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IndustrialResearch during the 1980s:
Did the Rate of ReturnFall?
THIS PAPERIS MOTIVATEDby two recent empirical findings about the

returnsto industrialresearchand development(R&D) at the firmlevel.
First,the stockmarketvalue of R&D spendingrelativeto ordinarycapital
investmentin U.S. manufacturingfirms fell precipitouslyduring the
1980s.1Second, the contributionof R&D to productivityin these same
firmsapparentlydeclinedfroman elasticityof about0.10-0.15 duringthe
1960sand 1970S2to around0.02 duringthe 1980s.3Takentogether,these
findingssuggestthatsomethinghas happenedto the marginalprivaterate
of returnto industrialR&D duringthe recentpast. The questionis, what?
This paperexplores these priorfindingsin greaterdetail in an effort to
understand
what factorsare causingthem and to ascertainthe pervasiveness of this apparentdecline in R&D productivity.
Threeprincipalresults emerged from this study. First, the observed
declinein the value of R&D relativeto ordinaryphysicalcapitalis composedof two effects: an increasein the value of ordinarycapitalas firms
Thanksto Zvi Griliches, RobertHall, AdamJaffe, JacquesMairesse, EdwinMansfield, RichardNelson, and the editors of this issue for many helpful discussions and
commentson this work. I am grateful to the National Science Foundationand the
EconometricsLaboratory,Universityof Californiaat Berkeley, for supportof the data
preparation
and estimationand to the Hoover Institutionfor its supportand hospitality
duringthe writingof this paper.
1. Hall (1993b).
2. Bureauof Labor Statistics (1989). This publicationsurveys a large numberof
previousstudiesof the privatereturnsto R&D; see also Mairesseand Sassenou(1991)
andLichtenbergand Siegel (1991).
3. Mairesseand Hall (1993).
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exited and the publicly tradedmanufacturingsector shrankduringthe
corporaterestructuring
boom of the last decade,anda steepdeclinein the
absolutevalue of R&D assets. Second, this decline was concentratedin
severalmajormanufacturingsectors:electrical,instruments,computing,
andelectronics.Third, althoughthe contributionof R&D investmentto
productivitygrowth was low duringthe 1970s and the first half of the
1980s, it revived in the second half in all sectors except electricaland
large-scalecomputing,machinery,metals, andautos(the well-publicized
corporatebehemoths).In subsequentsectionsof this paper,these findings
arereportedin greaterdetail, and some explanationsadvanced.
The observedprivaterate of returnto industrialR&D is the outcome
of a complexinteractionbetweenthe demandfrom enterprisesfor R&D
investmentfunds and the supply of these funds from investors.The locationof the demandcurveis influencedby such factorsas expectedfinal
(consumer)demand and the transformationfunction that turns R&D
spendingintoinnovativeoutput("technologicalopportunity").Thecurve
is downwardslopingbecausenot all R&Dprojectshavethe sameexpected
rateof returnandthe firmchooses those with the highestreturnfirst.The
locationof the supplycurve(the fundsavailableat any particularlevel of
capitalcost) is determinedby the willingnessof investorsto supplyfunds
to innovatingfirms(the requiredmarketrateof return),the rateat which
the returnsto the capitaldepreciateor the capitalbecomesobsolete, and
the tax treatmentof such investment.Undera varietyof assumptions,the
supplycurve will slope upward.For example, asymmetricinformation
betweenfirms and investorsimplies that, to fund projectsabout which
they do not have full information,investorswill demanda "lemons"
premiumin the form of a higherrate of return.When firms undertake
R&D investment,they invest until the expected rate of returnto such
investmentequalsthe cost of capital,thatis, the pointwherethe demand
for R&Dfundsequalsthe supply.
Therefore, the measured productivity of R&D investment is only
loosely linkedto the marketvalue of such investment,which is basedon
expectationsaboutmanyotherfactorsthataffectits cost, suchas changes
in its price, the rateof obsolescence,or the abilityto capturethe returns.
In addition,findingthat the gross rate of returnto R&D investmenthas
fallen is not necessarilybad news. In simple termsthis findingimplies
eitherthatthe supplycurvehas shiftedout, so firmsface a cheaperschedule for the cost of funds, or thatthe demandcurvehas shiftedinward.In
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the formercase firmswill actuallyperformmore R&D even thoughthe
rateof returnhas fallen, andthis could be a desirableoutcomefor society.
If thefall is due to a demandcurveshift, eitherbecauseconsumerdemand
hastemporarily
diminished(a recession)or becauseR&Dhasbecomeless
productive,the fall in returnto R&D would be associatedwith a decline
in R&Dspending,otherthingsequal.
If the world were static, interpretation
of the apparentfall in the rate
of returnto R&D duringthe 1980s would be simple, becausethe R&D
intensityof the publiclytradedmanufacturing
sectorand the manufacturing sectoras a whole rose ratherthan fell.4 Thereis also some evidence
thatthe relativecost of R&D fundsto these firmswas lowerthanin early
periods,both because of the willingness of investorsto buy technology
stocks, at least in the first half of the period, and becausean R&D tax
creditwas available.'Thus, the fall in the rate of returncould be interpretedas arisingfrom a shift outwardin the supply curve of funds for
R&D. The static analysis leaves out a large partof the story, however.
The decisionto invest is made underconsiderableuncertainty,andfirms
do not really know what the underlyingdemandfor the outputof their
R&Dis, nordo they have muchidea how productivethe researchwill be.
The realizedrate of returnmay differ substantiallyfrom that which the
firmcontemplatedat the time thatit madethe investment.
To makethe precedingdiscussionmoreconcrete,considerthe stylized
dynamicprogrammingmodel of a firm that uses two kinds of capital
productivelyto generatea streamof profits.(This model is presentedin
appendixA.)6 Under the assumptionthat the firm chooses the level of
ordinaryand R&D capital to maximize the presentdiscountedvalue of
the profitsproducedby that capital, the model yields the familiarresult
thattheexpectedrateof returnto eachcapitalalongtheoptimalinvestment
pathis just equalto the Jorgensoniancost of capital:
(1)

E

f7K = Pr

P +

-

r

4. See figure 1, which displays the aggregateR&D-to-salesratio for the publicly
tradedfirmsin manufacturing(the curves labeled CS) and for the sectoras a whole (the
curvelabeledNSF). The formergroupof firmsis the populationfrom which the sample
studiedhere is drawn.
5. Hall (1993a).
6. The modelis a standardone in the investmentliterature;this particularversionis
basedon the model of Hayashiand Inoue (1991).
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where p is the investor's requiredrate of return(the rate at which the
futurecash flows or dividends are discounted), br is the depreciation
rate for R&D capital, and Pr is the price of R&D relative to that of
output(the dot denotes a time derivative).'
At the beginningof each period, the firmwill attemptto choose R&D
investment so that the equality in equation 1 is maintained. If the
marginalproductschedule is downwardsloping, a higherrelativeR&D
price, higher required rates of return, and higher depreciationrates
(obsolescence rates) of R&D will lower R&D spending, while an
expected increase in the future price of R&D will increase current
spending.
Several things are alreadyknown about the values of parametersin
the cost-of-capital formula. First, Pr, the relative price of R&D, was
about5 to 10 percentlower duringthe 1980s thanit was earlierbecause
of the R&Dtax credit;this fact would be expectedto reducethe required
rate of returnfor R&D by the same amount. The frequentchanges in
the tax credit legislation have made the capital gain associatedwith Pr
fairly substantialin three of the years between 1980 and 1990: a gain
of about 8 percent in 1981-82 as the tax credit began to take effect,
and anothergain of 10 percent in 1990, when the credit was changed
to a fixed, ratherthan a rolling, base.
Second, the investor's requiredrate of return,p, for these firmshas
been measuredby Hall and Hall, who found that firms that performed
R&D during the last thirty years had requiredslightly lower rates of
returnthan those firms with no R&D, and that the effect of R&D
investmenton the rate used by the stock marketto discount the firm's
dividendswas roughly the same as that of ordinaryinvestment.8We
measureda coefficient of -0.15 duringthe 1970s and -0.20 during
the 1980s for a variablethat was the ratioof R&D investmentto assets.
For a firmwhose ratio of R&D to assets is 5 percent (which is typical
of R&D-performingfirms), the rate of returnrequiredby the stock
marketwas 75 to 100 basis points lower than for non-R&Dfirms. The
total risk premiumfor these firms was around 1-2 percentduring the
1980sandsomewhathigherduringthe earlierperiods. Combiningthese
resultswith an estimate of the risk-free rate from three-yearTreasury
7. This relativeprice will be aftertax, thatis, it will includethe implicittax subsidy
to R&Din the numeratorand the effect of corporateprofitstaxes in the denominator.
8. Hall and Hall (1993).
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Figure 1. AggregateR&D-to-SalesRatio, U.S. ManufacturingSector, 1971-90
Percent
4.5
4 -

NSF (R&Dfirms)
CS (all firms)

3F5
-

W'

-

CS (R&Dfirms)

7'

2.5
2
1.5

-

-,

0.5
0

.I
1971

I

I

1974

1977

1980

,
1983

1986

,
1989

Source: Author's calculations for CS; National Science Foundation (1991) for NSF.

bonds,we estimatedtotal requiredratesof returnfor the sharesof R&Dperformingfirms at 6.3 percent during the 1960s, 9.0 percent during
the 1970s, 10.7 percentduring 1981-85, and 8.6 percentduring 198690.9

Puttingthese numberstogetherwith an assumeddepreciationratefor
R&Dcapital of 15 percent yields very rough estimates for the cost of
R&D capital of 0.21 in the 1960s, 0.24 in the 1970s, 0.26 in the first
half of the 1980s, and 0.24 in the second half.10Thus, there is some
evidence that the relative cost of R&D fell slightly duringthe 1980s,
butthe numbersseem too close togetherto accountfor the largeincrease
in R&D shown in figure 1. Therefore, it is likely that the E [JK]
schedule (that is, the marginal product of R&D as a function of the
level of R&D investment, which in turngeneratesthe demandfor R&D
investment)also shifted out duringthe early 1980s.
9. The numbersfor the two separatefive-yearperiodsin the 1980s are not reported
in Hall andHall (1993) but have been newly estimatedfor this paper.
10. These estimatesare made withoutconsideringadjustmentcosts, which may be
considerablefor R&D but have proved difficult to estimatereliably (Hall and Hayashi
1988;Himmelbergand Petersen 1991). Adjustmentcosts would raise the cost of capital
overall,butthis correctionis not likely to differ substantiallyacross the periods.
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Equation 1 expresses the condition under which firms make their
investmentdecisions, but as appendixA shows, it also plays an important role in determiningthe market's valuation of R&D investment.
Afterthe investmenthas been undertaken,the ex-post gap between the
marginalproductof the capital HK and the currentcost of that capital
is an indicatorof the rents or excess returnsfrom the capital;it is this
gap that will be capitalized into the marketvalue of the assets correspondingto this kind of capital. A finding that these rents have fallen
or are negative implies either that the realized marginalproductwas
much lower than was expected or that the cost of future investments
has risen.
The goal of this paperis to distinguishamongthese explanationsfor
the fall in the marketvalue of R&D investment. Having eliminatedat
the outset the possibility that the entire effect is driven by changes in
the relative price of R&D or in the required rate of returnto R&D
assets, I focus on the two othercomponentsof equation 1: the expected
andactualmarginalproductof R&D capital, andthe rateof depreciation
or obsolescence of such capital. To measurethe former, conventional
R&D productivityregressions are used; these are interestingper se
because of their relation to previous work that does not include this
time period.11Measuring the latter is somewhat more difficult; the
evidencethatthe rateof obsolescence has risen in some sectorsin recent
yearsis based on distinctionsbetween the marketvalue of "old" R&D
assets and incremental new R&D above and beyond that necessary
to maintainthe assets as well as on anecdotal evidence about the industries.
Thepaperbegins by reviewing the aggregatetrendsin R&D spending
in manufacturing.The first section sets the stage for the subsequent
sections by highlightingmajorchanges in the compositionof the publicly traded manufacturingsector during the 1980s, particularlythe
increasingR&D intensityof the sector as less technology-orientedfirms
and divisions exited by means of private buyout. The next section
reviews in substantiallygreater detail earlier evidence I gatheredon
marketvalue'2and suggests that equity marketvalues at the beginning
of the 1980s strongly signaled (or forced) the type of restructuringthat
11. See Mairesse and Sassenou (1991) for a survey of previous estimates of the
relationshipbetween productivityand R&D.
12. Hall (1993b, 1993c).
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took place duringthe period. This section then measuresand evaluates
changes in the valuation of old and new R&D capital across various
industrialsectors, in an effort to draw some conclusions about the
depreciationof returnsto this capital.
The last major sections of the paperpresent evidence on the output
(or marginalproduct)of industrialR&D. Commonlyused measuresof
outputincludepatentcounts, innovationcounts, andthe profitabilityor
productivityof the firms undertakinginvestment. With the exception
of innovationcounts, for which data are not readily available during
the relevantperiod, the availableevidence suggests thatthese measures
of innovationoutput per unit of input declined during the 1980s for
U.S. manufacturingfirms, although there is some evidence that the
decline was arrestedtoward the end of the period.'3I focus here on a
majorindicatorof technological success: the contributionof R&D investmentto productivityand sales growth at the firm level. Because
goodpatentandinnovationdataare unavailableat the firmlevel, I defer
the examinationof these measuresto futurework by others. The paper
concludesby combining the evidence on realized returnsand costs of
R&D during the 1980s into a coherent, but somewhat speculative,
story.

