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Hal{ the wontd <8 driven by tecnnological power,
and half by the passion 16 gain this power, For
the seekers, thene 48 a shoatcut that was not
available canlien, They need not generate the
knowledge that Leads to power; 2they can draw on
the exdsting fund, For knowledge there 4is, and
0 spane. The problem 48 how to share 4%, fo get
it whene Lt 45 desperately necded, And in this
Sharning Zthe giver Loses nothing, but even gains,
by helping span this gulf that bisec1s and divides
our wondd,

Joseph E, Stepanek

(Ref, 72)
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FOREWORD

Large and small nations, irrespective of their level of industriali-
zatlon, have a common interest in their state of technological progress.
The attainment ot uigher levels »f production, the development of impro#ed
and new processes and products, bring prosperity, higher living standards,
and the stimulus for further achievements.

Israel seaks accelerated rates of industrial expansion. Low in many
natural resources but high in actual and potential skilled manpower resources,
Israel is capable of exploiting a product of our age -- scientific informa-
tion. In this, Israel can compete favorably with the most technologically
advanced nations.

How scientific results can be converted into salable products of in-
dustrial operations rests, in part, on industrial experience and permissive
research budgets that are yet scarce in Israel. However, the ability to i-
dentify potential areas for exploitation, the ability to extrapolate from the
known to the unknown, the ability to perceive relationships among hitherto
unrelated bits of data, foresight. intuition -- these are 2lso necessary raw
materials for science-based industries. These factors do not depend on gross
national product or, necessarily, on prior experience. They depend, rather,
on fertility of the mind produced by education, training, and an environment

conducive to their growth.

"Technology transfer" is under intense scrutiny in the United States.

This term refers to mechanisms for transforming research results ints practi-
cal applications. GStudies to date suggest that there is no best procedure,

no best environment, for nurturing technology transfer. Nor are there pre-
dictive tests that conclusivelv identify men with creative or innovative a-
bilities. Studies do suggest, however, that different forms of information
transmission must occur to spark man's mind (or men's minds) and to effect

communication of ideas through decision channels at a level of understanding

sufficient for accentance and action.
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It is the contention of this paper that, though phenomena resulting
in technology transfer may not be amenable %o complete formalization, they
can be materially aided and possibly muitiplied several fold through proper
attention to the role of information in the various phases of the trausfer

process from scientific research to production.

A variety of enterprises have evolved, probably most extensively in
the United States, to make scientific and management infermation -ccessible
to user groups. In the main, however, their services are not personalized
or exhaustively comprehensive and place the burden on the user to be his own
information sifter and searcher. This paper does not presume tn predict The
Optimal System for information transmission, It hypothesizes only that econ-
omically profitable, viable informstion systems are possible at the nresent
time for many enviromments. For each instance, though, comprehensive analy-
sis and careful planning are prerequisites that encompass evaluation of the
knowledge gained thus far about systems, retrieval techniques, and humin in-
formaticn-seeking behzvior and realistic appraisals of actual and potential
user groups and needs and available sourcecs of information, manpower, mach-

ines, and money.

Israel appears now in a good position for self-examination for infor.
mation system development for technology transfer. OShe is beginning to em-
phasize the importance of applied and industrial research, A Center for Sci-
entific and .echnological Information has been established within the llation-.
11l Council for Research and Development. Several studies of manpower and in-
formation resources. orgsnizational structures fcr research and development,
and government science policy hrve been made. Capability for the design and
implementation of information systems is growing steadily through educational
programs and operational experience. Moreover, Israel presents an 1lmost u-
nique environmenc, 1t this time, for exploring the practicability of 1 nation-
1l=sc1le metwork of interacting subsystems chpabile or satisfying the various
wanagement ond technical information ruaguirements needed tor » rapidly advan-

oing economy,
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INTRODUCT ION

This paper is written from the viewpoint that information systems are

rapidly becoming a necessity for growing technclogy-based economies.

Three usually unrelated sources of information are used for documenta-

tion. The first is history-of-science literature. The more factual these

records are, the clearer a picture they present to this author of the crucial

role of information transmission in almost all accomplishment. The second is

broadly characterizable as management-science literature. This considers

both economic and political milieus, as well as, more narrowly, the structure
and behavior of organizations and the performance of people within them. The
third is the information-sciences literature that concentrates on the design

and operation of information systems, both at the systems level and at the

level of individual hardware and software components.

None of this wealth of knowledge and experience conclusively estab-
lishes the viability of the information systems that are proposed here.
These are systems of our time, made possible by and demanded by current
scientific and technical achievements. These have created the requirement

for systems. These also provide the tools for accomplishment,

CASES OF USt OF INFORMATION

Elaborate and expensive schemes are being developed today, at least in

affluent countries, to promote the transmission and use of infgrmation. Some
of these schemes are discussed in the section below on '"Performance of Infor-
mation Services," This section is concerned less with schemes than with
phenomena and human benavioral characteristics that seem to be related to
flow and use of informntion in a fundamental way.

For the past fifteen years, anthropologists, sociologists, and indus
e
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trial economists have been studying the diffusion of information on new pro-
ducts and processes in various communities. ilow do ideas become known? lHow
does the knowladge spread? How dves information gain acceptance? How does

it get put to use?

In 1962, Everett M. Rogers published a laﬁdmark survey of over 500 dif-
fusion studies /1/. Ironically, there had been little diffusion of results on
diffusion from one discipline to another before Rogers' work. Over half (286)
of the studies he discusses pertain to the diffusion of farm innovations re-
ported by rural sociologists. Nevertheless, the generalizations he made ap-
pear applicable to such instances as innovations in education, the use of new

drugs, and the introduction of new processes in industry. The main thrust of

Rogers' work is that diffusion depends as much on psychological and sociolo-

gical factors as it does on the . substantive information to be diffused.

