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Thc Structurc of Faracligm Changc

? |5T] in Science and chhnology

Strategic Tec}mology |nstitute By Blake | . White

The E ssence of Science and chhnologg

QOur management consulting Practicc deals cxtcnsivcly with tcc}mologg as it relates to business Problcms and
oPPortunitfes‘ But _just what do we mean }33 tecl’mologﬂ, or for that matter, science? Numerous definitions and
dcscriptions of these words have been written, none of which have been able to succinctly encompass all of the
characteristics of these terms. The "man in the street,” accorcling to JB (Conant, considers science to be the activity
of PeoPIe who work in laboratories and whose discoveries have made Possible modern inéustrg and medicine. (28] This
statement, a|thoug]’1 it may appear to be true to many lagpcrsons, is quite shallow as a mcaning}cul c{escription of what
science is. | or example, many Peop|e who clear!g quali% as scientists do not have any association with laboratories and
their discoveries do not have any direct aPPhcabilitg in either modern industry or medicine. As impor’tant as contributions
to these areas have been, this concept illustrates the need to develop workfng definitions with signhcicant keg words so

we may c|arilcgjust what conccpts science and tcchnologg cmploy.

Scicncc is the }Jodg of know|edge obtained }33 methods of observation. Jt is derived from the | atin word
scientia, which simplg means knowleclge, and the (German word wisenschaft, which means systematic, organized
knowlcdgc. T hus, science, to the extent that it is cquiva|er\t to wiscnscha]ct, consists not of isolated bits of ‘mow|e&gc,
but on!g of that l(nowlec{ge which has been sgstematica”g assembled and Put togetl’ler in some sort of organizec{ manner.
[29] |n Par’cicular, the science with which we are concerned is a boclg of knowlc&gc that derives its facts from
observations, connects these facts with theories and then tests or modifies these theories as theg succeed or fail in
Prec{icting or cxplaining new observations. |n this sense, science has a rclativclg recent history ~~Pcrhaps four centuries.

(»0]

Altlﬁouglﬁ, science as an activity has existed as long as humans have existed, the modern \Western notion of
science bcgan with the Europcan awakening during the High Midc”c Ages, the Renaissance, and the ]nc]ustrial
Revolution. T herefore we should c|ear|3 recognize that science, as America understands it, is a European concept that
describes the process used to gathcr data about nature, use that data to draw gcncral conclusions, and test the
conclusions under critical observation. Make no mistake as to the thrust here —~the process is meortant in the European
concept of science. This should not block our interest in broadening that concept to include definitions from other
cultures, Pcrsonal definitions, or that of the ancients. [Jowever, we must recognize that the critical difference between

the modern view of science and the ancient view rests on the methods emploged and the ultimate aims for using scientific
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knowlec‘ge‘ More will be said about the alternative views of science shor’clg; for now, let us Aeve|oP an understanding of

the term tcchnology.

Much of the relevance of science to mankind and to society arises 59 way of technologg. T here are intimate
rclationships between science and tcchno|og5; yet science is not tcchnology and tcc]'vnologg is not science. | he origin
of the word technologg gives valuable insight into its meaning. |t is derived from the Greck words, techne and logos. The
former meaning art or craft and the latter signf%ing discourse or organized words. | he Practfce of tecl’mologg
Frcqucntlg is that of an art or craft, as distinguishcd from science, which is Prccisc and is based upon established
theoretical considerations. |~ ven thouglﬁ we do not norma”g think of techno|ogg as consisting of written or spoken
words, as imPIicc{ bg Iogos, it does involve the systematic organization of processes, tcchniqucs and goals. chhnologg is
aPPIied, but not necessarﬂg based upon science. |n fact, as (California State Universitg‘s Robert [Fischer notes, "to
define tec}mologg as aPP!iec{ science is to miss much of the signiﬁcance of the relationslﬁip that exists between science
and technology."[} 1] He defines tcchnology as the totalitg of the means cmPIogcc{ }33 Pcoplcs to Provic{c material

ob_jects for human sustenance and comfort.

Ohne connotation of the working definition of tcchnologg is that it is a human activity. Jtis Pcop!c who use the
Products of tecl’mo|ogg. Furthermore, it is Peop!e whose livelihood and comfort is the goal of tec}mo!ogg, whether this
goal is actua”y accomplishcd bg tcchnologg or not.