The Shrinking Manufacturing Sector?
Figure 1 presents the basic facts about recent trends in the R&D
intensityof manufacturing.The figurereveals a puzzle in the data that
underliessome of the contradictoryrhetoricon the rise or fall of industrialR&D duringthe 1980s. The puzzle concerns the aggregateR&D
intensity of manufacturingin the United States. Data based on the
NationalScience Foundationsurvey of industrialR&D show that the
13. It is well knownthatthe patentyield perindustrialR&Ddollarhasbeen declining
since at least the beginning of the sample period here (Griliches 1989). Work by the
presentauthor(not shown) confirmsthatthe decline continuesthroughat least 1990 but
at a somewhatlower rate. Caballeroand Jaffe (1993) find that althoughtherehas been
a long-rundecline in patentyield, it began to rise again after about 1986 when the date
of patentapplicationis used (ratherthan the grantdate). A sample of about eighty of
thelargestfirmsconsideredhere for which we do have individualpatentingnumbersfor
1987and 1991 (BusinessWeek1992) shows the same decline in patentingyield throughout the 1980s as the aggregatedata do.
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ratioof R&D to sales of manufacturingfirmswas stagnantat about2.2
percentduringthe 1970s, rose to about 3.4 percentby 1986, and since
then has been stagnant at about 3.4 percent. In contrast, the R&D
intensitymeasurefor the Compustatsample of firms (which is essentially all manufacturingfirms whose stock is publicly traded)has risen
continuouslysince the mid-1970s, from 1.0 percentto 4.5 percent in
1990.14

AppendixB investigates the source of the discrepancybetween the
CompustatandNSF numbersin more detail and reachesthe conclusion
that the differences occur because the publicly traded manufacturing
sectorshranksubstantiallyduringthe 1980s, but thatthe decline in size
came primarilyfrom the loss of firms that were not R&D-intensive.
Using the results of otherresearchon the restructuringof the corporate
sector during the 1980s, it is possible to advance a couple of more
detailedexplanationsof this phenomenon.
First, one cause of the shift in R&D intensity in the Compustatdata
may be the increasingfocus of these manufacturingfirmson their core
businesses.15 Such a refocusing would mean that manufacturingfirms
have a larger share of their assets actually in manufacturingand that
the resulting (smaller) firms would be more R&D-intensive, because
manufacturingas a whole tends to perform the vast bulk of R&D.
Becauseof variabilityin the samplingframefrom which the NSF R&D
surveyis drawn, these changes may not affect the NSF numberin the
same way.16
14. R&D intensity in figure 1 is measuredin the usual way: the nominalratio of
R&Dspendingto sales. The two ratios shown for Compustatare for all firmsin the file
andfor only those firmsthat performR&D, while that for NSF is the ratioof manufacturingR&D spendingto the total sales of the firmsin the sample. Both sets of numbers
exclude foreign-ownedand nonmanufacturingfirms but include R&D performedby
domesticfirmsin foreign establishments.In principle,the higherof the two Compustat
curves should be directly comparableto the NSF numbers,because it includes only
firmsthatperformR&D. See NationalScience Foundation(1985, 1991); Standardand
Poor(1991 and earliereditions).
15. For example, see Bhagat, Shleifer, and Vishny (1990) for evidence that sixtytwo large hostile takeovercontests between 1984 and 1986 resultedin the reallocation
of corporateassets to firmsin the same industriesas those assets.
16. Until very recently, the economic censuses have not covered the service sector
adequately;the R&D survey sample is primarilydrawnfrom these censuses, which are
establishment-based,althoughthe survey itself is addressedto enterprises.Thus, there
is a question,not really answerableusing public data, as to how quickly the NSF itself
can adaptto the changes in the structureof the manufacturingsector.

BronwynHall

297

Table1. Exit from the Publicly TradedManufacturingSector:
WeightedR&D-to-SalesRatio
Percent
Period

1976-80
1981-85
1986-90

Nonexiting firms

Went
private

Foreign
acquisition

All

R&D-doers

0.43
0.55
1.27

1.35
1.21
2.91

1.18
2.19
3.31

1.81
2.67
4.14

Source: Author's calculations.

A second factor influencing the composition of the manufacturing
sectorwas the natureof entry into the publicly tradedsector duringthe
1980s. Most of the new entrants were high-technology firms traded
over the counterusing the NASDAQ system, and these firmsare likely
to be relatively more R&D-intensive. As I show later in the paper, at
the beginning of the 1980s the equity marketplaced a high value on
R&D assets, which appearsto have encouragedentry into the sector.
At the same time the wave of leveraged buyouts (LBOs) and "going
private" restructuringsaffected non-R&D-intensivefirms disproportionately. In 1991 I reported that the total R&D per employee for
Compustatfirms in 1982 was $2.1 million, whereasthe R&D per employee for the firms that exited throughprivatebuyouts between 1977
and 1987 was only $500,000.17 Lichtenbergand Siegel have a similar
findingfor complete-firmLBOs thattook place between 1983 and 1986:
the R&D-to-sales ratio for non-LBO firms in their large Census of
Manufacturessample is 3.5 percent, while that for the LBO firms is
1.0 percent.18 Using a multiple regression approach,Blair and Schary
controlledfor such variables as cash flow variance, returnsto capital,
assetgrowth, and lagged cash flow, and found thatthe ratioof R&D to
sales is a significant predictorof exit via a private buyout.19Table 1
updatesmy earlierresults through1990, displayingthe sales-weighted
R&D intensity for firms that did and did not exit during each of the
threefive-yearperiods between 1976 and 1990. Note that althoughthe
R&Dintensity of exiting firms rose in the last period, the differential
relativeto those that did not exit remainedthe same.
17. Hall (1991).
18. Lichtenbergand Siegel (1990).
19. Blairand Schary(1993).

298

Brookings Papers: Microeconomics2, 1993

The exit of publicly tradedmanufacturingfirms documentedin appendix B is only part of the story, however. Many other "going private" transactionsand foreign acquisitions took place at the division
level, and these tended to have the same characteras the whole-companytransactions.Thus, R&D intensityof these transactionswas probably also low, and the remainingpublicly tradedfirmsprobablyhad a
higher ratio of R&D to sales. Overall, the "deal" decade and what
Jensen calls the "modern industrialrevolution" moved a substantial
partof corporateassets out of the publicly tradedsector.20These assets,
however, were primarilyin matureindustriesthat were downsizing in
responseto excess capacity and foreign competition;they were not in
the high-technologyand fast-growing sectors where R&D investment
was important.
The Stock Market Valuation of R&D Investment
The equitymarketsforecastthese changesquitewell at the beginning
of the decade, but adjustmentto these marketsignals was very slow.
In two other papers published in 1993, I presentedevidence that the
stock marketvaluationof R&D investmentrelative to ordinaryinvestmentfell ratherprecipitouslyduringthe 1980s.2' This was trueboth for
currentR&D spending and for a stock variable constructedfrom the
pasthistoryof R&D spending. This fact by itself suggests eithera onetime write-off of past R&D investmentsby the marketor a substantial
fall in the rateof returnto R&D spendingduringthe period. Such a fall
could have been induced by a decrease either in the cost of funds (a
supplyshift) or in the derived demandfor R&D investmentcaused by
reduced demand for the innovation it generates, or by diminishing
returnsto innovation.Before investigatingthese possibilities, I explore
the findingmore thoroughlyin an effort to narrowthe searchfor explanations.The explorationsreportedhere are the following: a searchfor
robusteconometric specification, separationof the relative valuation
estimate into changes in the value of capital (the denominator)and
changesin the value of R&D (the numerator),and an industry-levelset
of estimates.
20. Jensen(1993).
21. Hall (1993b, 1993c).
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The frameworkI used to explore the valuationof R&D assets was a
simple hedonic regression originally proposedby Griliches:22
(2)

log Vit/Ait=log

Qit

=

log

qt +

yt KIt

+

Eit,

whereVitis the total marketvalue (debt plus equity) of the firm, Aitis
the book value of the physical assets, and Kitis the R&D "capital,"
constructedfrom the past history of R&D spending in the firm.23The
coefficients estimated are qt, the market's valuation of book assets
(Tobin's Q), and (-ytlqt),the valuationof R&D assets relative to ordinaryassets. Both coefficients were allowed to vary over time to reflect
the fact that marketpremiumsmay (and do) change with the state of
theeconomy. Equation2 is derivedfrom a very simple model of market
valuationwhere the stocks are additive in value:
(3)

Vit = qtAit + ytKit + Vit,.

Equation3 is transformedto the logarithmicform in equation2 because
the extreme heteroskedasticityof Vit makes estimates of equation 3
unstableand inefficient. The logarithmicapproximationis justifiedbecause R&D capital is typically much smaller than ordinarycapital, at
least in the large manufacturingfirms normallystudied.
As firms have become more R&D-intensive, however, and smaller
high-technologyfirmshave enteredthe sample, the logarithmicapproximationbecomes harderand harderto justify and more and more sensitive to outliers in the variables on the right-handside. Therefore,
specificationexperiments (such as testing for heteroskedasticityand
examininginfluential outliers) were performedusing equations 2, 3,
anda thirdalternative:
(4)

(VitlAit) =

Qit

=

qt

+ yt,

Ait +

it

Estimatesbased on equation 4 but using robust estimation methods,
least absolutedeviations (LAD) estimation, were preferred,and therefore all estimates reported in this section are of this type. They are
22. Hall (1993b, 1993c); Griliches (1981).
23. A declining balance formulawith a depreciationrate of 15 percentis used, to
be consistentwith previous work using this constructedcapital. See Hall (1990) for
details.
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morerobustthanthose based on equations2 and 3 and have the advantage that the R&D valuation coefficient is a direct estimate of the absolute marketvalue of R&D, ratherthan a relative value.
Because the focus here is on the productivityof R&D and on the
of resultsfor the 1980swiththosefromearlierperiods, the
comparison
sample of firms used to estimate the regression in equation 4 and
throughoutthis paper differs somewhat from that I used in the two
earlier1993 papers.24First, three groups of firmshave been excluded:
firms with foreign ownership that are listed on one of the U.S. exchanges(about100 firms), nonmanufacturingfirms(a few thatappeared
in the samplebecausethey were in the originalsampleof firmsreporting
R&D; see appendixB for details), and firms in the aircraftand aerospace sector (about 340 firms in SIC 372 and 376). These latter firms
arethose most affected by defense-relatedgovernmentR&D, which is
expectedto have quite a differenteffect from privatelyfundedR&D on
productivityandprofitability.25Second, I have extendedthe panel back
to 1959 and included all the informationin the original Griliches-Mairesse sample but have restrictedit to include only firms that perform
R&D.26This presentsno serious sample selectivity problemafterabout
1974 (see appendix B), but before then only a fraction of firms that
performR&D actuallyreportedtheirR&D expenditurepublicly. I have
verifiedthat the sample change does not affect the results shown in
figure1 appreciablyexcept in the very earlyyears (up until 1973). More
to the point, including only those firms that performR&D makes little
differenceto the estimated coefficients in the later periods.
Figure 2 reports the basic result of estimating equation 4 in two
ways, one using R&D capital and one using R&D spendingas a proxy
for R&D capital.27If the R&D spending variable is capitalized at six
24. Hall (1993b, 1993c).
25. See Griliches(1980a, 1986) andLichtenbergandSiegel (1991) for evidencethat
thisis the case. In principle,the CompustatR&D numbersthatI am using do not include
R&D, so my results should not be biased when these firms are
government-funded
included,but reportingerroris inevitable, and there are also conceptualdifficultiesin
attemptingto separatethe roles of the two kinds of R&D in the performanceof these
firms.
26. Grilichesand Mairesse(1984).
27. Thefigureshows a set of estimatesfor q, and-y,basedon year-by-yearregressions
of the form shown in equation3. Althoughthere are separateestimatesfor q, from the
twodifferentspecifications(one using the R&D spendingandthe other,the R&D stock),
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Figure 2. Market Valuationof CorporateAssets in the U.S. ManufacturingSector,
R&D Firms, 1971-90
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Source: Author's calculations.

