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TECHNOLOGY FLOWS MATRI X ESTI MATI ON REVI SI TED

F. M Scherer*
Novenmber 2002 Revi sion

1. | nt roducti on

During the early 1980s | estinmated a hi ghly di saggregated matri x of
technol ogy flows fromU. S. industries that performed research and
devel oprment (R&D) to i ndustries expected to use the R&D out cones. The
results, extended to anal yze howt echnol ogy fl ows af f ect ed productivity
grow hinthe 1960s and 1970s, are reported in Scherer (1982a, 1982b,
and 1984). In this paper | return to the scene of the crime two
decades | ater to see whet her the desired matri x of technol ogy fl ows
coul d have been obt ai ned usi ng publicly avail abl e i nformati on, or
i nformation that coul d be gl eaned as a by- product of exi sting surveys,
W thout a costly effort extracting m cro-data froma | arge sanpl e of

i ndi vi dual invention patents.

2. Significance of the Problem

It is well accepted anong econom sts that the huge gains in
consunmers' material prosperity achievedinindustrialized nations
during the past two centuries are attributablein significant neasure
t o technol ogi cal change. See e.g. Schunpeter (1942), Sol ow (1957),
Deni son (1979), and Mokyr (1990).

*Prof essor eneritus, Harvard University; |lecturer, Princeton

Uni versity; and visiting schol ar, Federal Reserve Bank of Phil adel phi a.



The original version of this paper was presented as a keynot e addr ess
at the I nternational |nput-Qutput Association Conferencein Mntreal in
Oct ober 2002.

Determ ni ng t he preci se contributionto those gains of newtechnol ogy,
as distinguished from augnmented human capital, nore intense
col | aborati on of physical capital withlabor i nputs, shifts in denmand
fromt he goods and servi ces of | ow productivity to high-productivity
i ndustries, favorabl e governmental institutions andinfrastructure, and
thelike, isnmoredifficult. To solvethe puzzle, one nust understand
how each of these factorsis |inkedto productivity growh changes,
usual | y neasur ed over t he span of afewyears or decades. The received
consensus i s that technol ogi cal change defi ned narrowl y has been
responsi ble for a substantial but mnority fraction of observed
productivity gromth. See e.g. Giliches (1995).

On that inference there are of course dissenting views. Dale
Jorgenson (1990) has tended in the past, evenif |less sorecently, to
assignrelatively nore wei ght to physical capital accunul ati on and | ess
to technical change in the Sol owi an resi dual sense.! Mrerecently,
WIlliamJ. Baunol (2002) has argued that the received
consensus underesti mates t he rol e of technol ogi cal change because,
absent the scientific and technol ogi cal advances t hat have occurred
since the Industrial Revolution, it would have beendifficult or even
i npossible to reach beyond i mredi ate human subsi stence needs,
undert aki ng t he educati on wi t h whi ch hunan capi tal has been augnent ed
and accumul ati ng conpl ement ary physical capital. On this broader

interpretation, toward which | incline, nmy paper will havelittleto
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say. Rather, | focus onthe probl emof nmeasuri ng nore preciselythe
relatively short-runlinks between industrial R&D, as one source of
t echnol ogi cal change, and the growth of productivity.

Thi s has typical | y been done by regressi ng esti mates of i ndustri al
productivity growth on di verse i ndi ces of i ndustrial technol ogi cal
advance, usual |y proxi ed by sone esti mate of research and devel opnent
performed. The basic difficulty with this approach has been known at
| east sincethe publication of abrief paper by Gustafson (1962), who
showed that the vast majority of industrial R&D, estimated fromny own
research (Scherer 1982a) to be on the order of 75 percent, was ai ned at
devel opi ng new and i nmproved products soldto other firms and to end
consuners. The technol ogi cal advances fromsuch product R&D woul d
normal |y be enbodied in the goods and services sold by the R&D
perfornmers and from whi ch purchasers derive benefits, including
enhanced productivity. Only about a fourth of industrial R&D was
process-oriented, that is, ainmedat i nprovingthe performngfirns'
i nternal production processes and hence arguably raising the
perforners' |abor or total factor productivity. Toillustrate, nost of
the R&D performed by the Pratt & Whitney Division of United
Technol ogi es | eads to i nproved turboj et engi nes that i ncrease the
reliability, fuel econony, and range of the civilianand mlitary
aircraft inwhichthey are enbodi ed. The newdrugs devel oped by Mer ck
are sold to health mai ntenance organi zati ons and end consuners,
reduci ng the frequency and | engt h of hospital stays and i nprovi ng
consuners' health and their productivity inwork environnents. Quite
general ly, significant benefits fromproduct R& are derived by t hose
who purchase t he goods and services inwhichtheresults of the R&D are
enbodi ed. For such product R&D, again, the majority of all industrial
R&D, relating the productivity growth of industry i to the R&D

performedinindustryi, as all too nmany econoni sts have done, coul d
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|l ead to seriously erroneous insights.

To nove beyond this facil e generalization requires an anal ysi s at
two | evel s of subtlety. At the first |level, one focuses on what
happens i n an exact econom c anal ysi s of t he changes w ought by product
R&D. In Figurel, we assunethat afirnmis RkDefforts | ead to a new
product for which the demand curve (taking into account the exi stence
and prices of inferior substitute products) is represented by AD. |If
t he fi rmhas a nonopol y i n t he newand superior product, it will equate
mar gi nal revenue with margi nal cost (affected by process R&D, and
assuned constant at OCper unit) and set price OP,, realizing profits
of PBFC. |f previously the firmwas in conpetitive equilibriumwth
revenues barely coveringinput costs, the profit represents anincrease
of revenues over input costs correctly attributabletothe originating
firm s benefit. But thefirm s custoners al so gai n a surpl us neasur ed
by near-triangl e ABP,, Thus, in a correct accounting, part of the
social surplus fromthe R&D is captured by the firm part by its
customers. ? |f however several firms cone up with simlar newproducts,
t hey may conpete on a pri ce basis and force the subject firm s price
down to OP.. Nowthe lion's share of the benefits fromthe R&D i s
realized by consuners and only the smaller quantity RGHC is
appropriated by firnms perform ng the R&D. The nore price conpetition
thereis, thesmaller istheoriginatingfirm s share of the soci al
benefits fromits innovation.® |lgnoring second-order genera
equi l i briumeffects on ot her nonopolistically conpetitive firns' denand
curves, which are sonetinmes substantial, this is the division a
theoretically correct anal ysis of the benefits fromindustrial R&D

woul d reveal

However, the data wi th whi ch econom sts nmust work inthe rea

wor | d of productivity anal ysis often fall short of theoretical ideals.
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To measur e productivity growm h, we attenpt to assess out put changes in
real, i.e., constant purchasing power, terns. Nornally output changes
are nmeasured by conparing the value of afirms (or nore likely,
i ndustry's) sal es (or val ue added) at aninitial point intinmnewththe
value at atermnal point intinme. But to performthe conparison
correctly, nom nal val ues nust be defl ated by price indices reflecting
price | evel changes and changes in the product mx for a given
i ndustry. Product R&D | eads to i nproved products which displ ace
i nferior products frommarket baskets. Cbtaining priceindicesthat
correctly account for the change in product quality isdifficult. Most
anal yses have concl uded t hat t he price i ndi ces conpi | ed by gover nnent
agenci es such as t he Bureau of Labor Statistics tendto underestinate
t he val ue- enhanci ng ef fects of product quality increases, and hence
when used as defl ators, to underesti mate the gaininreal output val ue
fromaninitial periodto apost-innovation period. Seee.g. Giliches
(1979). The nore they underesti mate the real val ue gain, all el se
equal , thelower isthe productivity growh attributedto the industry
sellinginproved products, and the lower is theinputedinput cost to
i ndustries usingthe products, whose total factor productivity gains

may be overestimated as a consequence.

The conput er i ndustry was for many years si ngl ed out as one in
whi ch of ficial price deflators egregiously underesti mated the rate at
whi ch technol ogi cal inprovenments reduced the cost of conputing
operations -- estimated to be falling at roughly 28 percent per year
during the 1960s and 1970s. See e.g. Flamm (1987, pp. 27-28). To
correct the problem the U S. Bureau of Econom c Anal ysis and t hen t he
Bur eau of Labor Statistics began using essentially hedonic (i.e.,
function cost-based) priceindicesthat inpliedamnmchnorerapidrate
of inplicit conputer services price decline and hence a nuch nore rapid

rate of real output val ue and productivity increase for the conputer
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i ndustry -- e.g., 26.8 percent per year for the
1973-1988 productivity grow h data conpi | ed by t he Nati onal Bureau of
Econom c Research. See Young (1989) and Scherer (1993, p. 10).

