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Abstract

For a seventeen-year panel covering 308 U S. manufacturing
corporations, we analyze firns' R&D spending reactions to changes
in high-technol ogy inports. On average, conpanies reduced their
R&D/ sal es ratios in the short run as inports rose. |ndividual
conpany reactions were heterogeneous, especially for
multinational firms. Short-run reactions were nore aggressive
(i1.e., tending toward R&D/ sales ratio increases), the nore
concentrated the markets were in which the conpani es operat ed,
the | arger the conpany was, and the nore diversified the firms
sales mx was. Reactions were | ess aggressive when special trade
barriers had been erected or patent protection was strong in the
i npacted industries. Conpanies with a top executive officer
educated in science or engineering were nore likely to increase
R&D/ sal es ratios in response to an inport shock, all else equal.
Over the full 17-year sanple period, reactions may have shifted
toward greater average aggressiveness.
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I ntroduction

Once so dom nant in high-technology fields that Servan-
Schrei ber (1968, p. 63) called their |ead "overwhel mng," U S
manuf act urers have experienced rapidly grow ng conpetition from
i nnovative foreign firns. Wen challenged by inports, donestic
R&D teans can react in a variety of ways. They mght in effect
lie down and die, as occurred in several branches of consuner
el ectronics; or they may redouble their efforts to neet and
perhaps repel the threat, as Boeing did with respect to Airbus
and Kodak with respect to Fuji's new 35 nm color films. This
paper taps 1971-87 data for 308 corporations to ask, how did U S.
conpani es' R&D spending respond to generally rising inports of
mer chandi se enbodyi ng new technol ogy? And what industry and

conpany characteristics affected the reaction pattern?

1. Theory

There is a vast theoretical literature on how
intensification of rivalry affects incunbent firns' R&D tim ng
and spendi ng deci sions. For surveys, see Baldw n and Scott
(1987), Reinganum (1989), and Scherer and Ross (1990, Chapter
17). Predicted outcones are sensitive to the assunptions nade
about the nature of first-nover advantages and ot her rel evant
vari ables. However, several generalizations energe.?

(1) When market structure i s endogenously determ ned by the
equation with quasi-rents and R& costs, an increase in the
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nunber of rivals can lead to either increased or decreased R&D
spendi ng by individual firnms, dependi ng upon the exact structure.

(2) When market structure i s exogenous, an increase in the
nunber of symmetrically positioned rivals induces higher
i ndividual firm R&D outlays (an "aggressive" reaction) up to a
point, but if rivalry beconmes too intense, R& spending wll be
cut back or discontinued (a "subm ssive" reaction).?

(3) Reactions are less likely to be subm ssive with | arge
nunbers of rivals, the nore rapidly R& costs fall w th advancing
know edge.

(4) Firms domnating their home markets tend to be sl ow
i nnovat ors, but react aggressively and perhaps preenptively when
their positions are threatened by snaller innovators or new
entrants.

(5) \When, because of recognition |lags or other asymetries,
one firmgains an overwhel mng lead in a new product rivalry, the
other firnms are likely to react subm ssively, i.e., cutting back

or discontinuing conpeting R&D efforts.

I11. Measuring the Variabl es

Asymmetries |ike those enphasized in theoretical proposition
(5) may have been especially prom nent when U.S. conpanies were
confronted with new hi gh-technol ogy conpetition from abroad
during the 1970s and 1980s. Data permtting a direct test of how
US firms' R&D spending reacted to changes in the outlays of
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overseas rivals are not avail able. However, the vigor of foreign
firms' conpetition can be proxied by their success in inporting
to the United States technol ogy-based products. Concretely, our
sanple is limted to conpani es whose sales are principally in
Standard I ndustrial dassification groups 26, 28, 30, and 32-39,

i n which product and/or process innovation has been proninent.?
The magni tude of the foreign challenge is neasured by the ratio
of inports to donestic output and, to recognize that in

i ndustries such as autonobiles and conputers, nmultinational firns
si mul taneously export and inport simlar products, by net

exports, i.e., the ratio of exports mnus inports to donestic

out put.*

Alimtation of the inport indices cones fromthe
possibility that, after penetrating the U S. narket w th high-
technol ogy inports, foreign firnms may invest in production
facilities within the United States. |If foreign direct
investnment (FDI) is positively correlated with inport
penetration, estimates of donmestic firns' R&D reactions to
foreign conpetition will be exaggerated. |If FD replaces inports
so nuch that the two are negatively correl ated, reactions
estimated using inport data alone wll be biased toward zero.
Data on foreign firms' manufacturing activities in the United
States are available only at higher |evels of industry
aggregation, and for less conplete tine series, than the inport

data used in nost of this paper. For 64 (nostly) three-digit



aggregations spanning the sane SIC codes as our main sanple, the
correl ation between the 1981 payrolls of foreign-owned plants as
a percentage of total industry payrolls and U S. industry inports
as a fraction of output ranged fromO0.16 to 0.19, dependi ng upon
the lag.® None of the correlations is statistically significant,
suggesting that the positive bias inparted by taking inport
penetration as a proxy for foreign conpetition generally is at
wor st nodest.

Time series data needed to estimate short-run R&D reaction
coefficients were drawn from annual Census Bureau surveys of R&D
expenditures by corporations operating in the United States. A
relatively | ong panel was deened essential to span the period of
R&D spendi ng stagnation during the early 1970s, the resurgence in
the late 1970s and early 1980s, the sharp increase in inports
bet ween 1983 and 1986, and the renewed stagnation of industrial
R&D growt h from 1986 on. See National Science Board (1989, p.
351). The maxi mum period for which usable data were avail abl e
was from 1971 through 1987. Because only conpanies with sizable
threshold | evels of R&D are surveyed with unit probability,
because not all "certainty" survey nenbers responded in every
year, because many conpani es di sappeared through nmerger, and
because of other data-I|inking problens, the sanple was w nnowed
to 308 conpanies with acceptably conplete and accurate tine
series.® The sanple conpanies, nostly but not all |arge,
accounted for 62 percent of all U S. conpany-financed R&D in
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1972, 61 percent in 1980, and 51 percent in 1985. Their
decl i ni ng aggregate share suggests an om ssion from our sanple:
rapidly growi ng hi gh-technol ogy conpanies too snmall to qualify
for sanple inclusion between 1971 and 1975, the first of four
Census sanpling franes.

