innovation. For example, in four process machinery in-
novagions studied — am—ibuted tor the product manufac-
tures in our results —"the users’ provided machinery
- manufacturers with 1he cenrral rechnical concept usedd in

the innovarion; and ST - -

", dislocation-free crystal for scmlmnducmr substrate.

Mthﬂugh “dislocation-free crystal growers” were even-
rually produced, initial commercial practice was a matter
af modifying the rechnique used 1o operare conventonal
crysial growers. It is logical thar users would have a very
+ high invalvement in innovacions of this type, manufacrus-
. ers having a rale nccaaiunally if the innovation promised
+additional szles of nen-innovation hardwarc of their

manufacture. Y . .

-+

But User-Dominated Innumlii;n Is Not Universal

. Noc-yet-pablished research shows thar wser-dominated
" innovation is also characreristic of some process machine
. categaries in addition to the rwo discussed above and of

sorme types of medical producr innovation.

Bur user-dominated innovation clearly is nat common
in all industries; in some, the conventional relationship of
manufictucer responding ro user needs by acting as in-
novator and product developer is strongly applicable.
Studies by two of my students, Alan J. Bergir and Julian
. Boyden, for :xamplc show thar all innavations in a
sample of new enginesring p-ohrmcrs and new addicives
for commodiry plastics were developed by manufacturees
of these products, not by users (ses the table on page 14).

In whar industries is the user-dominaced partern com-
mon, and in what industries is it rare? A model which
- would quickly and economically answer this questiun for
paricofar industries would be aseful both o policymak-
ers and o innovators. We are wocking hard to develop

b

*
*+ such a madel, bur it is not ready far prcu:nmrmn ytt

M:anwhﬂt . PN

v .=
.
4. M
" oakr *

e Whar Tu I Till the Researcher (Eomcs

1f you are not invalved in the few Belds we have examined
to date and yer you want to know what inngvation par-
remn prevails in vour industey — and you can't wait uned
we have developed and tested a2 general madel — it is
quize possible 1o “do ir yoursel £ Simply selea a sample
of innavaciuns af the v pe in which you are interesred and
trace back rheir innovation histories 3s we have Jdong, 1§

User-Dominated
Technelogical Innovation:
Examples Abound

When you searr to look for them, txamplcs af user
dominared innovarion are casy to find. The vwo nered
below have not been independently dor:um:ntcd they
are offered simply at face value,

The following is from Business Week fﬂr February
28, 1977:

"“When Lockheed Alrcraft Corp. was rovving up 1o
produce the tranium superstructure for its revolution-
ary 5R-71 aircraft back in the 1960s, it pianecied a
new machining technique to specd the remuval of the
superrough metal by op m 20 timec. The key was a
new Bco-milling toul 1hae shears racher than chips the
metal. Boe the development was kepr quict because the
PrOject wis top secret.

"Mow rhe tool is being mlrm]uccd commercially by
Cutters Unlimired Cer, a tiny Gandena (Calif) com-
pany. Just 15 months old, rhe vompany refined che
Lockherdd toul and expanded irs applications 1o seain-
less steels and ather hard-to-car alleys.”

Anather example was desribed by Eastman Kudak
Co. in an advemisement published in 'L.mrrrﬁa. Arseri-
can far December, 1974:

UMW -bisle -butosybenzylidene |-a.o'-bi-p - toluidine
(BBBT} is a mesomarph, more pupularly known as a

“ligguid crysial,’ a mew additian to the long list of or-
ganic compounds thar show interesting kinds of inwkr-
moleculaiassociation on the way from the solid o the
onrdinary isorropically liquid trate 3¢ remperaiure nses,
Begirning on p. 309 of the May, 1976 isouc of Ana-
ytical Cherisery, workers at the Marignal Caneer In-
stitute !l how they prepared BBBT fram a simplee
Eastmar organic chemical and why the, hase found
BOBT better chan any previoudy knuan substance
when used ot the seaduanary phase in gas-liquid
chromatngraphy For detecring and Jistinguishing
geomerric isamers of palyoydic aramatic hy-
drocatbons of Dnterest 25 possible envinomnental car-
cmngens

“Omn May 14, 1974, we bagged in vur frst inguicy
fronm & sctentist whe wanred wo oy BRET bur pn:fcm:d
to buy it instead of spending his tine making i He
and ail othery who aeed ir can now ocder it feom lab
supplicrs v Eastnran Oeganic Chenical Mo, 130757
—E A won H. .
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~. .. ihe conventional inferfase which
produc! mantfacturers present 1o their cusiomers

offers multiple barriers . . ™

2%

;ycrrur findings are as clear as the ones we show in our 1a-
ble, von will have a good feeling for the prevailing panem
afier studying only a few cases. )
Two points of caution: :
1 When cullecring your hisigrics, obtain your informa-
tion indepenideontly from users, from manufacivrers, and
from other innovation participants which your evidenee
_identifes. If you ask onlfy users, in ¢ffect, " Who invenied
this wonderful device — you or sameone else?™ they will
‘quite naturally suggest that they are the irne progenitors
of everything in sight. I, o the onhier hand, yon ak oy
manufacturer penonnel -+ oven yours - = they will alwe
" claim parcraiy.
.3 Daon’t assume you know the innuvanon panem which
prevails i vour industry before you have collected and
carefully analvecd the data. Prodoo manufaciucers,
'npcciaﬂy -— even in user-dominared indusiries —
*know" they are the real producr developers because it it
“the conventional wisdom; because manufacwrer person-
nel are constantly exposed to their own produa de-
' velopment cifarts bur only occasionally 1o those of vsers;
and because prototypes developed by users or others are
" erldom manufacrured a5 received. In oiher wards, casual
impecnien of 2n innovaron process wnds o emphasize
the manulacturer's rale in it and 1o mask vhe value of the
coniabution brooght in from ourside the manufaciorer's
planr.

15 1. svanan TE‘;I'J"-{J;UQ",' HE‘V;PN
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The Realm of User-Dominated Management
‘The Ta&1 thar vser-dominared innovation ¢haragedzes so
many new developments need not be a cause for dismay
an the pan of thoswe concerned about effective and
cificient mdusipal innovation. Accerate understanding of
wser necd iy widely regarded as the most impomant single
favtor assuring the success of ap industnal innovarion,
Clearly, users who innovate are in an advantageous posi-
tion to percoive wier needs acourately. User-dominated
inzovation should therefore have unusual potennal fur
LR LERE

Pun there remains the guestion of elfecdve strategies for
managing user-Jominated inpovation processes. I pour
manufacturing firm is in an industry which turns out 1o be
characierized by vser-dominated innovation, how should
this Anding affea vour new-product-development cllan?

The chan on page 10 indicates the position of Lhe first-
to-market firm in a user-dominated innevauon process.
In the lellowing discussion we locus on the apprupnate
inicrface [colored in the figurc) of the manulacturer 1o
that process, in contrast 10 the interface which the man-
placturer conveniionatly has with the vser communiry,

Firsl, comsider the conventional interface {pr2ge 12} In
this inrerflace, no distinerion is made beraeen innovatine
and noa-innos ative {routineg) product veers, with the re-
wlt that personnel from market rescarch, sales, and
wechnical wrvice {the three rypical inrerface units) come



inta conract with innovative users enly a small propoc-
ton of the time. And when they oo make such conracts,
these onits are inappropriately staffed and modvsted o

make much use of the infoemadion which may be avail--

able about user-developed products.

The dominant workload of rechnical services is typi-
cally Reld set-up, debugging, and servicing of existing
produces. Although minor predoct modifications are
sometimes made by such groups for high-volume custom-
ers, the goal in general is tu keep the customers happy
with the existing products. I, in the course of their work
— often performed on customer sites — technical serviee

personne] should be offered information on user home- .

builts {*Why don't you people start building this? We'n:
sick of muking them in cur shops."}, thev are not in a
goud pinition to take advanrage of it because:

D Technical services is typically not staffed wich people
able to understand and make 2 gixend case for the cam-
mercial potential of a user-developed producr; and

Lt Technical services wypically has ne incentive o garher
such informarisn or make such a cuse.

The rypical sales force is set up to owufpat infarmartion
on existing products. Tt is toue that sales people spend
much of theie time dr customer sites, and sa they oughe o
be in goud positions e eeturg infoemation to their em-
piovers on promising wser-developed producrs; bur sales
depinmenes are rypically nor staffed wieh people able w

/ .
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do this job, and the opical conmission and incentive
schemes operating on themn rewand only siles of existing
products. As a result, safes "people have nor only no
incentive e accurdiely repart on vonversations regarling
user Jeveloprents which might have porenual as com-
mercial products; they have an incentive to dellect any
such canversarinns towards the question, "What can [sell
you of my present products?”

Finally, consider how the conveationally structured
marketing research group would deal wirh data on user-
developed products. Marketing research typically aollects
and analyzes dataon user needs and then attemprs to
generale responsive new product conceprs. "Have yuu
any interesting new home-bailts we should sudy?™ is an
alien question in such a’sering. Indeed, any information
on such home-builts which u‘sc‘rﬂ" sales or echnical secv-
ice happens to bring to 2 conventionally aciented market-
ing research group’s attention woild probably be consid-
ered only as dars oh-z user need, ngr as data un bodh 2
need dnd 2 prtencially responsive solutisn. For ¢xanple,
if information coimey o markering reseacch reganling a
user prututy pe which functinns better on some dimension
than the prosduct manufacturets existing offering, ne
analysis methudolugivs such as multdimensioaal scaling
would probally be invoked; these would ignore bow the
precision was alinained — the salution Joaea o dhe use
design — nuting ooly that it was aecdal

fragednen vechnG 2, Faew 17
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Fields
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User dovdopment of new prodoces is noo restriveed 1o
high-rechnotipy industries. Consider how the phe-
nuinenon tecurs — and is managed — in the lexylwwk
publishing industry. Textbooks are almost invariably
wriren by teachers — one class of wsers ~— and not by
publishing bouses = manufagrurers. Manv poblivhers
manage this reality by setting up twor sales forces, Cine
Jeals with cusramers who boy but don’t wrle, such as
hibranes and baokswores; this sales seaff s irained and
mativared 10 sell existing hocoks only. The sceond sales
force dtafsv.lth wachem only, and i wa lr'lrd seloored,
and moovared o {1} induce teachens 1o zdnpt existing
1ex1s fur their ¢lawes as appropiate and [2) ek out
promising manuscripts which may be under prepara-
tzon. The oy pe of incentive offered to walesmen 1o un-
denake this input ard puipur role vanies by Rrmn.
Different groops ofren have different use-
relzricnships 16 the same produn, For eaample, while
reachers vsr rexrbooks as 1eaching 1ools, srudents uwe
rthem as leaming tools. The manuofacrurer"s problem in
ach instaneces is pot to idenpify “ithe™ user; nor s i
Fien possible to do so. The problem i to identify the
onc of more gateganes in which innovative usen are
found so thar 1he scarch for new prodecs n-.:} be
property focuswed. — E. A von H

A

included the user-solution dara in iis specificanion-of a
new product necd, the conventionally organized research
and developmen: group receiving such a ‘specification
would tend 1o laok at the data ¢n a user's selution with a

“'not invenred here™ prejudice.
For these many reasons, rthe conventional intcrface,

which product manofacturers present 1o their cusiomers
(_Irffrs I"I."IUIIIPIE harncrs o ﬂ'lf ['ﬂrl.fpﬂuﬂ :nd us.t (_If n-
fnrmmnn on user- dnclﬂped praducrs.

. LT 4
™ . . . .
ral ' L. . "
.

Im:rfan: Groups for Innovative Users .. ¥ 5
How should the market interface be mondified in an rn'ﬂ-
‘ronment in which user-developed home-builts are an im-

pnnam source of new pmducls for the fisst.1o- -market ’

mmufacturcr} The structure in the chart on p:gr: i}
suggrsts an answer to this question, bated on our'evi- .
"2 "¢ thar praduct users with a history of praduct inpo-

m can be identified and wcparated from the mass’of
 routine product uwers. For f:ump'lt in our crudy, of
"semiconduciar provess equipment innuvations we found °
thar all tnnonative vsers were amang the wop 2§ per cent

of alt veens in rerms of their volume of semiconductore

18 o zaon Teshon'ogy Peview

And even il the conventional macket research group

chipments at she Hime of ithe innovations. Aocomdingly, we
Prrodroeg s |‘Jl Illll; l1llh-l. Al fromn |u|||1m- I""‘h'"t (LR L
annd 'iluh'll_.IIIIII\. LY "'I-Ilrn\ AUAT Ws MMt ook gl
H'I\.h!lli Al s secioms wlasar vy i, illu e,
aind statling: e appoptian Lot i ning .1|-|..| P essng
svbonmation o wser-desedoped proadices,

i I e tha s o the vvra Jiention we Ao e
pasing 10 imnovative vars will be costh, Bart b willh e
compensaning parback 10 mannfacturers in the form of
new products buil upan research, developinenr, and field
1esting performed by a wser instead of by the manuface- -
turer, the manufacturer thus saving much of the usieal
cost uf these activities. . . .

For innovative wsers, 1echrical senices shoubd be px-
panded. Several types of activity — Aeld-proven b pot,
ver penerathy adopted — “could be added by provcluct
manufacturers In indusines characterized by uscr-dom-
inaled innovation. Among these;

11 ser growps. Commonly found i the connputer
suftware ares and occasionally elvew hote, user groups are
a mechanism by which uw s may exchange ideas and in-
furmation on mnovarians they have develuped. The cust
ta a manofacrurer of sponsoring such a group 15 low,
usvally taking the form of praviding s collection poimi fur,

" such mnformarion and Jdisceminating 1t w0 members

threngh newsleiters and accasional meetings The ben-
efits in tenms of access 16 the user-generated inforinacon
15 soimerimes significant. -
0 Apphications laboratories. In many industnes, tsers
are commonly invired to propose to manuflacturers’ ap-
plicarions laboratonies their conceprs for new apphca-
rinns for existing predocts. The manufaciurer through the
applications labaratory provides free or low-cost research
and development help in working cur the application,
The wser gains an effecrive now process while the man-
ufacturer learns abuut the need and — often -— is shawn a
user solution’ which tan be developed intw a salable new
vararion on existing products.
1A Custanr preduct groups. In industrics where siandard
producrs prove to have usually stancd as vusiom prod-
uers, it s often advantageous for a first-to-markel man-
ufﬂnurcr 16 offer good, fast, flexible help 1o that subser of
llﬁcrs\whmt special necds have proviously proved 1o
furr;h*ldml.'gnm ral -demand. A gooad cusioun prondugs
group will induce such users 1 bring their develupinenrs
to the sponsaning manu facrurer.

A spccml sales farce cx[l-c‘rltl‘lffd in the 1echnnlopgies

"and pmblcms of innovarive users should be established 1o -

serve thost users. As the siaff of this sales farce gradually

" prove ‘their compeience 1o the user firms, they will
" gradually obrain access 10 ser-developed products which
.the user might wish 1o have buill by an vurside supplies,

and they will have oppartunities 10 bid an cusion prod-?
T ucrs: wirth intercsning _commercial porenrial. Soch a
P . - Ty " . L]
strategy is well established in some ficlds ioday.
Techmical service and- sales personnel assigned to 2
ln:muf;lctun:r s ingovative users st wark under come-
pl.nunoﬁ whemes which reward the sale.of exisring
produas, lht aale of cintom produces, and inforsanion-

Eﬂlhl,nﬂb on’ weer developed  prinduces. Cleady, miw all
w+ = "
i L
-y .
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" fiser prototypes or 1dca5 for custon products have enough
~,p0t.'.‘!.'llﬂ] 10 be worth pursuing, but this problem can be
i dealt with in a sceeening process conducted by marketing
research; it shoeld nor be dealt with by the al-two-
. common practice of discouraging all infornarion inpur.
wnh a policy such as “we don’t do custom preducs.”
’, ., Marketing reseacch should be envouraged o acoep
proposals for custom peoducts and user-developed prod-
- ucts from sales and rechnical servives 1nd should be or-
¢ ganized so thac information teansfees of this sort are easy
-and routine. In industries dominated by vser-developed
' innovations, marketing personnet may be able to proceed
directly 1o an exploration of the macker potencial of the
< user-developed product itself, just as if the design had
come ' from the manufacturer’s own reseatch and de-
! yelapment group.
" Channels and incentives should be sct up to encourage
‘the transfer of infermarion on users’ product designs as
L well as needs from macketing research o research and
development. And the lateer shoutd be encouraged nat to
¢ design all new produces “from scratch® but o use user
* designs — ohen available free — when appropriare.
+ % Management has a role in creating these new zrrange-
ments and in keeping a0 open mind as to the outcome.
- Many companies start what rum ined profitable product
D" lines by making custom products or building w customer
" designs, then dodide rthar these lines have grown_ so hig
that further involvement with custom praducrs could be’
2n unprofitable disraction from the compam-:s"malm
. goals; later such companies wouder why they are havmg
d.]fﬁ::ulry fnding the bases fm' new prudu-:t ||n¢5 g 1 o
i L )
YA w:l.l‘nmg Adopt Thoughifully o ﬂﬂ a
Promising concepts for the management of i innovations
— and we believe that the management of user-developed:
products is one — zre often prescribed oo enchusiasa-
cally by researchers at a too-eady stage — and then em-
braced too nncritivally by practicioners. To avaid this, we
wish to emphasize thar strategies for the management of
user-dominated Innevarion are not yet standacdized. Ii

L : - -

you wish ro apply the concepr before it is roudne, we urge

you to appesach the task flexibly and expedmentally.