The i nplications of these neasurenent conventions are illustrated
inFigure 2. Suppose conputer users base their purchasing deci sions on
t he real cost, adjusted for general purchasing power changes, of
computi ng services per gigaflop (billionfloating point operations).
| n base period 1, the priceis OGP, and t he quantity consuned, giventhe
assunmed demand rel ati onshi p, OQ,. Nowsuppose the price per gigafl op
falls by period 2to OP,, leadingto anincreaseinthe quantity of
conput er servi ces denanded to GQ. | gnoring changes i nthe econony-w de
price |l evel, one woul d concl ude fromcont enporary Census reports that
t he val ue of conputer industry out put has i ncreased slightly fromP;AQO
to P,BQO. But with hedonic nethods, the priceindex inperiod?2in
terms of period1pricesis P,/ P,andsothe deflatedreal output of the
i ndustry increasesto P;HQO. Thisis avery substantial increase.
| ndeed, the inpliedconsunmers' surplus gain P,;HBP, exceeds by t he near -
triangle AHB t he actual increase P,;ABP,. G ven these assunptions,
hedoni ¢ or function cost-based priceindicestendtooverestimtethe
real val ue gai ns frominproved products, whereas traditional price
indices tend to underesti mate them

For purposes of traci ng where and hownmuch productivity growth
occurs, the use of hedonic price indices tends to fix the locus of
gains as the i ndustry fromwhi ch t he i nproved products ori gi nat e and
i ndeed to overestimate those gainsrelativetothe actual econonm c
benefits. For industries purchasingthe inproved conmputers, which from
Fi gure 1 can be assuned to derive substanti al net benefits, the use of
function cost-based price indices tends to exaggerate the val ue of the

capi tal goods purchased and hence to reduce or perhaps elim natethe
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nmeasur ed val ue of total factor productivity growmh (evenif not | abor
productivity growh wi thout acapital intensity adjustnent). Quite
general ly, the nore price defl ators underesti mate t he val ue of product

i nprovenents, theless productivity growhoneislikelytoattribute
toindustries originatingtheinprovenents. The nore (as aresult of

hedoni ¢ net hods) t hey overesti mate t he val ue of the i nprovenents, the
more productivity growmh oneislikely toattribute to industries
originatingtheinprovenents. The shift to hedonic price deflators for

conput ers has tended to showthe total factor productivity gains from
rapi d technol ogi cal progress to be concentrated in the conputer

produci ng sect or even t hough, because of conpetitive pricing, virtually
all sectors of the econony have benefitted substantially fromthat

progress.*

These consi derations have an i nportant bearing on attenpts to
estimate econonetrically the inpact of R&D on productivity growh. |If,
as is often the case, price deflators do not fully account for the
benefits of product i nprovenent, it is necessary totrace the fl owof
product R&D out to using industries in order to estimate its full
contribution. On the other hand, when hedonic price deflators are
enpl oyed, nost if not all of the inpact will be found within the
i ndustry originatingthe product R&D. My experiments with alternative
defl at or assunptions for conputers within a nuch | arger sanpl e of

i ndustries (Scherer 1993) support this generalization.

The focus here on benefits captured by either the i nnovator or
pur chasers of i nnovati ve products does not excl ude the possibility of
t echnol ogy fl owi ng t hrough t he econony i n ot her ways. Zvi Giliches
(1979) di stingui shes between "rent" spillovers,"” whi ch enconpass t he
t echnol ogy fl ows anal yzed here, and "know edge spi | | overs," whi ch occur

wi t hout enbodi ment i n goods exchanged t hr ough mar ket transacti ons. To
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t he extent that "upstream producers provi de di senbodi ed know howt o
their custonmers along with the sal e of hardware or software -- and
thereisreasonto believethat suchtransfers are wi despread®-- the
two will indeed be correl ated. But di senbodi ed know edge may al so fl ow
t hr ough t he econony i n ways unrel ated to mar ket transactions, e.g.,

through thethird parties' exam nati on of patent specifications and
articlesintechnical journals. These fl ows are best anal yzed not with
t he techni ques anal yzed here but through the tracking of citations
data. See e.g. Jaffe and Trajtenberg (2002).

3. The Original Technol ogy Fl ows Measurenent Effort

Per suaded, rightly or wongly, that exi sting measurenent met hods
requi red an anal ysi s of industriesusinginnovative products to assess
how R&D af f ect ed productivity growh, | enbarked inthe |l ate 1970s upon
a project seeking to trace the fl ows of enbodi ed technol ogy from
originatingtousingindustries. The conceptual basis for the effort
was laid in Jacob Schmookler's pioneering (1966) book. Nestor
Ter |l eckyj (1974) had esti mated a snal | - scal e predecessor technol ogy
flows matrix and used it to evaluate the contributions of industri al
R&D to productivity growth.

The event precipitating ny research was t he i npendi ng publication
(U. S. Federal Trade Conm ssion 1981) of data on industrial research and
devel opnent expendi tures for 1974 nuch nore richly di saggregated (to
263 sectors) and wi th nuch | ess cross-industry contam nati on t han any
t hat had been avail abl e previously. Collection of the so-called Line
of Business data, it shoul d be noted, proceeded wi th val uabl e support
froman affidavit submtted by WAssily Leontief inlitigationthat
eventual | y reached the U. S. Suprenme Court. G ven these newdata plus

consternati on over the decline of U S. productivity growth rates,
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f or eshadowed by an unprecedented drop i n constant-dol | ar i ndustri al R&D
spendi ng, it appeared worthwhil e to develop a detailed matri x tracing
t echnol ogy fl ows fromindustries performng R&to industries usingthe
fruits of that R&D.

The i nk fromR&D spendi ng by i ndi vi dual firns in narrow y-defined
(three or four-digit) industries was effected by anal yzing 15, 112
i nvention patents obtained by 443 typically large U. S. corporations
filing Lineof Business reports withthe Federal Trade Comm ssion. A
team of four Northwestern University students -- an electrical
engi neer, a bi ol ogy speci alist, achem cal engi neer, and a nechani cal |l y
gi fted farmboy -- devoted roughly t hree nont hs each to extracting from
each patent a battery of i nformation, includingtheline of businessin
whi ch t he under| yi ng R&D was done and the i ndustrial fields, identified
in patent specifications to justify the "utility" of «clained
i nventions, inwhichuseof theinventions was |ikely. Each codi ng was
revi ewed by t he aut hor and i n questi onabl e cases rechecked, soneti nmes
t hrough di rect contacts with conpani es. The coded patents were t hen
i nked toindividual I'ines of business on which conpani es reported
confidentially tothe Federal Trade Commi ssion. For each of 4,274
i ndi vidual |ines of busi ness, an average R&D cost per assi gned pat ent
was conput ed. For each patent, its R& cost, adjusted upward to refl ect
originindustry sanplingratios, was then fl owed out to one or nore of
286 usi ng i ndustries, including personal consunption, toestinmate the
technol ogy fl ows matri x. For 66 percent of the patents, fromone to
t hree specific industries of use could beidentified.® Their underlying
R&D out | ay aver ages were al | ocat ed anong nul ti pl e i ndustri es accordi ng
tothe usingindustries' relative purchase vol une, as deterni ned from
the 1972 i nput - out put transactions matri x. The remaining third were
cat egori zed as i nventi ons of general industrial use. The R&D costs of

t hose i nventions were al |l ocated out to usingindustriesinproportion
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to 1972 input-output transactions flows or (for inventions of
ubi qui t ous use) econony-w de val ue added shares, wth various
nodi fications clarified | ater. Further nmethodol ogical details are
reported in Scherer (1984).

Fi gure 3 provi des an aggr egat ed schemati c vi ewof the resulting
technol ogy flows matri x. 1n 1974, 95 percent of all conpany-financed
industrial R&Dinthe United States was perfornmed w thin manufacturing
i ndustri es. (Since then the contribution of nonmanufacturing
i ndustries, and especially the software and bi otech industries,
classifiedin services, has expanded to a reported 36 percent in 1999.)
Roughl y hal f of the technol ogy originatinginthe manufacturing sector
during 1974 f| owed out to nonmanufacturing i ndustries, arguably driving
productivity growh inthose industries. Only about seven percent of
t he R&D perforned was directed sol ely toward creati ng newand i nproved

consuner goods.