Mergers, sell-offs, and other corporate restructurings pose
anot her analytic challenge. Wth one short-lived exception,
reliable industrial R& data are avail able only at the whol e-
conpany | evel. But consider what happens when a conpany such as
| TT, originally specialized in the high-technol ogy
t el ecomruni cati ons equi pnent field, acquires a sizable | ow
t echnol ogy conpany, e.g., Continental Baking. The R&D/ sal es
rati o drops abruptly fromone year to the next for no reason
pl ausi bly connected with inport conpetition. The opposite
happens when, as in 1984, ITT sold off Continental Baking. To
deal with such structural changes, which were w despread due to a
maj or sell-off wave during the 1970s and a nerger wave in the

1980s, we adopt a novel technique. W define a variable:

449
(D ROINDEX, = 3w, (RDVS);
J:

where (RD/'S); ,; is the average 1976-77 ratio of R&D to sales in
the j'" industry occupied by conpany i and w,;, is the share of

conpany i's total domestic manufacturing industry sales in
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four-digit industry j during year t.” Thus, RDINDEX is an

i ndustry-wei ghted average telling what conmpany i's R&D/ sal es
ratio would be if the conpany pursued R&D exactly as intensively
in each of its donmestic lines as all surveyed conpanies in those
lines did during 1976 and 1977. Changes in conpany structure,
e.g., through nergers and sell-offs, lead to changes in the

wei ghting variable w;, and hence in RDI NDEX. W use as our
dependent variable in the tinme series analyses that follow the

first differences over tinme in an adjusted R&D vari abl e:

(2) ADIRD, = (RD'S),, - RDI NDEX,,

where (RD/S);; is the ratio of conpany i's self-financed R&D
conducted in the United States to its donestic sales. The R&D
vari abl es are henceforth scaled unifornmy in percentage terns,
i.e., as the ratios x 100.

RDI NDEX in effect controls for structural differences in
what students of R&D have called "technol ogi cal opportunity.”
See Bal dwin and Scott (1987, pp. 105-109) and Cohen and Levin
(1987). Table 1 tests its effectiveness in doing so. In
regression 1.1, annual R&D/sales ratios (in the levels, not tine
differences) for the 308 sanple conpanies are regressed on
RDI NDEX al one. The r? is 0.492, surpassing the explanatory power
achieved in earlier studies using fixed industry effects or
survey- based vari ables to nmeasure technol ogi cal opportunity.
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Regression 1.2 adds dumry variables for each year 1972-87
and a price-cost margin variable PCM,.® The dummy vari abl e
coefficients exhibit a cyclical pattern, with R& outlays, which
tend to be relatively sticky fromone year to the next, falling
| ess than sales in recession years 1975 and 1982. A rising trend
in the late 1970s and m d-1980s is also evident. The coefficient
of 1.247 on RDINDEX after correcting for tine effects shows that
our sanpl e conpani es were over-achievers relative to averages for
the industries in which they operated. This selection bias
occurred because conpanies had to exceed certain R&D spendi ng
t hreshol ds consistently to remain in the Census Bureau's
"certainty" sanple. The PCM coefficient is significantly
positive, confirmng either the operation of the Dorfman-Steiner
theoremin short-run R&D spendi ng deci si on-nmaki ng or the
necessity, in the long run, for quasi-rents to be el evated enough
to cover R&D expenditures.?®

The other main variables in our tine series analysis seek to
measure the intensity of inport conpetition. |Inport data are
necessarily collected at the industry or product line |evel.
They are linked to sanple conpani es by conputing wei ghted
averages, i.e., of inport/output ratios (IMP/VS);, in industry j
mul tiplied by w,;,, the share of conpany i's sales recorded in
industry j during year t. Like R&/ sales ratios, the weighted
average inport conpetition values can vary, sonetines wldly,
wi th changes in conpany structure over tine. W control for
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structural changes by defining an inport index variable, which is
the sal es share-wei ghted average of inports (or net exports) as a
percent age of donestic value of shipnents, averaged over the base
years 1978-80. CQur adjusted neasures of inport conpetition for

conpany i are therefore:

449 449

(3) ADIIMP, = E w; (IMP/VS);, - E W (1 MP/VS); 7550
j=1 j=1
449 449

(4) ADJNX“ = _E :\LNujt(NX/VS)jt - E_V\ijt(NX/VS)jJS-BO;
] = ] =

for inports and net exports respectively. The scaling, again, is
in percentage form

Along with year dumm es, three additional tinme series
vari ables will be used. For one, Lichtenberg (1988) has shown
t hat sonme conpany-financed R&D is devoted to wi nning future
government R&D and procurenent contracts. W test this
hypot hesi s by including a forward-|agged vari abl e FEDRD S,
measuring a conpany's federal contract R&D outlays as a
percentage of sales. Second, special inport quotas, tariffs, and
other trade barriers were enplaced by the United States
government with increasing frequency during the 1970s and 1980s

to protect donestic producers frominport conpetition. |If



conpetition spurs innovation, such barriers could | ead conpani es
to relax their R& efforts, but if conpetition underm nes
appropriability so severely that R& becones unprofitable,
barriers could facilitate intensified R&. Qur neasure of trade
barriers began with a tabulation of affirnmed trade restraint
actions by four-digit industry, with a dumry variable for each
year during which Section 201 "escape cl ause" barriers were in
ef fect and another dummy for the first three years of restraint
under other sections of the currently applicable U S. Trade Act.
These industry dunm es were |linked to the conpany | evel using the
sal es share weights w,;,, and the two wei ghted average vari abl es
conputed in this manner were then summed to formthe conposite
conpany index TRADEBAR,. Finally, we introduce a dummy vari abl e
TECHED,,, whose value is 1 if at |east one of a conpany's top two
executives in year t had a university scientific or engineering
educati onal background and zero otherw se. The expectation was
that conpanies |led by technically educated individuals would

react nore aggressively to high-technol ogy i nport conpetition.

