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The inqufry of truth, which is the /ovc~makin5, orwooing of it,
the Lnow/cdgc of truth, which is the presence of it,
and the belief of truth, which is the cry’oying of it,

is the sovereign good of human nature.

- [rancis Bacon, from OIC Trut/v

Discovering truth is a core human Passion thatis also fundamental to the tangib!e processes of
scientific inquirg. Ferhaps, because we know so few things with certainty, we value the search for truth. Albert
[ instein noted, “As far as the laws of mathematics refer to rea|ft3, tl'leg are not certain, and as far as tlﬁeg are
certain, thcy do not referto reality” (Cole 147). Much of the modemn scientific method owes its aPProach to
the mimetic assumptions of Socrates and Flato, and to the substantial refinements to Flato’s metaphgsics }33
Avristotle. As such, Aristotle’s mctaphysics defined a valid aPProach to sccking knowlcdgc and his Poctics
defined metrics by which the scientific community still determines truth. [Jowever, truth in science is transitory.
Scientific truth evolves based upon new know!edge and an internal comPetition among ideas within the scientific
community. By examining the structure of scientific changc, one notices Para”els with the evolution of aesthetic

theories, each of which are Proclucts of their Particular time, culture, and worldview.” |t is also clear that, within

"'Whether philosophical worldviews guide scientific inquiry, or whether scientific discoveries catalyze new worldviews is beyond
the scope of this essay. Regard[ess of the causal effect, itis clear that there is interplag between the cultural Phi[osopiﬁg of an
era and the aPProach to that era’s scientific search for truth. See A[Frcc] North Whitehead’s 1 925 Lowe” | ecture entitled
5C/€/7C6 and Fhi/osoph\zj for a more detailed discussion (Whitchead 1731 96).
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the scientific community, classical aesthetics frame the goals and Provide the Plﬁilosophica! outlook that guides

the search.

Butjust what do we mean by the word ‘scicncc’?u Forour purposes, let us define science as the bodg
of know!cdgc obtained bg methods of observation. Jtis derived from the |_atin word scientia, which simply means
knowledge, and the (German word wisenschaft, which means systematic, organizecl l(nowlec{ge. T hus, science, to
the extent that it is cquivalcnt to wiscnscha}ct, consists not of isolated bits of l<now|edge, but onlg of that
knowledge which has been sgstematica”y assembled and put togetl’ler in some sort of organized manner ([Fischer
5~7>. The ZOth~ccntur3 (German Philosophcr Martin Hciclcggcr defines science as the ‘thcory of the real
(Heidegger, Question Concerning | echnology 157). |n Par‘ticular, the science with which we are concerned is

a bodﬂ of klwowlcc{gc that derives its facts from obscrvations, connects these facts with theories and then tests
or modifies these theories as thcy succeed orfail in Predicting or cxplainmg new observations. |n this sense,
science has a relativelg recent Historg, Perl’laPs four centuries (Flatt). [Jowever, the roots of scientific inquirg

can be traced back to the classical Philosophics of the Greeks.

Jonian (Greek Phi|osoph3 and its classical definitions of truth and bcautg, cxcmplilcicc] }33 the Socratic
Iogic of Flato, and the later [Jellenic-era metaphgsics of Aristotle, laid the foundation for rational scientific
inquirg.u T he |onian Greeks had an carthg tradition that stressed the erjogmcnt of life, commercial property,
aesthetic refinement, and acceptance of newcomers. This allowed free thought and inquirg to flourish. From its
earliest manifestations, the (Greek mind had turned to natural Plﬂflosopl’lg, which was fndistinguisl’lable from
Grcck science. Lcd bg Thalcs of Mi|etus, the Grecks saw the formation of the earth }Jg natural processes, no
Ionger througlﬁ an act of the go&s. 1T he |onians conceived of nature as a complete|3 self motivating entity,”
accorc]ing to science historian, | homas Golclstein. The workings of the universe occurred as mere extensions
of the Primorclial chaos, automatic functions of its basic elements. Matter Possessecl its own evo|utionar3
qua!ity. ‘Ordcr’ and law’ were mere conccpts suPcrimPoscd }33 the human mind on the autonomous processes

of nature.

2 Numerous definitions and clcscriptions of science have been written, none of which have been able to succinctlg encompass all
of the characteristics of these terms. | he "man in the street,” according to J.5. Conant, “considers science to be the activity of
Peop[e who work in laboratories and whose discoveries have made Possib!e modern inclustrﬂ and medicine” (Conant)A This
statement, a!tlﬁouglﬁ it may appear to be true to many lagpcrsons, is quitc shallow as a mcaningFu! c]escription of what science is.
For examp]e, many Peop[e who c[ear{y qua[hc\zj as scientists do not have any association with laboratories and their discoveries do
not have any direct app!icabi]itg in either modern inclustrg or medicine. As imPortant as contributions to these areas have been,
this concept illustrates the need to develop worlcirxg definitions with signhcicant ke\zj words so we may c]ari{zﬂust what concepts

science cmploys

’ T]’la[cs of Milctus, Anaximanc]cr, Fk,thagoras, Socrates, and Hato c[cvc]opecl many of theirideas using carlier ancient works as
their base ((Goldstein 48-64).

* |t was F\zjthagoras who is credited with the introduction of the vision of an intrinsic natural order and Flato adopted this vision

(Goldstein 52)
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Flato, relaging the Point of view of his teacher, Socratcs, in his Dia/ogucs, affirmed the belief that real
know!edge was unobtainable. [t clepenclec{ on an absolute definition, which was inaccessible (Stone 39). T o
Flato absolute truth was unattainable because he believed that what we see around us is mcrcly an image. Using
an a”cgorical stglc, Flato arguecl that rca|it3 was to be found in ‘ideas’ or PerFect 4orms,’ not in the world of
‘aPPearances’ (Aclams I i). He believed that there was another world of ideas and truth around us that we

could not c{ircctly touch with our human senses.

[ ikewise, the late astronomer and Corncl Prochsor, Carl Sagan (19%4-1996), Pointcd out that our
modern scientific method of fnquirg is also based upon our senses. Since we inhabit Plﬁgsical space and time,
Phcr\omcna outside this realm, things of the microscoPic world of the interior of atoms or the macroscopic world
of the universe, are bcgond our Physical senses. Although, one may use electron microscopes to Probc the
atom or radio te!escopes to stucig the universe, we cannot escape the fact that these are mere|3 devices that

transform sigr\als into the forms that our senses can recognize (Sagan, (Cosmic Connection 15-16). K.C.

(ole notes that, “..truth can be higHg counterintuitive and sense is harab common” ((Cole 6). She explains
that there is great diﬁcicultg in getting true information from what we call the ‘real world,’ since we only glimpse
that world tlﬁrouglﬂ Pattems or signals that are createcl, at least in Par‘t, outside ourselves (Cole 59). A|so,
Colc notes that scientists can or\|3 measure those things that are known or susPcctcé to actua”g be there
(Cole48). We also miss a great deal because we Perccive only things on our own scale and the sheer
comPlexitg of nature, where every Part influences every other Part, creating a tfght weave of causes and
consequences are much too knotted to untanglc (Colc 58, 77). |n addition, signals make sense onlg in context.
ln a different context, the same message can have no meaning at all. Cole exPlains that iFyou send someone a
message in code, but they have no way to decode it, your message has no more information than total nonsense
(Cole 86). T herefore, if one understands human limitations, one will be forced to understand the limitations of
science and why science alone cannot capture the breathtaking enormity of the world outside human senses.