times the flow (note the relative scales on the figure), the results are
remarkablyclose, no matterwhich variable is used in the regression.
This reflects the high correlationbetween R&D stock and flow in the
cross section; as I will show later, this high correlationmakes it extremelydifficultto identify valuationseparatelyfor "new" and "old"
R&D.
The substantiveresult in figure2 is the decompositionof the decline
in the relative valuation of R&D assets during the 1980s into two
components:a doubling of the value of ordinaryassets from a Q of 0.6
at the beginningof the 1980s to around1.2 at the end, and a decrease
in the value of R&D assets from approximately1.5 to about 0.4 (a
factorof more than three). Although the R&D coefficients are imprecisely estimatedand fluctuatea great deal, the underlyingmessage of
the figureis too large in magnitudeand too consistentover the last few
yearsto be ignored.
In view of the discussion of restructuringand exit in the last section,
theseare so close togetherthat I have shown only one on the figure, that for the R&D
stockequation.
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figure 2 has a fairly clear interpretation.Throughoutthe 1970s the
equitymarketswere signaling that manufacturinghad an excess (or the
wrongkind of) capacity, with a ratio of marketto book value of about
0.6. This took a remarkablylong time to correct itself, and not until
the restructuringwave of the mid-1980s did Q begin to rise toward
unity, possibly overshooting at the end of the period. The sustained
period during which the market value of the assets was below book
value lends credence to those who have critiquedthe operationof corporategovernancesystems duringthe recent past.28
During this same period, the equity markets were also signaling
ratherstrongly that firms were underinvestingin R&D assets, with a
coefficient above unity between the end of 1978 and the end of 1985.
Althoughit took time to bring the marketprice of R&D assets down,
firmsbegan to respond to these signals almost immediately. The rate
of change of R&D intensity began to accelerateabout 1979 (see figure
1). Since 1986 R&D intensityhas continuedto increase, but at a slower
rate, andthe value of R&D assets has fallen steeply, to a level of about
0.4. This raises two questions: first, was the marketright in the early
1980s thatR&D investmentwould yield supranormalreturns,and second, if so, should the currentdiscount be viewed with alarm?The next
sectiontries to answerthese questionswith a look at the actualproductivity of this R&D investment.
To investigatethese basic findings more thoroughly,the firmswere
dividedinto six broadtechnology sectors: chemical-based(chemicals,
oil, and rubber and plastics),29pharmaceuticalsand medical instruments,30 electrical (electrical equipment and scientific instruments),31

computers(computingequipmentandelectronics)32machinery(metals,
machinery,autos, and engines),33and a miscellaneouscategory(food,
textiles, and apparel;lumberand wood; paperandprinting;stone, clay,
and glass; and miscellaneous manufacturing).34
Figure 3 summarizes
the estimatesfor the six sectors in the same formatas Figure2. Despite
28. See, for example, Allen (1992), Black (1992, forthcoming),Grundfest(1993),
andJensen(1991, 1993).
29. SIC 28 excluding 283 and 284; SIC 29 and 30.
30. SIC 283, 284, and 384.
31. SIC 36 excluding 365-367, and 38 excluding 384.
32. SIC 357, 365-367.
33. SIC 33-35 excluding 357; 37 excluding 372 and 376.
34. SIC 20-27, 31, 32, 39.
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Figure 3. Valuationof CorporateAssets by IndustrialSector, 1971-90
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Source: Author's estimated ratio of market to book value; see text.
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considerablenoise in the estimates, which is characteristicof estimates
basedon stockmarketprices,the figureshows severalinterestingfindings.
First, althoughtiming varies slightly, Tobin's Q for all the sectors
rose from a discount in the mid-1970s to values slightly above unity by
the end of the 1980s. Adjustmentseems to have come slightly more
quicklyin the high-technologysectors of electricalandcomputing(and
possibly pharmaceuticals).Second, the valuation of R&D assets rose
in chemicals, machinery, and miscellaneous industries,from a low of
aroundzero in the mid-1970s to paritywith ordinaryassets by the end
of the period. These sectors are Chandler's"stable" and "low" technology sectors,35which were subject to so much restructuringpressure
duringthe 1980s. They are the same industrieswhere the restructuring
activity between 1978 and 1987 affected firms that had some R&D
investment.36Finally, the high-technologysectors show contrastingresults. In pharmaceuticalsthe value of R&D assets remainedabove unity
throughoutmost of the twenty years between 1971 and 1990, although
it fluctuatedgreatly when a wave of biotechnology firms entered the
sector. In contrast, the value of R&D assets in the electrical and computingsectorsfell rathersuddenlybetween 1982 and 1984, from parity
with ordinaryassets to a very substantialdiscount (about80 percentin
the electrical sector and 100 percent in the computingsector).
Thus, the trends shown in figure 2 result from a combination of
factors:general excess capacity to which the high-technology sectors
adjustedmore quickly thanelsewhere, coupled with a demandfor more
R&D investmentin these sectors and less in the traditionalmanufacturingsectors. By the end of the period, a kind of equilibriumseems to
have been reached, with the very importantexception of the electrical
and computing sectors, where R&D assets are nearly worthless. The
findingthat motivatedthe investigationhere seems, in fact, to be confinedto these sectors.
Increase in Obsolescence or Decline in Marginal Product?
A centralproblem in analyzing the time patternof returnsto R&D
has always been the fact that R&D investmentat the firmlevel is a very
35. Chandler(forthcoming).
36. Hall (1991).
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smoothseries relative to other firm-level variables such as sales, employment, and ordinary investment.37This fact makes it difficult to
estimatedepreciationor obsolescence rates for R&D capital, let alone
changesin those depreciationrates over time. The work reportedhere
is no exception: an ad hoc decomposition of R&D capital into "old"
R&D and incremental"new" R&D is made, and these variables are
enteredinto a marketvalue equationto see if they are priceddifferently
over time and in different industries. The conclusions drawnare necessarily qualitative because it is not possible to estimate a detailed
modelthatwould actually identify the varyingdepreciationrates. Even
the coarse estimation results presented here are not without interest,
however, and they do help in interpretingthe recent changes in industrialR&D performance.
In appendixA, an expression for the ratio of the marketvalue of a
dynamicprofit-maximizingfirmto the book value of its tangible assets
(Tobin'sQ) is derivedusing the methodsof HayashiandInoue.38Under
variousassumptionsdiscussed in the appendix, this equation can be
written
PV,(rentsfrom futureIi)
(5)

Qi.~

Ait
+ PVt(rents from future Ri) +
Ait

(

'RKi)
rR

P +

B)R

A jt

where i denotes firms, t denotes years, and PV,( ) is the present discountedvalue at time t.39 'fR is the marginalproductof R&D capital,
and 6R is the rate of depreciationof the private returnsto R&D. The
KIA term enters because of the failure to account for the value of the
intangibletechnological assets in the book value of firm i; note that if
Ki,is properlymeasuredandequation 1 holds, its coefficientin a regression based on equation3 will be unity. A findingthatthe coefficient is
37. See Hall, Griliches, and Hausman(1986) for evidence on this point, and Hall
(1992)for a comparisonof ordinaryinvestmentto R&D investment.
38. Hayashiand Inoue (1991).
39. I have suppressedthe capital prices in this presentation,because the variables
themselveswill be measuredin currentdollars. A full developmentwith prices is shown
in appendixA.

BrookingsPapers: Microeconomics2, 1993

306

less than unity implies either that alr is lower than expected at the time
of investment or that br is higher.40
The estimation problem is to find suitable proxies for the present
discounted value of the rents from ordinary and R&D capital. Under
the assumption that the cross-section regression for Tobin's Q represents some kind of steady state where the average future returns to past
capital investments are roughly equal to cost, the natural proxies are
the incremental increase in investment above and beyond that required
K 14
to maintain the current capital stock: Ii, - 8,Ai , and Ri, Ki,
Therefore, the stock of R&D is decomposed into two components:
the ratio of net new R&D investment (R - AK_ ) to assets, and the ratio
of the previous year's stock of R&D (K- ) to current assets. This
decomposition is made to separate two effects that may contribute to
the observed fall in the market value of R&D capital: first, past R&D
may have become less valuable, and, second, net new R&D may not
be expected to yield returns. Both of the variables are included in yearby-year regressions of the following form:
(6)

Qit = intercept +

I (l

8,Ai,-,)
Ail

+ P2i (R,, - 8RKi,t-1) +
Ait

, Ki,I
Ait

The depreciation rate 8R iS set equal to 0.15, which is the value used to
40. In practice, interpretationis not quite this simple, since K itself is constructed
using an assumeddepreciationrate that may be counterfactual.However, because the
depreciationrateis changingover time (possibly slowly) andR&D is typicallygrowing,
the effect of the measurementerrorin K will be somewhatmitigated.If K were systematicallyoverestimatedbecause the true depreciationrate is higher, the coefficients reportedhere would be biased upward,and the true decline in the coefficientof K in this
regressionduringthe 1980s would be even greater.
41. Cockburnand Griliches (1988) used this decompositionfor R&D capital in a
study based on a cross section of the same firms in 1980. They obtainedresults that
weresimilar,but with lower coefficients, possibly because they also includedtwo-digit
industrydummiesand patentsstocks in the regression. Hall (1993c) finds that industry
dummiestend to lower the flow coefficientby about30 percentandthe stock coefficient
by more than 50 percent, which is consistent with the Cockburnand Grilichesresults.
However, the dummies do not affect the decline in the R&D coefficients duringthe
1980s very much. Because partof the variationacross industriesin valuationis due to
R&D performance,it seemed appropriatehere to focus on cross-industrycomparison
ratherthansimply removingindustryeffects.
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Figure 4. Market Valuationof R&D Assets, U.S. Manufacturing,R&D Firms,
1972-90
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constructthe stock variable K, and the depreciationrate of ordinary
capital8, is set to 0.10. Other variables, such as cash flow to assets,
sales growthto assets, and advertisingto assets, can be includedin this
regressionwithout changing the results reportedhere very much.
The estimated values of

for equation
132,and 13P,

6 are plotted in figure

4. Note the two scales, which have been chosen so thatthe flow of new
R&Dis capitalizedat the rate implied by figure2 (approximately6.4).
This figureclarifiessomewhatan earlierfinding.42The gap betweenthe
valueof incrementalnew R&D andold R&D capitalis widerthanwhen
the flow and stock are consideredseparately,and the stock has explanatorypowerbeyond thatfrom its correlationwith the flow. In a steadystate equilibriumand if the actual private depreciationrate of R&D
capitalwere equal to 0. 15, both coefficients would be expected to be
unity (afteradjustingfor the capitalizationrate). In fact, both partsof
this assumptionfail: althoughthe stock coefficient begins near 1 (with
substantialfluctuationaroundthe oil price shock) in the early 1970s, it
falls to around0.3 by the end of the period, which implies depreciation
42. Hall (1993b).
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ratesmuchhigher than 15 percent. The coefficient for incremental,or
net new, R&D is much bigger than 1, as it would be if the typical R&D
firmis growing ratherthan in a steady state, and falls to slightly above
1 by the end of the period. The implied "cap" ratefor the incremental
investmentsfalls from around 10 to 2. The overall message is still the
sameas in the earlierpapers:by the late 1980s, both old andnew R&D
are valued at about one quarterof what they were worth in the 1970s.
When the firms are divided into the very aggregated technology
sectorsof figure 3, the estimates (not shown) become quite imprecise,
but some patternsbegin to emerge. First, the pharmaceuticalindustry
is uniqueamongthe sectors, in thatthe value of both new andold R&D
declinedvery little duringthe entire period, althoughit fluctuatedsubstantially,particularlywith the emergenceof the biotechnologyindustry in the mid-1980s.
Second, chemicals, machinery, and the miscellaneous industriesall
showeda tendencyfor the value of old R&D assets to rise from zero in
the 1970s to slightly below 1 by the end of the 1980s. That increase
agreeswith the restructuringevidence thatthese were the sectorswhere
firms were under pressure to shrink their R&D assets. The value of
incrementalnew R&D spending fluctuatesgreatly throughoutthe two
decades, ending up higher overall in chemicals and lower in the other
two sectors, but with no clear evidence of a time trendin any of these
sectors.
Finally, the decline in the value of R&D assets in the electrical and
computing sectors is a combination of zero valuation on old R&D
capitalsince around1980, and a continuousdecline in the value of new
investment,which began at the same time. The decline was earlierand
steeperin the electrical sector and quite sudden (in 1984) in the computingsector.
It is hard to escape the conclusion that the differing natureof the
competitivechallenges in these sectors may have somethingto do with
the apparentdifferences in the returns to R&D. The electrical and
computingsectors have been subject to considerablymore entry and
competition (much of it of the lower-cost foreign variety) than the
chemicaland pharmaceuticalsectors, and this seems to have been reflectedin morerapidwrite-offs of the intangibleassets createdby R&D
investment.In the electricalandparticularlycomputingsectors, product
cycles have speeded up, giving less time to reap the returnsto R&D,
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and imitationhas in some cases been quite successful and fairly immediate,increasingthe privaterate of obsolescence. Even the entry of
domesticfirmsinto these sectors has been sizable duringthe period. In
1980 firms in these sectors made up 21 percent of all publicly traded
manufacturingfirms (27 percent in terms of employment). By 1990
they madeup 28 percentof the whole sector and 35 percentin termsof
employment.
In contrastthe R&D capital in the pharmaceuticalsindustryseems
to have been expected to yield profitson a par with its cost throughout
the period, perhapsbecause this is the one industrywhere intellectual
propertyprotectionis highly successful. The remainingindustries(machineryandmiscellaneous)experienceda substantialrestructuringduring the 1980s, which has, if anything, raised the value of their R&D
assets. In the next section I examine whether the measuredrates of
returnto R&D in these industriessupportthese interpretations.