. We are currently working with practidoners to apply
*-these congepts; if you and your company are serigusly in-

terested, you are invited to ralk with us abour joining this
“joint research effort.

User Innosadan as 4 Narjonal Resource .
- The discovery thar user-dominated innovation patterns
*.account for the bulk of innovations in induscnies as im-
““purtant to the national economy as process machinery
and scientific instruments raises a host of qu:s:[nns for
+ government policymakers cancerned with innevaron.
% Two implications for govemment policy can be postu-
lated on the basis of research o dace:
O3 A user-dominared innovarion involves an extra trans-
fer step™— from user-innovator o commercial manufac-
turer — not required in the case of 2 manufacture:-
dontinared innovartion. If the user takes the Inidarive in
this step, the time lag assaviared with it may virually dis-
.ot

+

Lty

appear; but if the initiarive is lef to the manufaturee, the
time lag from first successful application hy the user-
innovator to fiest sale of a commetcial version by an
equipment mapu fictucing company is ofien severa? years
Some ways to reduce this Jelay are inhenent in rhe con
wpts we stugoest alovg for bether managetiene by nuans
ufactwens of the powess of acpiinng, vser-deschoped
prosbucts, Bug gt least o avenue is fpen te government
pulicymabers, Thets in many industrics aurremily have pay
effevtive financial ineentive to hasren the diffusion of cheis
inpovations ta others inthe wser comununity. They may,
in {act, have a disincentive, ta the extent char sole use of
their innevation assures a comperitise advantage over
competing ficms. A positive financial force 1o induce dif-
fusian by increasing the inventive of user-innovators to
transfer their inventions o manvfactucing firms could
bring significant benefits for many indusrries; it might
even induce ugees o nodertake innovations whose benefin
to themsclves is marginal but which might pay out hand-
somely on an industry-wide basis.

O 1t is clear that process innovations made by users in
the US. are Arst transferred to U.S. manufacturing finns.
In order to retain the innovartions which innovative users
are likely to spawn, the government could make spevial

. effors w induce such R o remain in che ULS,

-. We fec thae policymakers should be panicularly in-
tecested in prcess equipmicnt innovations because af the
- grawing evidenve that provess inngvationy (of which pro-
cess equipraent innuvarions are a subser), rather than in-
creases in capital investment or labor skifls, arc the ma|f e

. SOUrCES of Lmprovements in 1ndustn.1'| prm!m.uvtt]r
"! .

Further Readings : .
The suthor recommstils che following additanal readings for ﬂ'li}sc
with tpedal interest in the Reld.

Two pi.l.bhl.::nf_rnI give derails on the mechods dsml by meﬂmr von'
Hippel to determine the sources of new produats in the swo industries
indicated; readers should And chemn usefinlin planomy how 1o Jetermine
the souruct of Aew producss in their industcies:

von Higpel, Eric A, “The Daminant Role of Users in the Sienaific
Eustrument Innovation Process,”™ Researdh Podicy, July, 1978, pp. 212-
239, .

vou Mippel, Ecic A, "The Dominant Role of the User in Semd-
conduceor and Electronic Subiasembly Procsss lnegvarion,” JEEE
Trdnsdctions o4 Enginecrieg Marogermens, Mav, 1957, pp. 60-71

The fpllaw ing suggeds the means by whivh user ..:ttk‘prd raducts
ace teanaberred g fni-io-mark et menefacturing Bens in one indusery; ix
mar gvr readery hins of possible porems o lwk for m cheir own
fields:

von Higpel, Eric
frum User-lnnovarrs te Equipment Saaufacturin g Firns,”
Marsgerrend, Copber, 1977,
Inpurs fron vuseome:s which are less than complote oew products b
neverthieless dre useful o mecofioecing Armey aee considered] e

von Hippel, Epic A, *"A Customer-Active Parstigin for Indeserial
Product Wea Generation,” Sloan School of Managanare Warking F-lp-:r
135 77, Mar, 1977, -

A “Transferring Provess Enuipioent lanovations
"Ra D

1

Befare ;ioin'm%lﬂ-.: facutey of che Sloan School of Management, where he
is Assiyract Profecsor of Managsmens, Erc A, von Hippel a2y o
Founder of a tugoesaful iechnobegy -based compans gnd » consulzant at
McKimvey aml Co., wheze he speculited in issues related 1o dhe or
agement uf rsearch and development. His academic degrees in ccon

ic, engineering, and innovarion stodies 1re from Harvard {B.A. 196,
SLLT, (35800 1968), and Carnegle- Slellent {Fh D, 19741, ospuctively,
The researsh rasiess ot in oy i e w10 suppurred by the Marional 5a-
eacr Faound ttion Division of Policy Rasearch and Anatysis. The audhor
wauld alvy live ro thanh he SULT. tnewvanian Ceneer for ins wppurt.

v
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METODOLOGIAS PARA INVESTISAR LOS PROYECTOS DE INNOVACIT!H

Un-Casn: PROYECTO SAPPHQ,

El'provecto SAPPHO estudia diferencias entre {xilos y fracasos en los

-

procesog de innovacién tecncllégica. Este estudio realizado en la Uni-
versidad de Sussex adopta u-ln nu;v'o enfogque en el estudio de la innova—
€idn y properciona inforrmacibn relativa al papel y caracter{sticas de los
individuos irvolucrados en su proceso. Resultados del prayecto mues—
tran que los productos exitosos han contado con un empresario tnnava::!nr,

el cual es un factor crucial para el desarrello del proceso. El provecto

presenta:tres rasgoes princlpales:

- A diferencia de otros estudicos que solo amalizan casos exitosos,
el SAPPHO hace pares de pruebas clasificando exitosa comer——

cialmente y fallida.

- El proyecto recopila informacibn en todas las etapas del proceso

de innovacifn, para R & D a través de mercadotecnia y ventas,

- Selecciona los pares de éxitos/fracasos para dos industrias,
Quimica v de Instrumantes Cierntificos, de tal forma que permi-

te observar diferenclas y similitudes inter—industriales.

296
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l.os Critermos gua se u!:ilizar‘{::n pard deberminie gl Gailo o teocarar e

una innovacidn fueron: 1a participacidn en el mercado ¥ la rentabilidad
econdmica, Es decir, siuna innc;vacién habfa permitido obtener un -
gran nimera de ventas o utilidades altas (o ambas cosas) se mnsige@

ba exitosa, en el caso contrario era considerada una innovacitn fallida,

Infarn:acién referente a ta comercializacidn de la innovacién hacia cada
par, fue realizada primerarmente por entrevista con la gente relacionada
en el proceso, Esta fue apoyada con el andlisis de la informacién disp_c?_
nible, a*lj'l' r:.c-m-:.:\ informacidn publicada o en forma de documento da tra-
bajo, récord de compafiias, etc. Una detallada historia de cada innova-
cifn fue establecida, este hizo posible a 10s investigadores imponer el
criteric de &xito o de falla utilizando mﬁ‘ltiplals criterios, El criterio -
usado ser{a utilizado _desp...lés de ur examen detallado de la l_iter‘;h.zr*a -
existente en innovacidn y tomanda en consideracion rmuchas de las hipd
tasis de casos de éxito, las cuales han sido previamente propuestas,
FPara descubrir las diferencias éxitos fracasos se apalizaron 43 cumpa

raciones procedentas de 8 paises, 22 en la industria de procesos nui’mi_

cos ¥ 21 en la de instruméntos cient{ficos.
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Las técnicas estadlsticas emplean una aplicacidn simplificada de 1la prug-
ba de 12 binomial, 1a cual habilita &l cilculo de 1la prﬂbabilidad que resul-
ta de la cbservacibn de cada variable, Estas probabilidades son dadas -

entre paréntesis despubs de cada resultado.

Los resultados estadisticos. apoyan la bUsqueda de mdltiples factores, -

aclarando los éxitos en irm?vaciﬁn. Se agruparon 31 de las m&s-.i;npﬁr*—

tantes variablas en &reas de competencia, mestrando as{ los § principales

factores que determinaron éxito o fracaso de las innovaciones, ellos son:

- Capacidad de administracién y caracterf{sticas de los administra—

dores. o |
- Conoclmiento de las necesidades del usuario,
- Actividades d;-.. mercadotecnia y ventas.
- Eficiencia en el-desarrolic del provecto.
I
- \Cﬂr‘ﬁunlcaciMEE.

Un resumen de los resultados del proyecto, relativos al papel v carac~

ter{sticas de los indlviduocs, es presentado a continuacién.
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—e=ultsdos del Provecto.

" Cada comparacidn utilizd 122 variables que contenian la informacidn
gsancial an 0 que respecta a la empresa innovadaora, sus actividades
de mercada, su investigacibny desarrollo, su administracién, su -
produccibn, ete, a cada una de las 122. variables en cada par se le did

una calificacibn (+1), {(-1) o neutra ya fuera que la variable raya esta-

do asociada al éxito, fracaso o a ningunc de los casos.
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Capacidad ge administracidn y caracteristicas de las adminis-

tradores, ) . .

Las empresas exitosas:

- Y

- ancuentran mem; oposicidn comerciat ;1 la innovacidn
.
“~  buscan la innovacibn en forma més deliberada
-  encuentran menos oposicldn F?cnica a la innovacién
- ‘toman la decisibn de innovar por r-lamne-.s de mercado
- desarrollan la m::ynrfn de las actiﬁdades de RED inter-

namente

ocupan més personal al inicio del proceso

- tienen menos gastos axcaesivos

gque las emmpresas fallidas,

Los ejecmtiﬁasd responsables de las innovaciones exitosas:
-  tienen més poder

- tienen mAs responsabilidad

- tier*;en mﬁs variada expeﬂencia

-  tienen mAs entusiasmo por la innovacidn

- tieren mayor "status"

que sus colegas de innovaciones fallidas

L4

L
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Las innovaciones exitosas: ;. ¢ - A *
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-  necesitan menos adaptacidn’por parte de tos usuarios

T— requieren menos modificaciones resultantes de la expe-

riencia de post-venta

que las tnnovaciones fallidas,

Las empresas exitosas:

- entienden mejor los reguerimientos det usuario

- ven log problemas del usuario antes

qua las empresas fallidas,

R Lothr :
Actividades de mercado. . oo i v 'j"f
' . C k. .o R .

Las empreasas exitosas: . )/ . };"F

' . oL T -

el .. PN
-  ponen mis énfasis en.los a.Spectos de venta

l. - ’l’
I?-.r ‘a 'l:"L [— 1.‘,L )

- pon-an més atemi&n enla educacibn’ del usuario

ke d e

' . . . #i‘-r'p ‘L : Ry - .
- d-an muyor- publicidad | 2 ‘la mmvamén X '
e Sy e C
que las empresas fallidas, . : ™,
- s
. r T 1'
Eficiencia en el desarrollo del proyecto. - ‘_:! B R
» *1-"‘..) T4 ',,4" rypt
. - ‘_?h!; ':-l.l -, + M. .
Las tnnovacicnes exitosas: T e .;,[1*_'3:'-%- . .
r - b KR :. . F
-  tierien menos problemas de post-venta °  ° .
-  tiepen menos dificultades ﬁécnicés en la ‘produééién ) ny
. 1 t. Coe
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- hienen menos ajustes ineseeeados en L procvacer™n,

. que las empresas ‘fallidas,

[ ]
- L 114
- sufren menas mortiibeaciore s ckireanic S ohescowey=ol e -

. *

gue las innovaciones rallidas,

[

Las empresas exitosas:
. a .
- evallan las perspectivas de &xito bajas al principio

*

" = hacen mayor uso de ingenieros en ta planificacién de la

. producctbn E

Comunicacionas,

Las empresas exitosas:

- tiemen mayor contacto con la comunidad cient(fica y
tecrolbgica de su Area de interés L ' .

- beneficim;l da techolog(a externa durante la produccidn

- tienen m-ejor"ES comuntcaciones internas v externas

que las empresas fallidas,
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Los Individuos v su papel en lnnovacion,

Como un rasultado de 1a literatura que ha precedido al Froyoecocto SARPPHOD,

&ste define ciertos papeles claves en innovacion que pueden ser identifica-

dos, '

.
-
1

inngvador Técnico: El "Inventor” o individuo que hace la mayor contribu—

cibn al desarrollo y/o disefo de la inmovacion,

Empresario Innovador: El individuo que se responsabiliza dentro de la es-

tructura administrativa, por el progreso de la innovacidén.

L] - = - .
Jafe Ejecutivo: El indiviguo qulen representa la cabeza de la estructura

ejecutiva para la innovacibn,

Producto L{der; Cuatquier individuc que hace upa contribucién a la innova-
¢ibn promoviendo su progresc activa vy entusiastarmente a través de esta-
dos criticos, si tiene responsabilidad administrativa para alguna parte del

proyecta o no.,

Los Empresarios en [nnovacidn,

Los resultados del SAPPHO indican que los empresarios innovadores tie-

nen:

LI S
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- més poder (probabilidad = D.hf.:}i)d] y oallo ol (o= 2 Jn)
4 - mas experiencia (::; = O.ﬁDE), m;.lr:has veces incluyendo experien—
cias de otrc;s paf{ses (p = 0.02)
- mAs entusiasmo por (compromiso) 1a innovacidn (p = D;GDE) que

,

‘ : .. los administradores de las empresas fallidas,
- MSs responsabilidad (p = 0,001)

Los ejecutivos respcmsa;bles de las innovaciones exitosas tienen més edad
qua los de inmovaciones fallidas (p = 0.001) y en 1a industria Guimica los
: responsables administrativos de los proyectos han estado més tiempo en
‘la industria (p = 0.0%5). En el sector de instrumentos, los aspectos de
experienc.:{a, Matatus” ¥y autoridad eran menos importantes, pero el res—

ponsable administrativo exitoso tiene mas entusiasme y dedicacidény -

habfa estado rmenos tlempoe en la empresa que su colega sin éxito (p = O. 05).'

Los resultados del SAPPHO encueniran que 10s empresarios exitosos en
innovacion, para ambats industrias, tiensn més variada experiencia au-
nada con la evidencia que los empresarios exitﬂgpus en la industria de ins-
trumentos No han e;.tadn gran tia-.mﬁo cun las organizaciones. Esto deja
U hip-étésis tentativa, ql..l.te en la inéiufstr*-ia dg Procesos .;ufmicr::s los em-
presarios inhuvz;dor-es podrian ganar e:-cper‘ierr:m {a por rmovilidad externa

mientras que en la industria Quimica la misema ventaja puede cbtenerse

por movilidad interna,
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Ciertameante la industria de instrumentos electrdnicos ticne mener
dimensitn ambiental que la ingustria quirnica’y &sto no le permite

una movilidad interna. Informacibn detallada relativa a los ejecu-
tivos responsables da la innovacifn es resumida en la siguiente

tabla I,
*
* ' '
' * '
1
- *
' 3 '
L] 1 . !
H
1 ' »
) -

PR .

i, g



P — - ——— o == G mmae | === A s

(\ﬁltfn:‘;\.ﬁl kl D_—: ‘l.i_lﬁ;v“l-

f——— e s %

P N s R R ] R N AT Y En:a T:::\S ::E L..r-:::.’ E:-""_""':Ef}{.“'.'__: D.L;
- lWHOVADORES, EXITOS 7/ FALL LS 15 :
- - y
. - QUIKMICL FHSTRUMENTOS] TOTAL
CARACTERISTICAS e g ]
E=rlE=FE<} P ([E>FiE=FE<Ff P (Ex=FE-FIE<F] P
AUTORIDAD (PGDER) EN -
: & {o.oos
Li ORGANIZACION 10| 1 §o0.003 ‘9 9 {3 [007f 201 G.0558
RACD DE RESPONSABILIDAD ‘ '
2 |10 | - [o.00020 7 [0 ]| 4|03 | 19| 26) 4 [0.00L
ADMINISTRATIV A :
EXPERIENCIA DIVERSA, wiw |1 fooo6s ] w0)] 7! 4003/ 20) 18] 5 ]0.002
ENTUSIASMO POR 18 6 002 ta| 21| 2 [0.002
LA IKNOVACION 4 - |008 |10 91 2100 :
|
TATUS EN LA ORGANIZACION ,, - J10] 80 1 Joooe | 8 Jio | 3 fot s ] 21| a4 [¢
EDAD {wfn | 1 |oooe | 7|12 [ 2 joosfis| 23] 3 [o.c0l
TIEMPO DE PERMANENCIA N
EN LA INDUSTRIA ol % '3 |oos | 5|10 | 6fos|[15]19] 9 (0.2
TIEMPO CON “INNOVACIONES |
_ 8 18| 604 3 8 [ w005 11| 18] 18]0.2
EN.'LA EMPRESA :
NUMERO- DE EMPLEQS e [l s R 0 w0l 26 1
. ANTERIDRES - 03 13y 203310 0
EXPERIENCIA EN OTRO PAIS 4 18| - loos | 613 2[oa]10] 31| 2002




IFMSwas Irss

-

La investigacibn del paoel de thnovadare teenies fud estimulada oor L2
disgusitn g2 "inventar" en la litaratura de innovacibn, S una cerso-

na puthera ser identificada como la qL.It; hace ia mayor contribucidn al

adisend o desarrolle de la ir:imv;'lciﬁn serfa recormacio como el innuva-—
dor técnico. Et SAPPHO reconoce que hay muchos cosos, @n los cua-
les el "inventor" no podria ser encontrado dentro del proceso de inno—
vacibn se encuentra en un grupe de apoyo. En suma, los "inventores"

son encortrados mis frecuentaments en la industria de instrumentos

gue en la quimica porque en alguna escala la tecnologfa es menos ela-

'bc; rada.