Rogers' main generalizationslgj, adapted to an information frame-of-

reference, are as follows:

1. Diffusion depends on four crucial element° (2) items of informa-
tion: (b) communication of them from one individual to another: (c)

the environment or social system: (d) the time period.
2. Information diffuses more rapidly in modern social systems typified

by a developed technology, a high value on science and education, cos-
mopoliteness (interaction with persons outside the system or in other
than local areas), and carefully and economically rational plamming,

as distinguished from traditional environmerts.

3« Acceptance of new information proceeds through five stages of con-

/1/. Everett M, Rogers. Diffusion of Innovations, WNew York: Free Press of
Glencoe, 1962.

Fogers' scholarly effort itself reflects the information retrieval dif-
ficulties faced by the individual researcher. His study is-<particularly weak
on diffusion in industrial environments. He deces not cite ancther comprehen-
sive survey - John Jewkes, et a.., The Sources of Invention, London: MacMil-
lan & Co,, Ltd,.,, 1958 - that could have provided him with much relevant data.

[2/. Rogers suggests that his generalizations be viewed as ranging "some-
where between hypotheses and principles." At many points, h: notes areas
needing research.
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ceptualization: awareness, interest, evaluation, trial, and adep

tion.

4. Rate of acceptance is a function of characteristics of the infor-

mation, as perceived by the individual in his social system (emphasis

by this author), Rogers highlights five characteristics:

(a) relative advantage of the information over that which it su-
persedes [3/:

(b) compatibility with existing information and with values set by
cultural rorms;

(c) degree of complexity ‘o understand and use;

(d) divisibility or extent to which information can be accepted in
stages (trial on the installment plan); and

(e) communicability or degree to which information c¢an be trans-
mitted to others or its embodiments observed.

5. TIndividuals are classifiable into five categories on the basis of
their acceptance rates: '

(a) innovators (the first 2.5% of the population);

(o) early adopters;

(c) early majority;

(d) late majority; and

(e) laggards,
Adopter distributions follow a bell-shaped curve over time and appro-

ach normality.

6. Earlier adopters are in closer contact with origins of new infor-
mation, They use a greater number of different inforration sources:
the sources are more imperscnal and cosmopolite. They tend to be
younger in age; have higher social status and a more favorable rinan-
cial position; engage in more specialized operations; have a different

mental ability; and frequently are opinion leaders Zﬁ/.

7. Opinion leaders /5/, individuals who inf{luence acceptapce deci-

i}/. A crisis sometimes sharpens the fccus on relative advanlages. Launch-
inz of the Sputnik produced a re-evaluation of U. £. policy on research and
development programs.

'/, Rogars suggests that innovation "offers a fertile field in which to
test theories of deviant behavior."

o—tcars
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sions of c-he:s, conform to social system ncrms but differ £ .. their

followers in in.formation sources (mcre impersonal, technically accur-
ate, and cosmopolite), in social participation, in social status, and

in innovativeness. Personal influence is greatest at the evaluation

stage of conceptualization (see 3. abovz); on later rather than earli-

er adopters; and when inadequate informaticn creates uncertainty /6/.

8.

Change agents, persons who are employed to transmit information
and influence acceptance dscisions, are most effective at the trial
stage of conceptualization; are more important to earlier adopters;
and are more successful with the higher status portion of their clien-

teles. The change agent faces complex communication problems in his

linkage role between two social systems /7/.

* * * * * *

Though histories of invention, inventors, and industrial achieve-
ments do not emphasize information flow patterns, as the diffusion litera-
ture does, these patterns are embeddsd in the histories. How do they com-
pare with Rogers' geﬁeralizations? How do they match with the way today's
scientists, engineers, and managers acquire, transmit, and use information?

A few case studies are examined below from an informaticn viewpoint.

Tha first>is a trace of some of James Clerk Maxwell's research as re-
ported by T. K. Simpson [§/. Simpson's objective was tc discover whether
Maxwell attempted direct experimental verification of the theory of electro-

magnetic propagation through a medium. His study shows that:

/5/+ A number of descriptors have been used in the literaiurs to character-
ize these individuals. Rogers cites the foll wing: %ey communicators;

leaders; informal leaders; information leaders: adoption .eaders; fash-
ion leaders; consumption leaders; local influentials; ufluentials; io-
fluencers:; tastemakers; style setters; sparkplugs; ga'ekeepers,

Lé/. Rogers notes the paucity of studies on non-followers.

12/. Rogers suggests that the change agent should be responsible for improv-
ing his client's competence to evaluate information and for changing his so-
cial norms rather than for influencing acceptance per se.

/8/. Thomas K., Simpson, '"Maxwell and the Direct Experimental Test of His
Floctromagnetic Theory." Isis, vol, 57, 4, no. 190 (Winter 1966) 411-432,

4
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(a) Scientists of the period relied on three modes of communication -
personal correspondence within peer groups, scientific publication,

and pefsonal visits,

(b) Maxwell did not conduct the experiments because he viewed his work
slightly differently (i.e., as a theory of optics) from the way we in-
terpret it with hindsigkt.

(¢) Prominent scientists like Hertz did not keep up with all of the

literature, even in a main area of interest.

(d) later publication (by Helmholtz) sometimes receives greater atten-

tion and troader citation than original work (by Joseph Henry).

(e) Personal correspondence (between Max.urell and Faraday) gi -~ the

comminicants an information advantage with respect to unpublishied work.

(f) Extensive independent, but ~ollaborative, research (Rowland in Am

erica, Helmholtz in Germany, and MacKenzie and Nichols in Canada) stim-

ulates and advances scientific inquiry.

(g) Timirg is important to discovery. Hertz's successful measurements
of electromagnetic wave propagation in air were made possible because
he was able to perceive his objective from a cumulation of bits of
knowledge and the orientation of his professor, Helmholtz; also, he

had a method of measurement for achieving it.