4. Reestimtion Using Less Labor-Intensive Mthods

VWhen t he technol ogy flows matri x esti mati on nmet hodol ogy was
articul ated at a Nati onal Bureau of Econom c Research conferencein
1982, di scussant Edwi n Mansfi el d observed inter alia (Scherer 1984, p.
462), "1 wonder whet her it woul d be possi bl e for Professor Scherer to
conpare his findings withwhat woul d have resulted if he had sinply
used an input-output matrix to al |l ocate R&D expendi tures.” Certainly,
if simlar results could be obtainedinthe way Mansfi el d suggest ed,
much | ess ef fort woul d have been required to do the job, and the effort
coul d bereplicated economcally at regular intervals. At thetine, |
was exhaust ed bot h psychol ogi cal |y and financi ally by the work that had
been acconpl i shed and had plunged into aquite different project, sol

di d not foll owup on Mansfi el d' s suggestion. This, | gradually caneto
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realize, was a serious mstake. | was induced to return to the
questi on by a Bureau of Econom ¢ Anal ysi s query as to whether it woul d
be feasible to estimate technol ogy fl ows matri ces usi ng i nput - out put
data for an extensiontothe Bureau's satellite accounts program Wth
hel p fromBureau staff, the requisite machi ne-readabl e transacti ons
data for 1972 were retrieved and a reestimation effort could be
attempted. ” The remai nder of this paper reports the results, conpares
themto esti nmat es obtai ned using nmy original nore | abor-intensive

approach, and specul ates on future opportunities.

4.1 VWhi ch | nput - CQut put Matri x?

Several conceptual questions had to be solved. Anpng them
per haps t he nost fundanental is whether first-order input-output
transaction matri ces should be usedto carry R&Dfromoriginatingto
using i ndustries, or whether the total requirenents (Leontief inverse)
matrix, cal culatinginputs used bothdirectly andindirectly to produce
a gi ven vector of outputs, was a better candi date. In his pioneering
effort, Nestor Terl eckyj usedthe first-order transactions nmatri x.
More recently, an anmbiti ous CECDeffort (1996) opted for a nodified
total requirenments nmatri x approach. My own approach was ecl ectic. For
two-thirds of the patents, little or noresort toinput-output data was
requi red because the patents had been |inked directly to using
i ndustries. For the other third, argunments in favor of each approach
wer e recogni zed. The first-order "nmake and use" matri x was taken as a
starting point, but for 22 technol ogy-originating industries,
transactions were carried farther fromthe first-order usingindustry
to the i ndustry purchasi ng t he out put of that i ndustry or in one case
(synthetic fibers) to the third-order user.® This choice can be
criticizedas arbitrary. Its principal defenseis that it was based

upon a det ai | ed under standi ng, fromrevi ewi ng 15,112 patents, of how
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t he technol ogy originated in diverseindustries affectedthe activities
of downstream i ndustries.

The case for takinginto account second and nth order fl ows i s best
sunmmari zed by consi dering the conputer i ndustry. Qur basic objective
istoplace technol ogi cal i nnovati ons, wherever they originate, inthe
i ndustrial sector where they are likely to yieldneasured productivity
i mprovenents. (A different objective mght lead to alternative
choices.) As we have seen earlier, inprovenents i n conputer technol ogy
have enornousl y reduced t he costs of processi ng data. Mny of those
i mprovenent s have cone frominnovati ons i n st orage devi ces, whi ch were
in 1972 and are agai n under NAICSincl uded as part of the four-digit
conputer industry, and, followi ng Moore's Law, frominnovations
i ncreasi ng the capacity and speed of m croprocessors and nenory chi ps.
Sinceonlytheintegratedcircuits cross industry lines, we focus on
them Thefirst-order transactionis fromthe sem conductor industry
to the conputer i ndustry. But who derives the productivity benefits?
Under the logic of Figure 1, the ulti mte beneficiary, since cost
reducti ons per sem conductor function tend to be passed on by conput er
makers t o conput er buyers, is the conputer buyer, not the conputer
i ndustry. However, by the logic of Figure 2, if hedonic priceindices
are used to defl ate nom nal conputer industry output, the productivity
effects arelikelytoshowupinthe conputer industry (unless hedonic
price indices are also used in deflating sem conductor industry
out put.) Thus, dependi ng upon howthe productivity data are conpil ed,
an argunment can be nmade for either a first-order flow (from
sem conductors to conmputers) or for a second-order flow (from
sem conductors to conmput er buyers). M/ choice in conpilingny original
technol ogy fl ows matri x, recogni zi ng t hat conputer price defl ators at
the time understated true cost reductions per data processing

operation, was to inplenent a second-order flow for sem conductors.
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| gnoring the price deflator problem consider an inproved
syntheticresinoriginatinginoldS.I.C industry 2821 used t o nake
engi neered plastic partsinautonobile parts plants. If theutility of
t he i nnovati on cones fromfaster or | ess waste-prone noldinginthe
aut onobi | e parts plant, the productivity gains arelikely toshowupin
t he autonobile parts industry. I f however the benefit of the
i nnovationis |ighter weight or superior durability relativetoparts
previ ously produced, the productivity benefits are likely to be
realized by industries and end consuners who buy the vehicles

i ncorporating the parts.

Such anbi gui ti es abound when one tries totrace the |l ocus at whi ch
productivity gains arerealized. Thus, the case for using first-order
transaction as opposedtototal requirenents matricesisintrinsically
equi vocal. Oneway toresolveit isto mke ad hoc choi ces dependi ng
upon t he percei ved dom nant character of usage patterns, as | triedto
do in constructing nmy original matrices. However, the goal of ny
revisited effort was to find sinpler solutions, which nmeant an eit her-
or carrier matri x choice. The first-order transactions matri x was
initially given preference, in part because it was closer to ny
ori gi nal approach.® Astill better solutionis to pursue both gl obal
al ternatives and see whi ch one yi el ds results conform ng nore cl osel y
tony original matrix (inwhich, again, two-thirds of the allocations
wer e based upon pat ent data) and whi ch approach expl ai ns productivity
growt h nore successfully. This dual assault on the probl emis pursued
here.

4.2 The Di agonal Problem

When publ i shed i nput -out put matrices are used as the "carrier" to
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trace R&’D fromt he i ndustry where it is perfornedto the industry(ies)
usingit, thereisinevitably a problemof m smatch bet ween what t he
di agonal val ues neasure and what one wi shes themto neasure. What
shoul d be on t he di agonal of an appropriate carrier matrix i s the
fraction of R&D perfornmed by i ndustry i and used by i ndustry i, which
consi sts preponderantly of process R&D. Industries vary widelyin
their orientationtoward process as contrasted to product R&D-- in ny
ori gi nal technol ogy fl ows sanple, fromzero percent to 100 percent
process, with a sinple average val ue across i ndustries of 29.9 percent
process R&D and a nedi an of 19 percent. For industrieswth a strong
i nternal process orientation, the input-output transactions di agonal
val ues are al nost al ways nmuch too |l ow. For industries (typicallythe
nore research-intensive ones) with | ow process orientation, the

di agonal s are oftentoo "fat," especially when there are extensive
inter-plant shipnments within an industry as defined. For 154
i ndustries wth positive process R& val ues, the sinple correl ation
bet ween process R&D as a percent of total R&D, measured usi ng R&D-
wei ght ed patents, and di agonal transaction matrix elenments as a
percent age of total internediate i ndustry shi pments (excludi ng fi nal
demand vectors) was -0.03. Plainly, the use of i nput-output datato

estimate the anount of own process R&D fails badly.

I n nmy original application of input-output data to allocate
gener al - pur pose i nventions (again, roughly onethird of all inventions)
tousingindustries, | triedtoalleviate theintra-industry shipnments
probl em by reduci ng di agonal elenents to val ues not exceeding a
fraction neasuring the rowindustry's share of industry output.
However, if input-output nmatrices were used in the future as the
principal R& al | ocator in constructing technology fl ows matri ces, the
results mght be inproved greatly through the incorporation of

i ndi vidual industry process R&Drati o esti mates. Such estimates were
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collectedinearly U S. R& censuses and coul d be added to future
guestionnaireswithlittle additional burden on respondents. G ven
this possibility, | constructed alternative carrier matrices i nwhich
t he di agonal el ements, expressed as fractions of total internediate
i ndustry out put (excludi ng personal consunption, gross private fixed
i nvest nent, i nventory changes, and ot her final demand itens), were
repl aced by i ndi vi dual i ndustry process R& fracti ons derived fromthe
data on 15, 112 patents, with other el enents renornali zed so that al |
i ncluded rowel ements sutmmed to unity. The technol ogy fl ows carrier
matrices derived in this way will be called "process-adjusted"”
matri ces; those wi t hout di agonal adjustnents will be call ed "naive"

matrices.