Innovadores tkcnicos fueron identiﬁcaltdoﬁ en el 80% de todos las estu-
dios de innovacibn, pero en la industria quimica fueron encontrados
ligeramente méas veces l-en fracasos que en &xitos, vy en la industria de
instrurmentos sucedib lo contrario.

+ .

+

Sin embargo, estas difer‘;n-::ia’s pueden sar consideradas como signi-—
ficantes (Tabla [I1}. Esto podefa sugerir gue en la industria gufmica

un salo inroyvador aes menos efectivoe gue un grupo, mientras gue an la
indusltiria de instrumentos 1a frecuencia de un solo inventor podria

conducirla al &xito, pero ésto as solo hipbtasis:
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Otras Factores Ascociados con el Procesao.

La influencia del jefe ejecultivo parece minima excepto en aquellos casos
en que &l asurne también alguno de 1os otros papeles, por ejemplo, admi
nistrador de la innovacidn, Las empresas exitosas en la industria quimi
ca parecen terer departamentos de investigacidn y desarrolle de mds an—
tiguedad gue los de las empresas fallidas (p = D-. 013 pero, esto no parecid

ser muy importante.

La tearfa gque califica cient{ficos e ingenieros en mavor posicién adminis—
trativa como elementos més importantes para éxitos fueron cuesticonados,
pues su presencia podrfa ser una corndicidn necesaria para realizar o in-

novacién, pero no tuvo un resultado significativo estadisticamente,

Algunos Aspectos que Sefalan la Importancia entre la Inrovacion Tecnolo-

gica e Innovacidn,

L2 industria de instrumentos se caracteriza por la transferencia de tec—

nologfa, muchos de los avances significativas enirstrumentacién han sido

originados en universidades y laboratorios de investigacidn antes de trans
ferirlos a la industria. Un brave examen muestra, por gjompla, que la

mayor{a de técnicas espectrométricas para andlisis rutinarios fuera de



iz oingusiria de instrumrentos. Camo. 102 especirdateircs nrrLrnjos
ce a-sorcidn atdmicz, especurdmetiro de masa, aspecirfrratro de -
SO magné:icﬂ, cebc, LAs inmowvaciones en las imgusieins de ir‘.s':r-;:
reentos del SAPPHO contienen ¢iomplos para muglvs de los CRMPOS
descritos antariormente, junto con alyunos desarcollos Jdo (mpacto,
los cuales han‘ sido ransferidos a las empresas vy como mencionamos

anteriormente, las tnnovaciones tecneldgicas resultan de investigacio—

L v
res fuera de la prganizacion.
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Cral propests SADRDSRD onaivz-sioor oo DUEnoce), se analizaran
43 pares de innovaciones, {cada car formado por una

innovacibn exitosa y una fallida) 22, de los cuales pertenecian

a la industria’ guimica v 21 a la industria de instrumentos
ciontifico:, £l eqstudio tenfa el Min de identificar las
carastorixticds comunes an las innovaciono:, eritosns (o
importante sefalar gue se estudiaron dos ramas industeiales
difarantes en cuanto a las dimeansiones promedio de sus
unidades productivas, ya que la industria de procesos

auimicos se caracteriza por el gran tamano de sus smMaresas

‘a diferencia de la segunda).

Se carmpararcon los pares, utilizarkdc 122 variables que
contenfan la inforrmacibn basica como actividades de owrcado,
S imesligaci&n,-desarruno, sty administracibn, su produccién,
etc., dindoseles un punto (+-1} (— 1} &6 neulro, wva mucra que

asta variable estuviera asociada al Exito o ol fracann de la

innovacibn (o a ninguno de los casos),

B-i1 CARACTERISTICAS DE LAS INNOVACIONES EXITOSAS,

Se nota que las variables que especialmente influycn en el

Exito o fracasn de una innovacidn teenoligica puoden
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CARPACIDAL DE ALMMINIS [1IRACLION,

Las emoresas exitosasg;
- Encuentran menos oposicidn tBenica y comercial
a la innovacifn,
- Buscan la innovacidn en forma més deliberada,
— Toman la decisibn de innovar por razones doe
mercado,
- Ceupan mas persc;nal al inicio de! proceso,
X
- Tiensn menos gasios excesivos,
~ DOeosarrollan las actividades de 1D internameoente,
.
con jefes de més categoria,
- Ademés, los ejecutivos responsables de las
in!-mvac:ir:-nes exitosas tienen mayor poder, mas
entusiasmo por la innovacibn que sus colegas

de innovacionas Fallidas,
|

CONOCIMIENTO DE LAS NECESIDALIES [l
US UARIQO. '

Las innovacionos exitosas:

- Necesitan menos adaptacibn por parte de los
usuarios,

- Reqguiercn menos madificaciones resultantos de

la experioncin de postyenta que las emprusas
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na

%

1:2%
fallidas. o

Las empresas exitosas:
- Entienden mejor los reguerimientos del usuario.
- YVen los problemas del usuario antes que las

emprasas fallidas.
ACTIVIDADES DE MERCALDC,

Las empra?as exitosas:
|
-  Ponen mas énfasis en los aspectos de venta,

L]

- Ponen mas étémi&n an la éduca&:i&n del usﬁario.

41
-

s

EFICIENCIA EN EL DESARROLLO DEL PROYECTO,

Las innovaciones axitosas:

-  Tienen menos problemas técnicos en la
produccibn como ajustes inesperados,

- Sufren rr':uErms modificaciones durante su desa-
rrollo,

Las empresas exitosas:

~  Evaluan las perspectivas de éxito bajas al
principio.

- Hacen rmayor uso de ingenieros en la planificaciftn

de la produccién gue las empresas fallicia.s. )
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V.- COMUNICACIONES.

Las empresas exitosas:

- Tienen mayor contacto con ta comunidad
ctentffica y tecnolfglica en su rea de1 interés,

-  Se penefician de tacrologia externa durante
la produccibn,

- Tienan marjuras cormunicacionas internas v

axternas que las empresas fallidas,

B- 2) CARACTERISTICAS DE LAS INNOVACIONES FALLIDAS,

Como variables que mé&s coincidieron con el fracaso de

las innovaciornes se encontraron:

I.- NECESIDADES DEL USUARIO,

-

- MNo 8e realizarcon encuestas scbre usuarios, o

se hicieron mal.
-  Se ignorb las respuestas de 1as encuestas.

- Hubo predisposicibn a un disefio deter‘mlnacin.

.- ACTIVIDADES DE MERCADQO,

Se igrord 1a investigaclibn de mercado,
- Sa descuidaron tos aspectas de ;;ublicidad.

Se Tatlh en la educacidn del usuario,
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- Hubo camblos inesgarados en el mercado.

11, - INVESTIGACION ¥ DESARROLILO.

13
L1y

- Cesarrollo pobre e incompleto dal proceso
de irnnovacibn,

- Dependencia excesiva dae fecnnlogfa externa.

- Recursos insuficientes de ID,

- Inesperada superioridad tecnolfgica del

cormpeatidor.
1V, - ADMINISTRACION.

- Mo se le dib la debida seriadad por parte da
las ejecutivos o no se integrd una estrategia
definida,

- La evaluacibn y control del provecto fueron
inadecuados.

- El ejecutivo responsable era demasiado débil

o sin experiencia,

Muchos de los factores que irkiujeron al fracaso se

- ]
rubieran podido controlar si hubiera habido una buena
administracifn, pero lncluso se violaron reglas elementales

de n&ministraciﬁn corma: consulta a usuaries, estudio de

mercados, evaluacibn adecuada del proyecto,
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) INDIVIDUIOS CLAaviES;

-

Procesns ufmicos,.~ El responsable exitoso tenfa mas
variada experigncia, mayor estatus, més responsabilidad,

mis autoridad que su colega fallido.

Instrumentos.— Experiencia, estatus y autoridad eran
menos importantes, perc el responsable exitoso era mas

Hl
erntusiasta y dedicado que su colega fallido,

17
3- 3.- ﬂmﬂﬁﬁﬂmﬁ_ﬂﬂ'MEﬁ{f_q{‘Fﬁ?ﬂﬂtrﬂiJf?.
mmammtm“taﬂqmﬁt?ﬁﬁa!m Lomo-y
earacteristicas mésdeterminentes:

O T IR Y TN A ORI INTACHRY HACEA £ - MERCADO)

—  Es importante al tnnovar un producto tener bian claro
en la mente las necesidades y preferencias del sector
hacia el que se dirige el producto,

- Es necesario tener estrecha comunicac?&n entre los
disefadores del p;roductﬂ y las personas que estin
an contacto con el cliente, discutir la forma final del
producto analiz@ndolo desde distintos puntos de vista,
el de produccibin, el de comercializacibn, el de

utilidades, etc., para determinar la mbs apegada
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conCepcifn a 1o que el futuro cliente desea,

!

TITILITIN) L CONSISTENCIA CON LOS OBJETIVOS CORPORATIVOS

"L

1

ey

DE LA EMPRES A

- Cafinir claramente los productos y mercados en
las que se apoya el futuro crecimiento de la empresa,
poniendo especial atencibn en las capacidades de la
organizacibn en relacidn con las amenazas v oportu—
nlidades qua han sido identificadas en el medio
ambienta. Algunos nuevos productos potenciales,
aln cuando sean atractivos, son inagropiados para
su desarrollo, dado que la ccmﬁaﬁfa no tiane los
recursos suficientes o no desea entrar o extender
sus oparaciones en ciertos mercados,

- Dectsiones sobre nuewos productos son tan fundamean-—
tales para el futuro de la con-q:?aﬁfa que NG pusden

ser ajenas a los objetivas de la empresa.

w1 we) —UN EFEGTIVO SISTEMA DE SELEGCION ¥ EVALUACION

-

. B gt e e -

b bu o m—

- DE PROYECTOS.

- Es conveniente que se cuente con un método efectivo
de seleccibn y evaluacibn de proyectos y que Bste se

base en datos apegados a la realidad, existen algunas
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thcnicas que van desde listas de comorobacidn hoestia
aralisis cuantitativos basados en las técnicas de

invastigacibon de operaciones.

C g N EEECTIVA ADMINIS TRACION Y . CONTROL DER

Un control inadecuado resulta en aumentos en costo y

retrasos, 40 T -

CooEBR Y T LNA FOENTE OF-IDEAS CREATIVAS.

-

La inmv'ac'iﬁn exitosa orr.*aca algo por lo que el cliente
esth dispuesto a pagar, Esto tiene su origen en una
rueva tacrnologfa existante, La calidad de una innovacibn
depende de la originalidad de meantes creativas de uno

o varios individuos,.sin creatividad no puede haber

innovacion, -

IO SUINATDRGAMIZACION RECERTIVA A LA THNNOWVACIO N>

-  lnnovacibn significa cambio, por lo que se puede
interpretar como una amenaza a la ge-nte qQue S5 ve
afectada por ella y es probable que origine su oposicifin.

- La creacitn de una clima donde pueda desarrollarse
la innovacibn demanda;

-  bLa presencia del empresario estimulando su

desarrollo,
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- La habilidad con gue et innovador (ingeniero b
thcnico) presente su caso, 131
- . Estracha comunicacidn entre el innovador y la

direccibn,

=2 Irr OEDIGACION Y COMPROMISO POR-UND O-VARIOS
ar INTAYIDGIO S,

“Las innovacionas no suceden, son hechas"”, detras de

cada innovacibn exitosa hay una persona o un grupo de
personaa, los innovadores, quienes son responsables de

traducir una idea a la practica,

g
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SDdl:lj’ long ago learned the value of antic-
ipating the character, intensity, and timing of
major environmental forces in socal and ec-
onomic activities. Forecasts of the weather,
agricultural production, population growth,
industrial production, markets, sociological
change, government spending, economic con-
ditions, political attitudes, and many other
attributes of future conditions are regarded
as essential to planning wisely or to dealing
effectively with coming changes, The wisdom
of trying to anticipate these things that influ-
ence the future is well proven even though
forecasts are almost certain to lack perfec-
tion. Strangely, society has been very stow in
coming to grips with the forecasting of tech-
nology.

WHY TECHNOLOGY IS
OF INCREASING SIGNIFICANCE

Today, onc of the most powerful forces in
our covironment—and at times by far the
most important for many firms, institutions,
nations, and socicty at large—is techonology,

And the power of technology for good and

-bad is growing. Its increasing impact stems
from the following factors.

The degree of advance in the technical ca-
pability of many new devices and materials
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Introduction

over their predecessors often is in multiples
of improvement—and not a few percentage
points. Thesc gains in performance are so
great that they abruptly and drastically alter
the means, effects, time, or cosis of doing
things. Thus they disturb, for better or
Wworse, existing practices, institutions, and
human activitics. For example, consider the
speed of commercial computation by compu-
ter systems.' {See exhibit 1.1.} Notice that
the degree of advance is in multiples of pre-
vious performance and not in percentage
points. The samec phenomencn appears in
many other things—speed of transportation,
power of explosives, cnergy storage, minia-
turization of clectronic circuits, the impact
strength of plastics, accuracy of watches, the
capabilities of hand-held calculators, etc,

The rapidity of introduction of technical
Successors seems to be increasing in many

Duta for ipeed of “‘commercial compuialion® compaters
are based on an eniremely complex formuls for computing
"P'" {operatany per second) ws developed and computed by
Kenncth Knight in the course ol his docioral work, Sec chapier
& [or thly formuls, Shool papers by Kmighit have appeared in
“Changes in Compuier Perfocmance,” Defomarion, S
tember, 964, and “Evolving Compoler Performance, |963-
&' Datamarion, Janusry, 1964, Alwo, cee his paper in
Technologicel Fortcarting—An Acadenric fnquiry, od, by
Beigh and Schoerman (Canoga Park, Calil.: Xyryx In-
formation Corporation, 1970), Portons of kit work are
peovided wa tubbes Tor exsrcises in chapter &.
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EXHIBIT 1.1

Speed ol Commercial Computer Compulations

L33

— -

Date Comperter Oprerations Secovd
1044 Harvard Mark | G403
1946 Eniac 44.65

19491 Unwac i 274
1953 TBM 701 615.7
1961 . 1BM 7074 a1.650,
1962 : Univac 1107 76050,
1963 RCA 601 58,880,
1963 CDC 300 156,375,
15464 COC 6600 4.091,293,
1965 IBM 360/75 1,437 806,

1976 ’ OO Srar 100 "

*This scienhific corppuisy was announced as available for commorcial Ume sharing. Its “power™ by Knighi's tor-
mula has pot bedn compuled. Howaver, 1he company 33id il was able 10 average 97.9 million operatigns, of
results, pir second dus ko Uveciod processing.” The Siar 1000 will ba affered ‘n 1ale 19739, cllering a fourfold ine
crease in vecloslype (Mocosaing, meaniag that il should be abie to avarage about 400 million resulls per =econd.
Tha Siar 100A, avallable in late 1977, wiil do conventionst processing aboul 603 percent 1asier Than the Siar 100,

due ta improved Circurtry,

fields. Therefore, each technology concept
tends 10 have a shorier marketplace hife be-
cause of prompt challenge from a new and
superior technology. The phenomenon. is
most apparent in the extremely short market-
state electronic components, but it is also
shown in many other products, where a given
design has a Jife of nearer to five years than
the ten years of a decade ago-.

