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1. Introduction 

This paper discusses in some detail a methodology for linking patent 

and R&D data to construct a matrix of inter -industry technology flows 

through the U. S. economy. A somewhat aggregated (41 by 53) version of 

the matrix is presented, as are more detailed disaggregations of the row 

and column sums. 

The motivation for developing these new data was straight -forward. 

During the 1970s the United States experienced a pronounced slump in the 

rate of productivity growth. One of many possi ble suggested causes was a 

slowdown in the emergence or a bsorption of new technology. New technology 

comes in significant measure from the research and development ( R&D ) 

activities of industrial enterprises. Beginning in the late 1960s, there 

was a deceleration in the growth of company -financed real (i. e. , GNP 

deflator -ad justed ) industrial R&D sufficiently large that, had growth 

trends continued, real 1979 outlays would have been roughly 50 percent 

higher than their measured values. The key questions remain, what 

quantitative links exist between R&D and productivity growth, and did the 

parameters of any such relationships shift between the 1960s and 1970s? 

This is the sort of thing about which economists ought to know a 
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considera ble amount. Data on industrial R&D outlays have been collected 

under National Science Foundation auspices since 1953. However, serious 

obstacles hav e blocked the path to understanding. 

For one, the NSF data leave a good deal to be desired. NS F ' s  

industry br eakdowns are at a high level of aggregation. With one 

exception, R&D data are assigned to primary industries by the "whole 

company" method , which for multi-industry enterprises often leads to 

su bstantial misclassification of R&D in companies ' secondary lines. NSF ' s  

newer and slightly more disaggregated "product field" statistics depart 

from the "whole company" approach, but the departures are unsystematic. 

The reporting instructions are confusing and vir tually impossible to 

implement in decentralized companies, and it is evident from a 1975 survey 

!that companies responded to the instructions inconsistently.

Even more important is a fundamental conceptual pro blem. With the 

partial exception of the NS F product field data, all research and 

development spending surveys link R&D to an industry of -- usually 

the principal industry in which a surveyed enterprise operates. However, 

it has long been known (e.g., from Mc Graw-Hill surveys) that the bulk of 

industrial enterprises ' R&D is oriented toward the creation and 

improvement of new sold to others, as distinguished from R&D on 

new or improved production processes used internally within the performing 

company. The latter should in principle lead directly to productivity 

gains within the industry of R&D per formance, assuming that the industry 

classification is correct. For product R&D, however, the linkage is much 

less clear. Both behavioral and measurement considerations lead us to 

believe that performing industries will secure at best only a modest 

fraction of the productivity benefits from their product R&D. 2 
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On the behavio ral side, an innovato r will captu re all the benefits 

f rom a p roductivity-enhancing new p roduct only if it can engage in fi rst

deg ree price disc rimination. Unde r simple monopoly pricing, some of the 

benefits will necessa rily be passed on to use rs. And when new p roduct 

competition is vigo rous, price competition may also break out , pe rmitting 

innovato rs to retain only a small share of the supe rio rity rents 

associated with thei r products. 

The re are al so practical measu rement pro blems. The first step in the 

compilation of p roductivity indices is estimating real output, usually by 

dividing some dolla r measure of output by price de flators. If the price 

deflato rs we re pe rfect hedonic p rice indices, innovators would be found to 

captu re all or most of the productivity benefits resulting from thei r new 

p roducts. Few p rice deflators meet this standa rd, however. Ha re 

commonly, the actual prices of new products are linked into a price index 

at pa rity with the p rices of older p roducts, and the linking often occu rs 

only after the new product has been on the ma rket fo r a conside rable 

time. One consequence is that p rice deflators seve rely unde restimate 

p roduct quality imp rovements, which in tu rn means that the measu red output 

of p roduct innovators is lower than it would be if hedonic p rice indices 

we re used, so that measu red productivity gains are not observed at the 

o riginating indust ry stage. (An exception may occur when, because of 

enhanced monopoly power, profit margins in the product -originating 

indust ry rise. ) A further implication is that the p roductivity impact of 

new products is obse rved "downst ream" at the buying and using industry 

stage, both because the for inputs used by buying 

indust ries do not reflect value and because (thanks to 

competition ) the not reflect that supe rio rity 
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value. Thus, to ascertain the productivity effects of new product R&D, 

one must trace the flow of technology from the industry in which a new 

product originated to the industry (ies) using the product. 

The first to propose a solution to this set of problems was Jacob 

Schmookler ( 1966, Chapter VI I I). He postulated a kind of input-ouput 

matrix of invention flows, in which the rows represented industries making 

an invention, the columns the sectors using inventions, and the diagonal 

elements process inventions. Row sums correspond more or less closely to 

the R&D data collected by NSF according to industries of origin. Column 

sums give the total amount of technology used by an industry. With patent 

data, Schmookler was able to estimate column sums for a small sample of 

capital goods invention using industries, but his untimely death prevented 

him from progressing further toward the realization of a complete 

technology flows matrix. 

Since then Nestor Terlecky j  ( 1974,  1980) combined NSF survey data 

with conventional input-output statistics to estimate something like 

Schmooklerian matrix column elements as well as source data row sums. 

What is described in this paper is an effort to apply methods like those 

pioneered by Schmookler in estimating more disaggregated matrices at a 

higher level of precision. 

Some substantive results, presented fully in other papers [Scherer 

( 198 1a) ( 198 1b)], are summarized later. However, one finding deserves 

immediate attention. As expected, process R&D -- that is, R&D devoted to 

improving a firm's own internal production processes -- was found to 

comprise only a small fraction of all company-financed industrial R&D : 

2 6.2 percent when measured by a count of patents and 24.6 percent when 

measured by linked R&D expenditures data with ad justment for sample 
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coverage. Most industrial R&D is indeed product-oriented. A fuller 

breakdown of the patent count by user category is as follows : 

Process inventions 26. 2% 

Consumer good products only 7. 4 

Industrial capital good products 44. 8 

Subset used both as producer 

and consumer goods 7. 8% 


Industrial material products 2 1  . 6  

Subset used both as producer 
and consumer goods 8. 7% 

2. The R&D Data 

It seems clear that a full understanding of the impact of  R&D on 

productivity growth requires one to go beyond mere industry of origin 

classifications and find out where the fruits o f  R&D are actually used . 

The starting point for such a venture should be R&D or other tec hnological 

input data of good quality. "Good quality" here means at least three 

things : reasonable accuracy, recognizing the di f ficulties of measuring 

what is and what is not R&D; considerable disaggregation (especially since 

analyses of R&D-productivity links have proved sensitive to the degree of 

aggregation); and a correct matching of expenditures with industries. The 

third criterion, though obvious, deserves further attention. I f, for 

example, as is standard National Science Foundation and Mc Graw-Hill survey 

practice, all R&D per formed by Exxon is assigned to Exxon ' s  primary 

industry category, substantial amounts of  R&D occurring in the organic 

chemicals and resins, agricultural chemicals, synthetic rubber, office 

equipment, and communications equipment industries will be wrongly 

assigned to petroleum extraction and re fining. This problem has grown 
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inc reasingly severe as U.S. corpo rations have become mo re dive rsified. 

Al ready by 197 2, befo re the most recent conglomerate me rger wave, the 

ave rage manufacturing corpo ration had 33 percent of its employment outside 

its primary (roughly th ree-digit) field ( S  c herer 1980a, pp. 7 6-77). 

The data sou rce that best satisfies these th ree crite ria is the 

Fede ral Trade Commission ' s  Line of Business su rvey. The first full 

survey, covering 443 large corpo rations, 3 was fo r the yea r 1974. It 

required repo rting companies to break down their p rivately-suppo rted and 

contract applied R&D outlays, among othe r financial items, into 2 6 2  

manufactu ring lines of business (LBs), usually defined at the three- or 

four-digit SIC  level , and 1 4  nonmanufactu ring catego ries. These 197 4 Line 

of Business data were a principal basis for the work reported he re. 

They are not without problems. Perhaps most impo rtant, 197 4 was the 

fi rst year for which the su rvey was fully implemented. No su rvey can 

achieve pe rfect reporting, especially on the first iteration for an 

activity as difficult to measure as research and development. The data 

were the refore sub jected before use to an extensive ve rification and 

correction process. Reported company R&D totals were compa red to 1 0-K 

repo rt R&D figures, individual 197 4 line of business figu res were compared 

against 1975 and 197 6 reports, and a general check for significant 

omissions or peculia rities was made. Several classes of difficulties we re 

discovered. First, R&D expenditure repo rting was in some instances incom

plete. The standard co rrection was to replace the 197 4 figure with the 

compa rable 1975 (or if need be, 197 6) figure deflated by the ratio of 1974 

to 1975 10-K R&D outlays. Second, some companies failed to dist ribute 

their R&D outlays over all relevant lines of business, instead lumping 

them togethe r in a single (e.g., the la rgest) line or a few lines. Such 
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p roblems we re normally remedied by applying 19 75 or 197 6  dist ributional 

weights, although in a few cases, b reakdowns were made on the basis of 

sales or (whe re some LBs we re known to be more R&D-intensive than ot hers) 

patents obtained by the va rious company LBs. Thi rd, companies we re asked 

to report basic resea rch outlays in a single sepa rate category fo r the 

whole co rpo ration. The re were quite clea rly eno rmous qualitative 

diffe rences among companies in what was cat ego rized as basic resea rch. 

Mo reove r, a few companies repo rted all their R&D outlays as basic 

resea rch, and othe rs repo rted all of thei r cent ral co rpo rate labo rato ry 

outlays, basic or applied, in the basic resea rch catego ry or in some othe r 

catego ry such as "se rvices. 11 All outlays repo rted unde r basic resea rch 

were sp read by the author over the va rious lines of business in p ropo rtion 

to private applied R&D outlays. Special problems we re resolved through 

other allocation methods, usually after consultation with company 

accountants. Fou rth, companies were allowed to assign the costs and 

assets of LBs with sales of less than $ 10 million to a catch-all (99.99) 

repo rting category. This option was exe rcised fai rly frequently in 

connection with new endeavors that had high R&D outlays but low sales. 

The clea rest cases we re reclassified to thei r proper home indust ries, but 

less obvious or more complex cases had to be left as they we re, and so the 

99.99 catego ry (included in "miscellaneous manufactu res") ent ails 

misclassification and is unusually resea rch-intensive. Fifth, companies 

we re pe rmitted to have a limited amount of "contamination" in thei r 

repo rts -- i.e., activities that should ideally have been accounted for in 

a diffe rent LB, but whose segregation would have imposed app reciable 

accounting costs. The ave rage level of contamination was on the o rder of 

fou r pe rcent. ( U. S. Federal Trade Commission, 198 1 ,  pp. 50-53.) Fo r my 
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anal ysis this poses problems whose solution will be described later. 

Finall y, companies were to report only their domestic unregulated business 

activities; foreign operations were excluded. However, when domestic R&D 

expenditures supported manufacturing operations abroad, the R&D could be 

prorated between domestic and foreign branches, leading to some 

understatement of R&D relative to National Science Foundation 

definitions. Nothing could be done about this except to test its effect 

on the average number of patents received per million dollars of reported 

R&D expenditures. The elasticit y of patenting with respect to the percent 

of total corporate sales occurring domestically was found to be -0. 1 4, 

with a t-ratio of 2. 34  ( Scherer 198 1a). 

The total amount of company financed R&D reported by the 443 sample 

corporations after corrections was $ 10. 64 billion, or 73 percent of the 

universe total in the National Science Foundation ' s  197 4  R&D survey. 

Sample contract R&D outlays (mostly under federal government prime or sub

contracts) amounted to $5.97 billion -- also 73 percent of the NS F survey 

estimate. 

These percentages are relativel y  high compared to the FTC sample's 

coverage of other financial variables such as sales (estimated to be 

roughly 54 percent of the total manufacturing sector universe) or assets, 

for which the coverage ratio was approximately 67  percent. ( U. S. Federal 

Trade Commission, 198 1 ,  pp. 69- 7 6. )  Apparently, the FTC sampled 

relatively more heavily in R&D-intensive industries. Estimating exact 

coverage ratios is difficult because the FTC survey emphasized financial 

accounting variables whereas other universe figures are either heavil y 

contaminated by the mixing of manufacturing and nonmanufacturing 

activities (e.g., the FTC's Quarterly Financial Report series and the 
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Internal Revenue Service Statistics of Income series) or have sales and 

assets (i .e ., under Census reporting rules) defined on quite dif ferent 

bases . 

Since individual industry coverage ratios were needed to im plement my 

technology flows matrix conce pt, a different and rather unorthodox 

estimation technique was ado pted . The basis of com parison was the set of 

four -digit industry value of shi pments concentr ation ratios publis hed in 

connection wit h the 19 7 2  Census of Manuf actures . For each industry, 

concentr ation curves were interpol ated (or sometimes extrapol ated) on log 

normal pr ob ability paper . Aggregations to the FTC Line of Business 

category level were carried out following the guidelines in Stigler ( 1963, 

pp . 20 6- 2  1 1  ) . One could then locate on the relevant conce ntration curve 

the maximum fr action of industry sales accounted for by the number of 

com panies reporting in a given FT C line of bu siness . This LB coverage 

estim ate is bi ased upward to the extent that the com pany units re porting 

under the LB program are not uniformly the largest sellers in their 

industries . Downw ard bi ases intrude to the extent that the com p anies 

report as "cont amin ation" with some ot her line of business sales that are 

reported to the Census Bureau in the correct industry category . The 

cover age ratios estimated in this way for manuf acturing industries (which 

origin ated 95 . 1  percent of total sam ple R&D ) ranged from . 06 to . 99 .  The 

value added -weighted mean coverage ratio was 0 . 6  1 somewhat hig her than 

the FTC's most closely com parable value of shi pments cover age ratio 

estimate of 0 .  54 . 

The coverage ratios derived in this manner were used to infl ate 

sam ple line of business R&D outl ays and obt ain whole -industry estim ates . 

For com pany financed R&D, the sum of the infl ated values across all lines 
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of bu siness is $ 1 4. 7 2  billion, which agrees quite closely with the 197 4 

NSF survey figure of $ 1  4. 65 billion. This suggests that me asurement 

errors, sampling ratio estim ation errors, sampling er rors, and their 

intersection had on aver age no serious system atic bias. For contr act R&D, 

there is an evident bias : the sum of the inflated estimates is $6.77 

billion, or 18 percent less than the NSF survey universe figure of $8. 2 2  

billion . 

