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violence perepnernalia and protection against it. Economic i

‘has been drzwvn on. Schumpeter's main statements and their

patent for this or that seems a waste of space. Fore space shou

S‘ 2ASS A NN

FISCELLANEQUS COMIMENTS OH KRANZBERG, et, al.

Do 1% "the two

stimuli...military reguirements and econrnomic profit.,"”
These are not at

he szme level of abstraction. Mllltarj is gpecific -

5
Wnen people wani spears and bombs, production znd innovation ths
becomes préiitable, Pernaps you could have a2 large category of cost-—
reducing innovations for known commodities ~ pure SupT 1y side - znd then
nention other demand categories. Remember, Mum¥ord paired Venus with
Mars, Once given necessities are cheaper, people want toys: Versailles
fountains, weird watches, color TV, snowmobiles, purple hair dyes and
other aphrodisizcs (Afro-disiacs?), LSD. There's also an insztizble de-

mand -for living longer with fewer ailments.

p. 18 I don't think vou really want to become involved in ¥ dis-~
t from "social" elements unless social becomes

y the mere mechanized symbols in the mind of some pedant
whose concepts don!t really have much to do with people "ou% there,"

pp. 28 f£ff. It is amazing that this long historical section

cites 211 kinds of s tale cornballs and omits some of the few TR
people who really had insights into issues such as why Chira didn't
make it. For exgmple, -C;Ej;Ayres, Theory of Economic Prozress,

Instezd Merton, VWeber, and Tawney are dusted off. ¥here's Ve
The footnote presentation seems designed to disguise what litsrzture

e
lidity are ignored. ﬁven'wrong, he is more importent than Schmo
As Voltaire said, to the dead we owe not respect, but the trut’

p.59 Even Acontio's patent was for a monopoly. Mentioning who zot
1

gone to HMachlup's excellent analysis, which probes deeper than this

g
)

survey irplies anyone has.

»:u

p. lcc I*m s ure Nate Rosenberg will appreciate bveing meniicned on

this page, but why do it with such a bzrality? Then on o, c%, you

do it ageinl! ¥hy not siick in Coolidgels, "when many peci_z cornotifing
¢ . work, unemplovment results"?

DY e -6 Unless your pifece is to be arenymous, use the r2rscnzl pronoun
nyv ("my”) in .PER referring to your own work.

pp. 126-152. Omit 211 the case s tudies
p. 162.Ton't depend on Landes for insizhis on

i)
TR . . . prmy T meem o L
try Hobabkuy -, 70718 VEOLE SURVEY WOULD Bl CRISERER IF oo N e S

*—-3



I18:5 chpo suey effoet cant't 21l be the “fault of tazk poor
cretary. Taat awful “"goldmine" sentence on p. 13 can't be
r T ‘aybe thne paper heas tne bad luck of coming right after
n fact, it's not chop suey, just a stale rehasn,

L1

airly well , but uses phrases like "define a con ceptualim

Starts off
zation" p. 4 I'd rather remain ignorant than learn from such
style. ’

A problem with this and the preceding paper is that the authord.

are describing something with which thej themselves don't have

any firsthand fa.lllarlty,xrhere they have done no nrevious

research. So they just condense and repeat what a lot of authorities
n

e

ave sald in a kind of boring, obeisant way, like a scnoolboy's
ssay when he doesn't know where the teacher stands. :

(unfortunately schoolboys in the US are less and less drilled
in how to write an essay or anything else --wvhich may be part

o~y A 0f the explanation)
RS

I like the ideas of the various "Propositions," but the way they
are expressed is stilted and obscurantist. Why not make Prcposition
6, as an example:

"Supericrs welceme clearly relevant ideas the most."

Cr does that make the point too obvious? No w>rder academic social
‘Qc1ence is viewed by others with contempt. Does non—*elevaﬂ*" o7
nvey ax vtnlpg that "irrelevant" doesn't?

The final draft should not be written so that the reader vegins to
vonder wnether in the big rubbish pile of woras there is indeed a
needle of insight.

p.35 Bright's cla581flcat10r ot uncertainties is a poor one.Bverything
is "behavioral." If"competitive actions"are a kind of resistance
to. change, they should be put toyet wer in a senerélcatesory of "inter-
ference risks."” "Demand" mistibeisynonymous with "consumer response.”
There are lots OL”tlmng risks" besides obsolescence which actually
is a technical risk - the purely techmical features are not good enough
given develorments going on in the field. VWhoever thinks Bright is
.the best - or ur to par - on this doesn't know the literature.

p.40 this is the scrt of thing that is helpful: it's more than just an
endless A sgaid this and B said that.

Or: the wnole,tnere seem to be some meaty parts to this section of the

study, wnich snould be clearly and forcefully disf tinguished from those
that are mere fraudulenrt aczdemic wheelspinning. If the writers do rot
pcint this out iw this review, they become part o the prcbliem instezd oo

»

e lpl ; the solution, ne yving goeso

helping with the solution, as the saying goes

P.56. Enureraztions are gcod, but should not all begin with the same
woré, "variszbles..." etc.

In gererzl there is too much detaii,s! too much of an inventery cf
rediocre, evancscent ideas and non-ideas. ¥hy not survey in & ucre
wrr who dces this sort of pseudo-reses rcu vhere, and why?

sengrr



JULIAN D. TEBO, DR. ENG., P.E.
CONSULTING ENGINEER
30 SUTTON PLACE
VIRONA, NEW JERSEY 07044
TeELEPHONE 201 239.0125

Zecenmber 1E, 1973

2. Ielvin lrenzbsrg v

calleviay Frofessor of the [listory of Technology
Seorgia Institute of Teclpo1ogy

£ilanta, Gecorgia 30332

1 have been overvhelmed aurvnb tne past several deys with §
rapers on the various rhases of the innovative process, 2s Uﬁepare by
your Innovation iroject Team. I doubt theav I sheall be able to nect
the requested deadline of December 31, 1¢73 for my comments on all of
Trese papers, but will Try to do as much as I can before that time -
and continue with the rest during Januvery 197h. The Christmes season
is a poor choice Tor deadlines, and I expect to te away from home for
a part of the season.

Starting with one paper picked at random - "The Diffusion Fhase
o the Innovation TrOCOSs”, by Lorrls’iitvner, I was quite impressed
vith the enormous eamount of work he must have done, examining the liter-
ature that involved 15¢ references. Althouzh I am somewnat reticent
concernwrrb my cualitfications as a commentator on the suogecu, I am send-
ing herewith some thoughts that occurred to me as I rcad the raper. I
snall list them in the order in which they came to me with the hope
that they will be of some use to you and your teen:

.-n

(1) Fages 1 - 5 L
'sult In confusion; i i
as I Tound ocut leter in the author's copcluswow
(2) Fage @ - I am unfamilier with the uern
I

ffusion seems to re-
diffusion' meszns,
~n
c:.ge 03. :
nto Carlo gam

1 o} e :
theory", .even though I was in Lonte Carlo in 1S70. Some ernlgna ion &s
to what it meens would be helpful. C
(3) Fage 1L - Diffusion of technical information by a Kational
Institute of Technology would reguire corpanies uO zive up c7csely v
guarded secrets - it is couditful that such an Inst itute would bs success—
ful. : ,
_ (L) Fage 15 (and ezrlier) - A good example of the diffusion of
of knowledge lies in the riany suits (more than ¢00) that the infanit
Zell Yelernone uomp any had to bring against infringers of its patents.
“hus the "diffusion" of technical information created o time-conswiing
and expensive rroblan forced upon the Bell Compony. Yhe profitability
ine telsphone business was tne great attraction that caused the attemptis
¢ others to proflii ot the exrvense ol the Eecll pecple.
The 2uthor seecms to assume that an ‘nnovation is Ifree to be ad-
ovtcd by anyone. This is not generally the case, whon there is a
pcssibility ol rnatent infrlﬁ“cvcnt
(5) ¥Yaze 17 -~ I cuestion the statement that "the rate ol diffusion
of an incdustriel innovation is inversely related to the size of the
investiient recuircd to uze tne nnOVgthﬁ". A good example ic thie in-
novationsz Tollowing the invention of the transistor; a great aiount of
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movacion rnmust be accomrlished wlthout intrbducing
a.d fear.
Organic system of organization practice would
seem best nnovative cases, because a person worlking on one as-
pect has a bet icdea of how his cecntributions are intencded to be used.
"ns an exemple, in the aevelopmgnn of’ the crossbar swithing systen, the

arparatus and systems work were under the same supervisory head, and
conferences with 2ll concerned expedited the development.
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(13) Fages LS and 16 The problem of work alienation in the shkop
is well oro-“bu ocut; the dissatisfactions in the zutoriobile industry, for
example, have nesulbed in striltes and in deliberate damzze To thie product.