Flato was correct — f'iumans cannot know all things.

Howcvcr, Flato scParatcd form and contentin a way that allowed the power of reason, logic, and
allegory to get one closer to the truth. |n the egory of the (_ave, in which the cave represents the realm o
legory to g ! he truth. |n the Allegory of the hich th o he realm of
belief or faith, and the light represents the realm of truth and imow|eclgc, Flato’s mimetic Philosophy of natural
order holds that the abilitg to attain true l(now!ec{ge is accomplislﬁecl through a difficult Path of acquisition
ams 11). e path that [ lato recommends is a journey within the mind. ererore, getting closer to the
(Adams 11). The path that P! ds is a journey within the mind. Therefore, getting c h
truth in the real world rcquires dcahng with Probabilitics, natural variations, and Pcnccct blocks of logical
Propositfons. As Cole suggests, “You see something and then try evergtlﬂfng you can think of to make it go
away; you turn it uPsidc down and inside out, and Push on it from every Possiblc anglc. [fit's still there, magbc
3ou’ve got sometlﬁing” (Co!e 96). The Marquis de LaP|ace noted t}wat, “ near!g all our know|eage is

’ T]’]e universe is teeming with signals that we cannot idcnti?g, much less decode.
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ProblematicaL and in the small number of things we know with certainty, even in the mathematical sciences
themselves, the Principlc means for ascertaining truth — induction and analogg — are based on Probabilitics”
(Cole 147). Flatonic logical truth and unambiguous conclusions are found [33 go”owing clear rules of
deduction. T he ascension out of the cave, from belief to kxwowlcégc, is a Paimculjoumcy, but once Positivc
movement is made, it can be seen to be a move in the right direction toward rcality. When one is out of the cave
and one’s eyes ac‘just to the !ight, there is yet another truth — namelg that the liglﬂt is actua”g Proclucecl bg the
sun. Truth, in this sense, is relative to the seeker's level of know|edgc. We expcricnce this todag when science
makes a Aiscoverg, it seems to on!g Peel off lagers of a never~encling “everjuicfer mystery,” as Frank
Oppcnhcimcr called it (Colc 49). Regarc”css, to F|ato, truth emcrgcc{ through the power of reason and we

observe truth as mal(ing sense.

Avristotle, the sonof a Phgsician and Hato‘s Pupi! of twenty years, took his master's basic Philosophy,
added more structure and advocated verification of intuitive natural laws with objective observation (|_oomis vii-
xiii). Unlil«i Flato, Aristotlc did not believe in a world of cphemcra| appearances of changelcss ideas. | oomis
notes that Aristotle argueé that, “...the world rea”y is, has been, and will continue to be, regarc”ess of human
eyes and imaginings” ([_oomis xvii-xviii). [Jazard Adams notes that Aristotle believed that realitg was the
process bg which form manifests itself tlﬂrough the concrete and by which the concrete takes on meaning
working in accordance with ordered PrinciPIcs. Aristotle believed that changc was a fundamental process of
nature, a creative force with a conscious direction toward Pcrpcction (Adams 49). However, like Flato,
Avristotle tlﬁoug!’xt it necessary to, first of all, understand and explain the worlcings of the human mind and to
show what kinds of reasoning were valid and could be relied upon to Providc knowlcdgc with surety.

|n his Organon, Aristotle made clear the processes of |ogical, reasoned thinking and for Proving the
correctness of its conclusions. [ e made Plain the steps }33 which a science or boclg of know!edge may be Ffrmly
built up from its starting Point in certain fundamental axioms or obvious statements, Perccivc& intuitivcly to be
true. Evcry science, as Aristot|c Pointcc{ out, must bcgin with a few gcncral truths. Thcy cannot be Iogica”y
Provecl, but our minds by simple intuition accept them as obvfously true. Without such assumptions as
foundations, we could never start to build anything (I oomis, xi-xxxviii). | ouise | oomis, editor of a 1940’s
translation of Aristotle's Metap/vys/cs, noted that he reasoned like Plato, from ideal abstract Princip|es,
whenever the subjcct of the reasoning |a3 outside his field of observation. Both agreat thinker and a great
scientist, Aristotle set the tone for future scientists 133 his method of inquirg and an avowed determination to
5ic|c1 to observation as the final arbiter. As a rcsult, an atmosphcre of sober emPiricism clistir\guishcd the
Hc”cnic Grecks from the |onians, with Aristotle bcing credited as bcing agreat divicling line in Gireek historg.
Aristotle’s Pupils and their successors carried on his teacl’xings at the Lyccum for over 800 years, until, like
Flato’s Acac/cmy, it was closed }33 orderof a Christiaﬂ emperor in Constantinoplc (I oomis X)

Gireek science, }33 the sheer process of sPccu|ation, argument, intuition, Plus a dash of cmpirical

reasoning, had moved, within the space of two generations, from the ear|3 mgthical notions to a Point that is
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surPrisinglg close to modern concepts (Goldstein 52). Having channeled the power of Gireek Phi[osopl’lical
thought into a Iogical system of scientific classhcication, Aristotlc came to exercise an enormous influence over
European science for the next two thousand years (1 oomis, xi-xxxviii). \When Europe awakened from the
feudal Dark Agcs and the Mcdicval suffocation of thcocracymto an cnlightcncc{ aPProach to klwowlcdgcﬂthat
included the works of Francis Bacor\, Sir |]saac Newton, and Nicolaus CoPcmicus, it embraced the process of
observation, generalization, exP|anation, and Precliction that was Fu”g rooted in an ear’clﬁg materialism, indicative
of the age. T his view of knowlcc{gc became Pcr\/asivc, changing assumptions not onlﬂ in science but also in the
entire social fabric of Europe. Europe came to understand that the Phgsical realm of nature is real, orderlg,
and, in part, undcrstanc{ablc, or as Max Flanck stated, <] hatis real which can be measured” (Hcic{eggcr,
Question Concerning | echnology 169).

[However, to what extent can one actua”g know nature? Aristot|e believed that the truth was in the
material and he searched for the universals that lead one to truth. Matlﬂematics also offers PowerFuI ways to get
closer to the truth. Carl Sagan cloqucntly cxPressed our Potcntia| and limitations as he comParcd our Phgsica!
realm to the world of a grain of salt. Since there are more atoms in salt than connections in our brains, we can

never expect to know cvcrything with certainty in the microscopic world of a grain of salt. Just as unknowable

6 Two aspects of these scientists’ work stand as foundations of modern science. They include the emPirica] aPProach based
upon objcctivc, rational observation, and the use of mathematics to describe nature. T he two criteria for the clgnamic entity of
scientific truth, either one of which is genera”g sufficient to cause persons to accepta Principle, are first, that it can be checked
b\zj observation in a mannerin which its consequences lead to its support rather than to contradictions; and second, it can be
derived from intc”igiblc Princip]cs (Fischer,49). T hese Principlcs laid the grounc[work for modern scientific methods of inquiry
and were forcefu”y argue& by Kene’ Descar‘tes, the Philosopl’wcr, and Francis Bacon, the theo]ogian (Capra P15-1 ZO). Ti'wis
new approac]’l also included the process oFgcncralization, cxp]anation, and Prec!iction, or what can be thought of in modern terms

as the hﬁpothcsis, thcory, and Jaw.