3. Estim ating Technology Flow Matrices 

What has been described thus far is a procedure for getting R&D 

expenditure dat a organized by industry of origin. This is in principle 

what has been done in other surveys. The improvements consist m ainly of 

considerably gr eater disaggreg ation and a more accurate match of 

expenditures to true origin industries. 

Much more difficult and import ant steps were required to flow those 

origin ating industry outl ays out to industries of use. The inform ation 

needed to do so was obt ained through a detailed an alysis of invention 

patents. To begin with an overview, a sample of patents was dr awn that 

matched as closely as possible the sample of companies on which R&D data 

by line of business were av ail able. E ach patent was inspected and coded 

as to industry (LB) of origin and industry (ies ) in which use of the 

invention was anticipated. The industry of origin cl assific ations were 

employed to link the patents to the lines of business in which 

corresponding R&D expenditures had been recorded. Each patent then became 

in effect a carrier of the aver age R&D expenditure per patent in it s 

origin LB, tr ansmitting by a fairly complic ated algorithm those 

expenditures out to the coded using industries. Summed R&D outl ays could 

then be collected for cells and columns of appropri ately aggreg ated 

technology flow matrices. 
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The Patent Sample 

The R&D dat a employed are for com panies' 197 4  fiscal ye ar, which is 

centered on the 1974 calendar year. U. S .  and West German surveys suggest 

th at the average lag between conception of an invention and filing a 

patent applic ation is about nine months (S anders 19 6 2a and 19 6 2b, p. 7 1; 

Grefermann et al. ,  1974, pp. 34-37) . During the mid 1970s, the average 

period of patent pendency -- i.e. , the lag between ap plic ation and issue 

of a U.S. patent was about 19 months. Thus, the total lag between 

invention, which is assumed to accom p any R&D ex penditure, and the issu ance 

of a patent is estim ated to be 9 + 19 28 months. The time span of the= 

patent sam ple was therefore set for the ten -month period from June 197 6  

through March 1977, whose mid point is lagged 28 months from June 30 , 

1974. Some timing error is inesc apable here, since the distribution of 

patent applic ation to issu ance lags is skewed, with a few patents in the 

sam ple h aving been applied for as early as the 19 40s. However, 92 percent 

of the sample patents had applic ations dated in the years 197 4-7 6. 

There is no sim ple consistent pr actice with res pect to the names to 

which cor por ate patents are assigned. Some patents resulting from 

corporate R&D go only to the inventor, but this is now extremely rare in 

large cor por ations. Some patents issued to cor por ations are in fact 

acquired during their pendency from outside or spare-time inventors, but 

this too, our an alysis suggested, also appears to be unusual. The 

princi pal com pany name matching problems come from mergers and the fact 

that many industrial patents are assigned not to the parent cor por ation 

but to some subsidi ary. An extensive effort was made to identify patent

receiving subsidi aries. Mergers were identified through the Federal Trade 

Commission 's annual St atistical on and 



1 2  

Several protocols were ado pted to ensure th at patents were in fact linked 

to the correct 1974 parent com panies. See Scherer ( 1980b, p. 6). In 

cases where mergers following a parent com pany's 197 4  fiscal year led to 

an undesir able scr ambling of patents, com pany patent counsel were hel pful 

in providing the needed unscr ambling. Failure to have attended to these 

subsidi ary and merger timing problems would have led to matching error 

rates on the order of 20 to 25 percent. 

Some 75 com panies were found to have obtained no patents during the 

10 month sam ple period. For these a more extensive three-year sweep w as 

made, yielding 69 additional patents accorded a weight of 10 / 3 6  each. 

This procedure im parts sam pling bias, but a minor bias was considered 

acce ptable in exchange for better coverage of low -patent industries. 

U nfortunately, there was no fe asible means of identifying a universe and 

weights on the basis of which more efficient stratified sam pling 

techniques could be ap plied. 

Because the R&D ex penditure dat a gathered were for U.S. operations 

only, patents whose inventor had a foreign address (or in the case of 

multiple inventors, all or most of whose addresses were foreign) were 

excluded from the sam ple. 

Altogether , the final patent sam ple consisted of 15 ,112 patents 

counted with unit weights, or 15,0 62 patents when over -sam pled com pany 

patents are fractionally weighted. After ad justment for foreign inventor 

exclusions, this was roughly 61 percent of all patents issued during the 

sam ple period to U.S. industrial corpor ations (i. e. , excluding 

universities, non-profit research institutes, patent management firms, 

ret ailers, public utility cor porations, and the like). Of the 443 sam ple 

cor por ations, 397 were patent reci pients. The most prolific assignee, 
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General Electric, received 70 6 patents originally classified to 51 

distinct lines of business. 

P atent Classific ation 

Once the patent sam ple was dr awn, the printed specification of each 

patent was ins pected individu ally by members of a team including an 

electrical engineering student, an organic chemistry ma jor, a gr aduate 

man agement student with undergraduate honors in chemical engineering, and 

a "utility infielder" with a joint chemistry -economics ma jor and a farming 

background. Mirroring the te am's specialties, patents were pre-sorted 

into four groups : electrical inventions, organic chemical inventions, 

other chemical inventions, and everything else. The prim ary ob jective was 

to classify eac h patent according to industry of origin and industry (ies) 

of use. On the latter, up to three specific industries of use (including 

final consumption) could be identified, or the invention could be coded to 

eit her of two "general use" categories -- ( 1) use proportional to the 

origin industry's normal customer sales distribution (e.g., a mac hine tool 

invention) ; or ( 2) ubiquitous use throughout the industrial economy (e.g., 

a cor por ate jet aircraft invention). 

Coding industries of use was for the most part the more 

straightfor ward and sim pler task. U . S .  law requires that inventions be 

useful to be patentable. Applic ants therefore take some pains to point 

out in patent specific ations what the actual or pros pective uses of their 

inventions are. Instructions to cl assification team members em phasized 

the import ance of coding uses to match as closely as possible the 

industrial locus where productivity im pacts were most likely to occur. In 

cases of doubt, category (1) general use classific ation was favored. Of 

the 1 5, 1 1  2 unit value patents in the final sam ple, 42 percent were 
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classified to one specific non -consumer industry of use, 11 percent to two 

specific using industries, 6 percent to three specific using industries, 

29 percent to category (1) general use, and 5 percent to category (2) 

ubi quitous use. 

In coding industries of origin, it is not enough to say, e. g. , "This 

is a petroleum refining invention, so that must be the relevant 

industry. " See Scherer (1981c). A catalyst might come from an inorganic 

chemical maker, an anti -knock additive from the org anic chemicals 

industry, or a process design from a com pany like UO P ,  whose home base is 

engineering services. Origin de pends at least as much u pon how the R&D

performing com pany is organized as upon function. Each classification 

team member was provided with a set of industry codes in which, according 

to published inform ation, sam ple com panies pur ported to operate, along 

with a qu alit ative description of the companies' product offerings. Even 

this, however, is not enough. The ob jective of the classification effort 

was not to identify industries of origin that were "correct" in some 

absolute sense, but to cl assify the patents in such a way that the origin 

industry codes corresponded with the LB codes in which enterprises chose 

to report the R&D expenditures that gave rise to the patents. Because of 

confidenti ality restrictions, however, the structure of com p anies' LB 

reporting codes was not, and could not be ,  known in advance. This 

required in difficult cases a target-br acketing approach. As many as 

three industries of origin could be coded. In the original coding, 15. 6  

percent of the patents had two origin industries and 2. 8 percent had three 

industries of origin. Uncert ainty about com pany account organization was 

not, however, the only reason for multiple origin codes. Some inventions 

are genuinely joint: e. g. , an aerospace com pany's metal fatigue testing 
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system that can be used in either aircraft or missile assembly operations, 

or a fuel in jection system microcircuit installed in either cars or 

trucks. Therefore, an additional set of codes was created to guide the 

ultimate patent - R&D dollar matching process. Inventions could be coded 

to be matched with a single preferred industry, and onl y if that match 

failed, with others; or a spread over multiple industries of origin could 

be specified to occur in equal part s; or the spread could be effected in 

proportion to matched LBs' total R&D expenditures. Additional options 

existed to deal wit h problems of vertical integration, e. g., when it was 

expected that an electronic systems producer would report R&D concerning a 

semiconductor component production pr ocess under its systems LB code, even 

though the production (and hence the productivity impact) was likely to 

occur in a separate semiconductor plant. 

Even after the classification team had acquired considerable 

expertise from on -the - job -training , 20 to 30 percent of the patents pr oved 

"hard" to classify. An important breakthrough in reducing that fraction 

was the discovery that from sources such as telephone books, annual 

reports, and a rich data base developed by Roger Schmenner at the Harvard

M. I.T. Urban Studies Center , one could tell what speci fic divisions or 

industry activities a company had at a geographic location. The company 

unit location in turn could often be inferred from the residence of the 

inventor, especially when there were multiple inventors with a similar 

patent speci fication address. All industry codings were double-checked by 

the aut hor against abstracts in the Patent Office's Official Gazette. In 

questionable cases, the entire specification wa s reviewed. Problem cases 

resistant to solution by these methods were resolved through telephone 

calls to company officials or the relevant inventors. In these and other 

ways, an attempt was made to enforce high standards of accuracy. 
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In addition to industries of origin and use , the individual patents 

were coded according to complexity (number of pages and claims ) ,  economic 

characterization (process vs . material vs . capital good vs . consumer 

good ) ,  technological characterization (system vs . device vs . circuit vs . 

composition of matter vs . chemical process ) ,  whether the invention 

originated under a federal government contract , and various other pieces 

of information . The federal contract invention coding proved to be 

unexpectedly difficult because , it was learned , contractors did not 

uniformly comply with the federal requirement that they include a notice 

of contract support in their patent specification , and the larger 

contracting agencies lacked complete records of their government

supported , contractor-owned inventions . Through an extensive effort , 3 25 

contract inventions were identified , but it is believed that another 75 or 

so eluded the search . Since all were military-related , later ad justments 

could be made to minimize bi ases in estimating technology flow matrices . 

A tape containing the original codings of the individual patents is 

available from the aut hor on a cost reimb ursement basis . 

The Patent R&D Link-

With the main patent coding task completed , the patent tape was 

brought to the FTC ' s  Line of Business program office in Washingt on , where 

the link to R&D data broken down into individual company lines of business 

commenced . At this point , the original list of 276 LB categories was 

condensed to 263, partly because it had proved impossible to make 

distinctions between certain origin industry categories (e . g . ,  ethical and 

proprietary drugs , electric motors and motor controls , and storage vs . 

primary batteries ) and partly to mirror industry consolidations made by 

the FTC for disclosure avoidance reasons . Following these consolidations , 
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the number of individual company LBs to which a patent might be linked 

totalled 4 ,  274. The average company broke its operations down into 9. 65 

LB categories. 

After certain origin industry recodings to correct anticipated 

matching problems were made , the first link was executed. Among the 

15 , 1  1 2  sample patents ,  there were matching problems on approximately 18 

percent , including 1 , 1  0 1  patents on which no match at all was achieved and 

roughly 1 ,  570 on which multiple origins had been coded , some but not all 

of which matched. Each patent with a partial or total matching problem 

was analyzed against company LB program submissions to determine the 

reason for the problem and to effect if appropriate a correct recoding. 

Extremely valuable in this effort were Schedule II of the FT C ' s  LB 

reporting form , which broke down reporting LB sales to the five-digit 

product level of detail , and an appendix that gave the geographic location 

of every ma jor establishment covered by a reporting LB. The principal 

reason for matching problems was that companies had not organized their LB 

reports according to our expectations. " Contaminated" reporting was one 

sub-reason. Another wa s that our sal vo approach to questionable 

classifications had indeed both hit and missed the target. When all 

recodings were completed , there were 30 6 three-industry matches (as 

compared to 429 initial three-industry codings ) and 1 ,  6 19 two-industry 

matches (as compared to 2 ,  359 codings originally ). The remainder were 

single-industry matches. Altogether , 1 ,  851  of the 4 , 274 reporting LBs had 

at least a finite fraction of a matched patent. Of the 3 ,  003 individual 

company LBs that reported non-zero company financed R&D outlays , 1 , 691  had 

matched patents. 

Because at low R&D expenditure levels (i.e. , less than $ 1  million per 
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yea r )  the probability of patenting is finite but well below 1. 0, the $73 2  

million of p rivate R&D in individual company LBs with no patents was 

sp read propo rtionately ove r LBs with patents in the same indust ry before 

computing the ave rage amount of p rivate R&D associated with a patent. The 

ave rage value of this inflation facto r was 7.3 pe rcent, although it ranged 

f rom zero to as much as 30 times the R&D of patent- receiving LBs within an 

indust ry. 

Fo r each individual company LB with patents, the ave rage private R&D 

cost per patent, i. e., the quotient of inflated R&D divided by the 

weighted sum of matched patents, was computed. For each patent, the 

ave rage cost of the patent was then tallied. When the patent had more 

than one matched industry of origin, the cost was a weighted average of 

the o riginating LBs ' ave rage costs, with the weights having either been 

p respecified to be equal for truly joint inventions or propo rtional to the 

matched o riginating LBs ' total R&D outlays. Gove rnment cont ract invention 

patents we re handled dif fe rently because it was known that not all such 

inventions had been identified. For them, the ave rage cont ract R&D cost 

input was an indust ry-wide ave rage, not an ave rage within individual 

com pany LBs. 

The final output of this mat ching effort consisted of two computer 

tapes, one o rganized by individual company line of business and one by 

individual patent. The patent tape contains for each patent all original 

input data plus matched LB codes, the weights assigned each matched LB, 

the ave rage company-financed R&D expenditure unde rlying the patent 

(he reafte r, ACP ) and (w hen relevant ) the ave rage fede ral cont ract R&D 

expenditu re unde rlying the patent (FA CP ). The company LB tape contains 

R&D expenditu re totals, patent counts, ave rage R&D costs per patent, and 
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1 2  weighted average values of characteristics (e.g. , proportion of process 

patents , proportion of consumer goods patents , average patent length , 

etc.) of patents in that LB's port folio. Since these tapes include 

individual company line of business information , they can only be accessed 

within the FTC Line of Business program office. 