(h) Knowledgeable individuals (like G. G. Stokes) can fail to recog-
nize discoveries even when they are demonstrated., Stokes' inability
to recognize a "vivid instance" of electromagnetic proragation thereby

discouraged D. E. Hughes from publishing his results.

(1) Management device. (the Berlin Academy prize) can serve as a stim-
ulant to scientific inquiry.

* * * * * *

A. W. Thackray studied tne Dalton period to discover the origin of

John Dalton's chemical atomic theory /9/. He observes that Dalton's thinking

/9/. Arnold W, Thackray. "The Origin of Dalton's Chemical Atomic Theory:
Daltonian Doubts Resolved." Isis, vol. 57,1, no. 187 (Spring 1966) 35-54.

-
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emanated from his lifelong interest in neteorology.

PDalton first proposed a
theory for mixed gises. Hs successively progressed from questions of heat,

lgas physics, and meteorology to wider chemical problems as he perceived the

need to determine relative particle sizes and weights., Thackray suggests |
that:

(a) Dalton's atomic theory had no origin; it rather evolved as he was
required to formulate rules to make his theory of mixed gases explicit.

(b) Chemists saw no significance in Dalton's particle-weight calcula-

tions until an explanation of his method of calculation and demonstra-
tions of its applicability were suvsequently published,

(c) Thomas Thomson, a chemist and first expositor of Dalton's method,

was slow to recognize the full significance of Dalton’s work. His

textbook description, after three years of direct communication with
Dalton, was cautious and tentative. Dalton's views were not accepted
until Thomson published s paper using Dalton's method. {Thomson, in

earlier books and letters, had been highly critical of Dalton's mixed

gas theory.)

(d) Dalton and Thomson were both ignorant of weight tables published

in Europe about ten years before Dalton's.

* * * * * *

| R. McCormmach's paper on Henri Poincaré's introduction Lo quantum
theory shows that the confrontation cccurred at a private, five-day conter-
ence in November 1911, attended by about Z0 physicists {rom different coun-
tries /10/. Poincaré would not have been invited if the conference had been
limited to persons working ii the field. Max Planck could identify only 4

well-known physicists who qualified. The proceedings are history and show

that no one contributed mora to the discussion than Poincard, In the eight

months before his death 3t 58 years cf age, Poincars developed 2 stron:
proof for quantum theory and commented that he found 1t difficult to decide
which of the accepted premises of physics to abandon next,  This vimet'»
shows that:

;
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creative development, or to the rejection of once firmly held opinions

ai/.

(b) Even members of a closely knit intellectual group differ widely in

. their willingness to receive and their ability to understand and ex-
ploit information. Joseph Larmor declined an invitation to attend the | =
Congress, saying he had not been able to keep up with progress in the é
field, Poincaré's piercing questions sharpcned Planck's perception
and influenced the direction of Planck's later work. Several physi-
cists of the period tried to explain away the premises behind Poinca-
ré's mathematics. %
(c¢) Ideas develop along a continuum of thought. As Poincaré influenc-
ed Planck, he was influenced by H. A. Lorentz, president of the Con-
gress, who emphasized central questions that appear in the main argu-

ment in Poincaré's study.

(d) The development of ideas kncws no national boundaries. Poincaré's
work spread rapicdly through England, aided by a 1914 translation by C.
G. Darwin; a 1913 address by James Jeans, a Congress attendee, at a
meeting of the British Assoclation; a 1912 paper of J. W. Nichol-
son, a Cambridge cclleague of Jeans; and a 1914 monograph of Jeans that
publicized both the work of Poincaré and the related substantiation of
the Dane, Niels Bohr, who visited England after hearing from E. Ruth-
eriord about the 1911 Corgress.

(e) Attitudes influence the acceptance of ideas. The British were
lukewarm to Planck's abstract statistical reasoning, but they could
follow Poincaré's mathematical analysis and his concrete picture of a
mechanism. Discussion of Einstein's light-quantum hypothesis, called
by Planck a speculation that had missed the target, was a glaring omi-
ssion at the Congress, perhaps because his method of reasoning from
statistical fluctuations was unfamiliar, Earlier work of Paul Ehren-
fest, a Viennese living in Russia, that yielded Poincaré's results by

another route, became known after his correspondence with Poincaré.

/[11/. Planck observed: "An old man will be inclined to ignore the hypothe-
sis, the enthuslast will welcome it uncritically, the skeptic will seek gro-
unds to deny it, the productive man will test it and fructify it. Poincaré,
in the profound paper he dedicated to the quantum theory, proved himself
yovthful, critical, and productive." Ibid, p. 40.
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* * * * * *

F. M. Scherer's account of the Watt-Boulton steam engine venture is a
saga of efforts to convert ideas to industrial application [;g/. The gene-
sis of this invention occurred in the instrument-making shop of James Watt
at Glasgow University. Watt, asked to repair a small Newcomen engine, won-
dered why it consumed large amounts of steam and, presumably while strolling
on the Glasgow Green, he decided to try condensing steam in a vessel separate
from the operating cylinder. He quickly translatea the idea to some form of
device, but 1l years passed before the idea was realized in a commercial,
full-scale prototype. Watt needed money for model building that he first ob-
tained from a University friend, then from aiu entiepreneur, Dr. John Roebuck.
Matthew Boulton bought Roebuck's bankruptcy interest and opened a shop in
Soho for research and development. Whether Watt would have pursued his idea
without the prodding of Roebuck (who encouraged him to obtain patent protec-
tion) and Boulton (who gained a patent extension and financing) is problema-
tic. Whether Watt impeded his own progress by refusing to delegate work to
others, by pursuing fruitless experiments on large numbers of cylinder varia-
tions, and by a negative attitude‘to the pursuit of invention is also prob-
lematic /13/. This history emphasizes that:

(a) Information per se does not yield practical applications. Quite
different types of effort from that leading to discovery are often re-

quired for commercial preduction.