According to [Tischer, tec!—mologg is directed in spechcic instances toward sPecigic material objects, that is,
toward the Production of Phgsica! objects. T his is not to exclude the meortance of non-material concepts to human
sustenance and comfort, but it is meant to drive home the central theme that techno|og3 is driven }33 Ph}jsica! needs. Bg
definition, tec}mologg is not neutral because it is directed toward satisﬁjing a Phgsical need, as determined !33 a human
value system. chhno|ogy is power and one who controls tcchno|ogy controls the power inherent in its application.
Tec!—mologg is defined, to some degree, bg our relationship with the environment. |t involves our attempt to control and
s]ﬁapc the world and to make use of whatever resources are available in that environment. [32] T he basic \Western motive
for ”bringing about technologg” is the desire to obtain more or better material tl’xings. There are of course more
immediate and less Progoun& motivations for individuals in either science or techno|ogg (such as the desire to get a
Paychcck and retain onc‘sjob), as Fischcr notes. Other Points of comparison involve granc{cr motives such as the
ancient beliefs of using tecl—mo|ogg to devote monuments to gocls, heroes or esthetics. Tl’]e concePt of technologg as
"more and better material things” is a Western concept born out of the ﬁowering of know]cdgc and materialism that was

the European Renaissance.

ch}mologg has a much Iongcr historg than science —a history as |ong as humanitg. We have evolved togcthcr
with our tools and teclﬁniques over millions of years. The maJ'or changes in human PoPu|ation are due to the teclﬁno!ogg
we have cleve|opecl to domesticate grain, irrigate land, store and preserve food. We exist bg the generosity of the earth,
but how many of us live and how many of us starve dcpcnds on how well we use and distribute the earth's resources.
During the Pre~EuroPean Periocl of the |nca, Aztec and Magan civilizations, Per}ﬁaps i5 million PeoPIe lived in the
Americas. Most lived in the major civilizations with cities in Mexico, Ccntral and South America where agriculturc was

re!atfvelg advanced. Most human labor was used to obtain food. \WWe now have well over half a billion Peop|e in the
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Americas with less than five percent of ourlabor force needed to Proc{uce food. [33] Without technical developments in
agriculturc we could not sustain such a Population growth, and in no way would we have the time or the Phgsical energy to

clevelop a more advanced civilization. All of our time and effort would be devoted to the maintenance of life.

chhnologg has c{cvclopcd scParatc|3 from science throughout most of recorded historg. chhno|ogica|
change has gcncra”y derived empiricaﬂg, simply by trial and error. | he method used in Procccding to the dcvelopmcnt of
new technological advances is determined Primarily on the basis of two factors: (i) the existing tecl’mo!ogg and (Z) the
existing scientific knowlcdgc. This scientific know|edgc used in tcchnology is not a rcPIaccment for the trial-and-error
method of tecl’mologg; rather, it Provides a means of se|ecting what trial to undertake next and thus contributes to the
cF\Cicicncg and effectiveness of the trial-and-error process. chhnologg can use scientific know|edge and, in this sense,
can be sometimes viewed as aPPlied science. Yet much tecl'mo|ogg continues to be developea with little or no basic
scientific knowledge. For example, Fischer cites how Photograplﬁg was cleveloped to a lﬁiglﬁ c{egree of soplﬂfstication
even without many of its car|3 practitioners having even the most moderate undcrstanc{ing of the unc{erlging chemical

Phenomena‘ [64"]

Suffice it to say for our use that tcchnology is science Plus purpose. While science is the stuc]g of the nature
around us and subsequent development of scientific "laws," tecl’mologg is the Practical aPPhcatfon of those laws, in

sometimes non-rigorous ways, toward the achievement of some purpose »LJsua”y material. [»5]
Historical FersPcctivc of the Scientific Process

As Previously mentioned, our conception of science and tecl’mo|053 has a relative|9 modern European flair.
[However, make no mistake about it, both science and tcchno|ogy existed with different urxc]crlying assumptions before
the Renaissance, before the Roman E_mPire, before the (Greeks conquerecl the "known world," and even before the
great Howcring of Eggpt. Both concepts and their applications may be directlg traced back to the "cradle of
civilization. As noted by historian (Chancellor Williams, ancient cultures that occuPiea the fertile crescent of the Nile
\/a”cy Prior to Eggpt‘s greatness was the exclusive Provincc of Kushitcs, Nubians, Shcbans, Mesopotamians, and
Thebans, which we now refer to co”ectfvelg as Et}ﬁiopians‘ (36] These ancient People were accomphsl’led
agriculturalists and were very religious‘ Jndeed, religfon to the Etkiopians was far more than ritual re”ecting beliefs, but a
rcalitg reflected in their way of life. Kcligion from the carliest times became the dynamic force in the dcvclopmcnt of all

the ma_jor aspects of their civilization.

