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Industrial Research during the 1980s:
Did the Rate of Return Fall?

THIS PAPER IS MOTIVATED by two recent empirical findings about the
returns to industrial research and development (R&D) at the firm level.
First, the stock market value of R&D spending relative to ordinary capital
investment in U.S. manufacturing firms fell precipitously during the
1980s.' Second, the contribution of R&D to productivity in these same
firms apparently declined from an elasticity of about 0.10-0.15 during the
1960s and 1970s* to around 0.02 during the 1980s.3 Taken together, these
findings suggest that something has happened to the marginal private rate
of return to industrial R&D during the recent past. The question is, what?
This paper explores these prior findings in greater detail in an effort to
understand what factors are causing them and to ascertain the pervasive-
ness of this apparent decline in R&D productivity.

Three principal results emerged from this study. First, the observed
decline in the value of R&D relative to ordinary physical capital is com-
posed of two effects: an increase in the value of ordinary capital as firms

Thanks to Zvi Griliches, Robert Hall, Adam Jaffe, Jacques Mairesse, Edwin Mans-
field, Richaxd Nelson, and the editors of this issue for many helpful discussions and
comments on this work. [ am grateful to the National Science Foundation and the
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2. Bureau of Labor Statistics (1989). This publication surveys a large number of
previous studies of the private returns to R&D; see also Mairesse and Sassenou (1991}
and Lichtenberg and Siegel {1991).
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exited and the publicly traded manufacturing sector shrank during the
corporate restructuring boom of the last decade, and a steep decline in the
absolute value of R&D) assets. Second, this decline was concentrated in
several major manufacturing sectors: electrical, instruments, computing,
and electronics. Third, although the contribution of R&D investment to
productivity growth was low during the 1970s and the first half of the
1980s, it revived in the second half in all sectors except electrical and
large-scale computing, machinery, metals, and autos (the well-publicized
corporate behemoths). In subsequent sections of this paper, these findings
are reported in greater detail, and some explanations advanced.

The observed private rate of return to industrial R&D is the outcome
of a complex interaction between the demand from enterprises for R&D
investment funds and the supply of these funds from investors. The lo-
cation of the demand curve is influenced by such factors as expected final
(consumer) demand and the transformation function that turns R&D
spending into innovative output (* ‘technological opportunity’’). The curve
is downward sloping because not all R&D projects have the same expected
rate of return and the firm chooses those with the highest return first. The
location of the supply curve (the funds available at any particular level of
capital cost) is determined by the willingness of investors to supply funds
to innovating firms (the required market rate of return), the rate at which
the returns to the capital depreciate or the capital becomes obsolete, and
the tax treatment of such investment. Under a variety of assumptions, the
supply curve will slope upward. For example, asymmetric information
between firms and investors implies that, to fund projects about which
they do not have full information, investors will demand a *‘lemons”’
premium in the form of a higher rate of return. When firms undertake
R&D investment, they invest until the expected rate of return to such
investment equals the cost of capital, that is, the point where the demand
for R&D funds equals the supply.

Therefore, the measured productivity of R&D investment is only
loosely linked to the market value of such investment, which is based on
expectations about many other factors that affect its cost, such as changes
in its price, the rate of obsolescence, or the ability to capture the returns.
In addition, finding that the gross rate of return to R&D investment has
fallen is not necessarily bad news. In simple terms this finding implies
either that the supply curve has shifted out, so firms face a cheaper sched-
ule for the cost of funds, or that the demand curve has shifted inward. In
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the former case firms will actually perform more R&D even though the
rate of return has fallen, and this couid be a desirable outcome for society.
If the fall is due to 2 demand curve shift, either because consumer demand
has temporarily diminished (a recession) or because R&ID has become less
praductive, the fall in return to R&D would be associated with a decline
in R&D spending, other things equal.

If the world were static, interpretation of the apparent fall in the rate
of return to R&D during the 1980s would be simple, because the R&D
intensity of the publicly traded manufacturing sector and the manufactur-
ing sector as & whole rose rather than fell.* There is also some evidence
that the relative cost of R&D funds to these firms was lower than in early
periods, both because of the willingness of investors to buy technology
stocks, at least in the first half of the period, and because an R&D tax
credit was available.® Thus, the fall in the rate of return could be inter-
preted as arising from a shift outward in the supply curve of funds for
R&D. The static analysis leaves out a large part of the story, however.
The decision to invest is made under considerable uncertainty, and firms
do not really know what the undetlying demand for the output of their
R&D is, nor do they have much idea how productive the research will be.
The realized rate of return may differ substantially from that which the
firm contemplated at the time that it made the investment.