V. The Time Series Mde
Qur basic hypothesis is that U S. firns alter their
R&D/ sal es ratios in response to changes in technol ogy-based
i nport conpetition, shown by falling or (nostly) rising
import/output ratios. This inplies a differences regression of

the general form



(5) ®ADIRD, = a + b,L(2ADIIMP);; + b,X, + e,

where X is a matrix of business conditions, profitability,
governnment contract opportunity, trade protection, and other
relevant variables and L(.) is a |ag operator. Because of
i nperfect |inks between industry-|level trade flows and wei ghted
conpany-| evel aggregates, 2ADJIMP is neasured with error. This,
as Giliches and Hausman (1986) have shown, is likely to cause
the b, reaction coefficients to be biased toward zero, especially
inafirst differences tinme series specification.?®

I n addition, unusually large changes in both the R&D and
inport first differences sonetines materialized, especially when
mul ti-line plants experienced sales m x changes, causing their
i ndustry classification to junp fromone SIC category to anot her.
A plot revealed the first differences of ADJRD, ADJIM, and
ADINX to have a non-nornmal distribution, peaked near the nean
val ues but with long, thin tails on both sides. The extrene
aADJRD and 2ADJI MP val ues were nearly orthogonal, and because of
t he di sproportionate weight they received in OLS regressions,
they forced estimated response coefficients to be statistically
insignificant. To deal with this outlier problem conmon in
detailed mcro-data sets, we deleted 77 to 104 observations on
whi ch either 2ADJRD or an adj usted inport conpetition variable
lay nore than four standard deviations fromits nean. !
Sensitivity tests revealed sign patterns to be essentially
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unal tered over alternative truncation thresholds, but the
statistical significance of estimted coefficients declined as
the threshol ds were noved well above and well bel ow four standard
devi at i ons.

Tabl e 2 presents the basic results, with regressi ons using
aADJI MP as the inport inpact variable in the |eft-hand col ums
and those using 2ADINX in the right-hand col ums.

Per haps the nost striking result is the regressions' weak
expl anatory power, shown by |low R’ values. Tests for
autocorrel ation reveal ed that the considerable anbunt of residual
noi se was essentially "white," at least in the tine series
di mension. There was no evidence of systematic heteroskedastity.

Despite the high noise levels, systematic signals were
detected. The inport reaction coefficients reveal that on
average, U S. conpanies' R&D spending was cut back in response to
i nport shocks, traceable largely to the contenporaneous year and
(for net exports) the preceding year. (For inports, reactions
W th negative signs are "subm ssive," those with positive signs
"aggressive." For net exports, whose value falls with rising
inports, ceteris paribus, a positive sign inplies a subm ssive
response.) Had rising inports nerely eroded conpani es' donestic
sal es without inducing R& spendi ng changes, the denom nat or
ef fect should have led to rising R&D/ sales ratios, so
coefficients show ng a subm ssive response to inports inply a
di stinct behavioral change. The reactions were small and (for
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inports) of marginal statistical significance. Thus, the

ADJI MP(T) coefficient in regression 2.1 inplies that a ten
percentage point increase in inports reduced the average
conpany's R&D as a percentage of sales from3.25 (the all-conpany
average) to 3.16, all else equal. Fromregressions 2.2 and 2.7,
which add a forward inport lag, there is no indication that firnms
anticipated the shocks in their R&D behavior.

Regressions 2.3 and 2.8, which conpress the inport variabl es
into a triangular lag structure with weights of 0.6 for year T,
0.25 for T-1, 0.1 for T-2, and 0.05 for T-3, have either superior
or insignificantly inferior explanatory power conpared to their
unconstrained four-lag counterparts. Because of its
par si noni ousness and | ower susceptibility to nulticollinearity
probl ens, we enphasize the triangular |ag specification in
subsequent regressions.

In all regressions, changes in conpany price-cost nmargins
2PCM have signs contrary to original expectations. Further
investigation clarified this surprise. According to U S. Census
Bureau enterprise statistics (1986, pp. 4, 11), nore than half of
all industrial R&D enpl oyees work outside free-standing
| aboratories or other central offices; that is, they are enpl oyed
within plants that al so produce goods for sale. An increase in
R&D outl ays thus raises in-plant nmaterials and payroll costs,
reduci ng price-cost margins in the short run. Rewards in the
formof increased PCVMs followonly with a |ag.
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The use of forward-Ilagged federal contract R&D/ sal es ratios
to test the Lichtenberg hypothesis was uniformy unsuccessful,
per haps because the lag from conpany-financed R&D to the receipt
of governnent R&D contracts exceeded one year (the maxi num
forward | ag all owed by the data), and/or because production as
well as R&D contracts and subcontracts were sought.

The negative and marginally significant coefficients on
TRADEBARS suggests that conpani es whose industries enjoyed
special inport protection had slightly | ower R&D/ sales ratio
gromh, all else (including inport changes) held equal.
Regressions 2.4 and 2.9 explore whether protection frominports
affected the strength of conpanies' reactions to rising inports.
The evidence is mxed. For inports directly, but not net
exports, the interaction effect is statistically significant, but
it erodes the non-interacting reaction coefficient because of
multicollinearity. For a conpany protected continuously from
i nport conpetition (TRADEBARS = 1)!?, a ten percentage point
increase in inports led to an annual R&D decline of 0.52
percentage points. Thus, strong inport protection made
conpani es' reactions nore subm ssive on average.

Regressions 2.5 and 2.10 introduce an interaction between
the triangularly |agged inport variables and the dummy vari abl e
i ndi cating whether a conpany had a | eader educated in science or
engi neering. For both inports and net exports, there is a
significant increase in R? values. Despite a nulticollinearity
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i npact on the non-interactive inport coefficient, it is clear
that having a technically educated top executive nade conpanies
reacti ons nore aggressive on average.

In sum our tinme series analysis reveals nmuch unsystenmatic
variation in conpany R&D/ sales ratio changes from one year to the
next and a weak average tendency toward subm ssive short-run
reactions to rising inport conpetition. Having protection from
i nports appears to have rendered the reactions slightly nore
subm ssive. The presence of a top executive with a scientific or
engi neering educati onal background contributed to aggressive

responses.

V. Wiy Reactions Differ: Cross-Section Analysis

One reason why the regressions in Table 2 have little
expl anatory power mght be that firnms' reactions to inport shocks
were heterogeneous. In this section we devel op support for that
hypot hesi s and expl ore why reactions differed fromone conpany to
anot her.