T heir belief in immortalitg was a simPlc matter of course and bcgond the realm of debate. T his belief was the
great instration for ancient ’cecl’mo[ogg. The Ethiopians built, on a grand scale, structures that were meant to stand
forever. Actually, it was necessity that gave birth to mathematics and astronomy. Bui!din the [ thiopian pyramids and

Y Y g 9 <) pran py
the most elaborate system of temples the world had known requirec{ the cieve!opment of engineering‘ [67]

T herefore, we see that Ethiopian scientific and technical aeve|opment was driven }35 religious beliefs. T his
contrasts to the modern Western view of tcchnologg, which is embedded with drivers for a more-and-better world. Poth
schools of thougl’xt stress the Proc!ucts of tecl’mo!ogg but the motivations are quite different.
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Mang of the ancient temPIes were dedicated to reflective tlﬂfnking and c{iscoverg —what we mfglﬁt call co”eges.
These tcmplocentcrec{ co”cges fostered free discourse and viewed science as Purely a process of thought. 5cholars
from Foreign lands came to stuclg, and from here re!fgious ideas and their architectural Aesigns sprea& abroad. Since the
Ethiopian [_mpire at that time included what we now call ancient [~ gypt, it was natural that these facets of the Upper
Ni]c culture should sPreac{ to the lower Ni|e and the northernmost part of the continent. Thc carlg Gireeks were hcavi|3
influenced bg these same architectural structures, scientific methods and re|fgious concepts, according to Williams. T he

Grccks cagcrly copicc], rcshapcd and made them into Parts of anew Wcstcrn culture. [6 8)

The Jonian (Greeks exemph?ied bg personages such as T hales of Miletus, Anaximander, thlﬁagoras,
Socratcs, and Flato clcvc|opcé many of their ideas using ancient Ethiopian and Eggptian works as their base. Thc
Jonian (Greeks had an earthg tradition that stressed the er\jogment of life, commercial property, esthetic refinement, and
acceptance of newcomers —all of which allowed free tlﬁouglﬂt and inciuirg to flourish. [From its earliest manifestations, the
Gireek mind had turned to natural Philosophg (at least the minds of the upper classcs) .Thc bcginnings of Greek
Philosopl’lical tlﬁougl’lt were identical with the beginnfngs of Gireek science. | ed }33 T hales of Miletus, the (Greeks saw
the formation of the earth }Jg natural processes, no |onger through an act of the gods. Greek science 133 the sheer
process oxcspeculation, argument, intuition, Plus an occasional dash of emPiricaI reasoning had moved, within the space of

two generations, from the ear!g mgthical notions to a Point thatis surPrisingjg close to modern concepts. [%9)

" as historian of science | homas

1T he |onians conceived of nature as a completelg self motivating entity,
(oldstein exP|afn5. The woricings of the universe occurred as mere extensions of the primorc!fal chaos, automatic
functions of its basic elements. Matter Posscsscc{ its own cvolutionarg qualitg. *Order and "aw" were mere concepts
suPerimPosec{ bg the human mind on the autonomous processes of nature. Nature knew of no laws. |t was thlﬁagoras

who is credited with the introduction of the vision of an intrinsic natural order and Flato adoptcd this vision. [40)

Avristotle, Flato's PuPil, took his master's basic Plﬁﬂosoplﬁg, added more structure and advocated verification of
intuitive natural laws with objcctivc observation. Likc Flato, Aristotlc thought it necessary to, first of an, understand and
exP!ain the worl(ings of the human mind and to show what kinds of reasoning were valid and could be relied on to Provic{e
knowleclge with surety. Jn his Organon or Logic, Avristotle made clear the processes of !ogica!, reasoned tlﬁinking and for
Proving the correctness of its conclusions. r’ic made Plain the stePs bg which a science or boclg of lmowlcdgc may be
Firm!g built up from its starting Point in certain fundamental axioms or obvious statements, Perceivecl intuitivelg to be true.
Evcry science, as Aristotle Pointcc{ out, must }chir\ with a few gcncral truths. Thcg cannot be Iogica”g Proved, but our
minds bg simP!e intuition accept them as obviousb true. Without such assumptfons as foundations, we could never start

to build anything. (41]

| ouise | oomis, editor of a modern translation of Aristotle’s scientific Philosopl’lies, notes that he reasoned like
Flato, from ideal abstract Principles, whenever the subject of the reasoning lay outside the field of observation PossiHe
to him. However, he was also wi”ing to rcjcct or change his theories when a closer examination of nature Provcd them
wrong, Poth a great thinker and a great scientist, he set the tone for future scientists }33 his method of inquirg and an
avowed determination to 5icld to observation as the final arbiter. As a rcsult, an atmospherc of sober cmPiricism

distinguislﬂed the Hellenic Greeks from the ]onians, with Aristotle }Jeing credited as being a great divicling line in Greek
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!’ﬁstorg. T‘lavfng channeled the power of Greek Philosophical thought into a logfcal system of scientific classichation,

