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I. Introduction

There is a large and wide-ranging literature that examines various aspects of
the impact of innovation upon economic performance. The main driving
forces of this literature are a desire to understand the determinants of output
and productivity growth and the potential role for, and impact of, policy
intervention. Within this general literature a growing body relates to the
impact of research and development (R&D) in particular. This literature in
turn includes two main strands: one focusing upon the impact of R&D on
productivity (for reviews see Griliches, 1995, and Mairesse and Mohen, 1996)
and the other on market valuation (for a review see Hall, 2000). The present
paper concentrates upon the market valuation approach, the rationale for
which, as discussed by Hall (2000) is that, if capital markets operate
efficiently, then the market valuation of a company should be a forward
looking indicator of firm performance reflecting the discounted sum of future
dividends, which, in turn, should be closely related to the discounted sum of
future profits. In particular, market values should reflect the future expected
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returns to R&D (and other tangible and intangible capital, such as goodwill)'
and thus estimates of the market value-R&D relationship will indicate the
impact of R&D on firm performance.”

Hall (2000) reviewing the literature shows that the return to research and
development has been the subject of intensive investigation in the USA, but
there have been very few UK studies (these are reviewed in Section II below).
The present paper uses a newly created data set that not only refers to the UK
but also covers a much more recent period (1989-95) than the limited number
of previous UK studies. Moreover, in the sample period the number of UK
firms reporting their R&D spend increased considerably, in part because of the
introduction of a new code of accounting practice for reporting R&D, SSAP
13 (and some care is taken to address the sample selection issues that result
from this) and this “natural experiment” provides a unique opportunity in this
context to explore whether “new news” is more valued by the market. The
paper uses an existing theoretical framework (Hall, 1993b) that extends the
Tobin q model in which the value of companies reflects the market’s
perception of the flow of future profits and dividends, which in turn are partly
driven by firms’ tangible and partly by their intangible assets, and in particular
the stock of “innovative” knowledge i.e. the intangible assets created by R&D
activity.

The paper is structured as follows. The next section considers the relevant
existing literature and generates an estimating equation. Section III discusses
the measurement of variables and data. Section IV outlines a number of
estimation issues and Section V presents and discusses the results of the
estimation. Finally, Section VI provides an overview and draws the main
conclusions.

II. Literature and Hypotheses

The basic approach employed in the majority of the relevant literature (see
Hall, 1992, 1993a) relates the market value of the company (defined as the
value of equity plus debt) to the value of its tangible assets and various
measures of its intangible assets. For any time t, and suppressing the time
subscript, we define MV; as the market value of company i. The assets of the

'For a more sanguine view of why market value and innovativeness may not be related because of
information problems and accounting standards see Amir and Lev (1996) and Lev and Sougiannis
(1996).

“Whether this is a true measure of the contribution of such assets to company performance is of
course dependent on the assumption of capital market efficiency. Although there is a substantial and
largely unresolved literature on this issue (e.g. Timmerman, 1994, Satchell and Damant, 1995, Miles,
1993 and 1995) there is a widely held view that capital markets are amongst the more efficient of
markets. However it is commonly argued that UK equity markets are short termist in which case the
estimated impact of R&D on market value will be a downward biased estimate of the true impact on
company performance. This issue is discussed further in section 5.
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firm are made up of two parts; tangible assets which are recorded and are
measured as part of the total assets of the firm; and intangible assets which
largely go unrecorded and do not appear in the accounts as part of total assets.
The book values of the various recorded assets are defined as Aji, where
j = l..mand X;A; = A, is the total value of such assets for the ith company.
The corresponding measures of the value of the unrecorded assets are defined

as Ky;, h = 1...n. Hall (1992) then writes that,
MV; = q;[A; + QA% + - + P Ami + 1 Kii + 1Ko + - + 1, K]
(1)
where ¢ measures departures from constant returns to scale and market
efficiency considerations should guarantee that it be unity in the long run (in
cross section) and q; is analogous to Tobin’s q, corresponding exactly when o
is unity and there is only one asset.
Dividing within the parentheses of equation (1) by A;, using the
approximation® that log(1+#) = #, and allowing that any disturbance or error

term in equation (1) is multiplicative, yields an estimating equation of the
following form:

Ay
logMV; = logq; + a[logA; + (¢ — 1)<K2> +

n-D(52) () 4 ()] 4 @

here ¢; is a normally distributed error term. As Hall (1992) points out, given
that ¢ should take the value of unity, “... the parameters multiplying the stocks
that are included in A; represents the premium (or discount) appropriate for
those stocks whereas the parameters multiplying the left out stocks (Ky;) is the
entire shadow price of those stocks.” Given Tobin’s q is expected to take a
value of unity in long run equilibrium, then, in such an equilibrium, logq; will
take a value of zero.