4.3 The Capital Goods Probl em

Under standard i nput - out put conventions, the capital goods out put
of an industry is allocated in the transactions matrix to a gross
donestic fixed investnment category anal ogous to the personal
consunpti on category, and not to individual usingindustries. If this
convention were accepted at face val ue, fl ows of technol ogy enbodi ed i n
capi tal goods deliveredto individual usingindustries would belost or
m smeasured. This woul d be nost unfortunate, especially giventhe
evi dence fromour anal ysi s of individual patents that 44. 8 percent of
all the patents were associ ated with capital goods products soldto
ot her i ndustries, not includingthe 26.2 percent of patents covering
process i nventions, many of whi ch woul d affect internally nodified
capi tal equi prment. |Incontrast, only 21.6 percent of the patents

pertainedtoindustrial materials. Thus, somewhat nore t han two-thirds
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of the technology flowing froman origin industry to other using
i ndustries and potentially affecting the productivity of the using
i ndustry was enbodi ed i n capital goods. To exclude capital goods
transaction flows fromthe carrier matrix could | ead to serious errors.
Fl ows of spare parts and ot her non-capital itens treated as i nter-
industry transactions originatingin capital goods producingindustries

coul d be poor proxies for the flow of capital goods to users.

The U. S. Bureau of Econom ¢ Anal ysi s (and apparently t he i nput -
out put conpi | ati on agenci es of ot her nati onal governnents) publishes
separate matrices traci ng capital goods fl ows fromproduci ng or origin
i ndustries tousingindustries. These are rmuch nore hi ghly aggregat ed
than the transactions matrices -- inthe rows, because many i ndustries
sell no capital goods, but noreinportantly, inthe colums, toonly 80
using industries in the 1972 version.

Inny original technol ogy fl ows matrix estimation, | di saggregat ed
the capital flowtransactions in proportionto nore narrow y-defi ned
usi ng i ndustry newcapital i nvestnent (or for sone nonmanufacturing
i ndustries, val ue added) as a fraction of capital flows for the nore
aggregated i ndustry category. Theresulting capital flowesti mtes
were added to the transactions estimates to arrive at the basic carrier

matri x allocating R&D fromorigin to using industries.

Asimlar procedure was followedinreestimating carrier matrices
to determ ne technol ogy fl ows fromi nput - out put data al one, w t hout
recourse to the detail ed patent use codi ngs. The di saggregati ons were
from77 using industries out to 211 nore narrow y defined industri es.
For 70 of the 192 technol ogy-originatingindustries, capital flows were
at | east five percent of the sumof transactions plus capital flows.

The nmean capital flowval ue was 19. 4 percent of conbi ned transacti ons
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plus capital flows.

As with the transactions matri x | acki ng capital fl owval ues, the
conbi ned transactions plus capital flows carrier matri x was conputed in
two ways -- one wi t hout correction of di agonal el enments, and one with
di agonal s proportional tointernal process R&D as afraction of tota
originatingindustry R&D (and with other rowel enents renormalizedto
ensure unit rowsuns for all using (i.e., colum) industries, excluding
personal consunption and ot her final demand itens). Capital goods
supplying i ndustri es were on average nuch | ess process i nventi on-
i ntensive than industries with negligiblecapital goods fl ows. For
capi tal goods suppliers, R& devoted to process i nventi ons was 8. 6
percent of total R&D; for thelatter (i.e., industries with at nost

trivial capital flows), process R&D averaged 42. 1 percent of total R&D.

Ambi gui ty over whet her one shoul d base technol ogy fl ows on t he
first-order transactions matrix or the total requirenments matri x
| argel y vani shes when capital flows are the focus. Except when the
capi tal goods devel oper is the conpany that will utilize the new
t echnol ogy, i n which case the R& shoul d be characteri zed as process
R&D, the productivity benefits of new capital goods are normally

realized by the first downstream purchasi ng industry. !

5. Reestimated vs. Original Val ues

Two criteriaare appliedtojudge the superiority of alternative
technol ogy fl ows matri x esti mati on net hods. For one, the technol ogy
flows matrix created during the early 1980s by cl assifying 15, 112
pat ents can be vi ewed as a st andard agai nst whi ch alternatives shoul d
be evaluated. To be sure, the original sanple covered only the
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activities of 443 corporations conducti ng approxi mately 73 percent of
all U S. conpany-financed research and devel opnent in 1974. Excl uded
firms, whichwere for the nost part small er, coul d have had different
usage patterns than those of i ncluded conpani es. And even for the
i ncl uded conpani es, one woul d expect usage patterns to undergo sone
statistical variationover tine. Nevertheless, the classifications
wer e made wi th extrene care, and because (Wi th an exception to be not ed
| ater) al ternative benchmar ks do not exi st, no better standard for
assessing the revised matri ces' accuracy i s known. Second, the out put
of alternative matrix estimtion nethods can be used to predict
productivity growth to see whi ch cont ender yi el ds t he nost sati sfactory

predi ctions. Bot h approaches are pursued here.

For purposes of predicting productivity growth intechnol ogy-using
i ndustries, the nost rel evant vari abl es are t he suns of the technol ogy
flows matrix colums -- that is, the sumof the vari ous anounts of
t echnol ogy an i ndustry i nports fromother i ndustries alongw ththe
di agonal el ement neasuring process technol ogy originated by the
industry inquestion. These were avail abl e for at nmost 205 i ndustri es,
excluding inter alia personal consunption and gross private fixed
i nvest nent, but including various governnment activities. Mny of the
non- manuf act uring i ndustries were highly aggregated -- e.g., finance,
i nsurance, and real estate services -- and tended to dwarf the nore
hi ghl y di saggregat ed observati ons for manufacturing. Therefore,
separate prediction error conputations are also reported for

manuf acturing only.

The rel ati vel y di saggr egat ed dat a wer e al so aggregat ed back to a
matrix with 42 technol ogy-originating rows and 50 using i ndustry
sectors, including personal consunption, replicating as closely as

possi bl e the 41 x 53 matri x published (with various del eti ons owingto
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data el emrent confidentiality) in Scherer (1982a, 1984). The newmatri x
resul ting fromthese aggregati ons i s presented here as Appendi x Tabl e
1. That matri x was constructed i npl ementi ng t he assunpti ons consi dered
nost suitable on a priori grounds -- i.e., with the first-order
transactions and capital flows carrier matrices conmbi ned, and with

corrections on the diagonal for the incidence of process technol ogy.

Per sonal consunption col um suns wer e excl uded fromnost of the
tests that foll owbecause t hey posed speci al conceptual problens. Only
7.4 percent of the 15,112 patents pertained sol ely to consuner goods.
Anot her 8.7 percent had joi nt consunmer goods and produci ng sect or
applications. Intheoriginal matrix estimated two decades ago, R&D
outlays linked toinventionsidentifiedas consumer goods only were
al l ocated on the basis of the patent classifications to that use
col um. However, when there was j oi nt use, personal consunption usage
was treated as a public good ancillary totheindustrial uses, and so
i nput - out put tabl e wei ghts summed to unity for the i ndustrial uses,
wi t h doubl e- counti ng of consuner goods usage. For the cruder input-
out put matri x- based approach here, normali zing rowsumshares to unity
excl udi ng nost final demand itens -- the assunpti on nost consi st ent
with nmy original nulti-use convention -- assigns too nmnuch wei ght and
hence R&D cost to using industries other than personal consunption for
the 7.4 percent of inventions (with slightly | ower R&D per patent)
actual ly used only i n personal consunption.'? Acceptingthis error was

deened the | east of various alternative evils.

5.1 &oodness-of-Fit Analysis

Tabl e 1 summari zes the tests conducted. Used t o assess goodness

of fit is the sinple Pearsonian correlation coefficientr and four
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sunmmary measures -- nean, medi an, and val ues conputed at the first and
fourth quartile distribution boundaries -- of the percentage devi ati ons
bet ween newl y esti mat ed and ori gi nal col utm sumt echnol ogy usage, in
mllions of 1974 doll ars.