A hypothesis is a tentative assumPtion made in order to test its scientific consequences, but which as yet has received little
verification or confirmation. A t/'lcory isa P]ausib]e, scicnti\cicauy acccptab[e statement of a gencra[ Princip!e and is used to
exP!ain Phenomena A [awis a statement of an orderiness or interrc[ationship of Phenomena that, as far as is known, is invariable
under the stated conditions ([Tischer 47). |t should be stressed that the term law is used c]igcrcntlﬂ in reference to scientific
know]ec{ge than to other areas of evcryc{ay life. A scientific lawis descriptive rather than Prescriptive. |tis a statement used to
describe regularitics found in nature, and is not a statement of what should haPPCH‘ |tis not correct to consider that natural
objects obeg the laws of nature; rat}'lcr, the laws of nature describe the observed behavior of natural objects. ln contrast, the laws

of a human government are Prescriptive in that they Prescribe how People should behave.

Anotherguiding Princip]e of scienceis its suPranationa]itg — its inherent right to transcend national boundaries and allow
scientists tl‘vroug}’mut the world to vcrigg cxPerimental results, cha”cnge, theories, and allow tccl’mo]ogy to !everagc new scientific

discoveries.

7 Sagan explaincd 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 oFaPProximate]g ten

trillion neurons and dendritcs, the connections between neurons.
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are Phenomena on the cosmic scale of the universe (Sagan, Broca’s brain 15~1 6). However, if we use the
cmPiricaI aPProach and seek out rcgularitics and Principlcs, we can understand both the grain of salt and the
universe tlﬂrouglﬁ extrapolation‘ Cole suggests that, “The fact that Pattems repeat allows us to formulate laws
of nature - rea”g, recipes encoded in equations that describe rclationships that repeat over and over again”
(Cole 72). 5hc concludes that math helps scientists articulate, maniPulatc, and discover rcalit\g (Cole 7). We
may never understand evergthing, but one can get some pretty goocl indications that allow rational conclusions

to be drawn.

Therefore, science is usuany considered }33 Western society as one of the highcst forms of mental
activity - one with truth as its goal. Hefclegger notes that, “..science, as a theorg of the real, ...stakes evergtlﬁing
on grasping the real Purelg. ]t does not encroach upon the real in order to changc it. Fure science, we Proclaim,

is disinterested” (r’icidcggcr, Question Concerning chhnologq 167). However, science is based upon a

scarch forthe truthin a society that bends the truth to suit its needs. Jacob Pronowski stated it this way:
The society of scientists is simplc because it has a c{irecting purpose: to cxplore the truth.
Nevertheless, it has to solve the Problem of evergdag society, whichis to find a comPromise between
man and men. [t must encourage the simPle scientist to be indcpcndcnt, and the bodg of scientists to be
tolerant. [From the basic conditions, which form the Prime values, there follows step bg step a range of

values: dissent, freedom of thought and sPccch,Justicc, honor, human dignitg, and self respect

(Bronowski 68).

|nan absolute sense, truth and ncutrality in science are limited to the facts of nature that are there for
observation via our senses. |n a less absolute sense, truth in science is limited to that which is clirectlg observed
and sensed by the observer. [ ven here any cxpression of absolute truthfulness is limited }Jg the time and space
re!ationsl’xips between the observer and that which is befng observed, and also }33 the restrictions inherent in the
use of languagc to express the observation. Anything bcgonc{ this is, in effect, a belief rather than absolutc,

true knowlcdgc. | brief, itis impossiblc to separate fact in nature from one's own interpretation of it ([Tischer 5-

7).

As cliscussecl science has many facets. ]n essence it seeks to be pure neutral know!ec{ge extracted
PamFu”y from nature through sgstematlc means for c]lsscmmatlon to all humamty ]"Towcvcr much of the
relevance of science to soc:et3 arises bg way of tec/mo/ogy As Helclegger observec{ ..the on|3 ImPortant

qualltg has become their readiness for use...their only mcanmg lies in their bemg available to serve some end that

8 The origin of the word teclmo/ogy gives valuable insight into its meaning. |tis derived from the (Greek words, techne and /ogos.
T he former means art or craft and the latter signigies discourse or organizec] words. T he Practicc of tcchnologg Frequent[y is that
of an art or craft, as distinguishec{ from science, which is Precise and is based upon established theoretical considerations. Fven
thoug]’m we do not norma”y think of tec}'mologﬂ as consisting of written or spoken words, as imP]icd by ]ogos, it does involve the

systematic organization of processes, techniques and goals.
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will itself also be directed toward getting evergtlﬁing under control” : (Heiclegger xxix). |- ven Aristotle, in his
/\/]eta{o/ysics, distinguished between theoretical klwowledge, whose goal is truth, and Practical knowledge, which
seeks action (| _oomis 11). As such, teclmologg is how we do tl'lings, not how we think of them. Suffice it to say
for our use that technology is science Plus purpose. While science is the stucly of the nature around us and
subsequent c{evelopment of scientific laws,’ techno|ogy is the Practical aPPIication of those laws, in sometimes

non~rigorous ways, toward the achievement of some material purpose (Dor‘F ])‘

T here are intimate relationsl’lips between science and tecl’mologg; yet science is not tec}mo!ogg and
technologg is not science. Technologg relies very heavilg upon basic scientific klwowlec]ge in addition to
existing tec!'mologies. Thereis also a strong influence in the reverse direction. Modern science relies to a !arge
extent upon current tec}mologg as well as Prior scientific knowledge. Science and techno]ogy reinforce each
other }33 complex interactions. Each one, science or tec}mology, can build upon itself or upon a linkage from
one to the other.” |ndeed, science is not tec}mology and tecl'mo|ogy is not science, but tlﬁeg are Firmlg

interrelated. Ore could not exist in modern society without the other.

The stuclg of the historg and evolution of aesthetics helps one understand that every society
determines rea!itg, truth, beauty, and values in accordance with its own worldview and its evo!utionarg Point in
time. |_ikewise, cultural development has been facilitated }33 evolving, sometimes revolutionary, Paradigms.

T he worldviews held bg individuals or b9 groups are very influential in determining behavior, as well as in
determfning motivations, attitudes and actions. Scientists and engineers, being Fuug human, also exPerience the
effects of Paradigms. Theg and theirlcinc!ings are influenced by the mainstream of social thought framed by
current tecl’mologg and Prevalent belief systems. bg using l(nowleclge of the universe, creativity, and a scientific
aPProach to Problem solving, scientists c{evelop new Parac{igms. As Heic{egger reminds us, “[[" ven though]

every Phenomenon emerging within an area of science is refined to such a Point that it fits into the normative

7 }ﬂeidegger refers to the undifferentiated SUPP13 or ‘stancling—reserve’ of the available matter that is objectigiecl by man via
tec}'vno]ogg as a means to an end (Heidegger, Question Concemine; chl’mo]og{q xxix).

© [Fischer notes that, “Technologg is c]e}::enclent on science for imowleclge of the Properties of materials and energy and for
Predicting the behavior of natural forces. "Science is equa[[3 dePendent upon techno]ogy forits tools and instruments, for
Preparation of materials, for the storage and dissemination of inFormation, and for the stimulation of further research” (Fischer,

78).