A large number of theoretical and empirical variants on the basic model
have been explored in the literature, mainly using US data, however, as Hall
(2000) has already reviewed this literature, here we focus more on the
relatively small number of UK studies. It is however worth starting with Hall’s
work on the US.

Hall (1993a) reports the results of both pooled and cross section estimates
of equation (2), based upon a sample of 2480 US companies over the period
1973-91. A; is measured by the book value of tangible assets and the K, are

*Hall (1992) points out the size of the errors that can be introduced through this approximation. In
the estimation below we have checked whether omitting the approximation and using nonlinear least
squares has any significant effect on our results. We find that it does not.
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represented by R&D flows (expenditures) or stocks (constructed using an
assumed, constant, 15 percent per annum rate of depreciation) and advertising
expenditure (proxying for the generation of brand values). In addition, she
also includes a two year moving average of cash flow (net of R&D and
advertising expenditures) and the growth rate of sales in the current year (as a
proxy for future growth prospects). She finds that R&D has a significant
positive impact upon market value, however, over time the returns to R&D
fell away sharply (the coefficient on the flow R&D/total asset ratio varies from
approximately 6 in 1973, rising to 8 in 1979, before falling away to 2 in
1991). This decline in the contribution of R&D is a result that is confirmed by
other approaches and explored further in a subsequent paper (Hall, 1993b).

Hall does not include a patent variable in her market valuation equation
although there is a significant literature that relates market valuation to
patenting activity. Griliches (1990, pp. 1679-88) contains a useful review of
the earlier literature. Griliches et al. (1991) explore whether there is additional
information on the rate and output of inventing activity in patent numbers
above and beyond that already contained in R&D expenditure data. Except in
the pharmaceutical industry, they find little evidence of such a “second
factor”.* However, more recent work in the US attempts to include weightings
for patents that in some sense reflect their “importance” and, hence, their
value. For example, Hall et al. (2000), use patent citations as a proxy for the
importance of the knowledge contained in a patent and find that the average
number of citations per patent appears to add significantly to the explanation
of market value. The results also confirm the highly skewed nature of the
importance and commercial value of patents (and hence the “noisiness” of
simple patent counts) that are more widely explored in the literature (see, for
example, Harhoff et al., 1999). Unfortunately, equivalent citation data are not
currently accessible from UK or EPO patent data in the same way as for the
USA. In the work below therefore, although patents are included we cannot
use citations weightings and thus results more like those found by Griliches
et al. (1991) should be expected.

For the UK, Stoneman and Bosworth (1994) estimated a very similar
model to that of Hall (1993), but used a balanced panel data set of 180 UK
companies over the period 1984-92. The principal differences were the
omission of an advertising variable (given the degree of under-reporting of
this variable in UK company accounts), but the inclusion of patent grants and
investment in physical capital (to reflect innovation assets generated by the
use as opposed to the generation of technology) as regressors. In general, the
results suggested that innovative activity and R&D in particular impacted

“Bosworth and Mahdian (1999) find evidence that R&D, patents and trademarks all play a sig-
nificant role in explaining the market value of UK pharmaceutical companies.
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positively on market value, but R&D and patents did broadly the same job,
with patents the “noisier” of the two measures.

The study by Blundell ef al. (1999) is built around equation (2) but
measures innovative activity of the firm by a count of innovations taken from
the SPRU innovation database, rather than the R&D and patent count variables
(although patent count data is used in a variant). The time period covered
terminates in the early 1980s making the study somewhat historical from a
current perspective. In addition to the innovation variable(s), the market value
equation includes market share, concentration, import penetration and union
density variables. The authors also undertake some “new news” explorations.
The results suggest that the innovation variables have a significant positive
impact on market value. The authors particularly emphasize the fact that a
variable interacting market share with innovations generally carries a positive
and significant coefficient and, as such, “... innovations of high market share
firms receive a greater value on the stock exchange”.

Following the studies of Connolly and Hirshey (1984, 1990) for the US,
one of the few other UK studies, that of Green et al. (1996), explored a variant
of equation (2), writing the model in terms of a dependent variable reflecting
the difference between market value and the book value of assets. They
provide cross section and pooled estimates using UK data for 1990, 1991 and
1992. However, no specific methods are employed to deal with issues of
sample selection bias (see below). In addition to R&D, their model allows
excess market value to be affected by market share, concentration, the debt-
equity ratio of the firm and industry (and its square) and the annual variability
of stock market returns. The variables other than R&D are found to have little
impact on excess market valuation and even the findings on the impact of
R&D are somewhat guarded. They state, ... it would be difficult to accuse the
market of totally ignoring the valuation relevance of past R&D expenditures”.