(b) Adequate funds and their judicious management are essential for
applied research and sxploratory development. Watt discontinued work

for long periods when he lacked money.

/12/. F. M. Scherer. "Invention and Innovation in the Watt-Boulton Steam-
Engine Venture," Technology and Culture, vol. 6, no. 2 (Spring 1965) 165-
18?‘

[13/. In 1769, seven years before success, Watt wrote to Roebiick: "Consider
my uncertain health, my irresolute and inactive dispositien, my inability to
bargain and struggle for my own with mankind: all which disqualify me for any
great undertaking." In 1785, with his debts paid, he wrote to Boulton: "On
the whole, I find it now full time to cease attempting to invent new things,
or to attempt anything which is attended witn any risk of not succeeding, or
of creating trouble in the exwcution., Let us go on executing the things we
understand, and leave to rest to younger men, who have r~ither money nor
character to lose." Ibid, p. 173, 174.
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(¢) Knowledgeable entrepreneurship can be critical to successful appli-
cations. Roebuck understood the engine as an aid to pumping water from
his coal mines. Bnulton envisiored a world market, perceiving the
broad applicability of the invention., Boultor was a risk taker but,
gaging the reward, he actively participated in mznaging his Soho plant
and in technical werk, and he was able to transmit information to se-

cure financing and sales.

(d) Different levels of perception and types of information processing
are necessary for the transformation cf ideas to aspplications., Watt
had scientific curiosity. He retained this, resuming invention (doub-
le-acting engine; a converter for reciprocating to rotating motion;
etc.) after the commercial prototype was built, He had little skill
in applied research and exploratory development, seeming 'nable to se-
lect fruitful alternatives without exhaustive trial and error. This
shcoild have been delegated more extensively to engineers end crafts-
men. Boulton contributed business acumen, entrepreneurial effort, and
sufficient managerial ability to carry the venture to financial suc-

cess,

Other records suggest that:

¢ The mission orientation of research sponsors influences research
directions and can shorten time periods required for development, if not for
discovery. Wallace H. Carothers and several Harvard colleagues were invited
to the duPont laboratories to work freely -- on polymers. The group produc-
ed a range of neoprene polymers and then - nylon fiber. Development of the
fiber took four years (1935 - 1939), $6 million, and a team of 230 technical
experts llﬁ/.

/14/. Jonn Jewkes, David Sawers, and Richard Stillerman. The Sources of Ine
vention. London: MaclMillan & Co., Ltd., 1958,

This book is 2 basic text for the consideration of causes and conse=-
quences of industrial innevation. Case histories are incluued for 51 notable
inventions. The authors wonder whether nylon would have enjoyed this develop-
ment effort if the discovery had teen mads in 1 unlversity 4nd noneexclusive
licenses were disponsed to chemical and other firms.
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® Isolation of a scientist from sources of information can adversely
affect his research progress and his ability to communicate the significance
of his work. Both Army and Navy experts and Robert !, Goddard exhibited ina
stances of myopia. Goddard, always secretive in his research, needed prodd-
ing to brief the military on his missile developments, Unaware of their
needs, he was unable to convince them of the signifizance of his work, and he
was relegated to minor projects. Lacking either vision or funds, the mili.
tary discentinued his early projectz and paid little attention to results
that were not immediately applicable to hardware. By contrast, Theodore von
Kirmn and others, who published freely and led team efforts, saw their work

exploited far beyond what they could individually have achieved /15/.

@ Discovery can arise from the recognition of an unlooked-for rela-
tionship between items of information (the so-called serendipity factor).
During experiments in a Ford Moto: Co. laboratory on the wettsbility of nick-
el for titanivm carbide, an accident occurred. Nickel touched and Jdissolved
part of a molybdenum shield; the nickel-molybdenum compound demonstrated per-
fect wettability for titanium carbide. After five years of research and de-
velopment, Ford is using the -ompound and licensing it for use as a superior,

lower-cost cutting tool material than tungsten carbide /16/.

¢ The "stete-of-the-art" strongly influences the exploitation of in-

formation, the generation of new information, and the quality of beoth, Pap-
ers contained in a syuposiun volume honoring the centennial of H. C. Sorby's
discovery of microstructure in steel reflect a portion of the history of the

development of metellurgy, Metallurgy progressed through three stages:

(1) a protoscientific period to 1885 dominated by empirical methods
and some efforts to understand phenomena;

(2) a theory-constructing period s“imulated by ci.>mical science of the
19th Century; and

(3) the period since about 1920 introduced by the application of Xeray

[;j/. Milton Lehman, g\is lirh Man: The Life of HRober: H, rioddard. lew
York: Farrar Straus, 1963,

/16/. J. B, Goldman, "The Hole of . zience in Innovation," in [Procoedings of
1 Conference on Tochnelogy Transfer and Innovation, May 19-17, 1966,  Wishe
ington, D.C.: Mational Sclence Foundatlon, 19€7, N3 6723, AL p, w97,

