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ADbstract

This paper explores the link between learning and corporate growth by developing different models
of learning and showing that they produce observably different models of corporate growth. Using
data on the growth of a number of firmsin the US Automobile industry during the 20th century, we
compare these different models of growth in an effort to identify the mgor sources of learning which
these firms seem to have relied on. Although there are interesting differences between growth
processes pre and post the Second War, the basic conclusion that we are drawn to is that learning
in this sector is largely unsystematic and opportunigtic.

JEL Classfication: L1 Market Structure, Firm Strategy, and Market Performance,

03 Technologica Change.



I ntroduction

Most people regard knowledge as a key source of competitive advantage and, therefore, of
corporate performance. As a consequence, a large literature has grown up over the past decade
around the subject of corporate learning. Much of it is concerned with how learning occurs, how
knowledge is retained within the firm and how learning affects the strategy and structure of afirm's
operations. This literature carries a strong normative presumption that learning is a good thing for a
firm to do. The problem is that the evidence that we have on the link between learning and
corporate performance is sketchy. This is, of course, no surprise, as neither learning nor the stock
of knowledge that it presumably creetes is directly observable. Much of what we do know about
the effect of learning on corporate performance comes from work that uses expenditures on R&D
or patenting as proxies for knowledge accumulation. While this is better than nothing, these are, at
best, very limited measures of the totaity of learning which firms might benefit from. Nevertheess,
to the extent that these proxies measure learning, this literature suggests that learning does indeed
gtimulate corporate growth, profitability and productivity.

This paper takes a somewhat different gpproach to the problem of identifying the link between
learning and corporate performance. Rather than using one or more imperfect proxies for corporate
learning to explain performance, we sart from the premise that both the process of learning, and the
stock of knowledge that it creates, are wholly unobservable. What is observable, however, are the
consequences of learning. What is more — and this is the key to our approach — different types of
learning (or, different learning mechaniams) have different implications for the times series behaviour
of the observable consequences of learning, namely corporate performance (and, in particular,
corporate growth). Further, these differences do not rely on having access to more than two
observable variables for each firm. It follows, then, that one ought to be able to infer something
about the nature of the learning which afirm does from observations abouit it’ s performance.

We follow the lead of the R&D literature and posit a relaionship between the stock of knowledge
possessed by a firm and it's output. We then distinguish five different types of learning, and show
that each produces a digtinctive time path for output. After reviewing some recent literature on firm
learning in Section 1, we will outline these modds in Section 2 Although these different models of
learning are not nested, it turns out that they dl reduce to a common, basdline specification which
emerges from amodd in which learning is wholly unsystematic and opportunigtic, and we will take
this to be our null hypothesis. In Section 3, we gpply these four models to firm level data drawn
from 85 years of the US automobile industry. We conclude in Section 4 with afew observations on
future directions for research of this type.



1 L earning and Cor por ate Perfor mance

The smplest and most familiar story about learning is that which has been built up around ‘learning
by doing’ and the learning curve. In this story, firms accumulate experience through production and
generate a stock of knowledge which is proportiond to their cumulative output. If corporate
performance is driven by this stock of knowledge then performance differences between firms
should be fairly stable over time (since differences in cumulative output will not change much once
firms are very well established). It is usudly argued that because learning is essentidly an investment
in a very specific product and associated production process, firms should pursue learning curve
drategies only when consumer tastes or the technologica environment is rdaively sable. When it's
market is turbulent, firms are more likely to gain competitive advantage by pursuing srategies thet
focus on exploring and creating new product variants (instead of investing even more existing ones).
Amongs other things, this suggests tha firms pursuing learning curve drategies are likely to lose
market share in periods of turbulence, but will outperform others when their market environment is
stable and their customers are price sensitive.”

The business literature on core-competencies and the evolutionary literature on innovation has
pushed the idea of corporate learning well beyond the notion that learning occurs as a smple ‘by-
product of doing.? The evolutionary view focuses on the variety of different ways that firms can
learn and how this learning is tied to different sources of knowledge and technologica capabilities,
both of which may be embedded in organisationd structures. In this way of thinking, learning
evolves over time through the development of specific capabilities and codtly investments in
“absorptive capacity’.® Whatever their source, these capabilities are widely regarded as being
difficult to imitate, and certainly this is true for a competence like ‘absorptive capacity’. It is no
surprise to discover, therefore, that this view of learning has developed, in part, to explain perastent
inter-firm differences in accounting profitability thet have been widdy observed. The fact thet a
firm’s absorptive capacity is likely to depend on its prior knowledge means that in this view learning
is path-dependent: those firms that have developed a significant body of knowledge will be better
learners and hence develop more knowledge in the future. Thisis not dissmilar to the learning by
doing gory, except that experientid learning is typicaly narrower than learning through investments
in R&D (etc). The diversty of a firm's knowledge gained though production and research is
important since it increases the chances that the new information which arives possbly by
happenstance can be understood and interpreted creetively. Hence, ‘absorptive capacity’ is a
result, or by-product, of the firm's active engagement in learning activities: it is both a cause and a
consequence of learning.

A number of studies have linked different types of learning to different organisational and industry
environments, arguing that learning in different environments results in different technologica
trgjectories which then affect future learning patterns:

A first broad property is the diversity of learning modes and sources of knowledge
across technologies and across sectors. For example, in some activities knowledge
is accumulated primarily via informa mechanisms of learning by doing and learning
by interacting with customers, suppliers, etc. In others, it involves much more
formalised activities of search (such as those undertaken in R&D labs). In some
fields, knowledge is mogly generated interndly and specific to particular



applications. In othersit draws more directly upon academic research and scientific

advances. Recent research suggests that this diversity of learning modes may be a

magor determinant of the diverse patterns of evolution in industria structures (e.g. in

terms of didribution of firm gzes, natdity and mortadity of firms, corporae

diversification).*
Observations like this often yield a classfication of different types of learning, including: learning by
doing, learning by using, learning from advances in science and technology, learning from inter-
industry spillovers, learning by interacting, and learning by searching (this particular ligt is taken from
Maerba, 1992). Depending on which sector that we are examining., some of these are interna to
firm’s production process or use of products, while others are externa to the firm and are related to
the development of science or the actions of its competitors. Needless to say, some of these
sources of learning generate knowledge that is easy to protect, and to the extent that thisis true,
they arelikdy to lead to long term performance differences between firms.

