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3 The Effect of Takeover
Activity on Corporate
Research and Development
Bronwyn H. Flail

3.1 Introduction

Economists generally agree that research and development activity
is an important factor in the long-term growth of the economy. The
purpose of this paper is to explore the effects on corporate research
and development of the recent increase in takeovers in the United
States. R&D is interesting in this context because the firm's decision
to invest in these activities is viewed as a long-term commitment. If a
wave of mergers distracts managers from all but decisions for the near
term, we might expect that R&D performance would cease to be optimal.

To shed some light on this question, this paper uses evidence on the
characteristics of mergers that actually take place. To quantify the role
of R&D in acquiring and acquired firms, I explore the factors that
determine the probability of an acquisition as well as the valuation of
these factors at the time of the takeover. The model of acquisition
choice I have built for this purpose is tractable for estimation and allows
for heterogeneity across firms and therefore unique synergies to a merger.
In particular, different targets are worth different amounts to acquiring
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firms, and the highest valuer is the one most likely to make the relevan
acquisition, in fact,

The question whether increased merger activity is a good thing for Altei
the economy in general remains unresolved and unlikely to be resolved COWS"

by focusing solely on the experience of the firms involved. Jensen (1986)
and others have argued that mergers represent an unambiguously pos- cash fi
itive shifting of assets into their best use and provides the best mech- such t
anism for ensuring that managers act in the shareholders' interest. A howev
more neutral view would be that the level of merger activity is just a rate
by-product of this asset shuffling and has no particular externality; it of the
fluctuates from time to time in just the same way as the number of a now
shares traded on the stock market fluctuates from day to day. The Sorn
negative view, associated with Scherer (Ravenscraft and Scherer 1986), same d
sees acquired entities ("fines of business" in his empirical work) as that fir
almost always suffering declining profitability after merging, and Scherer prospe
inferred from this result the conclusion that increased acquisition ac- other fi
tivity is likely to be a wasteful thing for the economy as a whole. that fir

Roll (1986) provided what is essentially an efficient financial markets in
the phenomenon observed by Scherer, although that

was not his specific aim. He claimed that we see the transactions only produc
where the managers of acquiring firms misperceive the value of the term ii
target firm as too low. Hence, according to Roll, even under efficient flounce
markets we find more negative surprises than positive ones. This pic- that th
ture of acquisitions implies that an increase in mergers is associated On t,
with an increase in corporate "hubris" (Roll's term), which is not good of
for the economy as a whole. But for this view to hold in the presence for Tot
of efficient markets, the offer made by an acquiring firm should be was pc
associated with a drop in its share price, since shareholders should be ficient
capable of divining that the decision to buy is likely to be a bad one of arot
The existing evidence on returns to the bidding firm does not seem other i
consistent with this. book v

Is merger activity likely to have a negative effect oh R&D perfor- a large
mance? One reason it might is substitution. If firms with large amounts merger
of cash would rather spend it than return it to shareholders in the form control
of dividends, we would expect R&D and acquisition to be substitutes the
for these firms. An increase in the attractiveness of acquisition oppor- intensil
tunities would depress spending on internal investment, including R&D. sured,
Takeovers and R&D may be substitutes on the real side as well. There sample
are two ways to acquire knowledge capital: either by investing within for exa
the firm (an R&D program), or by purchasing another firm after its In th
R&D program has yielded successful results. The latter strategy has the atti
the advantage that more information is available about the output of ther,
the R&D, activities that tend to be highly uncertain. Under the two and tat
assumptions of no scale economies or diseconomies in R&D over the the

L
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ke the relevant range and perfect capital markets, the two strategies should,
in fact, be perfect substitutes for the firm.

ing for Alternatively, the view that some acquisitions are used as "cash
cows" to service the debt incurred to finance them also implies a

i(l986) negative effect on R&D activity. An easy way to increase short-term
ly pos- cash flows at the expense of long-term profits is to cut spending on
mech- such things as R&D. Evidence that this indeed takes place is not,

rest. A however, evidence that it is the wrong thing to do. The long-mn profit
just a rate may not have been high enough to justify the premerger R&D level

ility; it of the acquired firm, and cutting back on R&D may be precisely what
iber a now presumably better management should do.
y. The Some evidence exists on a few of these questions. Using roughly the
1986), same data as mine, Addanki (1985) found no support for the hypothesis

)rk) as that firms with larger R&D programs were more attractive acquisition
cherer prospects. If anything, innovators were less likely to be acquired than

ion ac- other firms. A Securities and Exchange Commission study (1985) found
Ic. that firms that were taken over invested less in R&D than other firms
iarkets in their industry. The authors of the study did not control for size,

that however, which could account for some of the result. The same study
is only produced a related piece of evidence on the market valuation of long-
of the term investments such as R&D: The 20-day excess return for an an-

fficient nouncement of an increased level of R&D was 1.8 percent, suggesting
us plc- that the market placed a positive value on such announcements.
)ciated On the other hand, for a sample of 1,337 Industrial File firms in 1976,
ut good of which 301 were acquired by 1983, I found that once I had controlled
esence for Tobin's q at the beginning of the period, the R&D-to-assets ratio
uld be was positively related to the probability of being acquired. The coef-

be ficient was consistent with a shadow price for the R&D capital stock
.d one. of around 0.6 times that for the physical capital stock of the firm. In
t seem other words, firms for which the measured ratio of market value to

book value was high because they also had intangible assets, such as
Derfor- a large R&D program, were more likely to exit from the sample by
aounts merger, ceteris paribus. In this version of the probability model I did
e form control for size, so that the R&D effects would not be confounded by
titutes the negative correlation between the size of the firm and its R&D
oppor- intensity. Nonetheless, the coefficient was rather imprecisely mea-
R&D. sured, and the results tended to be sensitive to the exact choice of
There sample (whether or not the sample included firms traded over the counter,
within for example).
ter its In this chapter, I investigate these somewhat inconsistent results on

has the attractiveness of R&D-intensive firms as takeover candidates fur-
put of ther, as well as some of the other issues related to R&D performance
te two and takeover activity. To this end I have assembled a data set on all
er the the publicly traded U.S. manufacturing firms that were acquired between
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the years 1976 and 1986 in order to examine the pattern of the acqui- I assu
sjtjOflS and mergers. In particular, were the acquired firms more or less uration
R&D intensive than others in their industry? What were the charac- environ
teristics of the acquiring firms, and what kinds of synergy favored the targets,
merger? What happened to R&D at the new, larger firm, and is there Each flu
any evidence that the acquisitions took place partly to reduce R&D increme
expenditures because of scale economies or other reasons? Finally, is configut
there any evidence that R&D winners (successful innovators) were that onl
being singled out by the mergers and acquisitions process, suggesting i (that
that this is how successful innovators capture the appropriate rate of
return? (I)

3.2 Modeling the Acquisition Decision
where I

In modeling takeover activity, I view it as a response to changes in ensures
states of the world (such as technology shocks) that make some assets acquire
less productive in their current use than they would be in some alter- acquire
native use. Because of information lags, transaction costs, or whatever, Equa
these assets do not move continuously into their optimal use, and so by a c
the shocks induce a disequilibrium that is resolved by other firms' Manski
purchasing discrete bundles of the assets. In other words, merger ac- see
tivity is the result of a rearrangement of productive assets in response analog
to changes in the available technology, or, in the case of the domestic (Lanca
manufacturing sector, to changes in the nature and level of competition sitions
from the rest of the world.' portan

I begin by denoting the value of the assets of a particular firm as indirec
V(X) = V(XI,X2, . . .), where X is a vector of the characteristics of be pri
the firm, such as its capital stock, R&D stock, industry, tax charac- j will p
teristics, and so forth. The value function V can be thought of as the The er
present discounted value of the revenue streams that could be generated about
from these assets either alone or in combination with other assets. For finds it
the moment I do not necessarily identify V(X1) with the current stock piece
market value of the firm, although in a world with fully informed, large I

rational shareholders and efficient markets, V(X1) would of necessity show I
be the price at which this bundle of assets traded. The reason I do not highes
make this assumption here is the well-known fact that acquisitions take metric
place at a significant positive premium over the preannouncement stock will ev
market value (Jensen and Ruback 1983, and the references therein), stock,
This fact implies that some agents place a higher value on X1 than the The
market does. Thus, it would be a mistake to impose at the outset a there
constraint that the market for corporate assets is in a fully informed the ty
equilibrium, since it is the disequilibria that drive the acquisition pro-
cess. The implications of this assumption for the estimation strategy econo
will be clarified after I present the model.
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acqui- I assume that in each period (a year, in my data) the optimal config-
or less uration of corporate assets changes because of shocks to the economic

charac- environment. The acquiring firms are subscripted f, and the possible
red the targets, which consist of my entire sample of firms, are subscripted i.
•s there Each firm in my sample can acquire any other firm; if it does so, the
e R&D increment to the value of the acquiring firmj attributable to the new
rally, is configuration of assets is denoted If we assume for the moment
) were that only one acquisition is possible in each period, firmj will buy firm
gesting i (that is, I and I will find it beneficial to combine) if
rate of