The Contribution of R&D to Total Factor Productivity
Underthe reasonableassumptionthat investors favor higherreturns
over lower, the stock marketplaces a value on R&D spendingbecause
of its role in increasingprofitsand, ultimately, dividends. It is customary to divide these increases into two major areas for the purpose of
analysis:reductionsin cost, which come from improvingthe efficiency
of production,and increases in revenues, which come from the introductionof new productsand improvementsto the old.43To the extent
that the firm is able to capturethe returnsto the introductionof new
products(throughvarious appropriabilitymechanismssuch as the patent system), both sources of increased profits will generate private
returnsto R&D spending. It is naturalto ask whether the apparent
decline duringthe 1980s in the market's expectation of the dividends
to be generatedby R&D investment had a basis in the measuredcontributionof R&D to productivitygrowth duringthe period.
To answerthis question, a series of productionfunctionestimations
wereperformed,using the now standardgrowthaccountingframework
43. See, for example, Griliches (1979).
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with R&D capital as one of the inputs.44The equationestimated was
the following:
(7) log Si, = cxlog Li, +

i

log Ni, + y log Ki,
+ time dummies (+ firm effects),

where i denotes firms, t denotes years, S is deflated sales, L is the
numberof employees duringthe year, andN andK are ordinarycapital
and R&D capital, respectively, both measuredat the beginning of the
year.45The R&D capital, K, has been constructedfrom R&D investment using a declining balance formula with a depreciationrate of 15
percent.46
Equation7 was estimatedin levels andusing one-yeargrowth
rates of all the variables (differenced logarithms).47Growth-rateestimatestypically show evidence of substantialdownwardbias from ran44. See Mairesse and Sassenou (1991) for a survey of previous results obtained
using this methodology.
45. Obviously,the precise choice of variableswas dictatedby dataavailability,and
the underlyingquantities therefore were inevitably measuredwith substantialerror.
Wherethe resultscan be comparedwith publishedresultsthatused the somewhatbetter
data availablefrom the Census of Manufactures(Griliches 1980a, 1986; Lichtenberg
andSiegel 1991), they are reasonablyclose. The most importantdifferencebetweenthe
dataused here and the data called for by the model concerns the double counting of
R&D expenditures(Schankerman1981): spending on R&D is composed primarilyof
the wages of scientistsand engineerswho are also includedin the employmentvariables
and investmentin capital, which is included in the firm's capital stock. Therefore,the
measuredelasticity of sales with respect to R&D capital K is an elasticity that is in
excess of the elasticity of sales with respect to its components.Severalresearcherswith
access to betterdata than those used here have estimatedthe bias in -ythat is produced
by this mismeasurementand found it to be relativelystable across time andon the order
of 0.06 withinfirm(Schankerman1981; Cuneo and Mairesse 1984; Hall and Mairesse,
forthcoming).In consideringthe elasticity estimatesin this paper, it is thereforeappropriateto add such a factor to the R&D capitalelasticity to obtainan estimatethat more
accuratelyreflectsthe total productivityof R&D investment.
46. See Hall (1990) for more details on the data set construction.
47. Level estimates of the productionfunction in equation6 will be contaminated
by the presenceof "heterogeneitybias" if firms or industriesthat are productivefor
otherreasons are also those that spend resourceson researchand development,either
becausethey have more funds availablefor investment(for example, the free cash flow
story)or for otherreasons. Such a situationimplies thattherewill be permanentdifferences across firms in the relationshipdescribedin equation4 that are correlatedwith
R&Dcapitaland will tend to bias its coefficient upwardwhen the equationis estimated
in levels. Thus, many researchersprefer to use firm-level growth rates (logarithmic
differences)to estimate the relation, and I follow this traditionhere, althoughthere is
conflictingevidence in table 1 on the importanceof heterogeneitybias, at least for R&D
capital.
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dom measurementerror, so a series of growth-rateregressions was
estimated using two-year differences, three-year, and so forth (not
shown). Because the coefficient estimatestendedto rise with the length
of the differencinginterval, but at a diminishingrate, four-yeargrowth
rateswere used for the "long-differenced" estimates, as a compromise
thatminimized measurementerrorwhile preservingas many years of
dataas possible.48
The sampleover which the productionfunctionmodel was estimated
is essentially the same as that used in the previous section to estimate
marketvaluationrelations. It has been augmentedwith firmsfor which
thereare data on R&D spending back to 1959 for the purposeof comparisonwith earlier work. Some discussion of the selectivity that may
be at work duringthe earlier part of the period (the 1960s) is given in
appendixB. After cleaning and restrictingthe sample to those firms
thatperformedR&D for at least six years (so that the long-differenced
growthrates could be constructedand beginning-of-yearmeasuresof
capital used), there are approximately 16,000 observationson about
1,600 firms.49
The results of estimating equation 7 are shown in table 2. Three
panels of estimates are shown: the first estimates are for variables in
levels, pooled across all firms and the chosen years; the second set are
estimatesusing four-year growth rates of the variables;and the third
set are estimates using one-year growth rates. All the estimates are
shownfor the entiretwenty-seven-yearperiod, andfor four subperiods:
the 1960s (1964-70), the 1970s (1971-80), and the two halves of the
1980s (1981-85 and 1986-90).5? Substantialdifferencesacross the pe48. See GrilichesandHausman(1986) for furtherdiscussionof the role of measurementerrorin the estimationof productionfunctions.
49. The original sample consisted of about 24,000 observationson around2,200
firms,but manyof these are relativelysmall with very shortR&D histories, so they did
not survive the requirementof at least six years of R&D. In addition, a substantial
amountof explorationusing robust regression methods revealed that these data are
characterized
by leptokurtosisin the growthrates, which tends to increasethe (ordinary)
standarderrorsand to renderthe estimates somewhatunstableand sensitive to outliers.
Trimmingthe one-year growth rates at (-67 percent, 200 percent)and the four-year
growthrates at (-50 percent, 100 percent on an annualbasis) reducedthis problem
substantiallyand producedestimates that were very like those obtainedusing robust
regressionbut at a much lower cost, so this type of trimmingwas used throughoutthe
paper.
50. See appendixB for a discussion of the widely varying sample coverage over
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Table2. ProductivityRegressions;All Industries Pooled;
DependentVariable:Log (Sales)
Period and number of observations
Variable

1964-90
16,123

1964-70
713

1971-80
6,464

1981-85
4,803

1986-90
4,139

Totals

logL
logN
log K
R2(s.e.)

0.581 (0.005)
0.374 (0.004)
0.032 (0.002)
0.962 (0.367)

0.550 (0.019)
0.370 (0.013)
0.043 (0.015)
0.954 (0.294)

0.538 (0.008)
0.411 (0.006)
0.030 (0.004)
0.962 (0.354)

0.591 (0.009)
0.374 (0.007)
0.024 (0.004)
0.962 (0.372)

0.634 (0.009)
0.325 (0.007)
0.040 (0.004)
0.960 (0.388)

0.756 (0.005)
0.118 (0.004)
0.026 (0.005)
0.729 (0.056)

0.633 (0.026)
0.140 (0.022)
0.101 (0.034)
0.713 (0.042)

0.726 (0.008)
0.119 (0.007)
0.006 (0.008)
0.696 (0.051)

0.799 (0.010)
0.130 (0.008)
0.009 (0.008)
0.753 (0.056)

0.759 (0.011)
0.099 (0.009)
0.053 (0.009)
0.706 (0.065)

0.615 (0.012)
0.115 (0.006) 0.025 (0.023) 0.114 (0.010) 0.107 (0.012)
0.017 (0.009) 0.175 (0.056) 0.021 (0.015) -0.011 (0.016)
0.445 (0.135) 0.548 (0.089) 0.455 (0.124) 0.434 (0.142)

0.583 (0.012)
0.129 (0.011)
0.036 (0.018)
0.413 (0.148)

Long-diff.

logL
log N
log K
R2(s.e.)

First-diff.
log L
0.602 (0.006) 0.598 (0.025) 0.606 (0.010)

logN
logK
R2(s.e.)

Source: Author's computations from Compustat data.
L = numberof employees; N = net P&E; K = R&D capital (both at beginning of year). All variables except employment
are deflated. A complete set of year dummies is included in each estimation. Numbers in parentheses are standarderrors.

riods in the productivityof the conventional measureof R&D capital
at the firm level are immediately apparentin this table. The longdifferencedestimates, which are the most robustto both heterogeneity
bias and measurementerror, show that the estimatedelasticity of sales
with respect to R&D capital is 0. 10 (0.03) in the 1960s, falls to approximatelyzero in the 1970s, and rises again to about 0.05 (0.01) at
the end of the 1980s. The result for the 1960s is consistent with those
of Griliches, estimatedusing large samples of firms from the CensusNSF RD-I Survey.51The only other publishedestimatesusing the productionfunction specification at the firm level are those of Griliches
and Mairesse, who used a data source like mine.52Their estimates
these four periods. This variationexplains in part why the results for the 1960s have
ratherlargerstandarderrorsthan those for the later periods. The evidence reportedin
appendixB suggests that these long-lived R&D-performingfirms are indeed slightly
differentfrom the rest, with a somewhatmore robustR&D productivity,althoughthey
too suffereda decline in elasticity duringthe 1970s.
51. Griliches(1980a and 1980b for 1957-65); Griliches(1986 for 1966-77).
52. Grilichesand Mairesse(1983, 1984).
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confirmthose based on Census-NSF data for 1966-77, with a withinfirm coefficient of 0.09 (0.02), and show the same kind of decline
duringthe 1970s as mine, with a coefficient for the 1973-78 average
growthrate of 0.02 (0.03).53 The news in table 2 is that the measured
decline in the contributionof R&D to sales productivitygrowthduring
the 1970s apparentlypersisted into the 1980s but reversed sometime
duringthe period.
Estimatingrelations such as equation 5 across all manufacturing
industriesimplicitly assumes that these industrieshave a commonproductionfunction with identical values for the coefficients ol, ,3 and Y.
This seems an implausible assumption, particularlyfor y, given the
widely varyingnatureof technology in the differentindustries.For this
reasonmany researchershave preferredeither to focus on specific industries,or to use a "rate-of-return"formulationto estimatethe returns
to R&D, one that implicitly assumes that the marginalproductrather
thanthe elasticity of R&D is equalized across industries. I pursuethe
second approachhere.54First, I again divide the manufacturingsector
into the same six majorindustrialsectors:chemicals, pharmaceuticals,
electrical,computing,machinery,and miscellaneous. As before, firms
in the aircraftand nonmanufacturingindustries have been removed.
Regressionslike those in table 2 were computedfor these six sectors,
and the estimated research elasticities are summarizedin table 3. As
Grilichesand Mairesse originally found, conclusions are difficult to
drawat the industrylevel using the relatively sparsedatafor the 1960s,
because of the high variability of the coefficients and large standard
errors.55In the later periods, however, even with fairly substantial
standarderrors,some variationin these elasticities is visible across the
sectors. The chemical sector had an essentially zero or negative R&D
contributionto productivityuntil the late 1980s, but this is not true of
53. Grilichesand Mairesse(1983).
54. An earlier draft of this paper also contained the results of estimationusing a
rate-of-return
formulation,but these results tended to be very unstable across minor
changesto the sample or time period and to be more sensitive to outliers than the
productionfunction specification(because of the intensity form of the variableon the
right-handside). Apparently, although one might expect the rate of returnto R&D
investmentto be roughlyequalizedacross sectors, this is far from trueex post. Because
theseresults added little informationthat was not alreadyin tables 2 and 3, I do not
presentthemin this version of the paper.
55. Grilichesand Mairesse(1984).
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Table3. Estimatesof the R&D Elasticity by Industry
Period

Industry
(No. of obs.)