Rich and ingghtful as this literature undoubtedly is, it provides only very modest guidance for
empirical work. The two strongest implications of this literature are thet: learning is likely to be firm
and/or sector specific, and that it islikely to lead to persstent differencesin corporate performance.
This, unfortunately, does not take us very far. In particular, persstent differencesin performance are
not necessarily permanent, and that means that it is important to learn as much about how much
firms forget as about how (and how much) they learn; understanding competence destruction is as
important as competence enhancement if we are to understand the performance of particular firms
over time> Further, it is one thing to argue that there are important firm differences in learning or in
the stock of competencies maintained by different firms in different sectors, and quite another to
asociate these differences with observable differences in corporate performance. It is, therefore,
important to move beyond the ‘how’ and ‘why’ of corporate learning, and address the question of
‘sowhat?. That isour god in this paper.

2 Observable Implications of Different L ear ning Processes

We gart with the presumption that learning, and the stock of knowledge which results from it, are
wholly unobservable. What can be observed, however, is the consequences of learning, and we
focus here on output. We posit the existence of a ‘knowledge production function’” which links the
stock of knowledge possessed by firm i a time t, KN(t), with it's output, Q(t):

@ Q(t) = A(KN(t)®

where A(t) summarizes the effects of dl other inputs (and anything else) on output rates. Taking logs
and firgt differencing,

@) Diog Q(t) = Dlog A(t) + a Dlog KN(t).

Since the rate of growth of KN(t) is, by definition, the rate of learning, it follows immediately that
the rate of growth of the firm will vary directly with the rate of learning. For future reference, we
use LE(t) to denote the rate of growth of KN; i.e. LE(t) © Dlog KN(t). Further, for expositiona
ease, we will suppose that Dlog A(t) © e(t), awhite noise error process.’



Equations (1) and (2) suggedts that corporate performance measured by the current rate of growth
of the firm isasgnd of the current rate of learning. The qudity of that Sgnd evidently depends on
two things a, the dadticity of output with respect to knowledge, and the inherent varigbility in A(t).
One smple observetion that one can make from this is that the performance of firms in high
technology sectors where learning redly matters and which are insulated from macroeconomic and
other shocks will be more informative about their learning than might be the case in more traditiond,
cydlicaly sendtive sectors. A more substantive observation, though, is that cross firm comparisons
of learning using this gpproach are likely to be most informétive for a sample of firms with asmilar
a and a smilar variance in A(t); i.e. for firms in the same sector. A third observation is that any
inferences about learning that one makes usng (1) or (2) are, of course, conditional on how
alowance is made for other factors, A(t).

The production function approach gpparently underlying equation (1) appears at first sight to be
rather redrictive, or at least mechanigtic, and it is important to note that the basic relationship
reveded in (1) emerges from amogt al output choice models typicaly used in the theory of the firm
literature. A firm that maximizes profits will choose an output rate which depends on it's margind
costs and some parameters of demand, and, since these parameters are affected by learning, it
follows thet there will be a relationship between the stock of knowledge and output rates.” Evenif
this rdaionship is very complex (which it is not in most of the commonly used modds), (1) can be
regarded as a first order approximation to the true relationship between output and those cost or
demand parameters affected by learning. It is, therefore, unlikely to paint an terribly inaccurate
picture of how learning affects corporate performance (except, perhaps, in being overly smple).

The red problem with (1) or (2) is that neither KN(t) nor the rate of learning, LE(t), are directly
observable. However, different types of learning will induce different time paths in KN(t), and soin
Q(b). It fallows, then, that observing movements in Q(t) over time may cast useful light on the time
path of KN(t) and s0 on the rate of learning. We distinguish five different types of learning process.

0] Unsystematic Learning

The smplest sory of al about learning is that which says thet firms learn things in a wholly
ungtructured, unsystematic sort of way, opportunigticaly absorbing whatever their environment
(randomly) throws up and, just as likely, forgetting what they have learned previoudy. In this case,

3 LE() = x(1),

where x(t) is an i.i.d. random variable with mean zero and a variance which is constant (or at least
30 long as the environment which generates the learning opportunities to which the firm passvely
responds is congtant over time). In this casg, it follows that

(4) Dlog Q(t) = e(®) + x(9) ° n(v),

meaning that firm sze follows a random wak. This is, of course, exactly the dtate of affairs
described by Gibrat’s Law, and we take it as our null hypothessin what follows.



(i) L earning by Innovation

The basic idea of a learning by innovation story is that virtudly dl learning can be tied to the
appearance of particular product or process innovations? One can think of thisin one of two ways:
ether these innovations embody dl the learning that firms actudly do, or they act as a Sgnd that
intensve (but unobserved) learning has occurred and, amongst other things, that it has produced has
produced the particular innovetion in question. Either way, the presumption is thet rdaivey little
learning occurs between innovations, so that observing the redization of an innovation is tantamount
to observing the act of learning. If I(t) is a count of mgor product or process innovations which are
introduced by firmi at timet, then this story might be modelled as

(5) LE() =bl(t) + x(t)
whereb > 0. It follows, then, that

(6) Dlog Q(t) =abl(t) + n(t),

meaning that output follows arandom walk with atrend driven by the stochadtic arrival of particular
innovations?®

There are many ways that one can make the specification in (5) richer and possbly more redidtic. If
maor innovations have long ladting effects on performance, or if ther short run effect is much
smdler than their long run effect, then (6) might be generdized to

(") Dlog Q(t) = ab(L)I(®) + n(v),

where b(L) isapolynomid in the lag operator L. Similarly, one might generdize (6) by alowing the
effects of particular innovations to be firm specific, or to depend on the number of previous
innovations that the firm has produced (dlowing for some kind of differentid ability to use new
innovations).