To make the preceding discussion more concrete, consider the stylized
dynamic programming model of a firm that uses two kinds of capital
productively ta generate a stream of profits. (This model is presented in
appendix A.)® Under the assumption that the firm chooses the level of
ordinary and R&D capital to maximize the present discounted value of
the profits produced by that capital, the model yields the familiar result
that the expected rate of return to each capital along the optimal investment
path is just equal to the Jorgensonian cost of capital:

) EHK=p,(p +8, - 5—’),

4. See figure 1, which displays the aggregate R&D-to-sales ratio for the publicly
traded firms in manufacturing (the curves labeled CS) and for the sector as a whole (the
cusve labeled NSF). The former group of firms is the population from which the sample
studied here is drawn.

5. Hall (1993a).

6. The madel is a standard ane in the investment literature; this particular version is
based on the model of Hayashi and [nouve (19913,
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where p is the investor’s reguired rate of return (the rate at which the
future cash fiows or dividends are discounted), 8, is the depreciation
rate for R&D capital, and p, is the price of R&D relative to that of
output (the dot denotes a time derivative).”

At the beginning of each period, the firm will attempt to chcose R&D
investment so that the equality in equation 1 is maintained. If the
marginal product schedule is downward sloping, a higher relative R&D
price, higher required rates of return, and higher depreciation rates
(absolescence 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 already known about the values of parameters in
the cost-of-capital formula. First, p,, the relative price of R&D, was
about 5 to 10 percent lower during the 1980s than it was earlier because
of the R&D tax credit; this fact would be expected to reduce the required
rate of return for R&D by the same amount. The frequent changes in
the tax credit legislation have made the capital gain associated with p,
fairly substantial in three of the years between 1980 and 1990: a gain
of about 8 percent in 198182 as the tax credit began to take effect,
and another gain of 10 percent in 1990, when the credit was changed
to a fixed, rather than a rolling, base.

Second, the investor’s required rate of return, p, for these firms has
been measured by Hall and Hali, who found that firms that performed
R&D during the last thirty years had required slightly lower rates of
return than those firms with no R&D, and that the effect of R&D
investment on the rate used by the stock market to discount the firm’s
dividends was roughly the same as that of ordinary investment.® We
measured a coefficient of —0.135 during the 1970s and —0.20 during
the 1980s for a variable that was the ratio of R&D investment to assets.
For a firm whose ratio of R&D to assets is 5 percent {which is typical
of R&D-performing firms), the rate of return required by the stock
market was 75 to 100 basis points Jower than for non-R&D firms. The
total risk premium for these firms was around 1-2 percent during the
1980s and somewhat higher during the earlier periods. Combining these
results with an estimate of the risk-free rate from three-year Treasury

7. This relative price will be after tax, that is, it will include the implicit tax subsidy
to R&D in the numerator and the effect of corporate profits taxes in the denominator.
8. Hall and Hall (1993).
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Figure 1. Aggregate R&D-to-Sales Ratio, U.S. Manufacturing Sector, 1971-90
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bonds, we estimated total required rates of return for the shares of R&D-
performing firms at 6.3 percent during the 1960s, 9.0 percent during
the 1970s, 10.7 percent during 198185, and 8.6 percent during 1986—
90.°

Putting these numbers together with an assumed depreciation rate for
R&D capital 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.'® Thus, there is some
evidence that the relative cost of R&D fell slightly during the 1980s,
but the numbers seem too close together to account for the large increase
in R&D shown in figure 1. Therefore, it is likely that the £ [{I,]
schedule (that is, the marginal product of R&D as a function of the
level of R&D investment, which in turn generates the demand for R&D
investment) also shifted out during the early 1980s.

9. The numbers for the two separate five-year periods in the 1980s are not reported
in Hzll and Hall {1993} but have been newly estimated for this paper.

10. These estimates are made without considering adjustment costs, which may be
considerable for R&D but have proved difficult to estimate reliably (Hall and Hayashi
1988, Himmelberg and Petersen 1991). Adjustment costs would raise the cost of capital
averall, but this correction is not likely to differ substantially across the periods.
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Equation 1 expresses the condition under which firms make their
investment decisions, but as appendix A shows, it also plays an impor-
tant role in determining the market’s valuation of R&D investment.
After the investment has been undertaken, the ex-post gap between the
marginal product of the capital II; and the current cost of that capital
is an indicator of the rents or excess returns from the capital; it is this
gap that will be capitalized into the market value of the assets corre-
sponding to this kind of capital. A finding that these rents have fallen
or are negative implies either that the realized marginal product was
much lower than was expected or that the cost of future investments
has risen.

The goal of this paper is to distinguish among these explanations for
the fall in the market value of R&D investment, Having eliminated at
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 return to R&D
assets, [ focus on the two other components of equation 1: the expected
and actual marginal product of R&D capital, and the rate of depreciation
or absalescence of such capital. To measure the former, conventional
R&D productivity regressions are used; these are interesting per se
because of their relation to previous work that does not include this
time period.!'! Measuring the latter is somewhat more difficult; the
evidence that the rate of obsolescence has risen in some sectors in recent
years is based on distinctions between the market value of “‘old”’ R&D
assets and incremental new R&D above and beyond that necessary
to maintain the assets as well as on anecdotal evidence about the in-
dustries.