On the basis of these previous studies we write an expanded version of
equation (2) as (3) below. Equation (3) contains four groups of explanatory
variables (a) those carrying o and y parameters and referring to the
determinants of Tobin’s q, these being the firms debt equity ratio (DEBTEQ),
the change in log of sales of the firm (dlogS), the firm’s market share (MS), a
constant, and industry specific (and in the panel data estimates, firm specific)
effects (Zoyly) to pick up the impact of other relevant factors such as imports,
concentration and union density’; (b) those carrying f parameters and
referring to the level and composition of the book value of assets, these being
the log of the book value of measured assets logA, a separate term reflecting
the ratio of the firm’s financial to total assets, FIN/A, and a term in the ratio of

SIncluding risk, the one variable not included here but commonly found in the US studies reviewed
by Hall (2000) although not by Hall (1993a,b) herself.
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cash flow to A;, CF/A, as suggested by Hall (a finer disaggregation of A; was
not possible from our data sources); (c) those carrying t parameters and
referring to innovation assets, in particular, the ratio to A; of R&D, RD/A,
patents, PAT/A, and the change in tangible fixed assets (net investment),
Dtfa/A; (d) a final term which reflects the earlier findings of Blundell et al.
(1999), in the form of a cross product term between market share and the
R&D of the firm, MSRD.

logMV; =Y " aulic + By log Ai + Bo(FIN/A); + B5(CF/A);
+ '))IDEBTE Qi7_l + 'yzd log SI + 'y:;MSi + TI(RD/A)I
+ 1(PAT/A), + 13(dTFA/A), + SMSRD; + & (3)

The industry specific constant term can be interpreted as a value of (the log of)
Tobin’s q (see the discussion relating to Hall, 1992 and 1993a above) when
71DEBTEQy +y,DlogS; + y3MS; (plus possibly SMSRD) is zero and thus the
value relative to unity is of some interest. Previous results suggest that y, and y;
should be positive but there is no definite prediction on the sign of y,. The
coefficient on logA equals ¢ and as stated above should be unity in the long
run. 7, is predicted on the basis of past results to be positive and will reflect
the shadow prices of R&D stocks, whereas 7, may on the basis of past work
be positive or negative. It is expected that 3 will be positive. The coefficient
on MSRD, based on the work of Blundell ez al. (1990), should be positive.®
The innovation related variables included in this are measured as flows.
There are several reasons for this. First, as Hall (1993a, b) and Stoneman and
Bosworth (1994) point out, it actually makes very little difference to the
estimates which is used. Second, it is not immediately clear that the standard
procedure of applying an assumed fixed depreciation rate to the flows (usually
15 percent per annum) in order to generate the stocks is much improvement on
using flows in a world where depreciation rates may well be endogenous
(Bosworth, 1996). Third, the nature of the data we have is that for many firms
the time period over which R&D is reported is too short for the calculation of
R&D stocks and, as such, the use of flows is the only course open to us.
There is no legal requirement for UK companies to separately declare their
R&D expenditures, but the introduction of a new recommendation of

°In addition, we have experimented with the inclusion of terms that measure the R&D intensity of
the industry in which the firm is located. Such variables were included in order to pick up possible
spill-over effects of innovation from one firm to another or, alternatively, competitive effects between
firms or, finally, analysts’ valuation of companies on the basis of their R&D intensity relative to that
of other firms in the industry. A number of studies in the literature have suggested that such effects
may be important e.g. Jaffe (1986) and Megna and Klock (1990). In our own results, however, the
inclusion of such variables did not improve the performance of the specification (a result broadly
consistent with Geroski (1994), which reports a lack of apparent spillover effects in the UK) and,
thus, such terms are not further discussed in this paper.
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accounting practice (SSAP13) in 1989 led to a considerable increase in the
numbers of firms reporting R&D. The short data runs on R&D reflect the
relatively late start dates for the reporting of this variable. The fact that firms
can choose whether or not to report R&D raises a number of sample selection
issues that we address further below. However, the increasing number of
firms that report R&D for the first time within the sample period also opens
up an opportunity. In particular, a firm reporting R&D for the first time can be
argued to be providing “new news” to the market, information that the
market did not previously have (although it may have previously formed
expectations on the firm’s R&D). Cockburn and Griliches (1988), Blundell
et al. (1999), Griliches (1981), and Connolly and Hirshey (1990) all find that
new news or “‘unexpected” innovation impacts more upon market value than
“old” information.”

In the sections below, therefore, two samples are distinguished: the first
includes all announcers of R&D at a point in time; the second relates to only
those companies that first announce at that time. The first sample generates
results that are directly comparable with most of the US literature and
especially those of Hall (1992, 1993a) and the second generates results that
are more comparable with the “new news” approach. Insofar as the effects of
the continuing (future) reporting and conducting of R&D are already
discounted in the current firm value and may become subsumed as part of
firm fixed effects, the second estimates may more accurately reflect the true
impact of R&D on market value.