Flow Matrix Estimation 

The completed patent tape became a primary input into the computer 

programs creating technology flow matrices for the U.S. industrial 

economy. The essence of the problem was to take the R&D dollars (ACP or 

FA CP) associated with a patent , inflate them by the reciprocal of the 

origin industry ' s  sample coverage ratio , and then flow them through from 

industry (ies) of origin to industry (ies) of use , accumulating sums for 

each relevant cell. 

The first sub stantive step was to retag patents by industry of 

origin. When the original coding procedure specified a preference for 

some single industry of origin , that preferred industry code was adopted , 

whether or not a match to LB reports had been achieved. In the absence of 

such a preference , multiple origin patents were divided among industries 

of origin in proportion to the weights determined through the earlier 

matching procedure. Patents originally coded as having probable vertical 

integration characteristics received special treatment. If the invention 

was a process and the vertical integration industry code differed from the 

industry code under which companies were expected to report their 

financial data , the invention was assigned to the industry of origin in 

which its actual use as a process was anticipated , whether or not an LB 

code match had been achieved. To have done otherwise would have generated 

process invention data inaccurate for purposes of analyzing the 

relationship between R&D and productivity growth. 
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After inflation to co rrect for diffe rin g origin indust ry cove rage 

ratios , the inventions and their accompanying R&D dolla rs were flowed out 

to in dust ries of use . Fo r inventions coded as having a single indust ry of 

use or p rocess inventions , this was quite simple . The R&D dolla rs went 

fully to the specific industry of use or , in the case of process 

inventions with multiple su rviving o rigins , we re divided among using 

indust ries in proportion to origin indust ry weights . 

For inventions with multiple or gene ral uses , the p roblem was more 

complex . Plainly , some using indust ries will use an invention more 

intensively than othe rs . The question is , how does one dete rmine the 

relative weights? The basic solution chosen was that inventions and thei r 

R&D would be flowed out to multiple using indust ries in p ropo rtion to the 

using indust ries ' purchases from the origin indust ry . The natu ral basis 

for the needed "ca rrier mat rix" fj was the 1972 input-output tables fo r 

the U . S .  economy .  Howeve r , substantial modifications had to be made 

befo re the input-output ca rrier mat rices we re consistent with ou r 

ob jective of tracing technology flows in such a way as to anlayze thei r 

p roductivity growth impact . 

The sta rting point was the 49 6-order 19 7 2  cu rrent transactions mat rix 

reco rding the use of commodities by indust ries ( U  . S .  Depa rtment of 

Comme rce , 19 79 )  . This had to be agg regated down to the 263 x 28 6 industry 

level at which the most detailed technology flows estimates we re to be 

prepa red . Certain disagg regations also had to be made , usually on the 

basis of simple relative size weights . Howeve r ,  for the indust rial gas , 

glass , and elect ron tube indust ries , new row vecto rs were estimated from 

p rima ry data . Also , many input-output indust ries have la rge diagonal 

elements associated with inte r-plant , int ra-industry transfe rs . These 
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might be viewed as surrogates for pr ocess inventions , but the 

correspondence is at best strained , and internal process inventions were 

in any event separately accounted for in our analysis. Therefore , the 

diagonals were "cleaned out" so that they did not exceed the row 

industry's proportionate share of aggregate output except in a few cases 

( such as organic chemicals) where productivity might plausibly have been 

af fected by substantial intra-industry tec hnologically advanced 

intermediate materials transfers. Corrections based upon primary data 

were also made to defense-oriented rows to reflect the fact that the sales 

pattern for products emerging from private R&D is different from the 

contract R&D pattern. 

A more serious problem was posed by the input-output transactions 

matrix handling of capital goods-producing industries , which tend to be 

especially important R&D performers. Most of those industries ' output is 

reported as sales to the "gross domestic fixed investment" column of final 

demand. This is obviously wrong in terms of identifying the industries in 

which capital goods technology is actually used. Basing technology use 

estimates on the small fraction of total output spread over using 

industries in the intermediate com modity output sector could be quite 

inaccurate. Therefore , the separately available capital flows input

output table for 19724 was integrated with the current transactions matrix 

-- something that , to the best of my knowledge , has not been done 

previously. The most detailed version of that table is available only in 

an 80 column (i.e. , using sector ) version , so the columns had to be 

disaggregated to 28 6 industries. For any capital flows matrix column 

spanning two or more of our industries , cell entries were split in 

proportion to the disaggregated industry 's 19 7 2-74 new capital investment 
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as a fraction of the capital investment by all LB ind ustries encompassed 

by the input-output column sector. Row aggregations to our level of 

detail were routine. Once a properly dimensioned capital flows matrix was 

available, the transactions and capital flows matrices were integrated. 

ithIf is the capital formation element of the row in the current Tic 

transactions matrix and is a representative element of the capitalIi j  
* 

flows matrix, a representative element of the revised transactions Ti j  
285* 

This was done for 70matrix was formed as T. T . + T ( I  . ./ l: . = 

J 
. =1] i 1C 1] i l 

capital goods-producing industries with po sitive general use (category ( 1) 

or ( 2  ) )  inventive activity. 

Input-output conventions concerning the construction industry (ies ) as 

a using industry posed similar problems. Substantial fractions of the 

output of the heating equipment, fabricated structural metal, office 

partitions, valves and pipe fittings, bathtub, and other industries are 

shown as used in the construction sector. It is true that construction is 

a large purchaser of such items, but it purchases them to install them for 

use by others. Inventions whose main utility lay in greater ease of 

installation by the building trades were specifically coded as having a 

construction industry use. Allowing the received input-output table 

structure to stand for general-use inventions would have inaccurately 

measured productivity-affecting technology flows. Consequently, output to 

construction industry sub-sectors was rerouted to "downstream" using 

sectors to the extent that the input-output table detail permitted. Where 

it did not, all or part of the remaining output originating from 29 

industries and reported as used in construction was spread over all using 

industries in proportion to the industries ' purchases of capital goods 

from the construction sector. 
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This pr oblem has still another anal ogue . C onsider the output of a 

techn ol ogically important c omp onent-pr oducing industry such as 

semic ond uct ors . Ac cordi ng to the input-output tables , that industry's 

output fl ows to using industries like c omputer manu facturing , radio and 

television set pr oduction , and c ommunications equipment . Yet wh o actually 

realizes the pr oductivity-enhancing benefits of a more ef ficient lar ge

scale integrated circuit: the c omputer maker who instal ls it in his 

newly-desi gn ed c omputer , or the un iversity or bank or ma nu facturer wh o 

purchases ( or leases) and uses the faster , higher-capaci ty computer? Some 

sharing of ben efit s may oc cur , but if the forces of c ompetition are 

w orking with reas onab le vi gor or if defla tors for new c omp onent-emb odying 

systems are les s than perfect hedonic pr ice indices , one w ould expect much 

of the pr oductivity-enh anci ng benefit fr om c ompo nent pr od uct inventi ons to 

be pas sed on fr om the industry that assemb les the c omponents to the 

industries that buy and use the pr oduct s emb odying the impr oved 

c omp onents . To implement this n otion , 2 2  industries that specialized in 

supplyin g component s to some set of fir st-order usin g industries (usually 

5assembly-type industries) wer e identified . Relevant parts of c omp onent 

industries' output were sub jected to a sec ond-order ( or for synthetic 

* 
fibers , third-order) fl ow c orrection . Thus , let T·. be the inte grated 

XJ 

first-order matrix sales of c omponent ori gin industry i to assembly 

industry j .  Then for any element k in industry j's output use r ow ,  the 

adju sted value is 

* 
+ T..

XJ 

* 
with T set equal to zer o  before sec ond-order fl ows to r ow i (i]j) arei j  

c omputed . Because it was n ot clear a priori whether the benefits of 
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com ponent product inventions would in fact be passed on as measured 

productivity gains to second-order buyers, com plete carrier matrices were 

calculated both with and without these com ponent flow adjustments, and 

corres ponding pairs of technology flow matrices were estimated . In fact, 

re gression analyses of productivity gr owth revealed that technology flow 

variables without second-order com ponent flow adjustments consistently had 

slightly gr eater explanatory power . See Scherer ( 198lb ) .  

The result of these modifications was a set of in put-out put tables 

unlike any previously available, but suited as well as possible to 

performing the carrier matrix role in the estimation of technology flow 

matrices . All row elements were converted to ratios whose sum over all 

using sectors except end consum ption equalled unity . After unneeded rows 

were purged and some further aggregation , a set of four carrier matrices 

_ -- one each with and without second-order com ponent flows at the 263 x 

285 and 263 x 56 levels of ag gregation -- was taken to the Federal Trade 

Commission to be linked with the patent data tape for the final technology 

flow matrix estimation sta ge . 

For general-use inventions of cate gory ( 1  ) ,  the R&D cost of a patent 

ACP flowed throu gh to using industry j (excludin g the final consum ption 

sector ) from sin gle ori gin industry i with covera ge ratio and carrierci 

matrix coef ficient was as a first ap proximation ( A  CP/ci ) .  Foraij aij 

general-use inventions of cate gory ( 2  ) (i .e . ,  ubi quitous ind ustrial use ),  

a ratios relating using industry value added to value added in allij 

industries were applied . When there were three or fewer (e . g  . ,  M)  

kth specific industries of use, the coef ficient for the desi gnated usin g 
M 

industry was a / ^ a except that when this value was less than 0 . 15, 
ik k l ik ' 

the coefficient was set equal to 0 . 15 and all the specifically desi gnated 
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large amounts of an origin industry's output should en joy a larger 

technology flow than relatively small purchasers. One alternative 

considered and ultimately re jected was to multiply eac h ACP or FACP value 

by the numbers equivalent of the Herfindahl-Hirschman index for origin 

industry carrier matrix A row elements before flowing out general-use 

. . ff. . invention va1ues in proportion to the carr1er matr1x a coe 1c1ents .  6i j  

Instead , a suggestion made at an NBER workshop by Richard Levin was 

adopted . For any multiple industry of use invention , the using industry 

with the largest value was assigned a unit value and all otherai j  

industries ' a . . coefficients were normalized to this value . That is , if
lJ 

the maximum is aim• the coefficient for industry k would beai j  aik/aim ' 

R&D dollars distributed to that industry would be (aik/aim )and so the 

This con vention , like the numbers equivalent approach ,  has the 

property of assigning greater weight to individual inventions , the larger 

the number of industries using the invention is and the more equal in size 

the using industries are . Ubiquitous use inventions in particular (with a 

numbers equivalent value of nearly 24 ) received far more weight in total 

than specific using industry inventions . Whether such weighting is 

appropriate cannot be determined on a priori grounds; the question is 

essentially an empirical one . 

Another problem with the public goods approach is that , because R&D 

dollars are in effect double-counted , estimated R&D coefficients in 

regressions explaining productivity growth cannot be interpreted as 

steady-state returns on R&D investment . This is a significant 

disadvantage relative to the private goods approach , under which such rate 

of return inferences can (with appropriate caveats ) be drawn . 
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using industry coefficients were renormalized to su m to unity. Although 

arbitrary, this convention ensured that specific-use industries received 

some of an invention's value even when input-output tables showed no 

relevant transactions between the origin and using industry pair. 

The Public Goods Problem 

Under the procedures described thus far, R&D dollars (or patents) 

were flowed out to using industries in such a way that the sum of the 

flows equalled the sum of the origin industry's R&D .  An exception was 

made for final consumption goods uses, for which no productivity analysis 

could in any event have been contemplated. For any patent covering a 

consumer good, the final consumption sector column received the full R&D 

cost of that patent, whether or not there were also industrial uses. In 

effect, the consumer goods application of such inventions was treated as a 

public good not reducing the amount of R&D available for transmission to 

industrial sectors. 

It can plausibly be argued that multi-use industrial inventions 

should also be handled as public goods, with use by industry k not 

reducing potential use by industry j. There are, however, both 

theoretical and practical difficulties in implementing such a public goods 

approach. It can be shown (Scherer 198la) that as the number of using 

industries (i.e., the scope of the market) increases, firms will do more 

R&D and receive more patents, all el se (such as the size of the average 

using industry) held equal. This increase in inventive activity may be 

channeled in either or both of two directions: perfecting a given narrow 

array of products, or increasing the variety of products geared to 

specialized demands of the diverse using markets. When product variety 

increases with rising market scope, particular inventions may be 
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applicable in only a subset of the relevant using industries. This goes 

against the spirit of the public goods hypothesis. When R&D emphasizes 

perfecting a narrow array of products, other problems arise. If the same 

product is sold in many markets, it may pay to carry the product's 

development to a high state of refinement. For any single using market, 

considerable progression into the stage of diminishing marginal benefits 

is implied. In contrast, for single industry of use inventions, 

development is more apt to cease where the marginal benefit is high. This 

difference in marginal benefits per using industry is difficult to capture 

under a public goods approach. 

If increased market scope led mainly to the perfection of a fixed 

range of products rather than increased product differentiation, one might 

also expect (because of increasing marginal invention costs) the R&D cost 

per patented invention to be greater, the broader the scope of the 

market. Crude tests of this increasing cost hypothesis failed to provide 

support. See Scherer ( 198la). There was no significant evidence of 

systematically rising R&D cost per patent as the number of using 

industries increased from one to three and then from category ( 1) general 

use to category ( 2  ) ubiquitous use, all else equal. 

Despite the possibility of increasing product differentiation and 

diminishing single-market marginal benefits as the number of using 

industries rises, an attempt was made to construct technology flow 

matrices under the assumption that multiple industry-of-use inventions 

were public goods. The conceptual problems were substantial. The very 

nature of public goods makes a certain amount of arbitrariness 

unavoidable. A basic guiding principle was that even though use by one 

industry should not detract from use by another, industries purchasing 
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Given the conceptual and practical difficulties faced in implementing 

a public goods approach to technology flow estimates, the question of 

which approach -- public or private -- to use in productivity analyses was 

left open. Some evidence will be presented be in a later section. 