(1) V k E Sample

V,(X,)- P1 � 0

where P1 is the pricef will have to pay for i's assets. The last conditions
in ensures that there is a positive gain from the acquisition; many potential

assets acquirers will find that it holds for none of the targets and hence will
alter- acquire no firms during the period.

atever, Equation (I) is similar to the equations that define product choice
and so by a consumer in a random utility choice model (McFadden 1973;
firms' Manski and McFadden 1981; Train 1986; and references therein). To

ac- see this, think of the asset aggregation function (Vs) in this model as
ponse analogous to consumer utility expressed as a function of the underlying

mestic (Lancastrian) characteristics of the good. Thus, the market for acqui-
etition sitions resembles the market for differentiated products, with one im-

portant difference. In the consumer demand literature, price enters the
kim as indirect utility function directly, since the consumers are assumed to
tics of be price-takers. In this market one cannot assume that the price firm
harac- j will pay for the assets is independent off's attempt to purchase them.
as the The empirical evidence is that by making a bid, firmj reveals something
erated about the value of the assets that was not previously known and hence
s. For finds it necessary to bid above the current trading price. In a companion
stock piece (Hall l987b) I derive the equilibrium price in a market with a

rmed, large finite number of unique, differentiated buyers and sellers and
essity show that it will lie somewhere between the value of the good to the
lo not highest valuer and the value to the next highest valuer. In the econo-
s take metric work here I assume that the price at which the potential acquirers
stock will evaluate the purchase is not P1, the current trading price of firm i's

stock, but an unobservable V(XJ, which is a function of the assets X1.
in the The advantage of viewing the acquisition decision in this way is that
tset a there exists a large body of literature on which we can build to describe

the types of mergers that take place and how the characteristics of
I pro- targets are valued by different buyers. That is the literature on the
ategy econometric estimation of models of the demand for differentiated

products. Although I frequently use the language of consumer demand
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to describe the acquisition decision throughout this paper, the reader the sub
should bear in mind that because price is not exogenous, what is ac- are Col
tually being estimated can be interpreted as an equation determining
the gains from particular mergers, ones in which the buyers and sellers (4)

are treated symmetrically, rather than as an equation describing the
whe

demand of an acquiring firm for a target.
butiAn estimating equation is derived from the conditions in equation

(1) by partitioning the gain to firmj from the acquisition into observable D ha
and unobservable components: as

altern

and by letting have an extreme value distribution. If the terms are
Si

independently distributed across the alternatives, one obtains the usual FOa

multinominal logit probability that an acquisition will take place: to

3 p b — as wri
( ) (j uys i C)

— >..exp[f(XJ,Xk)] ' extrer
ke becau

where C is the entire pool of firms. The likelihood function is formed like t

by multiplying these probabilities and conditioning on the observed possit

characteristics of the acquirers and the potential targets.2 case.

At this point the alert reader will notice that the choice set c is very probl

large; it potentially includes any firm in or outside the United States. gains.

Even if I confine the choice set to my data set, it consists of more than (5)
2,000 firms, which raises questions as to the feasibility of econometric
estimation and the validity of the hA assumption. Fortunately, Mc- rathe
Fadden (1978) has examined the large choice set problem and suggested value
two approaches for dealing with it. The first solution is to construct a estim
nested logit model, which describes the choice from 2,000 alternatives
as a hierarchical sequence of choices each of which considers vastly (6)
fewer alternatives. For example, I might hypothesize that firms first
choose the industry in which they wish to make an acquisition and
then choose among the firms in that industry. This solution requires wher
more a priori information, but it has the advantage that it gets around arithi
the hA problem somewhat. I have not chosen to use this model in my uatio
initial exploration of the data, however, because I wished to avoid subs
imposing too much structure on the choice problem at the outset.

The second solution suggested by McFadden for the problem of very Fo
large choice sets is simpler to implement, though possibly not the most funct
powerful or realistic in terms of its assumptions. One randomly samples stoci
from the unchosen alternatives and includes only a subset for each form
observation. McFadden showed that as long as the sampling algorithm modi
has what he called the "uniform conditioning property," and the choice for
probabilities satisfy the hA assumption, the estimates obtained using Cobt



75 Effects of Takeover Activity on Corporate Research and Development

eader the subset of alternatives and a conventional multinomial logit program
is ac- are consistent. The uniform conditioning property is defined as:

(4) If i,j E D C C, then 'rr(DIi,z) = ir(DIj,z),

the where D is the subset of alternatives used, ir is the probability distri-
bution used to draw D from C, and the z terms are the exogenous

iation variables of the model. The algorithm I used to generate my subsets
-vable D has this property, since my D consists of the chosen (numerator)

alternative augmented by a random sample selected from the other
I alternatives. The size of the D I used was seven, but this is obviously

an operation in which more experience and experimentation would be
are desirable.

usual For the econometric estimation of the model in equation (3) I need
to specify a functional form for The difficulty with this function
as written is that the gains from different acquisitions are likely to have
extremely heteroskedastic and possibly non-normal disturbances
because of the large size range of the firms in the data set.3 I would

rmed like to choose a specification that mitigates this problem as much as
possible, since the multinomial logit estimates will be biased in this
case. My solution to the problem is to specify the acquisition choice

ver problem in terms of rates of return to acquisitions rather than total
gains. This specification implies a condition of the form:

than (5) 1P1 > VJ(Xk)/Pk
tetric

Mc- rather than equation (1). By using a multiplicative disturbance for the
ested value functions and then taking logarithms, I arrive at the following
uct a estimating equation for the econometric model:
lives
vastly P b

— —

first — v(Xk)J
kEiand

luires where the lowercase v denotes the measurable component of the log-
:ound arithm of the valuation function. The subscripted v denotes the val-
fl my uation from the perspective of the acquiring firm, whereas v without a
avoid subscript is the function describing the equilibrium price at which the
t. firm's assets will trade.
very For the econometric estimation I model the logarithm of V as a
most function of firm characteristics, including the logarithm of the capital
nples stock, R&D intensity, and the two-digit industry. The exact functional
each form I use is motivated partly by a simple intertemporal optimizing

nthm model of a firm with a given stock of assets A and partly by a desire
hoice for the tractability and interpretability of the estimating equation. A
using Cobb-Douglas price-taking firm with one type of capital for which there
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are adjustment costs, and with all other inputs freely variable, has a I then
value function acteristics

for firmj
(7) V(A)

a result of maximizing the present discounted cash flow, where r is interpretai
a scale parameter equal to unity in the constant returns case (Lucas timates ar
and Prescott 1971; Mussa 1974; Abel 1983,1985). In the absence of a
good model for the value function of more than one kind of capital (see 33 The
Wildasin 1984; Griliches 1981), I incorporate a second capital, knowl-
edge capital K, by the simple expedient of aggregating it with A, but The dal
with a freely varying coefficient: turing firr

the-Count
(8) V(A,K) = a0 (A + = a0 A" [1 + -y(K/A)]'. tures of ti
Taking logarithms, et al.

whole sar
(9) v(A,K) o logA + if log [1 + y(K/A)J

of a rollhi
u logA + cry (K/A). 1959 for

publicly t
Thus, the coefficient of size in my estimating equation can be inter- covera
preted as a scale coefficient, and that of R&D intensity as representing any one
a premium (or discount) the R&D capital receives in the market over 1,500 in
that of ordinary capital. Of course, to interpret the R&D coefficient in i used
this way, one must be careful to measure K and A in comparable stock firms hac
units. firmfon

Using the basic underlying model for the valuation of the assets of of 1977 t
the firms, I capture the synergy of combining the two firms in two pustat flu
different ways. The first models the gain from the acquisition
v(X1) as a linear function of the assets of the two firms and the distance Securitü
between them in asset space, such that: news rei
(10) v(X,) = XA3I + Xd32 + — X1R33, questior

reasons
where the X variables are the vector of variables describing the assets had bee
of the firm in question (for example, log A and [K/A]1). Because of the had cha
form of the multinominal logit probability, the coefficients of the ac- stored t
quiring firm's characteristics, 13k, will not be estimable since they cancel changec
from the numerator and denominator, so that only X1 and will Secunti
enter the Iogit equation in this case. In any case these coefficients will After
contain both terms from v(X,) and the linear terms from Vj(X1). (for exa