10




diffraction to metals and alloys.
Metals science acquired its base from work in chemistry, electricity, magne-
tism, and thermodynamics. Scientific metallurgy had little effect on metal-

lurgy technology until the 1920's when theory, particularly physical theory,
became sufficiently advanced to explain and predict phenomena. Progress in

the modern period is also directly related to the development of new instru-
ments and experimental techniques that, in turn, have aided the advancement
of metals science. This mutually reinforcing progression has carried with it
the identification of new materials requirements and the willingness of in-

dustry and government to sponsor basic, as well as applied, metals research

7/

A broader perspective on past, and present, events shows the influ-
ence of national and international groups on macro patterns of information
production, transmission, and use. Colonization, for example, transferred
such technological know-how as knowledge of rubber tree cultivation from
European experimental gardens to Asia and Africa, and Cornish mining tech-
niques to Australia. Industrial expansion consolidated communications be-
tween the nations of Western Europe and North America, at least on empiri-
cal and traditional technology /18/. Today's current volume of scientific
research in the United States, as well as emphasis in such areas as atomic
energy, aerospace sciences, and medical sciences, reflects national objec-
tives. Effects of U.S. actions can be seen in the decisions of other na-
tions to increase their investments in scientific research. The U.S. level
may have been influenced by U.S.S5.R. achievements in space flight. Infor-

mation flow patterns that Great Britain is now fostering for industrial ex-

/17/. Cyril Stanley Smith, ed. The Sorby Centennial Symposium on the His-
tory of Metallurgy. (Metallurgical Society Conferences, vol. 27). New York:
Sordon and Breach Science Publishers, 1965.

The author obtained the information in the above text from John G,
Burke's review of the Symposium volume in Technology and Culture, vol. 8, no.
1 (Jan. 1967) 82-86.

/18/. William Woodruff and Helga Woodruff. "Economic Growth: Myth or Reali-
ty, the Interrelatedness of Continents and the Diffusion of Technology, 1860-
1960." Technology and Culture, vol. 7, no. 4 (Fall 1966) 453-474,
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ploitation of technology may, in turn, be adopted by other countries. New
channels for information exchange have appeared with the creation of inter-
national bodies ranging from the United Nations and the Organization for

Economic Co-operation and Development (OECD) to the European Molecular Bio-
logy Organization. Other new patterns are being developed as nations nar-

row the technology gap. [19/

* * * * * *

Comprehensive analyses are beginning to be made of individual and
organizational factors that influence the generation and acceptance of ideas
within today's industrial environments. One of these studies examined the
selection ahd processing of ideas in 34 small and moderate size U.S. firms
(10 to 1000 =smployees) engaged in electronics manufacture'[gg/. Data were
gathered on a total of 390 ideas reported by 86 managers and engineers over
a six-week period (plus six additional weeks for seven firms). The ideas

were of the following types:

Change of input material 37
Change in production method 175
Change in design of product 84
New product 58
Other (service facilities,etc) 47

401

In eleven instances, the ideas were classified in two categories. The ideas

were associated with the following sources of information:

Self 205
Employee 102
Business associate 49
Customer 30 )
Supplier 26

/19/. Services for Small-Scale Industry. Geneva, Switzerland: Internation-
al Labour Office, 1961, Studies and Reports, New Series, No. 61.

See also: Max Ways. '"Why Japan's Growth is Different Fortune,
vol. 76, no. 6 (Nov. 1967) 127-9, 245, 248, 250, 252, 257-8, 260, 262, 206.

/20/. Robert Burton Martin., Some Factors Associated with the tvaluation
of Ideas for Production Changes in Small Compariies. Evanston, Illinois:
Northwestern University, Aug. 1967. NASA Grant NSG-495. Rept. 67/29.
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Trade jouraal

Newspaper or magazine

Trade show
Other

5

8
456

17
14

The total reflscts the multiple-source origin of a number of the ideas.

Basing his investigation both on prlor economic and sociological

studies and pilot tests, Robert Martin established fourteen propositions

that were subjected to analysis through questionnaire and interview techni-

ques .

The data negated his initial assumption, that the processes of

idea selection and idea evaluation are influenced by the same variables in

approximately the same way.

For the phase in which ideas are selected for

evaluation, he observed the following distinctions among propositions and

individuals receiving ideas for evaluation:

PROPOSITION

All Evaluators

Production
Managess

Company
Presidei.ts

I, The more employees in a firm, the iarger
the flow of perceived ideas fcr evaluation

2. The greater the risk- taking propensity ¢f
the idca evaluators, the larger the flow of
perceived ideas for evaluation.

3. The greater the age of the idea evaluator,
the smaller the flow of perceived ideas for
evaluation,

4. The greater the idea evaluator’s dissatisfac-
tion with sales and cost levels, the hrger the
flow of perceived iceas for evaluation,

5. The greater the formal edication of the
idea cvaiuator, the larger ine flow of perceived
ideas for evaluation,

6. The greater the exposire of the 1dea evatu-
e (a) business travel, (b) attendance at
trade shows, (¢) attendance at professional
mectings, () reading peolessional, trade, and

business pub ications |, the larger thic flow of

‘;ncu-cn'cd ideas for evaluation,

ators o outside cortacts and sourees of informa-

Supported

Partially suppcrt,

Not supported

Not supported for dissatisfaction
Some support tor dissatisfaction with cost jevels,

Nut supported.

supported for {J)
ot suppogted for
(a), (b, (0

Not supported

Not supported

Not supporte

<ippotted

suppotted for
() and (b

with sales leeis,

Not supported

Supported

Not supported

Not supported

supmeted for
(3) and (0

—




7. The greater the freedom of the organiza-
tion to alter its product, the larger the flow of
perceived ideas for evaluation,

Partially support,

Not supported

Not supported

Reasons given by the evaluators for the acceptance or rejection of an idea

related to the propositions in the followihg way:

PROPOSITION

All Evaluators

Production
Managers

Company
Presidents

1. The more empioyees in a firm, the larger
the {low of ideas accepted.

2. The greater the risk propensity of an idea
evaluator, the larger the flow of ideas accepted

3. The higher the age of the idea evaluator,
the smaller the flow of ideas accepted,

4. The greater the idea evaluator's dissatisfac-
tion with sales and cost levels, the larger the
flow of ideas accepted.

5. The greater the formal education of the
idca evaluator, the larger the flow of ideas
accepted.

6. The greater the exposurc of the idea evaiu-
ator to cutside contacts and sources of informa-
tion (a to d above), the larger the flow of ideas
accepted