The size of resources required often is so
great that the R & D funding capacity of indi-
vidual firms and even an entire industry is ex-
hausted. The American S5T is a case in point,
and the British-French Concorde wransport
has required two nations to combine their re-
sources. Rolls Royee and Lockheed represent
two instances in which the {inancial demands
of a sinigle technical advance have been stag-
gering. DuPont lost $100 million op Corfam,
and RCA announced a $250 million loss on
computers.

Technology as a national resource has Jong
been recognized in technical circles. In the
19605 both society at large and governments

L]

began o recognize that they can and mus
marshal technological resources for national
purposes gpther than war. Now the use of
technology Lo improve social situations—ur-
ban conditions, health, education, cnviron-
menigl qualities, food supply, the general
guality of life—and 10 explore space and the
oceans has become widely accepled and de-
manded. Thus technology is being called
upon more {requently and more severely 1o
serve public needs. Currently, ERDA s
spending hundreds of millions on new enesgy
sources, withont clear assurances of 1echnical
SUCCESS.

Technology assessrent has resulted [rom
concern over Lhe negative effects of 1echnol-
cgy on lhe environment and socicty, This
concern has grown since the late 1960s. Of
course, alarm aboutr men, machines, unem-
ployment, and skills is an cld wortry, going
back more than two hundred years. The new
development i5 intense concern about other
effects of a 1echnology, such as the pollution
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associated with a production process or proud-
uct use and the delayed conseguences of tech-
nology as it affects the environment ycars
later or as it leads to new social problems.
There are vigorous arguments that technol-
ogy is responsible for generating wastes that
contaminate the environment, destroy or
harm plant and animal life, and ruin the aes-
thetic qualities of the countryside, the shore-
lines, the rivers, and all else on which gur eyes
rest, Even our cars are not free from the
assanlt by the noises of technology.

These cancerns brought national attention
to technolaogy assessment. In 1972 the Office
of Technology Assessmcnt was cstablished.
The office now has some ninctyﬁ employees
and has undertaken dozens of studies on
technology as requested by Congress. The
President’s Council for Environmental
Quality has been established, and new en-

vironmental controls bave been established,

by the Environmental Protection Agency.
Since 1969 factories have been legally closed
for producing noxious fumes, noise, and
stream pollution.

It is clear thar society intends thar
technology will be held accountable for its
total impact. Therefore, technology assess-
ment is becoming a requirement of technol-
OgYy proposals. Assessment requires anticipa-
tion, hence, a2 need for technology fore-
casting.

WHY TECHNOLOGY
FORECASTING IS NECESSARY

Since governments and firmns have heen
making hundreds of thousands of plans for at
least several hundred years without much ¢x-
plicit technology forecasting, why can't soci-
ety get along as it has in the past? Consider
what this posture means (o decision making.

One implication is that the future contains
no significant technological change for the
particular institution. This may be a realistic
and uscful assumption for many activitics in
the one- to five-year time span. New
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icchnology generally reguices five ta litteen
years o diffuse throughoni society on a sig-
nmificant scale; hence, an organization has
time to recognize and adjust ro technical
progress. Economists, who traditionally
work heavily with one- 1o three-year projec-
tions, have been able 1o ignote technology
changes safely (in most cases) for this reason.

This assumption is not satisfactory for
pmductiunlactivitiﬂs based largely on tech-
nology changes—electronics, drugs, plastics,
computers, aerospace, and cnergy conver-
sion. I1 also is a bad policy For relatively
stable industries that ate suddenly inundated
with new technology in their production proc-
esses, materials, compelition, or distribution
procedure. This is currently the case in the
materials field—steel, wood, paper, and
tiles—and in some service industries such as
food, education, 2nd health,

An alternative implication ef nol forecast-
ing is that anyrhing of technical significance
can be recognized and dealt with after it has
materiglized and been proven. This, oo, 15
somelimes a satisfactory approach. It has the
advantage of certainty and avoidance of false
trials, It also has some serious drawbacks—
the loss of lead time, of patent position, and
pessibly of public image, Far more serious, at
times, is the fact that the firm may mean-
while commit itself to products, processes,
capital expenditures, and even personnel,
which makes i1 very difficult to shift direc-
tions at a later date.

Another hazard, with porential for horren-
dous economic ecrors, lies in the response
aonce the decision is made. First, there is the
“erash'' program to catch up at any price.
And the price of buying in later is very high.
Second, there is the timing fiasco. By the time
the arganization does caich up, the seller’s
market may be gone, The bandwagon atmos-
phere, coupled with the high cost of haste and
bad timing, leads to painful experiences. Of-
fice copiers and computers provide cases in
point. Maieralization of technology as the
oniy trigger to action is dangerous marageri-
al policy.



The jssue, therefore, is nol whether any
technological changes will affect the institn-
tion seriousty, but whether to arrive at this
conclusion by ignorance, neglect, wishful
thinking, or explicit reasoning. Widespread

awareness of the growing force of technology -

and increasing concern over its impact means
that forecasting of technological development
and conscquences is absolutely essential.
Why, then, should one not make use of the
traditional forecasting procedure—the opin-
jan of the technical expert?

DIFFICULTIES INHERENT
IN EXPERT OPINION

Interaction of Technologies -+ .

The use of an expert’s opinion’ is very
logical but is becoming an increasingly dubi-
ous procedure. Onc reason is that the former
ability of a competent technical man (o assess
progress in his special ficld is disappearing
because of the growing interaction of tech-
nologies. For instance, if one wanted to fore-
cast the future of computer iechnology,
should his *“'expert’’ be an arithmetic logic
mathematician, a solid-state physicist, a
memary systems desigoner, a manufaciuring
process engineer, an electronic ¢ircuit engi-
neer, or some other specialist? Obviously,
none of these is adequate because single held
knowledge is no longer capable of assessing
total improvement in these technical devices,
Technical progress 15 multidisciplined, but
technical experts are not—at least to the same
degree.

The obvious improvement 10 an individual
expert is to form a committee. However, even
if one assembles a group representing the ap-
propriate technical experts, opinion alone is
becoming less satisfactory. The reason is that
much technology change is becoming less
autonomous. New technology is stimulated
by interactions with social conditions, politi-
cal actions, cconomic conditions, and ecolog-
ical pressures, One can hardly expect the tech-
nical experts also ta be competent forecasiers
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in all these nantechnology spheres. Consider
forecasting the emergence of 1he SST air-
plane, of a new detergent, of the antiballistic
missile system. Are the controlling forces 1o
be found only from the swudy of lechnology?
Exhibit 1,2 15 a sketch that suggests five en-
vironmenls that interact with each other Lo in-
Nuence technical progress. Man must learn
how to think logically about the fulure im-
pact of these interrelationships, their evelve-
ment, and their impingement on cach other,

Furthermore, there is a vast and often un-
appreciated distinction between forecasting
technical development in the laboratory and
forecasting technology in use. Technical
knowledge glone cannot possibly provide a
correct basis for predicting the timing of the
emergence and impact of new 1echnology.
The delay of Lhe support for the American
SST, the demand for automobile safety, Lhe
outlawing of DT, and the development of
nonpolluting automotive power are examples
of technology inlluenced by developments in
other environments, These influences are not
necessarily within the expertise of the experts
in the particular field. Reasons for this rapid
interaction of forces for change will be ex-
plored in chapter 3. Exercises a1 the end of
this chapter will help the student sharpen his
insight on these influences.

Value Changes

Behind these environmentat relationships is
another kind of change only beginning to be
dimly understood. This is the changing value
system in our society. Values are virtually a
no-man's land 1o most, and onc can hardly
expect today’s technical expert to intuilively
and cotrectly weigh the value systems that
will prevail a decade or more from now. Yet
these value systems often will determine what
technological choices sociely will suppon and
how society will evaluate the relative merits
of the products of technological effort,

Lack ol Forecasting Methodelogy

Finally, we must recogmize that methodol-
ogy For lechnology forecasting has not been
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laught in any engincering school or in any sci-
emific course until| perhaps, 1969, Therefore,
past farecasting by expert opinion has largely
f{bur not always) rested upon individual
knowledge, experience, belief, and intuition.
As a result, many scientists, engincers, and
inveniors of ungquestioned technical compe-
tence have produced astonishing prediction
errors. 1t is equally true that experts have had
many successes. Bue the significant point is
that the forceast user has no way Lo assess the
knowledee, the rarionale, the assumptions,
and the range of considerations that underlie
the technical apinion. Therefore, the predic-
tion that one gets from opinion is of highly
uncertain quality, and it cannot be tested and
evaluated. It is not a satisfactory'basis for
decisions committing major resources of an
instilution,

Cliven these difficulties, it should be clear
thal socicly badly needs something better
than apinien for forecasting technology.”

Learning lrom Past Errors

One of the most promising concepts for im-
proving forecasts is to examine past predic-
tions, in¢luding expert opinions, and learn
from them. This was suggested by Dr. S.
Colum Gilfillan, although he proposed to
study past forecasts to identify reasons for
success®. From 1969 to 1971, dozens of past
forecasts were studied to find the reasons for

1S, C. Gilfitlun, "'A Sociologist Looks at Technical Predic-
Lian" in Fechnofugical Forecaring for Indusir ¥ and Govern-
ment, ed, by 1. R, Bright {Englewood Cliffs, N.J.: Premice-
Hall, Inc,, 1948], pp. 1-35.
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ciror, wilh the belict thar, §1 somaees al st
crrors conld be Wentitied, Tutwe forevasting
could be improved by snoiding these ey,
A partial sersion appears ina grocecdings of
avenlerence at The University of Texas, ' The

.exercises al the end of this chapter develop

some of these Mindings. They also stress the
technigque of reviewing past forecasts as an
aid toimproving 21! forecasting effons,

WHAT ISTECHNOLOGY?

Technology consists of three elements: (1)
the physical things—tools, machines, and
materials thar mankind vses for alt activities;
{2) the software aspects of lechnology in-
cluding technical processes and procedures
such as heat-treating sequences, compuier
programs, operations research technigues,
and the FAA’s traffic control system for civil
aviation; and (3) definitiopal systems that
determine and describe the loregoing such as
the SAE standards for motor cil, NEMA
standards for electric motoer insulation, and
siandards for screw threads. Then the dcfj-
nition of technology becomes troublesome. 1s
the social security program a technology?
The welfare program? Our money system?
These things are called social technology.
Thus, this definition excludes these proce-
dures to direct social activity and applies only
10 Ixchnical devices and aclivities.

1, K. Brighl, "Some Inughis from (he Analysis of Paug
Forecusts,”™ in Technological Forecasting—An AcademicT tn.
gpiair, ¢d. by Bright and Schoeman. op. o, pp. 345138,



Expert opinion is not a very satisfacloty
form of prediction, since the supporting
data, rationale, and assumptions are not
available for examination. A commitiee of
experis presumably is superior in two ways:
{1) it brings a broader range of skills, disci-
plines, and cxpericnee to bear, and (2) the
experts supposedly challenge cach other to
develop reasoning and improve use of data.
However, commiltee deliberations suffer
from interpersonal relationships such as
authority figures, persuasiveness, and band-
wagaon cffects.

THE DELPHI TECHNIQUE

In the early 19608 RAND researchers Olaf
Helmer, Norman Dalkey, and their col-
leagues introduced the Delphi technique,
designed to overcome the interpersonal be-
havior problems of committees and to im-
prove the usc of cxpert opinion through
polling based on three conditions: anonym-
ity, statistical display, and feedback of
Teasoning.

Anonymity

The experts do not know who is on’the
panel or, at the very least, d0 not know what
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Intuitive Forecasting

predictions and critiques are associated with
each individual.

Slatlstlcal-blsplay

The forecasts are structured so thar re-
spondents reply with a year of predicted
occurrence (somelimes under different prab-
abilities). Results are collated, and the
median and interquartile range (IQR) are
computed. Some Delphi studies now also
display exfremes as well as number of
Aevers,

Feedback of Reasoning

Summations are returned to panel mem-
bers who are urged to challenge or supporl
predictions that fall outside the IQR and to
make pew predictions. Arguments and new
data are circulaied; then counterarguments
are circulated.

TYPICAL DELPHI PROCEDURE

A typical procedure might be as follows.
The study director requests {or collects)
initial queries in the area of interest. He con-
solidates and edits these queries for clarity
and uniformity, then sends them to his panel
of experts.



42

Round 1—Timing of Occurrence
Requasted

Each expert is requested to predict the date
by which each event will oceur. These predic-
tions are returned 1o ihe director, He then
rabulates and returns (o each gxpert the
group Tesults showing the median date, the
IQR (those dates embracing the middle 50
percent of the replics), the extremes, and the
number of nevers. He may also choose Lo
retur to che experts a display of the distri-
bution of gif the predicted dates, as wetl as
the statistical data,

Round 2—Caniorm or Explsin

Each panelist reviews each of his predic-
tions against the statistics of (the group. He
is expected to consider making a new: predic-
tion. If his reconsidered prediction falls out-
side the IQR range for thal event, he pro-
vides reasons why he does not conform. The
study direcior retabulates all siatistics fram
the second round, appending all (he reasons
provided by nonconformists, apd returns
this summary of round 2 10 all panelists.

Round 3—Conform or Provide
Counterargumaeants

Each panelist reconsiders all nonconform-
ing positions and the arguments appended by
all other nonconformists; then he makes his
new predictions. U his prediction still falls
outside the new IQR, or if ke conforins but
believes that arguments of certain other non-
confarmists are inadequate, he pruwdcs
counterarguments. \

Round 4—Final Prediction L

The study director recalculates, appends
counterarguments, and recir¢ulates data to
obtain each panelist’s concluding prediction.
These predictions become the final results of
the Delphi study and are usually displayed in
a manner showing much of the statistical
data,
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DELPHI EXPERIENCES

The Dielphi  tochwigue  aapidly swep
throughout the wortil, By 1976 lnnudueeds of
13elphi studies had been conducied. These
ranged from little internal panels (o a Japan-
ese natipnwide siudy invalving 4,000 pancl-
ists. The comments below are based on the
reactions and colieclive experiences ol sever-
al hundred Delphi parm.lpants and study
directors,

Time-Consuming Sludy

A thorough Delphi study 1akes a great
deal of time to conduct. The study director
must analyze and ¢onsolidate literally hun-
dreds of rephies. The first corporate Delphi
study was done by TRW in 1966. TRW's
twenty company panelists supplied over one
thousand predictions, which were ultimartely
boiled down 1o about four hundred predic-
tive events by the study director, Donald
Pyke. Their "Probe ' in 1949 began wilh
some twelve hundred predictions and took
over three man-years of direction time.

Ambiguitiecs, misunderslandings, and
trivia must be eliminated from initial and
later contributions. Smith, Ktine, and French
received B67 prediclions on round 1 and used
only 209 in round 2. Inevitably, prediction
siatemenis have to be 1esied, reworked, and
clarified. Respondents must be briefed and
rebriefed. Ofilen, they then must be prodded
into taking the time and effort to make

“effective statements on points of fact and

opinion,

Maintalning Panelists' Support

Maintaining the panelists’ continued sup-
port is difficult. Some papelists drop oul
when faced with evaluaging 50 1o 150 predic-
tions. Others find i1 easier to agree to predic-
tive dates than o provide thoughiful evalua-
tionc and concise critiques of all the pro and
con arguments, Panelists’ enthusiasm and
interssi tends to wain over the months
required to complete the study.
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As a result, several modifications of
Pelphi have emerged. Many studics have cul
down the number of iteration rounds from
four to two or threc. Research by Norman
Dalkey and others suggests that this reduc-
_ tion may not affect accuracy significantly.
* {This finding, if valid, is a disturbing critique
on the basic assumption that feedback of
reasoning by “‘experts” provides more wis-
dom!) One- or two-round “mini-Delphis,”
followed by face-to-face meetings of the
panelists, are said to be useful.

A panelist might find that his self-image as
an expert i rapidly eroded when confronted
with pro and c¢on arguments from many
other disciplines. He may drop out with the
frank admission that he is not truly competent
in view of all the ramifications that come to
light as arguments develop. Perhaps this
view can be regarded as a plus value in favor
of Delphi. Delphi studies, therefore, must be
kept as short as possible, although this sacn-

_fices breadth, Perhaps thirty to fifty predic-
tions are an absolute limit.

Choosing the Experis

Choosing the experts becomes am issne in
scveral ways. The study organizer li‘tEral]y
may nat know the best people in the field.
Even if he does, these “best people’ may be
precisely the wrong people to use, at least im
toto, since they represent orthodox thinking.
The radical experimenter, the pioneer, the
person with the rejected viewpoint may con-
tribute the most rewarding amd wvaluable
knowledge input for developing lrmght on
future changes.