The second method for modeling the synergistic relationship between whose
the two firms starts from the notion that each acquiring firm has a value ization,

for the target firm i that is a different function of firm i's char-
acteristics, so that: by year
(11) vAX,) = + one
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has I then model the "shadow prices" 'yj as linear functions of the char-
a acteristicS of flrmf. This will imply that cross-products of the variables

for firmf and firm i enter the equation for the probability of a choice.
The advantage of this formulation is that it allows us to place a valuation

re interpretation on the estimated coefficients; in other words, the es-

Lucas timates are hedonic prices of the characteristics X.

e of a
al (see 3.3 The Data and Sample Statistics
:nowl-
4, but The data from which I draw my sample consist of 2,519 manufac-

turing firms that appeared at some time on the Industrial and Over-
the-Counter Compustat tapes over the years 1976—85. The basic fea-
tures of the 1976-based subset of this sample were described in Bound
et at. (1984) and Cummins et al. (1986), and the construction of the
whole sample is described in Hall (1987a; 1987c). The sample consists
of a rolling panel of firms, with annual data available as far back as
1959 for some firms; all firms are followed as long as they remain
publicly traded and therefore in the Compustat files, with the last year

inter- of coverage being 1985. The number of firms actually in the sample in
any one year declined from a high of about 2,000 in 1976 to around

over 1,500 in 1985.
ent iii I used four sources of information to identify the reasons why 875
stock firms had exited the file as of 1985, as well as the name of the acquiring

firm for all acquisitions: the Federal Trade Commission Merger Reports
ets of of 1977 through 1980; a list of around 400 acquisitions involving Corn-
1 two pustat firms supplied to me by Auerbach and Reishus (for more detail

— see Auerbach and Reishus 1985; 1987); the 1986 Directory of Obsolete
tance Securities; and Standard and Poors' Corporate Records, which provide

news reports indexed by firm name every year for the entire period in
question. This research yielded a nearly complete breakdown of the
reasons for exit. Of the 875 firms that had left the sample by 1985, 601

ssets had been acquired, 94 had gone bankrupt or had been liquidated, 115
tIle had changed their name (and should have data for the new entity re-

stored to the file), 45 had been reorganized (the capital structure was
ance changed enough so that it was reported in the Directory of Obsolete

WI Securities), and 20 exits remained unexplained.
S WI After splicing in records for those firms whose names had changed

(for example, U. S. Steel became USX Corp.), and also for those firms
een whose CUSIP numbers and symbols had changed because of reorgan-

Va ue ization, I updated this distribution of exits and searched out the re-
C ar- maining unexplained exits. The final tabulation is shown in table 3.1

by year of exit. The most striking fact in this table is the well-known
one that the rate of acquisition rose between the late 1970s and the
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Table 3.1 The Number and Employment of Finns Exiting from the Publicly
Traded Manufacturing Sector, by Reason for Exit, 1976—86

Number of Firms (N) and Employment (E, in thousands)

Acquisition Acquisition Acquisition Liquidated
Total by Public, by Private, by Foreign or
Exits Domestic Firm Domestic Firm Firm Bankrupt

N E N E N E N E N E

28 92 24 89 I 0 2 2 2 0

55 256 35 165 5 6 II 81 2 2

42 243 20 204 13 22 8 16 I 0

33 131 23 80 5 14 2 7 I 14

59 353 31 270 5 IS 8 21 9 17

81 323 35 220 22 58 6 18 ii 16

67 190 23 72 23 47 7 36 Il 30

71 249 27 102 21 66 3 1 10 16

115 596 44 290 38 161 10 74 II 10

Ill 823 43 552 36 138 7 78 19 II

58 466 23 153 15 86 8 52 5 14

704 3,721 332 2,195 199 615 72 385 101 132

Note: The employment columns (E) show the total employment, in thousands, in the
firms during the year prior to their exit. The columns and rows do not sum because a
few exits remain unidentified as to reason for or year of exit.

1980s (note that my numbers for 1986 are undoubtedly incomplete). In

addition, a large part of the increase in the acquisition rate between

the 1976—81 period and the 1982—86 period is due to the increase in
acquisition activity by privately held and foreign firms. Weighted by
employment, those acquisitions tripled, while the acquisitions by pub-
licly traded firms increased by one-third. In this case acquisition by a
"privately held" firm means acquisition by a firm that does not file
10-K forms with the Securities and Exchange Commission on a regular
basis and therefore is not in the sample; some of these firms are le-
veraged buyouts by management or other investors (known as "taking
the firm private").

Because the privately traded acquisitors perform roughly half the
acquisitions, and these acquisitions are likely to be a nonrandom sample
(for example, they are on average about 50 to 60 percent smaller),
throughout the paper I will try to compare results for my subsample
of acquisitions with those for the whole sample. Unfortunately, it is
not in general possible to obtain data on the pre- and postacquisition
experience of these buyers, which is a limitation of this study.

Some simple statistics on all the acquisitions are presented in table
3.2a, where I show the industrial breakdown for the firms in the man-
ufacturing sector in 1976 and 1981 and for the subset of firms that were
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blidy acquired between the two periods 1977—8 1 and 1982—86. To give an
idea of the relative importance of acquisition activity by industry, I
also report the total employment in these firms. Judging by the per-
centage of an industry's employees who were affected by acquisition

uidated during both periods, the industries with the greatest activity were food,
or textiles, and machinery. In fact, over a third of the employees in the

nkrupt manufacturing sector subject to takeover were in these three industries.
E The other industries with a substantial number of employees involved

in acquisitions were rubber and plastics, fabricated metals, and ma-
chinery. There does not seem to be much of a pattern, except when

0 we look at the second period. There, the industries with the largest
14 acquisition share seem to be the older, somewhat technologically back-
17 ward industries that are in the process of upgrading to meet foreign
(6 competition. Is the acquisition activity in these industries primarily

oriented toward consolidation and shrinkage of the industry, or is there
10 also an attempt to buy smaller firms in the industry that have been
ii successful innovators? I will defer this question until we examine the

R&D-to-sales ratios of the stayers and exiters.
Of the approximately 600 firms that were acquired, I was able to

in the identify 342 that were acquired by firms in the Industrial or OTC Corn-
ause a pustat files; of these, there are about 320 for which I have good data

on both the buyer and the seller. This set excludes any firms that were
acquired by foreign firms, as well as those acquired by privately held

e). In firms. It does include nonmanufacturing firms that acquired firms in
ween the manufacturing sector. The characteristics of the subset for which
se in I have data on the buyer are given in Table 3.2b. Although these data
d by account for only half the acquisitions made during this period, they
pub- cover two-thirds of the employees involved in acquisitions (two million
by a out of three million). The table also shows the industrial distribution
t file of the firms doing the acquiring. There are fewer firms in this column
gular since some made more than one acquisition during the period.

le- Table 3.2b demonstrates that there is no overwhelming pattern to
'iking the merger and acquisition activity; the distribution of buyers and sell-

ers is quite different from industry to industry but not in a particularly
f the meaningful way. The largest share of firms were taken over in the
mple aircraft, machinery, and electrical machinery industries, while the air-
Iler), craft, electrical machinery, and petroleum industries had the largest
mple share of firms performing acquisitions. This last fact is a consequence
it is of the fact that these industries are also the ones with the largest number

ition of employees per firm on average.
In tables 3.3a and 3.3b, I investigate the differences in R&D intensity

table between exiting firms and those remaining in the industry, and then
man- between acquiring firms and those they acquired. Among those firms
were acquired by other firms in the publicly traded manufacturing sector,
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the difference in R&D intensity between the acquiring firms and the sified
acquired was insignificantly different from zero both in the entire man- sity is
ufacturing sector and in each industry taken separately. Only in primary

12
and fabricated metals is there a suggestion that the acquired firms were
doing slightly more R&D than those that remained. There is no evi- where
dence that the dominant pattern is either a weeding out of firms that

a culling of successful R&D projects. and R,
The firms acquired by private companies or by foreign firms did, The

however, have significantly lower R&D intensity than those acquired
by the manufacturing sector: 1 percent on average rather than 2 percent. some
This pattern persisted throughout the period; it was not a result of the ticular
rise in private buyouts in the latter part. It occurred partly because the co
these acquisitions tend to take place in the less R&D-intensive, more have
slowly growing industries such as textiles. With only one exception, machi
the petroleum industry, the industries with less than average R&D outsid
intensity were those in which private and foreign acquisitions were a are
larger than average share of all acquisitions. These industries, which pects
contain half the firms in the sample, accounted for 70 percent of the 1986 f
acquisitions by private or foreign companies. This suggests that the textile
recent increase in acquisition activity due to leveraged buyouts or other tronic
such private purchases is more or less orthogonal to the R&D activity sector
in manufacturing. Even if all such purchases resulted in the complete is per
cessation of R&D activity by the firm, this would amount to only around tivity
500 million 1982 dollars annually compared to expenditures on R&D of the
by the manufacturing sector of approximately 40 billion 1982 dollars