(i) Spillovers

It is, of course, very likdy that firms will learn from their rivas, so that learning occurs largely as a
result of imitation between firms. There is a well established tradition of moddling spillovers in the
patents and R& D literature, and it is one of two routes that we propose to follow here.® To avoid
notationd clutter, we continue to suppress the i subscript which identifies firm i, but we will use aj
subscript to identify variables associated with any or dl of i's rivas. If the effects of innovative
activity spillover between firms, then (6) becomes

(8) Dlog Q(t) = abl(t) + abjlj(t) + n(t),
where bj measures the effect that rivals innovations, Ij(t), have on the performance of firmi.

There are severd problems with (8) as away of capturing spillovers, but the most seriousis that it
presumes that al spillovers are associated with observable innovations. It is more than possible that
some or dl of the entire stock of knowledge, KNj(t), possessed by firm j might spillover to | in a



manner unrelated to the arriva of any particular innovation. If we suppose that this occurs with a
least a one period lag, then (1) becomes

9) Dlog LE(t) = ajDlog KNj(t-1) + x(t),

which yidlds a rdaionship between the growth rate of firmi in period t and that of it'srivasint-1,
(10) Dlog Q(f) = I jDlog Qj(t-1) + n(t),

where | © aaj. Equation (10) shows clearly that a high degree of inter-firm spilloversis likdy to

lead to a convergence in growth rates and, possibly in the long run, firm size**

(iv) Learning by Doing

As we noted earlier, the classic source of learning is experientid, and it underlies the famous
‘learning curveé much beloved of corporate strategists. Although there are many ways to think
about ‘experience’, mogt accounts focus on cumulative production, X(t) © St Q(t), as the main
driver of experience and, therefore, of learning,

(1) LE() =f log X(t) + x(t),
S0 that
(12 Dlog Q(t) = af log X(t) + n(t).

In passing, it is worth noting that this specification can be enriched in a least two ways (which we
will not pursue here). In the first place, learning may spillover between firms, and so the
performance of firm i may depend not only on it's own cumulative output, but also more generdly
on the experience of some or al of it's rivas (this may be particularly the case if some or dl of the
industry is geographically concentrated). This will create a link between the growth rates of
individud firms and cumulative industry output. Second, one might alow knowledge to be forgotten
or to become obsolescent. One very smple way to do this is to define the stock of experience as
X({)© Q) + St rtQ(t), whereO < r < 1isadepreciation factor which describes the rate at
which experience is forgotten. This effectively turns (12) into

(13) Dlog Q(f) =flog Q(f) +flog {1+ Srt-t Q(t-t)/Q(1)} + n(),

where the middle term on the right hand side of (13) is effectively a weighted average of the rete of
growth of firmi in previous years

(v) L earning using I nternal Resour ces

None of the learning mechaniams thus refer to any limit or congtraint on the ability of firmsto learn.
In fact, most scholars believe that there are condraints on the ability of a firm to learn, and that
these depend on a set of capabilities usudly referred to as *absorptive capacity’. In addition, there
may aso be condraints on the speed with which firms accumulate knowledge (andogous to
Penrose effects). Both of these observations effectively mean that the rate of growth of the stock of
knowledge of the firm is likely to depend on its level and perhaps dso on the recent increase in that



gtock. Further, it is generdly believed that there may be increasing returns to knowledge; i.e. that
knowledge gained today fecilitates the acquidtion of further knowledge tomorrow. This too will
create a link between the stock of knowledge maintained by a firm today and tomorrow. Either
way, it seems reasonable to believe that learning might depend on

(14) LE(t) = dlog KN(t-1) + qLE(t-1) + X (1),
which means that
(15 Dlog Q(t) =rlog Q(t-1) +y Dlog Q(t-1) + rt),

wheren(t) = e(t) + age(t-1) + adlog A(t-1), r =a’dandj =aq.

Equation (14) is a specification which is familiar from a large empiricd literature on the growth of
firms? The most common version of (14) used in thet literature setsj = 0 and generates estimates
of r, interpreting it as a measure of the degree of ‘reversion to the mean’ (or, in more modern
parlance, ‘convergence’). Equation (14) gives one way of thinking about how reverson to the
mean occurs. The parameter d reflects the effects of absorptive capacity. If d > 0 (which, of
course, implies that r > 0), then learning is eager the larger is the current sock of knowledge
possessed by the firm; i.e. increasing returns to knowledge accumulation prevails. In this Situation,
firms do not converge to a common size (or Size digtribution) in the long run. If, on the other hand,
d <0 (i.e r <0), then diminishing returns prevail (and, indeed, knowledge will gradually depreciate
over time). In his case, we will observe reverson to the mean and convergence. When d > 0
knowledge and, therefore, Sze differences between firms become magnified over time; when d < O,
firms eventudly converge in sze. q < O (or, equivdently, y < 0) indicates the exigence of
diminishing returns to growth, and may, therefore, reflect limitations on the ability of firms to absorb
knowledge over time and/or to turn that knowledge into increased growth. If, on the other hand, g
> 0 (or, equivdently, y > 0), then firmswill display sustained period of high (or low) growth.™

in short

Using the basic framework, (2), we have outlined five empiricad modes of corporate growth based
on five different learning mechanisms. These five can, in principle, be disinguished usng aminimum
of observable variables (we need only two): unsystematic learning (equation (4)) induces a random
walk in firm sze; learning by innovation (equations (6) or (7)) creates a correlation between current
period growth rate of particular firms and the current and lagged innovations which they produce;
learning by spillovers (equations (8) and (10)) create correlations between the growth of particular
firms and ether the innovations produced or the growth of ther rivas learning by doing
(equation(12)) creates a corredtion between current period growth and cumulative output; and
learning from internal resources (equation(15)) creates a corrdation between the growth of a
paticular firm and it's sSze lagged and/or previous growth. Our null hypothess is thet learning is
unsystematic; the other four models are dl testable extensions of the nulll.