4. The Output 

A principal end product of the effort described here is a set of 

technology flow matrices and vectors. Full matrices were constructed only 

at the 48 row by 57 column level of aggregation. These were estimated 

both fsr patents and company-financed R&D dollars under both the private 

and public goods assumptions, with and without adjustment for second-order 

component invention flows. For federal government contract R&D outlays, 

similar matrices were constructed only under the public goods 

assumption. Table 1 provides an example of a tec hnology flows matrix for 

company-financed R&D expenditures. It is aggregated further to the 41 x 

53 level , mainly to minimize confidential data problems. It is defined 

under the private goods assumption (except for final consumption) with 

adjustment for second-order component invention flows. The rows are 

industries of origin; the columns are industries of use; and the diagonal 

elements approximate internal process inventions (except for a ·few sectors 

like organic chemicals with extensive intra-industry intermediate product 

invention flows). All entries are in millions of dollars. Blank cells 

denote R&D flows of less than $50,000. Entries marked "d" had to be 

suppressed to comply with the FTC requirement that no underlying R&D data 

be disclosed for any group of fewer than four companies. 

Examining row 3, 4, we see that a majority of food and tobacco 
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ORIGIN n r;: S 
R&D 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  2 0  2 1  2 2  2 '  

Agriculture & forestry 1 2 8 . 1  

Mining, exc . petroleum 6 0 . 3  4 5 . 2  	 d d d 

3 , 4 Food & tobacco products 444 . 9  7 . 9  2 5 7 . 8  2 0 . 4  0 . 2  d 	 0 . 1  d d 0 . 1  0 . 1  0 . 1  0 . 1d 0 . 1  

5 Textile mill products 1 79 . 3  0 . 8  0 . 2  128 . 4  8 . 1  0 . 3  0 . 8  0 . 5  0 . 2  	 0 . 1  2 1  . 6  0 . 9  0 . 1  0 . 1  

6 , 19 Apparel and leather products 5 5 . 5  d d d 1 6 . 5  d d d 	 d d d d 

Lumber & wood products 7 2  . 6  0 . 4  0 . 2  0 .  2 64 . 2  0 . 6  0 . 1  	 0 . 1  0 . 1  0 . 3  0 . 2  0 . 2  

Furniture 	 5 1 . 1  0 . 1  0 . 1  0 . 3  0 . 1  0 . 1  0 . 3  7 . 8  0 . 2  0 . 2  	 0 . 1  0 . 1  0 . 1  0 . 1  0 . 2  0 . 1 0 .  

Paper mill products 202 . 3  6 . 0 0 . 1  2 5  . 8  0 . 1  1 . 2  0 . 3  0 . 4  0 . 4  8 6 . 4  3 . 1  0 . 1  0 . 1  1 . 0  0 .  7 0 . 1  1 . 0 1 . 5  1 . 2  0 . 2  0 . 9  0 . 1  0 . 1  

10 Printing & publishing 6 7 . 4  0 . 1  0 . 4  0 . 1  	 0 . 1  0 . 1  0 . 1  0 . 1  0 . 1  0 . 1  0 . 10 . 1  32 . 7  

1 1  Industrial inorganic chemicals 1 5 9  . 2  1 . 2  0 . 1  d 0 . 8  0 . 1  0 . 1  4 . 6  0 . 3  9 0 . 8  1 . 8  0 . 2  0 . 3  6 . 1  9 . 3  0 . 4  0 .  9 d 

12 Indus t rial organic chemicals 2 9 7 . 2  3 . 0  0 . 2  2 .  7 d 1 1 . 8  0 . 4  1 . 3  0 . 1  5 .  9 d 1 . 1  1 6 3 . 3  2 4  . 1  1 . 2  2 .  3 1 9 . 0  7 . 1  1 3 . 8  d 2 . 7  1 . 6  2 . 2 

Synthetic resins , fibers , rubber 601 . 6  1 . 6 0 . 5  2 . 8 d 3 2 .o 1 1 . 8  1 . 1  0 . 8 1 3 . 9  0 . 5  d 0 . 8 7 0 . 8  d 2 3  . 9  2 . 3 1 6 9 . 1  1 . 7 6 . 4 

14 Pharmaceuticals 	 5 5 7 . 3  3 2 . 0  0 . 2  	 d 7 1  . 0  

1 5  Agricultural chemicals 1 8 6 . 7  1 4 2 . 8  d 	 d 34 . 2  d dd 0 . 1  
Paints , 	 toiletries , explosives , 

485 . 7  3 . 9 4 . 2 1 1 . 1  0 . 2  2 6 . 3  0 . 2  7 . 8 20 . 5  1 3 . 4  0 . 7  1 . 4 9 . 6 1 . 0 85 .4 1 3  . 8  1 6 . 2  3 . 5 3 . 8 3 1 . and other chemical products 
1 7  Petroleum extraction & refining 3 80 . 3  4 . 0  0 . 7  1 . 1  0 . 1  0 . 3  0 . 4  0 . 9  0 . 1  1 . 0  0 . 3  0 . 2  0 . 3  0 . 3  0 . 1  0 . 1  0 . 8  31 2 . 7  0 . 7  0 . 1  0 . 6  0 . 6  0 . 4  1 .  

1 8  Rubber & plastic products 4 1 9  . 8  1 3 . 7  	 2 . 8  18 . 1  0 . 7  3 . 0 1 . 1  d 5 . 0 2 . 2  0 . 7  0 . 8  1 . 3  1 . 3  0 . 1  4 . 3  3 . 8  2 0 3 . 0  1 .  9 2 . 5  1 . 0 5 . 1  4 .  

2 0  Stone , clay , & glass products 2 6 5  .0 0 . 9 0 . 1  d 0 . 1  d 0 . 1  2 . 4 1 . 0  d 0 . 3  0 . 1  0 . 2  0 . 1  d 1 . 3  d 1 5 5 . 3  1 1 . 3  0 .  3 2 .  

2 1  Ferrous metals 	 1 8 9  . 3  d 0 . 1  0 . 1  0 . 1  d d d d 0 . 1  0 . 1  164 . 2  0 . 3  9 .(1j
I 	 22 Nonferrous metals 1 5 6  . 9  d 0 . 1  d 0 . 1  0 . 1  0 . 3  0 . 2  0 . 1  0 . 4  0 . 2  0 . 4  0 . 1  0 . 2  d 0 . 1  0 . 1  0 . 3  2 . 8  102 . 9  00 

2 3  Fabri cated metal products 5 5 2  . 7  N 	 5 . 3  3 . 0 2 8 . 0  0 . 7  1 . 4 d0 . 2  1 . 1  0 . 30 . 7  12 . 3  2 . 3  1 2 7  . 0 . 7  4 . 5 7 . 4  0 . 9  1 . 0  2 .  7 

24 Engines &. turbines 2 8 2  . 2  1 0 . 4  3 .  2 0 . 2  0 . 3  0 . 52 . 2 0 . 3  0 . 6  0 . 10 . 6  1 . 1  2 . 0 1 . 10 . 6  1 . 1  2 . 5 0 . 9  0 . 4  1 . 0  

Farm machinery 	 1 99 . 3  1 65 . 4  
Cons true tion , mining , & materials 

3 5 1 . 2  2 . 0  6 5  . 9  < 4 . 6  0 . 3  1 . 2 0 . 3  7 .  3 0 . 3  1 . 3  0 . 6  0 . 3  0 . 8  0 . 7  0 . 2  0 . 2  0 . 3  1 7 . 7  0 . 4  0 . 2  5 . 8 3 . 4handling equipment 
2 7  Metalworking machinery 1 2 1  . 5  5 . 4 0 . 2  0 . 4  0 . 1  2 . 8  0 . 5  d 0 . 1  0 . 1  d 0 . 1  0 . 9  1 4  . 5  7 . 5  15 . 

2 8  Other machinery 	 6 91 . 0  1 7 . 6  	 8 . 0 5 6 . 9  1 . 5  18 . 9  1 . 9  7 . 8 1 . 1  2 0 . 9  4 0 . 1  5 . 0 1 0 . 1  5 . 4  2 . 1  1 . 6  3 . 4  1 6 . 2  9 .  7 d 1 3 . 6  3 5  . 4  9 . 1  1 6  . 

Computers & o ffice equipment 1 1 5 3 . 0  2 . 9 2 . 4  1 5  . 9  0 . 6  9 . 4 3 . 4 1 . 6  1 . 7  1 0 . 1  1 3 . 4  1 . 8  5 . 0 4 . 8  6 . 2  1 . 3  8 . 6  2 0 . 6  1 . 6  8 .  5 1 9 . 0  5 .  3 10 . 

d 8 . 230 Industrial elec t rical equipment 205 . 9  0 . 3  1 . 6  1 . 3  1 . 1  0 . 2  0 .  5 0 . 3  2 . 5  0 . 3  0 . 7  1 . 6  0 . 6  0 . 5  0 . 3  4 . 0  

31 Household appliances 102 . 7  0 . 1  0 . 1  0 . 4  2 . 2  0 . 6  	 0 . 1  
Lamps , batteries , ignition , X-ray , 

32 	 2 3 3 . 3  0 . 3  0 . 3  0 . 2  0 . 18 . 1  0 . 6  2 . 5  0 . 1  1 . 2  2 . 0  0 . 1  0 . 8  4 . 6  0 . 51 . 3  0 . 4  0 . 7  0 . 7  0 . 2and other electrical equipment 
3 3  Radio & communication equipment 1 22 7 . 7  0 . 6  0 . 6  0 . 25 . 1  1 . 6  5 . 3  0 . 7  7 . 6 1 . 6  0 . 3  1 . 9  2 . 4 1 . 0  3 .1 . 5  1 . 5  1 . 5  0 . 7  1 . 7  2 . 4  

3 4  Electronic components 0 . 9  0 . 4  0 . 1  0 . 6  0 . 7  0 ,,, L0 . 2  0 . 2  0 . 10 . 5  0 . 2  0 . 7  0 . 2  0 . 2  0 . 1  0 . 4  0 . 7  0 . 1  0 . 3  

35 Motor vehicles & equipment 1 5 1 8 . o  78 . 0  1 0 . 6  2 5 . 4  1 . 1  0 . 9  1 . 7  0 .  6 16 . 7  2 .  6 1 . 2  1 1 . 4  4 . 2  2 . 6  1 4  . 3 . 6  1 7 . 1  3 .  9 5 . 4 10 . 0  0 . 9  

36 Aircraft 	 6 5 9 . 4  0 . 3  0 . 2  0 . 5  0 . 1  0 . 1  0 . 1  0 . 10 . 1  0 . 2  0 . 1  

Mi ssiles , spacecraf t ,  & ordnance 1 2 2 . 7  

d 

2 . 1  

0 . 1  	

dd 
Other transportation equipment 140 . 1  0 . 1d d d 
Measuring & medical instruments , 

39 	 1036 .4 6 . 3  8 . 1  0 . 8photo equipmen t ,  & timepieces 3 . 3 1 . 5  2 . 0  0 . 9  7 .  2 2 . 4  5 . 3  2 . 8 4 . 2  1 3 . 5  4 . 0  0 . 4  5 . 1 6 . 6  3 . 1  5 .  

Miscellaneous manufactures 2 1 1 . 6  d 0 . 6  0 . 1  0 . 9 1 . 3  0 . 6 0 . 3 0 . 2 0 . 5  0 . 1 0 . 1 0 . 1  0 . 1  0 . 2  1 .4 0 . 3  0 . 1 0 . 2  0 .4 0 . 1 0 .  

Trade & finance & real estate 3 9  . 7  

4 3  Transpo rtation & public utilities 4 7 . 2  
Construction & service s ,  including

44 , 4 5  2 6 6  . 0  0 . 7 0 .  7 0 . 1  0 . 2 0 . 2  0 . 2  0 . 1  0 . 3  0 . 3  d d 0 . 1  d 24 . 4  0 . 3R&D services 5 . 5 0 . 7  0 .  

561 . 8  1 5 7 . 3  4 9 3 . 4  2 9 . 8  2 5 0 . 8  	 3 3 2 . 1  9 5  . 3  4 5  . 7  180 . 3  4 9 6 . 5  4 7 0 . 0  1 6  . 6  2 3 2 . 0  307 . 8  1 66 . 1  2 7 0 .TOTAL R&D DOLLARS DSED 	 5 7 . 2  1 3 1  . 1  3 3 . 7  206 . 0  1 4 7 . 7  1 08 . 8  207 . 6  

10 . 0  
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43A 43B 4 3C 4 3 D  4 3E 46 4 745A 45B3 6  37 38 4026 2 7  28 2 9  30 31 32 3 3  4 1  

d 
d 0 . 0  

d 0 . 3  d d 2 . 5 0 . 4 dd 3 , 41 6 . 0  

0 . 2  0 . 1  0 . 1  0 . 6  d 0 . 2  0 . 3  0 . 8  1 . 0  0 . 2  0 . 3  0 . 1  0 . 1  0 . 1  0 . 8  o .  7 d 0 . 4 0 . 2  1 8 . 2  

d d d d d d d d d d d d d d d d d d 3 7 . 7  6 , 19 

0 . 6  0 . 2  0 . 1  0 . 3  0 . 2  1 . 5  0 . 4  0 . 20 . 1  0 . 1  0 . 1  0 . 1  0 . 2  0 . 3  2 . 8  7 

d 0 . 2  0 . 2  0 . 6  d7 . o  2 . 0 0 . 1  0 . 2  0 . 1  0 . 1  0 . 1  0 . 5  0 . 1  0 . 5  0 . 1  0 . 2  0 . 1  0 . 1  7 . 1  1 . 3  1 . 1  2 2 . 4  

d 0 . 2 0 . 1  0 . 3  0 . 1  0 . 9 0 . 6 14 . 7  0 . 2 1 . 0 0 . 3  0 . 1 0 . 1  0 . 2  4 . 0 1 .6 