The paper begins by reviewing the aggregate trends in R&D spending
in manufacturing. The first section sets the stage for the subsequent
sections by highlighting major changes in the composition of the pub-
licly traded manufacturing sector during the 1980s, particularly the
increasing R&D intensity of the sector as less technology-oriented firms
and divisions exited by means of private buyout. The next section
reviews in substantially greater detail earlier evidence I gathered on
market value'? and suggests that equity market values at the beginning
of the 1980s strongly signaled (or forced) the type of restructuring that

[1. See Mairesse and Sassenou (1991} for a survey of previous estimates of the
relationship between productivity and R&.
12, Hall (1993b, 1993c).



Bronwyn Hall 295

took place during the period. This section then measures and evaluates
changes in the valuation of old and new R&D capital across various
industrial sectors, in an effort to draw some conclusions about the
depreciation of returns to this capital.

The last major sections of the paper present evidence on the output
(or marginal product) of industrial R&D. Commonly used measures of
output include patent counts, innovation counts, and the profitability or
productivity of the firms undertaking investment. With the exception
of innovation counts, for which data are not readily available during
the relevant period, the available evidence suggests that these measures
of inpovation output per unit of input declined during the 1980s for
U.S. manufacturing firms, although there is some evidence that the
decline was arrested toward the end of the periad.'? [ focus here on a
major indicator of technological success: the contribution of R&D in-
vestment to productivity and sales growth at the firm level. Because
good patent and innovation data are unavailable at the firm level, I defer
the examination of these measures to future work by others. The paper
concludes by combining the evidence on realized returns and 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
intensity of manufacturing. The figure reveals a puzzle in the data that
underlies some of the contradictory rhetoric on the rise or fall of indus-
trial R&D during the 1980s. The puzzle concerns the aggregate R&D
intensity of manufacturing in the United States. Data based on the
National Science Foundation survey of industrial R&D show that the

[3. Itis well known that the patent yield per industrial R&D dollar has been declining
since at least the beginning of the sample period here (Griliches 1989}, Work by the
present author (not shown) confirms that the decline continues through at least 1990 but
at a somewhat lower rate. Caballero and Jaffe (1993) find that although there has been
a long-run decline in patent yield, it began to rise again after about 1986 when the date
of patent application is used (rather than the grant date). A sample of about eighty of
the largest firms considered here for which we do have individual patenting numbers for
1987 and 1991 (Business Week 1992) shows the same decline in patenting yield through-
out the [980s as the aggregate data do,
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ratio of R&D to sales of manufacturing firms was stagnant at about 2.2
percent during the 1970s, rose to about 3.4 percent by 1986, and since
then has been stagnant at about 3.4 percent. In contrast, the R&D
intensity measure for the Compustat sample of firms (which is essen-
tially all manufacturing firms whose stock is publicly traded) has risen
continuously since the mid-1970s, from 1.0 percent to 4.5 percent in
1990.14

Appendix B investigates the source of the discrepancy between the
Compustat and NSF numbers in more detail and reaches the canclusion
that the differences occur because the publicly traded manufacturing
sector shrank substantially during the 1980s, but that the decline in size
came primarily from the loss of firms that were not R&D-intensive.
Using the results of other research on the restructuring of the corporate
sector during the 1980s, it is possible to advance a couple of more
detailed explanations of this phenomenon.

First, one cause of the shift in R&D intensity in the Compustat data
may be the increasing focus of these manufacturing firms on their core
businesses.s Such a refocusing would mean that manufacturing firms
have a larger share of their assets actually in manufacturing and that
the resulting (smaller) firms would be more R&D-intensive, because
manufacturing as a whole tends to perform the vast bulk of R&D.
Because of variability in the sampling frame from which the NSF R&D
survey is drawn, these changes may not affect the NSF number in the
same way.'s

14. R&D intensity in figure 1 is measured in the usual way: the nominal ratio of
R&D spending to sales. The two ratios shown for Compustat are for all firms in the file
and for only thase firms that perform R&D, while that for NSF is the ratio of manufac-
turing R&D spending to the total sales of the firms in the sample. Bath sets of numbers
exclude foreign-owned and nonmanufacturing firms but include R&D} performed by
domestic firms in foreign establishments. In principle, the higher of the two Compustat
curves should be directly comparable to the NSF numbers, because it includes only
firms that perform R&D. See Natjonal Science Foundation (1985, 1991); Standard and
Paaor (1991 and earlier editions).

15. For example, see Bhagat, Shleifer, and Vishny (1990) for evidence that sixty-
two large hostile takeover contests between 1984 and [986 resulted in the reallocation
of corporate assets ta firms in the same industries as those assets.