3 Growth Patternsin the US Automobile Industry

Our god in what follows is to use these severd different modds of learning to try to identify the
major sources of corporate growth for firms. Since it seems reasonable to believe that learning
occurs in different ways in different sectors, we have drawvn our sample of firms from a sngle
industry — the US Automobile industry. Further, as learning is typicaly taken to lead to persistent
performance differences between firms, we have collected as long a times series of data as possible
to enable us to measure just how long persstent performance differences exist. Findly, as it seems
plain that different environments (possibly including different stages of the indudtry life cycle) may
lead to different types of learning or lead to different consequences of learning on corporate
performance, we have tried to collect data across at least two apparently different competitive
regimes for our sample: the pre-War period (1910-1941) and the post-War period (1949-1998).

The Data

Our data covers the period 1910-1998 for the US automobile indugtry. The firms (and time
periods) included in our sample are shown on Table . Although quite a number of US and foreign
owned firms have operated in this industry over the years, we limit our investigation to those for
which enough times series data was available to make sensible computations (needless to say, they
are dso the ones with the mogt significant market shares). There are only two observables in the
models outlined in Section 2: the output rate of each firm in each year and the number of innovations
they produced in each year.**

Fgure | disolays totd industry output from 1910-1998, while Figure 1l shows the annua growth
rate of total industry output over the period (omitting the War years). Figure 11l plots the total

number of innovations produced in each year (up to 1981, when our innovation data ends). Two
observations seem to be worth making about this data. Firs, it seems clear that there are two rather
different periods which can be digtinguished in the data: the pre-War (1910-1941) and the post-
War (1949-1998) periods.™® Indeed, the (second) War generates a ‘naturd’ bresk in the data,
sgnce car production in the US ceased for those severd years. This divison separates an earlier

period in which the industry faced quite alot of turbulence from changes in technology and demand
from a later one where both tastes and technology were, arguably, more stable. The pre-War
period saw the establishment of the industry, while the post-War period saw it rise to dominate the
US economy and then mature. Growth rates in the early period were higher but much more erratic
than they were in the later period, when growth was (rdatively) seady and sustained. Data for
foreign firmsis only available for the post-War period since they produced only a minuscule fraction
of total industry output (if thet) before the War.® Second, innovative activity gradualy declined
over the whole history of the industry, athough Figure 111 shows very little evidence of the sample
break that seems so0 plain in Figures | and 1I. There is a (surprising but clear) negative correlation
between innovative activity and market Sze in the data, a (not very surprising) positive correlation
between mean market growth and innovative activity and a (surprisng) negative corredtion
between the variability of growth and innovative activity.*’

Table 11 shows the mean and the standard deviation of the growth rates for dl the domestic and
foreign firms individualy, and for dl firms taken together. It aso shows the pvdues from the
Shapiro-Wilks test for normality. Aswe saw on Figure 11, the market as awhole grew more dowly
after the War than before, but the interesting observation which springs out from Table |1 is that all
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of the individud firmsin our sample (except Chryder) experienced a higher average growth ratesin
the pre-War period than post-War. This relatively rapid post-War growth for individud firmsin a
market that was growing more dowly came a the expense of the many smdler firms who populated
the market in the pre War period and then exited after the War. The pre-War period is aso
characterised by a higher variance in growth rates for both those individud firms who operated in
both periods, and for the market as a whole. Some of the foreign owned firms in our sample have
average growth rates post-War that are smilar to, or higher than, those recorded by the Big 3 firms
in the preeWar period (Honda, Toyota Mitsubishi); VW and Mazda, however, had negative
average growth rates.'® The digtribution of growth ratesis, on the whole, norma (the exceptions are
Packard, Studebaker, Honda and Toyota, and their departure from normality is not too egregious).

Table 111 shows the corrdations between the growth rates of different firms in three periods (the
post-War period is divided into pre and post-1965 periods o that the growth of the foreign firms
can be compared with those of the Big 3 more readily). What is interesting about these corrdations
is that, with the exception of those within the Big 3, they are rather smdl. Ford, GM and Chryder
al seem to expand and contract pretty much together, but other US and foreign firms displayed
much more idiosyncratic patterns of growth. That is, corrations in the growth rates of most of the
firms who operae in what is agpparently the same market are rather low. This is rather surprisng
since one would normally expect firmsin the same industry to be subject to much the same cost and
demand shocks. One might argue that this is evidence that competition within the Big 3 is much
higher than it is between members of the Big 3 and the rest or within the rest, or one might argue
that they operate in different market segments or belong to different strategic groups within the
broader automobile market.

Table IV shows the correlations between current and recent past growth rates for each firm in the
sampele. Although these corrdaions are dightly higher in the post-War period than in the pre-War
period, the smple fact is that they are dl very smal (Honda and, to a lesser degree, Toyota and
Nissan are exceptions to this observation). The obvious concluson isthat is tha high (or, for that
matter, low) growth rates smply do not persst for long over time; that is, that firms do not, on the
whole, enjoy long periods of sustained success (or falure). This, of course, implies, that
performance differences (as measured by growth rates) between firms are unlikely to persst for
long dther. This in turn, suggeds that Sze differences will perss; i.e that firm Szes are not
converging to acommon size or didtribution of Szes.