1964-90

1964-70

1971-80

1981-85

1986-90

Chemicals
(2,219)
Pharmaceuticals
(1,263)
Electrical
(2,212)
Computers
(2,310)
Machinery
(4,275)
Other
(3,362)
Total
(15,641)

-0.015
(0.015)
0.102
(0.021)
-0.029
(0.013)
0.068
(0.014)
0.010
(0.008)
0.005
(0.009)
0.026
(0.005)

0.075
(0.062)
-0.262
(0.201)
0.007
(0.082)
-0.132
(0.071)
0.066
(0.087)
0.500
(0.065)
0.111
(0.036)

-0.014
(0.031)
0.150
(0.037)
-0.027
(0.021)
0.073
(0.031)
0.011
(0.013)
-0.005
(0.013)
0.007
(0.008)

-0.083
(0.027)
0.090
(0.038)
-0.001
(0.023)
0.049
(0.023)
-0.004
(0.015)
-0.020
(0.015)
0.011
(0.008)

0.048
(0.029)
0.097
(0.036)
-0.062
(0.026)
0.089
(0.024)
0.013
(0.018)
0.046
(0.018)
0.051
(0.009)

Chemicals

0.008
(0.023)
0.114
(0.023)
-0.036
(0.014)
0.079
(0.014)
0.044
(0.008)
0.001
(0.008)
0.038
(0.005)

Pharmaceuticals
Electrical
Computers
Machinery
Other
Total

Weightedby employmentsize category
0.040
0.063
-0.116
(0.059)
(0.046)
(0.039)
0.030
0.146
0.177
(0.168)
(0.030)
(0.036)
-0.028
0.052
-0.090
(0.083)
(0.022)
(0.023)
0.042
0.207
-0.010
(0.084)
(0.026)
(0.022)
0.160
0.014
0.108
(0.071)
(0.013)
(0.013)
0.648
0.002
-0.044
(0.066)
(0.016)
(0.013)
0.198
0.037
0.023
(0.030)
(0.010)
(0.008)

0.111
(0.044)
0.042
(0.045)
-0.082
(0.027)
-0.012
(0.028)
-0.050
(0.020)
0.014
(0.015)
0.033
(0.009)

Source: Author's computations using Compustat data. Estimates are from four-year growth rate equations like those in
table 2. See the text for details on the industry breakdown. The weights are the geometric mean of employment in each of
ten size categories. Numbers in parentheses are standarderrors.

the pharmaceuticalsector, which was undoubtedlynot hit in the same
way by the oil price shocks during the 1970s. The machinery and
miscellaneoussectors also experienced a decline in R&D productivity
duringthis period, but they recovered somewhat more quickly than
chemicals did. The computing and electronics sector suffered hardly
any decline in the potency of R&D investmentduringthe 1970s.
The firmsfor which these estimateshave been computedhave a very
widesize distribution,with an overallrangeof 16 employeesto 876,000
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employees and an interquartilerange of 1,000 to 15,000 employees.
The unweightedregressions in table 2 and the top half of table 3 treat
all these firmsequally, even thoughtheir effect on the aggregateeconomy varied substantially.This would not matterif the underlyingrelationshipbetween productivity and R&D were truly linear and the
research elasticity were constant across firms, because the relative
weight attached to each observation would not affect the estimated
elasticity. These conditions are unlikely to hold in practice, and one
wayto assess the importanceof differencesin the elasticity as a function
of firmsize is to compute estimates from data weighted by the size of
the firm. Because of the large size range in these data, however, such
a proceduretends to put too much weight on a few very large firms, so
the alternativeof groupingthe firms into ten different size classes and
then weighting each group by the geometric mean of employmentin
each class was used.
These estimates are shown in the bottom panel of table 3, and they
reveal several interesting differences between the larger and smaller
firmsin the sample. The first is that the decline in R&D productivityin
the chemical industrynow occurs between the early and latter half of
the 1980s, although it is also low in the 1970s. For pharmaceuticals,
the largerfirms show a substantialdrop in the contributionof R&D to
productivityduringthe late 1980s. In the machinerysector the results
arequite unstable, but they seem to indicate that the largerfirmshave
negativereturnsto R&D investmentin the late 1980s (the threelargest
firmsin this sector are the three majorautomobilemanufacturers).The
mostinterestingresultin this tableconcernsthe electricalandespecially
the computingsectors: the weighted results show no contributionof
R&Dto productivityduringthe 1980s, whereasthe unweightedresults
have fairly good-sized coefficients. This contrastno doubt reflects the
differingexperience of the older large mainframecomputermanufacturersand their newer and smaller competitors, both in personalcomputersand in electronic components. The productivityregressionsays
thatthe growthof R&D spendingin the largerfirmsfrom 1978 to 1987
hadalmostno impact on the sales productivityof these firms ex post,
whereasR&D had a fairly substantialeffect on the sector as a whole.
Overall,these results show a weakeningbut continuingcontribution
of R&D to sales productivitygrowth during the 1980s relative to the
1960s,but with substantialcross-industryvariation.How do they com-
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parewith the equity market'sforecast of the ability of R&D to generate
supranormal
returnsin these sectors?56In the chemical, machinery,and
miscellaneoussectors, the increase in the contributionof R&D to productivityduringthe 1980s parallels the rise in equity value of R&D in
these industries, although this is not true for the larger firms in the
machineryindustries. The continued high valuationof R&D in pharmaceuticals seems to be justified by the fairly high R&D elasticity
estimatedfor this industrythroughoutthe period. The negative R&D
elasticity in the electrical sector in the second half of the 1980s is
entirelyconsistent with the low valuationplaced on these assets since
1984. The only real mystery is the computingsector, wherethe overall
R&Delasticity is positive throughoutthe period (althoughit is approximatelyzero for the larger firms), while the equity marketsapparently
wroteoff this investmentin about 1986.

Discussion and Conclusion
The findingsin this papercan be summarizedin the following way.
First, the absolutemarketvalue of both new and old R&D fell substantially duringthe 1980s. Second, this decline happenedin an environment where the publicly traded manufacturingsector was being very
substantiallyrestructured,with assets (including R&D assets) moving
out of chemicals, metals, machinery,autos, and some electrical-based
industries and into the high-technology sectors of pharmaceuticals,
computing, and electronics. Some of the valuation changes can be
attributedto this restructuring.If the equity marketsare a guide, the
restructuringwas successful, at least for the privatereturnsin industry.
Third,duringthe same period, the threemajorhigh-technologysectors,
pharmaceuticals,electrical, and computing, have experienceda rather
different evolution in both the valuation of and the rate of returnto
R&D investment. Both remainedhigh in pharmaceuticalsthroughout
56. To make a direct comparisonwith H,K the marginalproductof R&D capital,
the sales elasticity of R&D has to be multipliedby an estimate of the sales-to-R&D
capital ratio. For the chemical and machinerysectors, these numbersare about 10
throughoutthe 1970s and 1980s. For pharmaceuticalsand computers,they fall from
about5 in the 1970s to 3.3 by the end of the 1980s, while for the electricalsector, the
fall is from 5.5 to 3.5. In the miscellaneoussector, the ratio of sales-to-R&Dcapitalis
20 throughout.
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the 1970s and 1980s, while in the electrical and computingsectors the
raw marketvalue fell steeply, and the productivityof that R&D was
negativeexcept in the small-scale computingand electronics firms.S7
How can these findings be reconciled? A model of firm value that
decomposes the excess of market value over the book value of the
physical assets into the value of the existing R&D capital plus the
presentdiscountedvalue of the streamof rents (excess of profitsover
the cost of capital) that are expected to accrue from new investments
suggests that the correct interpretationof the marketvalue finding is
thatthe commonly used measure of R&D capital, which is computed
usinga 15 percentdepreciationrate, overstatesthe privatelyproductive
capitalavailable to the firm in the later partof the period, particularly
for the electrical and computingsectors. This is consistent with casual
empiricism, which suggests that these industries have become more
competitive,with a great deal of entry, some of it foreign and imitative
in nature,and where lead times have gotten shorterand shorter. It is
not surprisingthatthe depreciationrate for theprivate returnsis higher
in such a setting. The contrast with the chemical and pharmaceutical
sectors, where old R&D capital has maintainedits value along with
new, albeit at a somewhatlower level thanthe high-flyingearly 1980s,
is quite striking.
The fact that the rents to R&D may be dissipated more quickly in
thecurrenteconomic environmentdoes not meanthatthe measuredrate
of returnto R&D will necessarily fall very much. Recall thatthe valuemaximizingfirm is attemptingto set the expected profit rate from an
incrementto R&D capital equal to its cost. The depreciationratein the
cost-of-capitalformula presumablysummarizesthe diminutionof the
abilityof R&D capital to generateprivatereturns.If this raterises, the
cost of capitalwill also rise, requiringa higherexpected profitratejust
to breakeven. I believe that this story accounts for the apparentrobustnessof the rate of returnto R&D in the face of a stock marketthat
is extremelydoubtfulabout its profitability.The message conveyed by
theseresultsis that the social returnsto R&D may have divergedeven
57. Wherethey can be compared(the all-industrylevel and first-differencedestimates),the elasticities estimated in this paper are somewhathigher in the late 1980s
thanthatestimatedby Mairesseand Hall (1993), which was around0.02 for the whole
period1981-88. This is consistent with the fact that the early half of the 1980s had a
somewhatlowerestimatethanthe latterhalf.
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morefrom the private returnsin the 1980s as the privatereturnsdissipatedmorequickly, at least in some sectors. The R&Dtax credit, which
becamefairly large by the end of the period (where it is responsiblefor
a dropof approximately200 basis points in the cost of capitalaccording
to calculationsreportedhere), may have helped to moderatethe effects
observedhere, but it has by no means eliminatedthem.
Althoughthis story is broadly consistent with the evidence at hand
andthe views of observersof technologicalcompetition,it is still somewhat speculative and deserves furtherinvestigation. Fruitfulareas for
futureworkwould seem to be tighteningup the link betweenthe market
valuationmodel sketched in appendix A and the estimates shown in
figures2, 3, and4, so thatan estimateof the growthforecastandprivate
depreciationratemight be extractedfrom these numbers.The industrylevel estimates also need furtherexploration to see if disaggregation
into more homogeneous sectors would help in interpretingthe results.
Forexample, sweeping changes in the petroleumand chemicals industries in the late 1970s or in the machinery, metals (both primaryand
fabricated),motor vehicles, and engines industriesin the early 1980s
arenow combinedtogether, makingit hardto see exactly whatis going
on. Finally, there is the issue of data quality. The exercises here push
the publicly available data about as far as they can go. It is reassuring
thatthe productionfunction estimates are as close as they are to those
madewith the higherqualitycensus data, but it would seem worthwhile
to extend the work of Lichtenbergand Siegel to the end of the 1980s,
makinguse of the industrialdetail available in those surveys.58
Appendix A: A Model of the Market Value of a Firm
In this appendixI sketch the marketvaluationmodel that underlies
the estimates presented in the paper. The model is derived from a
dynamic programmingmodel of a firm with multiple capital stocks,
presentedby Hayashi and Inoue,59but it is not intendedto be a precise
descriptionof reality. The purpose here is to provide an interpretive
frameworkfor understandingthe regression coefficients reportedin
figures2, 3, and 4. To derive equation 1, assume thatthe stock market
58. Lichtenbergand Siegel (1991).
59. Hayashiand Inoue (1991).
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values a firm that has capital stocks A (ordinarycapital) and K (R&D
capital)as though the firm is maximizing the presentdiscountedvalue
of the futureprofitand cost of these capitals. Like Hayashi and Inoue,
I will assume that the capitals can be aggregatedinto a single capital
using a homogeneousaggregatorfunction 4(A,K).60
(Al)

V(At,Kt) =

Max PVJ{FI[4)(A,,K,)] - Pt

-

PrRt},

(AtKt)
subject to At = It

-

iA

and K, = Rt -

8rKt,

where 4(A,,K,) is the capital aggregator, H4(4)denotes the variable
profits(gross of capital costs but net of variablecosts such as laborand
materials) from the aggregate capital 4(A,,K,),

I, is current investment,

R, is currentR&D investment,pi andPr are their respectiveprices, and
8i and 8r are the depreciationrates of ordinaryand R&D capital from
the perspectiveof the private rate of return.
Hayashiand Inoue show that the value of the firm for this problem
can be expressed as the sum of two pieces: the currentcapital stock
valued at replacementcost plus a term that is the present discounted
value of the gap between the marginalproductof the capital and the
cost of the same capital. This latterrepresentsthe rents accruingto this
particularfirmas a consequenceof its particularposition in asset space,
scale economies (if rl and 4 are not linear homogeneous), and differential access to factors (so that other firms do not enter and drive the
marginalproductof capital all the way down to its cost). This termalso
isolatesany effects of uncertainty.If the PV computationis an expected
presentdiscounted value computation, the rent term will also contain
an expectation.
The same authorsshow thatthe maximizationproblemcan be solved
in two stages, where the first-stageproblemfinds the optimal sharesof
each capital in the overall aggregate, and the second stage finds the
rent-maximizinglevel of 4. Using this approach,the value of the firm
60. This formulationabstractsfrom the variable inputs, which are assumedto be
chosenoptimallyconditionalon the capital stock every period. Adjustmentcosts have
also been ignored, because they add nothing essential to the derivation;if they are
present,the cost of each capitalwill incorporatethe marginaladjustmentcost in addition
to the interestrate and depreciationrate. See Hayashi (1982) and Hayashi and Inoue
(1991) for details.
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as a functionof its currentposition can be writtenin the following way
aftersolving the first-stageproblem:
(A2)

V(A,,K,)

= piA, + p,Kt
+

Max

-

PV,{fl[4(A,,K,)]

ciA, - CrKt},

{At,Kt}

wherethe costs of capital, cj, are defined as
(A3)

ci = p1(p +

-p

6jlpj) forj = i,r,

andwhere p is the discount rate used in the presentvalue computation.
Alongthe optimalpathfor capitalstocks, the ratiosof the cost of capital
for each capitalto its marginaleffect on the capital aggregateare equal
to a single shadow price X (the shadow price of the capital aggregator
identity):
(A4)

Ci/P~A(Atf Kt) =

Cr /4K(A,,K,)

= X(ci,cr).