(1) Fages 50 - 55 Social networks of physicizns used as an

exanple, have a2 counterpart in Bell Laboratories! reiations beivsen
scientists and engineers. It is also a factor in creating geod feelings
between Zell Laboratories technical people and VLS’bOPo, wvho frequently
T emari aoout hou_:uch their visits have helped then
e (15) agc 58 Opinion leaders can nhave oporaous influecnce in
effecting the bc ra1~uublic. 1T a newsparer, TV, or radio co“men tor
hes 2 pleasing manner, he can wield considerable influsnce on the voting
rublic. “Witness the effect of Father Coughlin's radio talks caﬂ"nh the
Depression years. - Thnis cah have 2 beneficial or a damaging effect.

(16) Tages 68 and 69 Evidence is given that higher education
and higher economic levels among society produce earlier adoption or
innovaticns. This is generally true for the accerptance oi advanced
thougnt in fields other then innovation. .
(17) General The author tells whet other people thini - not

i udy is for. future

~

wnet he thinlis, which I sup ppose is what this study
ucrz;'f'suppose, vill bring out the views of the author.
Some typographical errors are present, dutv I have ignered them.
“nis hes telen far nore space (as well as time) than I hac at
fipst intended. But I hope it will be of some use, and is uvhat ycu
reve in mind. 1'11 write a scnarate letter about vy ©BJC eriorts, Dbecouse
I shell not Le able to attend the SHOT receting the latter part of this
r.onth.

With best regards,

wdlian D. “Yebo
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Comments on Georgia Tech Working Paper: The R&D Phase

This should be read in c0njunctibn with the marked-up copy of the
paper. In making comments I will refer to tﬁa general assessoment
questions:

1) VWhat is the state of the art? or What do Qe kndw?.

2) How good is what we know?

3) What are the gaps ia our knowledge?

4). What specific resesarch should be undertaien to fill the gaps?

1) that do we know? This seems to apply most directly to a) literature
selection and coverage, and 5) definition of the bounds.of the problenm area.

In general the literature coverage seems very good. Thére are a few

missing references that perhaps should be looked into:

Richard Rettig - ~ dissertation — Project Selection
Charles Douds : —~ dissertation — Parallel Development
H. C. Young = dissertation - R&D and Marketing
Richard Barth - dissertation - Organizational Climate
Jack Morton - various works

Carter and Williams - — Investrment in Innovation

Charpie Report — costs of R&D

National Science Foundation — data series on R&D~erpenditures‘,

The other important issue here is the definition of the bounds of‘the
R&D procesé and thus the literature to be covered. The first pages of ﬁhe
paper discuss the definitions of R&D and the subphases that it is
conventionally " thought to inciude:’ basic research, applied research,
development, and engineering. These are not discussed in dep&h, however,
and possible alternative frameworks are not gone into. On page 4 it is
said that an alternative cdnceptu&l framework, the Rubeanstein idea flow
wodel, will be used. The use of this model as épposed to othars nust be

supported, since the model used to guide the assessme2at will have a large
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efféct on the ﬁypes,of literature that should be covered and gaps ic the
'reéearch that would be discovered.

Another bound implicitly set on thé scope of the assessament is the
R&D pfocess as it occurs in industrial laboratories. Does R&D occur
outside industry? Outside formal organizationa?

2) How good is our knowledge? The issue of concein'here iS-developiﬁg
criterié for judging how good knowledge is. My general reaction to tha

: papei is that too often the résearch on which a statement in ﬁhe iiterature
is based is not evaluated in a me#niugful vay. Some>hypothesas afe not
'supparted bj references to»literéturg at all. For example the &ork of
Edwin Mansfield and Daniel Hawmberg, botﬁ cf’wﬁom are'heavily feferenced;
‘is in need éf more critical assessment. In the‘developﬁent of criteria
for assessing project selection models it would be desirable to address
the capability of the models iﬁ éach of the following aspects:

a) descriptive capability | |

b) predictive. capability

c) control or normatiye capability.

Much of the resear;ﬁ refefred to, especially in project selection and 
motiVatioﬁ and performanée, seems to have origlnally been done in other
contexts. Thisgraises a question of the generalizability bf this research.
Why is it felt that it is applicable to the specific issues of R&D? It
would be ﬁseful here, X think, to classify theAliterature according to the
context to which it 6riginally-referred, say, the industrial R&D laboratory;'
the Federal laboratory, management science group, or university department.
This would allow us to see what have been the sources of data in the past.

I imagine thils could be easily pulled off of the computef and presented in
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a table. More importantly, some assessment of ﬁhe applicability of thek
results from»these various context to R&D is needad.

3) What are the gaps in our knowledge?

I ha#e already mentionéd ﬁhat the gaps in knowledge that you uncover
will be heavily‘dependent on the model of the RSD process used. For this
reasoniﬁe need an evaluation of the idea flow model and an indication of‘
the ways in which this affects the overall assessment. You ars not
consistent in the use of this model throughout the papef. For'instance;
v»in discussion of Ménsfield one must use his phase model: basic research,
applied research, and development. It seewms both models (idea flow and
phase) have advantages. Combining tﬁa two models in some way may raise’

- some interesting questions. This might be possible for you to do.

There are soma qﬁestions that were not addressed in the assesswment.
Part of the reason they were overlooked may be the particular model of
R&D chosen to structure the assessment.

1) How is risk reduced as a project procedes through tha phases of
R&D? (I believe Mansfield addresses this in his latest book.)

2) What are the costs of R&D reiative to other phases of the
innovation process? What are the relative costs oﬁ the sﬁbphases of R&D?
llow does this vary from industry to industry?

3) What are the time aspacts of R&D?

4) What are characteristics of participants in R&D in addition to'
gotivation and performance?

béj Vhat specific resecarch should be undertaken to f£ill tha gaps?

The rescarcli recommendations seem to be unduly weighed in favor of

. e
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project selection areas. A set of criteria need to be generated for the
selection of those areas where research would most add to understanding

of the overall ianovation process.

General Comments

The section on project selection is written in much more détail than
‘the rest.éf the paper'aﬁd’can probably b usefully condensed.

If a recent state-of-the-art exists in,a field, it shoﬁld be réference&
'~ and concisely summarized. IAdo not think it is eépecially usefui iﬁ this
regard tb apéeﬁd the euntire Mansfield paper.

Policy recommendations should be held to a minimum, since another
part of this Program's activity is devoting full-ticze effort to stu&ying
the effects of policy on innovation and various policy alternatives.

In summary, the strength of the paper is in broad literature coverage.
There are problems, however, iﬁ fhe imbalance in favor of projecﬁ selection
models, and industrial R&D, as well as omission of aréas such as project
control.‘AThe main weakness is the lack of criteria for making important
decisions such as: choosing. the model for guiding the éssessment, judging
how good the support is for statements in the literatﬁre, and judging what
research needs to be done. - The two models of R&D introdu;éd may profit by
being carefully compared and c0ntrésted, and if possible, tﬁeir complenen—
tarities shown. Perhaps the research recommendations should be scored |

against some number of specific criteria.