16. Until very recently, the economic censuses have not covered the service sector
adequately; the R&D survey sample is primarily drawn from these censuses, which are
establishment-based, although the survey jtself is addressed to enterprises. Thus, there
is a question, not really answerable using public data, as to how quickly the NSF itself
can adapt to the changes in the structure of the manufacturing sector.
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Tahble 1. Exit from the Publicly Traded Manufacturing Sector:
Weighted R&D-to-Sales Ratio

Percent

Went Foreign Nonexiting firms
Period private acquisition All R&D-doers
1976-80 0.43 1.35 1.18 L.81
1981-85 0.55 1.21 2.19 2.67
1986-90C 1.27 2.91 3.31 4.14

Source: Author’s caleulations.

A second factor influencing the composition of the manufacturing
sector was the nature of entry into the publicly traded sector during the
1980s. Most of the new entrants were high-technology firms traded
over the counter using the NASDAQ system, and these firms are likely
to be relatively more R&D-intensive. As I show later in the paper, at
the beginning of the 1980s the equity market placed a high value on
R&D assets, which appears to have encouraged entry into the sector.
At the same time the wave of leveraged buyouts (LBOs) and “‘going
private’’ restructurings affected non-R&D-intensive firms dispropor-
tionately. In 1991 I reported that the total R&D per employee for
Compustat firms in 1982 was $2.1 million, whereas the R&D per em-
ployee for the firms that exited through private buyouts between 1977
and 1987 was only $500,000.'7 Lichtenberg and Siegel have a similar
finding for complete-firm LBOs that took place between 1983 and 1986:
the R&D-to-sales ratio for non-LBO firms in their large Census of
Manufactures sample is 3.5 percent, while that for the LBO firms is
1.0 percent.'® Using a multiple regression approach, Blair and Schary
controlled for such variables as cash flow variance, returns to capital,
asset growth, and lagged cash flow, and found that the ratio of R&D to
sales is a significant predictor of exit via a private buyout.'® Table 1
updates my earlier results through 1990, displaying the sales-weighted
R&D intensity for firms that did and did not exit during each of the
three five-year periods between 1976 and 1990. Note that although the
R&D intensity of exiting firms rose in the last period, the differential
relative to those that did not exit remained the same.

17. Hall (1991).
18. Lichtenberg and Siegel (1990).
19. Blair and Schary (1993).
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The exit of publicly traded manufacturing firms documented in ap-
pendix B is only part of the story, however. Many other ‘‘going pri-
vate'’ transactions and foreign acquisitions took place at the division
level, and these tended to have the same character as the whole-com-
pany transactions. Thus, R&D intensity of these transactions was prob-
ably also low, and the remaining publicly traded firms probably had a
higher ratio of R&D to sales. Overall, the *‘deal’’ decade and what
Jensen calls the “‘modern industrial revolution’’ moved a substantial
part of corporate assets out of the publicly traded sector.>® These assets,
however, were primarily in mature industries that were downsizing in
response to excess capacity and foreign competition; they were not in
the high-technology and fast-growing sectors where R&D investment
was important.

The Stock Market Valuation of R&D Investment

The equity markets forecast these changes quite well at the beginning
of the decade, but adjustment to these market signals was very slow.
In two other papers published in 1993, I presented evidence that the
stock market valuation of R&D investment relative to ordinary invest-
ment fell rather precipitously during the 1980s.?' This was true both for
current R&D spending and for a stock variable constructed from the
past history of R&D spending. This fact by itself suggests cither a one-
time write-off of past R&D investments by the market or a substantial
fall in the rate of return to R&D spending during the period. Such a fall
could have been induced by a decrease either in the cost of funds (a
supply shift) or in the derived demand for R&D investment caused by
reduced demand for the innovation it generates, or by diminishing
returns to innovation. Before investigating these possibilities, [ explore
the finding more thoroughly in an effort to narrow the search for expla-
nations. The explorations reported here are the following: a search for
robust econometric specification, separation of the relative valuation
estimate into changes in the value of capital (the denominator) and
changes in the value of R&D (the numerator), and an industry-level set
of estimates.

20. Iensen {1993).
21. Hall (1993h, 1993c).
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The framework I nsed to explore the valuation of R&]) assets was a
simple hedonic regression originally praposed by Griliches:?

K,
(2} lOg Va'r"erir = 10g Q,:; = lOg q, + L A_” + €
q

t

where V,, is the total market value (debt plus equity) of the firm, A, is
the baok value of the physical assets, and K, is the R&D ‘‘capital,”’
constructed from the past history of R&D spending in the firm.?* The
coefficients estimated are g,, the market's valuation of book assets
(Tobin’s @}, and (v/q,), the valuation of R&D assets relative to ordi-
nary assets. Both coefficients were allowed to vary aver time to reflect
the fact that market premiums may (and do) change with the state of
the economy. Equation 2 is derived from a very simple model of market
valuation where the stocks are additive in value:

3) Vi = qA, + ¥ K, + V,

Equation 3 is transformed to the logarithmic form in equation 2 because
the extreme heteroskedasticity of V, makes estimates of equation 3
unstable and inefficient. The logarithmic approximation is justified be-
cause R&D capital is typically much smaller than ordinary capital, at
least in the large manufacturing firms normally studied.