One approach has been to seg:egar.: the
panclists by topic areax of expertise and
interest. Thus, a particular panclist stays in
his field of special competence and deals
only with a fraction of the to1al predictions.,
This is done by (1) prior selection or assign-
ment of areas of interest or (2) instructing
cach respondent to rate his degree of exper-
tise on each prediction and using the
responses  according to some  weighting
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scheme, Note that the segrogation of exports
seriously erodes the other basiv reason [or
using a group of experts since it may explicit-
ly exclude multidisciplinary wisdom. Yer
collective wisdom across disciplines is the
very reason for using the group of experts.

In many indusirial and government
studies, internal politics may require the use
of offjcials who are "‘nonexperts,'’ or those
with highly prejudiced positions or limited
viewpoints. Politics may also prevent the use
of c¢eriain people because of institutional
structure and personal attitudes. A common
fault found with many firms is the decision
to conduct its Delphi study internally on the
grounds of company security. While the
interest in security is quite understandable,
the record of science and technology dramat-
ically refutes the validity of limiting fech-
nofogical prediction 1o the persons in any
one organization. Technizal predictions
conducted under this restraint are certain to
be limited. Delphi studies should seek
wisdom beyand the organization.

Framing the Questions

One approach to framing questions has
been to have the study director supply them.
However, it is almost incvitable that he will
exclude soms very impartant predictions by
panclists. Alternatively, one can descobe the
general purpose of the study and even timit
the areas of censideration, A possible refine
ent is to provide a scenario or a set of assump-
tions about the future, so that all respondents
will be using a common frame of reference.
Again, the dilemma is that the chosen as-
sumptions or scenario may climinate the very
wisdom sought.

The phrasing of gquestions must be done
very carefully. A frequent error is 10 use
terms such as "generally,” *'common prac-
tice,” “widely,"” and '‘most people.”” Indeed,
any medifier {or even a lack of modifier) that
implies a totality of condition in 2 prediction
will lead to wide variation of interpretation
by respondents.
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The precise meaning and degree of rigidity
in technical concepts need careful handling.
1f a predictive statement is made’ about
vertical 1akeoff and landing (VTOL) aircraft,
does it or does it not include helicopiers?
Some technicians will argue that VTOL, by
definition, implies aircraft other than heli-
coplers, Onhers may sce the term as embrac-
ing any concept for vertical lifting.

Predictive statements must be limited to
ane thing. Cause and effect or multi-causes
and multi-elfects must not be linked into one
prediction. It is repeatedly shown that some
panelists will reply to one aspect, others to a
combination of aspects. Stilt others reject the
whole question as being impossible 10 answer
as tiated becanse of the ambiguities that they
see, Consider, for instance, this question:

By what year will the population of the
{15 A, stabilize gt zero growth because
of the availability of birth control devices
and the aititude of women toward family
size?
Note that a respondent might feel that only
onc or neither of these reasons will be re-
sponsible for zero population growth, He
might assume that future economic condi-
tions will be the determining lactors, He
might feel that the attitede of women is by
far the greatest significant factor and that
birth control devices are of negligible in-
Muence. How, then, will he answer this ques-
tion? Will all the respondents use the same
interpretation? Indeed, exactly what was in-
tended by the question? Was the study direc-
tor concerned about zerc population growth,
or was he concerned about the influence of
birth control devices on population growth
or about the attitude of women en popula-
tion growth? Or was he concerned solely
about the unjque combination of those (wo
factors? The study director’s only solution is
to pretest carefully thought-out predictive
questions.
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inlerpreting Final Dats

What is the meaning of the fini| data?
Many participants feel that single Jales are
far too absolute and what is needed is a range
of dates or preferably a range of probabilities
applied to given dates, Some Delphi stedies
are so constructed as to elicit shades of
confidence and other data, See exercises [F-2
and 4 on scme designs to this end.

Then there is the issue of the reality of a
far-distant date. Does a precise yearly dalc
have any real meaning after ten years or so?
Is there any reason that a prediction of an
cvent occurring in the year 2009 has any morc
usefulness than 2000 or 20067 If the expert
can be confident about the year 2009, can he
be equally confident aboul the year 20707
Dates of technical events and degrees of usage
of technical devices might be realistically pre-
dicted for the immediate deciade or so, but at
some point the decade, rather than the year,
is a more proper forecasting time frame,

Many Delphi resulis are presented and/or
accepted as though they were the work of
experts, In fact, they are not. They may be no
more than collections of opinions of persons
who have fitular awareness in a {icld but have
no expertise whatsoever on the precise tech-
nical-economic issues raised. The lechnigue
thus may mesmerize the forecaster and the
forecast user into believing that siatistical
collections of uninformed opintons pravide
valid technological predictions. Some Delphi
studies invite ““interested persons™ to reply,
but is "'interest’” an adequate means of select-
ing experts for that siudy?

The stress on achieving consensus has been
overdone. Consensus is not necessarily truth,
One importan: value of the statistical display
lies in providing the forecast user with a pic-
ture of the degree of unanimily and the range
of opinion. This display may be extremely

.useful additional information to the decision

maker. See exercise IF-1 on 1his point,
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Despite these criticisms and potential prob-
lems, Delphi provides a very useful way to
bring furure-oriented thinking into the organ-
izalion of possibilities 1hat may otherwise be
ignored. The exgrcises Lthat follow will Further
clarify the technigue and its application. It is
also important (o realize that Delphi can be
applied to felds other than technology. Man-
ggemient has dozens of areas in which opinion
is the basis of decision, and Delphi can be
. helpful in such situations. The bad experi-
ences with Delphi should not obscure its rec-
ord of helpfulness in opening up explorations
of the future, Delphi, thoughtfully done, is a
very useful tool,

OTHER POSSIBILITIES FOR |
IMPROVING EXPERT OPINION

Interest in the Delphi technique has 1ended
to obscure the basic issuc: How ¢lse might the
. use of expert opinion for forecasting be im-
proved? By what techniques of inquiry can

more wisdom be oblained from the minds of _

knowledgeable people?

The Dialectlcal Approach

Based on the philosophical concepts of
Hegel, the dialectical approach calls for mak-
ing a prediction and then proposing an ex-
treme opposite or counterprediction. Both
predictions are then exposed to the strongest
possible critical arguraent, The only known
industrial example is described by Richard O,
Mason in ““A Dialectical Approach to Strate-
gic Planning,'" Management Science, Aprii
1969. A mode) for a dialectical approach was
proposed by Ian I, Mitroff in " A Communi-

cation Model of Dialectical Inquiring Sys”

tems—A Strategy for Strategic Planning,"
Marnugement Sclence, June 1971.

A Psycho-Heurlstle Approach

A psycho-heurnistic concept has been sug-
gested by Warren Duff. His idea is 1o have
the study director make extremely rigorous
and critical inguiries of experts in order (o
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elivit sound reasoning W suppoit theic fory.
vusts. Cbvigusly, the ditector must beaweeh- T
fical expert himsell o order Lo ask pener.
ing and comprehensive quostiong and (o eval.
uate {he validity of gnswers. This lechnigue
borders on the Delphi ¢oncept in tha the
experts do not confront cach other. Theoreti-
cally, the study director could force the ex-
perts to deal with a far more rigorous feed-
back of reasoning. This is the basis of John
H. Vanston's predictive analytical forecast-
ing {PAF} technique applied lo lusion power
predictions, discussed in a later chapter.

Foracasting by Exclusion

It might be possible 1o improve prediction
by systematically excluding unlikely develop-
ments. By defining “*forbidden regions,** ane
might narrow and belter describe the domain
of the more probable, Occasionally, this con-
cept is 2pplied in engincerning and scienlific
studies, as the boundaries or limils of per-
formance are shown. However, sysiematic
applications 1o technology [orecasting is not
commonly practiced.

Nominal Group Technique

Andre L., Delbecq and Andy Van de Ven
developed the neminal group technique
(NGT) in 1968 afier social-psychological
studies of decision conferences. It utilizes a
four-step structured format in a group

.meeting:

1. Individuals independently and silentiy
.generaie their ideas on the problem
(lorecast) in writing.

2. In a recorded, round robin procedure
each person presents one of his ideas 1o
the group without discussion. It is sum-
mariZed in a concise phrase written on a
chalkboard. _

3. Then all recorded ideas are discussed by
the group, emphasizing clarification and
evaluation.

‘Andrc L. Delbocg and Andy Yan de ¥Yen, “'Nominal

Group Technigues Tor Involying Clicnts pod Resource Experis
in Programn Plnning ' Academy of Afanzgeeten: Pro-
cepdings, 1970, pp. 203-127.



Economists have long used historical data
to forecast various aspects of economic activ-
ity. The Harvard ABC curves were developed
by the Committee on Economic Research
prior to WW 1. In the 1920s the National
Bureau of Economic Rescarch began the sta-

tistical analysis of some 487 facets of the _

ﬂanumy, some dating in the 18505, but most
ﬁascd on data collections begun afier WW 1,
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Treha“fixtrapolatlon

Strangely, although trend studies appear in
thousands of papers and books on engineer-
ing and science, almost nothing has been done
o develop theory and data bases for techno-
fogical trend gnalysis. Trend analysis has not
been taught as an analytical device in engi-
neering courses, as it is in economics. With a
few exccptmns, sc:ennsr,s and enginecers have'
nﬂt?&ppro&chcﬂ thmr own . disciplines, out-

Furthcr work in 1937 was inspired by the det, e rfputs, and activities 'as things undérgeing

# pressmn and new scries were developed while

some old ones were dropped or refined, Since *

the mid-1950s, the computer has encouraged
and made possible vastly incr‘é&é‘ed and so-
phisticated analysis of ccnnﬂmm trends. The
use of historic m:nds Lo pmdlchchangcs in

economic conditions over the short- to mid- -

range time periods-(a fcilr_:mnnths to a few
years) is a strong contributor to business and
government decision making. -« P i

Population studies also are largely based -
on the examination of historic trcnds. al- . J‘

though often on much longer time spans—u]}
to several decades and even (speculatively) a
century or more. Similarly, the analysis of

trends is 8 powerful tool in agricultural esti-

mates and planning, weather prcdictinns ‘and

climalology. Trend analysis is a us:t‘ul tech-

nique in examining mcm-polmcal activities.
In short, trend analysis has proven its useful-"
ness as & mode of prediction in almust cvery
sphere of activity.

i

“ measurable changes subject to systematic
trend analysis. Although their writings in-
clude many examples of trend analyses, tech-
nologists themselves have not developed
theories and data bases for trend studies as
have economists.,

The first technology forecasting books in
the 1960s demonstrate gropings toward a dis-
cipline for technical trend analysis. Today
forecasters stand where the economists were
Tt pcrhnps fifty years ago. This chapter exam-
?‘mcs the ratiopale’ behlnd Firend analysis, the

arguments pro and con on its usefulness, and

Ml
a number of spenﬁc tm:hmcal tr:nd analysis
. ‘concepts. - "}”;m o Wy,

Trend cxtrapnlaunn {also’ callcd explora-
tory forecasting) rests on the’ assumption that
technical attnhutes,gcn:rally advance in a’
rtlal‘.wcly ordcrl_v manner, ‘over umc, exhibit-
ing patttms "of bchavmr that form fairly well-
behaved trends Ther:t‘nrc,*one can choose
appropnat: paramelcrs, dcvclnp their pasl
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time series, create various trend lines for that
history, and extend them in some manner (o
predict a future condition or estimate the rats
of change. Such projections forecast the sta-
tus of the measured altributes and so identify
levels of technical performance and fung-
ticnal capability., These projeclions suggest

. coming possibilities, potential conflicts,
supporting  requirements, unaccepilable
apomalics, and the need for actions and
responses on technology-oricnted devices and
procedures.

THE S-CURVE

1t is generally believed that these technical
daia time series, plotted on arithmetic scales,
produce S-curves, reflecting a stow start fol-
lowed by exponential growth, then a leveling
of { against some limit produced by pature or
man. No comgprehensive research has been
done to prove the universality of this assump-
tion, but almest all data so far ploited show a
surprising amount of confirmation.' The
foregoing S-curve phenomenon comment Te-
fers solely (o the gehievement of technical
capubilities; it does not necessarily apply ic
the degree of that copability used by sociely,
which is governed by more than mere avail-
abifity af technology. This arderly and appar-
ently exponential nature of technical progress
may be explained, perhaps, by reviewing the

" process of technological innovation,

The Start

The new technelogy emerges slowly be-
cause initially few people were involved, basic
scientific knowledge must be gained, and en-
gineering obstacies need (e be cleared away.
There may be a lack of scientific and tech-
nical undersianding, and it may 1ake time 10
overcome convenlienal wisdom and errone-
cus assumptions about the phenomena in-
volved. New scientific paradigms may have to

M, Carrall Mohn, Ir., "ﬁppli:a:iuh of Trand Concepds in
Forecasting Typeseiting Technology,” Technofogicel Fore-
casting grd Sociol Charge, ¥ol. 3, Mo 2, 1971, Mchn's
docioral dissenation i one of Lthe Few elforis 10 capiore the
evolution of & 1echpickl perameter (Iypesetling spoed) over
COTtuTHES,
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be built, as Kuhn suggesis. Funding of the
research effort and lack of experimental
equipment may also hold back progress. Ul-
fimately, a promising concept is achicved
and progress grows,

Expanenlial Growth

The advance eventually begins 1o acceler-
ate exponentially becavse of the rapid com-
miiment of more technical effort and funds,
once understanding and proof of concept are
attained. Then cfforis are directed not only
to advancing the key technical concept, but to
refining all the facets of technological execu-
tion by applying the best of existing practice.
The spur of compelition often inspires rapid
improvement through bold new goals and
unique combinations of design concepts.

Exponential progress also resulis from the
lendency of technicians and managers to sel
new poals in terms of percentage improve-
ment over present practice. The pattern of
action and response between competitors in
military hardware also encourages this ac-
celerating advance.? Gilfillan and lLenz have
pointed oul that technical progress in a given
device usually is the result of accretion of
dozens, if not hundreds, of refinements in the
component technologies; this accretion leads
10 exponential gains. Knight has demonstrat-
ed this with the analysis of computer evolu-
tion. (See exercise E-9.}

The Leveling Off

Finally, the technical advances cease 10
accelerate and even e gfow. This may be be-
cause of exhaustion-of technical opportun-
ilies for further advance. Perhaps a point of
ditminishing returns in cost, effort, and use-
fulness is reached, or some basic limit in
naturg bars progress. At times, there are
limits formally imposed by society or in-
formally imposed by the prevailing social
clifnaie.

Robert C. Seaman, " Achon and Reaction,” MLT. 1969
winla Marta letiure, Technofegical Farevatting, Junc 199,
pp 1732
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Why shouold this technical progress he rela-
tively orderly? 1t is because change in 1echnol-
ogy. particularly 1echnology that is employed
by society, is a compramise. It reflects impacts
and interactions among techonological possi-
hilities, economics, social conditions, man-
agement psychology, skills, and rescurces of
the preducing group; alternative possibilities
and interesis in sociely: and the reaction of
usets. This complex mix of influential factors
seems t¢ moderate great discontinuities and
to encourage relatively orderly evolution.
While many technical ‘advances may appear
as discontinuities at the moment, in hindsight
they seem to be part of orderly change that is
undergoing rapid acceleration er decline.

Many trend forecasting problems arise be-
cause forecasters seek to establish and project
a trend within a small time span in the overall
S-curve. Better insight on the relationship of
one time span of daia to the overall S-curve
will help avoid some foolish projections.
Awarencss of the master S-curve notion will
stimulate exploratory thinking about the
meaning of the data. [t already establishes far
the forecaster three fundamental questions
about a particular technology:

1. How rapidly does this techuology evolve

from its primitive beginnings?

2. Once established, how fast does this

techrology advance?

3. What will limit this technology, and

how will the technology approach that
limit? - o

PROS AND CONS OF
TREND EXYRAPOLATION

Trend extrapolation has been heavily criti-

cized by some academicians from manage-
ment science and policy-planning areas, as
well us by some socielogists and *futurists,"”
Arguments are listed below with possible

‘counterarguments following each,

1. Simplistic “‘eyeball"’ curve fitting in the
manner of much TF work today is naive;
therefore, it is invalid or useless.

i15H il

* Naive or mat, 1he Licts are than any, il
nal  maast,  wechiological  remds have
been guite ordely sl w rouph guide to
that rate of ¢hange is helplud.

» Mathemaltical elegance in curve litting
“is of dubious value in many instances,
because of the smaill amouni of data
and lack of statistical studies of the
phenomena involved. Rarely is there
evidence that a particular technology
evolves according (o a precise formula
and that it will continue to evolve fn
that Sareé PIQnReEr.

# Useful guidance usuzlly comes from
consideration of the approximate [u-
ture condition forecasted, not from the
prediction of a precise number and
date,

2. Extending trend lines for several dec-
ades or centuries leads fto ridiculous cok-
clusions.

= True enough, 50 do not do this. Trend

extrapolalicn loses validity over time. [1
i5 a guide to the next five, ten, and o
casionally twenty years, not 10 the next
century.