Underthe assumptionthat the capital aggregator+ is linear homogeneous, the solution for the second-stage problemiS61
(A5)

V(A,,K,) = piAt +

PrKt

+ PVt{[fl <>(A,,Kt) -

X(Ci,Cr)]

4)(A,,Kt)}.

In the absence of adjustmentcosts and uncertaintyand when fl and
are linear homogeneous, the PV term in this equationwill always be
zero, periodby period, and the marketvalue of the firmwill simply be
the replacementvalue of its stocks. Interpretingthe regressionsin the
paperrequiresan assumptionthatthe last termin this valuationequation
is not zero andthatthe firmdoes indeed expect to earn supranormal(or
subnormal)returnsfrom its capital stock. To make this idea concrete,
I assumea particularlysimple form for the capital aggregatorfunction,
one where the stocks simply enter additively but with relative coefficients that are not equal to unity:
+

61. The assumption of linear homogeneity is made here for convenience and because
ultimately I will use a specific linear homogeneous form for +. Homogeneity of any
degree would be sufficient to solve the second-stage problem easily; in general, it would
yield a form for the cost of the capital aggregator, which is not linear in the capital
stock.
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+(A,,Kt) = A, + yKt.

Note that y represents the relative marginal product of R&D capital in
the profit function because
(A7)

A

-

KA

II

= Y.

With this assumption, the value function for the firm can now be written
in the following manner:
(A8)

V(A,,K,) = piA, + PVt[(rL, -

X)A,]
+ PrKt + PVt [(Hl4, -

X)yKt].

To obtain the equation used for estimation, take logarithms of both
sides, using the approximation log(1 + E) -e for all terms but the
first, and subtract the first term on the right-hand side from the market
value to obtain an expression for the logarithm of Tobin's Q for the
firm as a function of its rents:
(A9)

log Q(At,Kt) = PVt[(flo

-

X)At]
PrKt +
+
piA,

YPVj[(I< - X)Kt]
piAt

The deviation of the market value of the firm from its book value thus
comprises three terms: the present value of the returns to ordinary
capital above and beyond those that cover its cost, the relative magnitude of its R&D capital, and the present value of the supra- or subnormal returns to R&D capital. As indicated above, the first and third
of these terms will be zero in a long-run steady state with constant
returns, leaving only a term resulting from the fact that the measured
book value of the firm's capital does not include the R&D capital. In
practice the coefficient of the second term is not estimated to be unity
when only current stocks are included in a regression for log Q, implying that the assumptions of a constant returns steady state and zero rents
to the firm are clearly counterfactual.62
Equation A9 can be stated in a way that is more useful for interpreting
62. See Hall (1993c) for more detailedevidence on these estimates.
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the sources of the valuation changes for R&D investment by assuming
that expectations of future returns and costs are equal to their value
today and that R&D capital K, (and R&D spending R,) has a specific
(geometric) growth process.63 The valuation of R&D capital can then
be decomposed into the total return from existing capital (for which
costs are sunk) and the excess returns from future R&D investments.
To do this, I focus only on the part of market value that is associated
with R&D capital, denoted V(K,), and I assume for the moment that the
coefficient of K, in the capital aggregator (,y) is unity; under these
assumptions, the value of the R&D capital portion of equation A8 is

(AlO)

V(K,) =

prKt + E, fe_PS('rTr

-

Cr)Kl+sdS,

0

where rTr is the marginal product of R&D capital and cr is the cost of
R&D capital, both assumed constant in expectation.64 Under the assumption that investment, R,, grows at a constant rate g (with g less
than the discount rate p) in the infinite future, it can be shown that the
integral in equation AlO is equal to the following expression:

(Al1)

(r

4

Cr)

(Kt +

Rtg))

The two terms in this expression are the capitalized excess returns from
existing R&D capital plus the capitalized excess returns from the stream
of future R&D expenditures, which are higher if R&D is growing faster.
This decomposition implies that the total value of the R&D part of the
firm can be written as a function of the stock of R&D capital and the
instantaneous flow of R&D expenditure:
63. This assumptionis made solely for convenience;it will not necessarilybe the
solutionto the firm'soptimaldynamicprogram.Solving the truedynamicprogramming
problemunderuncertaintyis an extremely complex process, however, and one as unlikely to be performedby the firmas by the econometrician.The currentgrowthrateof
R&Dspendingis a useful one-parametersummaryof the differencesacrossfirmsin the
expectedvalue of the partof futureprofitsthat is not due to the currentlevel of capital.
64. One consequenceof this assumptionis thatpr is assumedto be zero into the
infinitefuture.
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Et{[7lTr/(P + br) -

Pr]Rt/(P -

g)}.

The first term is the expected value of the profits to be earned from the
stock of R&D under the assumption that net (not gross) new R&D is
zero; it is equal to K, in steady state equilibrium when the marginal
product of R&D capital is just equal to the cost of R&D capital. The
second term is expected value of the excess profits to be earned from
future R&D, beyond the amount necessary to cover its cost (Pr). In the
body of the paper, I use net new R&D investment as a proxy for the
second term (and similarly for ordinary investment).
The difference between equations A8 and A12 is that in A8 the
decomposition is between earnings from past capital, assuming that it
earns no excess returns, plus another term that contains all of the returns
above the cost of capital for both old and new R&D capital. Equation
A12 decomposes the expression so that the excess returns from old
R&D capital go into the first term. Because the behavior of gross R&D
investment is very smooth over time and typically is high enough to
maintain the existing level of R&D capital at reasonable depreciation
rates (15-20 percent), the formulation in A12, which clearly distinguishes between old R&D and incremental new R&D (R&D capitalized
using a growth rate factor), is more useful for regression purposes than
A8, where the current level appears in both terms.

Appendix B: Sample Coverage
The data used in this paper come from a panel data set constructed
over the last fifteen years at the National Bureau of Economic Research
from Standard and Poor's Compustat tapes. The data set contains balance sheet and income statement data for more than 3,000 manufacturing firms from 1959 to 1991.65 Although they provide good information
about the financial characteristics of the firms, including their investment spending, these data have deficiencies for the detailed analysis of
production. They are aggregated to the firm level across several differ65. The dataset is describedmore fully in Hall (1990); Hall and others(1988); and
Boundandothers(1984).
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ent industries in many cases, and the only information on labor is the
total number of employees in the firm. These data are widely available
and public, however, which makes them fairly easy to combine with
other sources. This appendix compares the coverage of these data with
the coverage of other sources, focusing on industrial R&D spending.
The appendix also explores further the source of the discrepancy between the National Science Foundation (NSF) and Compustat aggregate
R&D-to-sales ratios shown in figure 1.
The original universe of coverage for the data set was all New York
Stock Exchange and American Stock Exchange firms on the Industrial
Compustat files in 1978 (including exits from the exchanges between
1976 and 1978, found on the Annual Industrial Research file); to these
were added over-the-counter (OTC) firms beginning with the 1980 tape
(data back to 1961).66 Because of the growth in OTC and NASDAQ
firms in general and also because of the way Compustat has increased
coverage over the years, the data in the 1980s include far more smaller
OTC firms than the data for the earlier periods. Furthermore, until 1972
neither the Securities and Exchange Commission nor the FASB (Financial Accounting Standards Board) generally required the reporting of
R&D spending in the accounting statements and 10-Ks from which
Compustat draws its data, so coverage is a bit thin before around 1974.
The changing coverage of the sample is illustrated in figures B-I and
B-2. Figure B-I shows the total number of firms in the manufacturing
sector on Compustat in each year, the number of these firms that report
R&D, and the number of firms that were in the original sample studied
by Griliches and Mairesse, which was based on 157 firms that reported
R&D data in their annual reports as early as 1960, augmented in a few
cases by numbers obtained from Nadiri and Bitros.67 The increase in
the total number of firms shown on this figure between 1964 and 1972
66. Excludedfrom the sample are about 120 large foreign firmsthat are tradedon
theNew YorkandAmericanStock Exchanges,eitheras ADRs or in conventionalshares.
In addition,the 1991 Compustatcontainsmultiplerecordsfor about50 firmsthat were
affectedin a majorway by FASB requirementsthat the balancesheets be consolidated
withthose of theirfinancialsubsidiaries.Because combiningentitiesthatareessentially
lendinginstitutionswith manufacturingcorporationsdestroysthe informationalcontent
in the balancesheet aboutthe manufacturingoperation,Compustathas chosen to keep
separaterecords, one underthe new regulation, and one labeled "PRE-FASB" under
the old. I used only one of the recordsfor each of these firms,to avoid doublecounting.
I am gratefulto MichaelJensen for pointingout this problemto me.
67. Grilichesand Mairesse(1984); Nadiri and Bitros (1980).
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Figure B-1. U.S. ManufacturingSample from Compustat,Sample Coverage,
1964-90
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Source: Standardand Poor (1991 and earlier editions); Griliches and Mairesse (1984).

Figure B-2. TotalR&D in U.S. ManufacturingSector, NSF and Compustat,
1964-90
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Figure B-3. TotalManufacturingSales or Shipments, All Firms and
R&D-PerformingFirms, 1971-90
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Source: Economic Report of the President (1993); National Science Foundation (1991); and Standardand Poor (1991
and earlier editions).

results primarily from changing Compustat coverage.68 The large entry
in 1972 itself reflects the great number of new firms in the 1991 OTC
tape that were not in the last file used previously (1987); the decline
since about 1974 reflects the shrinkage of the publicly traded manufacturing sector.
Figure 1 of the paper showed that trends in the aggregate R&D-tosales ratio in manufacturing during the 1980s differed substantially,
depending on whether Compustat or NSF numbers were used. Figures
B-2 and B-3 report on the numerator and denominator of the ratio of
R&D to sales separately, in an effort to find the source of the discrepancy between the two data sources. Figure B-2 shows that the total
R&D figures have tracked each other pretty well: although an increasing
amount of R&D spending takes place outside the publicly traded manufacturing sector, the fraction has remained constant at about 20 percent
68. The figuresbegin in 1964 because that is the first year of data actuallyused in
the estimationdescribedin the text. Six years of data back to 1959 are requiredto use
beginning-of-yearcapital and to constructthe four-yeargrowthrates.
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from 1974 through 1990.69 Two of the four lines on the figure correspond to aggregate manufacturing spending numbers from the National
Science Foundation and two to the data from the Compustat files.70 The
data from NSF are for all R&D funded by manufacturing companies;
the higher curve includes in this total R&D funded by U.S. companies
but performed abroad. It is this series that is comparable to the Compustat series, because the accounting numbers are for worldwide operations.71The two series shown for Compustat are the total for all manufacturing corporations and the total for the firms that are actually used
in the firm-level analysis in this paper; the discrepancy between these
two series is caused primarily by the entry of new firms, because I
require at least three years or so of data for lags and the construction
of stocks.
If one looks at the denominator (sales) using figure B-3, the explanation for the difference between the economy-wide manufacturing
R&D intensity and that for publicly traded corporations becomes clear.
While the real sales of the Compustat firms have fallen by a factor of
two since 1974 (despite an increase in sample size due to OTC-NASDAQ entry), those for the NSF R&D survey rose in the 1970s and then
were flat during the 1980s.72'73Thus, the explanation for the discrep69. The figurealso shows quite clearly the effect of the twin requirementsby FASB
andthe SEC that firmsreportR&D spendingin their accountingstatementsand 10-Ks
if the spending is "material." The requirementswere instituted around 1972, and
Compustatcoverage shows a substantialincreasebetween 1969 and 1972. The lack of
reportingearliermeans that discrepanciesbefore about 1973 in figure 1 are not meaningful.
70. NationalScience Foundation(1991); Standardand Poor (1991 and earliereditions).
71. In otherways the definitionof R&D spendingfrom the two sources (Compustat
and NSF) is not identical, but it is comparable.In both cases only company-funded,
ratherthan total, R&D spending is included in the measure, which excludes a large
amountof defense-relatedR&D.
72. The GDP deflator (Economic Report of the President 1993, table B-3) was used