" K uhn described a Parac/i mas a way of seeing the world and Practicing science init. | he characteristics of a new Paracllgm
include new scientific achievements sugicientl\g unprecec{entec{ to attract an enc{uring group of adherents away from comPeting
modes of scientific activity anc], at the same time, suﬁ:icient[g openvenclecl to leave all sorts of Prob[ems for the new group of

Practitioners to solve.

' Within the community of scientists, the validity of scientific truth, or Probab]e truth, is based on statistical arguments. The
community relies on truth bg consensus, better known as ‘Peer review.’ This peer review is based on a shared Parac]igm or
worldview of how to evaluate evidence and come to agreement, orat least temPorarﬁ agreemerxt, until it is overruled by new

insights and information. Cole describes scientific truth as “..less a collection of facts than a running areument” (Co]e 127).
g g arg
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objective coherence of the tlﬂeory‘..tlﬁat normative coherence itself is tlﬁerebg clﬁangecl from time to time”

(Hcidcgger, Qucstion Conccming chhno|og;q 169). [ ven Aristotlc was wi”ing to rejcct or c]’vangc his
theories when a closer examination of nature Proveé them wrong. [He was quite aware that his work was orx|3 the
bcginning, to be corrected and &cvc|opcd by those who came after him, citing, “|nventions are either the
elaboration }Jg later workers of the results of Previous labor handed down }33 others, or original discoveries,

small in their beginnings but far more imPor‘tant than what will later be cleveloPecl from them” (Loomis xxv).

Similar to the evolution of metaplﬁysics and critical aesthetics among Phi|osophers, the process that
causes scientists to accept new evidence and changc schools of thought was thoroughlg examined in 1962 bg
M]T Promcessor Tl’}omas Kuhn, a science historian and Pl’lilOSOPl‘ler (Kuhn 1-181). Kuhn noted that Para&igm
dcvclopmcnt goes through several Predictablc structural stages from ‘normal science’ to new Paradigm
acccptancc Normal science looks somcwhat like aesthetic theories based on i 7 Ccnturg Ncoc|a55|C|5m in
which nature has structure and follows rules. As A!exander FoPe (i 688-1 7‘1-‘1-) suggestecl there is an
unchangmg ‘methodized’ nature of structure, genre, harmony, and sgmmctrg, which was the standard for
developir\g anajuaging artistic forms (Adams 273-274). Jtis somewhat like \)o!’m Drgden’s (16%1-1700) 1 7&'~
ccnturg acccptance of rules of time, P|acc, and action to the aesthetics of Poctrg and rests on ]mmanucl Kant’s
(1724-1804) 1 8th~centurg treatment of aPriorfassumPtions to his sgstemfwm(e tlﬁeorg of aestheticsina
‘Phcnomcnal’ world of sensory data (Adams 213-240, 67‘%686). [ ikewise, bg acccpting Newtonian Phgsics as
a framework of inviolate rules, this freedom allowed members of the scientific community to concentrate
exclusivelg upon the subtlest and most esoteric of the Plﬂenomer\a that concerned it. ]nevftab!g this increased

the effectiveness and cFFicicncy with which the group as a whole solved new ProHcms.

Howcvcr, there are always comPcting schools of thought, each of which constantly qLJcstions the very
foundations of the others. [tis these competing schools that Provfc{e science with a sellc~correcting mechanism
that ensures that the foundations of normal science will not go uncha”cngec[ (Kuhn 163). T he overthrow of
scientific Paradigms look somewhat like i 9th~ccntur3 Expressivc Thcorics of acsthetics, invo|ving creativity and
imagination, w!'lere, as William Wordsworth (i 770~1 850) suggested to his contemporaries, intuition and Fee!fng
become the basis of imagination that gives one the power to grasp nature (Adams 436-446). |na similar
fashion, scientific revolutions are inauguratecl bg a growing, often intuitive sense, restricted to a narrow
subdivision of creative minorities within the scientific community, that an existing Paradigm has ceased to

function aéequateb in the explanatfon of an aspect of nature for which that Paracligm itself had Previou513 led

” Norma] science as defined bg Ku]’m means the bocly of research Firm]y based upon one or more Past scientific achievements
that some Particu]ar scientific conun)unit3 acknow[cc{ges foratime as supplaing the foundation forits further Practice (Kuhn 16%).
Tl’]é Findings of such achievements are the bases for all unc[er]ying scientific assumPtions and free the scientific community from

constant[g re-examining its first Principles.
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the way. 50 as the crisis, that common awareness that something has gone wrong, shakes the very

foundations of established thoug]ﬁt, it generates a scientific revolution.

Just asin Politics, scientific revolutions seem rcvolutionary only to those whose Parac{igms are affected
}33 thcm.EThosc scientists whose Paradigms are threatened tgpica”g react with resistance. Only when the

number of instances that reﬁte the old Paraclfgm grows begond suPPortaHe structures of the establislﬁment,

does a new Parac{igm arise. ~ ] he decision to rcjcct a Paradigm is alwags simultancousl\g a decision to accept
another. Tl’leju&gment leading to that decision involves the comparfson of both Parac{igms with nature and with

each other.

Kuhn continues }33 cha”cnging those who claim that when Parac{igms changc, the world itself changcs.
Rather, led }35 a new Parac{igm, scientists actua”y a&opt new instruments and look in new Placcs. " ven more
imPor‘tantlg, scientists see new and different things when Iooking with familiar instruments in Places t}weg have
looked before. Just as it was seen bg the 1920s Russian I:ormalists, such as \/iktor SEklovsky, where art and
literature was tlﬁouglﬁt to defamiliarize the familiar, a”owing one to see new aspects of the familiar objects and
situations, scientific Paradigm shiftis almost as if the scientific community has been suc]c]enly transPortcc] out of
Plato’s cave into the sunliglﬁt where familiar objects are seenin a different ligl’xt and arejoinea bg unfamiliar ones

as well (Rivkin 20-21). Of course, there is no gcographical transPlantation. Qutside the !aboratory, life

14 This sense of crisis drives a re-evaluation of the existing view and need not be gcnerated bg the work of the community that
exPericnces the crisis. [Tor instance, new instruments such as the electron microscope or new laws like Maxwe”’s wave theories

may deve!op in one specia[ty and their assimilation may create a crisis in another (K uhn 163-166).

v T o outsiders scientific revolutions may seem to be normal parts of the dcvclopmcntal process, almost invisible. Astronomers,
for cxamp[c, could accept X~rags as a mere addition to know]cc!gc since their Parac[igms were unaffected bg the existence of the
new radiation. But for the Ke]vins, Crookes and Roentgens, whose research dealt with radiation theor3 and cathode ray tubes,
the emergence of X~rays ncccssarilﬁ, violated one Parac]igm as it created another. From their Pcrspective, these rays could on!g

have been discovered bg somcthinggoing wrong with normal science.

‘e When it repuc{iates apast Parac{igm, a scientific communit\lj simu[taneou513 renounces as a fit subject of inquirg, the past
Paracligm‘s exPcrimcnts and subsequcnt textbooks. Scicntiﬁc education makes use of no equiva]ent of the art museum or the
[ibrary of classics, accorc{ing to Kuhn. T he result is sometimes a drastic distortion in the scientists’ Perception of their discip[inc‘s
past. More than the Practitioncrs of other creative \Ciclcls, the scientist comes to see his or her c]iscip]inc as cvolving ina straig]wt
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. The new Paracligm is free to mature until the endless circle of c}na“cngc and debate inevitablk, signals
its death.