Regression Results

We now turn to the five different models of learning discussed in Section 2 . These are described in
equations (6) and (7) (‘learning by innovation’), (8) (‘innovetion spillovers), (10) (‘knowledge
spillovers unrelated to specific innovations'), (12) (‘learning by doing’), (15) (‘interna resources’)
and, findly, (4) (the null hypothess of ‘unsystematic learning’). We estimated each equation for
eech firm firdg in the pre-War period (1910-1944) and then in the post-War period (1946-1999).
In each case, the independent variable is the growth rate of units produced by each firm or group of
firms, measured as the firg difference of the log of firm sze. We examined each of the modds
independently, and then we explored fuller specifications combining severd of the smple modes
into a more complete regression containing al or most of the relevant independent variables.
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To test the (6) or (7), the learning by innovation hypothesis, we regressed the growth rate of units
produced by each firm againg the number of innovations that it produced lagged (with up to three
lags). Regressions were not run for firms that produced no innovations (but we did regress the totdl
innovations produced by dl firms againgt aggregate industry growth rate). Since the innovation
series ends in 1981, our post-War results contain only 36 years ingead of 53. The results do not
provide much, if any, support the view that the production of innovations is an important or
systemdtic driver of growth rates. The sgns on the co-efficients on innovations in most of the
regressions were often negative on the first lag and postive on the second and third lags; the co-
efficients were postive more often in the pre-War period than in the post-War period, but they
were rarely significant. R's were low, and the usual Ftests suggested that it was dmost never
possible to rgect the null of unsystematic learning againg this dternetive.

Equation (8) explores the effects of innovation spillovers on growth by regressng the growth of

eech firm on as the number of innovations produced by the rest of the industry (with up to three lags
included) . These net industry innovation terms were amost aways inggnificant, and, it was never
possible to rgect the null againg this dternative. Combining (7) and (8) -- thet is, including both
own and rivals innovations up to three lags as possible determinants of growth rates — produced
regressions whose explanatory power was till very week: the R2's were low, and, in most cases,
the usud F-tests suggested that dl of the innovation variables could be excluded from the
regressons. It is hard to avoid the conclusion that innovative activity -- own or rivas— has not been
asubgtantial or a systematic driver of corporate growth in this sector.

To explore the role of general knowledge spillovers as a source of growth -- equation (10) -- we
regress the rate of growth of output for each firm on growth rate of tota output (lagged once) of all
other firms taken individuadly or collectively. Amongs the Big 3 firms, autput related spillovers are
sgnificant only for Ford (in both the pre-War and post-War periods) and for Chryder (only in the
pre-War period). In both cases, the effect is negative, which is difficult to interpret as a learning
effect (or, for that matter, as an agglomeration effect). The effect of output related spilloversis a
ggnificant driver of the growth of most of the other US firms only during the post-War period, but
the estimated effect is also negative. On the other hand, output related spillovers are positive and
sgnificant determinants of the growth of most of the foreign firms (who are present only in the post-
War period). All in dl, however, these regressons do not provide much in the way of support for
the view that output related spillovers power growth. For the most part, the usual Ftedsfal to
rgect the null of unsystematic learning againg this aternative, and the R2's are, once again, low.
This is, of course, completely consstent with the wesk correlations between the growth rates of
different firms displayed on Table I11.

To test the learning by doing relationship (equation (12)), we regress the firm's growth rate of
output on the log of it's cumulative output (lagged one period). Amongs the Big 3, learning by
doing was a dgnificant driver of growth rates only for Ford, for which it was podtive and very
grong in the pre-war period. Learning by doing dso had a dgnificant effect on the growth of
amog dl of the small domestic and foreign owned firmsin the post-War period, but with a negeative
(it was indggnificant for VW, Mazda and Mitsubishi). This is, of course, very hard to interpret.

12



However, it isimpossible to rgect the null of unsystematic learning againg this particular dternative.
Again, thisis not a surprise: if learning by doing powered growth, we would see persstently higher
growth rates for the largest, longest established firms than for newer, younger entrants, and this we
do not see.

Thus, we have found very little substantive or sysemdtic evidence to suggest that that the
production of innovations, spillovers or learning by doing are important sources of growth for firms
in thisindugtry. This leaves us with the nation ‘learning through internd resources’ -- equation (15) -
-, and the null hypothessthat learning is unsysemdtic — equation (4).

The argument that absorptive capacity conditions learning builds on the observation that firms who
accumulate a sgnificant body of knowledge will be better learners, and hence will be able to
accumulate knowledge more rapidly or thoroughly in the future. One implication of this is that
learning is liable to be path-dependent because prior knowledge permits the assmilation and
exploitation of new knowledge. A second, related implication is that success today creates the
conditions for success tomorrow. The result is that growth rates will be auto-correlated over time.
One easy way to examine the hypothess of learning by absorptive capacity is to regress firm
growth rates on previous growth rates. However, aswe saw on Table IV, growth rates are not
highly auto-correlated, and this is confirmed by smple regressons of current on lagged growth
rates. The effect of prior growth rates on current growth rate is usualy much larger in the post-War
period than in the pre-War period, and, in fact, none of the pre-War coefficients are sgnificant and
most of the post-War ones are not ether.

Equation (15) isabit more generd than this it leads one to aregresson of current growth on lagged
gze and lagged growth. Table V shows the estimates that we obtained from this regresson. In
generd, the estimates suggest that j = 0, but that r <0; i.e. that lagged Sze is typicaly negatively
associated with growth, but that lagged growth rates are, in genera, not. Thisisnot consstent with
the view that there are increasing returns to knowledge accumulation (actudly, it suggests that
knowledge depreciates) or that there are increasing returns to growth. In fact, the F statistics shown
on Table V indicate that for mogt of the firmsit is difficult to avoid the conclusion thet dl of the co-
efficientsin dl of the regressions shown on the Table are jointly zero.™®

All of this leaves one with precious little evidence upon which to build a case for rgecting the null
hypothes's that learning is unsystematic and opportunistic. It is possible to find traces of some
systematic drivers of growth, particularly in the long boom of the post-War market, but these are
weeak and hard to measure with any accuracy.