'NATIONAL SCIENCE FOUNDATION

WASHINGTON, D.C. 20350

November 15, 1973

v e ey o ——, s R

Professors Melvin Kranzberg

& Patrick Kelly
Department of Social Sciences
Georgia Institute of Technology
Atlanta, Georgia 30332

Dear Mel and Pat:

I have read all of the draft assessment now, except for Tarpley's section
on "application" which has not been received. This letter is to communi-
cate to you some of my thoughts regarding what I have seen, what rewmains
to be done, and the midterm progress report which should bz coming in soon.

As I mentioned on the phone, I noticed a tendency in the papers not-to
evaluate the support for statements found in the literature. The assessment
should be more than a summary of what you find. This is somathing that
should be given more attention in later drafts.

The length of the papers is the most noticeable characteristic. The final
assessment must be of a readable length, so that people will —ead more
~than just the executive summary. Of course, Mel kunows the limits of
Technology and Culture, but we would hope that the total assessment be
about 200 pages, but in any case no longer than 300 pages.

" Accompanying this letter are staff comments on and a marked-up copy of
Norm Baker's paper. These should be read together. You will probably
want to look at it before passing it along. I hope to send similar
detailed comments on each of the papers.

In addition to refining the assessment as it now stands, it is not too
early to begin thinking about how you intend to pull all this, including
the papers by the expert consultants, together into an integrated assessment
of our knowledge of innovation processes.

It is to be hoped that this project will come up with a way of looking at
the innovation literature that makes sense out of it. Now that you have
become intimately familiar with the literature, do you feel that organizing
the assessment by phase of the innovation process accomplishes this, or
have you become aware of other possibly better ways of organizing the
assessment? In regard to the phase method of organization, are phase
distinctions reasoaable and accurate? (Are they oparationally meaningful?)
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What are some of the problems with organizing the assessment this way?
Although much of the literature falls into this kind of wmode, it is
-awkward for handling works that deal with several or all of the phases.
How will you handle the interfaces between phases,. which some have
suggested present the most difficult problems?

It might be interesting to brainstorm some alternative ways of organizing
the assessment and investigate the advantages and disadvantages of using
them. It might even be possible to use more than one scheme in the
assessment——one chapter by phase, one chapter by variable studied, one by
research or policy questions such as those raised in our progranm plans,
etc. One concern is that the present arrangement places too much emphasis
on the individual phases, although attention is paid to the interrelation-
ships between the phases, simply. because the reader sees the name of a
phase at the head of each chapter. In any event your assessment report
introduction should explain the framework utilized, the rationale for the
framework, and other frameworks considered but not used, and why.

The output of the project is to be an integrated assessment, as opposad to
a series of partial assessments. The draft assessment you are working on
should be the basic foundation of the final report. Whatever the consultant
papers have to add to the basic assessment should be incorporated into your
paper. The consultant papers should be treated as inputs to the assessment
and included in the appendices.

I spoke to Mel about establishing criteria to guide the assessment of the
quality of knowledge, of concepts, and of what research neads to bz done.
The general purpose of this is to assure that the assessment is not
arbitrary. It is probably not necessary to establish formal lists of
criteria and instructions for applying them. Rather it will probably
suffice to make explicit your concerns in evaluating the literature——
that is, to discuss what you felt was important in assessing the state of
the art and how you approached the task. It is also critical that the
assessment of what research needs to be done narrow down to a relatively
small nusber of most immadiately important things. (Twenty possible
projects for each phase will not do-—two to four is more like it.)

I would like to receive a midterm progress report from you sonatime in
early December, so it will be possible for me to have some of our staff
review it and come down to discuss it with you by late December. The
report need not be lengthy, about 25 pages plus appendices of the outputs
to date.. It should cover what you have done up to this point and what
you plan to do between now and the end of the project, including a
detailed outline of the final output. We are interested in what you

have learned about innovation and the state of the art, what your thoughts
are on the form of the final assessment, and what you have actually done

e m e e - —————— 4 T -
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to date (number of abstracts, etc.) This is also an appropriate place to
indicate how much of the funds and time have been speat and bo¢ this
coupares to your original project plan and any problems anticipated in
finishing on schedule. The midterm report and attached outputs will be
sent to the same reviewers who participated in the external review of your
proposal. :

The proposal specifies that a midterm report will be made after the
Georgia Tech assessment has been critiqued by the expert consultants. It
appears, however, that these critiques will not be forthcoming until after
the consultants' assessments have been received. Since you are already
into the second half of the project we will have to accept a midterm report
that does not include these critiques or only some of them. This does not
eliminate the need for the critique step, however, and you will be expected
to solicit and incorporate consultant critiques into the Georgia Tecn
assessment, as indicated on page 15 of your proposal.

We also expect that the consultants may want to make somz changes in their
papers based on your assessment. As you recall, it was desired for the
consultants' individual papers to build upon what you had already done

The midterm report will not take the place of the monthly letter reports
which are specified on page 20 of your proposal. I have receaived only
one to date. These documents are important as formal indications of the
_progress of the project. They should be brief, indicating what has been
accomplished to date, what remains to be done, unanticipated problems
encountered, and how resourcesspent to date compare with the original

" plan. I expect reports for the months August, September, and October by
the end of this month. The month of November may be included in the
midterm report. '

The question of whether it will be useful to have a symposium on your
research results in Washington will remain open for a while. The wvitility
of such a symposium rests on the quality of your output, the form which
it takes, and the audience(s) of primary interest. Thers may be
alternatives to a symposium. The decision on which way to go will be
made after we have a better idea of what the final product will lock 1like
and, perhaps, after we see the coverage aund response at the AAAS meeting.

By the way, Pat, you asked about submission of a proposal om our FY 1974
Program Plan. A proposal may be submitted at any time and will be
considered in competition with others. Howaver, a final decision will not
be mada uwatll the output of your current project has been evaluated. Dave
Roessner is in charge of our puvlic sectovr activities, so you may want to
contact him, A brief statewent of research interest 1s sppropriate as tha
first step. ‘

Sincerely yours,

Mary Ellen Mogee
~QEfice of Mational RID Assesszent
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GEORGIA INSTITUTE OF TECHNOLOGY
ATLANTA, GEORGIA 30332

October 26, 1973

RIMENY OF
A\, SCIENCES

Dxr. Simon Xuznets
67 Francis Avenue
- Cambridge, Massachusetts 02138

Dear Dr. Kuznets:

Please excuse my delay in responding to your letters of
September 24 and October 15. I have been out of town on an
extenced lecture and conference tour, and then I wanted to
digest the contents of your letters and also of your preliminary
draft on "Technological Innovations and Economic Growth."

First, let me thank vou for bothering to read my lengthy
paper. As you realize, these rough drafts are meant for internal
consumption, and the final versions will undoubtedly be much
different. 1In my case, I deliberately over-wrote in oxder to -
include materials which properly belong in the xreports of my
Georgia Tech colleagues, in the hope that they will eventually
use some of my material in their own papers. My final version
will be about one-quarter the length of the rough draft.

v I am glad that you both approve and find fault with different
elements of my paper. (I find some fault with some things myself,
and I intend to correct them in later versions.) You are right,
we do not intend to arrive at a consensus. The subject is too.
complex to admit of reconciling our differences, and any attempt
to do so would result in mushy generalizations which would be of
very. little help to future researchers on this topic. If ours
is to be a true state-~of-the-art study, it must reveal these
differences in interpretation, because they are a true reflection

- of our current state of knowledge.

Not only will there be differences of interpretation
between the consultants and the Georgia Tech report, but there

will also be differxences among our Georgia Tech group and among
our consultants.