3. There is no proof thac pasi forces will
continue (o support the trend, 3o extrapola-
tions are intellectually and philosophicafly
unacceptable.

* Qn the contrary, the burden of proof is
on the critic. The past trend is historical
fact. It resulted from a complex inter-
action of forces. It is up 1o the critic
fand the forecaster]) lo demonstrate
what forces will change, when they will
affect the historic rale of change (the
projection), and by how much.

* What reasons arc there {o assume thal
the present is a point of major discon-
tinuity? If this cannot be established,
the trend is the best guide to Lthe near
future.

4. We can be certain that fufure fechnoi-
ogy will be modified by rew controls, techni-
cal developments, aititudes, valie systems,
and socieial choices.
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» This very plausible argument applies
especially to the technology adopted by
society but probably not as strongly as
to the achievemen! of new technical
capabilities. The forecaster must try to
consider these impacts in establishing
his projections.

» Society is fractionated. Technolegical
activity is int¢rnational, and the tech-
nological choices of one naticn do not
necessarily control  technology  else-
where. It is by no means proven thay the
control of a technology in one nation
seously alters the orderly nature of
techpical advance, except for a few
"items under international control. The
adgoption of the S5T by France, Great
Britain, Russia, and perhaps China and
other couniries 38 a 1972 example that
U.S.A. attitudes do not always domi-
nate the worid’s technical efforts.

DEVELOPING THE
TECHNOLOGICAL
TREND FORECAST

identifying Technical Atiributes

The output of technical activily is improve-
ment in capability, so the forecaster’s objec-
tive is to measure that improvement. The first
step.is 10 determine the aitributes of the
technology that seem to be important. An af-
tribute is the qualitative description of a char-
actetistic of the technology or its perform-
ance. Speed, quality, efficiency, size, and cost
are ¢xamples of simple atributes commontly
used. Energy consumption, ahrasion resis-
tance, and creep strength exemplify more spe-
cialized techpical attributes. Many attributes
encompass complex combinations of techni-
cal factors, For instance, in exercise E-9,
" computing power i$ the attribute of concern
and, in this case, involves more than thirty
elements of the technology.

To identify the important attributes, not
anly must the performance of the technologi-
cal concept be reviewed, but its composition,

I1b
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produciion, and usage may also be criical ! A

good starting point is 10 explore questions

such as:

* What technological attributes are being im-
proved?

* To what aitributes are current R & D pro-
grams direcled?

* What is the lechnelogical means of compe-
tition?

* What attributes will be critical in the Fu-
ture?

This exercise usually leads to 1he identifica-
tion of ar least half a dozen pitributes and
mere likely twice that. These attributes must
be reviewed, compared, and then arranged in
order of priority after considering:

» Will they be imporiant in the future?

= Are they sufficiem?

* Whal are their interrelationships?

» Should they be combined to reflect design
trade-ofls?

= [s the auribute so defined that it will apply

10 other lechnological means of providing

the desired end result?

The list should be reduced as much as possi-
ble 10 simplily the TF effort.

Developing Paramalers

Each attribule must be converied into a
quanrifiable measure, or technical parameter.
For each attribute consider:

+ What measures the desired atiribute?

* How can that measure be quansified?

* How can the daia be collected?

* Is there a leading indicator that might re-
flect the attribute and be easier to measure?
Parameter development is a deceptive busi-

ness and reguires carefvul thought:

s Considering the best feasible parameter,
what is included and omitied by its use?

Woosl, price, invettmenl, €0, Are eronseic atnbutes of
iechpolopy. Their coonomic characior sthould not deter appli-
catian 10 Iechnolopy lovecasting gince they detcribe Lhe pev-
formaree of (cxhacdogy in & domain of yhimate osnorrn,
Wheiher 1his it forecasung sconomics of forecasting technol-
LY it & poifitlcss argument. The coonomisty should be (ummed
10 Tor all the wisienie chey can give fromm Lheir hall cenury of
decdicaied cfifon. For invance, ther concept of leadiry indi-
cators exemplifics o principle of greal usefulnesy v TF, a1 will
b seen in the exercicet,
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» How wili the organization behave if il con-
ceritrates on optimizing this parameter?
{This Is especially critical for tf:chn_i-::al Jer-
vices as distingt from products.)

« Will a compound parameter embody the
technical progress more effectively?

* Does the parameler frufy measure the attri-
bute as experienced by sectors of society?

« Is the final list of parameters consistent
with 1he organization’s goats?

Lenz provides the following example based
on ajrcraft engines,’ :

Arrribute Selection

Current’ B & D objecrive—reduce engine
noesse, _

Pertinent altribule—guigtness.

Additional objectives—retain  power and
reduce fuel needs.

Pertinent attributes—thrust and ‘fuel con-
sumption, B

Rank attribuigs—thrust is primary, with

fuel consumption and quietness second-

T ary, in' that order.

" “Parameter Definition

Attribule—~quietness; the parameter measur-
ing it is decibels. —

Parameter ~evaluation—decibel rating does
not accurately reflect discomfort as exper-
itnced by the human sensary system.

Additional parameters—perceived noise deci-
bels and frequency range.,

Parameters for other attributes—fuel con-
sumption by, bl Tuel/fb. thrust/hr.; thrust
by b, at sea level, static.~ ~

Query on thrust parameter: IF this engine is
intended for high altitude reconnaissance
planes, is the sea level rating still the best
parameter to use? .

Additional considerations must be re-
viewed throughout the study development.

“Ralph C. Lens, Fr., has beca the major contrbuldf 4 this

tepie. Thit exampht i drawn [Tom his presentatoe of the rech.
nokayy forecksting short courss conducod since 1967 by The
Indusiriat Management Ceater, In.” ’
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There is a emplalion 2 Congentrate on one
single parameter; however, a single param-
cter rarely encompasses all the important
attributes of a device, service, or materizl.
For instance, speed is not the sole important
factor in airplanes, Corrosion resistance, as
well as tensile strength, is impartant in some
steel constructiom, and people do not buy
automobiles solely because of their mileage
performance. The forecaster can easily be-
come 50 absorbed in studying one parameter
{or compound parameier) that he overlooks
cther atiribules thal are vital or interacting in
his particular case.

As indicated earlier, it is imponant {o ook
at parameters relaled 1o performarnce, com-
posifieafconsiruction, manufacture, and end
uses. For complexn devices the technology
should also be ‘‘decomposed™ into systems
and subsypsterns. The automobile, lor in-
slance, must be studied in at least several sub-
systems—enging, drive train, body, suspen-
sion, ¢t¢., and then as components of these
subsystems. Parameters relating 4]
laboratory equipment, measuring technigues,
and even techrical hnowledge also may be
useful as leading indicators of an aspect of
the technology.

Developing the Data Bank

The weakeslt parl of technelogical trend
forecasting is the lack of long and consistent
time series of technical data. The massive and
relatively consistent data bases found in eco-
nomics, population, and agricultural statis-
tics do not cxist lor very many technology/
performance parameters. [t is almost certain
that the forecaster will have to build his own
histerical data base. A patient search of many
sources is needed. Some useful ones are listed
below,

l. Technical and scizntific papers published
in technical journals {such as American
Machinist or Qi and Gas Journel), in
professional socicty journals {such as
[EEE Transoctions), and the proceedings
of special symposia.
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2.

10.

L.

The data files, annual statistical reports,
special studies and commitice records,
apnd annual reports of trade associations
(such as Aeraspace Focts and Figures).
The yearly records and historical reviews
of government agencies {such as the An-
ntigl Report of the Atomic Energy Com-
missian).

Studies, reports, and program reviews
and recommendations by government
agencies relative 1o then Current issues
and funding requests; reports of major
committees convened by the government
1o study major proposals and the Con-
gressional Hearings on those proposals
are often the roots of major advances in
technology.

Consulting reports of professionals serv-
ing clients in indusiry and government
{often filed and Forgotten).

lnternal studies made by every firm (of-
ten filed and forgotien); company inter-
nal reports ¢can be a rich source of tech-
nical data.

. Codes, specifications, and studies of

standards associalions and lheir special
£ommitlee reports.

. Books on the history of 1echnical devices

and processes, as well as histories of
firms and biographies of individual in-
veniors, engineers, scientists, and busi-
nessmen.,

Semmary articles and announcements in
trade journals that review new develop-
ments and invariably describe the per-
formance of new technology; also, ad-
vertisements in trade journals and in
publications issued in connection with
maior eguipment exhibitions and trade
shows.

Theses and dissertations of doctoral sty-
dents in engineering, science, and busi-
ness. . .
The private collections of those inteliec-
tually curiows indusirial phifosophers
and historians who seem 1o exist in every
fie}d and ofien have remarkable data on
key Lnnovatipns,
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12, The papers {many unpublished} and pub-
lications of historical societies that deal
with technology, such as The Sociey for
the History of Technology and The New-
comen Society.

13, Old company calalogs, which record

mmany statistice gn the then commercially
available product performance.

The forecaster must use discretion or he
will become absotbed in the pasl to the delri-
ment of the future!

There must be an adequale historical data
base, or the projection cannot relate o a
trend. With too brief a data base, Lhe fore-
caster is in the naive posilion of extrapolating
from a point. This error will be found in an
astonishing number of technizal papers and
official forecasts of government agencies.

How *far back should one go for useful
data? It depends on the purpose, of course,
but something like two to three decades ougint
to serve, unless the goal is to ¢create a 1otal
historical picture or to understand the impaect
of key developments over a Cenlury or so. In
many cases, the Torecaster is concerned coly
with the change brought about by an estab-
lished technological development, and so
would examine only data subsequent to that
introduction. One guide rule sometimes of-
fered is, "o as far back as you inlend to
forecast imio the future.”” No logic supports
this rule, and i1 is no1 recommended here.
Insiead, think 1through the characteristics of
the technalogy of interest and go back far
far enough 1o be meaningful to the forecast
prablem. Wright brothers data are 1ot useful
to NASA farecasts, which deal with technol-
ogies several generalions removed.

How many data Doints are needed? This is
a compromise beiween time and cost of data
collection, the number of data points needed
to represent the major different 1echnological
changes throughout the period, and the pur-
pose of the forecasi. Three dala points are
too few to establish o meaningful trend line.
Perhaps a dozen or so will give a rough idea
of many trends, vseful enough 1o illuminate
future technical issues. This is particularly
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tfrue if each of these doren points s tepresen-
tative of major clusters of similar contemp-
orary technology, A munimum al sixiy or se
points may be required for applicanion of
very sophisticated statistical technigues, such
as the Box-Ienkins method. It is best to lean
toward more data points, rather than fewer,
because the atm is 10 piclure the fofad past
technical progress. Points that hie outside of
confidence limils or intuitive Tecling lor the
general rates of change will lead to questions.
Otwen the exploration of these deviations is
most thought-proveking and helpful,

Data must be from comparable situations.
In particular, data from experimental work
usually should not be intermixed with data
frem operationally available technology.
This error appears in many technoicat fore-
casts. The rule is'worth repesting: Don't miy
experimental performance with commerciatfy
wvatlable  performance unthinkingly—or
without identification.

Establishing the Trend Line
and s Extrapolation

Here the forecaster faces Iwo issues. What
best represents past progress, and whar mode
ol extrapolation is most valid for the future?
Four approaches are used: intuitive extra-
pelation, mathematical curve fAtting, pattern
identification, and analogies.

Intuitive extrapolation. Intuitive extrapola-
tien is the “‘eyeball® technigque afien applied,
The forecaster sketches the apparent trend (or
cennects selected data peints): then he devel-
ops a projection that seems sensible 10 him,
The only raticnale supporting this procedure
is that 1he historic rate of change was a fact in
the past and is probably gend for some lim-
it Tuture period. Txtrapolation of historic
rale of change will be sound up 10 the time
that forces making for trend alteration
cmerge i such strength as 10 operale an the
parameter. The forecaster must search for
thiese forces before fixing his projection, for
they will surely emerge someday.
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The historie tend extiapelation protshl
i erroncois tor fong petiods, Bl what e
Tlome depemds o e paniimeter unde
stady, 1 the st denls wonte the ooy
aeenmplishment of a0 omew cipaliloy, Thod
b may be shuond becanse the single oy peri
mental sehicvement can be very sadden and
substantial, However, 10 the paronweter re-
Mects the secicial usipe of 4 new weehnalogy,
change will be much slower since soviery
canngl develop, build, aod Jithse innovarion
overiight. {Fusion power accomplishmens
excuiplily this point.) Another weakness,
often more than theorelicul, is whether the
forecaster has uwsed 2 sound Jdarn bank,
whether he has chosen proper Jay points,
and whether s subective trend line properly
reflects the data disuribution,

Markernagical curve fitting. The collective
trend of the historical duta s described
imathematically, and it is pssumed thuy ex-
tersion of thar trend aecording to the formula
is validd For an indeerminate Tuture, The ra-
torale iv based on g delinable logic, and his-
tory apparently is treated with nonsubjectise
ripor, Untoctumely, the method has some’
underiying weakhnesses,

Qne weahness is that dosens of very dil-
lerent curves van be Fied 1o moseg dan, eaclh
giving difterent piciures of the future.' Wha
reason is there 10 assume that one curve is
mare valid than another? The error sum of
sguares and the coefficient of correlation
algorithms stisply argue Lhat deviations in the
data arc minimized by a certain equation.
They do not have any influence on the Mature.
The parameter might well obey same force
not capiured by the equation, Second, all the
criticisms previously raised abour the neglect
of new forees thad will esentnally operate on
the trend upply toe this mode o esirapoelason.
In other words, it affers a more rigoromn,
explicit condensation of the past, with that as
the onfy justification for its extension into the
future,

Iuhn, op o, See thiv carelal Surve- TieNing exploraiwn tor
cunflEmatn ol Hhiy paoinl,
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Pattern. identificarion. To some, patiern
identification is a slightly intellectually supe-
rior mode of curve Nitting-in that extrapola-
tion is based on historic “'patterns™ of be-
havier in the phenomena thal create the data.
Instead of projecting a mathematical for-
mula, the forecasier projects a historic rela-
tiopnship of lofces ofcraling an the data. The
extrapolation is still subject to most of the
criticisms above, [t alse can be argued tha
the patterns are really ne more than a kind of
qualitative curve fitting. Nevertheless, if the
forces that c¢reate the panerns can be
explained, a bit-moere causal logic to.the ex-
trapolation exists, as distinc1 from the blind
mechatism of a mathematical formula,

Analogies. Projection alse can be made by
assuming that the. technical phenomenon
changes in a mapner analogous 10 an carlier
well-analyzed phenemenon. For instance,
technical growlh might be analogous to bio-
logical growth, and hence the Prarl-KReed
formula would apply. Or, it might be as-
sumed .that a technical phenomenon is ap-
proaching a limit simiar to the way a demo-
graphic, social, or natural Tactor approaches
its limit. For example, il might be assumed
that color TV will be adopied at a rate anal-
ogous Lo black-and-white TV, Onc forecast of
the Iat_tz 1960s assumed thal clectrical power
in 5p’4.a:t'u:1ft '-'-nuld Erow ifl o manner s0ome-
what ‘analogous 10 growth of clectrical power
in alrcrait The validity of lhe analogy ts the
weak & spm of coutse,

Conclusions. No matier what trend anal-
ysis‘ncchﬁiquc:is used, the thoughtful fore-
caster will he dissatisfied~by its theotetical
and practma'l imperfections” The extrapola-
liow'is Thechanistic, subjective, and not cau-
sal. ‘1t is certain to be invalid eventuaily. 3 is
fﬁseﬁ'iiallir-'*? picture of ‘*what,”™ not of

“why.’ Nevurthclcss. MSINE any of the above
approaches or combinalions thereof does
lead 10 an estimate of a future condition
Based upon some amount of historical input.
Qne of the greatest merits of rend extrapola-

tion is that jt ferces a display of history in a-

A Ey .
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aquarndirusd farn O this display abone jus-
Gifies the elMoat because o the wosder=tandmg
gaated Crom seeing the past s aow Teole,

EXPLORING DIRECTIONS

AND LIMITS OF TRENDS

Alter 1he forecaster has made a projection
af the luiure stale ol a technical parameter,
he must examine its validity and limits. What
inMuential fagtors will modify and eventually
limit thai trend? To avoid inadequate con-
sideration, the fotecasler must review ifi-
flvential factors-in-cach. environment—tech-
nical, economic, social, political, and ccolog-
ical. {See the exiimple on tanker size in exer-
cises BB and B-10.)

Interrogating the
Forecast Extrapolation

Some wseful questions for interrogalion are
listed below. While these gquestions seem di-
rected at limiting the grow(h of the rend pro-
jection, their answers will prove 1o be suppor-
tive of Tremd oxtension or growth aceeleraion
i Itany insiances.