III. Data

The data set derives from an original sample of 1519 companies taken from
Extel’s Financial Company Analysis (from which all data was sourced, except
that on patents) chosen using the criteria that the companies were: (i) British,®
with accounts in pounds sterling;’ and (ii) classified as having their principal
activities in the mineral extraction, general manufacturing, consumer goods or
utilities sectors. Restricting the sample to quoted companies because of the

A closely related literature (e.g. Zantout and Tsetsekos, 1994) also indicates that “surprise”
announcements of increased R&D spending significantly positively impact upon market valuation.

8Around 1 in 5 of our companies are likely to be (partially owned) subsidiaries of foreign parents.
This raises some issues if the R&D is located in the parent and not in the UK subsidiary for the
market value of the subsidiary may be higher because of innovation assets generated outside the
subsidiary. Such effects can be picked up to some degree by the firm specific fixed effects in the panel
data estimates below, but to the extent that they do exist would tend to bias downwards our direct
coefficient estimates of the impact of R&D on market value.

°At the time of constructing the sample, very few companies reported their UK accounts other than
in pounds sterling, and it was not clear why a small number of companies chose to report in other
currencies. More recently, however, some large companies have started to report in either US$ or
Euros — so we would not apply such a restriction when up-dating the data.
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need to construct market values, reduced the number of firms to 890. A further
reduction to 877 occurred because of missing data (i.e., missing explanatory
variables other than R&D and patents).

Data were collected for the period 1988-95, although our estimation period
starts in 1989 (the 1988 data enabled first differences to be calculated for
1989). There are too few firms declaring their R&D spend prior to 1988 to
make it worthwhile extending the data collection exercise to earlier periods.
Of the 877 firms, annual samples varied between 574 and 840 as detailed in
the descriptive statistics presented in Table 1, with a pooled sample over the
whole period of 4939. Comparison of the cross sectional descriptive statistics
suggests that, although the sample changes quite substantially over the years,
its statistical properties stay very much the same.

The proportion of firms in the sample that disclose their R&D spending
increases over time from 28 percent in 1989 to 40 percent in 1995. The
decision to declare R&D appears to be irreversible (see Toivanen and
Stoneman, 2001). The number of new announcers in each sample year peaks
at 84 in 1989, the year SSAP13 came into effect, and then falls away through
44 in 1990 to only 7 in 1995.

Market value is defined as the (nominal) value of the firm’s equity as of
December 31%, plus the value of its debt. Primarily because of the short data
series, total assets are measured by their book value instead of using a
constructed value based on an (ad hoc) depreciation formula as in Hall
(1993a, b) and Blundell ez al. (1999). However, these authors report that, in
practice, there is no significant difference between the two measures. From the
descriptive statistics, it is clear that logMV; and logA; are very closely
correlated. Indeed, for any of the sub-samples that we have used, the
difference between the two is insignificantly different from zero. This is a fact
that will be reflected in the results reported below.

For firms reporting R&D, the R&D to assets ratio is around 1 percent on
average, but with large variation over firms and years. The investment variable
is calculated as the change in the value of the tangible assets of the firm. The
value of the average firm’s investment to assets ratio is 2 percent, but, as in the
case of R&D, there is again substantial variation across firms and over time.
For each year we have patent data for more than 80 percent of firms and, for
those firms undertaking patenting, the average number of patents applied for is
just over 2 per annum, with little temporal but a wide cross section variation.

We have information on the main industry of every firm based upon its
principal product, and have created industry dummies using this information."°

1A large proportion of the firms operate in several industries, but we were not able to compile
detailed data on how a given firm’s sales are spread over industries.

© Blackwell Publishers 2002



Innovation and the Market Value of UK Firms 49

Average market share is low at 3 percent.'' The firms are large, however, with
average annual sales of over £100 million, and also grow rapidly, at an average
rate of 10 percent per annum (in nominal terms). The debt-equity ratio is on
average 23 percent and the share of financial assets in all assets (FIN/A)
12 percent. The moving average of cash flow is very close to unity.

IV. Econometric Methodology

It is clearly only possible to estimate the market value equation at any point
for those firms on which data is available on both R&D expenditure and
patents at that time. The key issue that this raises is that, if the provision of
R&D data or patent statistics is a choice variable for the firm and thus
endogenous, unless some means is adopted to account for this, the estimates
of the market value equation may exhibit sample selection bias. We have
already argued that announcing R&D is an endogenous variable, however, the
missing patent statistics are much more an issue of data source coverage rather
than firms choosing not to declare such statistics. Although we have explored
modelling in which patent data availability is treated as endogenous in the
same way as we treat R&D data availability, we find that the introduction of
this further complexity does not affect our market value equation estimates
and thus firms for which patent data are not available are simply omitted from
the sample used to estimate the market value equations.