Some of these differences can be fundamental. For example,
Jim Brignt guarrels with our definition of application in terms
of "first commercial introduction.” He thinks that is very
narrowly constrictive, and ignoxes a major aspect of innovative
progress. Xt would exclude study of such "hardware" as jet:
engines, radar, atomic energy, integrated circuits, thé computer,
numeric control of machine tools, etc.; it would also exclude



Dr. Simon Kuznets
October 26, 1973 .
. Page Two '

"software" such as guality control, interchangeable parts,moving
assembly lines, weather forecasting, and operations rescarch.
Bright states that this is so because these innovations wexre
either initially supported through R&D by the military ox other
government agencies, and second, the innovation was first used
by the government or under government auspices. In other worxds,
he guarxrels with the idea of "commercial introduction" because
he believes that "an enormous amount of technical innovation

can be traced to government support or experimentation."

Although I agree with 3right that many major innovations
vere developed under government auspices, I do not think that
our study excludes them. While we are more ccncerned with
commercial application, we are interested in the totality of the
innovation process —— and that would include the military and
. governmental inputs. In many cases, furthexr innovation becomes
necessary in order to transmute such innovations into the
civilian economy -~ and we are concerned with both kinds.

The important thing is not that Bright disagrees with our
original definition —-- we widened it to "application," without
any restrictive adjectival modifiex, in orxrder to take cognizance
of his objection ~- but that such disagreement helps to focus
attention upon a major issue in any conclusions we might reach.
Actually, upon several issues: If governmental R&D (military
and otherwise) is so important in innovative progress, how do we
transfer these innovations into the civilian economy? What type
of governmental R&D is most productive in stimulating innovation?
In the absence of or decline of governmental support of R&D,

how can we best stimalate civilian R&D and its contribution to
innovation? Etc.

. Turning to the first section of your preliminaxy paper,
which I have read with great interest (it is now being duplicated
for perusal by my colleagues, and their comments), I note that
you fall into the same trap as I do, even though you struggle to
avoid.it. The trap is in the use of such terms as "marked advance,"
Ysupstantial," "major." It is inevitable that we use such terms,
but the fact is that while they sound quantitative, we are hard
put to give them any numerical content. They remain semi-
gualitative judgments because we don't have any measuring criteria
other than commercial “success" (which can perhaps be measured
by a balance sheet, but that too is subject to conflicting
interpretations, which explains why accountants and tax lawyers
make such a good living).

I have been perturbed by this questibn for many years now.
¥y good friend and formcr colleague (when we were both at Case
Inctitute), Russ Ackoff, used to axrgue with me about this problem.



Dr. Simon Kuznets
Qctober 26, 1973
Page Three

As an operations researcher, he wanted to give a numerical
factor to instances of technological innovation —- but we could
never agree on a measuring stick, or unit of measurement. I had
basically the same argument some half dozen years ago with Bob
LeXachman at the Colurbia University Seminar on Technology and
Seocial Change; when he proved statistically that the steam edglnc
~had had very little effect on British production (just as Bob
Focel used econometrics to downgrade the importance of the
razilroads in American economic history), I challenged him by
pointing out that production figures might not tell the whole
story of the rewolutionary impact of the steam engine on the way
in which people worked, where they worked, and how they worked.

I suppose that such discussions simplv prove that economists,
operations researchers, and historians tend tc look at different
aspects of the same subject, which is perhaps as it should be.

In any event, T applaud your attempt to dlstlncunsh among different
kinds of innovation, to define "major" and mlnor,' and to outline
difficulties in evaluating innovations and their impacts.

Perhaps you will help me find some satisfactoxy answer to this
guestion of guantitative-qualitative evaluation of technological
change which has been troubling me for so long. To put-it in
Talmudic terms, vou can be my economic Maimonides, offering a

guide to this perplexed historian.

Sincerely vours,

Melvin Xranzberg
‘ - Callaway Professor of
. the History of Technology

MKWl .
cc: Patrick Kelly
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Mary Ellen Mogee
11/30/73

COMMENTS: Problem Definition - Ides Generation

The greatest shortcﬁming of the paper is the failure to
answer the assessment questions li;stevd on ﬁages 9-10, and to
provide supporting evidence for some statements.

AnOther major problem is in your use oflthe idea flow

model to guide the assessment. The same questions are raised

as applied to Norm Baker's paper. Does the use of an explicit

e

o
P

model of the process, depiéting relationships. between activities,

" ———

allow an objective assessment of the field? What is the basis for

_selecting one model over others? It is likely that important

aspects of the area of knowledge will not be covered by the model. |
There may be a tendency to preferentially report data that supports
the model. Cne reader thought youf paper came over more as a
defense of the‘modél than an assessmeﬁt of the field. He thought
the idea flow diagram represented an a priori conclusion of what
y.our‘ findings would be. You might consider making the model
less explicit and therefore less determinant of fhe resulting assess-
ment. Use of the heufistic device must be justified.

At one point, “problefn definition-idea generation' is equéted
with creativity. Was this the result of a litérature search on the

operational meaning of creativity, or how did you arrive at it?



Later (page 16) the phase is defined more as a process by which
technological capability and perceived needs or opportunities are

synthesized into new products, etc. What is the relation between

the two definitions? Are they the same? ng

The paper should cover individuals as well 2s organizations.
Deliberate creativity does not exclude the individual. Individuals V :}D
. S\
’ Al
W

are important in innovation occurring within organizations. You

§_h_oi11& cover what we know about the characteristics of creative

individuals, such as inventors and gatekeepers. ;

There seems to be less emphasis on the prob.lem identifi- - -
cation than on idea generation. Problem,identificatio'n brings out
the importance of the interfaces betvfeen the phases of innovation o -
processes. As you suggest, inputs are made By.salesmeh, market-
ing researéh departments, production departments, etc. Perhaps
more in your case than in the others, it is mistaken to limit the
concept of the phase to the first phase in a linear sgries. Al Bean :}& m’y
points out that problems are identified and ideas generated ‘ Np;i‘k
throughout the process. Some ideas and broblems are alternatives
for each othel;; others are relevant to a particular vstage ;)f activity
in the progress of an innovation (for instance, ancillary technical

problems that must be solved in enginecering a pilot plarﬁ}. Think- A

-
| 3 it
- - - - . - - - - g - 4 h
ing of idea generation-problem definition as an '"'initial phase' is a -

result of taking the phase model too seriously,

-2 -



There are major gaps in the literature coverage of this
paper, that reflect weaknesses in the other papers as well. The
Georgia Tech group appears to be missing the bodies of literature
on marketing, product management, and new venture analysis.

e '/W . Wml_/’——————'—“
Some relevant journalsare: | V

Journal of Marketing Research

Marketing/ Cornmunications

Industrial Marketing

Journal of American Management Association

Academy of Management Journal

‘Sales Management

Prominent authors include Frederick Webster, and Lawrence and

Lorsch. An article pertaining to the '"dual role of salesmen"
M .
(selling to the customer and persuading the company to tailor new

products) is by Henry Pruden in the September 1969 Academy of

Management Journal. For an assessment of the leadership litera-

" ture see the Handbook of Social Psvchology, 1970 edition. Dave

suggests two works on rate of idea generation in organizations: a

theoretical article by J. Q. Wilson in J. Thompson, .i‘gpproa.ch_es

to Organizational Design, and a follow-up empirical study by

H. Sapolsky in the Journal of Business. A recent article by

Hlavacek and Thompson in the Journal of the American Management

Association on venture analysis should have a bibliography.

One aspect of the area that is not covered is how variations

in context (industry, technology, etc.) affect_the definition of

-




problems and the generation of ideas.

You do not cover methodologies or measures used in
the stﬁdy of this area.

The §ty1e of the writing, especially in the introduction,
tends to be wordy. This mﬁst be,elimina.terd in all the pa’pers

in view of overall length limitations.