1 . 1 0 . 2  0 . 1  0 . 2  0 . 2  0 . 4  0 . 2  d0 . 1  0 . 1  0 . 1  0 . 1  0 . 1  1 3 . 9  1 00 . 8  

d 1 . 0 d 0 . 1  0 . 1  0 . 1  0 . 2  d d 0 . 2  1 . 1  2 . 7  0 . 3  0 . 1  0 . 4  d 0 . 1  0 . 20 . 1  0 . 8  1 . 6 1 . 7  1 . 9 8 . 8  1 1  

d0 . 4  d 0 . 1  0 . 6  d 2 . 0  0 . 3  0 . 1  O . l  d 2 . 9  2 . 3  1 . 5 14 . 1  120 . 2 0 . 8 0 . 6 0 . 3  0 . 1 1 . 6 0 . 3  

0 . 3  1 . 10 . 2  0 . 11 . 2  1 . 0 0 . 5  0 . 1  0 . 8  1 . 9  1 . 9 1 . 1  1 . 8  12 . 0  1 . 2  0 . 2  0 . 7  3 .  7 4 . 8  2 . 0  '• · 6  1 . 5  2 . 9  1 0 . 0  1 3  

3 2 1 . 4  d 0 . 8  0 . 1  462 . 0  14 

0 . 2  0 . 1  0 . 2  0 . 1  0 . 1  d 1 . 0  0 . 5  0 . 1  80 . 2  1 5  

2 . 0  2 . 4  2 . 0  5 . 7  0 . 9  4 . 7  1 9 . 3  1 . 30 . 8  2 . 5  0 . 3  0 . 5  2 . 1  7 . 5 1 6 . 3  0 . 3  3 . 6  1 . 3  9 . 5 2 . 7 9 . 1  3 . 9 1 61 . 9  16 

d 5 3 . 2  1 72 . 9  1 . 00 . 2  2 . 9 5 . 1  5 . 7  6 . 10 . 1  0 . 2  0 . 7  0 . 1  0 . 2  0 . 1  0 . 1  0 . 1  0 . 5  0 . 3  0 . 1  0 . 1  1 3 . 3  1 . 0  5 . 5  3 . 1  

2 2 . 2  9 . 5  1 2 . 4  0 . 9  d 5 . 8  9 . 71 . 6  1 . 1  1 . 0 1 . 5  2 . 6  1 . 0 1 . 2  7 . 3  0 . 8  0 . 3  0 . 7  1 . 9  7 . 2 3 . 9  1 1 1 . 9  1 8  

0 . 9  0 . 3  dd 0 . 1  d 0 . 3  0 . 7  1 . 0  d 5 .6 2 . 1  0 . 2  0 . 3  d 1 . 6 5 . 3  9 . 0 0 . 7 2 . 00 . 4  4 .6 2 . 1 36 . 8  201 . 7  

d d dd 0 . 6  0 . 3  1 . 2  1 . 7  0 . 4  0 . 3  0 . 3  0 . 1  2 . 8  0 . 1  0 . 2  0 . 5  0 . 2  0 . 3  1 . 6  0 . 1  0 . 0  2 1  

d 1 . 8d 1 . 3  0 . 2  0 . 3  2 . 3  0 . 6  1 . 2  0 . 3  0 . 4  0 . 8  0 . 5  0 . 7  0 . 40 . 3  3 . 0  9 . 6  2 20 . 51 . 2  0 . 7  

2 .o 7 . 2 0 . 8  1 . 6 1 .4 1 .6 1 . 8  0 . 9 1 1  . 0  1 6 . 3  0 . 7  2 . 9 1 . 7  1 . 0 1 1  . 7  9 . 4 8 . 1  3 . 3 0 . 4 5 . 1 1 5 1  . 2  1 7  . 1  3 . 2  1 9 . 8  8 . 4 29 . 7  106 .6 2 3  

3 . 9  0 . 2  0 . 2  0 . 3  0 . 5  1 . 8 0 . 3  8 . 5  0 . 6  0 . 3  1 2 . 0  8. 9 7 . 8  1 . 0  6 . 4  1 . 7  7 5 . 8  1 0 . 2  , 8 . 9  0 . 3  2 . 4  2 1 . 1  1 5  . 6  1 5 . 3  5 9 . 6  24 

d 0 . 1  0 . 1  d 5 . 9  0 . 1  2 . 4  4 . 6 0 . 5 0 . 1  3 3 . 1  25 

0 . 1  2 . 4  0 . 4  0 . 3  3 . 9  2 . 3  0 . 2  0 . 4  1 . 2  154 . 4  0 . 5  16 . 0  0 . 4  2 . 0  0 . 7  0 . 4  0 . 5  1 . 0 0 . 9  5 .  7 0 . 2  4 . 7  3 . 5 8 . 1  1 0 . 5  4 . 0  2 6  

6 . 6 1 . 6  0 . 9 1 2 . 2  2 7  

7 . 8  64 . 3  1 2 . 1  26 . 8  111 . 6  2 8  

1 9 . 8  224 . 2  75 . 6  75 . 2  4 5 . 0  29 

1 3 . 6  7 . 9 5 . 2  4 .  7 25 . 4  30 

d 0 . 8  0 .  7 3 .  9 1 . 1  2 . 3  0 . 1  0 . 3  d 6 . 62 . 2  7 . 4  2 . 0  1 . 3  1 . 1  1 2 . 2  3 . 20 . 8  1 . 8  

3 3 . 0  20 . 5  2 . 5  1 . 8  3 . 3  1 6 . 2  1 . 5  0 . 9  2 . 7  2 . 4 2 . 1  64 . 0  1 1  . 5  8 . 4  3 . 5  1 . 20 . 8  1 . 6  

3 . 5  7 .  3 

0 . 6  2 . 9  

1 . 5  1 . 3  8 . 0  

1 6 . 5  6 . 6  1 7 . 1  20 . 5  3 . 8  3 . 5 1 6 . 8  3 . 7  9 7 . 5  1 7 6 . 4  2 0 . 9  4 . 3  1 . 5  25 . 8  26 . 1  2 . 31 2 . 9  1 1 0 . 5  4 . 22 . 9  

2 . 2  1 . 8  2 . 5 0 . 3  0 . 4  0 . 5  5 2 . 0  1 . 82 . 6 34 . 4  1 . 7  0 . 7  0 . 8  1 . 4  0 . 4  0 . 2  2 . 4 1 . 6  0 . 8  2 . 115 . 6  

6 . 8 d 0 . 1  0 . 1  0 . 2  4 . 1  2 . 8  0 . 2  0 . 1  0 . 1  0 . 2  0 . 2  1 0 . 1  0 . 4  d 94 . 1  3 1  

2 7 . 8  0 . 6  0 . 3  1 2 . 2  0 . 4  1 3 . 0  6 . 1  1 1 . 4  1 9  . 7  1 . 6  1 . 4  0 . 3  1 . 3 0 . 6  0 . 2  0 . 4  0 . 6  8 . 8  1 1 . 5  5 . 72 . 40 . 1  1 . 1  2 6 . 0  1 3 . 5  7 . 2  20 . 9  120 . 0  3 2  

8 . 8 38 . 1  39 . 4  220 . 6  2 2 3  . 2  3 3  

2 . 6  2 8 . 2  1 1 . 7  5 0 . 0  46 . 2  34 

1 6  . 9  204 . 7  79 . 8  2 7  . 7  1 345 . 9  3 5  

0 . 4 0 . 9  0 . 7  2 . 2  2 . 2  20 . 9  1 1  . 7  7 5 . 61 . 2  1 . 1  1 . 2 106 . 3  2 . 0 6 . 2 1 7  . 6  3 1  . 8  1 2 . 2  4 1 7 . 7  1 1 . 0  1 6 . 1  3 . 6 1 . 7 

2 . 3 1 . 70 . 1  0 . 3  0 . 1  0 . 8  2 . 2  5 . 7  2 . 26 . 5  386 . 4  3 . 1  4 . 6  0 . 8  3 . 9  0 . 2  4 3 . 73 . 9 0 . 6  1 . 50 . 6  

1 . 0  1 . 5  158 . 8  0 . 8 0 . 8  2 . 4  2 . 9  1 . 2  5 . 1  0 . 8  1 . 1  2 . 0  3 . 8 288 . 8  9 9 . 0  185 . 3  5 . 9  2 . 5  9 . 50 . 8  1 . 1  7 . 0  4 3 . 9  1 2 5 . 1  

0 . 2 0 . 7  3 6 0 . 4  0 .1 0 . 2  0 . 4  6 . 5  120 . 1  d0 . 5 0 . 1  0 . 4 160 . 5  0 . 9  

d 2 2 . 0  0 . 3  d d d d d d 9 3 . 2  d 
d d d d d 5 1  . 7  38d d d d 5 9 . 9  d 

11 . 4  6 . 8 9 . 7  2 . 1  8 8 . 8  1 . 2 3 3 . 1  2 6 . 8  14 . 7  3 5 . 41 . 0  0 . 9  5 . 5  2 . 3  3 . 0  5 . 9  2 . 1  1 2 . 4  9 . 3  3 5 . 0  1 3 . 9  207 . 0  14 2 . 0  3 5 . 6  60 . 2  342 . 5 39 

0 . 1  0 . 1  0 . 1  0 . 3  0 . 1  0 . 1  0 . 1  0 . 1  0 . 1  0 . 5  0 . 1  1 . 2  0 . 4  7 7 . 5  3 . 9  2 . 3  0 . 7  d d d 0 . 6  1 . 6  1 . 7  2 9 . 0  4 . 3  1 . 8  86 . 9  40 

4 . 3  2 . 5  0 . 9  d 

d 
d 

0 . 0  4 1 , 42 

d o . o  4 3  

d d d 7 2 . 6  d d0 . 1  0 . 1  0 . 3  0 . 1  0 . 20 . 5  0 . 1  0 . 2  0 . 2  0 . 6  2 . 2 1 4 . 0  4 4 , 4 5  

i . 9  1 9 . 2  4 3 . 8  2 2 . 4  141 . 1  1 3 1 . 9  5 9 . 0  41 . 7  72 . 2  185 . 6  446 . 4  308 . 1  245 . 0  4 0 . 8  4 4 . 8  147 . 0  108 . 8  727 . 9  409 . 7  364 . 9  524 . 1  8Ĥ . 1  542 . 8  4 9 3 . 9  4 3 2  . 9  684 . 6  1000 . 3  378 . 1  842 . 2  4111 . 4  

0 . 2  
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pr oducts industry R&D is internal pr ocess-oriented , with most of the 

remainder fl owing, not surprisingly, int o final c onsumption or tr ade 

(i.e., restaurants and food st ores). Reading down column 3, we see that 

the f ood pr oducts sect or used appreciable am ounts of R&D emb odied in 

pr oducts purchased from the paper, miscell ane ous chemicals (1 6) ,  pl astic 

pr oducts, fabric ated metal products (e.g., c ontainers), other machinery, 

office equipment, motor vehicle, and instruments industries. F or food and 

t obacco pr oducts, the bal ance between R&D originated ( $  444.9 milli on) and 

R&D used ( $ 493.4 + 29.8 = $523.2 milli on) is fairly even . This is not 

true f or all sect ors. At one extreme am ong manuf acturing industries is 

the printing and publishing sect or ,  which originated $67.4 milli on of R&D 

but used $ 1  47.7 milli on. At the other extreme is farm machinery, which 

originated $199.3 milli on but used only $19. 2 million. Nonmanufacturing 

industries, as has been well kn own, originate very little R&D, but they 

use roughly half of the R&D originating in the manuf acturing sect or. 

In Appendix A are presented m ore disaggregated industry R&D sums 

cl assified in three ways : by industry of origin, by ind ustry of use with 

sec ond-order comp onent flows under the priv ate goods assumpti on, and by 

industry of use with second-order comp onent fl ows under the public goods 

assumpti on. The industry categ ories have been c ons olidated somewhat 

relative to the original source comput ati ons to av oid possible discl osure 

pr oblems. Bec ause nonmanuf acturing industries perf orm so little R&D but 

are heavy users, a more detailed level of disaggregation is implemented on 

the use side of cert ain nonmanufacturing sect ors. 

Text Table 2 provides a matrix of the zer o-order correlation 

c oef ficients between industry t otals f or some of the principal technol ogy 

flow variables. Bec ause of the asymmetry of origin vs. use disaggregation 
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de tail among nonmanu fac turin g indus tries , the correla tions are for 247 

manu fac turin g indus tries only . Note tha t  the variables wi th and wi t hou t 

second-order com ponen t flows are highly correla ted : be tween USERDl and 

U S E RD2 , r 0.9 9 6. Ther e is mor e dif ference be tween the pri va te and= 

public goods measur es ; e . g .  , wi th com ponent flows , r 0 .  8 7 7 .  = 

Also included in Ap pendix A is a variable fo r each indus try wi th 

origin da ta giving in ternal produc tion pr ocess pa ten ts as a percent of  

total covera ge ra tio-in fla ted pa ten t  s . Pa ten ts are the focus ra t her than 

R&D dollars because o f  disclosure limi ta tions . The two , however , are 

fairly cl osely rela t ed . I f  P RD measures process R&D s pending as a 

frac tion (not percen ta ge ) o f  to tal ori gin indus try spending and P P  

measures process pa ten ts a s  a fraction o f  total origin indus try pa tents , 

the sim ple regression equa tion is: 

2
( Rl )  P RD .0 2 	+ .95 6 PP;  r .855, SEE . 1 28. 

(. 0 26) 

Examining t he indi vid ual da ta in Appendix A ,  one finds wide in ter-indus try 

di f ferenc es in t he degree o f  process pa ten t orien ta tion . Bu t t here are 

consis tent and plau sib le similari ties wi thin like grou ps o f  indus tries . 

Thus , complex ca pital go ods pr oducers tend to be ve ry pr oduc t inven tion

orien ted (i . e .  , wi th low pr ocess invention ra tios ) ,  while pr oducers of 

basic raw ma terials ar e pr ocess-orien ted . I t  s hould be no ted , however , 

tha t  some o f  the process percentage values in the A p  pendix are com pu ted 

from ra ther small numbers o f  pa tents , and so possibly subs tan tial samplin g 

errors may exis t for the indi vidual indus try es tima tes . 
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Table 2 


CO RRELAT ION MA TRIX : R&D SUMS, 


=MANU FACTURING INDUSTR IES ONLY (N 247 ) 

ORGPAT ORGRD USERD 1 USERD2 USEP U B 1  USEP U B 2  USEPAT 

ORGPAT 1.000 • 7 24 . 673 . 6 9 0  . 5 6 5  . 5 9 1  . 6  58 

ORGRD 1 . 000 • 608 • 649 . 68 1  .742 . 4 22 

USERD 1 1.000 . 9 9 6  .877 .847 .87 1 

USERD2 1. 000 • 889 .87 1 .862 

USEPUB 1 1.000 . 988 .754 

USEPUB2 1. 000 . 7 1 5  

Definitions : 

ORGP AT: Coverage ratio-inflated count of patents by industry of 

origin. 