• annually, in the
R&D intensity does appear to have been lower in the acquiring firms acqui

than in the acquired ones; the firms sold had on average a higher R&D- of
to-sales ratio than those that bought them. But this finding is primarily differ
due to the 38 takeovers of manufacturing firms by nonmanufacturing leave
firms: here the firms were combined with an entity that probably did of the
considerably less R&D in its nonmanufacturing lines of business. At acqul
the industrial level, it is difficult to draw any strong conclusions because dude
of the relatively small samples. that t

The data in the columns labeled in tables 3.3a and 3.3b help highe
answer the question of what happens to the R&D program of the corn- than t
bined firm after an acquisition has taken place. In table 3.3a the AR/S fereni

for nonacquired firms is the average two-year change in R&D intensity accep
over the period for the firms in the industry. The AR/S for acquired nonm
firms is the two-year change in R&D intensity around the time of firms
acquisition for the firms involved in the acquisition, classified by the positi
acquired firm's industry. In table 3.3b the same quantity appears, clas- and fi
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the sified by the acquiring firm's industry. The preacquisition R&D inten-

ian- sity is computed in the following way:
iary (12) (R/S)pre + + S),
,ere
cvi- where i and j index the two firms involved. The conclusions are not
that changed by restricting attention to those acquisitions in which both
cts. and R1 are nonzero, so that the numbers presented are for all firms.
did, The individual industry data are difficult to interpret because of the
ired imprecision with which they are estimated, but there did seem to be
ent. some significant increases in R&D around the time of acquisition, par-
the ticularly in textiles, machinery, computers, and electronics. Viewed in

tuse the context of differing patterns of industry growth, this finding may
lore have different meanings for different industries. In the textiles and
ion, machinery industries for example, two-thirds of the acquirers were

outside the publicly traded manufacturing sector. The acquisitions here
re a are therefore a special group and perhaps reflected the improved pros-
iich pects for the remaining firms after the industry had shrunk. (See Schary
the 1986 for a more detailed study of the long-run reaction of firms in the
the textile industry to its declining profitability.) In computers and dcc-

ther tronics, however, almost all the acquisitions were in the manufacturing
vity sector, specifically in closely related industries, and the growth in R&D
lete is perhaps another indicator that the firms engaged in acquisition ac-
und tivity need to invest more rather than less in R&D to exploit the value
&D of their acquisitions.
lars Overall, however, there is little evidence of a significant difference

in the mean growth rates of R&D intensity between firms involved in
rms acquisitions and nonacquiring firms. Comparing the means is only part

of the story, however. It is possible that R&D intensities change in
rily different ways for different types of acquisitions in such a way as to
ring leave the mean growth rate unchanged. Figure 3.1 plots the distribution
did of these changes for all firms in the manufacturing sector and for the
At acquisitions only. Figure 3.2 plots the same distribution but also in-

use cludes the firms not engaging in R&D. These plots show some evidence
that the variance of the changes in R&D intensities was somewhat

ielp higher for the acquisitions and that more of them experience a decline
om- than the overall sample. Nonetheless, nonparametric tests4 for the djf-
RIS ference in the overall means of the AR/S data in tables 3.3a and 3.3b
sity accept equality in almost all cases (whether or not publicly traded
ired nonmanufacturing acquisitions are excluded and whether or not those

of firms doing no R&D are excluded). In only one case did a significant
the positive difference exist, that which included all publicly traded firms
las- and firms that engaged in no R&D, and here that difference resulted
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• Acquis.

All

1.25 1.75 2.25 2.75—1.75—1.25—0.75—0.250.25 0.75
Change In RIS %

Two-year change in R&D intensity at acquiring and nonac-
quiring firms in manufacturing, 1976—86
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Fig. 3.2 Two-year change in R&D intensity, with data including firms
not engaging in R&D, 1976—86

in only two of the four nonparametric tests. The same conclusion holds
looking at three-year changes around the time of acquisition (not re-
ported here). The conclusion is that there is no overwhelming evidence
that acquiring firms experience a change in R&D behavior around the
time of acquisition.

Because firm size is systematically related to both R&D intensity
and the probability of being acquired, the data in the preceding tables
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are difficult to interpret in detail. In the next section 1 therefore attempt
to quantify the determinants of acquisition further by estimating prob-
ability models with more than one explanatory variable.

3.4 Estimating the Probability of Entering the Acquisition Market

Before I present results for the full-blown multinomial logit model
of acquisition matches, I present estimates of the "marginals" of such
a model. These estimates are not marginals of the distribution of the
multinomial logit model in the statistical sense, since they cannot be

S obtained by aggregating over the choice set,5 but they summarize the
data from the perspective of the acquiring and the acquired firms sep-

nac- arately. They also provide an indication of the change in the sample
when I restrict the data to the approximately 300 acquisitions for which
I can observe both partners.

Assume that the reduced form for the probability of being acquired
in any one year can be written as a logit function of various firm
characteristics:

(13) P(i acq. in year tIX11,t)
= + a,)/[1 + exp(13X1, + a,)],

where X,, represents the characteristics of the firm. The estimates of
13 and a, can then be obtained with a conventional maximum likelihood
logit estimation. The same type of model can also be used to estimate
the probability that firmj will make an acquisition in year t, conditional
on the firm's characteristics Xi,.

The model of acquisition sketched in section 3.2 uses the assets of
4 the firms to predict their valuation and, hence, the gain from merger.

To keep things simple, I focus on two assets: capital. stock (including
all plant and equipment, inventories, and other investments), and the

ms stock of knowledge capital. These two assets tend to be the most
significant ones in a simple stock market value equation. For the buyers
and sellers in 311 transactions that took place between 1977 and 1986,
I have constructed estimates of the book value of the physical assets
in current dollars and the R&D capital held by those firms one year

ds before the acquisition, using the methodology described in Cummins
e- et al. (1985). Adjustments for the effects of inflation on the book value

of the physical assets have been applied, and R&D capital has been
depreciated at a rate of 15 percent per year (see Griliches and Mairesse
1981, 1983). I then deflated these variables to be in 1982 dollars, using
a fixed investment deflator and an R&D deflator (Cummins et al. 1985),
respectively, since I would be pooling across years.



T
ab

le
 3

.3
a

C
om

pa
ri

so
n 

of
 R

&
D

-t
o-

Sa
le

s 
R

at
io

s 
fo

r 
A

cq
ui

re
d 

an
d 

N
on

ac
qu

ir
ed

 F
ir

m
s,

 b
y 

th
e 

A
cq

ui
re

d
Fi

rm
's

 I
nd

us
tr

y,
 1

97
7—

86

In
du

st
ry

N
of

 F
irm

s

A
cq

ui
re

d
F

irm
s

N
on

aq
ui

re
d

F
irm

s
R

/S
 D

if
fe

re
nc

e

A
vg

.
i-S

ta
tis

tic
R

/S
A

 R
IS

R
IS

A
 R

IS

F
oo

d
T

ex
til

es
C

he
m

ic
al

s
P

ha
rm

ac
eu

tic
al

s
P

et
ro

le
um

R
ub

be
r,

 p
la

st
ic

s
S

to
ne

, c
la

y,
 g

la
ss

P
rim

ar
y 

m
et

al
s

F
ab

ric
at

ed
 m

et
al

s
E

ng
in

es
C

om
pu

te
rs

M
ac

hi
ne

ry
E

le
ct

ric
al

 m
ac

hi
ne

ry
E

le
ct

ro
ni

cs
A

ut
os

A
irc

ra
ft

In
st

ru
m

en
ts

Lu
m

be
r 

an
d 

w
oo

d
M

is
c.

 m
fg

.
T

ot
al

 m
fg

.
A

cq
ui

si
tio

ns
 o

ut
si

de
th

e 
sa

m
pl

e

26 II 19 17 8

11 10 12 25

6 18 31 18 27

6 ID II 23 25

31
4

25
4

.2
53

%
.1

58
1.

79

7.
21 .3

22
.5

73

.4
11

.6
23

.9
86

.8
26

5.
64

1.
12

3.
51

4.
07 .7

82
2.

12
4.

56 .3
45

.6
20

1.
97

0.
92

.0
6%

.4
1

'—
.2

1

.2
3

.1
4

—
 .0

4

.0
1

—
 .1

0

.1
6

—
.0

7

.4
8

.4
0

—
 .1

3

.8
8

—
 .1

2

.0
9

.3
5

.0
3

.0
4

.1
8

.1
60

%
.1

69
1.

80

4.
87 .3

37
.9

15
.3

72
.2

69
.5

63
1.

37

5.
32

1.
58

4.
40

3.
44 .7
66

2.
02

4.
10 .3

42
.3

40
1.