7. The rreater the freedom of the organiza-
tion to alter its product, the jarger the flow of
ideas accepted,

Supported

Not supported

Not supported
Eoth suppcrted for

moderate .evels of
dissatisfaction,

Partially supported

Supported {cr
{d) conly

Partially support,

Not supported

Weakly supported

Not supported

Nct supported

Not supported

Supported for
(a) only

Not supported

Not supported

Not supported

Not supported

Supported for

cost levels

Not supported

Supported for
(a)v (b)l &(C)

Not supported

Evaluators occupied the following job categories with respect to the ideas

distributed among them:

President or vice-president
and general manager

Manufacturing or production

vice-president

Chief engineer

Manufacturing or production

supervisor

Manager of quality

14

control

4

106
27

65
61
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Various types of engineers 73

Plant manager 22
Production or production- LR
control supervisor

Other 3

Among unexpected findings is the absence of co;relation of idea se-
lection and evaluation with dissatisfaction over sales. The experiment,
however, was conducted during a high sales period. The lack of support for
education (proposition 5), except among production manage:s, is associated
with the low level of technical sophistication of most of the products. The
variations in significance among types of outside contacts and sources of
information appear related to the roles of the different evaluators. The
president, as the interface between the organization and the environment,
relies on personal communication from professional sources. Managers, ard
to a greater degree, technical employees, depend on the literature as well
as on professional contacts as information sources. Distinguishing the o-

valuators with respect to the status cf their crganization as autonomous or
as a division within a corporation did not affect the results. [21/

% * * * * *

Though best ways are not yet known for promoting human informstion
processing and information transfer, sufficient guidelines exist for empir-
ical approaches to the institution of conducive environments. The Bell Tel-
ephone Laboratories, for example, are applying a "total process" or systems
concept that is expected to improve information flow and the discovery-te-
applications cycle /22/. Britain's new Ministry of Technology has the spe-

cific mission of increasing industry use of existing knowledge. To achieve

[21/. See also Robert Charpie. "The Business End of Technology Transfer."
In Proceedings of a Conference, op. cit. (ref. 16), 46-52. The Union Car-
bide Corp. receives about 500 neu ideas annually but accepts only one per
100 to 200 to examine beyond initial appraisal.

[22/. J. A. Morton. "A Model of the Innovative Process (as Viewed from a
Science-Based Integrated Industry," Proceedings of a Conference, op. cit.
(ref. 16), p. 21-31.

See also: John Walsh. '"Bell Labs: A Systems Approach to Innovation is
the Main Thing." Science, vol. 153, no. 3734 (July 19%6) 393-396.
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this objective, the Ministry has begun to interface a large nurber of en-
gineering and aircrarft industries with almost all of the government's re-
search establishments that are now under its jurisdiction. Consolidations
in the aircraft, shipbuilding, and computer industries are beginning to

show econumic gains [ggg/. Industry is re-examining itself to understand
how it has been absorbing technology and why only an estimated 30% of avail-
able technology has been used /22b/. Industry is also beginning to acknow-
ledge the importance of human factors in the information exploitation pro-

cess and the need for new organizational structures and collaborative in-

formation schemes.

Information handling is a discipline to itself. It appears tcday

to be emerging from the protoscientific t¢ :te theory-constructing stage.

[22a/. "Excerpts of a Specch Given by British Minister of Technology Rt. Hon.
Anthony Wedgwood Bern, P.C., M.P," DNewsletter of the International Computa-
tion Centre, no. 53 (Cct-Dec 19€7) 7-9.

But see "British Computer Corp. Plan Prompts Infighting." Datamation,
vol. 14, no. 3 (March 1968) 127.

[22b/. Utilizing R & D By-Products., New York: American Management Assn.,
Inc., 1967.
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PERFURMANCE OF INFORMATION SERVICES

This section, like the furmer one, mzkes nn attempt to be comprehen-

sive but seeks only, by example, to illustrate patterns for their implica-

tions on information acquisition and use.

A variety of formal mechanisms for transmitting information are pre-

valent, at least in the United States., These are:

Ihvestigator-generated documents (journal articles, reports)

Secondary-source documents (treatises, review papers, instructional
texts)

Newsletters (of special-interest groups)

Abstract vperiodicals

Accession 1ists (books- and documents-received lists)
Biblicgraphic compilations (annotated and unannotated)
Selective informatic: services

Conferences /followed, and sometimes not, by procesdings)

Specialized study institutes (accompanied, and sometimes not, by
texts)

This section concentrates primarily on secondary-source services (e.g.,
abstract periodicals, selective information services). Specifically exclud-
ed is consideration of most of the "user surveys," studies of use of servi-
ces by actual or petential clienteles. Several of the more informative of
these have been summarized elsewhere /23/. They give some indication of ser-
vices that are used, but 1little on human factors aspects of use, i.e., why

information is sought, how it is processed, and how it influenced courses cf

/23/. FRowena W. Swanson. Move tne Information ... A Kind of Yissionary
Spirit. Arlington, Va.: Air Force Office of Scientific Research, June 1967,
Rept, AFOSR 67-1247; AD-457,79%. At p. 68-81.

[g&/. Recsarchers in the field could learn from the diffusion literature.
Most user studies examine particular types of services rather than the acqui-
sition behavior and interests of the individual. HMHany studies are accom-
plished by impersonal questionnaire, responses to which may or nmay not accue-
rately reflect circumstances. For example, if a person acquires many booxs,
journals, and abstract periodicals, does he necessarily use them? If he

uses some but not others, why? If he acquires little, is he bereft of in-
formation, or does he have .‘*her sources? Gctec.

|
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action f24/., It is thought that a look at the services themselves might cn-
able better comparison with their acceptability and their likelihood of being

patronized.