ORG RD : Coverage ratio-inflated company-financed R&D outlays 

by industry of origin. 

USERD 1  : R&D by industry of use, private goods assumption, with 

second-order component flows. 

USERD 2 :  R&D by industry of use, private goods assumption, 

without second-order component flows. 

USEPUB 1 :  R&D by industry of use, public goods assumption , with 

second-order component flows. 

US EP U B 2 :  R&D by industry of use , public goods assumption, 

without second-order component flows. 

USEPAT : Coverage ratio-inflated patent count flowed to 

industries of use, private goods assumption, without second

order component flows. 
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There is another potential hazard in the process invention percentage 

estimates. They stem, as stated before, from detailed examination of 15, 1  1 2  

individual patents. It is generally believed that process inventions (used 

lar gely within the ori ginating firm) are easier to keep secret than product 

inventions, and from this may follow a propensity for firms to patent 

relatively fewer process than product inventions, all else (such as the 

economic si gnificance of the invention) held equal. See Scherer et al. 

( 1959, pp. 153- 154). If so, our process patent ratio estimates could have a 

systematic downward bias. When patents are linked to the privately -financed 

1974 R&D dollars of the company LBs in which they ori ginated, one finds that 

process inventions accounted for 24. 6 percent of total covera ge ratio -inflated 

sample R&D expenditures. There are two benchmarks a gainst which this fi gure 

can be compared. Recent Mc Graw -Hill research and development expenditure 

surveys ( 1978, 1979) have asked inter alia what fraction of corporate 

respondents ' R&D outlays involved process development and improvement. The 

universe estimates appear to be sensitive to survey response, varying since 

197 4 in the range of 17 to 24 percent. Second, the Strategic Planning 

Institute 's P IMS data base contains among other things a breakdown of 

applied R&D expenditures between product and process categories. These 

estimates are made at the level of finely subdivided "businesses" within 

companies, and are likely therefore to be more accurate than the corporate 

aggre gates estimated for Mc Graw-Hill surveys. The simple avera ge pr ocess R&D 

share for some 948 businesses reporting in P IMS during the mid -1970s wa s 25 .5  

7percent. Thus, from comparison with available alternative benchmark data, 

there is no reason to believe that our process R&D share estimates are in fact 

seriously biased downward. 
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5 .  P roductivity Relationships 

Although the technology flow data desc ribed in this pape r also p rovide 

new insight into a facet of Ame rican indust ry st ructure, the principal reason 

for compiling them was to pe rmit a better-specified analysis of the links 

between R&D and productivity growt h .  The detailed results of that analysis 

a re desc ribed elsewhe re (Sche rer 198 lb ) .  He re a b rief ove rview must suffice . 

Of th ree productivity data sets analyzed, we focus he re on one following 

input-output indust ry definitions and published by the U .S .  Bu reau of Labo r 

Statistics (Ma rch 1979 ) and supplemented by unpublished computer printouts . 

With 1974 R&D expenditu res as the independent va riable of cent ral inte rest, 

the principal reg ression analyses examined annual labo r productivity 

g rowth Ù LP (in pe rcentage terms ) over the peak-to-peak business cycle inte rval 

1973-78 . P roductivity indices and co rresponding gross capital stock change 

indices ÙK we re available for a total of 87 indust ry g roups, including nearly 

all of manufactu ring plus ag riculture, crude oil and gas, rail roads, ai r 

t ranspo rt, communications, and the elect ric-gas-sanita ry utilities . Following 

a fo rmulation developed by Te rlecky j ( 1974, pp . 4-5 ),  the indust ry R&D flow 

sums a re divided by 1974 indust ry sales S .  

As noted ea rlie r, R&D outlays USERD 2  linked to indust ries of use without 

second-order component flows had slightly g reate r explanato ry powe r than the 

va riable USERD 1 with second-o rde r flows . The simple co r relation coefficients 

with ÙLP were 0 .  249 and 0 .  223 respectively . R&D flowed to indust ries of use 

under the public goods assumption had app reciably less explanato ry powe r than 

under the p rivate goods assumption ; e .  g .  , the zero-order p roductivity g rowth 

co r relations were 0 .  1 60 for USEPUB l /S as compared to 0 .  223 fo r USERD 1 /S .  A 

similar but even mo re p ronounced dispa rity was found with other quite 
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Appen d i x  A ,  page 1 4  

6 0 - 6 7  F in ance , i n s urance , rea l e s tate 4 0 9  . 8  3 0 0 6  . 8  

7 0 - 8 9  S e rvice s  , inc luding R & D  serv i c e s  2 3 8 . 0  4 

7 0  Hote l s  and mote l s  4 3  . 5  3 0 3  . 8  

7 8  

Auto repa i r  s e rv i c e s  1 1  6 . 5  1 0  6 9  . 5  


Mot ion p ic ture produc t ion & exhib i t ion 1 1  • 0 5 6  . 0  


8 0  Med ic a  l ,  denta l ,  and hea l t h  serv ic e s  6 8 6  . 8  1 3  8 2 . 0  

8 2  Educ a t iona l s e rv ic e s  1 4  7 . 8  6 9 3  . 6  

O t h e r  se rv i c e s  

a n d  d e f e n s e  

ope rat ion s 

mi l l ions o f  do l lar s  . 

6 5 6 . 0  3 5 5 7 . 2  

Gove rnmen t ,  except pos ta l  3 7  8 . 7  2 2 4 4  . 7  

Defense a n d  space 1 2 0 6 . 3  2 6 8 9 . 1 

F in a l  con s ump t i on 4 1 1 1 . 0 4 1 1 1 . 0  

.. 

Ɉ A l l  R & D  do l l ar f igure s are i n  
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dif ferently measu red indust ry produ ctivity growth data sets . This implies 

either a la ck of sup po rt for the public goods approach to te chnology flows 

measu rement gene rally or defi cien cies in the specifi c (and ne cessarily 

a rbitrary ) assum ptions made to im plement that approa ch . 

A st rong a priori hypothesis unde rlying this resea rch was that R&D flowed 

th rough to indust ries of use would better "ex plain" p rodu ctivity growth than 

R&D measu red by indust ry of origin . P roduct R&D was expe cted to have 

espe cially little ex planatory powe r .  The su p port for this hy pothesis with the 

BLS input-output data set was su rp risingly equivo cal . Whe re US ERD l /S is the 

used R&D va riable and PRODRD/S measu res p rodu ct R&D classified by indust ry of 

origin , the relevant full-sam ple multi ple reg ression was: 

( R  2) llLP - . 14 + . 3 5  llK + . 289 PRO DRD/S + . 7  42 USERD l  / S ;  
( . 1  1 ) ( .  1 4 4) ( .  393) 

2 
R . 193 , N 87 ; = = 

with standa rd erro rs given in pa rentheses . Both R&D variables are signifi cant 

at the . 05 level , but p roduct R&D has a slightly higher t- ratio ( 2 . 0 1  vs . 

1 .  89) . 

The results we re quite diffe rent when the indust ry sam ple was split into 

two mutually ex clusive subsets , one for whi ch the p ri ce deflators unde rlying 

the produ ctivity indi ces we re reasonably com p rehensive in thei r indust ry 

p rodu ct line cove rage and another for whi ch deflator cove rage was skim py . Fo r 

the more com prehensive deflato r subset , the hy pothesis favo ring used R&D is 

clea rly suppo rted: 

( R3) llLP - . 1  6 + . 40 llK - . 1  82  PRODRD /S + 1 .  039 USERD l /S ;  
( .  1 4) ( .  337) ( .  4 1 1) 

2 
R . 24 1  , N 5 1  .= 
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Used R&D is high ly significant, product R&D negative but insignificant. For 

the subset based upon meager price def lators, the opposite patte rn is 

observed : 

. 08 + . 3 1  øK + . 43 1  PRODRD /S + . 096 USERD 1 /S; 
(. 1 7  ) (. 205 )  (.96 ) 

2 

(R4 ) øLP 

36.R . 197, N= 

Since used R&D was also significant and product R& D insignificant in another 

quite different samp le with we l l-measured productivity indices (see Scherer 

198 1b ),  it wou ld appear that the superior performance of the product R&D 

variab le in equations (R4)  and ( R2) is somehow associated with especia l ly 

severe prob lems in measuring productivity growth. With somewhat less 

compe l ling support, one is inc lined to conc lude that the difficult task of 

tracing R&D flows to industries of use was indeed worthwhi le. 

6. Conc lusions 

I have described in some detai l a methodo logy for estimating a technology 

f lows matrix for the U.S. industria l economy. Many prob lems had to be 

overcome; there are undoubted ly appreciab le errors of measurement ; and the 

matrix is incomp lete because it has no foreign, university, government 

laboratory, and individua l inventor technology origin sectors. Yet from the 

standpoint of investigating the re lationships between R&D and productivity 

growth, the data deve loped are sure ly much closer to what the re levant theory 

demands than anything previous ly avai lab le. 

From regression equations (R2) and (R3 ) plus additional information, it 

can be ascertained that a two standard deviation increase in an industry 's use 
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of R&D was associated during the 1970s with an annual increase in labor 

productivity of 1 . 1  to 1 .5 percentage points . Rates of retu rn on investment 

in used R&D of from 74 to 10 4 percent are suggested . The magnitudes involved 

are important economically . I do not know how we can progress further toward 

understanding the impact of R&D on productivity growth wit hout obtaining 

additional data similar to , but more accurate and comprehensive than , the R&D 

use data described here . Yet the thought of linking on an even larger scale 

patent to R&D data by the extremely labor -intensive methods used in my pro ject 

is daunting , to say the least. A simpler and more accurate approach would be 

to have patent applicants provide the necessary information by filling out a 

form si milar to the one used by my patent classification team. The marginal 

costs would be small , and the rewards in terms of improved information about 

the structure of technology flows and productivity growth could be 

substantial . 
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FOOTNOTE S 

* Professor of econ omics, Nort hwester n Un iversity . The under ly i n g  research 

was co nducted under Na t io n al Sc i ence Found a t io n  gr a nt PRA-7 826526 . Th is pa per 

was dr afted at the Max-P la n ck- I nst itut fllr auslşndisches und i nter n at ion ales 

Patent-, Urheber- und Wettbewerbsr ech t under a stipend ium from the Max-P la nck 

Gesel lsch aft . The author is a lso gr ateful to numerous research ass ista nts, 

a nd es peci al ly to Chun -Yue La i, Mary G i a nos, Brett S pencer , a nd P i n  Ta i, who 

d id most of the patent cod i n g, a nd to Jo e Cho l ka of the Feder a l  Tr ade 

Comm issio n ,  who prov ided i nd ispensab le computer systems ass ista nce . Use is 

made of Line of Bus in ess dat a col lect ed by the Feder al Tr ade Commiss io n  . A 

rev iew by FTC staff has determined that the f i  gures pr esented here do not 

disclose i nd i v idual compa n y  Line of Bus iness dat a  . The co nc lus io ns are the 

author's a nd not n ecessar i ly those of the FTC . 

1 u . s .  Bure au of the Ce nsus ( 1  975) ,  quest ion 3 0, revea  ls that 57 percent of 

the surveyed R&D ex pend itures were report ed on a n  end pr oduct ( i .  e .  , l i n e  of 

bus iness) bas is, pr esumab ly con trary to i nstruct io n s .  Twenty-n ine perce nt 

were reported (cons istent w ith the i nstruct ions) in tech n o lo g ic al f ields 

d if fere nt fr om the end product fields . Fo r the r ema in i n g  1 4  percent, the 

tech n o lo g ica l a nd end pr oduct f ields were sa id to be ide nt ic a l  . 

2For surveys of the prob lems, see Gr i l iches ( 1  97 9) a n d  Scherer ( 197 9, p p .  

200- 20 4) . 

3The count of corporat io ns a nd l i n es of bus iness reported here does not 

a gree exactly w ith off ic i al FTC f i gures bec ause of slight d if ferences in how 

both cor poratio ns a nd li  nes of bus iness were conso lida ted . 
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4For a sum mary, see Coughlin et al . ( 1  980)  . The det ailed capital flows 

dat a wer e ava il able on t ape BEA lED 80-QO l .  The det ailed current tr ansaction s 

matrix is on t ape B E A  lED 7 9  -0 05 . 

5The industries were weaving mills, fabric knitting mil ls, organic fibers, 

tires and tubes, rubber hose and belting, flat glass, pressed and blown glass, 

intern al combustion engines , pumps, anti-friction be arin gs, compresso rs , speed 

chan gers and industri al drives, mechanic al power transmission equipment, 

automotive carburetors etc . ,  vehicular li ghting equipment , electron tubes, 

cat hode r ay tubes, semiconductors, other electronic components, starter and 

traction batteri es, aircraft engines, and buttons , zippers, etc . Not al l 

element s in these indus tri es' rows wer e sub jected to second -order flows . Only 

those elements that were preponderantly of a "component sale to further 

assemb lers" nature wer e so handled . 

6Thus, with 28 5 industries of use, the numbers equiv alent 

28 5 


for ori gin industry i is l /  s 
2 

, where a . .  is an element 

lJ lJj= 1 

from t he carrier matrix t . 
This numbers equiv alent is in ef fect a purch asing industry dispersion 

index and , because t here is a tr adition of using such indices in industrial 

org anization studies of pr icing beh avior , it has interest in its own right . 