Aristotlc‘s sgstem came to exercise an enormous influence over Europcan science for the next two thousand years. HZ]

The classic Roman civilization built upon (Greek science to develop their mfgl’xty emPire with its renowned
technical prowess. The Romans, bcing driven }35 conquest, glorg, commerce, and an increasing need to find new
resources never rcany flowered as scientists. Frce thought was not the hallmark of Romc. Thc Roman way of doir\g
things was impressed upon its citizens and conquerec{ states as a matter of standard Procedure‘ The Romans did,
however, undertake massive engineering feats such as extended roads, aqucc{ucts and highlg structured cities. [43] Here
tecl’mologg flourished but no new ideas of ”ear‘t}%s}wattering” Philosop!ﬂica! imPor‘tance stand out. (Great translators of

other works, the Komans were cxp|oitcrs of resources and fantastic implcmentcrs of tcchnologg.

As Rome crumbled under the weigl'lt of countless invasions, the cosmic vision of the (Greeks and the
tecl’mologfcal achievements of the Romans shriveled. \With Europe over-run bg the (Germanic tribes, scientific fnquirg
was stunted for a millennium. Europc sIcPt ina stupor of ignorance for one thousand years. "T o those who lived
tlﬁrouglﬂ the catastroplﬁe, it seemed that the utter breakdown of civilization had come, the ruin of evergthing humanitg had
ever tried to create over thousands of years, a verdict from a wrathful hcavcn,” according to Golc{stcin. [44] Europc
reacted with a radical reacﬁustment of mind, turning their backs on the world of the senses, which now seemed unworthg
of intellectual scrutiny. Thc end of Roman civilization meant a steadfast attachment by Europcans to the c{ogma of
Clﬂristianitg. To E_uropeans it offered the on13 I"IOPC left.

Medieval Christianitg stunted the growtlﬁ of science but not that of tec}mologg Since it asked, indeed
demanded, renunciation of the world of the senses, Christianit}j left no room for scientific observation. [However, in an
ironic way it fostered the Aevelopment of ever~PowerFu| weaponry to carry out its ”Holy War" against the Moslems. The
dcvclopmcnt of armor, hardened weapons, better cavalry cquipment, bat’cering rams, catapults, Fortrcsscs, and cannons
al~ contributed to the steady growtl’l of E_uropean tec}mo!ogg. Over time, an influx of resources, increased
imProvcmcnts in agriculture under the feudal system, a burgconir\g economic Prosperitg, and exposure to very diverse
cultures as a result of the (rusades, made it difficult to reconcile realitg with the world~c{en3ing traditions of the medieval

mind.

thn the hoPc given bg the Church was no longer necdcc], new morals and money Providec] the impctus for
Europeans to cast the Clﬁurclﬁ aside in favor of a new age —the Renaissance. 5uddenl£j, being eartl’lg and gauche was

in. Oncc again Europc entered an age of free inquirg, but this time a novel twist accompanicd the new age.

The new twist was rePresentec{ !33 a view of life advocated by a new breed of wea|th3 Pl’li|osopher/scientist‘
The Europcan 5cicnti?ic Rcvo|ution of the 16th and I7t!'1 centuries bcgan with Nicolaus Copemicas who overthrew
the geocentric view of Ftolemg and Tl‘l@ bib!e that had been acceptecl for over a thousand years. A]Cter Copemfcus,
the earth was no longer the center of the universe but mere|3 one of the many Planets that circled a minor star in an
insignificant galaxy. Radical in its impact, this view of the world robbed humans of their proud position in the center of
Gocl‘s creation. (Actua”y, a Greco{iggﬁcian named Arfstarcus deve!opecl the same theory 2000 years Prior to
Copcmicus. [45]) Without dogmatic theological constraints, other scientists such as Johanncs chlcr who is credited
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with the laws of P!anetarg motion, Galileo (Galilei the re-discoverer of many of the Principies of gravitation and the
invention of the telescope, and sir [saac Newton who combined much of his Previous work into the laws of motion each

contributed to the Renaissance's sPirit of inquirg.