Techwical

1. Does the projection violale known lyws of
science? Does it imply an approach 1o the
borderline of a scientilic lirnit?

2. Does the projection violate engineering
limits such as presently available design
and performance cupabilities in matenials,
pawer, aperating characieristics, ete,?

. Does another fine of Lcchnologiml ad-
vance climinate or threalen the need for
the projected 1echnolagy™

. I the projection sgems 1o be scientifically
and 1echaically possiblie, is the supporting
technelogy availahle e, the production
facilities, raw muuenals, power)?

la-l

ia

Freonnmic

1. Are the econoemic asnuﬁ of pn:rdu,,lmn
dpp]lcdllun and operation of the pro-
jected 1echinology feasible?
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2. Does the wechnical activity command ade-
quate economic support for the e
nevided 10 develop the technotoey and (lien
as necded 1o put the technology into use?
Will the user consider the technical deyvice
to be worth the price?

Nociad

I. Do changing social conditions prohibit
or limit the development and application?

2. Do changing social attitudes aher the
perceived desirability ef the technology
{e.c., allitudes toward small cars in 1976
as compired 1o 1956)7

1. Will new social needs zlter the necessity or
the usefulness of this technical advance
vis-a-vis other technical suppart?

4. How will users react to the technology?
{For example, stereo hi-fi, digital watches,
and CB radio have had public receptions
that confounded prior expert opinion.)

Political

I.iAre the political climate, leadership, and
.policy-making agencies such that technol-
ogy will be encouraged, halled, or altered
in direction, form, or liming?

2. Does the development of the technology
depend ‘upcn certain international or na-
tioral peolitical accommodations and sup-
port?

1. Do taxation, regulation, and/or legal
challenges affect the economics, feasibil-
ity, or time schedule of the technalogy?

Frologic .

1. Does the technrology forecasted reguire
materials, generate by-products during its
production, or gengrale by-products dur-
ing use that bave undesirable ecological
elfec1s? Consideration should include air,
wiuler, noise, heal, safety, and aesthetlic
impacl.

2. Is resistance because of presumed ecologi-
cal impact—whether justified or not-—
likely to emerge? '
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Testling the Projection

The alsoeve vterrogation witl alentity seane
Dwivrs of unveLan fimiine. oceineiy,
andor ampael, UVhereloce, the projectivm
shoudd be rested Tor sensitivity (o such Tagt-
obs. For the peood uder consideration,
which factors can be neglected and which sre
critical? Which need more investigation or
should be expressed as caveals along with the
final forecast? (iFor example, automaobile
horsepower may follow a certin trend of
reduction, but, if gus rationing is introduced,
it will surely drop abruptly.) .

The projection alse should be tested for
cross-impact, What factors will significanly
impact on each other and hence on the pro-
jection. Will certain combinations of desel-
opments have a unigue impact on the rrend?
The forecaster’s Final conclusion will then tix
the extrapolation.

Since earlier dara points scatter abhout the
trend ling, confidence limits and apprapriate
statistical devices can be used to improve pro-
jection.  Projeclions  usually  shogld  he
thought of as a band, possibly widening over
time, rather than ay a narrow, previse line.

[mplied in this search for limits is the sug-
gestion that the Torecaster should try 1o learn
what lies behind the trend. Perhaps he can
then be more sensitive 10 faclors that will
alter it. NMote that 1his efforn leads 1o the prin-
ciple of creating causal models, which zre dis-
cussed in a later chapier on dynamic model-
inig. )

When the forecaster has done his best with
the proiection, he should have the courage to
believe his projection valid for a reasonable
future period. Reread chapter 4 o reconsider
the amount of ume it will take to alier the
curve by introducing new technology.

Interpreting and
Using the Forecasl|

MNow that Lhe fulure condilion has been
projected, the next task is 1o ask, *"What does
it mean to us?' . The (rend study has provided
a probabilistic statcment aboul the future.
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Cuiestions suelt ass i neetializes what
shoukd we be Jdeine?™ SWhat alteinialine
pasilions wight exist amd whan o they wean
to our owi pasition?™ Ofren the Torecaster
should exiend the study so as to display
his organization's trend vis-p-vis their compe-
tition in the sume Held, as well as the trepd af
rechnical alternatives that gompele in fune-
tion. (For example, a study of oil-hase paint
pecfurmance should include thay indusiry's
wend, as well as the trend of watcer-base
paints.)

The implicatians of new technical capabil-
ity Turecasts and passible reactions now enter
the sphere of management deciston making.
it is absedirely essential that na one fakes the
Sorecast ws o decision, The (orecast provides
adiditional tdara for mapagement, but it docs
ne inelnde all the consitderations needed (o
decide on o mgor course of aclion. No
matter how clegant and brilliant the TF
study, it will be imperfeet. It must be recon-
sidered indue time,

Summary

The above sequence of swps in trend anal-
ysis and projection is iniended to encourage
consideration of all tulure forces that will
impact on the trend as inibally esirapolated.
The method demands subjective judgment as
ta their callecuve influence in the future, A
logical guestion now is wheiher there might
he some quantitative way lo sum up llese in-
fluenees, giving proper weighting and Gmine
1o cach onc. This is precisely what the con-
cept ol Lrend finpact gnalvsis ofters.

TREND IMPACT AMALYSIS

Background

Although rechnical trend extrapolation is
an ofd und «aill commaonly used concepr, it
has nzver enjoyed mueh academic develop-
ment. Halph Lenz jdentified the broad con-
cepts in his 1962 Air Force moncgraph. The

| Gz w e
Whod ot st Freencirets s dbvve bopaoad T Ve
Snieentde o the Lo Prhedby il v ly 19040

Abun Vusleld paorsesed et liniodoicgf
Progress fretcrtens in 1965 G aind et

e ffreen e owals eavplored Ty Tolin Bisher amd
Robert Pry abour the sioee time. ldwin
Manstield had  calior developed o mare
rigorous freatment of sobstitution from the
economic viewpoint. Joseph Marting esten-
sively discussed sanistica] wehnigues applied
1o (echnological data curve Rhing and extra-
polation in his 1973 book. Since 1972, Lens
and Bnght have developed 3 mote sysiemalic
approach tosclecring technalogical attributes,
tesipning parameters, and then erifically ex-
ploring factors that will fnfluence the exirap-
larion, It has retmained for The Futures
Oroup o develop a new and causal-bascd
mathematical  reawtment  of  cxtrapalation,
which they named trend impuct anroiyeis
(IIAY. 1t is important 1o appreciate the dis-
unction berween these basico extrapaliion
approsches,

Marbreraticn! curve fiiremg. The projeciion
15 based upon a mathewmanivsl formualy that
provides (he “hesy 10 1o the histosic data {ar
other mode of change seleeted by the lore-
caster}y. The logiv is explicit, quantitative, and
gastly communicated. 1t avolds prejudice and
arbitrariness (in oiler than initial selection of
the Tormula used), However, for as far in the
futute as the forecaster chooses (o belicve the
esirapolation, Av fs wsspnine thal wff future
evealy wifl sosivhow of el vack thier soous
my fo invalubaie the mathemaricel prigee-
tierg, I other wards, the histone ke of
chanpe, i representod by the tormua s con-
dopsing the dati, is <till valid,

(realitaiiv e cvoluatfon of future iy huece,
The Lenz-Bright approach calls For subjective
or mathematical remd development and ea-
trapodation bat with mogh moce atieadion (o
sabjective judgment on whigh data points and

what portion of the S-curve'should be Usad -

as well as subjeciise vopsideration of the 1ype
of progress 1o be anticipated in the forecast

L
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periad, Howeser, 10 concnrrendy recocnizes
that s extrapedation  nltimatelv amil Js-
stroddiv will be aftered by furwre evenrs, o
other words, the historic data of change is nul
valid indetinitely. Therefore, the second step
is 1o review possible developments in each of
the five environments {as well as the internal
prgamization) and 1o use subjective {and
quantitative if possible] concepts to establish
the Tinal position of the extrapatation. Thus,
the extrapolution 13 moedified by causal,
afthegh guatitanise, subjeciive reasoning.
Trend dmpact analpvis, TIA applics a
mathematical (best-1iy corve 1o the hislone
daly, then guantitalively  allows for the
possibile Tature events that might impast an
the mathematicat exteapolation. It applics
specific mathematical modification of this
extrapolation for each event’s impaci. Next,
¥ia computer, a summation of these collective
impacts is prepared. Subjective judgment is
applicd to the computer output in esiablish-
ing the Vinul projection. The final extrapola-

10
i, thwres e asenl v cosal, Ban foan e
quamitiive, amilysis, Howesor, it is ol

bascd an suwbjective pudegment of cvaems il
TN EN

The TiA Method

The FVIA concept was developad by Ted
Giordon, Hal Becher, John Stover, and their
colleagues at The Fuwres Group, an out-
standing Turures consalling firm in Glaston-
bury, Connecticut, It has been applied 1o
several dosen techno-economic studies
date. The develapers are quick to point out
that the machematical rigor is applicd (o a
linnited nmxr ot consideranions, which stidl
yiclds quite subjective extrapolation, TlA
adds an unportanl new dimznsion ol quanu-
talive dhalysis 10 trend extrapolation. The
technigue deserves further study and develop-
menl.

The Tallwing descripfion of TEA i pre-
sented by John Stover; the overull process is
shown schematically in eshibin 6.1,

EXHIBIT 8.1
Trend Impact Analyaia {TIA) Pracedure

STEP

EXTRAPOLETION
FROGHAL

HISTORICAL DATA — )

“Best Fu
*Standard Dexiaton

STEP 2

SELECTED EVENTY —- SOAT AQUTLINE

sPerhinent Events
sLikelinood
sQuality

STEFP a
. .——— HUKAN ©
B JUDGMENT
IHMCATOR ]
EATRAPQLATION
STEP 3
Cwtors Panbus
S
TIA -—

sPigoabilstss Tremd
Eatrapalatin
«Shgruigant Evants

Strengih

«Tymg Dielay
4 HUMAN

—— s —

JUDGMENT

N———
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Brovefaprnent of Qe enaprerlantiom progs i,
The Jevelopment of dasurprise-liee oslcipela-
tion program is siep 1 in the TEA process, A
compuler program selects the best-litting
curve from a set of alternative egquations
{exhibil 6.2). This curve is then used o pro-
vide the surprise-free Tuture extrapolation, In
order 10 avoid unreasonable extrapolations,
the program user can opt te either truncale
exlrapolations that fall owside wpper or
lower bounds or select the best-Tting curve
anly from amang those that do not give risc
to extrapoiations falling culside the specified
bounuds. Aliernatively, the user can reject the
miathematical extrapolation gencrated by the
TIA program and supply an extrapolaion
deveioped by some  other  curve-Tilting
program of one based entirely on human
Judginent.,

Sever2l sehnements in the programming of
this aspect of TIA enhance the ellectiveness
ol the best-tit test and extrapolation proce-
dure;

I, 1t is not pecessary that the data cover a
contineous span of ime. Thta in which
there are gaps are folly scceptuble—the
program makes vse of whatever data are
available, taking into account any paps,
but without being siymied by them,

2. The program does not give cqual weight
lo all data. Rather, a year may be sperilied
(normally the presem year) for which data
are 1o be given maximum weight. As the
limes to which the data refer are Further
removed [rom the year which hay mani-
mum weight, the data are given less
weipht* This procedure thus 1ahes ko ac-
vonnl the possibly lower relinbility of daia
that are more distand in the pust or, more
important perbaps, the lower influence on
the {uture of developmenis that have oc-
curred progressively farther in the pasi.
The formula chosen also makes the sum of

*The weighting formula w 171 + {¥ =4, where + is & given
vear, and i the Firen manimum weighl,

ik L
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Eatrapolat.on Fermulas Usopd na a
Basis for Trand hnpact Analyals

Equations tor TIA
Male: M = Slope
B = Additive Constant

MY + B
V=MY+ B

V = MiogY + B
Logy = (/Y + B
legf = MY + B
Ltogy = Mionp¥ + B
LoglogV = MY + B
LtoglogV = Miog¥ + O
iflogyV = MlogY + 1
1/logy = MY + B
/v MY 1 B

1V = MiogY + B
1Y =MY + P8

v

1

Il

1

an infinite number of weights (nfinie.
rather than convergent, »0 that even very
distunt years continue 1o have a finite con-
tribution,

3. Since there is no guarattee that a mathe-
malical extrapolation will give a good it
1o the given data, the TLA program reports
to the human user just how good the fit
was, using e same sguared conclalion
coetBicient that determinedd w hich mothe-
mutival formula should be used. As noted
carlier, where jndgment o analysis indi-
cates that o more pealistiv sct ol dma
should be vwed, they can be inpur direaly
as purt of the specilied data used for =ub-
soquenl siops,

4. Uppur and jower limits ot the extrapola-

ton may be set, 1n Lhis case any curve that
praduces an extrapolation that exceeds
these limits will be rejected. Thus (he ex-
trapolation is based on the best-filting
curve that does not exceed the specified
limits.

Ly P —— - —
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Munrarr jridgments of eved fmpacte, Vaman
Julament and bmaginalion are coninud 10 sep
2 of TIA, Here, the program maodifics the
surprise-free extrapolation o wake inte ge-
count impertant, unprecedented  future
events. First, a list of such events is prepared.
These events should be unprecedented, plau-
sible, potentially powerful in impact, and
verifiable in retrospect. The source of this list
of cvents might be, typically, a literarure
search, a Delphi study, or a consensus among
consutlants. Whatever the source, the evenis
selecied comprise an inventory of potential
farces that could lead 1o a depanture from a
surprise-free Tuture.

Scveral Judgments are made about each
selecied evenl, Firsl, estimates are made of
the probability of occurrence of each event as
a tunction ol e, Sceond, the impact ot
cach ¢vent on the trend under study s esti-
mated. Impacts can be specifed in several
ways; e procedure here {exhibit 6.3 in-
valves specificanon of the following:

Poh 3

U Pl T freo the oot el s
p.h.'tillp: ol wntel the e Byt o e
spond,

The rime from the cconorenee at the une

pacting event uniil the impact oo the trend

is largest.

1. 'The magnitude of thal largest impact,

4, The time from the occurrence of the im-
pacting ¢venl unlil the impact reaches a
final or steady-stare level.

5. The magnitude of that steady-sizie im-
pacl.

Each of the three specitied times and the

Impact magnitades associated with them are

laken i be completely independent. For ex-

ample, the maximum impact might be pasi-
live and e steady-stnle et negitive, cor
the steady-state impagy might be rere mcan-
ing that the impact is anly mpariey. Fi-

nmally, the muximum impact might be e

ity s the spvady-stale el
In addidan, impacts can bue ospevitiod in

cither relative or absohie wmits—ie., they
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EXHIBIT 8.1
Eventimpact Eslimates .

{+}
’,Euent Occurrence
Degrre I
of
Impact S T

ia.g, %, }= Time to First—s!
Absolule MNoticeable Impacl
Amount)

R

(- - 4" Time to Maximum Impacl —————!

- Time ta Steady-Siate or Constant Impact ———————
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<~an be speciled a5 percentages of the values
ol the trends at the time of impact, as a per-
centage change Of that number, or in absolute
units of magnitude of the trend. For example,
the impact of evenl No, 021277 on the Irend
under sdy contd be specified eijher as 90
npereenl of Ut pnomber, as a 10 pereem de-
eling ol that number, ar gl doswnward <hit
V2000 The Torm used o record ihpsy
ealimades iy shown fnoeshahil 6.4, These fime-
rects are Culculiued, when subiicient informi-
uan isasailible (o dooso. Others g, they are
judztmemalty delermined.

ol

Camputer processing of Impact on exird-
polfured trends. The heant of TLA 3 the com-
piiter which ugses these judpments to caleu-
late the expected impact of the sefecied events
on the extrapolated wrend. A closed-form
proceduare iy used to sohe this problem. The
cxpected value, or mean, of the impact apd
uppier and Tower quartiles of the distribution
i possible nopacts are cemputed for cach in-
dicaror. 'The expeeled value of the impaen is
campuled by summing the products of the
probabilities of the impacting evenis [or cach
possible year limes the magnitsde ol their
impact, Lisking into account ther specificd
lime lays. Itobabilities of events for years
not specilied are estimaled by tinear imer-
polation, assumipg thal an event has .00
probability ai the present time. Similarly,
UL are lincaely interpolidted between the
chree sapecificd iapact tnagnitudes,

Eswmates Proaped by Ernprnes

This approach ireals the coupling among
the impacts of the varieus events as negli-
gihle Thus, the iinpact estimale is produced
as the sumn ol independent random variables.
The net resuli is that the variance of the
impact-adjusted forecast is the sum of the
varianee ol he rrend extrapolaion (s mea-
surcd By e sguace Gf e standard error of
el bed aned e varianeds of 1he nepags ol
e dissowiuled evenils,

Thus, where g is the Hkelibood that esent
¢ will oceur inovenr p,oand a0 18 e
impact that cvent ¢ would give rise 10 =)
viors afler its occurrence, the espected value
of the impact in vesr 3 would be

-

M@, e

L]

where 1%, 05 Lthe present vear {in this example,
1975). thee exhibic 6.3

Tvpfcal A reaadrs, Uwe of the TIA proge-
dure has revenled that imporiant insights may
be obiained by utibizing this Form of 1end
eatrapehation. The developiment of impyoved
trendd Tozevasts i~ oty ande of e advaniaees
of this method, Josight into s edjastien s
ol cvent prabahilities and impaces voy the
eshimaled hure valoe of the wulicaga in
questian, i_u.-.rrm ol bath the medinn and

TThiy midy be 8 versy QUesionable giaaripi gl wIme]im.
(e aelidion i 1o Sreate @ new “tevent™ tbal comibmes the
wawpling eeenes of convern, Lhen wo compary Uie resuling -
el borrpaicts of the events pedoed separals,
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- Assumes Coupling Among Evenly amd Event Impacts Is Meghmilide

interquartile range, can slso prove to be very
uselul in developing an undersianding of the
¢liectiveness ot policies or actions that may
be availuble Lo the forecast user.