Past work on the estimation of market value equations has generated both
yearly cross section estimates (Hall 1993a, b) and panel (pooled time series
cross section) estimates (Hall 1993a, b and Blundell et al., 1999) and both
types are also produced here. The cross section approach has the advantage of
enabling all parameters to differ across time and for tests to be carried out to
see if sample selection biases exist. For the panel, there are problems of
determining the appropriate estimation method in the presence of sample
selection bias.'? Fortunately, our cross section estimates suggest that sample
selection effects do not appear to be significant, and thus in generating the
panel data estimates we have decided to not explicitly take account of sample
selection problems, allowing instead that the fixed effects included in the
estimation will account for sample selection issues. The opportunity to
include firm fixed effects is of course a general advantage of the panel data
approach.

"Market share of firm i in period t is defined as firm i’s proportion of industry sales in period t,
within our sample.

">The one existing method for estimating panel data models with endogenous sample selection
(Kyradzidiou, 1997) relies on first differencing the data. However as is well known, the signal to

noise ratio in variables such as R&D is low and thus first differencing leads to a loss of infor-
mation.
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The sample selection issue in the cross section estimates is addressed using
the standard Heckman (1979) sample selection model (see, for example,
Greene, 1993). Thus for each annual cross section sample we estimate a first
stage probit model in which the dependent variable is (1,0), reflecting whether
(or not) the unit of observation is included in the market value estimating
equation (i.e. whether R&D is reported or not). From this probit model we
calculate the Mills ratio for each observation. The inverse of the Mills ratio,
MILLS, is then included as an explanatory variable in the second stage market
value estimation.

Building upon Toivanen and Stoneman (2001) the first stage probit model
used here includes as explanatory variables: total sales; the ratio of tangible
fixed assets to sales; the ratio of the wage bill to sales; and the lagged
proportion of firms in the same industry already disclosing their R&D. In
order to save space we do not report the results of these estimates, although
they are available from the authors upon request. In Table 2, we present data
on the forecasting accuracy of the model by reporting a statistic “COR-
RECT” which details the percentage of the sample whose reporting
behaviour in each year is correctly predicted by the probit model (this
averages about 80 percent).

The final econometric issue is simultaneity. We consider that all but one of
the explanatory variables can reasonably be argued to be determined
independently of market value, however, the debt equity ratio by definition
is not independent of market value and as such it is instrumented by its own
lagged value.

The form of the market value equation that we estimate may now be stated
as that for each period t:

logMV; =) "oyl + By log A1 + Bo(FIN/A); + B3(CF/A);
+7,DEBTE Q,_, + 7,dlog$; + 75MS; + 71 (RD/A);
+ 1(PAT/A), + 13(dTFA/A), + SMSRD; + QMILLS; + &

where MILLS is the inverse Mills ratio, as defined above and ¢; is an error
term.

V. Empirical Results

Our initial estimates of the market value equation are based upon individual
cross-sections for each of the years, 1989-95 and use data on all announcers at
each point in time. These estimates are directly comparable with those for the
US reported by Hall (1992, 1993a). We then consider estimates of the market
value equation for the sample of first announcers only. Finally the panel data
results are discussed.
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Cross-section results

The yearly cross section estimates'® are presented in Table II. We note first
that the inverse Mills ratio is never significant in these estimates. Thus,
although it is correct to take account of possible sample selection bias, there is
no evidence that such bias is a significant problem. The finding can be
interpreted as that there is no evidence that the market values firms reporting
R&D in a different way than it values non-reporting firms and as a result one
may argue that there is no evidence to suggest that firms report (do not report)
R&D because they expect a higher (lower) market valuation from this
reporting.

The reported results suppress the actual values of the industry specific
constant terms in order to save space. The industry specific constant term can
be interpreted as a value of (the log of) Tobin’s q (see above) when
11 DEBTEQ; +y,DlogS; + y3MS; is zero. We report for each year the number
of industries that have a constant term significantly different from 0 which
varies from 1 in 1992 to 13 in 1995 (all significantly greater than 0). There
thus seems to be significant variation both across industries and over time in
Tobin’s g. Results on Tobin’s q have been left unreported in the literature
before (see Hall, 1993a, b and Blundell et al., 1999).