As firms have become more R&D-intensive, however, and smaller
high-technology firms have entered the sample, the logarithmic approx-
imation becomes harder and harder to justify and more and maore sen-
sitive to outliers im the variables on the right-hand side. Therefore,
specification experiments (such as testing for heteroskedasticity and
examining influential outliers) were performed using equations 2, 3,
and a third alternative:

K, .
(4) (vx‘:‘{Aa'r) = Qa‘r = q.r + ﬁ!l.r _'A—_ + mi’r'
it
Estimates based on equation 4 but using robust estimation methods,
least absolute deviations (LAD) estimation, were preferred, and there-
fore all estimates reported in this section are of this type. They are

22. Hall (1993b, 1993c¢); Griliches (1981).

23. A decliming balance formula with a depreciation rate of 15 percent is vsed, to
be consistent with previous work using this constructed capital. See Hall (1990) for
details.
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more robust than those based on equations 2 and 3 and have the advan-
tage that the R&D valuation coefficient is a direct estimate of the ab-
solute market value of R&D, rather than a relative value.

Because the focus here is on the productivity of R&D and on the
comparison of results for the 1980s with those from earlier periods, the
sample of firms used to estimate the regression in equation 4 and
throughout this paper differs samewhat from that 1 used in the two
earlier 1993 papers.? First, three groups of firms have been excluded:
firms with foreign ownership that are listed on one of the U.S. ex-
changes (about 100 firms), nonmanufacturing firms {a few that appeared
in the sample because they were in the original sample of firms reporting
R&D; see appendix B for details), and firms in the aircraft and aero-
space sector (about 340 firms in SIC 372 and 376). These latter firms
are those most affected by defense-related government R&D, which is
expected to have quite a different effect from privately funded R&D on
productivity and profitability.*’ Second, 1 have extended the panel back
to 1959 and included all the information in the original Griliches-Mai-
resse sample but have restricted it to include only firms that perform
R&D.* This presents no serious sample selectivity problem after about
1974 (see appendix B), but before then only a fraction of firms that
perform R&D actually reported their R&D expenditure publicly. I have
verified that the sample change does not affect the results shown in
figure 1 appreciably except in the very early years (up until 1973). More
to the point, including only those firms that perform R&D makes little
difference to 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 spending as a proxy
for R&D capital.?” If the R&D spending variable is capitalized at six

24, Hall (1993h, 1993c¢).

25. Bee Griliches (1980a, 1986) and Lichtenberg and Siegel {1991) for evidence that
this is the case. In principle, the Compustat R&D numbets that I am using do not include
government-funded R&D, so my results should not be biased when these firms are
included, but reporting error is inevitable, and there are also conceptual difficulties in
attempting to separate the roles of the two kinds of R&D in the performance of these
firms.

26. Griliches and Mairesse (1984).

27. The figure shows a set of estimates for g, and y, based on year-by-year regressions
of the form shown in equation 3. Although there are separate estimates for ¢, from the
two different specifications {one using the R&D spending and the other, the R&D stock),
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Figure 2. Market Valuation of Corporate Assets in the U.S. Manufacturing Sector,
R&D Firms, 1971-90
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times the flow (note the relative scales on the figure), the results are
remarkably close, no matter which variable is used in the regression.
This reflects the high correlation between R&D stock and flow in the
cross section; as [ will show later, this high correlation makes it ex-
tremely difficult to identify valuation separately for “‘new’’ and *‘old”’
R&D.

The substantive result in figure 2 is the decomposition of the decline
in the relative valuation of R&D assets during the 1980s into two
components: a doubling of the value of ordinary assets from a Q of 0.6
at the beginning of the 1980s to around 1.2 at the end, and a decrease
in the value of R&D assets from approximately 1.5 to about 0.4 (a
factor of more than three). Although the R&D coefficients are impre-
cisely estimated and fluctuate a great deal, the underlying message of
the figure is too large in magnitude and too consistent over the last few
years to be ignored.,

In view of the discussion of restructuring and exit in the last section,

these are so close together that I have shown only one on the figure, that for the R&D
stock equation.
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figure 2 has a fairly clear interpretation. Throughout the 1970s the
equity markets were signaling that manufacturing had an excess (or the
wrong kind of) capacity, with a ratio of market to book value of about
0.6. This took a remarkably long time to correct itself, and not until
the restructuring wave of the mid-1980s did @ 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 critiqued the operation of cor-
porate governance systems during the recent past.®

During this same period, the equity markets were also signaling
rather strongly that firms were underinvesting in R&ID assets, with a
coefficient above unity between the end of 1978 and the end of 1985.
Although it took time to bring the market price of R&D assets down,
firms began to respond to these signals almost immediately. The rate
of change of R&D intensity began to accelerate about 1979 (see figure
1). Since 1986 R&D intensity has continued to increase, but at a slower
rate, and the value of R&D assets has fallen steeply, to a level of about
0.4. This raises two questions: first, was the market right in the early
1980s that R&D investment would yield supranormal returns, and sec-
ond, if so, should the current discount be viewed with alarm? The next
section tries to answer these questions with a look at the actual produc-
tivity of this R&D investment.