HARVARD UNIVERSITY

DEPARTMENT OF ECONOMICS

CAMBRIDGE. MASSACHUSETTS 02133

Professor Melvin Kranzberg Hovember 19, 1973

- Deparmtnent of Social Sciences
Georgia Institute of Technology
Atlanta, Georgia 30332

Dear Professor Kranzbersg:

Many thanks for your letter of November 1lith, commeaniing on
the first draft of my paper. I am glad to kxnow thas you find the
= general content of the paper acceptable; and hove to profit
from your spescific mxxzmisx comments in the revision ahead.

Two questions in connection with the latter:; (1) Do I have to
worry about space limitations? In order to deal with some of the .
points more clear¥¥, I may want to use more space, in moderation. Is
that all right, or is the paper too long already? (2) wWhat is the
suomission date of the final draft? '

Ehclosed you will find a few comments on your paper. Do not taks
them too seriously, for some of them represent a different individual
s3ant on - the problems--and therw would be natural disagreement. If
just a few of them are helpful, I shall be content.

I do hope to receive more comments on Ahe first drafi of my=
paper: but  will understand if the pressureiof other concerns mnake
prompt or even eventual responsgse difficult. Meanwhile, I shall <try
to go throuzh once more the remaining papers; but the comments will
be delayed by =2 spell of idleness over the Thankszgiving holidays.

With best wishes
yours sincerely

Simon Kuznits

67 Francis Avenue
Cambridge, Mass 02138
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. Commz2nts on Professor Kranzberg's

‘Paver, The Ecolozy of Innovation.

74 .
"z;:// Frorn gl

In view of the pr2liminary character of the paper; ani

“lack of certannty as to how far revisions iz mizht already have bheszn
made, I am limiting my comments to the broader observations. They
may not be helpful! and if so, should be freely disregarded.

Introductory Section, pp. 1-11

1. Here, and in the followings. section, it would help to make a
sharper distinction than is drawn, between invention and innovation.
Thus the mzthology etc. noted in the first few pages refers to thes
vopulatim notion of an inventor, or the population hotion of what causes
an invention. There is a separatem mytholozy on +the entreprencur
o2 innovator. - » _ '

"2, I have some difficulty with the phases listed on ?. 9.

Ezen if we admit the possibility of establishing the problem definit-
ion and idea generation, it is a point rather than a2 phase--unlass you
specify it further. The first phase suggested is then betwwen. probl
e definition-irndea generation and invention; the second bsiween invent-
ijon and- 24 D etc. Furthemore, R & D 1is an institutional rather
“than a functaénmal concept--and may in fact cover invention and problex
“definition. Presumably it is the development component that is meant

here. - I am commenting in the light of the =X phase classificas-
ion used in my paper. And I would not Z=xm reduce the importance
of proper phasimg -hx because they are interrelated: they still represant
important distinct seggments in the significant sequence that constit-
utes the innovation ppocess. ' - ‘
II Theories ... pp. 11-28

3. Some of the theories cited refer to inventionf‘oﬁhers to inngv:

ation; and, of cousse, all of them are far too simple. I wonder
whether some parts of this section could be absorbed elsewhers:; and the

ozular

-

rest--which refer to obvious oversimplified hypotheses, often
myths, could be omitted, - ’
IIY _Social Ecology, pon. 28-84

L, This is a long and key section. The sequence followsd is Zx3

from socio-cultural environment to economic incentives, to non-agonomnic
incentives, to institutionalization of‘sccia~eoonamic demnand, to diffus-
ion mechanisms, Thers is a close relztion bastween the soclo-cultuzal
environment and institutionalization of soclo-economic deaand; and I

am wondering whether one could start with the economic incenitivas, 3o

on to the non-2cononmic incentives, zx3d then deal with racoznition zand
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Comnents on Professor Kranzberz's Paper, . 2

- -

vironment, including the institutionalization of the response .

5. The section on diffusion ( pp. 79-9%) approaches tha prodlen
fromt the staddpoint of mechanisms of transmission of information.
But this is only ane aspect of the diffusionzm ppocess. Another aspact
is the additional learning and gain in productivity that occurs fron
learning in thes course of diffusion--not by transmission o?f 1nformat10n
but =z from learning by doing The statement early in the secition
(p. 79) that “innovatidn must be viewed as naw knowledze”, should be

qualified by adding that it 1is incombdlete new knowledge,
IV The Technological Badkzround, ©Dn. 95-125 "

ions between science and technologyxx (this reaction can be easily sur-
mised: from discussion mfin several parts of my Daber). To bes sure,
nanj inventions wefe not dependent on antecndant scientific dlscoverles
end many scientific discoveries were made w1thout reliance on technolog-
ical experience. But from the birth of modern science there has bzen
an increaSinFly close inter-relation; and in terms of what might be
called major invention clusters, the ror% of science and technology
tonay b A, FAIENI I

and the fegback between the two (not didlactic in nature, if by dia-
lectic we mean »3 movement by resolution of contrazXisax dictions),

In this connection I was much impressed by recent books by D.S,L.

Caxdwellx (I read only two, Steam Power in the Eighteenth Centmyy, very
good on James Watt; and Frgg*qggt‘ to ClaSlEuS. The first was pudbl-
ished in 1963; the second in 1971; and there is a third recent boox,
reviewed in a recent issue &f Sciencel.

V__Cases, pp. 127=152 |

7. I am not sure how much the cases add to the discussion already
presented. Given the necessary brevity of the discussion of each case
it is diffiault to go beyond the already familiar. If there is
pressure for conserving space, this sectlon would be my first candid-
ate for omission. ‘

8. With particular reference to the discussion of Watt (pp, 127-135
there are a number of points that might be quarr2lled with (rarticularly
in the light of the discussion by Cardwell).  The pressure Tor WYWatii's
enzine was far less real than 1is suggested; he was far more devandens
uvon antecedent science than +ths discussion suggests; and ths who
approach to the problem was aessentially of an exp S
rather than of an inventory. The scientific origins and consajusnces

of Watt's steamx engine are far more 51"n1f1c“x

ciﬁ
‘+
jod
5]
o 1
)
RS
s
4]
by,
ry
(@]
13
¢t
)
m

PS T PR . e oy



APPENDTIZX ITII

SAMPLE

ABSTRACTS




Authors: Baker, Norman R. and James R. Freeland

Title: "Structuring Information Flow to Enhance Innovation"

Journal: Management Science, Vol. 19, No. 1

Date: Sept., 1972

Scope (including process phase and context):

The paper discusses information flow and researcher
behavior during innovation. A model of a management
information system 1is structured. Critical problems of
Information search and dissemination are examlned.

Methodology (procedural approach):

The paper consists of a data survey frbm several
industrial research organizations and analysis of this
data. , _ - '

Previous work on which based and aséumptions:

Assumption: A properly functloning research actlvity
reaquires a perlodic flow of i1deas for researchable
problems as a necessary lnput. :

Previous work: Rubenstein, A.H., "Organizatlional
Factors Affecting Research and Development Declsion
Making 1n Large Decentralized Companies", Managenment
Science, Vol. 10, No. 4 (July 1964.) ‘

Major hypotheses advanced:

The input of high quality ldeas is a necessary, but not
sufficient, condition for a research actlvity to
function properly. ‘ :

Major Empirical Findlings:

(1) Ideas which were not submitted contalned a signi-
ficantly higher proportion of "good" ideas. (2) ‘
Necessary conditions for generating an idea: (a)
Recognitlon of an organizational need, problem, or
opportunity which is prerceived to be relevant to
organlzational objectives, and (b) Rscognition of a
means or technique by which to satisfy the need, solve
the problem, or capitalize on the opportunity. (3)
Technical planning techniques, such as relevance trees,
can be a useful source for tracing informaticn flows.
(4) Project selection and manpower planning is included
in the process and the output from these subsystems
specifies the ldentification and timing, as well as the
routing, for the information sources.



concluslons (and author's recommendations for

‘anjor
g h and/or policy conslderations):

~urchpr researc

lanagement science techniques can integrate descriptio
and methodology to structure benhaviorally feasible
systems of Information flow and interation with thes
innovative process. Additional work is recommended
on parameter extimation, value measurement, and information

source deslgn.