7 K uhn cxP[ains that revolutions close with a total victory for one of two opposing camps, with the winner rewriting scientific
lcnow]ec{ge. T he new structure of the work itself is sufficient and it becomes the new set of apr/’or/’assumptions for future
scientific work. Will the victorious group ever say that the result of its victory has been somcthing less than progress? T hat would
be a(‘lmitting that the}j are wrong and the old Parac{igm holders are rigiﬁt. T o the victors the outcome of a revolution must be
defined as progress and they are uniquc]g Positioncd 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 theirwork Pub]ishec{ (Kul’m i 66).
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continues as before. Put, Paradigm shifts cause scientists to see the world digerentlg and tlﬂeg, in effect, are
rcsponding to a different world. |t then becomes on|9 a matter of time before their Paradigms become

Popularized ina communitg of tec}mo!ogists and the social fabric begins to be re-woven as a result.

Throughout historg, mar[alg classic Philosophcrs believed that the search for truth and }Jcautg was also a
search for the reflection of (God.” T he concept of faith, without concrete ProoF, is avery difficult assumption
for the scientific community to accept. T o scientists, the idea that rcligion isa bodﬂ of bclicmc, immune to
criticism, fixed forever by some founder, is a Prescription for the long~term aecag of re|igion, esPeciaug in liglﬂt of
new discoveries. [ Jowever, the scientific community is not innocent of the chargc of intellectual tyranny either.
As Plato would have it, art is gooa on|9 if it is subservient to Iogic. As such, Western science has traditiona|13
rcjccte& the value to the human sPirit of faith, emotion, intuition, hopc, and gcncral use of the emotional part of
the brain. Thcrc has been a mechanistic claim among scientists that living organisms are nothing more than very
comP!ex Phgsfco~chemfcal systems (Hempel 101). T his led to a view among scientists that scientific theories
could be aPPIicd to social Phcnomcna, and theg should be dcscribcd, analgzcd, and explaincd in terms of the
situations of the individual agents involved in them and bg reference to the laws and theories concerning

individual human behavior (Hcmpcl 110). | his view has also been called scientism.

Scicntism has its roots in the Pcrspcctivcs of many great Philosophcrs and scientists. [Tor examplc,
SPinoza and [T instein believed that (God was the sum total of all the Phgsica! laws which describe the universe.
Hefsenberg notes that P}wgsics is bent on, “...being able to write one single fundamental equatfon from which the
Propcr’cics of all elcmcntarg Particlcs, and therewith the behavior of all matter whatever, follow” (Hcic{eggcr,

Question Conceming; Tec}mologq 172). “When Pierre Simon, the Marqufs de Laplace, Presented acopy of
his work on the mathematics of Physical laws to NaPolcon in 1798, the Empcror asked as to the mention of
God in the text. Lap!ace‘s response was an arrogant, ”Sire, ] have no need for that lﬁgpothesis” (Henalﬂan 9).
[Francis Pacon Proc|aimed science as the rc|igion of modern cmancipated man (Durant 47). Robert Jastrow,

the founder of NASA’S CJodc{arCJ ]nstitute, observes:

Scientists cannot bear the thought of a natural Phenomcnon, which cannot be cxplained, even

with unlimited time and money. Thereis a kind of religion in science; it is the religion of a person who

' |nfact, Christian theo|053 and secular science have been antagonistica”y and en)otiona”3 oPPosec{ ti’wrouglqout much of
Western }’listorg The conflict between knowlcdgc~basec} science and belief-based re]igion confront our inte“ect, cha”cnge our
c{eeply ingraincc{ value system, and tear our social fabric. A]though each has its own dogma of fundamentalism or scientism,
respcctivclg, both serve imPortant social roles in times of crisis. | his conflict between cliametrica”g oPPosccl views of the world

has been, and continues to be, a major obstacle to holistic human progress.

v Scientism is not science. |t is the affirmation that there is no other realm than matter and energy, no know[ec{ge other than
scientific lmow[eclge, and no areas of investigation, including Pl‘vi]osopl‘vg, }’lumanitics, and social sciences, should be spared

scientific scrutiny (Fischer 68).
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believes there is order and l’larmong in the universe. E_verg event can be explained in a rational way as

the Proc]uct of some Prcvious event; every event must have its cause Uastrow i1 5).

Because we have adoptec{ afaith in science, it is clear that modern humanitg will reiject any non-rational
cxplanation of causes and cures.” [Jowever, Aristot!c warns of the need for careful aPPhcation of |ogic. Jn
all sg”ogfstic or deductive reasoning, one must make sure that the aPr/'orfProPosition is comPrel’lensive enouglﬂ
to cover every case. If Alis on|9 sometimes [, then tl’lOUgl’] included in A, may not be B. He also reminds
us that, with inductive reasoning, one must be constantly on guaré not to draw conclusions too hastilg. Urx!css
the number of instances on which we grouna ourgeneralization is Iarge enouglﬁ to be tlﬁorouglﬂlg rePresentatfve,

there may be instances we have overlooked (| oomis xiv-xv).

| ikewise, scientific reduction of causes and effects to pure mechanistic cxPIanations is contrary to
human experience and will also !ike!g be re_jectec{‘ “..certain characteristics of Iiving systems, such as their
adaptive and selF~regulating features, cannot be explafned }33 P!’lgsica| and chemical Princip!es alone, but have to
be accounted for }33 reference to new factors of a kind not known to the Phgsica| science, namc|3 entelchies or
vital forces,” cites Plﬁf!osoplﬁer of science Carl Hempd (Hempd i01). K.C.Cole observes that, “T he
universe is full of things that cannot be understood - ever — simplg }33 undcrstanc{ing smaller and more
fundamental parts” (Cole 62). Scientism’s assignment of an omnipotent role to science, of solving all Problems
and clarhcﬂing all things, and of c{ehcying nature while secularizirxg rc|igion can lead science to what Robert
Fischer refers to as, “. like other ideologies, [science] tends to be systematic, authoritarian, and to be held

tenacfously” (Fischer 63).

Science cannot ever hope to realistica”g answer the }Jig questions Facing humanitg. Being based upon
observation and testing, science is at an imPasse when it comes to things that cannot be observed, measured,
tested, and Preclfctec{‘ Social Problems transcend mathematical description and involve emotions that cannot
be touchcd, mcasurcc], or manipulated successlcuuy. Worsc sti”, technical solutions often only address changcs
in tecl’mique that migl’lt relieve the symptoms, but do not demand clﬁanges in human values or moralitg, which

u!tfmately affect many unc{erlging causes (Meaclows 155~1 59).