For each of the 308 sanple nenbers, we conputed individua

time series regressions of the form

(6) 2ADJRD, = a + b,2ADJI MP(TD),, + b,YEAR + b,BUSCON, + e,

14



where ADJRD(TD) is a triangularly distributed inport lag simlar
to those tested in regression 2.3 (replaced by 2ADINX(TD) in

ot her conpany regressions), YEAR a tinme variable, and BUSCON a
busi ness cycle index. Specifically, BUSCON neasures year-to-year
per cent age changes in real manufacturing GNP, subdivided between
dur abl e and nondur abl e goods industries, with the conponents

wei ghted to the conpany | evel by the shares of conpany sal es each
year conprising durables and nondurables. BUSCON and YEAR

t oget her control for trend and business cycle effects nore

par si noni ously than the 16 annual dummy vari ables used in the
Tabl e 2 regressions, but were found in parallel full-sanple
regressions to | eave the inport coefficient values essentially
unaf f ect ed.

In the individual conpany regressions for both inports and
net exports, the hypothesis of heterogeneous tine and business
cycle effects is rejected. However, adding 308 separately
estimated inport reaction coefficients to the regressions of
R&D/ sal es first differences on BUSCON and YEAR reveal ed
significant heterogeneity, with F(308,3558) = 1.37 for the
triangularly distributed inport regressions and F(308, 3531) =
1.46 for the net export regressions.' (The F-test one percent
significance point is 1.24.) The nean inport reaction
coefficient value was -0.088 -- nine tines the value estimated in
pool ed regression 2.3. The average value of five coefficients
nearest the nmedian was -0.032. Fifty-nine percent of the 308
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inport reaction coefficients were negative. The nean net export
reaction coefficient value was +0.021, 1.16 tines the val ue
estimated in regression 2.8. Positive coefficients enmerged for
55.5 percent of the 308 conpanies. Thus, the disaggregated
regressions continue to exhibit subm ssive reactions on average,
but with marked heterogeneity.

Conpani es m ght react heterogeneously to intensified inport
conpetition because of differing sales and nmarket structures,

t echnol ogi cal opportunities advanci ng at unequal rates, diverse
means of appropriating the benefits fromtechnol ogi cal

i nnovation, and nore or less rich links to science bases. The
role of these differences is investigated in two stages.

Sone of the conpanies in our sanple operated mainly in the
United States, while others had extensive nultinational
activities. W test the role of multinationality by identifying
t he subset of conpani es reporting R&D expendi tures outside the
United States in any Census Bureau survey year. The average
reaction coefficients b, (fromequation (6) above) for the two

di stinct groups were as follows:

| nports Net Exports
191 firns with overseas R&D -0. 097 -0. 003
117 firns w thout overseas R&D -0.074 +0. 061
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For conpani es wi thout overseas R&D, the nean reactions were
consistently subm ssive and of simlar magnitude. Conpanies with
overseas R&D differed insignificantly fromthose wthout in their
reaction to changing inports; F(1,306) = 0.16. However, the two
groups exhibit quite different mean reactions to changes in net
exports; F(1,306) = 3.98, exceeding the 5% point of 3.88. The
near-zero net export reactions of R& nultinationals may reflect
a tendency for increases in inports fromoffshore branches to be
of fset by increasing exports fromtheir U S. plants. The inport
reactions of R& nultinationals were al so nuch nore heterogeneous
than those of donestic specialists. The null hypothesis of
honogeneous i nport reaction coefficient variances is rejected at
the 1% level, with F(191,117) = 2.39.'* The wi dely varying
reactions of R&D nultinationals may inply nore diverse threats
(e.g., with rising inports comng in sone cases fromrivals and
in others fromcaptive overseas branches) and the ability to
i ncrease defensive R& overseas as well as, or instead of, in the
United States.

The i npact of other environnental variables on conpany
reactions is tested by estinmating cross-sectional regression

equations of the form

(7) Di aanyivp(tp = a+ kz + e,
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where b(.) is the inport or net exports reaction coefficient
estimated from i ndi vidual conpany regressions (6) above and Z is
a matrix of explanatory variables.! Because the b(.)
coefficients are estimated with varying precision, we conpute (7)
using wei ghted | east squares, with the inverse of the b(.)
coefficient standard errors serving as wei ghts.

A given percentage increase in inport penetration reduces
producers' donestic sales proportionately, all else equal, but it
causes | arger absolute sales (and presumably, quasi-rent) | osses
for firms with |large market shares than for smaller sellers. One
therefore expects firns with | arger market shares to react nore
aggressively, all else equal.! W nmeasure this structura
i nfluence through three variables: CR4, the average four-seller
1977 donmestic concentration ratio for the industries occupied by
a conpany, weighted as in other industry - conpany |inkages by
the firms sales shares w;,; LOGSALES, the logarithm (to base 10)
of average conpany sal es over the 17 year sanple period; and
Dl VERS, a Herfindahl-type diversification index obtained by
summ ng the squared val ues of w,;, and averagi ng those val ues over
the sanple period. The nore specialized a conpany's industry
focus, the nore nearly DI VERS approaches unity fromits | ower
bound of zero.

The perceived inportance of diverse neans of appropriating
the quasi-rents frominnovation and the strength of conpany I|inks
to the science base have been neasured through a survey of 650
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i ndustrial R&D nmanagers by a Yale University group. See Levin et
al. (1987). The survey responses are available for 130 three-
and four-digit industry categories, including nost of the

i ndustries in which our sanpl e conpanies concentrated their
efforts. Potentially relevant variables fromthe Yal e survey
data set were linked to our sanple conpanies using the weighting
factor w,;, witht = 1979.% Table 3 provides menonics and
descriptions. Because sone Yal e survey vari abl es were derived
fromonly one or a very few respondents, creating a sanpling
error problem because aggregation to the firmlevel conpresses
the variables' variance and | essens their explanatory power, and
because many of the variables are mldly collinear, coefficient
val ues proved to be unstabl e when several collinear variables
were introduced sinultaneously, so we proceed in clusters.

Table 4 reports the principal results, with inport reaction
coefficient regressions on the left-hand side and net export
coefficient regressions on the right-hand side.