Author: Allen, T. J. and Cohen, S. I.

Title: "Information Flov.in Research and Development ILaboratories"

Publisher: Administrative Science GQuarterly, Vol. 1k, ?i 12

: Date: March, 1969

Scope (including process phase and context):.

The flow of information in R aﬁd D laboratories are vital to i eirAexiﬁ-
tance. This article studies these flows in two R and D orgzaizations

with respect to internal and extermal flows of information.

Methodolosy (procedural approach):

Technical communication patterns in two R and D 1labs. wers examined using

modified sociometric techniques. Tihe structure of technical communication

networks in the two laboratories results from the interaction of both social
relations and work structure. o

Previous work on which based and assumptions:

Previous studies have show the existence of special routes through vhich
technical information most effectively enters the leboratory and travels
within a laboratory. Based on studies of mass communications (Iazarsfeld,
Berelson, and Gandet, 1948, Kate and Lazarsfeld, 1955, Xatz, 1960, Coleman, .
Katz, and Menzel, 1966), the existence of a 2-step process was hypotkesized,
througn which the average engineer was connected by an intermadiary to in-
formation sources outside of his laboratory.

lMajor hypotheses advanced:

(1) In fluence, of organization sturctures
a)formal organization (management relationships) .
b)informal organization ’friendshins and social relatianshops)
(2) Technological gate keepers:
a)will be better acquainted than Ou%nrs in the l”DO?aEOfy‘Wlth tha
scientific and technological literature.
b)will maintain a greater degree of informal contact with members of
the scientific and technological community outside of their owm
laboratory.

ch

lajor empirvical finding

There is strong relationship: in the selection of individuals for sccializ-
ation and the selections ol those for technical discussion. The informal

oxgzonization is strongly rel ath to the technical discussicn network, but
is for less influential in determining the flow of ciritical ideas. The

relintbion betuwcen formal OfgﬁdLgdthn and technical communication is wmuch
shronger than was evidenl with informnl ocganization.

m—




7.

F=jor conclusions (and author's recommendations for further research
and/or policy considerations):

Gatekeepers help significantly move patents, published more papers and
were first line supsrvisors. Factors whicn influence the flow of tech-
nical information should be understood and the valuz of gatekesepers should
be recognized by R and D managers. :

=,
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Author: Hitch, Charles

Title: "The Cnaracter of Research and Development in
a Competitive Economy"

Tdentifier: Rand Corporation Papers P-1247-1309
(Q180.A1 R37x)

Date: 13 llay, 1958

Scope (including process phase and con toxb)

This paper discusses the criticism of military R&D
management. It compares it to industrial (competitive)
R&D management and draws conclusions.

Me%hodology (procedural app:oach):

The article is mostly speculative and the author uses
no references for data or results he has brougnt into
his arguments. : '

Previous work on whnich based and assumotions:

#o previous work was montlonea. No assumptlons were
stated; the article was written purely from the autnor's

obuervatlono.

Major,hypotheses advanced:

3 each:

(1) the organization of R&D in the competitive econom;
is wrong . :

(2) crities of military R&D are wrong

(3) military R&D is different in character fron como titive
R&D, and call for different management technigues.

lajor empirical findings:

(a) The quickest way to achieve many research objectives

is to try multiple paths; (b) more duplication and
waste of effort can be justified for hignh payoff or
high uncertainty projects; (c¢) the cheaper the multiple
paths, the more should be tried; (d) predictions of
results of R&D are highly unreliable, research should
carried through; (e) the person qualified to choose a
direction of research is the one doing thes research; ()
the best incentive for research is competition.



Hajor conclusions (and author's recommendations for
further research and/or policy considerations):

The problem in managlng governmental RZD 1s not how to
suppress competlition, but how to divert it into more
productive channels.

Thne first hypothesis was rejected, the second was
considered partially true, along with the third.



Author: Edwin IMansfield
Title: "The Speed of Response of Firms to llew Technlgues"

Journal: Quarterly Jr. of Economics 77:290--311

Date: May 1963

Scope (including process phase and context):

The paper examines the factors that iInfluence the diffusion
of an innovation and the characteristics of the innovativa
firm. An examination of the results is made in light of

the industries concerned.

Mlethodology {(procedural approach):

A specfic model is generated to evaluate the innovatlon
response period. Data were collected regarding fourtesn
innovations in the bituminous coal steel, brewing,and
railway industries.

Previous work on which based and assumptions:

- Since Schumpeter asserted that a successful innovation

is followed by a host of imitators, much work has been
done in this area but little in the specific areas
Mansfield examined.

Major hypotheseé advanced:

Hypotheses are presented regarding the effects of

various factors on the lingth of time a firm waits

before using a particular technlique, fourteen major
innovations are examined to discover the firm's rate

of response and rate of diffusion, and the extent to which-
innovative 1eadersh1p is concentrated in a relatlve_y

few firms,

Major empirical findings:

The results suggest that the length of time a firm

walts to introduce an innovation tends to be inversely
related to the firm's size and the possible profitability.
There seems to be no concentration of innovative leadarshnip
in the industries examined. There was no tendency

for the length of time a firm waits to be inversely
related to its profitability, its growth rate or its
liquldity or directly related to the age of its president
or its profit trend.




Major concluslons (and author's recommendations for
further research and/or policy conslderations):

The proposition that the spesd at which a firm responds
to an innovation directly related to 1its profitability.

With a constant profitability it 1is more likely that z larg

firm will use the innovation before a small firm. The
assumption that innovative firms consistently are the
first to use the innovation was not validated.

(=]
-

-



Author: 'Joseph Ben-David

Title: "Roles and Innovations in lMedicinez"

Publisher: American Journal of Sociology, Vol. 65

Date: HMay, 1960 ‘ : ‘ ' -
Scope fincludinv process phase and context): |

The function of the professional soclety is examined to see how it
arffects the innovative potentlal of individuals.

Methodology (procedural approach):

Medical researchers and clinical practitioners in countries where

the careers are differentiated are examined to estimate the possi-
bilities of practitioner researcn and the kind of communication

that exists between the two roles. The careers of promlnent medical
researchers are examined to see how the role differences affected. then.

Prevlious work on which based and assumptions:

The references used in this paper include S. C Cilfillan The
Sociology of Invention; R. H. Shryaock, Amevlcaﬂ Medical Roseracn-
Past and Present, and A. Flexner, Universities: American, English,
German.

Ilajor hypotheses advanced:

~ Specialized research personnel working in autonomous and affluent

sclentific organlzatlons may be the most efficient method in promoting
rapid scientific growth when a good idea is at hand of how to exDlOﬂa
a series of well-defined phenomenon. :

Major empirical findings:

In the long run, the knowledge gained from a.l1"‘ted range Of probTena
may diminish. Increased productivity can follow only by shifting

~attentlion to new problems and using techniques to explore then.

Professionalism of research does notiln itself decrease the chances

- of innovations by outsiders. Theorectically it Increases the chances

since the more differentiated the area, the greater is its likelihood
of role hybridization. Closed academic systems such as the CGerman
school, tend to los= efficlency since they are reluctant to explcre
those marginal innovation opportunities in which there is a risk of
losing status. .

Major conélusions (and author's recommendatlions for fu"bher research
and/or policy considerations):

None.



Author: Mansfileld, Edwin

Title: Chapter 4, "Innovation and the Diffusion of
New Lecnniques"

Identifier: 1in Technologlcal Change, by Edwln Mansfield
(W.W. Norton & Company)

Date: 1971

‘Scope (including process phase and context}):

Using industrial experilences, the author dlscusses
several topics involving innovation and the diffusion
of new techniques

Methodology {(procedural approach)’

- The author uses case studies and other references to

back .up his discussion.