* Will and Ariel Durant argue that the replaccmcnt of Christian with secular institutions is the culmination and critical result of
the |ndustrial Revolution, which replaccc{ agricu[ture and its faith in annual rebirth and the mystery oFgrowth with the humming
clai[y Iitang of machines and its rcsulting mechanistic outlook on life (Durant 4'7~4'8)A

! Avristotle’s own reliance on ]ogic shows the modern Practitioncr its limitations and biases. Aristotle could not agree with the
followers of thhagoras, who took the earth to be itself one of the stars circ[ing around a fire at the center of things and creating
clag and nig}'vt bg its own turning on its axis. He declared their reasoning as not from facts to theorg, but one that forced the facts
into their Preconccivcc{ tl’weory. [He believed that the center spot had to be the most Precious location in the universe and that is

w}wy the earth had to be there (L,oomis xxiv)A
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As the scientific community entered the ZOth Centurg and faced discoveries that confounded
Newtonian Physics, the Nietzschean concept of relevance came into Play. Fricdrich Nictzschc (1844-1900)
reminded us that truth is, “...an imcinftely complex dome of ideas on a movable foundation as if it were on running
water.” Nietzsche continued, T ruths are illusions of which one has Forgottcn that thcg are illusions; ...a sum of
human relations which became Poctica”g and rhctorica”g intensified, metamorPhosed, adorned, and after long
usage seems to a nation fixed, canonic, and binc]ing” (Adams 666~6§7>. T his was the state of Newtonian
science at the turn of the Z.Oth Ccnturg, as well. [t no Iongcr cxplained new discoveries because scientists

became too comfortable with their mutua”g agreec] frame of re]cerence, or what K uhn called ‘normal science.’

As an example, consider the breakthrougl’l thinking that was requirec{ in the earlg ZOth Centurg‘ Ohne of
the most important imP!ications of [T instein’s Gencral Thcorg of Rclativity is the concept of reference frames.
As Nietzsche described, reference frames can be considered simplg as a certain Point of view. 50, in order to
understand the re!ationship between what one sees and what is going on, one needs to acld, or subtract, the
influence of one’s own reference frame. (Consider how a shadow in Flato’s cave is a two-dimensional slice of a
three-dimensional object. The T hree-dimensional object casting the shadow remains invariant as the shadow
moves and changcs form based on the Iight Fa”ing on the objcct and the background on which it falls. [However,
everytlﬁing we see and measure is under the influence of a reference frame. T his shiftin Perspective allows
rclationships to become clear. |t allows us to see relationships between common objccts that obcy Newtonian
Phgsics and cxtrapolatc those rclationships to the orbits of the Plancts. Convcrselg, failure to take into
account one’s reference frame can lead to what F|ato called ‘shadows’ (Cole 192~1 95>‘ As Flato warned us,

when we take our reference frame for grantcd, we mistake it for rcalitg.

T herefore, 1ogic is a useful tool but it has its limits. Reference frames hclp us understand that there is
a clualitg in nature. <] he oPPosite of truth is not heresg,” as OPPenl’leimer reminded us. |t may be a different
kind of truth. |~ ach added view adds insight, as long as the viewer understands the kind of frame that influences
the Pcrspcctive. thsicists Neils Bohr and Christophcr Morlcy cautioned us with the truism, <] he oPPositc
of a shallow truth is false; the oPPosfte of a cleeP truth is also true? ((Cole 202). Logician K eith Devlin argues
for a softer mathematics that incorPoratcs mctaphors as well as formal reasoning,. To rca”g understand what it
means to think rationa”g, mathematical |ogic will M(eb need tojoin forces with Psgcho!ogg, sociologg, }Jio|ogg,
and even poetry (Cole 157-164).

As we enterthe 21 ot Ccntury, the search for simplicitg has rcccnt|3 become the metric for truth.
Scientists have come to believe that the simplcr model is the more 1i1<615 to be truthful and beautiful. Simplicity
takes the form of invariants, those asPects of nature that are trub fundamental. ]nvariants are defined bg
symmetries, which in turn define which Propcrtics of nature are conserved (Colc 11). “T hese are the selfsame
symmetries that aPPeaI to the senses in art and music and natural forms like snowflakes and galaxies‘ The

fundamental truths are based on sgmmctrg, and there’s a éccp kind of bcaut\g in that,” observes COIC. Elcments
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of Aciuinas’ trinity of wholeness, Proportion, and brilliance can be found in this new Aristotelian metaplﬁysica|

model (Adams 116-119). |t also has elements of Ncoclassicism’s economic, clcar, easy, mathematical Plairmcss.

This search for simplicitg and invariants comes at a time when Physicists are encountering the strange
new world of subatomic Par’ciclcs and interstellar Phcnomcna that CJCFy Avristotelian |ogic, Euchc]ean geometry,
and Car‘tesfan coordinates. Tl’}e world of the very Iarge and the world of the very small seem to show scientists
that there is notjust one right answer for every qucstion. Jt turns out that the Paradoxcs of certain Phenomcna
reveal that logic canlead to contradictor3 conclusions, Point in different directions at once, and violate
Aristotle’s belief that one cannot be 1ogica1 and contradictory at once. Modern mathematicians have
introduced us to the multi-valued, somewhat ambiguous !ogical construct called ‘Fuzzg logic.’ Unlike the two-
valued Iogic of Aristotlc, with its binary 3cs/no ortruefalse clarity, Fuzzy Iogic Providcs a sliding scale of gray
between the extremes of black /white logic (Cole 158-1 71).

|nsucha complcx unknowable world of the imcinitcly largc and the inFim’tcly small, Pcrhaps there is a role
for art to help with nature’s ‘unconcealment,’ as Heiclegger would state it (rﬂeiAegger, Or/gin of Art 649-701).
Avristotle also reminded us that art finishes thcjob when nature leaves somcthing undone. |n essence, he states
that there is a place for both non-rational aPProaches and rational ones. | his is an imPor‘tant lesson fora

culture that clcpcnds hcavily upon science and tcc]'mologg.

We have become quite adept at conquering tangibles with tecl’mologg. From medical science to space
travel, from instantaneous communications to automated warFarc, Wcstcm science and tcchnologg have
consistentlg Proviclecl uti!itg‘ [However, when we turn to the world of the intannges, tec!’mo!ogg and science
face definite limitations. Social Problcms transcend mathematical dcscriptions and involve emotions that cannot
be touched, measured or successfu”g maniPu!atecl‘ Theological questions transcend our three phgsica|
dimensions O]CSPaCC and our one dimension of time. \What exists }chond those dimensions can onlg be
entertained as sPcculation or believed through blind faith. Scienceis a search for truth and truth is limited to
the facts of nature that are there for observation via our senses. As a resu|t, tec}mologg cannot emulate human

Fcclings and science cannot define (God.

A workable holistic aPProach for modern society is the reconciliation of the emotional, artistic, and
re!igious schools of thougl’lt with the scientific communitg in a manner that recognizes that tlﬂey are not
inconsistent with each other when thcg restrict their scope and energies to what each school does best.

Since Phcnomcna outside of the Physical realm of cxPcricncc are, by definition, Foreign to science and native to

2 T}wc comp|emcntar5 nature of science and rcligion is nota merc]y arecent 21st-century concept The i Zth~ccnturg masters
of the Sciﬁoo] of Chartres asserted that the laws of nature were worthy subjects of investigation bg the human mind, since both
are cncompasscc! within the divine universe and its clcsign (Golc]stcin 69~7O)A ]n the 13th century, Tl‘vomas Aquinas gave a
sound Phi]osophica[ argument that scientific rationalism and cmPiricism are Perpectl\zj comPatib]e with mystic and re!igious

concepts of the world, as ]ong as rationalism remains aware of its mctaphgsica[ limitations ((Goldstein 70).
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re!igion and art, one’s Feeling, intuition, and connectedness can cer‘tain!g assist in answering comPIex questions‘
Artand rcligion could tell one where to 1ool<, and science could determine how the process occurred. SCicncc’s
focus on the Phgsfcal realm of cause, effect, and cure, Plus its values of truth, objectivitg, dissent, indepenc{ence,
respect, and suPranationalitg could hclP solve many of the most Prcssing social Problcms. Art and rcligion,
Focusing on the r\or\~Phgsical realm of could hc!P refine universal meaning, Personal morals, interpcrsonal
re!ationships, and societal value. \When scientists start aPPreciatfng artists and listening to tl'leologians and
mystics, and this Iattcrgroup starts, not only listening, but also unc{crstanding and Practicing science, society

may be onits way to viewing these ultimate questions in a holistic fashion.