The structural hypotheses are strongly supported, although
t he exact chain of causation is left in doubt because of
collinearity anong the LOGSALES, DI VERS, and CR4 variables. (The
sinple correl ati on between DI VERS, whose value falls with greater
di versification, and LOGSALES is -0.517; the correlation between
CR4 and LOGSALES is 0.096.) LOGSALES has higher t-ratios than
Dl VERS, but underm nes the significance of CR4, which, w thout
LOGSALES, is consistently significant.*® DI VERS shares a
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significant explanatory role with CR4, with which it is

uncorrel ated, in both sets of regressions. Evidently, sone

conbi nation of large firmsize, high seller market shares, and
extensive diversification made firns' R&D reactions to inport
shocks nore aggressive. Wether diversification had its effect
because it inplies |larger size, even though snaller market shares
for a given sales volune, or whether nore diversified conpanies
had greater shock absorption capacity, remains unclear.

For the appropriation and sci ence base vari ables, the
results are nore equivocal. Subm ssive reactions are associ ated
W th strong patent protection, although for net exports, the
coefficients are not statistically significant. An enphasis on
custoner service was consistently but even nore weakly |inked to
subm ssion. Wen market positions were captured by noving
rapi dly down the |l earning curve, aggressive reactions were
sonmewhat nore likely. (In unreported regressions |acking the
SCI ENCE vari abl e, LEARNI NG was statistically significant.)
SCIENCE itself has coefficients significant for inports, but not
for net exports, whose signs contradict the originally maintained
hypot hesis that firnms for which the science base was highly
rel evant woul d react nore aggressively. A possible
rationalization is that Japanese conpani es, who have sustai ned
t he nost broad-rangi ng hi gh-technol ogy i nport challenge to
Anerican industry, have been nore aggressive than their Anerican
counterparts in exploiting the possibilities opened up by
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acadeni c science.' An alternative technol ogi cal opportunity
measure characterizing the rate at which new and i nproved
products were introduced during the 1970s was consistently
insignificant. Conpani es occupying industries in which product
niche-filling was an inportant strategy exhibited weakly
subm ssive reactions. For inports but not net exports,
regression 4.4 reveals, reactions were significantly nore
aggressive in industries where process R&, on which Japanese
firms spend a higher fraction of their R&D budgets than Anmerican
i ndustry, was enphasi zed. %

We found earlier that reactions to changing inports and
especially net exports differed between conpanies wth and
wi t hout overseas R&D operations. To explore this difference
further, the conpany sanple was again divided into two groups,
and the honogeneity of the regression coefficients for
regressions 4.1, 4.2, 4.5, and 4.6 was tested. 1In every case, a
het erogeneity hypothesis is rejected, with F-ratios rangi ng
between 0.41 and 0.61. Although R& multinationals reacted
differently to inport shocks,? their reactions were influenced
in simlar ways by the donestic structure, appropriability, and

sci ence base vari abl es.

VI. Long-Run Growth Rel ati onshi ps
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Qur focus thus far has been the short-run reaction of
conpanies to inport shocks. It is conceivable that |onger-run
reactions could be nore aggressive on average, e.g., as conpanies
defeated in one round of a new product conpetition strain to
catch up when the next generation is developed. For a |onger-run
view, we analyze a variabl e RDGROMH, which is the average
percentage rate per year at which a conpany's R&D/ sal es rati os
grew over the 1971-87 tine frame. It was estinmated by regressing
the logarithms of RD)S |linearly on a cal endar year variable. |Its
average value for the 308 conpanies was 1.87 percent, with a
standard devi ation of 4.72 percent.

We expect the growh of R&D intensity to be influenced not
only by the intensity of inport conpetition, but also by a host
of conpany structure and technol ogi cal opportunity variables. In
addition to the variables SCl ENCE and TECHCHANGE, both of which
were considered highly relevant, but proved weak statistically in
RDGROMH regressions and are therefore omtted, we define the
foll owi ng vari abl es:

| MPCROMH.  The log-linear growh trend of inports as a
per cent age of donestic output, 1971-86.

NXGROMH: The log-linear growth trend of net exports as a
per cent age of donestic output, 1971-86.

FUTADV: A Yal e survey variabl e recordi ng whet her product
devel opnent opportunities were expected to be greater
in the 1980s than in the 1970s.

FEDRD/ S: Federal |l y-supported R& as a percentage of sales;
1971- 87 aver age.
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OVERSEAS: R&D conducted in conpany | aboratories outside the
United States as a percentage of donestic sales.

FOREIGN: A dummy variable with unit value for conpanies
owned by a foreign parent throughout 1971-87.

AVEPCM  Average price-cost margin in the conpany's donestic
manuf acturing operations, 1971-1986.

TRADEBARS. Sevent een-year average of the trade barriers
vari abl e used in the Table 2 anal ysis.

TARGETDI FF:  The arithnetic difference between the actual
conpany-financed R&D/ sal es rati o, averaged over 17
years, and the simlarly averaged TARCGET rati o.

Most of the variabl es have transparent rational es.
TARGETDI FF is | ess obvious. It accounts for the possibility of
Galtonian regression. This is, firns which are R&D over-
achievers relative to the norns of industries they occupy m ght
be expected to have relatively low R& growth rates, all else
equal .

Table 5 reports the results of weighted | east squares
regressions for all of the variables defined above. Each
observation is weighted by the inverse of the standard error from
the regression estimting that conpany's R&D/ sales growth rate.
The inport and net export growth variables, which are highly
correlated (r = -0.90), are introduced separately.?

The inport conpetition variables show a | ong-run tendency
toward aggressive reactions to inport conpetition, although
neit her coefficient reaches conventionally accepted statistical
significance thresholds. The erection of trade barriers is
associated with slower R& growmh, all else equal. Wether this

23



reflects the lulling effect of protection or the possibility
that, despite protection, inport growh underm ned the
profitability of R&D, cannot be inferred confidently. That both
inport growh and profitability are taken into account by ot her
vari abl es |l ends credence to the "lulling"” interpretation.

Hi gher price-cost margins are associated with nore rapid R&D
gromh rates as well as (see Table 1) the level of R&D. Since
much of the growh in R&D/ sales ratios occurred during the 1980s,
the relatively strong performance of the FUTADV vari abl e,
predicting the rate of technical change during that period, is
not surprising. A Yale survey variable evaluating the pace of
product technol ogy change during the 1970s had no expl anatory
power. Consistent with Lichtenberg' s findings, an active position
in federal R&D contracting was weakly conducive to the growth of
conpany-financed R&D during our sanple period, characterized by
generally rising mlitary R& and procurenent. The establishnent
of R&D | aboratories overseas does not appear to have inpaired the
grow h of R&D spending at hone. U S. R&D operations owned by
foreign corporations experienced | ower donestic growth
rates, although the effect falls short of statistical
significance. There is only weak evidence of Galtonian

regression in R&D growm h rates.