Two aspects of these scientists’ work stand as foundations of modern science: ) the emPirical aPProacii
based upon objective, rational observation and (2) their use of mathematics to describe nature. Tiwese Principles laid the
groundwori( for modern scientific methods of inquirg and were Forcefu”y arguea iag Rene' Descartes, the Piﬁiiosopiﬁer
and [Trancis Bacon, the theoiogian. [46] T]"ICFCFOI‘C, Europe awakened to an aPProach to i<nowiecige that goes all the
way back tiﬁrougiﬂ the works of Bacon, Newton, CoPernieus, and Aristotie that included the process of observation,
generalization, expianation, and Prediction Fuiiy rooted in an eartiig materialism, indicative of the age. This view of

i(nowiedge became Pervasive, einanging assumptions not on13 in science but also in the entire social fabric of Europe.

Europe came to understand that:

(I) Nature (the Physicai realm) is real.
(Z) Nature is oraerig.

€)) Nature is, in part, understandable.

To what extent can we actua”y know nature? Carl Sagan eioquentig expresses our Potentiai and limitations as
he compares our piﬁgsieal realm to the world of a grain of salt. He discusses, in Proca's Prain, that the one thousand
trillion sodium and chlorine atoms in a grain of salt would overwhelm our abi!itg to understand salt if we were forced to
know about every atom. T his is because the human brain has a limit of aPProximateig ten trillion neurons and dendrites
(connections between neurons). Since there are more atoms in salt than connections in our brains, we can never expect
to know evergthing with certainty in the microscopic world of a grain of salt. Just as unknowable are Phenomena on the

cosmic scale of the universe. [47]

[However, if we use the emPiricai aPProach and seck out reguiarities and Principies, we can understand both the
grain of salt and the universe tiwrougi’l extrapoiation. We may never understand evergti’ling, but we can get some Prettg
good indications that allow rational conclusions to be drawn. Sagan‘s main Point is that our scientific method of inquirg
is based upon our senses. Since we inhabit Phgsicai space and time, Phenomena outside this realm, tiﬁngs of the
microscopic world of the interior of atoms or the macroscoPic world of the universe --are begonci our Pi'igsicai senses.
Aiti‘xougii, we may use electron microscoPes to Probe the atom or radio teiescopes to study the universe, we cannot
escape the fact that these are mere!g devices that transform signais into the forms that our senses can recognize.

T herefore, if we understand our limitations, we will be forced to understand the limitations of science.

This is an imPor‘tant lesson for a culture that &ePencis iﬁeaviig on science and teci’moiogy. We have become
quite aéept at conquering tangibies with tecimoiogg. From medical science to space travel, from instantaneous
communications to automated warFare, Western science and tecimoiogg have consistently proven their utiiity. When we
turn to the world of the intangibles, teci'moiogg and science face definite limitations. Social Probiems transcend
mathematical ciescriptions and involve emotions that cannot be toucheci, measured or successicu”y manipuiateci.

Ti’xeoiogicai questions transcend our three Pi‘igsicai dimensions of space and our one dimension of time. \What exists
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begond those dimensions can onlg be entertained as sPeculation or believed througlﬁ blind faith. Science is a search for
truth and truth is limited to the facts of nature that are there for observation via our senses. As a rcsult, tcchnologg

cannot emulate human Feelfngs and science cannot define (God.
lmP|ications for the Modern Corporatc R&eD Stratcgg

As we have seen, science has many facets. |n essence it is pure neutral knowlcdgc extracted Paimcuuy from
nature t!'lrougl*x systematic means for dissemination to all l’lumanitg. Tecl’mologg is not science. Tecl’mologg is how we do
things, not how we think of them. [Jowever, tcchnology relies very heavilg upon basic scientific knowlcdgc in addition to

existing tec!’mo!ogies‘

There is also a strong influence in the reverse direction. Modern science relies to a |argc extent upon current
tecl’mo!ogy as well as Prior scientific know|e&ge. Science and technologg reinforce each other bg comPlex interactions.
I ach one, science or tecl—mo|ogg, can build upon itself or upon a linkage from one to the other. Technologg is
dcpcndcnt on science for knowlcdgc of the Propcrtics of materials and energy and for Predicting the behavior of natural
forces. "Science is equa”g cleper\Aent upon tecl—mo|ogy for its tools and instruments, for Preparatfon of materials, for

the storage and dissemination of information, and for the stimulation of further rescarch," accorc]ing to Fischcr. (48]