The specialized information center has become a popular mechanism for
serving a group of users having similar interests. The services that had
been provided /25/ by Battelle Memorial Institute's Transducer Information
Center (TIC) fit with this author's concept of the activities this kind of

center should perform, TIC's services included the f.1llowing:

A Quarterly Accessions List (abstract bulletin) that amnounced a se-
lected sample of Center acquisitions (16% of acquisitions during the
final reporting period)

4 semi-annual compilation of transducer research and testing contracts

Visits to transducer users and manufacturers (66 user and 138 manu-
facturer organizations during the reporting period)

Summary reports in areas of growing interest (one on nuclear radia-
tion effects on transducers was prepared during the reporting period)

Responses to requests for information (over 1000 were processed in

the final 16 months; 58% were non-technical, such as requests for
TIC publications)

Reference services to Center visitors [gé/

TIC users included government agencics and universities as well as
transducer users and manufacturers, a total »f 346 regular clients as well
as occasional inquirers. It depended for information prineipally on annou=-
ncement bulletins of government documentation centerc snd technical and

scientific journals /27/. During the final period, it processed 2287 items

of the following types:

[25/. Sponsorship of the TIC was ditcon“inued in September, 1067

[26/. . . Chapin, G. L. McCann, and W. E. Veazie. Operating a Trancducer
Information Center. Columbus, Ohio: Battelle Memorial Institute, Jan, 1000,
Contract AF 33(€15)-5158. Rept. AFFDL-TR-£7-154; AD-A62, 344,

LEZ/. Its main sources were the Defense Dociumentation Center's Title Abstre
act Bulletin (TAB); the Mational Aeronautics and Space Administration's oei-
entific_and Technical Aerospace Reports (STAR); International Aerospace Ab-
stracts; the Interservice Data fxchange Program's (IDFP) Summary Shents and
Reperts; wnd over 50 technical and scientific journals.
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research reports 1098

evaluations o , . 221
specifications 34
manufacturers' data 403
journal articles and surveys 510
bibliographnies 15

The flow chart in Figure 1 shows the document handling system. The Center's
annual budget was about $80, 000.

St e e R A AL 3

TIC provided what might be called "active" information services. An
extreme type of a '"passive" service would furnish only information specifi-
cally asked for. This author classifies libraries and information centers
that acquire on their own initiative but do not supply any materials except
in response to requests as '"passive." Most of TIC's services, by contrast,

reflect the high degree cf subject proficiency and awareness of information

needs of its clients on the part of its professional staff. The abstract
bulletin, for example, was a reference guide to many users because it had
passed through two technical screenings -- the first for selection of ma-
terials for the Center's collection, and the seccnd a subset of these. The
contract compilation gave munagers and program directors reasonably current
information needed for their project planning. A discouraging finding of
user surveys is low incidence of use that correlates to some extent either
with lack of knowladge of the existence of services or lack of knowledge of
how to use the services. TIC staff visits to researchers and manufacturers

provided two-way education. TIC members briefed on services but they, in

turn, learned about the work and information needs of their customers.
Through feedback, TIC became aware of particular prcblem areas for which
special information products were needed. This led to the preparation of

three TIC-generated summary reports for which staff members searched infor-

mation sources and subject fields other than their own to insure comprehen-

siveness. TIC, located in Ohio, literally went to the user through a branch

office in Los Angeles, an area having the greatest concentration of manufac-

TR it 6 Pery 0

turers and users of transducers in the U.S. Notably, the only service TIC

customers appeared disinterested in was a monthly compilation of tables of

—

contents of journals.

20



T ——_me

et W S R S A g o

Spurred by the manipulative capabilitiss of computers, many inforna

tion system designers have been intrigued by .he possibility of providing
personalized information services to users. The Lerm, Selective Dissemina-
tion of Information, or SDI, has become genzric to this concept. Ideally,
an SDI system should match user information needs with the items stored in
the system and give the user all of the i‘ems applicable to his needs but
none of the items that are not applicable. A refinement on this is a con-
cept of weighting the descriptors by which th2 user defines his needs, to
limit, should he desire, the number of items he is furnished to a pre-spe=
cified "most-applicable" cut. Another refinement is a provision for "feed-
back" to enable the user to alter his "prcfile" of descriptors at regular
intervals. Several additional refinements give the user various options,
such as an ability to specify the type of system output, e.g., bibliogra-
phic, abstract, or full-document inforration., The cost accounting assump-
tion is that SDI will be but one component of a fully integrated informa-
tion system, with cnsts of data preparation shared with other operations
such as accession-list, catalog-card, and book-index production. Despite

the existence of some SDI systems, implementation appears still in a proto-
scientific stage.

As part of the U.S, Army's technical library improvement program
[28/, the Inforration Dynamics Corp. (IDC) surveyed twenty SDI systems [23/.
Many of the systems use the machine-readable products of one or more of the
large documentation centers with consequent limitations based cn the con-
fizurations and constraints of these inputs L}Q/. IDC found no commonality
in criteria by which systems evaluate their cperations. Thus, the "results

reported" elements in the system descriptions appended to IDC's report are

/28/. The Army Technical Library Improvement Studies, or ATLIS, program.
[22/. William A. Bivona and Edward J. Joldblum, sSelective Dissemination of
Information: Review of Selected Systems and 1 Design for Army Jechnical Lib-
raries, Rﬁﬂd{;é, Mass: Information Dynamios Jorp., Aug. 1966,  Cont.oint DAe
19100 AMC=057 (). Rapt. TDCLR070; AD63C, 6,

(*O/. The tex* refers to the tollowings sourcaes: Defenss Doostgn-ntat ion Jene-

for: !ntional Aepronantics and Space Administration dational Library of Mod-
: bione f

icine; and Chem <al Abstracts erviee,
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difficult to interpret. For example, statistics from the IBM Technical In-
formation Retrieval Center, Yorktown Heights, that serves 1200 users in the
U.S. and 250 in Eurcpe, show 79.1% relevance as marked on returned notices.
This drops to 45% if calculations are based on the total number of notices

sent. Other systems separate responses that request documents from those

expressing interest but not wanting documents. The NASA SDI system, with

700 users, reported 50 to 60% relevance based on a 60% return. The state-

ment: "15% to 18% requested documents" defies further quantification.