VI . Concl usi on
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We have anal yzed the R&D spending reactions of U S.
conpani es to high-technol ogy inport conpetition, which
intensified between 1971 and 1987. Most changes in conpany
R&D/ sal es rati os were unsystenmatic, related neither to inport
conpetition changes nor to other plausible explanatory vari abl es.
But inport conpetition does appear to have nmade a difference.

The short-run reaction to increased i nports was on average
subm ssive, that is, R& sales ratios fell. However, reactions
varied widely fromconpany to conpany. Large, diversified firns
occupyi ng concentrated markets reacted nore aggressively than
their smaller, less diversified counterparts. Miltinationals
reacted nore heterogeneously to inports and | ess subm ssively to
net export reductions. Insulation frominport conpetition
t hrough trade barriers or strong patent protection blunted firns'
short-run reactions. Over the |longer run, there appears to have
been a reversal of the average reaction pattern from subm ssive
to aggressive, although the evidence on this point remins weak.
During the past half century, Anerican industry has enjoyed
conparati ve advantage across a broad range of high-technol ogy
products. How U.S. firnms react to grow ng high-technol ogy i nport
conpetition is likely to influence future patterns of conparative
advant age. Al though we have provided sone first insights into
the dynam cs of these reactions and the factors that influence

them nmuch remains to be Iearned fromfurther enpirical research.
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Table 1

REGRESSI ON ANALYSI S OF ANNUAL R&D/ SALES LEVELS*

Expl anat ory
Vari abl es

RDI NDEX
PCM
DUM7 2
DUM7 3
DUM7 4
DUM7 5
DUM/ 6
DUM7 7
DUM/ 8
DUM7 9
DUMBO
DUMB1
DUMB2
DUMB3
DuUMVB4
DUMBS
DUMB6
DUMB7

| nt er cept

R

308 Conpani es,

1.323

0. 091

0.492

Equation 1.1
(71.01)

(1. 68)

30

1971-87 (N = 5, 210)

Equation 1.2

1.247  (65.91)
2.931  (12.95)
-0.13  (0.76)
-0.24  (1.37)
-0.29  (1.67)
-0.10  (0.55)
-0.15  (0.84)
-0.08  (0.47)
-0.17  (0.97)
-0.13  (0.76)
0.08  (0.49)
0.20  (1.17)
0.63  (3.59)
0.63  (3.63)
0.53  (3.04)
0.66  (3.80)
0.78  (4.44)
0.69  (3.88)
-0.70  (5.01)
0. 520



*OLS estimates. T-ratios are presented in parentheses. The
intercept in equation 1.2 is the deviation fromthe nmean for
1971.
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Table 2

OLS REGRESSI ON ANALYSI S OF ANNUAL R&D/ SALES FI RST DI FFERENCES

| ndependent
Vari abl e:
aADJ| MP( T)
aADJ| MP( T- 1)
aADJ| MP( T- 2)
aADJ| MP( T- 3)
aADJ| MP( T+1)
aADJ| MP( TD)
apCM
aFEDRD( T+1)
TRADEBARS
aADJ| MP( TD)

X TRADEBARS

aADJ| MP( TD)
x TECHED

308 Conpani es, 1971-78

Regr essi on Nunber

17 Year Intercepts

R

N

2.1 2.2 2.3 2. 4 2.5
-. 0085 -. 0091
(1. 60) (1.69)
. 0059 . 0099
(1.10) (1.76)
-. 0078 -.0024
(1. 40) (0.42)
-.0014 . 0098
(0. 25) (1.60)
-. 0015
(0. 29)
-. 0099 .0041 -.0170
(1.28) (0.47) (1.50)
-1.079 -.994 -1.074 -1.096 -1.311
(6.69) (6.31) (6.77) (6.91) (6.28)
. 0027 -. 0003 . 0033 . 0034 . 0014
(0. 25) (0.03) (0.31) (0.32) (0.13)
-. 0654 -. 0704 -. 0660
(1. 49) (1.61) (1.51)
-. 0557
(3.32)
. 0156
(1.60)
(suppr essed
. 0447 . 0462 . 0439 . 0457 . 0519
4761 4761 4741 4741 3431
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aADI NX( T)

aADINX( T- 1)

aADINX( T- 2)

aADINX( T- 3)

aADINX( T+1)

aADINX( TD)

aPCM

aFEDRD( T+1)

TRADEBARS

aADINX( TD)

X TRADEBARS

aADINX( TD)
x TECHED

| ntercepts

R

N

2.6

. 0099
(2.53)

. 0071
(1.83)

. 0004
(0. 09)

-. 0011
(0.27)

-1.021
(6. 34)

. 0086
(0. 79)

-. 0545
(1.25)

. 0446

4761

Table 2

2.7

. 0088
(2. 24)

. 0030
(0. 73)

-. 0025
(0. 59)

-. 0059
(1.33)

. 0016
(0. 41)

-. 888
(5. 58)

. 0054
(0. 46)

-. 0636

(1.47)

(conti nued)

2.8

. 0181
(3.05)

~1.022
(6. 35)

. 0087
(0. 81)

- . 0544
(1.25)

2.9

. 0180
(3. 04)

-1.021
(6.34)

. 0083
(0.77)

-. 0013
(0. 09)

(suppr essed

. 0460

4761

. 0447

4734

. 0444

4734

2.10

. 0194
(2. 14)

-1.140
(5. 41)

. 0080
(0.72)

-. 0093
(1. 30)

. 0512
3407



Tabl e 3

VARI ABLES FROM THE YALE SURVEY*

PRODPAT How effective are patents as a neans of capturing
and protecting the advantages from new or i nproved
product s?

LEARNI NG How i nmportant is noving quickly down the |earning

curve as a neans of capturing and protecting the
advant ages from new or inproved products?

SERVI CE How i nportant are superior sales or service
efforts as a neans of capturing and protecting the
advant ages from new or inproved products?

SCI ENCE How rel evant were the basic sciences of biology,
chem stry, and physics (average of three) to
technol ogi cal progress in this |ine of business
over the past 10-15 years?

NI CHES To what extent have technol ogi cal activities been
oriented toward designing products for specific
mar ket segnent s?