‘The foreenst of the indicatar shown in ex-
hibit 6.6, the average cost of a prescription, is
drawn from a recent report that is part of a
ditan servive (called PROSPECTS) developed
at The Futures Group, The Forecasts in the
PROSPECTS repuerts are preparcd using the
TiA procedure and, 25 they  represent
material prepared o aid in resl-world deci-
sion making and planning, shoukl prove
aselul in discwssing the msights obtained
(rom wsing TEAL

fritial or baseting extrupolation, It should
be remembered that the impacts assighed (o
vach gvent describe the estimared change in
the surprise-free trend caused by the occur-
rence of that event. In the case of the average
cost of 4 preseription, an upper limit of 58
per preseription {in 1970 dallarsy wis set for
the extrapalation. The extrapolaion program
reiected the Tirst three curves  generaiod
Becinse they exceeded this i, The Tourth
curse renined wichin the Limit and produeed
the solid-line extnpolaion shown in exhibil
6.6. This, then, beeame the basclioe 10 be .
pacied by fulure evenlds.,
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Fooenfitapsaciy T he esents bsed s VLA
aie sl e cdlubgn 607, For esiimple, e
Fral eveni, e abotivian Bt all pooduct aand
poniies, W Judped o e o probabiting ol

A4 or occnrning by 1985 aad a prohability ol

5 of occurting by 1990, I this event does
aocir, it is espected than s first impact on
e arerage cost of a prescripion will begin
two wears atter the occurtence of the event.
The masimum impact will occur after five
vears and wilk be a 20 peteent reduciian in the
averaee price, The steady-state impart s
Jjudged 1o be the same as (he maximum
impact.

The combination of these evenis, probhabil-
ities, and impacts with the baseline extrapola-
non is a lforecast fenhilil 6.6) markedly dil-
ferevt T the haseline extrapolation. The
sy even begins w decking in 1987, The un.
cethitinty s indicwied by guaniles abopt 15
peecent abose and below 1he mean forecast.
IThe gquartiles indicated the middle 50 percem
of  future valyes of the curve. Thus, 235
percent of the futures lie above the upper
gquartiles, 25 percent lie below the lower quar-
tile, and 50 percent lie between the two quar-
tiles. Quartiles are presenied here; however,
«ince the computer program calculates the
santdard deviation, skhewness, and hurjosis
for zach year, any part of the ;ange could be
rrinted oug.) This uncertuinty shown by these
guartiles results Iram the fact that many of
the exents thal have barge impacts have rela-
tively low prohabilivies: s, an wneerain
sitnalion provails,

Al this Juncture, it is desirable to determine
Ahessensitivity of these results 1o the individ-
ual estimales upon which they are based. Fur
crample, onc might raise valid guestions
ahout the estimales of event probability, the
magnitude of the impacts used, and the delay
time associated with Lhese impacts, Having
prepared  these das in a disaggregated
fushian, tUis earemely casy 1o vary such esti-
raates and view the change in resulis. Tt may
alsw be Observed.ihal intervemion policies,
whether_they be institutional {such as lobby-

l urjl\'} L' i Al

vt e, u e b b s
proctae st e e honoleseread e be e e e
[ PR TP TR FTETTITLN MO YU LA AL (Y I R
pans o anthencene e vveoe pocbaodalioe,
IR A

Suppee, Tur essimple e pluimtaeen
tical Company was i a position e ol dor
the immediate removal of resiriciicns on pre-
ceription adverlising, or suppose an analyvsi
thought that the removal of these restrigtions
waus mueh more likely than 20 percent in
UGR0, I euch case knowledee of the sensitiv-
ity of the forecast to the removil of wdvertis-
ing restrictions woutd be usetul, "V his sensi
tisity cin be tested by raising the probabiliny
af this cvent fromt 20 in 198O 10 40 00 1950,
The pesult of iy chamee 1y showon o evhilby
Gk,

Thiv aybibin sy That e sty 1
the Torecast toan carly occurrenee ol ihis
wreit I tainly during the 1975- 1955 peried,
Dyuring this period the Torecast s edticed by
by 7 pereent, and  the quariiles, arg
siiilarly redluced, Wy 1990, hoseser, when
the probabilisy of the esent had abieady
reathed 60 in the Dirst Tocecast, the il
fetenee is slighi, The sepsitivity ol the Tore-
casl 1o each of the other events o combinag.
1ions of events can be determined in i <imilar
mHnner. _

Thus T1A can be used, not anly 10 improse
forecusts of Ume series variables, hut ilso o
study the sensinivity of ihose Torecasis to
podicy, O vourse, any policy comsiderced
shongbd it bo T ETue iew s RN O ey s
preible, athier than ome, s i iy sjnple
caaInphe, Bealistically,  coiparile wctions
olien Tine both bencelicial jod desrimental
possibilities, s they may enhanee borl de-
sicable and undesitable possibilitics. Tie use
of such procedures as  deseribed hae,
however, should nake such  unceriaimties
more clearly visible than is posdble with
technigues heretalore available and altew the
forecasior 1o live more conmtortahly with, and
cven (o reduce, the degree of risk in his en-
deavors,
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Event Used in TiA of Average Caat ol a Prescription

EXHIBIY AT
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EXHIBIT B2
Sensitivity Testof 8 TIA Foracast
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TYPES QF TREND
EXTRAFOLATIONS

Single Parameter

Hhporhesis, Tune setics dara of 2 technical
attribute that reflects 2 significant aspeel of
the rechnnlogy of its applicationfe.e., power,
specd, cost, strength, hardness) can be
plotted a trend established, and then cxtrap-
olated in some manner 1o predicl its luture
sfate.

Puteptial wse, The talrapolation helps 1o
identity the likely degree of change in thal
attrilute ab Tuture times. Implications then
can be considered, and need lor turther in-
vestigatjons or actions is indicated.

Caugions. (1} A single parameter often fails
1o 2larify the design trade-of s that yre taking
place helween several atnibutes: {2) oue or a
few patameters are insuflicient oo deseribe all
the important changes taking place in a com-
ples 2 @L"rjnn'lngic;ﬂ device,  such 28 iwn
girplang, an oil refinery, o o computer; and
{3) 1o trend goes on unchanged furever—1he
inftucntial factors must be considered in
mahing the extrapolation.

P
-

Compound Parameter

Hepourhesis, Combinmions of paramerers
can bo designed so thar vhe dina will reflect
the basic, interrelated changes i the device or
service (e g., power per unil of weighy or
space; compuler opecrations per dallar).
Trends ol such faciors reflect the technelagi-
cal-ecoonomic trade-ofl+ taking place with the-
device or service. .

Potential s, Same as previous type. They
alvo may bave more relevinee 1o the user
because they desceribe a total servive or condi-
lion pertinent 1o the application of the device.

Cauglons. {1} More 1than one compouni!
parameler may be needed, ant (2) the com-
pound patameter may s1ill be incompletce and
may not fully refect all the important as-
Pects.

CREANTE

T

Leading Indicalors of Precinsans

Hhvpoorfevs, inwe sevies daty of g wmehe o
oppeniud techoalopweal poameeice ool
rhenomenon) that scem to Tead hee pecline
opy in guestion can be usedd to forecast
future sfate {e g, improved acenracy af wca-
surement might lead v improsed aconracy ol
maching ool perfonniice).

Poveerial e The raine of change i por-
formance of the precursoe and s relation-
ship 1o the technelopy under study provide a
basis for a prediction of future capability.

Cautions. Past relalionship between the
precatsor and the subiject technology may nol
hold Tor many reasons, For example, dif-
lerent Fforces may be driving the 1wo phenom-
cna, OF ceriain faciors may limit the one pa-
rameter but not the other {e.g., speed of mili-
tary airplangs no Jonger relales immediaely
Lo the specd of civilian iransport aisplines),

Envelope Curves

fvpodhieds. A Tundimental capabaliny
soCicly duesites coninues 1o advaner by sup.
porl ol o suecession ol incicasingly chlective
technologis. As the S-corve progress aof an
earlier technology beging 1o tall off, o new
technolagy emerpes 1o maitain progress of
the Tundanmicntal capatslity. A curve appros-
imately 1angent to the tops uf the S-cerfves
theseribes  an Uovelope™  of anbicipoated
chanpe, Nu detinitive theery [or drasing or
projecting the envelope curse has been sug-
pested, and only ome plece of tesearch has
Been dope. (See Appendis A0

Poreatial mse. S-curves and their envelope
curve, even though roughly drawn, sugpest
the conming of twehnological change, The §-
vurves displiay the growing inabiliy of a given
technolagy 1o suppart the advance predicoed
by the cnvelope, curve, Exviimination raises
guestions abowt the decline and emergence of
particular techuolopios wnd resulingg mathe
impacts, - -

Cautions, The lact that a given technology
ng looger supports the civelope curve does
ol mean ¢ither immediate or  ultimale

f



economic demise. Many technologies remain
efiective in certain sectors of sociely {c.g..
propeller-driven planes no longer support the
airplane speed curve, burt they stil! have a via-
ble and substantial marker).

Step Functions

Ifyporhesis.  industries show different
histerical” patterns of behavior in the scale
and timing of technological changes ihat 1hey
introduced  into products  and facilities,
especially as these factors refate to 1o1al
demand. These patterns are responses 1o such
forces as markeis, prices, costs, size of invest-
ments, technological considerations, new
technology, intra-industry relatignships,
sociopolitical cestraints, and even indusiry
tradition.

Potential use. By developing these patterns
one can estimate the scale and timing of new
technology introductions. Impact on the
market, prices, and the supplicr-customer
competitive response cycle may become clear-
er. An individual firm could then make wiser
decisions for its own timing and scale of
techmcal facilities through profitabitity anal-
yses: ibased on various cost- price responses,
Thes tct.hmquc also is especially useful for
sludies of mtcrcoumry technical compelition
and economic competition based on the scale
of technical lacilities.

Cautions. {1} The existence of such part-
terns must first be established for the particu-
lar industry; (2) the future stability of rela-
tionships that created these patterns must be
carefully cansidered; (3) eventually there will
be limitations 1o the progressive increases in
scale of facilities; (4) new technology and
sociapolitical events can abruptly aiter thesc
patterns; and {5} automation, miniaturiza-
tian, and technological “learning’’ may occur
and so rapidly improve capacity and output
a5 to invalidate the projected patterns,

Technologlcal Progress Funclion
fiypothesls, ‘The technological progeess

function assumes that a technical parameter-

improves with cumulative numbers of units

Tt an

produced in the manner exhibite by it cast
and manufacturing time in learnineg curve
theory." Where technological devices are not
necessarily produced uniformly over mine,
the resulting curve is different from one plot.
ting time-related data. The equation:

T. = a(iy"

i
where: T, = rechnical parameter, characier-
istic of the ith uni;
cumulative nuil number;
b= rate of progress, prostmably
dependent on envirenimental
considerations, such as tech-
nical efFort measured by rates
and levels of investment and
man-years: and
a = aconsmant.

Possible tustification may lie in the fact
that B & I} effort often is proportional o
production activity and resulting sales income
on which R & [ budgets are based, Alo,
technical progress is often the aceretion of
hundreds of minor improvements, which are
“learncd™ and applied over repetitions of
production.

FPorential use, the function provides a basis
for technology predictions against growth of
technology production or usage instead of
time, This basis might be fur more appropri-
ate ta some technical developments,

Cautions, Same as for other trend extra-
palation techniques. The assumption thar
technical improvement is related to cumula-
nive production may not apply to the particu-
iar case (c.g., the advances in hand- held cal-
culators went through abrupt discontinuity
when the integralted circuit-electronic display
technology was introduced),

-

Substilution Theory
{Fisher-Pry)
Hypothesis, If a nev: technolt}gy begins to

replace an existing technology without a
mzjor change in funclion, it will1end 1o goto

YAtan R. Fusicld, **The Techimnfogneal Progiess Funclion:
A Mew Techmgue Ful Hurecasg,™" ?u.‘l.rfr:l.l'ug;n” I TN
ing, March 1WA, pp Y2,
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cumpletion, and the titne and amount of sub-
stitugion can be predicted according 1o a hy-
perbolic 1angent function based on the
average annual rate of displacement. The
substitution formula is explained in exercise
E-6, Many other possibilities are discussed in
the key summary baok just published .*

otential use, Predictions of amount and
liming of substituiion of new techmology
provide bases Tor estimatles of future markel
size, production capacity, and supporting ac-
tiviies as well as daia for planning phase-out
ol old technology. Subsutution rates in one
field or country also mighi prove to be pre-
gursars of substitetion rates elsewhere.

Cautions. (1) Accuracy of predictions
based on the first § 1o 10 percent of dispiace-
ment may be very poor; ferecasis based on 20
10 25 percent displacement data seem 1o be
quite accurate; {2) units of measurement must
be carefully chosen 1o avoid distortion {e.g.,
the substitution of plasties for steel in gulo-
mabiles would e badly mistrepresented
weight were used as the measure); {3} i1 has
nit been explained bow and why this dis-
placement theory differs from conventional
marketl product displacement theory; and (4)
the very long time spans involved mean that
the new lechnology will he subject 10 many
environmental changes, inchiding competi-
tive technology, and presumably this reduces
reliability.

Analogies

'

Mypothesis. A new technology may cmerge
in & manner, pattern, and/or raie of change
analogous 10 some previcus lechnology or
existing natural or social phenomenon. One
variation is  “growih™  analogy, which
assumes that a technology is analogous to
biological activity and *'grows™ toward a
natural limit in the same manner. bJost
lamous of Lhese is° the Pearl-Reed curve,
named for the biologist who developed
millhemaltical curves lo describe the limits 1o

*Harold A, linstane and Devendra Sahal (eds, 7echmalog
wal Subsrituiien (New Yk American Elevier Publishing
Ce.. Inc,, 1976,

e
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growth of numbser of frudt (ies i Boatle i
other orpanic prowth. Foroa discussion of
Pearl curves, Gomperts ongses, amd otlnr
mathematical lecanments of prowtly see any
1ext i statistical analysis. Anotler varation
is 10 assumc anatogy to ¢losely welated prios
wechnolopy (c.g., welevision prowth will be
anlogous 1o radio growth},

Potential use. The analogy provides o pat-
tern that may be a useful guide o a fiure
limited condilion. The very evident tapering
off of growth in pricr technologics, when
comparing that growth to mere extrapaolation
of presemt rates eof change, aids undcr-
standing of the possible behavior,

Cutitions. 1s the analogy really valid? Con-
sider past sociceconomic conditions as well as
different uses and needs for the future tech-
nolegy, Presently no theory or research sug-
gests that technological capabifity prows in a
specilic manner, other than the vague S-curve
phenamenon discussed carlier,

Correlation Analysis

fHypothesis. A echnological  devic
changes through 2 blend of many faclors of
perfarmance, constrection, cost, and secial
usage, Factors that are not actual atcributes
ol the 1echnoloey may aflect the technology.
Therelnee, historical data on the important
interrelated influences should be developed
and plotted. Trial extrapolations are rhen
made 1o Lest relationships and so to determine
the inost likely futere state or directions, The
basic potion is te search for consistency and
logical relationships between trends in a field,

Potential use. By clarifying the tnuerrela-
tionship of ¢lements of the technology, corre-
lation analysis may be used (o detect the way
the factors will influence ecach other as the
technology evolves. 11 reveals the sensitivity
of technological development 1o future
changes in each element and thus suggests the
likely tinde-offs,

Cautions. This is obvicusly a complex
study thal requires very careful consideration
ol undertying forces that cause changes in
each parameter.