Anmong t he conput ati ons using first-order transactions, the naive
transactions matri x perforns | east well as an R&D carrier by nearly all
measures. \Wen technol ogy fl ows are based on either the transacti ons
mat ri x or the sumof transacti ons plus capital flows, unanbi guously
better fits result when diagonal el enents are corrected for the

observed incidence of own-process usage.

The principal surpriserelativetoapriori expectationsisthe
superior performance, at | east for percentage errors, of the estimation
using only the transactions matri x rather than the theoretically
preferred conbi nati on of transactions and capital flows matri ces.
However, the preferred conbi nati on perforns better interns of sinple
correlation coefficients. Evidently, thelatter had smaller prediction
errors for relatively extrene val ues, which tend di sproportionatelyto
i nfluence correlation coefficients, while using industries with
i nternmedi at e used R&D val ues i nthe ori gi nal study had sonmewhat | arger
prediction errors when capital fl ows were added to transacti on val ues

in conputing the relevant carrier matrices.

Figure 4is ascatter diagramarraying the observations for all
205 using i ndustries according to R&D usage (inmllions of dollars)
predicted with full use of the data on 15, 112 patents (hori zontal axis)
and R&D usage predi cted with the process di agonal -corrected matri x
conbi ni ng transactions and capital flows. The nost extrene positive
errors are general governnent, ¥ whi ch was al so an error outlier inthe

process-corrected transactions-only anal ysis, and construction, which
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was not anoutlier inthe transactions-based anal ysis. The reason why
constructionis anerror outlier when predictions include capital flows
isstraightforward. The capital flows matrix allocates to construction
| arge vol unmes of kitchen and bat hroomappl i ances, heating and air
condi ti oni ng apparatus, office partitions, and the |i ke whi ch probably
dolittletoinprove productivity onthe construction buildingsite,
but whose benefits flowlargely to those who buy and use t he structures
constructed. Inother words, it isinportant toinplenment second- order
t echnol ogy fl ows, whi ch was done in formul ating the original flows
mat ri ces but not inthe newestimati ons reported here. The | argest
negative outlier is air transport, whose estimate inthe newnmatri x
undoubt edl y under st at es t he dual - use t echnol ogy contri buti ons of engi ne
and el ectroni ¢ communi cati ons and navi gati on systens producers shared

bet ween the defense and air transport sectors.

Among t he subset of relatively di saggregated manufacturing
i ndustries, the largest positive error outlier is passenger
aut onobi | es, whose val ue inthe newestimate i ncludes such i nnovati ons
as i nproved di sk brakes and el ectronic ignition controls and nore
efficient air conditioners whose benefits accrue mainly to vehicle
purchasers, but which, w thout the second-order technol ogy fl ow
adj ustments made i nthe original conpilation, are perceivedto renain
wi t hi n t he vehi cl e- produci ng sector. Qher | arge resi dual s were found
for organic fibers and aircraft assenbly, both of which were
appreci ably affected by second-order flows in the original matrix
estimation but not inthe newestimates descri bed here. These probl ens
suggest that if i nput-output data were used as t he basi s of technol ogy
flows estimates in the future, selective use of second-order flow

adj ustments could | ead to substantially inproved accuracy.

The fifth and sixth entries in Tabl e 1 assess goodness-of -fit when
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a Leontief inversetotal requirenents matrix i s used as the carrier for
technol ogy fl ows. * For reasons stated earlier, no attenpt was made
to conbi ne capital flows with conventional transactions; theinverse
mat ri x was derived sol ely froman appropri ately aggregated first-order
transactions matri x. To avoid excessively "fat" di agonal val ues
overestimating the i nportance of what shoul d be process t echnol ogy, the
unit valuereflectingdeliveriestofinal demandis subtracted from
each di agonal el ement.® The matrix derivedinthiswayis calledthe
"naive" Leontief matrix. An alternative in which process el enents were
repl aced by actual i ndustry process usage rati os and all el enents were
renormal i zed to sumtounity is calledthe "process-adjusted Leonti ef
matri x." By all measures, thefit is much worse than wi th any of the
first-order matrices. The process-adjusted rowsuns conformslightly
nor e cl osel y t han unadj ust ed val ues. Since the differences di d not
appear tobe attributabletomatrix inversionerrors,® it seens cl ear
that the total requirenents approach characterizes rather different
phenonena t han t hose measured in ny ori gi nal effort two decades ago or
in my reconstruction enphasizing first-order flows only. The
inmplications of this difference will be addressed subsequently.

The final entriesin Table 1 reveal that sone of the | arge nean
and quartile estimation errors observed usi ng di saggregated first-order
data for sone 205 i ndustries are nore or | ess random cancel | i ng out
when t he process adjusted-estimtes including capital flows are

aggregated down to 49 broader sectors.

5.2 Predicting Productivity

An al ternative perspective for assessing t he success of the new
technol ogy fl ows estimates i s to use t he col umm suns as an expl anat ory

vari abl e i nregression anal yses "expl ai ni ng" productivity grow h,
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taking into account also other relevant variables. This was a
princi pal purpose of theoriginal estimationeffort two decades ago.
At the tinme, productivity grow h data di saggregat ed by i ndustry were
scarcer than they are now. The principal results, reportedin Scherer
(1982b), enphasized what was at that tinme a new Bureau of Labor
Statistics series usinginput-output industry definitions and i ncludi ng
87 industries -- 81 of themfromthe manufacturing sector alongw th
agriculture, crude oil and gas production, railroads, air transport,
conmuni cations, and t he conbi ned el ectric-gas-sanitary utilities
sector. These data are used al soinny newanal ysi s, although because
of gaps attributable mainly tothe confidentiality of certain Federal
Trade Conmi ssi on Li ne of Busi ness data, only 80 (or with the Leonti ef
i nverse data, 79) industries can be covered here. The dependent
vari abl e i s the percentage growth of | abor productivity LP, i.e.,
(estimated) real output per unit of | abor input, between 1973 and 1978,
bot h cyclical peak years. An additional variable fromthe origi nal
productivity growt h data set was the percentage growt h of capital
intensity (K/L) over the sane period. Two vari abl es were enphasi zed
in the original paper and are enpl oyed again here to measure the
contributions of technology: UsedRD, which is the appropriately
aggregat ed col untm sumestimati ng i ndustry i's R&D usage, either as
process R&D or R&D i nported fromot her i ndustries, andProdRD, or the
amount of non-process R&D perfornmed by i ndustry i, virtually all of
whi ch was assunmed to be exported in enbodi ed formto ot her using
i ndustries. Both are neasured as a percent age of rel evant i ndustry
out put values. Ignoring neasurenent difficulties, ProdRD shoul d
characterize the benefits appropriatedinternally by theinnovating
firm e g., areaP,BEP:in Figure 1, and UsedRD t he ext ernal or exported
benefits ABP,in Figure 1. Qur main concernis the contribution of
UsedRD conputed in various alternative ways. Follow ng a proof

attributableto Terl ecky] (1974), the regressi on coefficients onthe
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R&D vari abl es can be i nterpreted, subject to sone qualifications, as
rates of return on research and devel opnent investnent.

Tabl e 2 reportstheregressionresults. Regression (1) i s drawn
fromScherer (1982b) using ny original technology fl ows data. All
three vari abl es made statistically significant contributionstothe
expl anati on of productivity growh duringthe (rel atively stagnant)
m ddl e 1970s (and al so, it was shown, withsonmelimtations, inthe
nore dynam ¢ 1964- 1969 period). The R? value i s nodest, however,
i ndi cating that consi derabl e unexpl ai ned noi se renmai ns. Regression (2)
reports results usingthe original technol ogy fl owesti mates for the
new sanpl e fromwhi ch seven i ndustri es were renoved because of data
gaps. It will be taken as the benchmark agai nst whi ch regressions
using the newestimates will be conpared. Inall newregressions (3)-
(10), the (K/L) and ProdRDvariables areidentical tothoseusedin
the second, N = 80, entry.