4 Conclusion

If learning is an important source of competitive advantage, then firms who accumulate skills
and knowledge appropriate to their environment will outperform those who do not. More
interesting and possibly more useful is a second indght, namely that the way that firms learn ought to
be visble in how they perform. In this paper, we have used this second indght to pursue the
empiricd implications of five different methods of learning on corporate growth performance in the
US automohile industry in the pre and post-War periods. The bottom line is this: dthough one can
detect traces of mogt of the different learning mechanisms in the data, it is hard to find any
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systematic evidence which supports any hypothess other than that which asserts that learning is
unsystematic and random.

We wish to close with three observations on both the work that we have done, and the conclusions
which we have drawn from it. The firs is methodologica. There is a large and very interesting
literature on corporate learning, one which shows no gns of diminishing in intengty. Unfortunately,
it also shows few dgns of accepting the kinds of empirica discipline which it is likely to need if it is
to produce hard edge propositions about market evolution, or normative frameworks for managers.
Learning — and the associated concept of a stock of knowledge — are, by ther very nature,
unobservable, and that means this it is possble develop dl kinds of propositions about their causes
or consequences which cannat, in generd, be verified or fadfied. This, of course, makes the
subject an open field for anyone with atheory to propound or an axe to grind, a state of affairs that
cannot be good for the subject in the long run. In this paper, we have tried to show that it is
possible to deveop rdatively smple empiricd modds which do not require many observables but
dill enables one to make ussful inferences about some of the possble sources of learning. It is
extremely unlikely that the work that we have reported here will be the last word on the subject,
and, indeed, we would be desperately disappointed if it were.

Our second concluding observetion is also methodologica. Much of what we have said here differs
from the conventiona wisdom about corporate performance because of the particular performance
measure that we have been looking at. Asiswell known, data on accounting profitability are highly
auto-correlated over time, and suggest that it is possible for firms to be persstently successful for
many successive years. Further, the data shows that performance differences between firms persast
for long periods of time. Accounting profits are, however, not the only messure of firm performance
that one might legitimatdy examine, and measures like sdes growth, productivity growth and
(dightly less clearly) shareholder rates of return are much more variable over time and across firms.
It is not clear whether there is one single best way to measure firm performance, but it does seem
cear that relying only on the properties of accounting profitability to make inferences about
performance patterns is liable to be highly mideading.Our third and fina concluson is that our
conclusons about learning in the US Automobile industry are, in a sense, not dl that surprisng.
There is a long and rich literature which suggests that the growth rates recorded by many firmsin
many sectors are, roughly speaking, random, and that is basically what we have observed. The
various models that we have set out in this paper have enabled us to interpret this result in terms of
different learning processes, but it is, of course, possible to think about it in other ways® One way
or the other, the interesting observation is future growth performance is very hard to predict from
current or recent past performance, or, for that metter, from average industry growth performance.
The implications of this observation for how we think about corporate performance is, we think,
profound, and go well beyond the US Automobile industry. It is commonplace to think that firms
differ from each other, but these empiricd results say something much stronger than this: not only
are performance differences are not constant over time, but they vary in unpredictable ways over
time. The common practice of accounting for differences performance between firms by invoking an
unobservable asst (like the stock of knowledge or some set of core capabilities) is fine, but these
results suggest that one cannot suppose that these invisible assets are durable (or that their effects
on performance are systematic and stable), or that it will be easy to predict how well today’ s assets
will fare tomorrow. Nothing in this life is permanent, and this seems to apply particularly clearly in
the case of the sources of corporate growth.
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Figurel: Total Industry Output
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Figurelll: The Total Number of Innovations Produced
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Tablel: TheFirmsand Sample Periods

Big 3firms
GM 1910-1998
Ford 1910-1998

Chryder 1925-1998

Other US owned firms:

Packard* 1910-1941

American 1946-1985

Studebaker  1946-1966

Foreign owned firms:

VW 1965-1998
Honda 1971-1998
Nissan 1965-1998
Toyota 1996-1998
Mazda 1985-1998

Mitsubishi 1985-1998

* Thereis no output data for Packard for the period 1926 — 1934
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Tablell: Descriptive Statistics. Corporate Growth Rates

Mean pre Mean pst St.Dv pre St. Dv pst Norm pre Norm pst

GM 0.1244 0.0109 0.3857 0.1853 0.51407 0.5109
Ford 0.0994 0.0172 0.536 0.1946 0.2402 0.2268
Chrysler 0.1271 -0.0002 0.3411 0.4415 0.2597 0
Packard 0.194 0.5899 0.0102

Stud -0.2632 0.7078 0.0345
AMC 0.0045 0.249 0.3052
VW -0.011 0.2518 0.5751
Honda 0.1643 0.2321 0.0002
Toyota 0.1209 0.2289 0.0001
Mazda -0.0095 0.1253 0.7457
Mitsubishi 0.0838 0.1896 0.1249

TOTAL  0.1312 0.0169 0.3947 0.1484 0.2276 0.9259

Cols. 1-4: Mean (pre and post-War) and standard deviation (pre and post-War) of firm growth
rates.

Cols. 5-6: Shapiro-Wilk test for normdity on growth rates (bold values indicate that can rgject the
null hypothesis that the variables are normdly digtributed).
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Tablelll:

Corrdationsin Growth Rates across Firms

Pre-War

Gm
Gm 1
Ford 0.7969
Chrysler 0.9899
Packard 0.6737
Total -0.0021
1949-1964

Gm
Gm 1
Ford 0.8981
Chrysler 0.5881
Studeb 0.4419
AMC 0.0923
Total -0.0981
Post-1965

Gm
Gm 1
Ford 0.471
Chrysler  0.6588
VW 0.2513
Nissan 0.2788
Honda 0.0951
Toyota 0.3227
Mazda 0.4198
Mitsubishi -0.2954
Total -0.1219

Ford

1

0.7798
0.7878
-0.179

Ford

1
0.5384
0.3392
-0.0073
-0.1406

Ford

1
0.6839

Chrysler Packard

1
0.6562 1
0.0087 0.1264

Chrysler Studeb AMC

1

0.2695 1

0.166 0.5721 1
-0.165 -0.4309 -0.3221

Chrysler VW Nissan

1

-0.0174 0.0439 1

0.3462
0.0337
0.0388
0.5717

0.2622 -0.1401 1

-0.0032 0.328 -0.2638
-0.0708 0.3299 -0.4165
0.2886 -0.0782 -0.0955

-0.1264 -0.4229 -0.2069 0.2715
-0.2036 0.0066 0.2362 0.394
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Honda

0.5039
0.0835
0.059

0.3218

Toyota

0.2442
0.142
-0.2113

Mazda Mitsub.