Turning to the other three variables considered to affect Tobin’s q, the debt
equity ratio (with a one period lag) carries a highly significant and negative
coefficient each year, with the coefficient value ranging between —0.64 in 1991
and —1.89 in 1989. While Green et al. (1996) do not find any significant impact
of the debt equity ratio on market value, our results suggest that the market
considers that high debt firms will generate a smaller stream of future returns
than low debt firms. Unlike Hall (1993a), no consistent evidence is found
that firm growth as measured by dlogS positively impacts on market value,
the variable only carries a significant (positive) coefficient in 1993. Market
share (MS) carries a marginally significant negative coefficient in 1990,
but in general it seems not to impact on firm market value. The interaction
variable between market share and R&D (MSRD) that plays a prominent
role in Blundell ef al. (1999), never exhibits a significant coefficient. This
suggests that there is only weak evidence, if any, for the hypothesis that
firms with high market shares can better internalise the gains from R&D.

As regards the measured assets, logA; always carries a (significant)
coefficient that is insignificantly different from unity, which implies that there
are constant returns to scale in the valuation equation. This result is not
surprising given the finding reported above with regard to the close correlation

BWe also experimented with estimating the market value equations in first difference form
however in general the results were poor. We consider that this is largely because the signal to noise
ratio in variables such as R&D is low and the use of first differencing leads to a loss of information.
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between A and market value. The ratio of investments in financial assets to
total assets never carries a significant coefficient, implying that financial
investments do not yield above average returns to the firms in our sample. On
the other hand, cash flow divided by total assets, CF/A carries a significant
negative coefficient in three years (in 1990, 1994 and 1995). There is no
obvious explanation for the sign, which is opposite to that expected (and
found by Hall, 1993a) although it is possible that cash flow is a prime
determinant of R&D and investment spending and as such its true impact is
picked up in the coefficients on these other variables.

Of the variables reflecting innovation assets, the ratio of conventional
investments to total assets (dTFA/A) introduced to reflect possible technology
acquisition from external sources never carries a significant coefficient and,
thus, such investment does not yield above average returns to the firms in this
sample. The coefficient on the ratio of flow R&D to total assets, RD/A, varies
considerably in size over the years but is consistently positive. It is
significantly different from 0 in four years (1991, 1993, 1994 and 1995)
and, when significant, the associated coefficient is in the range 2.5—4.2. These
estimates are quite close to those of Hall (1993a) for the US where she
estimates annual R&D flow coefficients in the range 2—8 with an average over
her whole sample period of 2.44. Unlike Hall however we do not find any
particular time trend in the size of the parameter on RD/A. As R&D is not
generally capitalised into the firm’s total measured assets in the UK, the
coefficient on RD/A can be taken as a measure of the total contribution of
R&D to market value (it should be remembered that the coefficients on the
intangible assets are an indication of their gross contributions at the margin,
while the corresponding coefficients on tangible assets reflect the excess rate
of impact or return at the margin — a markup vis-a-vis the average impact of all
such assets). However, one might at this point emphasize (as does Hall) that it
is possible that measured assets, 4;, does include some capital assets that are
used for R&D purposes and as such it is possible that the coefficient on RD/A
underestimates the true additional contribution of R&D to firm market value.
The third innovation variable included is the ratio of patent applications to
assets (PAT/A). This variable is marginally significant in 1993 (with a
negative coefficient) but otherwise not significant, although it carries a
negative coefficient in five of the seven years (we also experimented with
using a lagged patent variable but the results were similar to those reported).
Thus, once other assets are included there is no evidence that patents
contribute to market value (as per Griliches et al., 1991).

Pursuing the issue of anticipation or “new news” we define, for each year,
a sample of firms that are first announcers. Unfortunately the number of such
companies is only large enough to represent a statistically acceptable sample
for estimating the market value equation in 1989. Table 2 presents the results
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of this estimation. Now the inclusion of a firm into the sample is conditioned
on it not having declared R&D in 1988. Comparing these results with those
derived using the sample of all 1989 announcers, the pattern of coefficient
signs and significance levels are very similar except that the coefficient on
RD/A jumps from 0.782 (with standard error 2.070) to 4.922 (and standard
error of 2.350). This is an almost seven-fold increase in value. At the same
time the standard error only increases by about 13 percent. As a consequence,
the coefficient on RD/A for first announcers is significant at the 5 percent
level. As with all 1989 announcers, of the other variables included only logA
and DEBTEQ obtain significant coefficients; the former are within one
standard deviation of each other, the latter changes from —1.888 for all
announcers to —0.838 for first announcers.

The interpretation of the finding that the R&D spend of a newly disclosing
firm is more highly valued than the R&D of a firm that has previously
disclosed its R&D spend is not obvious. One possibility is that the market
thought that firms that did not previously disclose did not undertake R&D and
the disclosure of positive R&D spending (i.e. that the firm is technologically
active) is a valuable piece of information. This seems however to underplay
the market’s prior expectations on the activities of new disclosers. A second
possibility, which is really only a variant on the first, is that for existing
announcers, the latest R&D data only contains a small amount of new
information whereas for new announcers there is greater information content.
For previous announcers the information content of the latest R&D data is
thus already capitalised in to the share price whereas for new announcers
much less of the information content of the R&D announcement has been so
capitalised. This would tend to generate a greater impact of the R&D spend of
new announcers than for existing announcers'?.