There are several surprises. First, regressions (3) and (5), with
and wi t hout capital goods fl ows added, but wi t hout process di agonal
adj ust ment s, out performtheir counterparts. Second, the greatest
expl anat ory power (R) using first-order carrier matrices i s achi eved
wi th regression (5), whichis based on sutmmed transacti ons and capit al
flows, but without process di agonal adjustnents. That regression,
however, reveal s a surprising and i ndeed i npl ausi bl e constel | ati on of
t echnol ogi cal inpact coefficients. The coefficient onUsedRDi nplies
rates of return of 225 percent on process plus inported R&D -- nuch
hi gher than any estimated with the ori gi nal data set. At the sane
time, this strong used R&D effect destroys the i npact of internal
product R&D, whichis al soinplausible. The reason for this second
result is that the regression equation suffers from severe

multicollinearity. The sinple correlation between the two out put -
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defl ated R&D vari abl es is 0. 760, and t he used R&D vari ant (wi t hout
process di agonal adj ustnent) overwhel ns its correl at ed own- product R&D
anal ogue. G venthese anonalies, oneisinclinedtoreject regression
(5) and favor regression (6), withthe strongest a priori support and
t he second- hi ghest expl anat ory power of the newcontenders. |ndeed,
t he expl anat ory power R2? of regression (6) is identical to that of
regression (2) incorporating used R&D dat a fromt he ori gi nal technol ogy
flows matri x derived through i nspection of 15,112 patents, and t he

regression coefficients differ only trivially.

Addi ti onal surprises materialize when colum sunms fromthe
Leonti ef total requirenents carrier matrices are substitutedto obtain
t he key used R&D variable. Wth Leontief inverse estimtes both
unadj ust ed for process di agonal val ues (regression (7)) and process-
adj usted (regression (8)), R is less than that of the best two
regressions using newfirst-order technol ogy fl owvectors. Neither
total requirenments-based used R&D vari abl e achi eves stati stical
signi ficance by conventi onal standards, exceedingthe 1.67 t-ratio
val ue del i neating 95 percent confidenceinaone-tailedtest. Aswth
the first-order estimates, expl anatory power i s greater w thout process
di agonal adj ustnments, but at the cost of degradi ng the product R&D
variable's role. Areason for the product R&D i npact is that the
Leonti ef estinmates wi t hout process di agonal adjustnents arefairly
strongly correlated with the product R&D variable, and this
collinearity degrades t he product R&D coefficients.' See Tabl e 3,
whi ch presents amatri x of correl ation coefficients for alternative R&D
f | ownmeasur es defi ned as a percent age of t he val ue of i ndustry out put.

Fromregressions (7) and (8) in Table 2, the generally sim | ar
Pear soni an correl ati ons between 1973-78 productivity growth and

alternative R&Dfl owneasures i n Tabl e 3, and t he Leonti ef vari abl es'
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typically lowcorrelations with first-order R& usage vari ables, it
woul d appear that the R&D usage variables derived from total
requi renments matrices are characterizing adifferent di nensi on of
t echnol ogy fl ows, but one that has at | east sonme utility in expl aining
productivity grow h. To pursue this insight further, regressions (9)
and (10) in Table 2 i ntroduce t oget her two di stinct technol ogy usage
vari abl es, one derived wi th enphasis onfirst-order transacti ons and
one based onthe total requirenents matri x wi t hout process di agonal
adj ust ment. H gher R? val ues are achi eved than i n any but regression
(5), rejected as i npl ausi bl e on a priori grounds. The first-order and
total requirenments technol ogy usage coefficients exceed 95 percent
statistical significance thresholds in three out of four cases,
al t hough, as in equation (7), the power of the product R&D variableis
degraded. We observe too that the inpliedreturns on R&D i nvest nent
areintherange of 70to 80 percent with first-order fl owneasures but
only 23 to 37 percent with nthorder neasures. It woul d appear that the
nor e di ffuse usage traced usi ng t he Leonti ef i nverse approach yi el ds
| ower returns than the direct usage in first-order technol ogy
enbodi nents. W concl ude nore general |l y that both the first-order and
t ot al requirements approaches hel p explainthelinks between research
and devel opnment and productivity growh, with the first-order neasures

hol di ng a nodest edge over those based upon the Leontief inverse.

6. An Alternative Technol ogy Fl ows Measurenment Approach

A prom sing al ternati ve approach to neasuring theinter-industry
f1 ow of technol ogy has been pi oneer ed by Robert Evenson and associ at es
at Yal e Uni versity, using uni que data devel oped i nthe Canadi an Pat ent
O fice (CPO. See Evenson and Johnson (1997a, 1997b) and Kortumand
Put nam(1997). Beginninginthelate 1970s, the CPObegan havingits
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staff classify nost of the patents it grants (roughly half of which
originate fromU. S. inventors) according to industry of manufacture,
whi ch corresponds to ny i ndustry of originconcept, and sector of use,
whi ch corresponds to nny i ndustry of use concept. See Ellis (1981).
The cl assifications, discontinued duringthe 1990s, were typical |y nade
at the four-digit industry level in the then-prevailing Canadi an
Standard I ndustrial dassification System Evenson and col | eagues have
arrayed t he Canadi an data into technol ogy flowmatrices | i ke mne. The
conpari son made here i s fromEvenson and Johnson (1997b), whose Tabl e
2 reports flow matrix colum sums for counts of issued patents
anal ogous to those anal yzed in the previous section. M original
t echnol ogy fl ows matri x was based upon U. S. patents issuedto U.S.
corporations in 1976 and 1977, to whi ch t he patent usage suns reported

by Evenson and Johnson for 1978- 1981 correspond nost closely intine.

The Evenson et al . data arerel atively highly aggregated tothe
| evel of 33 sectors. By aggregating nmy original matri x col unm suns,
conbi ni ng si x of the Evenson sectorsintothree, and omttingthree
i nconmpati bl y defined sectors, an accept abl e nat ch was achi eved f or 27
sectors, including 19 nanuf act uri ng and ei ght nonmanuf act uri ng sect ors.
Figure 5 arrays their i ssued patent counts (vertical axis) agai nst ny
original technology flownmatrix col um suns (horizontal axis), measured
inmllions of dollars. Inspectionreveals substantial departures from
what ought, i f t he same phenonenon i s bei ng neasured, to be alinear
array of data points. The correl ati on between the two data sets is
0.560. Especially |arge di screpanci es are observed for the conbi nati on
of their electrical equi pment and el ectrical nachi nery groups, whichin
my anal ysis had arel atively highincidence of second-order product
t echnol ogy fl ows; the various transportati on services industries (which

i nmy anal ysis were reci pi ents of substantial first- and second- order
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t echnol ogy fl ows); and t he whol esal e and retail trade sectors, whichin
my matri x recei ved many general -use i nventi ons apparently not coded by
t he Canadi an Patent Office.!® It is al so possiblethat the patterns of
patenting i n Canada, nostly by foreigners, were different thaninthe
United States, inwhichduring 1977 foreign residents were a di stinct

m nority anmong patent recipients.

What ever the reasons, it seens cl ear that the Canadi an pat ent
classifiers and ny | ate 1970s effort nmeasured sonewhat different
phenomena. Further research onthe reasons for di screpancies using
nor e di saggregated colum sunms and informati on on second-order

technol ogy flows seens in order.

7. Concl usi ons

Fromt he tol erably good results | have achi eved attenptingto
emul ate my ori gi nal | abor-intensive technology fl ows matri x using
mai nly i nput - out put data as the carrier matrix, it seens cl ear that
futureiterations m ght be feasible. If the effort is undertaken,
conbi ning the transacti ons and capital flows matrices is essenti al,
si nce much of the technol ogy fl ow ng between i ndustries is enbodiedin
capi tal goods. ldeally, capital flows shoul d be capitalized over a
| ar ger nunber of years and depreci ated. Thereis al so a persuasive
argunent for repl acing the standard i nput - out put matri x di agonal s with
i nformation on the share of each industry's R&D effort devoted to
i nternal process inprovenent. Onthis, nmoreinanmnment. Fromthe
results reported here, taking into account second and nth-order
technol ogy flows i s al soinportant. Doing so selectively, as| didtwo
decades ago, yields productivity explanations different from(and
sonmewhat stronger than) those using n" order Leontief total
requi rements matrices as the technol ogy flowcarrier. That thetwo
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al ternative net hods yi el d superior predictions when used intandem
suggests that both approaches warrant support in future work.