|ndeed, science is not tec!’mologg and tec}mologg is not science but tlﬁeg are Ffrmlg interrelated. One could not
exist in modern society without the other. Although science and tcchnologg are closclg related, a compctitive
organfzation needs to c!earlg delineate the components of its Researclﬁ and Deve|opment (K&D) strategg. ]F we |ooselg
correlate science with the rescarch Par‘t of R&D and tecl’mology with the development Par‘t of R&D, then a firm needs
to know whether there is too much of a tilt toward science or tcc}mo!ogg whether excessive cmphasis is Placcc{ on "blue-
sl(g” theorg without Practica| results or, converselg, whether the firm is ignoring imPortant new clevelopments in basic
research in favor of a Purc|3 Pragmatic, short-term, tangib!c-retum dcvelopmcnt focus. Ovcrwcighing either end of the
R&D continuum can be a Prescription for long~term stagnation. We have found that research centers, "think-tanks,"
Iaboratorics, high~tcch manufacturers, and other organizations whose Proc{ucts are, in essence, "technologies" need
strong scientific research programs as input to their tecl’mologg Proéuct development strategies. [However, comPanies
Proclucfng goods and services, i.e., those whose Products are other than tecl’mologies, need to consider concentrating on
tcc}mology strategies as inPut to their Product value chains, as a means to imProvc processes, and as a way to focus
limited ReD funds. ]:incling_just the rigl’ﬁ: balance between science and ’cecl’mologg in the ReD strategy is the first step

toward cnsuring a successful tcchnologg assessment effort.
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T he Process of Scientific and chhnological Change
ScicntiFic Faracligm Shi&s

Everg individual lives and acts in accordance with his or her own worldview. A wide variety of views have been
formulated and adhered to by People. Some are limited in scope; others are more comPrehensive. Some have been well
thought out and developec{ with Precision; others are vague and ill defined. Some are based upon reason, others upon

emotion, and most upon some combination of both. [49]

Cultural c{evelopment has been facilitated bg evolving, sometimes revolutionary, Parac]igms. The world-views
held bg individuals or }33 groups are very influential in cletermining behavior, as well as in determining motivations,

attitudes and actions.

Scientists and engineers, being Fu”g human, also exPerience the effects of Paracligms‘ Theg and their Finc{ings
are influenced by the mainstream of social thought framed by current tecl’mo!ogg and Prevalent belief sgstems.

By using knowledge of the universe, creativity and a scientific aPProach to Problem solving, scientists c]evelop
new Paradigms‘ What actua”g causes them to clﬁange views as new evidence suggests a revision of a school of tlﬂoug}'}t
was thoroughly examined bg MIT Professor Thomas Kuhn, a science historian and Philosopher, in his landmark 1962
book, T he Structure of scientific Revolutions. [50]

Kuhn described a Paradigm as a way of seeing the world and Practicir\g science in it. | he characteristics of a
new Parac{igm include new scientific achievements suxCchientlg unprecedented to attract an enduring group of adherents
away from comPeting modes of scientific activity and, at the same time, sugicientb oPen~enclec{ to leave all sorts of
Problems for the new group of Practitioners to solve. Kuhn notes that Paracligm deve!opmer\t goes through several

PredfctaHe structural stages from "normal science" to new Paradigm accePtance.

Norma! science as defined 133 Kuhn means the boég of research lcirm|3 based upon one or more past scientific
achievements that some Particular scientific community acknowledges for a time as suPPlgfng the foundation for its
further Practice. [52] Todag such achievements are the basic recounts, though seldom in their origir\a! form, bg
e!ementarg and advanced textbooks. T he Findings of such achievements are the bases for all underlging scientific
assumptions and free the scientific community from constantlg re-examining its first Principles‘ T his freedom allows
members of that commur\itg to concentrate exclusively upon the subtlest and most esoteric of the Phenomena that
concern it. ]nevitablg this increases the effectiveness and e]CFiciencg with which the group as a whole solves new ProHems.
There are alwags comPeting schools of thought, each of which constantlg questior\s the very foundations of the others.
|tis these comPeting schools that Provf&e science with a 5el1c~correcting mechanism that ensures that the- foundations of

normal science will not go uncha”engec{. [5%]

Scientific revolutions are inauguratecl bg a growing sense, often restricted to a narrow subdivision of creative
minorities within the scientific community, that an existing Paradigm has ceased to function aclequateb in the explanation

of an aspect of nature for which that Parac{igm itself had Previous|3 led the way. This sense of crisis drives a re-
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evaluation of the existing view and need not be generated by the work of the communitg that experiences the crisis. [Tor
instance, new instruments such as the electron microscopc or new laws like Maxwell's wave theories may c{cvclop in one

sPecialtg and their assimilation may create a crisis in another.