Ta investigate these basic findings more thoroughly, the firms were
divided into six broad technology sectors: chemical-based (chemicals,
oil, and rubber and plastics),?® pharmaceuticals and medical instru-
ments,*® electrical (electrical equipment and scientific instruments),*!
computers (computing equipment and electronics)?” machinery (metals,
machinery, autos, and engines),*® and a miscellaneous category (food,
textiles, and apparel; lumber and wood; paper and printing; stone, clay,
and glass; and miscellaneaus manufacturing).?* Figure 3 summarizes
the estimates for the six sectors in the same format as Figure 2. Despite

28. See, for example, Allen (1992}, Black (1992, forthcaming), Grundfest (1993),
and Jensen (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 2027, 31, 32, 39.
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Figure 3. Valuation of Corporate Assets by Industrial Sector, 1971-90
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considerable noise in the estimates, which is characteristic of estimates
based on stock market prices, the figure shows several interesting findings.

First, although timing varies slightly, Tobin's @ for all the sectors
rose from a discount in the mid-1970s to values slightly above unity by
the end of the 1980s. Adjustment seems to have come slightly more
quickly in the high-technology sectors of electrical and computing (and
possibly pharmaceuticals). Second, the valuation of R&D assets rose
in chemicals, machinery, and miscellaneous industries, from a low of
around zero in the mid-1970s to parity with ordinary assets by the end
of the period. These sectors are Chandler’s ‘‘stable’” and “‘low’” tech-
nology sectors,* which were subject to so much restructuring pressure
during the 1980s. They are the same industries where the restructuring
activity between 1978 and 1987 affected firms that had some R&D
investment.*8 Finally, the high-technology sectors show contrasting re-
sults. In pharmaceuticals the value of R&D assets remained above unity
throughout most of the twenty years between 1971 and 1990, although
it fluctuated greatly when a wave of biotechnology firms entered the
sector. In contrast, the value of R&D assets in the electrical and com-
puting sectors fell rather suddenly between 982 and 1984, from parity
with ordinary assets to a very substantial discount (about 80 percent in
the electrical sectar and 100 percent in the computing sector).

Thus, the trends shown in figure 2 result from a combination of
factors: general excess capacity to which the high-technology sectors
adjusted more quickly than elsewhere, coupled with a demand for more
R&D investment in these sectors and less in the traditional manufac-
turing sectors. By the end of the period, a kind of equilibrium seems to
have been reached, with the very important exception of the electrical
and computing sectors, where R&D assets are nearly worthless. The
finding that motivated the investigation here seems, in fact, to be con-
fined to these sectors.

Increase in Obsolescence or Decline in Margina! Product?

A central problem in analyzing the time pattern of returns to R&D
has always been the fact that R&D investment at the firm level is a very

35. Chandler (forthcoming).
36. Hall (1991).
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smooth series relative to other firm-level variables such as sales, em-
ployment, and ordinary investment.*” This fact makes it difficult to
estimate depreciation or obsolescence rates for R&D capital, let alone
changes in those depreciation rates over time. The work reported here
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
entered into a market value equation to see if they are priced differently
over time and in different industries. The conclusions drawn are nec-
essarily qualitative because it is not possible to estimate a detailed
model that would actually identify the varying depreciation rates. Even
the coarse estimation results presented here are not without interest,
however, and they do help in interpreting the recent changes in indus-
trial R&D performance.

In appendix A, an expression for the ratio of the market value of a
dynamic profit-maximizing firm to the baok value of its tangible assets
(Tobin’s Q) is derived using the methods of Hayashi and Inoue.? Under
various assumptions discussed in the appendix, this equation can be
written

PV (rents from future [}
Air

3 Q.

Ar';i

+ PV (rents from future R)) + T,
A, p+ 8,

it

where { denotes firms, ¢ denotes years, and PV (-) is the present dis-
counted value at time 1.*® 1t is the marginal product of R&D capital,
and &, is the rate of depreciation of the private returns to R&D. The
K1A term enters because of the failure to account for the value of the
intangible technological assets in the book value of firm i; note that if
K, is properly measured and equation 1 holds, its coefficient in a regres-
sion based on equation 3 will be unity. A finding that the coefficient is

37. See Hall, Griliches, and Hausman (1986) for evidence on this point, and Hall
(1992} for a comparison of ordinary investment to R&D investment.