1
0.0135 1
-0.4386 0.1362



Table1V: Autocorreationsin growth

GM
GM(t-1)
GM(t-2)
GM(t-3)

FD
FD(t-1)
FD(t-2)
FD(t-3)

CH
CH(t-1)
CH(t-2)
CH(t-3)

PAC
PAC(t-1)
PAC(t-2)
PAC(t-3)

TOT
TOT(t-1)
TOT(t-2)
TOT(t-3)

PRE-WAR

GM

1
-0.0308
0.0481
-0.3052

FD

1
-0.0154
-0.1967
-0.0006

CH

1
0.0522
-0.2844
-0.3154

PAC

1
-0.3413
-0.0641
-0.2787

TOT

1
0.0516
-0.1767
0.0801

GM(t-1)

1
-0.0746
0.0394

FD(t-1)

1
-0.0435
-0.1972

CH(t-1)

1
-0.2113
-0.3536

PAC(t-1)

1
-0.3499
0.0791

TOT(t-1)

1
0.0396
-0.0086

GM(t-2)

0.0192

FD(t-2)

0.1661

CH(t-2)

1

0.1578

PAC(t-2)

1
-0.0742

TOT(t-2)

1
0.0945

POST-WAR
GM GM(t-1) GM(t-2)

GM 1

GM(t-1) -0.1149 1

GM(t-2) -0.2434 -0.1599 1

GM(t-3) 0.053 -0.247 -0.0692
FD FD(t-1) FD(t-2)

FD 1

FD(t-1) -0.0158 1

FD(t-2) -0.148 -0.2274 1

FD(t-3) 0.1754 -0.1361 -0.0044
CH CH(t-1) CH(t-2)

CH 1

CH(t-1) -0.4399 1

CH(t-2) -0.0556 0.1202 1

CH(t-3) -0.0093 -0.0555 -0.3019
STU  STU(t-1) STU(t-2)

STU 1

STU(t-1) -0.2281 1

STU(t-2) 0.4492 -0.2395 1

STU(t-3) 0.117 0.0581 -0.2229
AMC  AMC(t-1) AMC(t-2)

AMC 1

AMC(t-1) 0.3493
AMC(t-2) -0.0288
AMC(t-3) -0.0657

TOT
TOT 1
TOT(t-1) -0.0717
TOT(t-2) 0.0611
TOT(t-3) 0.1773
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1
0.3323 1
0.0955 0.372

TOT(t-1) TOT(t-2)

1
03772 1
0.3659 0.8228

POST-WAR
VW VW(t-1)
W 1
VW(t-1) 0.1184 1
VW(t-2) 0.1818 0.1172
VW(t-3) -0.3452 0.1497
NIS NIS(t-1)
NIS 1
NIS(t-1) 0.3415 1
NIS(t-2) 0.3102 0.3316
NIS(t-3) 0.2077  0.2639
HON  HON(t-1)
HON 1
HON(t-1) 0.5678 1
HON(t-2) 0.6584 0.5724
HON(t-3) 0.6364  0.6256
TOY  TOY(t+1)
TOY 1
TOY(1) 0.4988 1
TOY(t-2) 0.343  0.6295
TOY(t-3) 0.2451 0.5396
MAZ  MAZ(t-1)
MAZ 1
MAZ(t-1) 0.131 1
MAZ(t-2) -0.148  0.098
MAZ(t-3) -0.6423 0.1097
MIT MIT(t-1)
MIT 1
MIT(t-1) 0.3108 1
MIT(t-2) 0.1703 0.2527
MIT(t-3) -0.1241 0.1493

VW(t-2)

1
0.1146

NIS(t-2)

1
0.4164

HON(t-2)

1
0.623

TOY(t-2)

1
0.7311

MAZ(t-2)

1
0.22

MIT(t-2)

1
0.1254



TableV: Regression Results for Equation (15)

GM pre GM pst Ford pre Ford pst Chry pre Chry pst Pacpre Total pre Total pst
units(t-1) *-0.1218 **-0.2722 **-0.4288 ***-.3035 -0.2062 **-0.8163 -0.1796 ***0.2667 **-0.2098

t -1.971  -3.253 -3.119  -3.92 -1.182 -2.652 -1.697 -4.125 -2.571
arowth(t-1) -0.0511 0.0009 0.0922 0.0734 0.1632 **-0.0025 -0.2531 0.0236 -0.0653
t -0.279 0.0006 0534 0481 0563 -0.013 -1.37 0144  -0.493
arowth(t-2) -0.0989 -0.0486 -0.0888 -0.1002 -0.1576  0.0463 0.0799 -0.1834 -0.0236
t -0.537 -0.359 -0.527 -0.754 -0.719 0.381 0517 -1.197 -0.775
R 0.13 0191 0.28 025 0.179 0409 0241 0301 0.168
F 0205 0018 0.025 0.001 0.574 0 0125 0.003 0.054
log lik -11 1912 -16.68 1858 -3.604 -16.413 -8.16 -6.499 29.55
reset 0.1564  0.285 0.042 0.1949 0.1077 0.0002 0.7831 0.8252  0.3076
post-War