Previous_work_on which based and assumptions:

The author states, that "an inventlon, when applied for
the first time, 1s called an lnnovation." With this
definition, his discussion beglns, supported by several

references-to case studles and data surveys.

Major hypotheses advanced/Major empirlcal findings.

There are 12 sections in this chapter, and each one
contains an hypothesis and empirical findings.

Section 2: How long 1s the lag: between invention and
innovation? The lag varies from industry to industry.
Mechanical Innovations appear to require the shortest
time interval, with chemical and pharmaceutlcal
innovations next. Electronle innovations took the most
time. The interval appears shorter when the inventor
attempts to innovate. The lag has been decreasing:
during the period 1885-1950.

Section 3: What factors should a firm consider in
declding whether or not to innovate? The firm should
estimate the expected rate of return, risks involved
in innovating.

Section Y4: To what extent do new firms, firms in other
industries, independent inventors, and unlversitiles
play a leadling role as innovators or as sources of the
ldeas underlying major innovations? The older industries
have dlfficulty 1In developing and introducing major in-
novatlons because they are fragmented into many small




firms, they are committed to present methods and
machines, and they spend little on R&D.

Section 6: Once an innovation has been ilntroduced
by one firm, how rapldly does 1ts use spread? The
diffusion of a new technlque 1s generally a slow
process. The rate of imitation varies widely.

Section 7: What determlines an innovation's rate of
diffusion? Four principal factors seem to govern the
rate of diffusion: (1) the economic advantage of the
innovation over older methods or products, (2) the.
uncertainty assoclated with using the innovation when
it first appears, (3) the commitment required to try -
out the innovation, and (4) the rate of reduction of
the. initial uncertainty regarding the innovation’s
performance. As the number of firms in an industry
adopting an innovation increases, the probability of
its adoption by a nonuser increases. The expected
profitabllity of an innovation is directly related

to the probability of its adoption. For equally
profitable innovations, the probability of adoption
is smaller for innovatlons requiring relatively large
investments. The probability of adoption of an inno-
vation is dependent on the industry in which the
inncvation is introduced.

Section 8: What are the characteristics of firms that
are relatively quick or relatively slow to begin using
new technliques? (1) Large firms are quicker on the
average to begin using new techniques, (2) The higher
the expected return from the new technique, the gquicker
it would be adopted. (3) There is no close relationship
between a firm's rate of growth and the rate at which
it adopts a new technique. (4) No close relationship
exlsts between a firm's profit rate and the rate at
wnich it adopts new techniques. (5) There is no
evidence that firms with younger management personnel
might be expected to adopt a new technique more
quickly. (6) The effect of a firm's liquidity on its
speed of response was not statistically significant.
(7) The effects of a firm's profit trend was not
statistically significant.

Section 9: At what rate will a firm, once 1t has

begun to use a new technique, continue to substitute

it for older methods? The profitability of an investment
opportunity stimulates a firm's speed of responss

Small firms were qulcker than their larger rivals to
substitute the new technique. The age of a firm's
equipment and 1ts liquidity also determines its

response to lmplementing new techniques.




"Section 10: Characteristies of firms whilch adopted

an lnnovation more quickly are: they were larger than

.average, the presldent had more educatlon and was

younger.

Sections 1, 5, 11, and 12 were introductorj or case
descriptions

Major conclusions {and author's recommendations for
further research and/or policy conslderations):

The author states that-no single case study can
represent all the new developments that are shaplng
the nature and evolution of our economy. The examples
he presented should provide insight into the precess
of technological change.



Assessment of significance and relevance of this item:

This chapter covers many signifiéant factors affecting
the diffusion of innovations through an industry.

Major recommendations (concerning thils item):

The results as stated should be substantiated by other
- references and used as part of our project report.
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Autnor: Utterback, James 1.

Title: "Innovation in Industry and the Diffusion of
Technology"

ier: Vorking Paper, C

aduate School of 3Zusin=s3,
Indiana University ni 2

'
ity , Blooninjton,
PDate: June, 1973.

Scope (including process phase and context):

The paper. 1is a state-of-art survey cf th

e factors which
influence the process of innovation in organizations
including organizational environment, acceptancs in

the market, and diffusion of tmcono105y.

metnodolo"v (procmaural approach):

;;é
Previous work on which bas sed and assum ctions:
Since tne author conducts an exnaustive literature
searcn, there is no specific previous work on which the
article is based. The focus is on innovation ilow,
particularly the flow of information relevanrt to
innovation. "he author's underlying assumrtion is that
the potential of any firm for tecunical innovation can
vbe considered as a function of the eccnomic, social and
vpolitical factors of its envircnment as well as the
state of developiment of technolopy and information about

relevant technology.’

ilajor nypotheses advanced:

. The article has a nunmber of hypotheses, ‘including: (1)

barriers to flows of people and inform atlou betweeén

the firm and its environment will 1limit 1its inowledgs of
neads, technologies, and policy in“ent*ves; (2) the
firm's resourc:zs, personnel, comnmwunicat rlows d

.

}.J
o]
-

decision processes will determine the extent to
firm's innovation potential is realized; (3) as
tainty faced by the {irnm increzases, its nsed £
specialization to deal with various faceits of

environment will also increase; (4) organizati

spatial bonds alTect cotumnunication and intagra
funections and betweern phases in tune innovation



(5) thz probability that a given firm will zdobt

an

innovation increases with the progort‘on oi comsetitors
ulreauj adopting and with tne profitzbility of adontion,
out decreases with increase in tne regulired investiient;
(6) the firm's ability to absorb the cost of a wrong
dzeision is also an important consideratbtion in adcepticn
of an innovation; and (7) in addition ¢o fiow of
innovative output, skilled persons and technical infor-
mation flow from the {irm and become involvad in ths2
creation of additicnal innovations and spin-off firms.
HMajor Empirical Findings:

Because of the scope of the paper there are a largs
nurnber of empirical findinss reported inecluding:

(1) market factors account for 60-803 of important
innovations with the remainder zaccounted for by -
response to new technologies; (2) short-term profit

and market opressures stimulate innovation; (3) most of
tne ideas successfully developed and implensnted by

any firm came from outside the firm including innovations
wholly adopted from other firus; (4) the cost of the
adopted innovation was about the same as tine cost of
developmnent of the original innovation; (5) larzger Tirms
do not .seem to develop a greater proportion oi innovations,
relative to their market share, than smaller firns;

(6) there is a substantial lag, 8-15 years, between
generation of technical information and use in an
innovation and 1-7 years to bring the idea into first
use; (7) obasic resecarch does not seen to be a2 signifi-
cant direct source of innovation but its role is in
continual reinforcement and understandinzg ol ti=
implications of appliec¢ work; (8) pesople of ail levels
of education have generated successful innovztions;

(9) personal contacts, education, and experisnce consti-
tute tue primary information sources used in originating
ideas for innovations; (10) cowmnunications which ars
important in generating ideas are often by someone
other than the idea orizinator; (11) most of the
information used in problen-solving comes {rom "gats—
keepers" witnhin the firm; (12) the cost and &ifficulty
of achleving integration increase as spacizlizagtion
‘incrcases; (13) project having slack resources tanded to
nave better technical outomes; (14) diffusion of
innovations is a multistep flow starting witn a faw
influential individuals; and (15) "spin—off" firms ars

a function of the enviromaent both inside and in the
araea of the "incuvating” orpanization and ofien start

from government contract suppert.



ajor cornclusions:

Past work in tne study of innovetion in indusiry and
tne diffusion of tecnnology has vzen of a dascriptive
and non-cwaulative nature. As a result, thzre zrs
difficulvies regarding comparability of resuits and
bias in the samples wnich form the ovase for tne
eapirical findings. There is a need for an opzration
rmodel to account for iaterfirm and interindustry
differences and for thes developnment of common definit
W mﬂthodoﬁogiea such as Campbell's "quasi- exp;rimen

nust be aonlled and uvtilized.
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icance aand relevanca:
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This is an excellent suamary of a literaturs diresctliy
relevant to the project objectives. It should assist
us 1in obtaining a perspective of tnis area ol concera.
vlajor recommendations (research or policy):

Research opportunities avbound in the model building,

definitional, and metnological area relsvant to
innovation and diffusion. In adalt1on, thers are a
nunber of nhypotheses wnicn could ve testaed empirically.
Little llteratura exists involving adoption d=acisions
bJ firms. : '

-

POllCJ recormmiendations include: (1) government-he
patents and technical reports are seldom used in a
commercially or socially important application othe
than the specific one addressed; (2) channels of
comaunication within and between firms shoulgd be an-
couraged to stimulate innovation; (3) innovation can
be encouraged by increasing naJoff or by ”ecuc;n;
risk; and (4) strategies or policies which enhance
market opportunities will be more successful
tecnnology "push" strategies or policies

16
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Author: Salter, W.E.G.