There are several possible ways to obtain the data needed to
esti mate process di agonal s correctly. ldeally, respondentsinthe
joint National Science Foundation - Census Bureau industrial R&D
surveys coul d be asked to provi de an estimate for their operations.
They may not knowt he correct fraction precisely, but a know edgeabl e
approximationis nmuch better thanignorance and mani fest error. In
di versified corporations, however, a conpany-w de esti nmate may conceal
wideinter-industry variations. Aternatively, the process breakdowns
(averagi ng 22 percent for 1996) elicited through a small er survey
conducted periodically by the private-sector Industrial Research
| nstitute could be tapped. See Bean et al. (1998). O at hi gher cost
but greater potential precision, patent applicants m ght be asked
whet her their inventions pertainmainlyto potential products, internal

process i nprovenments, or sone m xed or "other" category.

I n my opi ni on, under standi ng howtechnol ogy fl ows t hrough t he
econony and enabl es economic growth i s one of the nost inportant
matters t o whi ch econom ¢ anal ysis can contri bute, and thereforeit
warrants aricher allocation of i nformation-gatheringresources. |
t herefore propose that the U. S. Patent Office enul ate its Canadi an
cousins, but gofarther. It would ask each applicant to disclosethe
NAI CS i ndustry category in which the invention originated (with a
catch-all for inventions frombroad-nmandat e basi c research | aboratori es
and an "unaffiliated" optionfor unaffiliatedinventors), alongwth
t he principal industriesinwhichuseof theinventionis contenplated,
with"industriestowhichtheoriginatingindustry sells products"” and
"t hroughout the econony” as alternatives for general -use i nventions.

Once patent attorneys becane accustoned t o aski ng i nventors for such
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i nformation, theincrenental conpliance burden woul d be nm nute, and
val uabl e i nformati on on t he structure of the econony woul d be obt ai ned.

Devel opi ng thi s i nformati on as a by-product of i nvention patenting
woul d go a | ong way toward sol ving what was with ny research two
decades ago a m nor probl embut has nowtaken on maj or proportions --
t he neasurenent of i nported technol ogy fl ows. My research was f ocused
on patents i ssued in 1976 and 1977, when the United States was t he
worl d's cl ear | eader i n nost areas of industrial technol ogy and 34. 4
percent of all U. S. invention patents went toforeignresidents. At
thetimetheroleof foreigninventorswasrisingrapidly. From1966
to 1970, the average share of foreigninventorsintotal U S patenting
was only 22 percent; it roseto 47 percent inthe late 1980s before
recedi ng to 44 percent during the m d-1990s. At thetime ny original
st udy was conduct ed, hi gh-technol ogy i nports were penetrating the U S.
econony at an acceleratingrate. See Scherer (1992). Wen ny research
was carried out, one coul d defend i gnori ng foreigntechnol ogy sources,
but that is nolonger possible. Assum ng that inports di ssem nate
t echnol ogy or its underlying R&Dresults with t he sane usage patterns
as donestic technol ogy sources, as the CECD st aff (1996, pp. 26-27 and
143) has been conpel | ed by datalimtations to assune, provi des at best
a crude approxi mation to the contri bution of i nportedtechnol ogy. A
much better estimate coul d be obtainedif foreigninventors, |ike U S
inventors, wererequiredto disclosetheindustry fromwhichtheir
i nventions originated (which could then be |linked to national R&D

statistics) and the industries likely to utilize their inventions.?

| have saved for | ast the nost difficult problemto be solvedin
future technol ogy flows matri x devel opnent efforts -- obtaining
accurate, reliable originindustry research and devel opnent data. |

began ny project during the |l ate 1970s because for the first time ever,
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reliable R&D data for highly di saggregat ed i ndustri es becane avai |l abl e
t hrough t he Federal Trade Comm ssion's Line of Business program
Conmpl ete reports for four years -- 1974 t hrough 1977 -- wer e obt ai ned
bef ore t he programwas terni nated as aresult of political pressure

orchestrated by U. S. industry.

The cl osest anal ogue to the FTC R&D reports coveri ng sone 263
i ndustries has been the coll ectionin NSF-Census surveys of applied
R&D expenses for sone 37 "product fields." That data col | ection effort
was di sconti nued foll ow ng t he 1997 survey because of poor response
rates. 20 As a result, the only industrial R&D expenditure
di saggregati ons fromthe NSF- Census surveys are reported for roughly 50
i ndustry groups (expanded through disaggregation of many
nonmanuf act uri ng groups fromthe 26 reported in 1997) by t he "pri nci pal
i ndustry” nethod. That is, the principal industry in which a conpany
operates i s ascertained, andall of the conpany's R&D i s t hereupon
assigned to that industry. For |arge diversified conpanies, this
met hod | eads to | arge all ocation errors. Toillustrate, anong the
conpani es included in ny study two decades ago, General Electric
obt ai ned 706 patents. It is uncertaintowhichof thenmany fieldsin
whi ch GE operated at the tine, ranging fromsynthetic resins to
aircraft engi nes, the Census Bureau staff would classify its R&D
activities. It was probably "other electrical equi pnment,” i nwhich
case 57 percent of GE' s patents would be m sclassified. If GEwere
| ocated inthe broader (old S. 1.C.) two-digit "electrical equi pnent”
group, the error rate would be 42 percent. O to take a less
di versified conpany, 47 percent of du Pont's 391 patents woul d be
m sclassifiedif its principal industry were deened to be "i ndustri al
chemcals.” Evenat thetwo-digit S.1.C |evel of detail, 24 percent
of du Pont's patents origi nat ed out si de the broad "chem cals and al | i ed

products" sector. Basing a technology flows matrix on such
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"“cont am nat ed" R&D data would inpart consi derabl e inaccuracy.

The si npl est solutionto this probl emwoul d betorestoreline of
busi ness reporting inthe National Science Foundation - Census Bureau
surveys, disaggregatingthe reportinglines nore finely thanthey have
been di saggregated i n t he past, and exerting strenuous efforts to
convince i ndustry participants that the data shed i nportant |ight on
t he dynam cs of the American econony. Failingthat, the principal
al ternative basis for nmeasuring inter-industry technol ogy fl ows coul d
be requiring patent applicants to di scloseindustries of originanduse
intheir applications. Inthis case, an average R&D cost per conpany
pat ent coul d be esti mat ed usi ng publicly-avail abl e annual reports on
conpany-financed R&D expenditures. O for conpani es that do not report
their R&Dfigures, the data coul d be obtai ned on a confidential basis

from NSF- Census filings.

| conclude that it is indeed feasibletoconstruct nmeani ngful
technol ogy fl ownmatri ces usi ng approaches | ess | abor-i ntensive t han
t hose accepted for ny effort two decades ago. But substantial progress
requires i nprovenents inthe data obtai ned fromindustry i n annual R&D

surveys or patent filings.
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END NOTES

1. Conpare Jorgenson and Stiroh (2000) and t he comment by Gor don
(2000, p. 215).

2. Wth cost-saving process i nnovations, it is possible but not
necessary that all of the benefits are appropriated by the i nnovat or.
See Arrow (1964). If the innovations induce price reductions, the
benefits are shared.

3. Mansfield et al. (1977) estimate that at the nedian in a
sanpl e of 17 i nnovati ons, innovators appropriated roughly 44 percent of
t he di scounted econom c benefits fromtheir innovations.

4. Because in deriving gross national product estimtes "real "
i ndustry out puts are wei ghted by i ndustry price indices, changes inthe
price i ndex base year canlead to surprisingly |arge reductions in
estimted GNP. This was a speci al probleminthe early 1990s, unti |
GNP wei ghts were chain-linked annually instead of every five years.

5. See Harhoff (1996).
6. Sixty-four percent of these involved a single usingindustry.

7. The author is grateful in particular to Peter Kubach and
Jiem n Guo of BEA.

8. The industries fromwhich second-order fl ows were conput ed
were weaving mlls, fabric knittingmlls, organic fibers, tires and
t ubes, rubber hose and belting, flat gl ass, pressed and bl own gl ass,
internal conbustion engines, punps, anti-friction bearings,
conpressors, speed changers and i ndustrial drives, nmechani cal power
t ransm ssi on equi prent, autonotive carburetors etc., vehicul ar |ighting
equi pment, el ectron tubes, cat hode-ray tubes, sem conductors, other
el ectroni c conponents, starter and traction batteries, aircraft
engi nes, and buttons, zi ppers, etc. Not all transactions, but only
those that were preponderantly of a "conponent sale to further
assenbl ers” nature, were treated in this way.