82

1.
82

.0
1%

.0
2

—
 .3

5

.5
9

.0
1

.0
6

.0
3

—
 .0

1

.0
2

.1
1

.2
6

.2
0

.4
0

.4
4

—
 .1

8

.2
6

.4
3

.3
2

.0
2

.1
6

—
 .0

93
%

.0
12

.0
15

—
2.

34 .0
16

.3
42

—
 .0

39

—
 .3

54

—
 .4

22

.5
47

—
 .3

19

.4
55

.8
93

—
 .6

31

—
 .0

16

—
 .1

07

—
.4

55
—

 .0
04

—
 .0

28

—
 .1

54

—
0.

90

—
 1

.5

0.
1

0.
0

—
0.

6
0.

1

0.
8

—
0.

2
—

2.
1

—
2.

3
1.

1

—
0.

1

0.
7

0.
3

—
0.

3
—

0.
0

—
0.

1

—
0.

2

—
0.

0
—

 1
.6

—
0.

4

—
3.

0

N
ot

e:
 R

IS
 is

 th
e 

de
fla

te
d 

R
&

D
-t

o-
sa

le
s 

ra
tio

. T
he

 d
ef

la
to

r 
fo

r 
sa

le
s 

is
 th

e 
pr

od
uc

er
 p

ric
e 

in
de

x 
fo

r 
fin

is
he

d 
go

od
s

(U
.S

. B
ur

ea
u 

of
 L

ab
or

 S
ta

tis
tic

s)
 a

nd
 th

at
 fo

r 
R

&
D

 is
 a

cc
or

di
ng

 to
 G

ril
ic

he
s 

m
et

ho
d,

 fo
llo

w
in

g 
Ja

ffe
 (

se
e 

C
um

m
in

s
et

 a
l. 

19
85

 fo
r 

de
ta

ils
).

 T
he

 c
ol

um
ns

 la
be

le
d 

"a
cq

ui
re

d 
fir

m
s"

 s
ho

w
 th

e 
av

er
ag

e 
R

&
D

-t
o-

sa
le

s 
ra

tio
 fo

r 
th

e 
31

4
fir

m
s 

th
at

 w
er

e 
ac

qu
ire

d 
by

 o
th

er
 fi

rm
s 

in
 m

y 
sa

m
pl

e,
 m

ea
su

re
d 

on
e 

ye
ar

 b
ef

or
e 

th
e 

ac
qu

is
iti

on
 (

R
IS

) 
an

d,
 fo

r
th

e 
co

m
bi

ne
d 

fir
m

, m
ea

su
re

d 
fr

om
 o

ne
 y

ea
r 

be
fo

re
 a

cq
ui

si
tio

n 
un

til
 o

ne
 y

ea
r 

la
te

r 
(A

 R
IS

).
 T

he
 c

ol
um

ns
 la

be
le

d
"n

on
ac

qu
ire

d 
fir

m
s"

 s
ho

w
 th

e 
av

er
ag

e 
R

&
D

-t
o-

sa
le

s 
ra

tio
 a

nd
 th

e 
ch

an
ge

 in
 th

at
 r

at
io

 fo
r 

th
e 

fir
m

s 
th

at
 w

er
e

no
t a

cq
ui

re
d,

 a
ve

ra
ge

d 
ov

er
 th

e 
19

77
 to

 1
98

6 
pe

rio
d.

 T
he

se
 d

at
a 

ar
e 

ba
se

d 
on

 s
ev

er
al

 h
un

dr
ed

 o
bs

er
va

tio
ns

 p
er

in
du

st
ry

. T
he

 la
st

 tw
o 

co
lu

m
ns

 s
ho

w
 th

e 
di

ffe
re

nc
e 

in
 R

IS
 b

et
w

ee
n 

th
e 

tw
o 

gr
ou

ps
 o

f f
irm

s 
an

d 
th

e 
i-s

ta
tis

tic
 fo

r
th

e 
hy

po
th

es
is

 th
at

 th
e 

di
ffe

re
nc

e 
is

 z
er

o.

Fi
rm

's
T

ab
le

 3
.3

b
C

om
pa

ri
so

n 
of

 R
&

D
-t

o-
Sa

le
s

19
77

—
86

R
at

io
s 

fo
r

A
cq

ui
re

d
an

d
A

cq
ui

ri
ng

 F
ir

m
s,

by
 th

e
A

cq
ui

ri
ng

—
.

R
/S

 D
iff

e
re

nc
e L

--



-
_-

. —
—

 —
S

—
—

—
—

ya
.

nr
a;

.. 
I

no
na

cq
ui

re
d 

fir
m

s"
 s

ho
w

 th
e 

av
er

ag
e 

R
&

D
-t

o-
sa

le
s 

ra
tio

 a
nd

 th
e 

ch
an

ge
 in

 th
at

 r
at

io
 fo

r 
th

e 
fir

m
s 

th
at

 w
er

e
no

t a
cq

ui
re

d,
 a

ve
ra

ge
d 

ov
er

 th
e 

19
77

 to
 1

98
6 

pe
rio

d.
 T

he
se

 d
at

a 
ar

e 
ba

se
d 

on
 s

ev
er

al
 h

un
dr

ed
 o

bs
er

va
tio

ns
 p

er
in

du
st

ry
. T

he
 la

st
 tw

o 
co

lu
m

ns
 s

ho
w

 th
e 

di
ffe

re
nc

e 
in

 R
IS

 b
et

w
ee

n 
th

e 
tw

o 
gr

ou
ps

 o
f f

irm
s 

an
d 

th
e 

t-
sl

at
is

tic
 fo

r
th

e 
hy

po
th

es
is

 th
at

 th
e 

di
ffe

re
nc

e 
is

 z
er

o.

T
ab

le
 3

.3
b

C
om

pa
ris

on
 o

f
R

&
D

-t
o-

Sa
le

s 
R

at
io

s 
fo

r 
A

cq
ui

re
d

an
d 

A
cq

ui
rin

g
Fi

rm
s,

 b
y 

th
e 

A
cq

ui
ri

ng
 F

ir
m

's
 I

nd
us

tr
y,

19
77

—
86 N

 o
f F

irm
s

A
cq

ui
re

d
A

cq
ui

re
d 

F
irm

s
R

IS
A

cq
ui

rin
g 

F
irm

s
R

IS
A

cq
ui

rin
g 

F
irm

s
R

/S

R
IS

 D
iff

er
en

ce

A
vg

.
1-

st
at

is
tic

F
oo

d
30

.3
20

%
.2

09
%

.0
7%

—
.1

11
%

—
1.

1

T
ex

til
es

1.
5

.2
76

.4
67

.1
91

0.
6

C
he

m
ic

al
s

18
3.

22
2.

69
.1

8
—

 .5
32

—
0.

7

P
ha

rm
ac

eu
tic

al
s

14
7.

33
4.

77
.3

1
—

2.
56

—
0.

9
P

et
ro

le
um

11
.8

64
.3

83
.0

6
—

 .4
81

—
 1

.5

R
ub

be
r,

 p
la

st
ic

s
11

.8
41

.9
21

II
.0

80
0.

2
S

to
ne

, c
la

y,
 g

la
ss

9
1.

11
1.

10
.1

2
—

.0
17

0.
0

P
rim

ar
y 

m
et

al
s

7
.0

84
.2

04
—

 .0
2

.1
20

1.
0

F
ab

ric
at

ed
 m

et
al

s
28

.8
49

.6
49

—
 .1

2
—

 .1
99

—
0.

6
E

ng
in

es
3

1.
18

2.
11

.0
6

.9
35

1.
1

C
om

pu
te

rs
10

6.
61

5.
76

.4
6

—
 .8

54
—

0.
6

M
ac

hi
ne

ry
21

1.
08

1.
24

.5
2

.1
61

0.
4

E
le

ct
ric

al
 m

ac
hi

ne
ry

23
3.

34
2.

00
.0

2
—

 1
.3

4
—

 1
.4

E
le

ct
ro

ni
cs

17
3.

92
4.

07
1.

88
.1

45
0.

2
A

ut
os

14
2.

59
1.

12
—

.0
5

—
1.

47
—

1.
1

A
irc

ra
ft

9
3.

97
3.

61
—

 .2
6

.3
61

—
0.

3

In
st

ru
m

en
ts

II
1.

79
3.

33
.1

2
1.

54
1.

9

Lu
m

be
ra

nd
 w

oo
d

10
.5

20
.3

04
.0

1
—

.2
15

—
0.

6

M
is

c.
 m

fg
.

18
-

.6
56

.1
79

—
.0

6
—

.4
77

—
1.

3

T
ot

al
 m

fg
.

27
9

2.
05

1.
68

.2
2

—
 .3

69
—

0.
9

N
on

m
fg

.
38

1.
38

.1
68

—
1.

21
—

3.
4

T
ot

al
31

7
1.