38. Hayashi and [noue (1991).

39. 1 have suppressed the capital prices in this presentation, because the variables
themselves will be measured in current dollars. A full development with prices js shown
in appendix A.
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less than unity implies either that =, is lower than expected at the time
of investment or that &, 1s higher.*

The estimation problem is to find suitable proxies for the present
discounted value of the rents from ordinary and R&ID capital. Under
the assumption that the cross-section regression for Tobin’s Q repre-
sents 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
to maintain the current capital stock: I, — 8,4,,_ and R, — 8:,K,,_,.*

Therefore, the stock of R&D is decomposed into two components:
the ratio of net new R&D investment (R — 8K _ ) 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 abserved 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 year-
by-year regressions of the following form:

I. — 8§,A,
(6) Q, = intercept + Blr(_”-"_;i_!i:g
(R‘.’ - SRKfr—l] K“—l
+ ) -y
Bz.- A" Bar A"

The depreciation rate 8, is set equal to 0.15, which is the value used to

40. In practice, interpretation is not quite this simple, since X itself is constructed
using an assumed depreciation rate that may be counterfactual. However, because the
depreciation rate is changing over time (possibly slowly) and R&D is typically growing,
the effect of the measurement error in K will be somewhat mitigated. If X were system-
atically overestimated because the true depreciation rate is higher, the coefficients re-
ported here would be biased upward, and the true decline in the coefficient of X in this
regression during the 1980s would be even greater.

41. Cockburn and Griliches (1988) used this decomposition for R&D capital in a
study based on a crass section of the same firms in 1980. They obtained results thar
were similar, but with lower coefficients, possibly because they also included two-digit
industry dummies and patents stocks in the regression. Hall (1993¢) finds that industry
dummies tend to lower the flow coefficient by about 30 percent and the stock coefficient
by more than 50 percent, which is consistent with the Cockburn and Griliches results.
However, the dummies do not affect the decline in the R&D coefficients during the
1980s very much. Because part of the variation across industries in valuation is due to
R&D performance, it seemed appropriate here to focus on cross-industry comparison
rather than simply removing industry effects.
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Figure 4. Market Valuation of R&D Assets, U.S, Manufacturing, R&D Firms,
1972-90
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construct the stock variable X, and the depreciation rate of ordinary
capital &, is set to 0.10. Other variables, such as cash flow to assets,
sales growth to assets, and advertising to assets, can be included in this
regression without changing the results reported here very much.

The estimated values of 3,, and B, for equation 6 are plotted in figure
4. Note the two scales, which have been chosen so that the flow of new
R&D is capitalized at the rate implied by figure 2 (approximately 6.4).
This figure clarifies somewhat an earlier finding.** The gap between the
value of incremental new R&D and old R&D capital is wider than when
the flow and stock are considered separately, and the stock has explan-
atory power beyond that from its correlation with the flow. In a steady-
state equilibrium and if the actual private depreciation rate of R&D
capital were equal to 0.15, both coefficients would be expected to be
unity (after adjusting for the capitalization rate). In fact, bath parts of
this assumption fail: although the stock coefficient begins near 1 (with
substantial fluctuation around the oil price shock) in the early 1970s, it
falls to around 0.3 by the end of the period, which implies depreciation

42. Hall (1993b).
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rates much higher 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
firm is growing rather than in a steady state, and falls to slightly above
[ by the end of the period. The implied ‘‘cap’’ rate for the incremental
investments falls from around [0 to 2. The overall message is still the
same as in the earlier papers: by the late 1980s, both old and new R&D
are valued at about one quarter of what they were worth in the 1970s.

When the firms are divided into the very aggregated technology
sectors of figure 3, the estimates (not shown) become quite imprecise,
but some patterns begin to emerge. First, the pharmaceutical industry
is unique among the sectors, in that the value of both new and old R&D
declined very little during the entire period, although it fluctuated sub-
stantially, particularly with the emergence of the biotechnology indus-
try in the mid-1980s.

Second, chemicals, machinery, and the miscellaneous industries all
showed a tendency for the value of old R&D assets to rise from zero in
the 1970s to slightly below | by the end of the 1980s. That increase
agrees with the restructuring evidence that these were the sectors where
firms were under pressure to shrink their R&D assets. The value of
incremental new R&D spending fluctuates greatly throughout the two
decades, ending up higher overall in chemicals and lower in the other
twa sectors, but with no clear evidence of a time trend in any of these
sectors.

Finally, the decline in the value of R&D assets in the electrical and
computing sectars is a combination of zero valuation on old R&D
capital since around 1980, and a continuous decline in the value of new
investment, which began at the same time. The decline was earlier and
steeper in the electrical sector and quite sudden (in 1984) in the com-
puting sector.