Fo r the 17  2 (out of 263 ) line of business cate gories on which complete capital 

flows, construction, and other corrections were made, the medi an numbers 

equiv alent v alue wit hout ad justment for second -order component flows was 

8 . 8 .  The mean was 1 3 . 4 .  The highest values were for misc el laneous plastic 

pr oducts ( 7 1  . 3 ) ,  paperboard containers ( 6 1  . 7 ) ,  conveyors ( 48 . 2  ) ,  industrial 

trucks ( 47 . 4 ) ,  and met al-cutting mach ine tools ( 43 .  8 )  . Twenty -one industries 

had values in the 1 .  0 0  - 1 .  9 9  ran ge .  The numbers equivalent for the tot al 

value added of al l indu stries (i . e  . ,  the ubi quitou s use carrier matrix row ) 

was 23 . 9 .  
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It should be not ed that this analysis calls attention to what may be a 

se rious problem in prio r  studies using purchasing indust ry dis pe rsio n 

indices . It is not clear what those studies do about the gross capital 

fo rmat ion element in input-out put transaction ma trix rows. I f  it is inc luded 

in the computation , there will usually be serious unde rs tatement o f  buye r 

dis pe rs ion fo r ca pital go ods indus tries relat i ve to what one would o btain 

integrating the trans actions and capital flows ma trices , as shoul d be done . 

I f  it is excluded , actual sales patte rns may be badly measured from 

inte rmediate output da ta alone. 

7 Because industries pe rfo rming rela tively little R&D tend to have 

relatively high process R&D ratios , the simple average of rat ios fo r the 2 1 0  

industries cove red by Appendix A i s  3 1 .  4 .  Rela tive to a weighted ave rage , as 

our 24 . 6  percent figure is , the PIMS simple ave rage could conceivably be 

simila rly upward-biased . 
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Appendix A 


DETAILED INDUSTRY R&D DATA* 


SIC Codes 
Origin 

R&D 

Percent 
Proces s 
Patents 

Used R&D: 
Private 

Goods 

Used R&D: 
Public 
Goods 

01-09 Agriculture, forestry , fis heries 128 . 2  25 556 . 2  1939 . 1  

Metal mining 11 . 6  35 . 1  107 . 1  

11, 12 Coal mining 21 . 1  97  35. 1  107 . 1  

275 .  4 596 .  1Oil and gas extraction 179 . 6  

177  . 4  Nonmetallic mineral mining 27 . 6  49 . 0  

15-17 Cons truction 28 . 0  0 4 35 .  8 2635. 2  

2011,13 Meat packing 31 . 5  86 57 . 8  173 . 4  

Poultry and egg proces sing 4 .  2 2016-17 8 . 6  3 3 .2 

68 . 4  Fluid milk 3 . 7  0 

2021-24 Other dairy products 26 . 2  2 3  32 . 3  99 . 3  

2032 Canned s pecialties 9 .1 84 1919 71 . 0  

2037  Frozen fruits and j uices 8 .  5 100 12 . 7  4 3  . 7  

2038 Frozen s pecialties 9 . 7  67 13 . 6  4 3  . 9  

2033-35 Canned and dehydrated foods 40 . 6  83 51 . 3  135 . 1  

204 3  Cereal breakfast foods 12 . 5  62 11 . 8  26 . 0  

Pet foods 17 . 4  0 22 . 0  2047 



2 0 4 8  

7 . 3 

5 . 5  3 4 . 9  
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P re pared f eed s 3 9  . 3  6 0  3 3  . 9  6 3  . 7  

2 0 4 1  , 4  4 , 4 5 F lour and g ra i n  m i l l  produc t s  1 0 . 9 7 3 5  . 2  

2 0 4 6  We t corn mi l l in g  1 6 .  6 5 4  1 3  . 3  3 0  . 2  

2 0 5 1  Bread and c ak e s  8 .  5 2 0  1 9 .  3 9 9  . 4  

2 0 5 2  Cooki e s  and c racker s  6 .  3 1 0 0 9 . 5  3 2  . 2  

2 0 6  1 - 6 3  Sugar 5 . 5  7 0  1 0 .  6 3 9  . 7  

2 0 6 5  Con fec t tona ry products 5 . 9  

8 7  

7 5  -:;· 

2 0 6 6  Chocol a te and cocoa produc t s  2 . 0  2 . 0 1 0 . 4  

2 0 6 7  Chewing gum 6 .  8 1 3 0 .  8 5 . 9  

2 0 7 4 - 7 9  Fa t s  a n d  o i l s  2 0  . 0  6 5  1 5 .  8 5 8  . 9  

2 0 8 2 - 8 3  Bee r  and ma l t  1 2  . 1 8 3  3 6  . 1  1 2 8 . 3  

2 0 8 4 - 8 5  W i n e s  and l iquor s 5 . 9  8 1  1 3 .  5 6 6  . 1 

2 0 8 6 - 8 7 F l a vor i ng s  , syrups , and soft d r in k s  2 5  . 1  3 0  4 1  . 3 1 4  0 .  9 

2 0 9 5  Co f fe e  1 3 .  1 6 2  1 2 .  1 2 8 . 0  

2 0 9 1  , 9 2 , 9 7 ,  7 0 . 3  4 1Mi sce l l aneou s food produc t s  5 1  • 8 1 3 8 . 0 9 8 , 9 9 

Tobac co p roduc t s  3 1  . 5 4 3  2 9  . 8  9 1  . 4 2 1  
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221, 222,223,226 

2251, 52 

2253-59 

227 

228 

229 

231,232 

23 3-238 

239 

241, 242 

24 3 

245 

24 4 ,249 

251 

252 

253, 259 

254 

3 

Textile weaving and finishing# 


Hosieryl/ 


Knitting mills# 


Carpets and rugsll 


Yarn and thread rnillsl/ 


Miscellaneous textilesll 


Men ' s clo thing 

Women ' s, children ' s ,  other clothing 

Miscellaneous fabricated textiles 

Logging and sawmills 

Millwo rk and plywood 

Wood buildings 

Miscellaneous wood products 

Household furniture 

Office furniture 

Miscellaneo us furniture 

Partitions and fixtures 

179 . 3  65 250 . 8  457 . 7  

15 . 4  90 16 . 4  74  . 5  

13 . 0  50 17 . 3  95 . 2  

27 . 1  26 24 . 0  84 . 3  

56 . 8  100 92 . 0  296 . 4  

7 . 7  44 18 . 2  141 . 2  

0 . 0  0 12 . 5  80 . 3  

8 .  1 39 13 . 4  8 7  .2 

21 . 5  35 22 . 6  185 . 2  

6 .2 22 4 .  4 27 . 7  

12 . 3  6 3 . 3  30 . 0  

11 . 0  0 3 . 3  3 7  . 8  

1/Provi sionally co mbined because o f  Line o f  Business disclosure limitations . 
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2821 

4 . 5 

69 

35 

50 

59 

1 . 3  

4 . 6 
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261-263 Pulp, paper, and paperboard 45. 8 73  108 . 7  340 . 8  

2641-4 3 Bags, envelope s ,  and paper coating 39 . 5  24 30 . 9  120 . 1  

264 7 Sanitary paper products 74 . 1  26 35 . 6  65 . 0  

264 8 Stationery and tablets 0 . 7  100 

2645,  4 6 , 49 Converted paper products 5 . 1  39 24 . 4  

265 Containers and boxes 32 . 6  18 18 . 9  109 . 0  

266 Building paper and paperboard 4 .  5 48 4 .  5 16 . 7  

271-273 Newspapers, periodicals, and books 27 . 4  19 56 . 8  260 . 3  

274 Miscellaneous publishing 0 .  2 0 2 . 3  12 . 4  

275 Commercial publishing 9 .  6 68 68 . 3  260 . 4  

Business forms 39 5.  7 24 . 3  

27 7-279 Other printing and printing services## 


2813 Industrial gases 17 . 8  49 11 . 2  25. 0  


2816 Inorganic pi gments 35 .1 29 .2 4 6  . 4  

2812 , 19 Industrial inorganic chemicals 106 . 3  49 68 . 4  14 4 . 9  

Plastic materials and resins 289 . 6  132 . 7  258 . 0  

50 . 2  78 . 9  

151 . 2  255 .  7 

Synthetic rubber 97 . 8  

Organic f ibers 215 . 9  

##Provisionally suppressed b ecause of Line o f  Business data limitations. 

2822 

2823-24 

8 . 5  
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2 8 3  Drugs 5 5 7 . 3  1 2  9 6  . 6  2 4 4  . 0  

2 8 4 4  To i le tr ie s  5 3  . 7  4 1 6 .  3 9 0  . 6  

2 8 4 1  - 4  3 Soap , detergen t s  , pol i sh e s  9 6  . 5  1 3  5 1  • 0 1 8 1  . 6 

2 8 5 1  P a in t s  1 2 4  . 3  1 3  6 7  . 0  1 4  4 .  7 

2 8 6  1 , 6 5 , 6 9 Indus tr i a l  or gan ic chem ic a l s  2 9 7  . 2  5 8  2 1  1 . 2 4 2 5  . 0  

2 8 7 3 - 7 5  .Eo'e r t i l i z e r s  2 2  . 6  5 7  1 8 . 7 6 0  . 7  

2 8 7 9  Othe r a g r i c u l tura l chem ic a l s  1 6 4 .  1 . 1 1  2 7  . 0  4 7  . 0  

2 8 9 2  

2 8 9 1  , 9 3 , 9 5 , 9 9 

Explos ive s 

O ther m i sce l l aneous chem i c a l s  

7 .  0 

2 0 4  . 3  

1 9  

1 7  

2 . 2  

3 9  . 4  
. 

8 . 4  

1 0 0 . 2  

2 9  P e t roleum produc t s  2 0 1  . 3  64 2 0 2  . 8  4 8 9  . 2  

3 0 1  Rubbe r t i r e s  and tube s 1 1  7 . 5  4 5  1 3 5 . 4  2 9 1  . 3 

3 0 2 - 3 0 6  Other rubbe r produc t s  3 3  . 7  3 5  4 7  . 2  1 3  2 . 1  

3 0 7 9 M i sce l l aneous p la s t ic produc t s  2 6 8  . 7  5 1  2 8 9  . 0  4 8 0  . 0  

Lea ther goods 0 . 0  0 1 7 . 6  1 0 7 . 2  

3 2 1  Fla t g l a s s  1 6 . 9  1 8 . 8 6 0 . 0  . 

G l a s s  con t 3 i ne r s  2 4 . 9  8 7  2 8 . 7  7 0 . 4  

Othe r g l a s s  produc t s  3 2 2 9 ,  3 1 5 8 . 7  5 7  4 4 . 8  1 0 5 . 2  

3 1  

3 2 2 1  
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3 2 4  Hydra u l i c  cemen t 7 .  3 3 3  1 6 . 9  6 9  . 2  

3 2 5  7 . 5 1 0 0 1 6 . 2 4 0 . 5  

3 2 6  Porce l a i n  and pot te ry produc t s  4 2  . 3  5 9  2 8  . 7  5 3  . 9  

S tructur a l  c lay produc t s  

3 2 7 1 - 7 4  , 3 2 8 1  Con c re te and s tone produc t s  1 9 . 0 1 3  5 .  1 

3 . 6 1 4 .  7 

3 2 9 1  Abr a s  ive produc t s  

5 . 6 1 53 2 7 5  Gyp sum produc t s  

2 2 . Q  3 4  1 1  • 7 2 6 . 7  

3 2 9 2  A sbe stos produc t s  5 .  0 2 8  3 . 5  2 0  . 0  

3 2 9 6  Minera l woo l 1 7  . 6  5 4  1 4 .  0 4 1  . 8 

3 2 9 3 ,  9 5  , 9 7 , 9 9 Other mine ra l produc t s  4 8  . 7  3 1  2 0  . 9  4 6  . 0  

3 3 1  S te e l  m i  l l s  1 2  3 .  6 7 4  2 2 3  . 1  6 4 0  . 8  

3 3 2  I ron and s te e l  foundr ie s  6 5  . 6  1 0 0 9 2  . 1  ' 2  3 9  . 7  

3 3 3  1 Pr ima ry coppe r 1 4 .  4 . 9 5  1 7  . 6  3 4  . 6  

3 3 3 2  P r imary lead 2 . 1 3 8  1 • 1 3 . 3  

3 3 3 3  P r ima ry z inc 1 . 8 0 0 . 5  2 . 8  

3 3 3  4 , 5  3 , 5 4 , 5 5 A l um inum and a l uminum produc t s  5 6  . 9  6 4  5 1  • 3 1 3  7 . 5  

Other pr imary nonferrous me t a l s  1 8 . 3  6 1  1 5  . 7  2 7  . 6  

3 3 4  1 Secondary non ferrous me ta l s  6 .  1 7 0  8 . 3  2 9  . 6  

3 3 3 9  



3 3 5 7  

9 .  1 

2 7 . 1  

0 . 3  

2 0 . 8  
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5 3  1 1  • 0 5 4 . 7  3 3 5 1  , 5  6 Non fe rrous rol l in g  and d raw i n g  

6 7  3 6 . 4  9 6 . 2  W i r e  drawing a n d  i n s u l a t in g  

3 3 6  1 , 6  2 ,  6 9 Nonferrous foundr i e s  

3 3 9 8 - 9 9  M i sc e l laneou s pr imary me tal 

3 4  1 Me tal cans a n d  barre l s  

produc t s  

plate 

6 7  

6 5  

3 9  

2 0  

8 

0 

0 

3 3  

0 

1 9  

5 4  . 9  

4 . 6 

2 3 . 3  

1 3 .  5 

2 3  . 8  

2 . 7 

3 .  7 

2 2 5 . 5  

8 . 9 5 4 . 8  

1 4 . 8 3 3 . 3  

4 6  . 1  

1 • 9 

7 . 0  

7 . 1  

7 .  1 

8 . 8  

3 . 8 

7 1  • 1 

1 5 8 . 7  

1 0 .  1 

3 2 . 1  

6 9  . 7  

4 9 . 5  

7 4  . 4  

3 6  . 0  

1 3 3 . 1  

3 4 2 1  

3 4 2 3  , 2 5 

3 4 2 9  

3 4 3  

3 4 4 1  

3 4 4 2  

3 4 4  3 

Cutlery 

Hand and edge too l s  

Other hardware 

P l umb ing and hea t i n g  ware 

Fabr i c a ted s tructural me t a l  

Me tal door s  , w indows , e t  c .  