Panel Data Set Results

Three sets of panel data estimates are reported in Table 3. The specification in
the first column includes firm, but no year dummies; the year dummies have
been added in column 2; in column 3 the R&D coefficient, our major interest,
is allowed to vary by year. This latter experiment was carried out in the light
of the cross section results that suggested that there is year-to-year variation in
the R&D coefficient (and in the light of Hall’s, 1993a, results for the US). The
reported test statistics indicate that the year dummies are jointly significant,

'“The results present a slight puzzle with respect to “new news”. The coefficient on the Mills ratio
was insignificantly different from zero in the market valuation equation suggesting that firms that do
not declare their R&D spend are valued in a similar manner to those that do. On the other hand, we
find that when a firm declares R&D for the first time, the market values this more highly than an
equivalent amount of R&D reported year on year. These results do not appear consistent.
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TABLE 3
Panel Data Market Value Estimations

(1) 2) 3)
logA 1.005%** (.001) 0.999%** (.001) 0.998*** (.001)
RD/A 3.830*** (.091) 3.525%** (.093) -
RDS89/A - - 2.654*** (489)
RD90/A - - 1.735%** (.100)
RD91/A - - 3.371%** (.070)
RD92/A - - 3.426%** (.145)
RD93/A - - 2.747*** (.100)
RD94/A - - 2.811%%* (.124)
RD95/A - - 6.450%** (.371)
DTFA/A 0.342%** (.030) 0.513*** (.033) 0.472%%* (.032)
dlogS 0.133*** (.006) 0.116*** (.006) 0.126*** (.006)
CF/A —0.038*** (.003) —0.052*** (,004) —0.052*** (.003)
DEBTEQ —1.212%%* (.013) —1.239*** (.015) —1.242*%** (.014)
FIN/A —074** (.031) 0.103*** (.031) 0.095*** (.002)
PAT/A —0.320%** (.045) —0.333*** (,051) —0.280*** (.044)
MS —0.049%** (.010) 0.338" (10.15) 0.004 (.008)
MSRD —1.073*** (.373) —-0.549 (.379) —0.001 (.242)
Nobs 1541 1541 1541
Firm dummies Yes Yes Yes
Time dummies No Yes Yes
R? 0.943 0.946 0.946

Tl 594.91 (42.1498) 545.39 (48,1492) 486.41 (54,1486)
T2 3.760 (32,1499) 3.897 (32,1493) 3.944 (32,1487)
T3 ~0.00231 ~0.00162 ~0.00227

T4 - 12.183 (6,1492) -

Notes: dependent variable is logMV. Numbers given are coefficient and heteroskedasticity robust

(standard error).

*** — sign. at the 1% level.
** = sign. at the 5% level.
* = sign. at the 10% level.

a = coefficient and (s.e.) multiplied by 1000.

T1 = an F test of joint significance of RHS variables (d.f.).
T2 = an F test of joint significance of fixed effects.

T3 = estimated autocorrelation coefficient.
T4 = an F test of joint significance of time dummies.

whereas the null hypothesis of a non time-varying R&D coefficient cannot be
rejected at conventional levels. We therefore concentrate on the results in
column 2, and provide the other results for comparison purposes.

Generally, the main difference between the cross sectional and panel results
is that the latter display markedly more precisely estimated coefficients. The
likeliest explanation for this is the dramatically increased number of
observations: the largest cross section sample was 261 (in 1994), whereas the
panel has 1541 observations. The R? for the panel estimates is very high, but this
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result is primarily driven by the tangible assets variable (logA) on the right hand
side. The coefficient on the debt equity ratio variable (DEBTEQ_,) is again
significantly negative throughout, with a value (—1.24) that is approximately the
mean of those which appear in the cross-sectional findings. While the
coefficient on the cash flow to assets variable (CF/A) was only significant in
three of the years covered by the cross-sectional estimates, in the panel data set
results it is highly significant in all three specifications, carrying a negative sign
(this still leaves open the issue of interpretation addressed in the discussion of
the cross section results). The ratio of financial assets to tangible assets (FIN/A)
also plays a significant positive role in the explanation of market value.

The firm growth variable (dlogS) now has a significant positive coefficient
(it was only significant in one year in the cross-sectional regressions). This
indicates that a 1 percentage point increase in the rate of growth of sales leads
to just over a 0.1 percent rise in the market value of the company. The market
share variable (MS) and the interaction variable MSRD are insignificant
throughout, confirming the results of the cross-sectional estimates.