Stud AMC VW Honda Nissan Toyota Mazda Mitsub
units(t-1) 0.4833 **-0.241 *-0.1588 -0.176  ***-0.231**-0.1552 **-1.45 -0.3178

t 1544 -3.03 -1.711  -1.703  -4.194 -2.702 -3.957 -1.423
growth(t-1) -0.674 **0.4528 0.1699 0.0027 0.0962 0.3175 **1.099 0.0784
t *.1.853 2.168 1.118 0.014 0.487 1.189 3.192 0.303
growth(t-2) 0.1487 -0.0115 0.2836 -0.0081 -0.1613 -0.0697 **0.9275 0.1728
t 0437 -0.053 1.826 -0.047 -0.944 -0.414 2.927 0.713
R 0.346 0.279 0.171 064 0.437 0.542 0.639 0.473
F 0.101 0.004 0.032 O 0001 O 0.031 0.258
log lik -14.98 5.51 1.32 18.41 1228 23.1 12.58 6.08

reset 0.2643 0.2962 0.5248 0.0012 0.988 0.046 0.6546 0.7559

Note:

--***—ggnificant a the 1% levd, ** = ggnificant a the 5% levd, *= dgnificant a the 10% levd.
--Pre = pre-War, Pst = post-War.

--Units refer to the leve of output (number of automobiles produced) in logs. Growth refersto the
growth rate of output.

--The F gatigtic is the Prob>F.

--The Resat datidtic isthe Ramsey Reset test.
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1 For asurvey of early empirical work on the learning curve, see Yelle 1979; Spence, 1981, explores the relation
between learning and market structure, while Abernathy and Wayne, 1974, pursue some of the strategy
implications.

2 This is an enormous literature, one that arguably began with Penrose, 1959 and Nelson and Winter, 1982; for
more recent work, see Prahalad and Hamel, 1990; Teece et a. 1997; Coriat and Dosi, 1998; Dosi and Marengo,
1994, Teece, 2000 and (many) others.

% See Cohen and Levintahal, 1989, and others.

* Dosi et a, 1995. For a sectoral classification of patterns of technical change, Pavitt, 1984; see also Malerba,
1992, Dosi and Marango, 1994, and others for further work in thisvein.

® See Tushman and Anderson, 1986, Henderson and Clark, 1990, and many others.

& The most natural assumption to make about the evolution of A(t) over timeisthat it isdriven by alarge number
of small, idiosyncratic cost and demand shocks. Under well known conditions, the effects of all of these shocks
can be accurately described by a simple white noise process.

" For example, if demandisP=j ,-j ;Q and costsare C = j ,Q, then the optimal output choice of the firm will be Q
= (o-]2/7 1 Hence, if costs are reduced or demand is increased by some sort of learning that lowers j , or
increasesj , the rate of growth of output will be positively related to the rate of learning.

8 It would certainly be interesting to explore the relationship between learning and investments made to develop

product or processinnovations; i.e. R&D. However, we have been unable to compile an accurate series on R& D
for thefirmsin our sample.
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° This specification is very similar to that one often encounters in the literature which assesses the effects of
patents and major innovations on corporate performance; see, for example, the papersin Griliches, 1985; Geroski
et al, 2000,cites some of the more recent literature.

19 For surveys of empirical work on spillovers, see Griliches 1979, 1991, Gerosaki, 1995, Nadiri, 1993, and many
others.

" Previous work using corporate growth equations like (10) have interpreted the co-efficient | ; as ameasure of
agglomeration economies; see, for example, Geroski et al, 2000. Equation (10) is also very similar to the Lotke-
Volterra equation which is used by ecologists to describe the rate of growth of two populations which inhabit
the same niche; see Roughgarden, 1996, Chapter 21.

2 For work on corporate growth rates in this tradition, see Dunna nd Hughes, 1994, Evans, 1987, Hart and
Oulton, 1996, geroski et al, 2001 and many others.

13 This is similar to the model discussed in Geroski, 2000, which shows that a set of unobserved but durable
competencies will induce a moving average in growth rates over time. In that model, one expectsq > 0, reflecting
the positive and persistent effects that such competencies have on corporate performance over time.

14 The output data is the number of units produced per annum, and was obtained from annual editions of Ward's
Automotive Yearbooks (published by Wards Communications in Detroit). The Innovation data was obtained
from Abernathy, Clark and Kantrow, 1983, which contains a chronological list of automobile innovations by firm
from 1893 to 1981.

1> We have experimented somewhat with altering the precise dates which define the beginning and end of these
periods, and it seems to make little difference quantitatively (and no difference whatsoever qualitatively) to the
results which are reported in what follows.

16 Entry by foreign firms eventually led to a noticeable decline in the incumbents (i.e. major US owned
automobile manufacturer’s) market shares and a sharp rise in industry advertising: see Geroski and Mazzucato,
2000, and, more generaly on the history of the industry, Hunker, 1983, Kawahara, 1998, and White, 1971,
amongst many others.

17 There is also a clear negative correlation between market size and concentration (the market became more
concentrated as it grew), not least because of the extensive entry which occurred early in the pre-War period:
see Geroski and Mazzucato, 2001.

8 Mazda grew steadily until the early 1990s and then suffered a major fall in production; Volkswagon's early
penetration into the market was reversed in the late 1960's, and their recovery (partial asit is) only dated from
the mid-1990's. Honda, Nissan, Toyota and Mitsuibishi as recorded fairly steady (and, in some cases,
spectacular) market penetration over the post-War period.

9 We also performed Dickey-Fuller unit root tests (with and without time trends) on the data. In the pre-war
period, it wasimpossible to reject the hypothesis that thereis a unit root for all firms. Thiswas also true for most
of the foreign owned firmsin the post-war period.

20 There are, of course, other ways to interpret this result: see, for example, Geroski et al, 1997, who argue that a
random walk in firm size is consistent with a model in which firms hold rational expectations about the future and
choose an output trajectory subject to adjustment costs. Sutton, 1997, examines several other possible
explanations.
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