to deflateall the sales numbersin figure B-3 on the groundthat real sales, ratherthan
realoutput,is the relevantconcept for comparisonwith R&D expenditures.As is wellknownby now, the manufacturingshipmentsdeflatorduringthe 1980s is dominatedby
the fall in the hedonic price of computers(the shipmentsdeflatorfalls by 33 percent
duringthe 1980s, whereasthe GDP deflatorrose by about50 percent).
73. FigureB-3 also shows manufacturingshipmentsas reportedby the Bureauof
EconomicAnalysis and publishedin the EconomicReportof the President(1993, table
B-54). The NSF sales figures appearto trackthese prettywell and are typically about
75 percentof the total.
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Figure B-4. CumulativeExits from Compustat,Foreignand Private Acquisitions
Shareof sales in 1976
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facturing firms that are not R&D-intensive have increasingly withdrawn
from or not entered the public equity market.
Although exit from the publicly traded manufacturing sector, either
because firms went private or were acquired by a foreign-owned corporation, accounts for some of the decline in sales shown in figure B-3
(and for the corresponding increase in R&D intensity), it cannot be the
whole story. Figure B-4 shows the cumulative share of total 1976
Compustat manufacturing sales for firms that had exited by either private or foreign acquisition by 1990. Sixteen percent of 1976 real manufacturing sales corresponds to $400 billion (in 1982 dollars), which
closes about half of the $900 billion gap shown in figure B-3. Similarly,
adding these firms back into the sample with their R&D intensity set to
the value at the time of acquisition would lower the R&D intensity of
R&D-performing firms in the final year (1990) from about 4.5 percent
to 4.0 percent, which goes in the right direction but not far enough.
In any case, it is unclear whether the NSF figures include the portion
of foreign firms that operate in the United States; much of the exit by
foreign acquisition will leave the physical assets of the firm in the
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United States, and presumably these assets will still generate domestic
manufacturing shipments. The fact that the NSF sales for R&D-performing firms track manufacturing shipments so closely makes it likely
that the NSF is somehow still including the domestic portion of these
firms in the survey.74 In any case, the firms that exited from my sample
because of foreign acquisition were more R&D-intensive than those
that went private, so they cannot account for much of the widening gap
in R&D intensity between all manufacturing and publicly traded manufacturing. A more likely culprit is the increased output from firms that
have never been in my sample, such as Japanese auto manufacturers;
the output of these firms will be in total manufacturing shipments, but
their U.S-based R&D spending is presumably low. According to Department of Commerce data, the 1987 sales in manufacturing by U.S.
affiliates of foreign firms was $225 billion. Of this about $70 billion
could be accounted for by the foreign firms that exited my sample,
leaving another $155 billion of sales that may have very low R&D
intensity.
To make interdecade comparisons of R&D productivity, one should
keep in mind the other striking feature of figure B-3: the steep rise from
1973 to 1977 in the number of firms that report R&D, as the firms
gradually came into conformance with the new FASB requirements.
Clearly, the original sample of about 150 R&D-performing firms was
a small, possibly biased subset of the total.
To assess the effect of the changing sample coverage on the results
in tables 2 and 3 of the paper, the same estimations were performed for
a set of firms from the original (1980) sample of Griliches and Mairesse.75 This sample of about 140 firms was updated to 1991 with some
loss of coverage due to merger and bankruptcy (approximately 90 firms
survived to the end of the period). Table B-1 shows estimates of the
74. Importantlarge exits of this kind that may still be in the aggregatedata are
Fairchild($50 million of R&D, acquiredby Schlumbergerin 1979), Shell Oil Co. ($217
million of R&D, acquiredby Royal Dutch Shell in 1985), Chesebrough-Pond's($67
millionof R&D, acquiredby UnileverNV in 1987), NorthAmericanPhilipsCorporation
($113millionof R&D, acquiredby PhilipsNV in 1987), StandardOil Co. ($125 million
of R&D, acquiredby British Petroleum in 1987), Firestone ($84 million of R&D,
acquiredby Bridgestone in 1988), and Smithkline-BeckmanCorp. ($495 million of
R&D,mergedwith BeechamPLC in 1989). In some cases-Shell Oil andNorthAmerican Philips, for example-the transactionseems to be a consolidationof the financial
accountingratherthana substantivetransaction,and yet it may still affect the data.
75. Grilichesand Mairesse(1984).
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TableB-1. ProductivityRegressions-Old (1980) Sample;
DependentVariable:Log (Sales)
Period and Numberof Observations
All years
2,460

Variable

1964-70
562

1971-80
1,095

1981-85
452

1986-90
351

Totals
log L
log N
log K
R2 (s.e.)

0.479
0.449
0.049
0.964

(0.012)
(0.007)
(0.009)
(0.302)

0.554
0.330
0.090
0.964

(0.021)
(0.015)
(0.018)
(0.272)

0.470
0.482
0.019
0.965

(0.019)
(0.011)
(0.015)
(0.310)

0.431
0.494
0.047
0.963

(0.028)
(0.018)
(0.021)
(0.311)

0.474
0.469
0.063
0.966

(0.028)
(0.019)
(0.019)
(0.276)

(0.014)
(0.013)
(0.018)
(0.041)

0.616
0.186
0.054
0.762

(0.029)
0.712
(0.026)
0.077
(0.041) -0.015
(0.043)
0.628

(0.022)
(0.017)
(0.028)
(0.041)

0.629
0.143
0.198
0.761

(0.030)
0.693
(0.033) -0.012
(0.040)
0.249
(0.039)
0.618

(0.042)
(0.040)
(0.045)
(0.040)

(0.016)
(0.015)
(0.033)
(0.091)

0.578
0.019
0.158
0.494

(0.030)
(0.027)
(0.065)
(0.089)

(0.025)
(0.024)
(0.050)
(0.088)

0.504
0.028
0.168
0.435

(0.036)
(0.042)
(0.081)
(0.101)

(0.040)
(0.037)
(0.086)
(0.089)

Long-diff.
log L
logN
log K
R2 (s.e.)

0.667
0.104
0.087
0.718

First-diff.
log L
log N
log K
R2 (s.e.)

0.573
0.058
0.077
0.501

0.593
0.066
-0.004
0.478

0.577
0.134
0.046
0.444

Source: See text.
L = number of employees, N = net P&E, K = R&D capital; N and K are both measured at the beginning of the year.
All variables except employment are deflated. A complete set of year dummies is included in each estimation. Numbers in
parenthesesare standarderrors.

model in equation 7 of the body of the paper. The striking feature in
this table is that unlike the sample as a whole, the R&D capital in these
firms regained its potency early in the 1980s after the decline in the
1970s and attained once again the rather high rate of return that it had
in the 1960s. This sample is a very selected one-by and large it
represents firms that thought R&D was an important enough signal to
report it publicly even when they were not required to. Firms that
desired secrecy for their R&D spending are not in this sample; for
example, IBM is not included. But the result is suggestive of a longerterm private payoff to R&D spending at the firm level.

Comments
and Discussion
Comment by Edwin Mansfield: Bronwyn Hall states that her principal
results are of three kinds. First, the apparent decrease in the value of
R&D relative to physical capital was composed of two effects, a fall in
the absolute value of R&D assets and an increase in the value of ordinary capital as companies exited and the publicly traded manufacturing
sector was reduced in size. Second, the decrease appeared to be concentrated in electrical equipment, instruments, computing, and electronics. Third, although the contribution of R&D investment to productivity increase was low in the 1970s and the beginning of the 1980s,
it seemed to pick up in the late 1980s except in the electrical, computing, machinery, metals, and auto industries.
Her paper emphasizes the size of a firm's R&D expenditures as a
determinant of the firm's valuation and productivity. In recent years
many U.S. firms have tended to put more emphasis on using (as distinct
from performing) R&D. Given the well-publicized inability of some
major U.S. firms to exploit their own R&D, this tendency has been
understandable, although it obviously can be carried too far. In addition, managements, stung by evidence that they have been slower and
less effective than their Japanese (and other) rivals at exploiting external
R&D, have felt pressure to improve their performance in tapping the
R&D of other firms and organizations. Further, increased reliance has
been put on cooperative R&D and strategic alliances, which also have
tended to reduce the significance of the size of individual firms' R&D
expenditures.
Although some of these changes had been going on for some time,
they seemed to accelerate during the middle and late 1980s, as man331
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agements put more and more emphasis on making R&D more "efficient." Moreover, investors, like corporate managers, seemed to be
influenced strongly by these changes in attitude. With so much attention
devoted to cases where U.S. firms spent lots on R&D that produced
first-rate technical output exploited by other firms, many investors
seemed to increase the emphasis they attached to how well a firm could
use and exploit both its own R&D and that of others, while decreasing
the emphasis they attached to how much money it spent on R&D. A
good example was the attention devoted in the late 1980s to the robot
industry, where the U.S. producers spent substantial amounts on R&D,
while the Japanese, building on earlier U.S. R&D, were winning victories in the marketplace.1
Of course, there would be no reason on this account to reduce the
emphasis attached to a firm's R&D spending if a firm's ability to exploit
internal and external R&D were highly correlated with the size of its
R&D expenditures. But as the case of the U.S. and Japanese robot
makers suggests, there is no convincing evidence (that I know of) that
the size of a firm's R&D spending is a dependable indicator of how
much profit it obtains, per dollar of its own R&D, from information
and capabilities generated from its own and others' R&D. This does
not deny that a certain amount of R&D is often necessary to allow a
firm to imitate and build on externally generated technology as well as
to use its own previous R&D findings. But above this level, the correlation seems very imperfect. Many of the firms with the biggest R&D
budgets seem to have suffered at least as much as smaller R&D spenders
from inertia, lack of vision, and the not-invented-here syndrome.
Moreover, the level of spending on subsequent stages of the innovation process may be as important as R&D spending. The Japanese,
for example, have devoted about 40 percent of the costs of developing
and introducing a new product to tooling and manufactujringequipment
and facilities, whereas U.S. firms have devoted only about 20 percent
to those activities.2 Investors have come to realize that differences of
this sort, which are not reflected in R&D figures, may have at least as
big an impact on the value of a firm as its R&D spending. It was this
spending on process engineering, not R&D, that frequently was so
1. Mansfield(1989). See also Mansfield(1993).
2. Mansfield(1988).
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important to the success of Japanese producers. During the middle and
late 1980s, many reports, government and private, drove this point
home.
A factor that clouds the picture during the 1980s is the R&D tax
credit, which Professor Hall cites in her paper. One disturbing effect
of this credit, according to the available evidence, is that it resulted in
some redefinition of activities as R&D. This effect can be substantial.
About ten years ago, I carried out and published a study financed by
the National Science Foundation on the effects of the credit. Based on
data obtained from the firms themselves, reported R&D expenditures
increased by about 4 percent a year for this reason alone. In Canada
and Sweden, both of which had longer experience than the United States
had with tax credits, my findings were quite similar. In both countries,
firms said that reported company-financed R&D expenditures grew for
this reason alone by about 13-14 percent over the three- or four-year
period following the establishment of the credit. After the first few
years, this redefinition process tends to stop, according to the firms.3
Note that much of this redefinition was simply breaking out and
identifying R&D that firms had no incentive to identify before; in addition, there seemed to be some relabeling of non-R&D as R&D, which
the above figures are likely to underestimate. Even the Reagan administration, which was responsible for originating the credit, protested
that "the imprecision

of the current . . . definition has permitted tax-

payers unwarranted flexibility in classifying business costs as R&D
expenditures."