97
%

1.
50

%
—

.4
72

%
—

1.
5

N
ot

e:
 T

he
 tw

o 
co

lu
m

ns
 la

be
le

d 
R

IS
 g

iv
e 

th
e 

av
er

ag
e 

R
&

D
-t

o-
sa

le
s 

ra
tio

 fo
r 

th
e 

ac
qu

iri
ng

 fi
rm

s 
an

d 
th

e 
fir

m
s 

th
ey

 a
cq

ui
re

d.
R

IS
 is

 d
ef

in
ed

 th
e 

sa
m

e 
w

ay
 a

s 
in

 ta
bl

e 
3.

3a
. T

he
 c

ol
um

n 
la

be
le

d
R

IS
 is

 th
e 

av
er

ag
e 

im
pl

ie
d 

ch
an

ge
 in

 R
IS

 a
ro

un
d 

th
e 

tim
e

of
 a

cq
ui

si
tio

n 
fo

r 
ac

qu
is

iti
on

s 
by

 fi
rm

s 
in

 th
at

 in
du

st
ry

. T
he

 la
st

 tw
o 

co
lu

m
ns

 a
ga

in
 te

st
 th

e 
di

ffe
re

nc
e 

be
tw

ee
n 

th
e 

tw
o 

R
/S

ra
tio

s.



r
89

firm.
tOwa
airea
coul
in an
It se
the a
Subs

the r
the

It
acqu
full
1982

the
the
focu
the
inter
tUtio

dud
inSi8

shift

3.5

I

betv
to th
on a
the

mar
mak
tima
nest
of th
simi
the c
inch
the
ters
inde

w
utilii

88 Bronwyn H. Hall

I estimated equation (14) using, as regressors, size (the log of capital
stock), the ratio of R&D stock to capital stock, and a trend variable.
I also included a dummy variable for the more technologically oriented
industries (those with RIS greater than 1 percent in table 3.3a) to check
whether the R&D effects were in reality industry effects. Table 3.4
shows these estimates. The first column pertains to the complete sam-
ple of acquisitions for which data existed; the other columns are for
two subsets: those firms acquired by private or foreign firms, and those
firms acquired by the firms in my sample (mostly manufacturing, with
a few nonmanufacturing firms).

The estimates for the two groups are quite different, confirming the
findings in the simple statistics of table 3.3a. The privately traded ac-
quisitions show a much steeper positive trend than the others, and all
the other variables have predictive power. Size, R&D intensity, and
whether the firm is in a science-based industry have a significant neg-
ative effect on the probability of its being acquired by a privately held
or foreign firm. On the other hand, these variables have no effect on
the probability of its being acquired by a publicly traded manufacturing

Table 3.4 Maximum Likelihood Logit Estimates of the Probability of
Acquisition (21,900 observations; heteroskedastic-consistent
standard errors in parentheses)

Probability of Being Acquired

by All Firms by Private or by Manufac-
Foreign Firms turing Firms

N of Acquisitions
log A
K/A

D(Tech)

Trendt

x2(3) for A, K, Tech

557 229 328

— .042(022) — . l66(.030) .036(028)
— .139(144) — .514(.314) .058(167)
—.232(097) — .830(.175) .146(122)

.125(016) .239(028) .054(020)
12.0 60.2 3.4

Probability of Making an Acquisition

1976—86 1976—81 1982—86

N of Acquisitions
log A
K/A
Trendt

319 167 152

.432(025) .546(.036) .320(034)
— .314(266) .218(.340) — .994(385)
.027(023) — .0l5(.049) .264(079)

log K = Log of deflated capital stock of the firm in the year before it acquired another
firm or was itself acquired

K/A = ratio of R&D stock to assets in the same year
D(Tech) dummy variable for the chemical, pharmaceutical, engine, computer, ma-

- chinery, electrical machinery, electronics, aircraft, and instruments industries
tincludes a dummy variable for 1986 because the data for that year are incomplete
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capital firm. Thus, it is likely that the private acquisition activity is targeted
riable. toward those industries and firms where the current management has
jented already been perceived the growth opportunities as unprofitable. This
check could be construed as evidence that management has Cut R&D spending

1e 3.4 in an effort to avert takeovers, but if so, they have not been successful.
e sam- It seems more likely that this activity facilitates a needed shrinkage in
ire for the assets devoted to these particular activities. Without knowledge of
I those subsequent events in these firms, it is difficult to be more precise about

with the reason for this finding. What can be said is that, in manufacturing,
the acquisitions seem indistinguishable from the non-acquired firms.

ng the The bottom part of table 3.4 shows the probability of making an
ed ac- acquisition for three different samples: acquisitions made during the
md all full sample period, those made from 1976 to 1981, those made from

and 1982 to 1986. The results are unsurprising: Size is positively related to
t neg- the probability of making an acquisition; that probability rose toward
y held the end of the period; and R&D intensity is not important. When I

on focus on the two subperiods, a difference does emerge. In the 1980s
turing the firms making the large acquisitions had a somewhat lower R&D

intensity than the other manufacturing firms, suggesting some substi-
tution between R&D performance and acquisition activity. I also in-
cluded the Tech variable in these equations, but it was completely
insignificant in all periods. This result is therefore not the result of a
shift of acquisition activity toward low-technology industries.

3.5 Results for the Matching Model of Mergers
nufac-
Ffrms I now turn to estimates of the multinomial logit model of the match

between the acquiring and the acquired firms. Here I confine my sample
'.028) to the firms that made acquisitions; that is, the estimates are conditional
.167) on a firm having chosen to enter the takeover market, and they describe
• 122) the choice made once the firm is in the market. A reasonable way to
.020) augment this model so that it also describes the decision to enter the

market would be to build a nested logit model where the decision to
— make an acquisition is logically prior to the choice of target. The es-
-86 timates obtained here are consistent for the lower branch of such a
— nested logit model (McFadden 1978,1984), although the interpretation

of the coefficients would change. The upper branch would be somewhat
.034)

similar to the logit model estimated in table 3.4, since it would describe
:079) ' the choice between making any acquisition or making none, but it would
— include an additional term corresponding to the "inclusive value" of
other the set of takeover candidates available. In other words, the charac-

teristics of the available targets would enter in the form of a kind of
ma- index function along with the characteristics of the acquirer.

stries With this caveat in mind, I now describe the application of the random
Ic utility choice model to this problem. It is well known that when the
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unobserved part of the utility function has an extreme value distribu- Table

tion, the probability a particular choice will be made from a set of
alternatives has the multinomial logit form (again, see McFadden 1973
and Manski and McFadden 1981). It is only slightly less well known
that any model for choice probabilities can be written in the multinomial v

logit form, with the proviso that if the independence of irrelevant al-
ternatives assumption does not hold, characteristics of the other choices

• may enter into the "utility" function associated with a particular choice. logA,

This statement should be kept in mind because it allows us to view the (K/A)

multinomial logit model estimated here as a descriptive summary of
the data observed, even if the underlying interpretation of the V func-
lions as determining the acquisition probability is suspect. lou,

The results of estimation conditional on an acquisition's being made (K/A)

• are shown in table These are estimates of the choice model given log 01

in equation (7), with the choice set consisting of the chosen alternative Note
plus six others randomly selected from the firms in the sample that dffe
year. Model I, shown in the first two columns, captures the character logA

of the match very crudely with the absolute value of the difference
in size and the difference in R&D intensity of the two firms. In addition, (K/A)

the size of the target and its R&D intensity enter the logit equation
through v(X1). The second column includes a dummy variable for whether DSa
or not the firms are in the same industry; it improves the explanatory
power (x2[li = 183.), but it does not affect the other coefficients very The

much. The estimates imply that mergers between firms of very different
sizes are less likely to take place, and that mergers between firms with 0

differing R&D intensities are also less likely to happen. Thus, the
evidence is fairly strong that mergers within the manufacturing sector witi

tend to be between firms of like size and like R&D intensity, for

The next set of estimates in table 3.5 are for the model (model II) and

suggested in equation (12). These provide a richer description of the bee

matching taking place in the merger market. If the estimates in the last in ti

column are representative, they imply an equation for the incremental for

value of an acquisition to a firm of the following form: ma&

coe]
(14) = yoj + + Yv(KIA)t. pan

The term is not identified in the conditional logit model because it
cancels from the numerator and denominator of equation (6), but the of

other coefficients are the following: very
way

(15) = + 0.17 — 0.18

= 120 + 0.32 + 4.1

In other words, the bidding firms value the size of the target at an bey(
• increasing rate with respect to their own size, and at a decreasing rate
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Table 3.5 Conditional Logit Estimates of Acquisition Choice, 1977—86
(311 acquisitions; standard errors in parentheses)

Variables

Coefficient Estimates

Model I Model II

—1.04(.15) —l.0O(.l7)
—4.05(.60) —3.78(.66)

logA, .17(.02) .17(.02)

logA, — .3l(.16) — . l8(.20)