PCTPROC VWhat percent of total R&D in the industry is
directed toward new producti on processes, as
di stingui shed fromnew and i nproved products?
(Scaled fromO to 100)

*Measured on a Likert scale of 1 to 7, with "7" inplying
"very effective" or "very inportant” or "very relevant” and 1 the
opposite, unless otherw se stated.
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Tabl e 4

GLS REGRESSI ONS OF COVPANY | MPORT REACTI ON COEFFI Cl ENTS ON
EXPLANATORY VARI ABLES (N = 308)*

Dependent Variable: b. .

Expl anat ory
Vari abl e 4.1 4.2 4.3 4.4
LOGSALES . 058
(2.88)
Dl VERS -.098 -. 099 -.094
(2.01) (2.11) (2.03)
CR4 . 0009 . 0017 . 0013 . 0021
(1.49) (2.65) (2.08) (3.17)
PRODPAT -. 047 -. 043 -.052
(2.72) (2.49) (2.92)
SERVI CE -.023 -.035 -. 030 -. 044
(0.67) (1.00) (0.90) (1.31)
LEARNI NG . 033
(0.96)
SCl ENCE -. 058 -. 053 -. 054 -. 063
(2.17) (1.98) (2.01) (2.36)
NI CHES -.023 -. 0006
(0.89) (0.02)
PCTPROC . 0010
(2.00)
| nt er cept 0. 28 0.54 0.18 0. 62
(0.94) (1.95) (0.71) (2.83)
R . 119 . 131 . 098 . 131

*T-ratios are presented in subscripted parentheses. The R
val ues are for unweighted regressions with identical variables.
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Tabl e 4 (continued)

Dependent Variable: b. .

Expl anat ory
Vari abl e 4.5 4.6 4.7 4.8
LOGSALES -. 045
(3.07)
Dl VERS . 063 . 062 . 060
(1.92) (1.93) (1.89)
CR4 -. 0005 -. 0011 -. 0011 -. 0011
(1.01) (2.24) (2.31) (2.34)
PRODPAT . 0043 . 0035 . 0047
(0. 36) (0. 28) (0. 38)
SERVI CE . 004 . 012 . 011 . 013
(0.18) (0.53) (0.47) (0.59)
LEARNI NG . 012
(0.51)
SCl ENCE . 019 . 014 . 016 . 017
(1.01) (0.76) (0.87) (0.92)
NI CHES . 011 -. 007
(0. 64) (0.04)
PCTPROC . 0002
(0.70)
| nt er cept 0.12 -0.11 -0.16 -0.13
(0.59) (0.59) (0.89) (0.87)
R . 105 .071 . 073 . 072
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Table 5
GLS R&D GROMH RATE REGRESSI ONS (N = 308 COVPANI ES)

| ndependent
Vari abl es 5.1 5.2
| MPGROANTH . 306
(1.25)
NXGROMH -. 165
(0.64)
TRADEBARS -2.84 -2.84
(1.81) (1.81)
AVEPCM 4.07 4. 00
(2.25) (2.21)
FUTADV 1.12 1.15
(2.07) (2.12)
FEDRD/ S . 075 . 076
(0.99) (0.99)
OVERSEAS . 415 . 403
(1. 24) (1. 20)
FOREI GN -. 466 -.464
(0. 34) (0. 34)
TARGETDI FF -.104 -.093
(0.90) (0.81)
| nt er cept -5.04 -5.04
(1.80) (1.80)
R . 075 . 070

*T-ratios are presented in subscripted parentheses. The R
val ues are for unweighted regressions with identical variables.
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ENDNOTES

1. For a nore conplete statenent of the rel evant theory,
see Scherer (forthcom ng, Chapter 2).

2. The concept of "aggressive" and "subm ssive" reactions
is drawn from Ri chardson's theory of arns race spending (1960,
Chapter V).

3. Petroleumrefining (SIC 29) was excl uded because i nport
patterns were affected strongly by OPEC shocks. Sone sectors
such as paper products (SIC 26) and primary netals (SIC 33) had
| ow rates of product innovation, but substantial process
i nnovation affecting their conpetitiveness.

4. We are indebted to John Abowd and Larry Katz of the
Nati onal Bureau of Economi c Research and Bill Sullivan of the
I ndustry Statistics Division, International Trade Adm nistration,
U S. Departnent of Comrerce, who provided the data from which
our IMP and NX tine series by four-digit SIC industry were
devel oped.

5. The forei gn-owned plant payroll data are fromU. S.
Bureau of the Census (1983). Publication of the series was
di sconti nued after 1982.

6. In 18 cases, observations were available only for 1971-
86, and in four cases, only for 1971-85. |In several dozen cases
where responses were mssing for single years between 1972 and
1984, the m ssing R&D/ sal es values were interpolated linearly.
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7. The R&D/ sales ratios are averaged fromthe Federal
Trade Conm ssion Line of Business surveys for 1976 and 1977. The
"LB" surveys, providing by far the nost finely disaggregated
statistics on industry R& expenditures, ended after 1977, hence
the termnation of the index variable at that year.

8. PCM = (Val ue of shipnents - materials costs - payrol
costs - supplenentary benefit costs) / (value of shipnments) for
conpany i's donestic manufacturing plants in year t. It is
scaled in ratio form

9. The coefficient value inplies nore support for the
short-run view, since a ten percentage point increase in PCMis
associated with a 0.29 percentage point increase in the R&D sal es
vari abl e, ceteris paribus.

10. Om ssion of on-shore manufacturing by offshore
conpani es could, as we have been, inpart a weak bias in the
opposite direction.

11. Inspection reveal ed that nost of the del eted
observations were the result of classification or neasurenent
errors rather than neaningful structural changes. After
truncation, the nmean year-to-year change in the R&D/ sales ratio
was 0. 033 percentage points, with a standard devi ation of .075
points. Before truncation, the nean was 0.039 points and the
standard devi ation 0.87 points. For ADJIMP, the nean year-to-

year change before truncation was 0.77 percentage points and,
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after truncation, 0.69 points. The standard deviations were 4.07
and 2. 10 points respectively.

12. Val ues of TRADEBARS coul d exceed unit for conpanies
whose industries had continuing protection under both Section 201
and other Trade Act provisions. The average val ue was 0. 135.