And the Senate "concluded

that the definition

. . . al-

lows taxpayers to claim the credit for virtually all preproduction
expenses. 94
To my mind the evidence is strong enough to raise questions about
the extent to which the apparent boom in R&D spending during the
early and middle 1980s was real. It is hard to believe that the increase
in the R&D-to-sales ratio in Professor Hall's figure 1 was not caused
in part by this redefinition of activities. The extent to which this factor
may have influenced her findings is very hard to say, but I think that
the effect of this factor might be recognized more fully.
3. Mansfield(1985); Mansfield(1986).
4. Hearingsbefore the House Ways and Means Subcommitteeon Oversight, 98
Cong. 2 sess (GovernmentPrintingOffice 1984), Statementof Ronald A. Pearlman,
actingassistantsecretaryfor tax policy, Departmentof the Treasury,pp. 34, 35.
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Her finding that the electronics industries have differed so substantially from the chemical and pharmaceutic'al industries is interesting and
seems consistent with findings elsewhere that the latter industries have
been more competitive (in terms of the speed and costs of innovation)
with their foreign rivals than the former industries.5 These findings of
hers show the benefits of disaggregation, and I agree with her that
further disaggregation may be worthwhile. For example, the chemical
sector includes petroleum and rubber, as well as chemicals. Because
there are very significant differences among the three industries and
because they differ considerably in R&D intensity, the measured effects
of R&D may well include industry effects too.
Finally, I agree with Professor Hall's conclusion that the social returns from R&D may have "diverged even more from the private returns in the 1980s as the private returns dissipated more quickly, at
least in some sectors. " In many industries innovators face a large
number of strong and capable potential rivals, and they enjoy shorter
lead times over imitators. More and more emphasis is placed on cutting
the time it takes to develop and introduce new products and processes.
Just as American and European firms have rushed to use Japanese
manufacturing methods, so they have tried to adapt Japanese development and commercialization strategies to their own conditions. One
result seems to have been greater difficulties for innovators in appropriating the social benefits from their R&D.
To sum up, I think Bronwyn Hall has written an interesting and
useful paper and that she should be encouraged to probe further into
the very important topics she has chosen to study. To understand central
aspects of the economics of technological change and to forge sensible
and effective technology policies, we need to know more about the
economic impacts of R&D.
Comment by Adam B. Jaffe: This paper presents two kinds of empirical evidence on the private returns to corporate R&D in the 1980s. It
then discusses possible interpretations of the findings in the context of
the changing competitive environment and the wave of corporate restructuring that took place. This is an important and timely topic. In
January the Sloan Foundation and the Harvard Business School spon5. Mansfield (1988).
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sored a Conference on the Future of Industrial Research, at which
academics and R&D executives debated whether corporate downsizing
means the end of industrial R&D as we know it and whether that would
be a good thing or a bad thing if it happened.1 In a recent presidential
address to the American Finance Association, Michael Jensen suggested that many large American firms spent huge amounts of money
on R&D (and investment) in the 1980s with very low returns and that
this suggests a major failure of corporate control systems.2 And, of
course, this hand-wringing about what is going on with corporate R&D
takes place against a backdrop of general concern about the competitiveness of U.S. industry. In this environment Hall performs an important service by thoroughly dissecting the basic facts with respect to two
important indicators: market valuation and gross private returns.
With respect to market value, Hall performs yearly cross-sectional
regressions, inferring the market's valuation of R&D assets from the
cross-sectional partial correlation between value and reported R&D. I
think that this is an eminently sensible thing to do, but it is important
to remember that it is inferring the market's valuation of R&D, not
really measuring it; anything that affects the firms' valuation that is left
out of the regression and correlated with R&D will have its effects
imputed to R&D. It is also important to remember that the Compustat
firms are a nonrepresentative sample of the manufacturing sector in two
distinct ways. Large, established firms are overrepresented, and the
small firms that are present are a peculiar sample, weighted toward the
kind of high-technology firms that generate significant stock market
interest. I will return to this issue below in the context of Hall's results
that are size-weighted.
The basic findings are that, overall, R&D did not join in the significant increase in valuation enjoyed by physical capital between 1982
and 1989. Indeed, figure 2 shows the inferred market valuation of R&D
declining by about 75 percent during this period. This is a stunning
result. I come from Boston, where people moan endlessly about a 10
to 25 percent decline in real estate values since 1988. If it were true
that the aggregate value of the knowledge stock of the manufacturing
1. Simon(1993).
2. Jensen(1993) quotes (with approval)the Economistmagazineas observingthat
"Americanindustrywent on an R&D spendingspree in the 1980s, with little to show
forit."
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sector declined by 75 percent in less than a decade, this would be a
capitalloss of a magnitudefor which I cannot think of a precedent.
Figure 3 demonstrates,however, that the story is much more complicated. The contrast between figure 3 and figure 2 is striking and
provides a cautionarytale about the dangers of assuming that coefficients are constantacross industries. The dramaticdecline of figure 2
is confinedto just two sectors:electricalandinstruments,andcomputers
and electronics. The other sectors show R&D generally enjoying increasesin valuationcomparableto conventionalcapital. Thus, the puzzle is smallerthanwe thought. Hall's conjecturethatthe value of R&D
has been eroded in these sectors as increasing competition hastened
obsolescence is plausible, although I doubt that it can account for a
dropof the magnitudefound here. I suspect that much of the decline in
the relativevaluationof R&D-intensivefirmshas to do with variations
in the market'sview of subindustries.
The othermajorfocus of the paperis the estimationof the elasticity
of gross revenues with respect to R&D by industry and for different
periods. As Hall discusses, the assumptionof a constantelasticity implies thatratesof return(marginalproducts)for R&D varyto the extent
thatfirmshave varying R&D intensities. Confiningthe analysis within
industries, as Hall does, surely mitigates this problem but does not
eliminateit. Even within industries, particularlybroad sectors as defined here, there is a large variation in R&D intensity. I suspect that
this underlyingheterogeneitymay be part of the reason why the elasticity results are so sensitive to issues of pooling and size-weighting.3
There are two levels on which to interprettable 3. The first is to
discernwhathappened,on average, to the gross privatereturnsto R&D
in these sectors during the last two decades. The other is to compare
the top andbottomhalves of the table to discernthe differentialsuccess
of large and small firms. Both efforts are frustratedto a significant
degree by the general lack of systematic patterns.Whetherone comparesindustries,time periods, or the weighted and unweightedresults,
no generalpatternsseem to emerge. Fourout of the six industrieshave
coefficients that are negative and significant for one of the last three
time periodsin one of the weighting schemes.
3. Boundand others (1984) found that in 1976 R&D intensitytendedto be highest
for the very smallest and the very largest firmsin the Compustatsample. This suggests
thatif the marginalproductis constant, the R&D elasticity is highest for these firms.
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As I stare at these tea leaves, I conclude three things. R&D is consistentlyproductivein pharmaceuticals(which includes medicalinstrumentsin these data). ComputerR&D is more productivein small firms
thanin large. There is some evidence of a pickup in R&D productivity in the second half of the 1980s, concentratedin chemicals and
"other."4Beyond this, it is difficult to see much.
The suggestion about small firmsis extremely interesting,given the
broaderdebate about the relationship between R&D and corporate
downsizing.I would be careful aboutpushingit too far, however. Over
all sectors, there is as much evidence that size-weighting increases
elasticity as there is that it decreases it.5 More fundamentally,I think
that there is a problem in using these data to discern the differential
performanceof small and large firms. As noted above, the sample
selectionbiases are different for the two groups. Small firmsare much
morelikely to make it into the Compustatsample if they are high-tech
success stories that generateinvestor interest. Largefirms, by contrast,
will be in the sample unless they are privately held.
Despite the ambiguityof the elasticity results, I think that Hall has
performeda valuable service by putting these results in front of us.
Academics all prefer to publish neat results that hang together and
supporttheirfavoritehypotheses. Thereis too little publishedworkthat
carefullylays out the stylized facts, with the puzzles andcontradictions
visible for all to see. I predictthat otherresearcherswill pick up where
this paperleaves off and help us to understandthese importantissues.
General Discussion: Commenting on the author's argumentthat an
increasingdivergence between the private and social returnsto R&D
may explain why the rate of returnto R&D remains high, while the
stockmarketvaluationof R&D investmentis low, RobertHall argued
thatsuch a growing divergence would be at odds with recent develop4. Thereis some other evidence of recoveringR&D productivityin the late 1980s.
As Hall noted, the upswing in domestic patentapplicationsand grantshas been strong.
Perhapsmore telling, successful domestic corporatepatent applicationsper dollar of
privateU.S. R&D reversed its historic decline in 1986, and the ratio of U.S. patents
grantedto U.S. corporationsover U.S. patentsgrantedto foreigncorporationsreversed
its long-termhistoricaldecline in 1988.
5. Size-weightingincreases the coefficient for chemicals in 1986-90, and pharmaceuticalsand machineryin 1981-85, while decreasing it for computersin both time
periodsandfor miscellaneousin 1986-90.
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ments in propertyrights. Since the 1980s, Hall said, enforcementof
laws protectingtrade secrets has increased, and patent owners have
been very successful in protectingtheir intellectual propertyrights in
court. Companiessuch as Texas Instrumentsnow earn a large proportion of theirtotal profitsfrom licensing their patentrights, Hall added.
Becausethese developmentsindicate the growing strengthand importanceof privatepropertyrightsover the fruitsof R&D, Hall concluded,
the author'shypothesis, if correct, would be paradoxical.
Zvi Griliches argued that new technologies in computersand communicationshave greatly reduced the costs of obtaining information.
He suggested that this has made it cheaperfor firms to find out informationaboutnew technologicaldevelopmentsandnewly issued patents
and, as a result, may have reduced the rents accruingto privateinformation. Although such a development is good from society's point of
view, Griliches said, it has also resulted in significantdepreciationof
previouslyaccumulatedrents.
ErnstBerndtnoted the developing body of literaturethat arguesthat
computerizationhas hadonly marginaleffects on productivity.He wonderedto whatextent R&D-intensiveindustriesare also computer-intensive ones and, accordingly, if the poor performancesof R&D investments and computer investments are linked. Frank Lichtenberg
respondedby pointing out that computersare used primarilyin service
industries,while most R&D is performedwithin manufacturing,making it unlikely that the computerizationparadoxis connectedto R&D
investments.
Severalparticipantsoffered suggestionson methodologicalandmeasurementissues. Ishaq Nadiri noted that the paper's first equationaccounts only for the stock of old R&D capital, not for the stock of old
physical capital. He said that this asymmetricaltreatmentof the two
types of capital affects the results and, consequently, that the author
should review her specifications for this equation. Lichtenbergsuggested that the authoruse detailed industrydummiesin her equations,
which, he argued, would make it unnecessary to be concerned with
havingthe correctdeflators. George Borts questionedthe author'suse
of Tobin's Q as the measure of marketvalue of R&D. He suggested
that an alternatemeasure, excess returnsin the stock market, would
providea betterpicture of marketreaction to new R&D expenditures.
Looking at the author's specifications for her third equation, Frank
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Wolakarguedthat the only coefficient affected by assumptionsabout
theR&Ddepreciationrateis thatfor the existing stock of R&D, making
it possible to estimate the relative valuationof new R&D withoutmaking any assumptionsabout the depreciationrate. Wolak also suggested
using weights to control for the stratificationof the sample in the Tobin's Q regressionsand to control for firm size in the sales regressions.
Severalparticipantssuggested areas of additionalstudy. HenryFarber argued that the steep, steady decline in the returnto new R&D
investmentshown in the results is less strikingthan the four points of
veryhigh return.He suggested thatthe authorinvestigatethese outliers
moreclosely. Wolak arguedthat enteringand exiting firmswould most
probablyhave different relative valuationsof both new and old R&D.
Consideringthe large size of the dataset used in the paper,he suggested
breakingapartthe sample to look at entrantsand exiters, and he surmisedthat entrantswould have greaterR&D productivity.
AlbertLinknoted thatcooperativeR&D ventureshave been growing
in numbersince they were first made permissibleby the National CooperativeResearch Act of 1984. He argued that cooperativeR&D is
oftenperformedin a different venue from other R&D and, as a result,
maybe of a differentcharacter.He suggested that as cooperativeR&D
increases in proportionto total R&D, caution must be exercised in
dealingwith R&D data.
MichaelKatz wonderedwhetherfirmshave been overreportingtheir
R&D expendituresfor tax purposes and, if they have, whether they
have been exaggerating consistently. He noted that a Business Week
surveyof firmsdid not pick up the same increase in R&D expenditures
thatthese same firms had reportedon their tax returns. He suggested
thatthe authorinvestigate this question by examiningmultiple sources
andsurveysproviding R&D data.
Assumingthat the paper includes telecommunicationsfirms in the
electricaland electronics sector, Linda Cohen arguedthat the deregulation of the telecommunicationsindustry in the early 1980s, which
resultedin a dramaticchange in industry structure,may have had a
noticeableeffect on subsequentreturnsto new R&D in the electrical
andelectronics sector. She added that R&D expendituresin telecommunicationshave not droppedsince deregulation,althougha changein
the correlationbetween profits and R&D spending has most probably
occurredas expected.
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