Nuc lear reac tor s and f abr i c a te d  

2 1  • 3 1 4 8 . 2 3 4 4 4  , 4  6 , 4  8 , 4 9  M i sc e l l aneous f ab . 5 2 . 1  1 1 

Screw machine produc t s  

me tal wor k  

3 3  . 6  6 1 2  . 9  6 6  . 0  

3 4 6  2 - 6 3  Me tal for g i n g s  4 . 0 1 0 0 6 . 7  2 6 . 3  

3 4 5  



1 7  

1 5 . 6  

3 5 3 5  
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3 4 6 5  Automot ive s tamp in g  s 8 .  2 1 2  1 3  . 8  1 0 1  . 3 

Crown s and c losures 4 .  2 1 2  2 .  8 1 1  . 7 3 4 6 6  

3 4 6 9  Other me t a l  s tamp i  n g s  2 . 7  8 . 5 6 6 . 5  

3 4 7 1  , 7  9 Me t a l  plating and coating 4 4  . 4  2 4  2 4  . 2  1 1  7 .  6 

3 4 8  Ordnance 2 2  . 6  1 0  6 .  6 4 4  . 1  

3 4 9 4  Va lve s and p i pe f i t  t in g s  4 0  . 2  0 7 .  8 6 6  . 8  

3 4 9  X 3 4 9 4  Other fabr i c a te d  m e t a l  produc t s  1 1  • 3 5 1 1  • 6 1 0 0 . 4  

3 5 1  1 Turb i n e s  and turbogen erator s 1 1  7 .  2 6 1 5  . 2  5 6  . 9  

3 5 1  9 Internal c ombu s t ion eng ine s 1 6  5 . 0  1 0  4 1  . 1 1 0  6 . 1  

3 5 2 3  Farm mac h i n e ry 1 7  2 . 8  2 1 5  . 3  9 7  . 0  

3 5 2 4  Lawn and garden equ i pme n t  2 6  . 4  0 3 .  9 3 1 -. 2 

3 5 3 1  Con struc t i on mac h i nery 2 4 2  . 4  0 2 6  . 3  1 2  9 . 2  

3 5 3 2  M i n i n g  mach i n e ry 2 2  . 9  0 1 • 9 1 4 .  7 

O i l  f i e l d  equi pmen t 2 4 . 1 · 3 2  . 7  

3 5 3 4  E leva tor s and e sc a l a tors 1 3 . 5  0 1 • 3 1 1  . 7 

Conveyor s  1 2 .  3 0 2 .  1 . 1 6 .  6 

Ho i s t s  and crane s 4 .  5 0 1 . 5 1 0 . 4  

3 5 3 3  

3 5 3 6  



3 54 5  

3 5 4 6  

3 5 5 5  

3 5 5 9  

7 . 4  
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6 .  7 3 6  . 2  3 5 3 7  I nd u s tr i a l  truc k s  4 0 . 2  7 

3 5 4  1 Me ta l -cutting mach ine too l s  3 0  . 9  0 2 .  6 2 2 .  1 

Machine tool acce s sor i e s  8 . 2  0 2 . 9  2 1  . 6 


Power dr iven mach ine too l s  2 0  . 6  0 2 . 2  1 8 .  5 


3 5 4 2  , 4  4 ,  4 7 ,  4 9  Othe r meta l -wor k i n g  machinery 6 1  . 8  3 1 4 .  6 1 2  3 .  3 

3 5 5 1  Food products mach inery 5 6  . 8  2 3 . 5  1 8 .  9 

3 5 5 2  Tex t i le mach inery 11  . 2  0 1 • 8 1 7 .  0 

3 5 5 3  Woodwork ing mac h i n e ry 1 • 1 0 2 . 4  2 3  . 4  

3 5 5 4 Paper indu s tr i e s  mach iQery 1 0 .  8 0 1 • 2 9 . 2  

P r in t ing t r ade s machinery 4 0  . 9  4 2 . 3  1 5 .  0 

Spec i a l  industry mac h i n e ry 4 0 . 1  1 
. 

7 . 4 5 6 . 5  

3 5 6  1 P umps 3 8 . 3  0 5 4  . 0  

3 0 . 7  3 0  1 3 • 1 4 2 . 1  

3 5 6 3  Compre s sor s 2 9  . 4  0 2 . 5  2 0  . 0  

3 5 6 4  B l owe r s  and indu s t r i a l  fans 1 2 .  6 0 2 . 1 1 6 .  6 

3 5 6 6  Speed c hang e r s  and drive s 1 2 . 5  7 1 . 6 1 4 .  2 

3 5 6 7  I n du s tr i a l  f urnac e s  and ove n s  2 7  . 5  0 1 . 2 7 .  4 

3 5 6 2  An t i - f r i c  t ion bearings 



3 6 2 3  

3 6 2 4  

9 .  1 

1 3 . 5  4 8  

3 3 . 7  
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3 5 6 8  Mechan ica l powe r transm i s s  ion equ ipmen t  

3 5 6 9  , 6  9 Gene ra l indu s t r i a l  mach inery 

3 5 7 3  Comput e r s  and pe r i phera l  equipme n t  

3 5 7 4  C a l c u l ator s and accoun t ing machine s 

3 5 7 6  S c a le s and ba l ance s 

3 5 7 2  , 2  9 Other o f f ice mac h i n e s  ( inc l . typewri te r s  ) 

3 5 8 5  R e f r i ge ra t i on and heat ing equipment 

3 5 8 1  , 8  2 , 8  6 , 8 9 Service indus try machinery 

3 5 9 2  , 9  9 M i sc e l  l aneous machinery 

3 6 1  2 E lectr ica l tran s former s  

36 1 3  Swi tchgear 

3 6  2 1  - 2 2  Motor s ,  gener ator s ,  con tro l s  

E l ectric we ld ing appa ratus 

2 4  . 4  

7 0 . 4  

1 0 2 7  . 3  

5 1  . 1  

5 . 3 

6 9  . 3  

1 1 0 .  1 

6 5  . 1  

1 1 0 . 0  

2 3  . 6  

4 2  . 5  

6 4 . 4  

0 

1 0  

6 

4 

0 

0 

1 0  

0 

4 

1 1 

3 

1 5 

1 0  

1 • 9 

9 ɇ  9 

1 1  5 . 9  

1 1  . 8 

0 .  5 

5 .  1 

3 1  • 9 

5 .  8 

4 4  . 5  

7 .  8 

7 . 3  

2 1  . 7 

1 7 .  6 

3 4  . 7  

3 0 7 . 6  

5 0 . 4  

5 . 3  

3 9 . 5  

1 8 8 . 2  

4 1  • 3 

1 3 4 . 8 

3 4  . 8  

4 6  . 0  

1 0 1  . 6 

5 . 3 2 2 . 6  

Carbon and g r aph i te produc t s  7 . 7 1 9 .  3 

Other e lec t r i c a l  i ndu s t r i a l  equi p  . 5 2  . 9  2 0  9 .  6 1 9 .  1 

3 6  3 1  Househo ld cook ing equ i pment 1 8 .  1 3 6 .  4 

3 6 3 2  Hou seho ld re f r i ge r a tor s & f r ee z e r s  1 6 .  8 1 1  1 3 .  1 6 9  . 7  

3 6 3 3  Household l aund ry equ i pment 1 3 .  1 5 8 .  7 4 8  . 1  

3 6 3  4 , 3  5 , 3  6 , 3  9 Other household app l i a nc e s  5 4  . 8  3 1 6 .  1 8 2  . 9  

3 6 2 9  



3 6 4  

3 6 5 1  

3 6 7 2  

3 6 7 4  

3 6 7 5 - 7 9  

3 6 9 1 , 9 2 

3 6 9 3 , 9 9 

3 7 1 3 , 9 5 

3 7 1 5 

3 7 2 4  

4 4  . 9  

6 7  

4 7  

5 0  

4 3  
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6 7 . 4  1 2 2 3 . 6  1 1 8 . 7  Light bulbs and f ixture s 

Rad i o ,  TV , and h i gh f i de l i ty se t s  1 4 1  . 3 3 1 3 .  9 5 9  . 9 

3 6 5 2  Recor ds and tape s 4 . 5  3 . 9  1 1  . 8 

4 1 5 .  13 6 6  Te lephone and commun i c a t i on s  equi pmen t  ·1 0 8 2 . 0 7 1 9  2 .  8 

3 0  . 1  3 6 7 1  , 7  3 Rec e iv ing a n d  transmi t t i n g  tube s 3 3  . 6  1 9  2 0  . 3  

3 4  . 7  . Ca thode ray p i c ture tubes 2 9  . 3  1 9 . 6  

4 3 6 . 3  .Semiconduc tor s 3 2 9 . 2  4 1 0 . 6  

component s  

8 6 . 5  2 2B a t te r i e s  1 3 . 9  3 5 . 6  

Other e le c tron i c  9 0  . 3  1 5 9 . 4  7 1  . 0  

3 6 9 4  Engine e lec tr i c a l  equ ipmen t  3 4  . 5  1 0 1 8 . 3 4 7 . 3  

M i s ce l laneous e lectr i c a l  equ ipmen t  2 2 .  1 1 4 • 1 

3 7 1  1 P a s senger c a r s  1 2  6 3  . 8  5 1 5  7 .  9 8 2 3  . 0  

Truck s ,  buse s ,  and comba t  veh i c l e s  I 3 9 .  1 2 4 9  . 1  3 7 7 . 1  

3 7 1  4 Motor vehic le part s  1 0 9 . 4  1 0  9 9 . 7  4 0 3 . 0  

Truck tra i le r s  5 . 7 2 1  4 . 3 2 2 . 6  

3 7 2 1  , 2 8 A ir c r a f t  3 0 6  . 6  2 2  1 3 7 . 1  3 6 1  • 1 

A i rcra f t  engines 3 5 2  . 8  2 3  1 0  7 .  8 1 7  1 . 6 



3 7 3  

3 7 4  

3 7 6  

3 7 9 2  4 . 3 

3 . 7  

3 9 4 9  

4 5 . 5  
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and boat bu i ld ing 2 2  . 2  0 2 6  . 6  1 6  8 . 2  S h i p  

Ra i l road 6 6 . 3  1 1 1  . 0 6 0 . 0  equ ipme n t  

Guided m i s s  i l e s  and spacec r a f t  · 1 0 0 . 1  1 6  3 4  . 2  9 7  . 5  

3 1  • 6 0 2 8  . 5  Trave l tra i  l e r s  and camper s 

3 7 5 1  , 9  9 Motorcyc le s ,  b i cyc le s ,  and m i s e - 2 0  . 1  0 3 .  1 2 7 . 7  
e l  l aneou s  tran s por tat ion equipme nt 

3 8 1  1 S c i en t i f ic & enginee r i ng i n s trume n t s  1 3  5 . 1  2 5 .  1 2 7  . 9 

3 8 2  Mea s u r i n g  and con tro l l  i n g  dev i c e s  1 5  9 .  6 3 1 9 .  2 1 1 1  • 8 

3 8 3  Op t i c a l  i n s t rume n t s  6 6  . 0  1 6  1 2 .  4 2 3  . 7  

3 8 4  3 Dent a l  equipmen t  2 5  . 6  0 1 • 6 1 3 .  3 

3 8  4 1 - 4 2  Surg ica l equipme n t  and supp l i e s  1 1  7 . 5  7 1 6 . 8  7 8  . 2  

3 8 5 1  Opthalmic good s 1 4 .  4 2 2  6 .  4 1 7 . 1 

3 8 6 1  pa r t  Photocopying equipmen t  1 7  7 . 9  9 !.·· 2 6  . 9  7 9  . 9  

3 8 6  1 pa r t  Other photo equ ipme n t  a n d  3 1  9 . 0  8 5 3  . 2  1 5  2 .  1 

3 8 7 3  Watche s and c lock s  2 1  . 4 ;2 3 .  4 1 7 . 3  

s upp l i e s  

3 9 3  1 Mu s i c a l  in s trum e n t s  0 1 • 4 1 0 . 2 

Spor t i ng and a th l e t i c  good s 1 8  . 0  1 9  1 4  . 9  5 2  . 1  

3 9 4 2 , 4 4 Dol l s  , game s ,  and toy s 8 9 . 9  6 9 . 8  



3 9 5  

4 5  

4 6  

4 9  

3 5  

9 . 4 

4 9 7 . 7  

Append i x  A ,  page 1 3  

1 0 . 4  5 5  1 0 . 5  3 2 . 2  Pen s ,  penc i l s  , o f f i c e  supp l i e s  

3 9 1 1 , 1  4 ,  1 5 , 
3 9 6  

Jewe l ry and s i  lve rwar e  4 .  8 2 2  4 .  6 4 0  . 6  

3 9 9 ,  c a tcha l l  M i s ce l  laneous manu fac tures ( i nc l . 1 2  9 . 2  
FTC code 9 9  . 9  9 )  

6 7 . 6  1 5 7 . 0 

4 0  - 4  9 Tran s portat ion and pub l i c  u t i  l i t i e s  4 7  . 2  9 7  

4 0  Ra i lroads 1 0  1 • 5 5 7 9  . 3  

4 1  Suburban tran s i t  7 0  . 0  . 3  5 1  . 8  

4 2  Truc k i n g  1 7  7 .  8 1 6  8 4  . 2  

4 4  Wate r tran spor t a tion 3 8  . 8  1 3  6 . 9  

5 2 4 . 3  1 2 5 3 . 6  Air transpor t a t i on 

Petroleum p i pe l  i n e s  4 4  . 8  

E l ectr ic , g a s  , s a n i tary u t i  l i t i e s  1 6 3 8  . 5  

4 3 ,  4 7 Othe r tran s por t a t ion a n d  u t i  l i t i e s  1 5 .  5 . 1 1  7 .  7 

5 0 - 6  7 Trade , f inance , i n s u ranc e  , real e s  tate 3 9  . 7  1 0 0 

5 4  Reta i l  food s to r e s  9 6  . 1  6 9 2  . 7  

5 5  New c a r  dea l e r s  and ga s s ta t i ons 1 0 2 .  1 8 5 9  . 8  

E a t i n g  and d r i n k i ng 

trades 

p lace s 8 2  . 2  3 6 1  . 1  

5 2 ,  5 3 , 5 6 ,  2 2 6  . 6 1 8 7 4 . 1  Other reta i l  
5 7 , 5 9  

5 8  