(K/A)1 .28(.08) .32(.08)

(K/A), 3.82(.98) 4.05(1.09)
D(Same md.) 2.34(.21) 2.41(.l8)
logA, — .72(.14) — .73(.16) — l.13(.13) — 1.21(.15)

(K/A), 3.30(53) 3.09(.58) — 2.98(0.72) — 3.28(0.82)

log of likelihood —502.3 —424.7 —557.8 — 467.2

Note: The standard error estimates are robust heteroskedastic-consistent estimates; they
differ from the conventional estimates by less than 10 percent in almost all cases.

logA = log of deflated assets in the year before the acquisition, where assets equal the
sum of capital stock, inventories, and other investments

(K/A) = ratio of R&D stock to assets in the year before the acquisition
= — logA1I

A(K/A) = (K/A)1 — (K/A),I
D(Same md.) = I, if the acquiring and the acquired firms are in the same two-digit

industry
The subscriptj indexes the acquiring firms, and i indexes target firms. The coefficient
estimates are for the probability that firmj chooses firm i when it makes an acquisition.
Models I and 11 are described more completely in the text.

with respect to their R&D intensity. More interesting, the shadow price
for the R&D intensity of the target is an increasing function of the size
and the R&D intensity of the bidding firm. This finding may arise partly
because of management's preference to acquire firms similar to those
in their own industry. Nevertheless, the simple correction of controlling
for the match being in the same industry had very little effect on the
magnitude of the estimates, although it did reduce the R&D match
coefficient somewhat, as expected. Further investigation of this finding,
particularily within and across industries, seems warranted.

What do these estimates tell us about the valuation of the R&D stock
of the firm at the time of acquisition? Unfortunately, we cannot say
very much about this without making strong assumptions about the
way in which v(X,), the price paid for the acquisition, is determined,
since the estimated coefficients of the target firm's characteristics will
contain terms from both the (for example, and the v(X,)
equation.7 This problem limits our ability to interpret equations (15)
beyond pointing out that the shadow value placed on R&D capital is
steeply rising with the acquiring firms' R&D intensity.

.
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On the other hand, it is possible to know something about the price 3.6
actually paid for the assets of the firms that were acquired and to

bcompare this amount to the preacquisition value of these assets. I
of•

collected such data for 271 of the 311 acquisitions in the sample, namely,
Ithe value of debt plus equity in the year before the acquisition serves

as the preacquisition market value of the firm (see Cummins et al. 1985
for details). I then collected data on the price paid to each holder of a reas

share of common stock in the acquired firm at the time of acquisition
Ia

a

and used the rate of return thus earned by holders of the common stock S P

between the year before acquisition and the time of acquisition to ers a

update the value of debt plus equity (assuming that the total value of
the firm was increasing along with the value of the common stock).

wa
This procedure is necessary because of the difficulty of valuing the
claims of all stock and bond holders at the time of acquisition.

Using these numbers, I estimated a valuation equation for the 271
firms in the year before acquisition and at acquisition time. The results quisi

were: 'a
and

(16) log V(A,K) = a, + 0.96 logA + 0.49 (K/A) andi

(0.02) (0.12) tech'
a ma

(17) log V(A,K) = a, + 0.95 logA + 0.65 (K/A), unle

(0.03) (0.14) selv
ing i

where a, denotes a dummy variable for the year in question. These iflV(

equations suggest that a firm's R&D stock is valued at a slight premium will

over its value in the stock market when the firm is a candidate for F
takeover. This finding is strikingly consistent with Addanki's (1985) that
findings using some of the same data but a different model, and it the
deserves to be investigated further by integrating these equations into and
the full multinomial logit model of acquisition choice. mdi

The analysis in this section has yielded two findings that bear on the dra
role of R&D in acquisition activity. First, the takeover premium is
positively related to the amount of R&D capital the acquired firm pos-
sesses. Second, some sort of matching does seem to be at work in the the

merger market: Firms prefer to acquire otier firms that are similar to
themselves, especially with respect to R&D intensity. This result is not the
one that is easily determined from the aggregate (marginal) patterns of Sec

merger estimated in table 3.4, suggesting that the full matching model the
I tried for the first time here may yield more information about the mo

merger market than we have hitherto been able to obtain. Further abo
research is needed to verify this result with additional information about fro:

the other firm characteristics that prompt takeover activity. frai
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rice 3.6 Conclusions

to I began this paper with some questions about the costs and benefits
S. I of increased merger activity in the United States and suggested that ex-
ely, ploring the role of research and development activity might shed some
yes light on whether at least the firms involved have benefited from the in-
985 crease. I also cited some previous and rather inconsistent evidence on

a the attractiveness of R&D in the takeover market. With respect to this
ion last point, a richer model of acquisition, one that attempts to match buy-
ock ers and sellers, seems to provide an explanation for some of the earlier

to results. Although on average acquired firms invested the same amount
of or slightly less in R&D as the industry norm, the R&D they engaged in

;k). was valued more highly at the margin by the firms that took them over.
the This result at least hints that successful innovators are being taken over.

In addition, the evidence suggests that larger gains are generated by ac-
271 quisitions where both firms involved have high R&D intensity.
ults I also found evidence that much of the acquisition activity by private

and foreign firms in the domestic market was directed toward firms
and industries that were relatively less R&D intensive and had a weaker
technological base, so that this kind of acquisition activity cannot be
a major factor in causing a shift in focus away from innovation activity,
unless we take the view that managers in these industries saw them.
selves as threatened with takeover far in advance and cut R&D spend-
ing in anticipation of a takeover. But given the nature of the industries

ese involved, this view seems somewhat unlikely. Explaining this result
(ium will require further investigation into the motives for private acquisitions.

for Finally, the existing data (through 1985) provide very little evidence
)85) that acquisitions cause a reduction in R&D spending. In the aggregate
d it the firms involved in mergers were in no way different in their pre-
into and postmerger R&D performance from those not so involved. At the

individual industry level the results were too imprecisely measured to
the draw solid conclusions.

a is Many questions remain deserving of further attention. First, at the
)oS- level of econometric specification, what are the optimal regressors and
the the optimal sampling for the choice set in the model I employed, and
r to how do the results change when a nested logit model is used to estimate
not the probability of acquisition and the probability of the choice made?
s of Second, can we learn more about the precise valuation of this part of
)del the returns to R&D by incorporating takeover prices directly into the
the model of acquisition probability? Finally, is there more information

ther
1

about the relative importance of other reasons for merger to be gained
'out from a more complete model of the acquisitions market using this

framework? These questions await further research.



94 Bronwyn H. Hall 95

Notes
Val

1. An additional reason for changes in merger activity might be changes in
the transactions or other costs associated with buying another firm. For ex-
ample, Jensen (1986) has suggested that the innovation of junk bonds facilitates Aue
the takeover of large firms by small ones, which would not have taken place

• previously. In my investigation here, I am abstracting somewhat from the l'

changes in takeover "technology" that have occurred in recent years because
they primarily affect factors in a time-series analysis and my focus is on cross-

dosectional differences and similarities in takeovers. z
2. As was suggested by Ariel Pakes, one of the discussants of this paper, it

is possible to reverse this model by viewing the decision from the perspective
19

of the potential target. In this case the coefficients of the gain function are
estimated from a comparison of the actual acquirer and those firms that might GilS(
have acquired the target. If the specification is correct, and the terms are an
truly independent, both methods should give the same estimates of the struc- ac
tural parameters. A full exploration of the econometric specification of such a Gnlj
model, though interesting, is beyond the scope of this paper. Work now under
way on this topic suggests that differential propensities to be acquired or to
acquire (that is, a lack of independence of the alternatives) may have a role N
here. Re

3. In data of this kind, with a skewed size distribution, the functional form
typically having disturbances that are normally distributed is the log-log. For
example, consider the form Hall,

logy = 13o + + e, €-..(O,&). St

If we choose instead to estimate using V. we obtain• U

V = A11X5' (1 + €e')

by a first order Taylor-series expansion. This disturbance is obviously very Hall
heteroskedastic (and skewed). 4.,

4. I used the Wilcoxon rank sum test (which is best for the logistic distri- Jens
bution), the median score test (best for double exponential), the Van der Wae-. va
den test (best for normal), and the Savage test (best for exponential). Jens

5. In the special case where there are no synergies in acquisition (the gain Jo
is additively separable in the characteristics of i and j), these are the true
marginal probabilities of acquiring and being acquired, but it seems unlikely
that this particular model holds for these data. Simple significance tests on the Man
interaction terms confirm this. da

6. All the logit estimates in the table were obtained with the logit procedure McF
TSP Version 4.1 (Hall, Cummins, and Schnake 1986). ha

7. I am grateful to Charles Brown, one of the commentators, for pointing Pr
out that the identifying assumption used in the first version of this paper, —
is not very reasonable.
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Hall