So as the crisis, that common awareness that somcthir\g has gone wrong, shakes the very foundations of
established thought, it generates a scientific revolution. Just as in Politics, scientific revolutions seem rcvolutionarg only
to those whose Paradigms are affected by them. To outsiders t}weg may seem normal Parts of the clevelopmenta| process,
almost invisible. Astronomers, for cxamplc, could accept X~ra35 as a mere addition to kxwowlcc{gc since their Paradigms
were unaffected }33 the existence of the new radiation. But for the Kelvins, Crool(es and Koentgens, whose research
dealt with radiation thcory and cathode ray tubes, the emergence of X~rays necessarily violated one Paradigm as it
created another. [From their Perspectfve, these rays could onlg have been discovered }33 sometl’ling going wrong with

normal science.

Those scientists whose Parac{igms are threatened tyPicany react with resistance. Onlg when the number of
instances that refute the old Parac!fgm grows beyoné suPPortab!e structures of the estab!isl’lment, does a new Paradigm
arise. Thc decision to rcject a Parac]igm is always simultancously a decision to accept another with thcjudgmcnt lcac]ing

to that decision involving the comParfson of both Parac{igms with nature and with each other.

K uhn cxp|ains that revolutions close with a total victory for one of two oPPosing camps, with the winner rewriting
scientific knowleclge. Will the victorious group ever say that the result of its victorg has been somet}ﬁfng less than
progress? That would be admitting that t}weg are wrong and the old Parac{igm holders are rigl'lt. T o the victors the
outcome of a revolution must be defined as progress and thcg are uniquclg Positioncc{ to make certain that future
members of their community see past historg in the same way because the new Paradigm holders are the ones that get

their work Publishcd. [54]

When it rePudfates a past Paradfgm, a scientific community simu!taneouslg renounces as a fit subject of inquirg,

the past paradiem's experiments and subsequent textbooks. Scientific education makes use of no equivalent of the art
pastp <) p 9 9
museum or the Iibrarg of classics, according to Kuhn. The result is sometimes a drastic distortion in the scientists’
Perception of their clisciplfne‘s past. More than the Practitioners of other creative fields, the scientist comes to see his or
her discipline as cvolving ina straight line to the present Paradigm. ]n essence, the new Paradigm is seen as progress and
thus no alternative is available to the scientist while remaining in the field. T he new paradigm is free to mature until the
2 P 2

endless circle of cha”cngc and debate incvitablg signals its death.

K uhn continues bg cha”enging those who claim that when paracligms change, the world itself c}wanges. Rather,
led bg a new Paradigm, scientists actua”y adopt new instruments and look in new Placcs. " ven more importantlg,
scientists see new and different t!'lings when looking with familiar instruments in Places tl'leg have looked before. |t is
almost as if the ProFessional community had been suc]den|3 transpor‘teé to another P|anet where familiar objects are seen
in a different light and arcjoincc{ by unfamiliar ones as well. Of course, there is no geographical transplantation. Qutside
the laboratorg, life continues as before. Put, Paradigm shifts cause scientists to see the world digerent!g and tlﬁeg, in
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effect, are resPonAing to a different world. |t then becomes on|9 a matter of time before their Parac{igms become

Popularized ina communit\g of tcc]'mologists and the social fabric bcgins to be re-woven as a result.
chhnological Drivers

ch!'mo!ogica| changc occurs as a result of economic and or social necessity. Je may occasiona”y be the result
of rational debate between compcting schools, but it is more likelg to be driven 135 a combination of external forces and,
as we noted earlier, teclmologg Frequent!g is the Product of creative attempts to solve a Prob!em. Such creativity may

involve trial-and-error and a flash of intuition, i.e., insight.

lnsight —the "ah ha" of Problem so|ving —influences science but drives tecl’mologg. When combined with a goaL
insight allows us to apply scientific Findings in new ways to attack old Problcms of Physical survival, comfort and
convenience. Tecl’mologists, in the form of inventors and engineers, also experience revolutions of thought butin a very
different environment than scientists. Tecl’mologists Iﬂar&b, i ever, invent without l’lelp from co”eagues and
Prec{cccssors. (_/lnlikc science, tcc}mology seldom throws out old Paradigms; it builds upon them. Vertical progress comes
from constant|9 merovfng old tec}mologies and sPin~01CFs result from horizontal exclﬂange of ideas across c{fsciplinarg

boundaries.