13. The individual conpany effect controls raise inplied R
values to 0.293 and 0.305 in the anal ogues of regressions 2.3 and
2.8 respectively.

14. For the variances of net export reaction coefficients,
F =1.13, which is not statistically significant.

15. In the tinme series regressions of Table 2, al
vari abl es were neasured annually, whereas the X variables here
are neasured only for sonme subset of the sanple years -- in nost
cases, for a single year

16. See Scherer and Ross (1990, pp. 635-636).

17. The weighted Yale variables are highly correlated from
year to year. E.g., r’>2” for the entire data set is 0.988, and
r’e8® = 0.978.

18. A variable neasuring changes in donestic industry
concentration rati os between 1972 and 1982, aggregated to the
conpany | evel using the w'' weights, had coefficients suggesting
nore subm ssive reactions in industries of rising concentration,
but the effects fell short of being statistically significant.

19. This viewis argued by Paul E. Gay, forner president
of MT (1990, p. 43).
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20. See Mansfield (1988, p. 226). A variable neasuring the
extent to which Yale survey respondents enphasi zed product
standardi zation in their R& had little explanatory power in
either inports or net exports regressions.

21. A continuous variable neasuring the ratio of conpanies’
overseas R&D outlays to donestic sales, averaged over all years
wWth reported data, had effects of the sane signs as those
observed wth our earlier dichotonous classification, but they
were not statistically significant in either the inport or net
export multiple regressions. A dunmy variable identifying seven
conpani es owned by foreign parents throughout the 1971-87 sanple
period had signs identical to those for U S. -based R&D
mul tinationals, but all coefficients were statistically
i nsignificant.

22. For the average conpany, inports grew at a rate of 0.63
percent per year, with a standard deviation of 1.02 points. Net
exports declined at an average rate of 0.42 percent, with a

standard devi ati on of 0.99 percent.
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ENDNOTES

1. For a nore conplete statenent of the relevant theory,
see Scherer (forthcom ng, Chapter 2).

2. The concept of "aggressive" and "subm ssive" reactions
is drawn from Ri chardson's theory of arns race spending (1960,
Chapter V).

3. Petroleumrefining (SIC 29) was excluded because inport
patterns were affected strongly by OPEC shocks. Sone sectors
such as paper products (SIC 26) and primary netals (SIC 33) had
| ow rates of product innovation, but substantial process
i nnovation affecting their conpetitiveness.

4. W are indebted to John Abowd and Larry Katz of the
Nati onal Bureau of Economi c Research and Bill Sullivan of the
I ndustry Statistics Division, International Trade Adm nistration,
U. S. Departnent of Conmerce, who provided the data from which our
| MP and NX tinme series by four-digit SIC industry were devel oped.

5. The foreign-owned plant payroll data are fromU. S.
Bureau of the Census (1983). Publication of the series was
di sconti nued after 1982.

6. In 18 cases, observations were available only for 1971-
86, and in four cases, only for 1971-85. |In several dozen cases
where responses were mssing for single years between 1972 and

1984, the m ssing R&D/ sal es values were interpolated linearly.
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7. The R&D/ sales ratios are averaged fromthe Federal Trade
Comm ssi on Line of Business surveys for 1976 and 1977. The "LB"
surveys, providing by far the nost finely disaggregated
statistics on industry R& expenditures, ended after 1977, hence
the termnation of the index variable at that year.

8. PCM = (Value of shipnments - materials costs - payrol
costs - supplenentary benefit costs) / (value of shipnments) for
conpany i's donestic manufacturing plants in year t. It is
scaled in ratio form

9. The coefficient value inplies nore support for the
short-run view, since a ten percentage point increase in PCMis
associated with a 0.29 percentage point increase in the R&D sal es
vari abl e, ceteris paribus.

10. Om ssion of on-shore manufacturing by offshore
conpani es could, as we have seen, inpart a weak bias in the
opposite direction.

11. Inspection reveal ed that nost of the deleted
observations were the result of classification or neasurenent
errors rather than neaningful structural changes. After
truncation, the mean year-to-year change in the R&D/ sales ratio
was 0. 033 percentage points, with a standard deviation of 0.75
points. Before truncation, the nean was 0.039 points and the
standard devi ation 0.87 points. For ADJIMP, the nean year-to-
year change before truncation was 0.77 percentage points and,

after truncation, 0.69 points. The standard devi ations were 4.07
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and 2. 10 points respectively.

12. Val ues of TRADEBARS coul d exceed unit for conpanies
whose industries had continuing protection under both Section 201
and other Trade Act provisions. The average val ue was 0. 135.

13. The individual conpany effect controls raise inplied R
values to 0.293 and 0.305 in the anal ogues of regressions 2.3 and
2.8 respectively.

14. For the variances of net export reaction coefficients,
F = 1.13, which is not statistically significant.

15. In the tinme series regressions of Table 2, al
vari abl es were neasured annually, whereas the X variables here
are neasured only for sonme subset of the sanple years -- in nost
cases, for a single year

16. See Scherer and Ross (1990, pp. 635-636).

17. The weighted Yale variables are highly correlated from
year to year. E. 9., r,,, for the entire data set is 0.988, and
I8 = 0.978.

18. A variable neasuring changes in donestic industry
concentration rati os between 1972 and 1982, aggregated to the
conpany level using the w,;, weights, had coefficients suggesting
nore subm ssive reactions in industries of rising concentration,
but the effects fell short of being statistically significant.

19. This viewis argued by Paul E. Gay, forner president
of MT (1990, p. 43).

20. See Mansfield (1988, p. 226). A variable neasuring the
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extent to which Yale survey respondents enphasi zed product
standardi zation in their R& had little explanatory power in
either inports or net exports regressions.

21. A continuous variable neasuring the ratio of conpanies
overseas R&D outlays to donestic sales, averaged over all years
wWth reported data, had effects of the sane signs as those
observed wth our earlier dichotonous classification, but they
were not statistically significant in either the inport or net
export multiple regressions. A dunmy variable identifying seven
conpani es owned by foreign parents throughout the 1971-87 sanple
period had signs identical to those for U S. -based R&D
mul tinationals, but all coefficients were statistically
i nsignificant.

22. For the average conpany, inports grew at a rate of 0.63
percent per year, with a standard deviation of 1.02 points. Net
exports declined at an average rate of 0.42 percent, with a

standard devi ati on of 0.99 percent.
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