Just imagine a concept of creation that took Place ancient|9, with the process being started by the
Ioving, a”~Powchul universal ‘Source,’ in an Aristotelian sense. Under such a Paradigm, the Phgsica! laws with
which we are well familiar would be mere rcPrcscntations of a multifaceted bcing of which we are an intcgral part.
(Genesis then becomes a”egorical, and we are continua”g ina process of bio|ogica! and mental evolution to
become more closcig associated with the Source, whois revealed in the harmong of all creatures and not in the

trivialities of individual actions.

Suppose science and aesthetics could agree upon a scenario like this one? [TJow Fascinatingl How

innatcly truthfull r’iow beautiful!
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E_ncl Notes

i Our concept of science and techno!ogy has a relatively modern European flair. T‘IoweverJ both science and
techno!ogg existed with different unc{erlying assumptions before the Renaissance, before the Roman EmPirc,
before the Greeks conquerec] the known world, and even before the great ﬂowering of Egljpt. Both concePts and
their aPP!ications may be direct]g traced back to the cradle of civilization. As noted }33 historian Chance”or
Wi”iams, ancient cultures that occupiec{ the fertile crescent of the Nile ‘\/a][eg Prior to Eggpt‘s greatness was the
exclusive Province of Kushites, Nubians, Shebans, Mesopotamians, and Thebans, which we now refer to
co”ectively as Ethiopians (Wi”iams 34-35). These ancient Peop]e were accomP]ishec{ agricu]tura[ists and were
very re!igious. ]nc{cec{, religion to the Ethiopians was far more than ritual regecting be]ier, but a rea!itg reflected in
their way of life. Re[igion from the earliest times became the dynamic force in the c{eve[oPment of all the major

aspects of their civilization.

heir belief in immortality was a simple matter of course and beyond the realm of debate. T his belief was the great

Y p Y g
inspiration for ancient techno!ogg. The EthioPians bui[t, ona granc{ sca]e, structures that were meant to stand
forever. Actua”y, it was necessity that gave birth to mathematics and astronomy. Bui[c{ing the Ethiopian Pgramic{s
and the most elaborate system of tcmP]cs the world had known requircd the clcvelopment of engineering (Williams
58).

T herefore, we see that Ethiopian scientific and technical clcvc[opment was driven bg religious beliefs. TI‘I;S
contrasts to the modern \Western view of techno]ogg, which is embedded with drivers for a more-and-better world.

Bot!‘l schools of thougl’:t stress the Products of tcc!‘mologg but the motivations are quite different.

Mang of the ancient tcmples were dedicated to reflective thinl(ing and discovcrg —what we migl‘lt call co”cgc&
Thcse tcmplc~ccntcrcd co]]cgcs fostered free discourse and viewed science as Purelg a process of tl‘:oug!‘lt
Scholars from Foreign lands came to studg, and from here rcligious ideas and their architectural dcsigns sprcad
abroad. Since the Ethiopian Empire at that time included what we now call ancient Egﬁpt, it was natural that
these facets of the UPPcr Nile culture should sPrca& to the lower Nile and the northernmost part of the
continent. | he carlg Greeks were hcavilg influenced bg these same architectural structures, scientific methods and
rc[igious concepts, accorcling to Williams. T he Greeks cagcrlg copicd, rcs!‘lapcd and made them into parts of a
new Western culture (Wi”iams 58)4

fi The classic Roman civilization built upon Gireek science to &cvc[op their mightg cmpirc with its renowned
technical prowess. Thc Romans, bcing driven bg conquest, glorg, commerce, and an increasing need to find new
resources never rea”g flowered as scientists. f:rec thoug]’xt was not the hallmark of Rome. Thc Roman way of
cloing t}‘:ings was imprcsscd upon its citizens and conc]uercd states as a matter of standard Proccclurc The
Romans did, however, undertake massive engineering feats such as extended roads, aqucclucts and l‘n’ghlg

structured cities (DeCamP i 7Z~Z8O)4 Here teci‘mo]ogg flourished but no new ideas of P]’xi[osop}wica[ importancc
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stand out. Great translators of other works, the Romans were exP[oiters of resources and fantastic implementers
of technology. As Rome crumbled under the weight of countless invasions, the cosmic vision of the Greei(s and
the tec}mo[ogica] achievements of the Romans shriveled. With Europe over-run bg the (Germanic tribes, scientific
inciuiry was stunted for a millennium. Europe slePt ina stupor of ignorance for one thousand years. "To those who
lived through the catastrophe, it seemed that the utter breakdown of civilization had come, the ruin of everything
humaﬂity had ever tried to create over thousands o)cgears, a verdict from a wrathful heaven,“ according to
Go[dstein (Go!clstein 55). EuroPe reacted with a radical readjustment of mind, turning their backs on the world of
the senses, which now seemed unworthﬂ of intellectual scrutiny. The end of Roman civilization meant a steadfast

attachment by Europeans to the c{ogma of Christianit\(j. To EuroPcans it offered the Oﬂ[lj hope left.

When the hope given by the Church was no longer needed, new morals and money Provic]ec{ the impetus for
EuroPeans to cast the Church aside in favor of a new age — the Renaissance. Suclc]enly, }Jeing carthy and
gauche was in. Once again Europe entered an age of free inquirﬂ, but this time a novel twist accompanied the new

age. The new twist was rePresentec{ }35 a view of life advocated by a new breed of wealthy Philosopher/scientist.

The EuroPear\ Scienthcic Kevo]ution of the 16thand i 71:}1 Centuries began with Nicolaus Copernicas who
overthrew the geocentric view of Fto!emg and The Bible that had been accepted for over a thousand years. AFter
Copernicus, the earth was no [onger the center of the universe but merely one of the many P!anets that circled a
minor starin an insigni{:icant galaxg Radicalin its imPact, this view of the world robbed humans of their Proud
Position in the center of (God's creation. Without Clogmatic thcological constraints, other scientists such as
_Johannes ch[cr who is credited with the laws of Planctarg motion, (Galileo (Galilei the re-discoverer of many of
the Princip]cs o]cgravitation and the invention of the tclcscope, and sir ]saac Newton who combined much of his

Prcvious work into the laws of motion each contributed to the Renaissance's sPirit of inquirg.

i “Medieval mysticism meant acccpting the rule of invisible forces..within the (Good Lorcl’s mgstcrious b[ucprint
..rooted in the bcgond, over the tangib[c, cvcrgclag expcricncc,” accorcling to science historian Thomas Goldstein
(Goldstein 128). Whi]cj udging rcligion and the state of scientific know[cdgc in the hindsight of historﬂ is
somewhat unfair, it allows one to qucstion whether rcligious &Ogma and reliance on faith instead of rational mental
faculties slowed the dcvc[opmcnt of the European scientific method and imPcclc& medical progress when its
adherents most needed it. Since ancient times, the educated elite knew the power of Aristotle’s reasoning,
Hippocrates’, Hcrophilus’, and (Galen’s observation and cxpcrimcntation, and it knew that the Muslim scholars of
the 9&' -to H~th~ccntur3 Spain excelled in medicine and cl—:emistrg (White 2: 26-51). |n sPitc of this ‘(nowleclge,
medieval society rcjectccl this ear!g scientific aPProach in favor of faith. [n 1270, T homas Aquinas, writing in his
Summa (ontra (gentiles, cautioned the faithful not to lift the veil from those ultimate mysteries that are destined

to be concealed from the human mind.