Comment Charles Brown provide
benefit

Hall's paper presents needed evidence on the relationship between studied.
corporate takeovers and R&D activity. It actually provides a broader mine at
picture than its title promises, since it analyzes both the changes in tUflng f
R&D activity following mergers and the impact of R&D activity on premlul

acquisitions. model I
The introduction of the paper poses several possible relationships

between merger activity and R&D spending. These follow from con-
jectures about discretionary managerial behavior, not derived as the
"optimal" behavior of managers with particular objectives and con- Comi
straints. It is not obvious to me, however, that the picture would be
sharpened by such an effort. There

For the most part, the managerial behavior discussed has to do with teristic:
investment in general rather than R&D in particular. It would be in- Bronw
teresting to undertake a parallel analysis, for the same firms, of whether econon
investment in physical capital is changed by corporate takeovers. liminar

The model of merger partners allows one to raise interesting ques- part of
tions, but two things are, in a sense, missing. First, j acquires I when be high
it is profitable forj to do so (as Hall emphasizes) but only when it is makes
not more profitable for some other firm k to acquire I. It is true that quisitio
competition for i among potential suitors would raise the price of I,
and when the dust clears the acquisition is profitable for only one firm. (broket
Yet the information that it was not profitable in the end for the other prove e
firms to acquire I is not explicitly included in the estimation. Second, of
the price that j will ultimately pay for I is taken as a function of i's Findi
characteristics and not identified with the preannouncement value of merger

literatu

Charles Brown is professor of economics, Department of Economics, and program
director, Survey Research Center. Institute for Social Research, at the University of Ariel I
Michigan, and a research associate of the National Bureau of Economic Research. research
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'ournal of i, because "by making a bid, firmj reveals something about the value
of the assets that was not previously known and hence finds it necessary

in a de- to bid above the trading price." If so, the potential acquisition price
achusetts might depend onj's characteristics, and the distinction between the Vj

st. 1985. and v functions is blurred.
study. Assembling the data for this study (Hall was part of the team that

did so) was a sizable task, and it would be bad form to overemphasize
MIT the potential for omitted-variable bias in the "lean, mean" empirical

ii oods specification that data limitations impose. Constructively, a quick sur-
g

vey of the determinants of R&D and the determinants of merger activity
found in previous studies might give one a better feel for the direction
any such bias is likely to take.

Hall presents several interesting results, whose full explanation will
provide a likely topic for future work. Some of the conclusions will
benefit if a few years of "merger mania" expand the sample to be

etween studied. There is surely room for disagreement about one's favorites;
roader mine are the very different pattern of acquisitions between manufac-
tges in turing firms and firms that are not publicly traded (table 3.3) and the
'ity premium placed on the stock of R&D by potential acquirers (table 3.6,

model II).
nships
n con-
asthe
d con- Comment Anel Pakes
uld be

There are two parts to Hall's paper. The first documents the charac-
o with teristics of an extensive data base on mergers and acquisitions that
be in- Bronwyn has put together. The second suggests a framework for the

hether econometric analysis of merger activity and then presents some pre-
S. liminary estimates. I am going to focus my comments on the second
ques- part of the paper (since this is where my own value added is likely to
when be highest). There is no doubt, however, that the first part of the paper

fl it is makes a substantive contribution to the literature on mergers and ac-
e that quisitions. Hall has produced both a valuable data set and an apt char-

of i, acterization of the trends in merger activity over a ten-year period
firm. (broken down by industry and type of buyer). This information should

other prove extremely valuable in considering the possible causes and effects
of merger activity.

of i's Finding a sensible framework for a detailed econometric analysis of
ue of merger activity is not a simple task. The spectrum of forces that the

literature refers to as motivating mergers is large and depends on many
)gram
ity of Ariel Pakes is associate professor of economics at the University of Wisconsin and a

research associate of the National Bureau of EconomIc Research.
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factors that are difficult to quantify. The best we can do is look for a
way to summarize the data that makes some "reduced form" sense, than V1[,
and then be very careful in the way we interpret the estimates. (b') and

Hall's framework consists of three main equations. If we let between
be the increment in firm j's value that results from the purchase of highest
firms i's assets (X1), then Hall assumes firmj purchases firm i if There

(a) VAX1) — P1 � VAXk) — Pk, for all possible firms k, and informa

(b) 1'1(X,) — P1 � 0, fying th
is taken

with is usefu

(c) = V(X,),

where P1 is the price of firm 1. The logic underlying equations (a) and
as best

(b) is that if firmj purchases firm i, the increment in firmj's value from could
this coupling, or "match," must be both greater than the increment potenti
from any other possible match j could make and greater than zero. implen
Equation (C) states that the price of firm i depends only on its own other
assets. Note that P1 is observable so that (with some additional func- The
tional form assumptions) equation (c) could be estimated. ments

I think that this form of a "matching" model is not appropriate for curreni
the merger problem. If we take (c) as given, (a) and (b) are likely to Since i
be satisfied for a large number of potential acquisitors simultaneously, the ca
and only one coupling will actually take place. Moreover, the price of

—

firm i is unlikely to depend only on firms i's own assets. Simple eco- that
nomics tells us that the price firm i sells for must be between the values if we I
assigned to firm i by the potential purchasers with the first and second dition
highest evaluations of firm i's assets. Since these evaluations are likely gives
to depend on the characteristics of these two potential buyers, so will
P1. What is lacking in this system of equations is some allowance for
the workings of the market as a whole. if ac

An alternative to the matching model is the look for "equilibrium"
conditions and estimate from them. We might, for example, consider
replacing (a), (b) and (c) with if k d

(a') VJ(XI) = maxkVk(XI)

(b') VJ(X1) � P1 � are C(
assun

with in

(c') V,(X,) = max(k,IJJVk(X1), time-
mode

where max refers to the operation of taking the maximum. Equation costs
(a') states that if j purchases i, the value of i to j must be at least as form
great as the value of i to any other potential buyer (or else the other woul
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acquiror would make the purchase; note that must also be greater
than V.[X1] which is the value of i as an independent entity). Equations
(b') and (c') filter in the price of acquisition by insuring that it lies
between the values assigned to i by the two potential buyers with the
highest evaluations of i.

There are also problems with the kind of frictionless, complete-
information, equilibrium approach embodied in (a'), (b'), and (c'). For
example, this model is not complete without an additional rule speci-
fying the set of potential buyers, or the set over which the maximum
is taken (this problem also plagues Hall's framework). Still, I think it
is useful to begin with a set of equations that have some simple eco-
nomic justification and then try to build in the appropriate complexities
as best we can. Note that the difference between (a) and (a') is in the
comparison set. Statement (a) compares to other purchases firm
j could make; (a') compares it to the values attached to i by other
potential buyers. If we were to use the type of logit specification Hall
implements, it would be just as easy to estimate one version as the
other.

The "equilibrium" strategy can be pushed further than this. State-
ments (a'), (b'), and (c') use only the equilibrium conditions in the
current period. There are also equilibrium conditions in prior periods.
Since in period a' —1, firm i existed as a separate entity, it should be
the case < = Pr', where the subscript
a' — I denotes evaluations made in the period prior to the merger, so
that Pr-' is the observed value of the ith firm in period a' — I. Thus,
if we let t be the merger period, putting together the equilibrium con-
ditions from the period prior to merger with the period after the merger
gives us the statements

- Vj- � —

if j actually makes the acquisition, and

- '(Xv') Pf -
if k does not.

Although combining information from different periods should pro-
vide us with more precise estimators if the assumptions of the model
are correct, it also places a heavy burden on the (clearly inappropriate)
assumption that every possible buyer evaluates all possible purchases
in every period. In fact, evaluating potential acquirees is a costly and
time-consuming task. An alternative strategy would be to provide a
model of when an evaluation process is initiated. A model of when the
costs of acquisition are actually incurred could also provide us with a
formal way of determining the set of potential buyers (and this, in turn,
would do away with the need to invoke the independence-of-irrelevant-
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alternatives assumption that is now being used to constrain the number
of potential buyers in the estimation algorithm). 4

Once Hall moves on to her choice of functional forms for lam much
happier with her assumptions. She assumes = + where

Here firmj's evaluation of firm i's assets (X1k) depends
on firmj's characteristics (Zjr). I think this is an intuitive way of looking at
the reduced form relationships between the characteristics of the acquir-
ing firm and those of the acquired firm. My only recommendation would
be to try to augment the list ofcharacteristics (theXkand the Zr) and to allow
for a disturbance term in the equation determining the a)k (it is difficult to
quantify all the factors that make firm i's assets attractive to firmj). It would
be particularly useful if we could find and use variables that might capture
the effects of some of the alternative explanations of merger activity. I
imagine that all these tasks are in Hall's list of things to do.
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