It is hard to escape the conclusion that the differing nature of the
competitive challenges in these sectors may have something to do with
the apparent differences in the returns to R&D. The electrical and
computing sectors have been subject to considerably more entry and
competition {much of it of the lower-cost foreign variety) than the
chemical and pharmaceutical sectors, and this seems to have been re-
flected in more rapid write-offs of the intangible assets created by R&D
investment. In the electrical and particularly computing sectors, product
cycles have speeded up, giving less time to reap the returns to R&D,
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and imitation has in some cases been quite successful and fairly im-
mediate, increasing the private rate of obsolescence. Even the entry of
domestic firms into these sectors has been sizable during the period. In
1980 firms in these sectors made up 21 percent of all publicly traded
manufacturing firms (27 percent in terms of employment). By 1990
they made up 28 percent of the whole sector and 35 percent in terms of
employment.

In contrast the R&D capital in the pharmaceuticals industry seems
to have been expected to yield profits on a par with its cost throughout
the period, perhaps because this is the one industry where intellectual
property protection is highly successful. The remaining industries (ma-
chinery and miscellaneous) experienced a substantial restructuring dur-
ing the 1980s, which has, if anything, raised the value of their R&D
assets. In the next section I examine whether the measured rates of
return to R&D in these industries support these interpretations.

The Contribution of R&D to Total Factor Productivity

Under the reasonable assumption that investors favor higher returns
over lower, the stock market places a value on R&D spending because
of its role in increasing profits and, ultimately, dividends. It is custom-
ary to divide these increases into two major areas for the purpose of
analysis: reductions in cost, which come from improving the efficiency
of production, and increases in revenues, which come from the intro-
duction of new products and impravements to the old.*® To the extent
that the firm is able to capture the returns to the introduction of new
products (through various appropriability mechanisms such as the pat-
ent system), both sources of increased profits will generate private
returns to R&D spending. It is natural to ask whether the apparent
decline during the 1980s in the market's expectation of the dividends
to be generated by R&D investment had a basis in the measured con-
tribution of R&D to productivity growth during the period.

To answer this question, a series of production function estimations
were performed, using the now standard growth accounting framework

43. See, for example, Griliches (1979).
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with R&D capital as one of the inputs.** The equation estimated was
the following:

(7) log Sl’! o log Lr’r + B log Nir + ‘Y l()g Kr'r
+ time dummies { + firm effects),

where [ denotes firms, ¢ denotes years, § is deflated sales, L is the
number of employees during the year, and N and X are ordinary capital
and R&D capital, respectively, both measured at the beginning of the
year.*® The R&D capital, X, has been constructed from R&D invest-
ment using a declining balance formula with a depreciation rate of 15
percent.*¢ Equation 7 was estimated in levels and using one-year growth
rates of all the variables (differenced logarithms).*” Growth-rate esti-
mates typically show evidence of substantial downward bias from ran-

44. See Mairesse and Sassenou (1991) for a survey of previous results ohtained
using this methadalogy.

45, Obviously, the precise choice of variables was dictated by data availability, and
the underiying quantities therefore were inevitably measured with substantial error.
Whete the results can he compared with published results that used the somewhat better
data available from the Census of Manufactures (Griliches 1980a, 1986, Lichtenberg
and Siegel 1991), they are reasonably close. The most important difference between the
data used here and the data called for by the madel concerns the dauble counting of
R&D expenditures (Schankerman 1981): spending on R&D is compaosed primarily of
the wages of scientists and engineers who are also included in the employment variables
and investment in capital, which is included in the firm’s capital stock. Therefore, the
measured elasticity of sales with respect to R&D capital X is an elasticity that is in
excess of the elasticity of sales with respect to its components. Several researchers with
access ta better data than those used here have estimated the bias in vy that is praduced
by this mismeasurement and found it to be relatively stable across time and on the arder
of 0.06 within firm {Schankerman 1981 ; Cuneo and Mairesse [984; Hall and Mairesse,
forthcoming). In considering the elasticity estimates in this paper, it is therefore appro-
priate to add such a factar to the R&[D capital elasticity to obtain an estimate that mare
accurately reflects the total productivity of R&D investment.

46. See Hall (1990) for more details on the data set construction.

47. Level estimates of the praduction function in equation 6 will be contaminated
by the presence of “‘heterogeneity bias'' if firms or industries that are productive for
other reasons are also those that spend resources on research and development, either
because they have more funds available for investment (for example, the free cash flow
story) or for other reasons. Such a situation implies that there will be permanent differ-
ences across firms in the relationship described in equation 4 that are correlated with
R&D capital and will tend to hias its coefficient upward when the equation is estimated
in levels. Thus, many researchers prefer to use firm-level growth rates (logarithmic
differences) to estimate the relation, and I follow this tradition here, although there is
conflicting evidence in table ! on the importance of heterogeneity bias, at least for R&D
capital.