Only one sysiem, :BM's SDI-3, that uses a 1401 computer, furnishod a
cost analysis. No comment is made in the survey on cost effectiveness.

SDI-3 monthly costs to process 50 items with abstracts daily are:

Fixed costs: Personnel $ 4100
3 826 card punches 480

Puached cards 50

Coniingencies 500

Total $ 5130

Variable costs: (per 100 profiles at 5 notices per person per day)

8K 4-tape 1401 $ 2200
(5 hrs/day extra shift,
40% of prime shift rental)

Forms 1100
Phctocopies 800
(900 sheets/day)
Contingencies 300
Total $ 4400
Estimated ccst per profile per month: $ .53
Unit cost (2000 profiles per month): $ 7,00

IDC also pwrovides the following costs for operating a printires ayole
for 3000 input documents disseminaied to 600 users who receive an average of

4

150 notices (1000 characters distributed over 20 lnes of text):

.j j)

ARSI s




R e TS o ST s R By oot

aite

Computer Printing Costs Offset Printing Costs

Key and verify 3000 abstracts:

On keypunch (19¢ ea) $ 2850 On typewriter or Flexo- $ 1050
writer (35¢ ea)

Record:
On magnetic tape 10 On offset masters 300
(5 min, $120/hr) (104 ea)
Print:
On 1000 line/min. 2250 On offset press 450
printer (30 hrs, $75/ur) (15 hrs, $30/hr)
Total: $ 5110 $ 1800

IDC's minimum configuration for an SDI system is a digital computer,
three magnetic tape transports, a high-speed printer, and punched card in-

put/output equipment.

IDC's subsequent nine-month pilot test of a prototype SDI system for
the U,S. Army Natick labs appears to have been less than satisfactory L}l/.
The test usci a 1000-document sample and 25 cubjects having a broad range of
interests from the Clothing and Organic Materials Division. A vocabulary
was generated based on three thesauri as the test progressed. Lack of a
completely integrated subject vocabulary is stated as the most limiting fac-
tor in the experiment. In the fourth of four production runs, a comparison
of manual and machine selections yielded relevance percentages of 55% and
45%, respectively. Participants appeared interested in retaining SDI out-
puts that included abstracts, but their minimal responses suggest an absence
of real involvement, possibly because they knew the experiment was to be
short lived.

& * * * * *

Unique among service organizations is the Institute ‘for Scientific

Information in Philadelphia. Founded in 1956 as Eugene Garfield Associates,

/31/. Selective Dissemination of Information (SDI), Vol. I - Pilot Test at
U.S. Army Natick Laboratories. Reading, Mass.: Information Dynamics Corp.,
May 1967. Contract DA-19-129-AMC-957(N). ATLIS Rept. 15; IDC-8074-2; AD-
6524" 997.

Same title, Vol. II - Implementation Manual., June 1967. ATLIS Rept.
16: IDC-8074-3; AD-654,9396.
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it has developed and adapted a variety of mechanisms to enable users to re-
trieve information from the steadily growing journal literature. It now pro-
vides. for fees, ten services:

The Science Citation Index (SCI), a list of current citations to ear-
lier papers;

Index Chemicus, a weekly (biweekly before 1967) graphic abstracting
and indexing service to new chemical compounds and their syntheses;

Inecyclopaedia ChimicaTInternétionalis, an annual cumulation of Index

Chemicus with subject, molecular formula, author, and journal indexes.
(Volumes for 1960-62, 1962-63, 1963, 1964, 1965, and 1966)

Current Contents in three editions: Physical Sciences, Life Sciences,
and Chemical Sciences, weekly compilations of tables of contents of
foreign and domestic journals in the respective subject fields; over
1600 journals are represented (foreign language contents are transla-
ted to English);

Automatic Subject Citation Alert (ASCA), an SDI system furnishing
weekly reports to users; initiated in 1965;

Original Article Tear Shsets (OATS), dissemination of original jour-
nal pages of any paper reported, abstracted or indexed by the above
services; '

IST Search Service, custom searches in response to requests; and

ISI Magnetic Tapes, contents vary, furnished weekly /[32/.

[}2/. The costs for the services are as follows:

SCI - $1250 (educational) and $1950 (industrial) for the first copy, $625

T for the second copy, annually, for the years 1964, 1965, 1966, each
of which is an eight-volume cumulation. The 1961 Index, in five vol-
umes, costs $700.

Index Chemicus - $350 (educational), $700 (industrial), annually.

Encyclopaedia Chimica Internationalis - the educational and industrial rates
are, respectively, $600 and $1200 for 1960-62; $325 and $750 for 1962-
63; $300 and $600 for 1963; $400 and $750 for 1964.

Current Contents - the Life Sciences and Physical Sciences editions each
cost $60 (educational) and $100 (industrial) annually; Chemical Scien-
ces costs $100 annually.

ASCA - $100 (U.S., Canada, and Mexico); $110 (other, airmajl) annually

OATS - $2 per article (up to 20 pages); $2 for each additional 20 pages or
fraction.

ISI Search Service - $25 for the first hour, $10 for each succeeding hour.

ISI Magnetic Tapes - cost depends on the file purchased, starting at about
5000 per year,
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