9. But see Scherer (1982b), p. 631, in which matrices with
second-order fl ows were enphasi zed on a priori grounds even t hough
slightly higher Pearsonian correl ations with productivity growh were
obt ai ned when only first-order flows were neasured.

10. Onthis, see Carter (1970), p. 21, who correctly observes
t hat "New types of capital goods are at the core of technol ogi cal
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change. "

11. Aninportant exception, the constructionindustry, will be
di scussed subsequently.

Pur chasers fart her downstreambenefit when conpetition forces cost
reductions at the first using stage to be passed on in the formof
| ower prices. But the change inproductivity occurs at the stage using
the capital good.

12. The average 1974 R&D cost per consuner good i nventi on pat ent
was $533, 000, as conpared to $594, 000 for i ndustrial use inventions.
Pat ents on i nventi ons whose use was consi dered t o be of general use,
wi t hout any specific industry assi gnment, had t he hi ghest average R&D
cost at $743,000. Patents covering conpl ex systeminventions had the
hi ghest average R&D cost of $707, 000 anong several technol ogi cal
categories; the |l owest average was for production processes, at
$450, 000.

13. On both di nensi ons t he nost extrene observationis defense
and space operations. The R& val ues i ncl ude only conpany-fi nanced R&D
(al t hough some so-cal | ed "i ndependent” R&D reported as conpany-fi nanced

was ul timately rei nbursed by t he Departnent of Defense). In addition
tothe $1.2 billion of conpany-financed R& al | ocat ed t o def ense and
space, the original study identified $4.8 billion of governnment -

fi nanced R&D.

14. The aut hor is indebtedto Aubhi k Khan and Robert Hunt of the
Federal Reserve Bank of Phil adel phia for inverting the 207 x 207
transactions matri x, which was too | arge for the author's anci ent
conput er.

Two using industries -- guided mssile production and the
governnent's defense and space operations -- had to be omtted.

15. A sonewhat different procedure to avoi d overesti mati on of
di agonal effects was adopted by the OECD group (1996, pp. 142-143).

16. Sone sectors of the 207 square matri x were at the sane | evel
of di saggregation as the 487 x 487 matri x publishedin U S. Departnent
of Commerce (1979, volunme I1), so aconparisonto verify the accuracy
of our inversion effort was possible. All diagonal el ements had
unadj ust ed val ues of unity or greater, asisrequired. Most of the
conpared cells differed by no nore than 10 percent. A fewl arger
devi ati ons were expected (and found) ininverting matri ces of such
di sparat e aggregation.

34



17. That the Leontief i nverse neasures wi t hout process di agonal
adj ust ment are associ ated wi t h advanced product technol ogy i s suggest ed
al so by an exam nati on of the three nost extrene val ues, all taken as
a percentage of industry output val ue: conputers, 10.04 percent;
opti cal and ophthalm c instrunents, 9.36 percent; and ot her office
machi nery, 6.15 percent. The nmedi an value for all industries was 1. 36
percent. Wth nmy original used R&D i ndi ces, the | argest three val ues
occurredin el ectroni c conponents (3.39 percent), air transportation
(3.02 percent), and synthetic fibers (2.56 percent). Two of the three
are hi gh process technol ogy users; thethird (air transport) a maj or
i mporter of enbodi ed technol ogy.

18. See Kortumand Put nam(1997), p 174, note 13. For those who
m ght wishtoreplicate the conparison, it should be noted that in
Scherer (1984), p. 451, which presents di saggregated used R&D mat ri x
col um suns, the val ue for coal m ning shoul d be 72. 4 rat her than 35. 1.

19. For a pioneering effort using Canadi an pat ent data, see Hanel
(2000). Several studies have found t hat patents sought outsi de one's
honme market tend to be of greater econom ¢ val ue on average than
patents received at hone.

20. Communi cati on fromRaynond Wbl f e of the Nati onal Science
Foundati on May 23, 2002. Froma m ni -conference April 23, 1998, on
"R&D and I nnovation Statistics" under the auspices of the Census
Bureau' s Advi sory Conmm ttee of Professional Associ ati ons, one of the
strongest recomendati ons to energe was that nore effort be devotedto
obt ai ni ng i ndustrial R&D expendi ture dat a broken down by di saggr egat ed
originating lines of business.
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Table 1

Goodness-of -Fit Measures:

N Corr.

1982 Esti mates as Basi s

Percent age Errors*
Mean Medi an 1St Quart. 39 Quart.

Nai ve Transacti ons

Al'l industries 205 .701
Manuf acturing 181 .528

Pr ocess- Adj ust ed

Al'l industries 205 .716
Manuf act uri ng 181 .878

78. 60 18. 41 -37.31 116. 82
90. 04 22.01 - 30. 20 126. 25

33. 85 8.78 -15. 23 63. 50
37.53 12. 24 -11. 23 63. 50

Transactions plus Capital Fl ows Conbi ned

Al'l industries 205 .859
Manuf act uri ng 181 .715

Conbi ned, Process- Adj ust ed

Al'l industries 205 .899
Manuf act uri ng 181 .921

Nai ve Leontief Matrix

Al'l industries 203 . 113
Manuf act uri ng 180 .218

Process- Adj usted Leontief Matrix

Al'l industries 203 . 246
Manuf act uri ng 180 .381

62. 73 25. 30 -20. 37 111. 22
68. 14 36. 22 -14. 48 122. 18

41. 52 19. 64 -3.91 68. 78
43. 62 24.12 -2.30 68. 86
669. 60 229.44 6. 85 718. 68

754.45 280.00 55. 37 859. 44

574.26 162.84 27. 86 629. 91
645. 85 242.43 46. 83 703. 45

Aggr egat ed Appendi x Matrix (Process-Adjusted, with Capital Fl ows)

Al'l i ndustries 49 . 843

25. 25 10. 77 -1.49 37.98

* 100 [(New Estimate - Original Estimate) / Original Estimate)
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Table 2

Regr essi ons Expl aining 1973-1978 Labor

Productivity G owth

UsedRD Pr oduct RD (K/L) R? N
(1) Oiginal data 0.742 0. 289 0. 347 . 193 87
(1.89) (2.01) (3.30)

(2) Original data, 0. 698 0. 357 0. 332 . 192 80
mat chi ng sanpl e (1.74) (2.27) (3.03)

(3) New naive 0. 565 0.194 0. 314 . 175 80
transacti ons (1.19) (0.81) (2.85)

(4) New transactions, 0.352 0. 359 0. 312 . 164 80
process-adjusted (0.66) (2.07) (2.81)

(5) New transactions 2.25 -0.073 0. 268 . 232 80
plus capital flows (2.68) (0.31) (2.48)

(6) New transactions 0. 751 0. 320 0. 299 . 192 80
plus capital flows, (1.73) (1.96) (2.72)
process- adj ust ed

(7) New Leonti ef 0. 302 0.198 0.322 .183 79

I nverse (1.41) (0.92) (2.91)

(8) New Leontief, 0. 232 0. 321 0. 316 . 169 79
process- adj ust ed (0. 88) (1.72) (2.84)

1st Order lnverse

(9) UsedRD from 0.815 0. 336 0.079 0.302 .220 79
(6) and (7) (1.88) (1.60) (0. 36) (2.76)

(10) UsedRD from 0. 817 0.374 0. 088 0. 339 . 225 79

(2) and (7) (2.02) (1.77) (0.40) (3.12)

Subscri pted parentheses report t-ratios.
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Table 3

Correlation Matrix for Variables used in the Regression Analysis

(Q'L) ProductRD UsedRD,;, UsedRD, , UsedRD, UsedRD_,

(QL) 1. 000 . 264 . 204 . 279 . 259 . 227
Product RD 1.000 . 186 . 308 . 689 . 532
UsedRD,; 1. 000 . 805 . 009 . 236
UsedRD, , 1. 000 . 151 . 419
UsedRD, 1. 000 . 844
UsedRD, , 1. 000

Not ati on

(QL) Percent annual | abor productivity growth, 1973-78
Pr oduct RD Product R&D (percent of industry output val ue)
UsedRD,, 4 Used R&D (original nmeasures) (percent of industry

out put val ue)
UsedRDy , Used R&D, new estimates, with capital flows and
process di agonal adjustnents (percent)
UsedRD, Used R&D, Leontief inverse (percent)
UsedRD_ , Used R&D, Leontief inverse, with process diagonal

adj ust ments (percent)
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