Again, our principal interest lies in the role played by R&D, patents and
investment in the regression. Investment in tangible assets (d{TFA/A) carries a
positive and very significant coefficient in all three specifications. Current
R&D (RD/A) also exhibits a highly significant positive coefficient in all three
specifications. When we allowed the R&D coefficient to vary (the p-value of
the null hypothesis of no yearly variation in the R&D coefficient is 0.115), we
found it to be significant for all years, with values ranging between 1.735 in
1990 and 6.450 in 1995. The coefficient on patents is now significant and
negative in all specifications (it was negative in five out of seven the cross-
sectional estimations, but only significant at the 10 percent level in one of
these). This is consistent with the cross-sectional findings of Bosworth and
Stoneman (1994). These results indicate that intangible innovation assets as
measured by R&D and gross investment have a significant positive impact
upon the market value of UK firms. The negative coefficient on patents we
interpret, as do Bosworth and Stoneman (1994), as an indicator of
appropriability conditions. The more difficult it is to appropriate returns the
lower will be the impact of innovation on market value and the higher will be
the level of patenting.

We further experimented with regard to the issue of new news by including
an interaction term between an indicator denoting new (old) announcers and
RD/A. It was hoped that as the panel data includes firm specific effects, that a
positive and significant estimate of the interaction term(s) would confirm a
greater impact of new news, the firm specific effects picking up any
capitalisation of old news in to market values. In fact the interaction terms
never obtained a coefficient that would have been significant at reasonable
confidence intervals (p level around 0.8). This may indicate that new news
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(i.e. the R&D spending of new disclosers) has no extra value over above the
data on the R&D spend of existing announcers, however, in our view, the
likeliest explanation for the result is the same as that which forced us to
estimate the cross section new news model only on 1989 data, i.e., there are
very few new announcers in other years (and by implication in the panel).

The cross section and panel results jointly indicate that R&D has a
significant and positive impact on firms’ market values in the UK, even after
taking account of sample selection issues, but that the effect may vary on a
yearly basis. However, this still leaves open the possibility that the market is
short termist to a degree and as such the estimates of the impact of R&D on
market value are downward biased estimates of the true impact of R&D on
firm performance. It is essentially impossible to judge whether UK capital
markets are short termist. As our estimates of the rate of return to R&D are
positive we can say that the market is not “absolutely’ short termist, in that it
values investment in R&D to some degree, but we have no objective
comparator for the correct valuation of R&D and thus we cannot say whether
or not the market relatively undervalues R&D. As we have already shown, our
estimates of the impact of R&D are not out of line with those found by Hall
for the US, but to use that as an argument to refute short termism only begs the
question as to whether the US also suffers from low valuations of R&D. In fact
US and UK financial systems are often considered as similar (being market
based as opposed to bank based, see for example Stoneman, 2001) and may
thus be similar in short termist attitudes if they do exist. More relevant
comparators may be bank based systems (e.g. Germany or Japan) where short
termism is considered less likely, however a check in the synthesis of results
reported by Hall (2000, pp. 184-5) reveals no comparable results for such
countries. The estimates we have produced therefore may be downward biased
but we cannot check this in any objective way.

VI. Conclusions

This is one of a small number of studies using UK data which have explored the
market valuation of companies’ intangible assets, in particular, research and
development and patents. A newly constructed data set covering a more recent
period than past studies is used and particular attention has been paid to the
endogeneity of the firm’s decision whether to declare R&D or not, and the
potential selection bias to which this decision might give rise. The key result of
the paper confirms earlier results for the US — that the market values R&D.
However, although the valuation varies year by year we do not find any
consistent trend in the valuations of the type reported by Hall for the US. We
have found some limited evidence that the market values ‘new news’ about
firms’ R&D activities more highly (see Cockburn and Griliches, 1988). In
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particular, those firms that declared R&D for the first time in 1989 show a
greater impact of R&D on market value in that year than those firms who first
declared R&D at an earlier date. Problems of sample sizes prevented further
conclusive tests of this result using data for other years. We find no evidence to
confirm that the market values R&D more highly in firms with larger market
shares. We do find that once the impact of R&D is taken into account, patents
have a negative impact upon market value. We suggest that this is because
patents are acting as an indicator of the difficulties of appropriating the returns
to innovation. We find that our other indicator of innovation, gross investment,
also has a positive impact upon market value, suggesting that the introduction
as well as the generation of new technology is valued by the market. Finally,
although the interpretation of the results as a true measure of the impact of
R&D on firm performance is still open to the issue of possible short termism in
UK capital markets, we at least demonstrate that the coefficients on key
variables, such as R&D, are in line with those found in the US.

Date of Receipt of Final Manuscript: November 2001
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