Title: Productilvity and Technical Change

Publisher: The Unilversity Press, Cambrildse
Date: 1960

Scope (includlng process phase and context):

- The book is primafily concerned with productlvity within

an industry and with factors which influence productivity.
The particular focus is on the relationship between
productLV1ty and technical change.

Metnodology (procedural approach):

The author conducts his investigation in two sections:

(1) theoretical analyses based on assumptions and
mathematical analyses and (2) statistical analysis

of data publisned by both U.S. and U. K. governﬂent bureaus.

Previous work on which based and assumptions:

The work is based on previous work by econorilsts on

the question of productivity. The basic underlying
assumptions are three: (1) productivity has taken the
central place of discussion and investigation in econo-

mics; (2) the major problem of productivity analysis

is the absence of a suitable theoretical framework in
wnich to organize knowledge regardlng productlvity; and
(3) continuous disturbance and slow adjustnent are ‘
essentlal features of technical change.

Major hypotheses advanced: ‘

The following relevant hypotheses are advanced: (1) two
main forces shape the flow of new techniques (innovations) --
expanding technical knowledge and changing factor prices;

(2) the main influences determining movements over timas

of best-practice productivity in individual Industries

are rate of technical advance, opportunities for rfactor
substitution, and changes in relative factor prices;

(3) in addition to the availability of new technology,

the delay in tne use of the new technology also influences
the impact of the technology on productivity; (4) the higher
the rate of replacement investment, the more rapidly are

the new techniques brought into usp; (5) the rate of re-
placement in an industry 1s a function of relative prices

of labor and real investment and of.standards of obsolescencse;
and (6) technical advances are more likely in a growing,
versus contracting, industry.




Major emplrical findings:

The following empirical findlngs are based on 1924-50 data
published in the U.K. and supported by 1923-50 U.S.
data: (1) unequal increases in labor productivity
(within an industry) have not been accompanied by
unegual increases in earnings; (2) industries enjoying
rapid rates of technical advance and the reallzatlion of
economies of scale are able to achleve falling relative
prices and high rates of increase of output; and (3)
structural changes 1n an industry are a response to the
changing pattern of costs and prices resulting from
uneven rates of technical change. o

Major conclusions (and author's recommendations for
further research and/or policy considerations):

The major conclusion is that variation betweaen industries
in the extent of increases in labor productivity can be
explained primarily by the uneven impact of three

~influences: (1) improvements in technical knowledge,

(1i) potential economies of scale and the extent of their
realization, and (iii) factor substitution.



Assessment of signlficance and relevance of tnls iltem:
The book is marglnally relevant; however, the conclusion
regarding labor productlivity in an industry could be
significant.

ilajor recommendations (concerning thls item):

Two research suggestlons can be drawn: (1) there is a
lack of knowledge concerning the rate of technical
change, relative factor prices, best-practice productivity
and the competlitive structure of various industries and
(2) there is little knowledge regarding causes of in-
creased labor productivity. '

The conclusion relating labor productivity and technical
change suggests opportunities for policy.



1. Author: W. Rupert Maclaurin

Title: "The Sequence from Invention to Innovation and its
Relation to Economic Growth'

Publisher: Quarterly Journal of Economics, Vol. 867 (1953), pp. 97-111.

Date: ‘ . o " . -
2. Scope (including process phase and context):

Deals with propensity to develop pure science, to inveni, to innovate,

to finance innovation, and to accept innovation. Context - American
industry. o

3. Methodology (procedural approach):
Case studies and speculation.

4. Previous work on which based and assumptions:

Based on Séhumpeter and followers including Bright, Schoville, -
Bishop, Vandermoulen. Also cites Roston and Gilfillan. '

5.  Major hypotheses advanced:

That the process of technological advance may be broken into 5
climates which may be more measurable.

6. Major empirical findings:

There are important variations between regions and cultural groups -
in propensity to accept innovations. ‘

7. Major conclusions (and author's recommendations for further
' research and/or policy considerations):

Suggests ways in which the 5 listed propensities might be measured.
Suggests a need for technological forecasting and attempt to achieve
optimum development rates by deliberate intervention. Balieves
pur science is more important than Schumpeter perceived. Suggests
a need to analysze different innovations over time and in depth.



QUARTERLY PROGRESS REPQRT NO. 8
Training Project No. T-900227
"Solid Waste Technology"

April 1, 1974 through June 30, 1974
Georgia Institute of Technq}pgy

Atlanta, Georgia -30332

General »

This report covers the eighth quarter of the extension period
of the project originally commenced on July 1, 1972. It
coincides with the spring quarter at Georgia Tech during which
the second of two formal courses in solid waste technology was
presented and the trainees initiated their special research
prdjects. ) » .

Program Description

"As detailed in the gfant application, the program has been
devised to provide opportunity for specialized training in the
technology of solid waste characterization, collection,
transport and disposal. The effort is accomplished with a
flexible core curriculum complemented by adjunct courses,
seminars and special problems. Students enrolled in the
program have completed the formal coﬁrses and engaged in their
research projects.

Special topics selected by students participating in
the program include:
"Sanitary Landfill Stabilization with Leachate Recycle
and Residual Treatment" (Supported also by EPA Grant No. R-801397).

-"Stabilization of Compacted and Noncompacted Refuse in
Natural and Saline Water Environments" (Suppbrted also by a
Whirlpool Corporation Fellowship) .

"Biological Treatment of Solid Residues from Hatchery

Operations™
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"Separate Carbon Adsorption Treatment of Leachate"
"Use of Clays for Attenuation of Leachate Pollutants"”
~ "Anaerobic Stabilization of Solid Wastes from Produce
Markets" ' o o D o
- "Feasibility and Acceptability 6f Waste Paper Recycle in
Large Metropolitan Areas"

Trainee Participation and Program Accomplishments

The following trainees have participated in the program

during this report period:

Student Degree - Date

Mark C. Boner MSSE - September 1974
Ralph R. Bouton , MSSE - September 1974
Charles N. Crandall MSSE -~ September 1974
Edgardo N. Martinez MSSE ~ September 1974
Charles L. Simmons _ MSSE - September 1974

Through their courses and special problem research, all
trainees participate in solid waste laboratory and field projects.
The normal student course load is 15 hours per quarter and most
students complete their programs in 12 months.

The program director has been involved in several solid

“waste oriented activities which, including progress on an EPA

-supported research project on leachate treatment and recycle

and assisting EPA on a position paper, has resulted in a presen-
tation at the ASCE Specialty Conference at Penn State and a
scheduled presentation at the International Conference on Water
Pollution Research in Paris in September, 1974,

Administrative Actions .

~ The program has continued to provide graduates who are
functional in the so0lid waste management area. However, the
phase-out of EPA support will probably adversely effect the
productivity unless other avenues and sources of support can
be developed. Such sources are presently being sought with some
limited success to date. With the previous support of EPA, the
program at Georgia Tech has developed a strong base which hopefully
serve to advantage in the future. ’

Frederick Pohland
Project Director