Rc]ccrring to Aquinas, T!‘lomas (Goldstein notes:
The greatest rational thinker of the Middle Ages, in other words, Privg to the most comp]ctc scientific
know[cdge of his time, was warning his own generation and the generations to come not to overestimate
the power of rational tl—:ought, but to aci(nowleclgc the supcrior scope of mystic intuition and sheer faith
as Pat“rs toward melcrstancling (Goldstcin 24-9»250)4
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For hundreds oFgearS, the medieval Church sctup a series of obstacles to scientific inquiry incluc]ir\g: attributing
disease to demons; sanctioning and Pro{:iting from the suPPosed healing powers of the relics of the Christiar\
martyrs; using the Apost/e’s Creea’ancl its belief in the resurrection of the boclg to outlaw dissection in medical
schools; Promoting ideas that abasement adds to the glor9 of God, that cleanliness was a sign of Pride, and that
filthiness was a sign of humility. As late as the 1 8th Centurg, church leaders were Preaching against the ‘c{angerous
and sinful Practice’ of inoculation (White 2: 27—69), For examp!e, during the 721 breakout of sma”Pox in
Boston, even though Zabc{iel Boylston’s inoculation technique was proven to Produce alower mortalitfj rate than
inflicted }33 the natural disease, it was wic]elg opposec{ bg the medical establishment as unsaFe, and by the church as
an interference with God's will (Tucker 17-1 8).

Throughout European historg, schools of thought cor\trar9 to Church teachings were seen as b]asphemous, and
appropriate Punishment was doled out. Froc{c{ed by St. Bernard, conservative theo[ogians from Faris, Or]eans,
and Lgon hounded the masters of Chartres and summoned them to appear before a tribunal to face charges of
heresg for teaching a scientific view of the intrinsic creative powers of nature” — a view that threatened the 700~
3ear—o!c] doctrine of nature as the Passive object of God’s creation (Go!dstein 69—70). This was the mentalitg
that burned at the stake Giiordano Prunoin 1600 for uttering and Publishing the heresg that there were other

worlds and other beings inhabiting them (Sagan, Cosmic Connection 185). Stauchh religious dogma was the
reason for the Catho‘ic l‘n’erarcl‘ug’s imprisonmcnt of the agcd Galileo Galilei for Proc[aiming that the = arth moves
(Drakc 330-351 ) Johannes ch[cr, after whom the laws of P]anctarg motion are namccl, was excommunicated bg
the | utheran Church for his uncompromising individualism on matters of doctrine and because of his writing of
T/m ﬁomnium, in which he imagincd ajourncg to the moon. |n addition, chlcr’s mother was Clraggecl away ina
]aunchy chest in the middle of the nig}‘rt to be burned as a witch for giving birth to such a heretic and sc”ing herbs
(Sagan, (Cosmic (onnection 50-71).

N ch}‘mologg is aPP]icd, but not ncccssarilg based upon science. |n fact, as California State Univcrsitﬁ’s Robert
FFischer notes, " T o define tcchnologg as applicd science is to miss much of the signhcicance of the rc]ationship that
exists between science and tec}mo]ogg“ (Fischer 5~7). [He defines tcc]’mo[ogﬁ as the totalitg of the means

cmploged by Pcoplcs to Provide material objccts for human sustenance and comfort.

Ore connotation of the working definition of tcc]’mo[ogg is that it is a human activity. Jtis Peoplc who use the
Proclucts of tccl-mo[ogg. Furthermore, it is Pcoplc whose livelihood and comfort is the goa[ of tccl‘mologg, whether
this goa[ is actua”g accomplishcd }33 tcchnologg or not. Accorcling to [Tischer, tcc}‘mologg is directed in spechcic
instances toward spcchcic material ob_jccts, that is, toward the Procluction of Phgsical objccts. T}‘ris is not to exclude
the imPortancc of non-material concepts to human sustenance and comlcort, but it is meant to drive home the central
theme that techno[ogg is driven bg Phgsical needs. Bg definition, tec!‘mologg is not neutral because it is directed
toward satis)cging a Phgsical need, as determined bg a human value system.

ch}mologg is power and one who controls tcc]’mo[ogﬂ controls the power inherent in its applicatiom Techno]ogg

is defined, to some dcgrcc, by our re]ationship with the environment. [t involves our attempt to control and shapc
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the world and to make use of whatever resources are available in that environment (Fischer 76). The basic
Western motive for ‘bringing about technologlj’ is the desire to obtain more or better material things. “There are of
course more immediate and less Pro{:ound motivations for individuals in either science or techno!ogg, such as the

desire to get a paycheck and retain one's ’ob,” as [Tischer notes.
getapay J

Other Points of comparisor\ involve grander motives such as the ancient beliefs of using techno]ogﬂ to devote
monuments to goc]s, heroes or esthetics. The concept of techno]ogy as "more and better material things” is a
Western concept born out of the ﬂowering of l(now]ec{ge and materialism that was indicative of the EuroPear\

Renaissance.

v Aristot]e deduced the existence of (God and attemptec{ to explain God's characteristics and our re]ationship to
the Frime Mover. He arguecl that matter exists in a Potential state and has four causes for its existence. These
include the material of which something is made, its form or pattern assumed }33 the material in the object, the
agency that Proc{uced the object, and the purpose or end for which the object was brought into being. 5ooner or
later one will come to something for which one knows no reason. As a result, Aristot]e deduced that there must be
an uncaused first Princip]e from which everything else starts and a supreme and final end for the sake of which
evergthing exists. Unlike a Personhcied F[atonic or Christian God, that is believed to be the universal creator,
Avristotle’s (God was the motionless, calm, immortal substance thatis pure form and intc”igencc and that, while itself
is unmoved, Produccs motion bg being the objcct of the world’s desire. | esser bcings asPirc to this hig!‘lcst and
best form. God, howevcr, does not asPireA To Aristotle, God always has been in a state of supreme actua[itg,
serene contemplativc tl‘:ought, that is life at its fullest and most Plcasant (Loomis XVi-XX,). Latcr, St. Augustinc, a
proponent of Flatonic mctaphysics, would advocate that bcautg, truth, and (God are indistinguishablc (Adams
107-11%).

Flato also talks of movement from faith to knowlcclgc T/‘:c A//cgory of the Cavc suggests that the best that those
who have not cxpcrfcnccd know[cclgc can do is to have faith in those that have been so cnligl‘ztencd. | ikewise, St.
Augustine (354-430) asked followers of the C}‘rris’cian re|igion to read the doctrine and, even if theg fail to
understand it, to have faith in its teac)‘lings until truth is clivinclg revealed. Augustinc asserted that, u!timatclg, vision
will rcP[acc faith, blessedness will rcplace hopc, and charity will be increased even more (A&ams i1%).
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