Frogress of course is relative to the goals of tecl’mologg, the inventor and those Peop|e who are affected bg the
new c{cvc|opmcnt. [or cxamplc, c{uring the introduction of robots into the American auto industry, few line workers
considered them progress, I"IOWCV@F, engfneers and managers viewed them as a triumplﬁ toward "bottom-line" corPorate
goals‘ Teclﬁnobgy, being goaLclirected, relies on relative definitions to define progress. DesPite this relativism of
Pcrspcctivcs, tcchnological progress can and does occur in vertical and horizontal directions bg integrating sciences,
innovative tecl’miques and old tecl’mo!ogies. Jn realitg, technical progress follows the parameters described }33 futurist
Jo]’m Naisbitt, "...change occurs when there is a confluence of both changing values and economic necessity, not

beFore“‘[ﬁﬁ]

[ conomics and human goals are the drivers of techno!ogical innovation. BBC reporter and author of
(onnections, James Burke, Presente& a goocl summary of the ways in which tec}mologists exPerience the effects of
economics and human values. Purke éesfgnates siX major initiators of technical innovation. Tl‘leg are: deliberate

invention, accidents, sPin~omc1Cs, war, rcligion, and the environment. [56]

[irst, as one mfglﬁt expect, technical innovation occurs as a result of deliberate attempts to develop it. When
inventors like | ewis [oward | atimer and later T homas [~ dison bcgan work on the incandescent bu”), it was done in
response to the ina&equacg of the arc |fgl’1t‘ AH the means were available: a vacuum pump to evacuate the }DUHD, electric
current, the filament which the arc light used, and carbon for the filament. With these components the remainder of the
requfreci work was the sgntlﬂesis of techno|ogies toward a definite goal —the !ight bulb's creation.

A second factor that Frequenﬂg occurs is that an attemPt to find one thing leads to the cliscover3 of another.

For cxamplc, Wi”iam Fcrldn, scarching for an artificial form of quininc, used some of the molecular combinations available
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in coal tar and acci&enta”g found that the black sludge Procluced 133 one of his experiments turned out to be the first
artificial aniline dyc.

Unre|atec{ cleve|oPments have decisive effects on the Primary event. An examP!e of such spin~og c{eve!opments
can be seen by the devclopmcnt of paper. The medieval textile revolution, which was based upon the use of the spirming
wheel and the horizontal loom, lowered the Price of linen to the Point where enough of it became available in rag form to
revolutionize the paper inclustrg. Burke discusses other examples of how unforeseen circumstances P|39 a leading role in
technical innovation. T his includes the stimulation of mining activities for metals to make cannons when Chinese
gunpowder was exPor’ced to Europe and the éevelopment of a barometer as a result of Frequent Hooding of mines and

the failure of pumps.

The fourth and fifth factors are all too familiar: war and religion. The need to find more effective means of
defense (or oxCFense) has driven tecl’mo|ogg from the most ancient of times. Tl‘le use of the cannon led to defensive
architectural dcvclopmcnts that made use of astronomical instruments. As Previously discussed, ancient Ethiopian,
Eggptian and Pre~E_uroPean fndigenous American religious beliefs led to great strides in engineering and architecture

and the lslamic world c{cvc|opccl advanced astronomy because of the need to pray, feast and fast at sPechCic times.

Fina”g, Plﬁysica| and climatic conditions Plag imPor‘tant roles. [For examP!e, the extreme clﬂanges in E_urope‘s
winters in the 12th and i }th centuries Provi&cc] urgent need for more efficient hcating. Thc chimncg filled the need and
had a Proxcounc! effect on the cultural life of that continent.

For whatever reasons we seek to aPPIQ’ tecl’mologg borrowing from scientific revolutions forces changes in
thought as does science, but it goes bcyond science }33 moclhcying behavior. Because of the social effects sometimes
wreaked upon the organization by tec}mological change, Parac!fgm holders who are unable to see the need for change
Frcqucntly resist such advances. [However, one fact remains certain —American industrg cannot turn its backs on
technical change as the English | uddites tried when theg destrogec‘ their textile looms. Tecl’mo!ogg will not go away
that casily and the company that ignores innovation tends to meet it again under more umcricncny circumstances, e.g., as

an a”g of the comPetitfon.

A wiser aPProaclﬁ is to assist, rather than Fight the technical change process. Thisis esPeciaug impor’cant in light
of an examination of the ]’n’story of successful new comPanics. As a later discussion of tcc}mology trends and maturity
curves will show, Plﬁenomenal growtlﬁ of creative new firms Frequentlg results from exploitfng technical clﬂange instead of
s]ﬁying away from it. |n todag’s comPctitivc environment, organizations rca”g have no choice in the Iong run. T]ﬁcy must

embrace technical c!’xangel Francis Pacon best summarized it in his essay Of |nnovations:

iRetention of custom is as turbulent a t/ﬁng as an innovation; and thcy that reverence too much
old times are but a scorn to the new. 5ure/y, every medicine is an innovation and he that will not aPP/y

new remedies must expect new evils.” [5 7]
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