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cite the original patent. If this is true, forward citations would increase for around 2-5 years
(the time it should take to develop a new invention and file a patent) after sale or entry has
occurred. Table 5.3 shows the number of forward citations that patents have received during the
years before and after application, entry and sale occurred. If it is assumed that a competitor
cannot apply for a new patent within two years after entry or sale occurs, it seems as if neither
entry nor sale affects forward citations.?? To deal with this potential endogeneity problem, we
transform the citation variables W CIT and B _CIT into binary variables, D W CIT and
D B CIT indicating whether a patent received a citation. Such citation dummy variables

should be less sensible to the endogeneity problem than the original ones.

Entry costs, G To measure the costs of commercialization under entry G, we use additive
dummies for different firm sizes. Firms which already have marketing, manufacturing and
financial resources in-house should have lower costs of entering the market for a new product,
G. We define the variable SM ALL taking on the value of 1 for firms with 11-200 employees,
and 0 otherwise, whereas MIC RO equals 1 for micro companies with 2-10 employees, and 0
otherwise. Entrepreneurial firms with either of these characteristics should face lower entry costs
than the reference group of inventors without any employees. Since larger firms should face lower
entry costs GG, the bidding competition among incumbents for entrepreneurial inventions implies
that v¢ = B¢ —ag > 0 and Proposition 4(ii) thus implies v¢,,, =~ < 0and vg, , <O0.In Table
5.4, the commercialization mode rates are shown for different firm sizes. Commercialization by
sale is more frequent the smaller is firm size, whereas entry is more frequent the larger is the

firm, which is consistent with Proposition 4(ii).

Transaction costs, ' We use the variable PVC measuring the percentage of the R&D-stage
that was financed by private venture capitalists or business angles as a measure of transaction
costs I'. Gans et al. (2002) find evidence that the involvement of private venture capitalists
increased the probability of commercialization by sale, arguing that such agents have networks
with firms, thereby decreasing the search and transaction costs associated with finding an ex-
ternal buyer. Thus, if a stronger participation of venture capitalists in the commercialization
process reduces the transaction costs I, it follows from Proposition 4 that preemptive acquisi-

tions by incumbents of entrepreneurial innovations implies vp .., > 0.

Operational fixed costs, 7 We do not have any measure of fixed operation costs, 7. Instead
we use additive dummies (fixed effects) for technologies and regions as well as a trend variable
for the application year, broadly controlling for unobservable technology-, region- and time-
specific factors. Patents are divided into technology groups based on the patents’ main IPC-
Class according to Breschi et al. (2004). The data is also divided into six different regions.
Five additive dummies are included for these six groups in the estimations. A trend variable

APPLY is also included, measuring the application year.

20 Note also that most entries occur about 1-3 years after the patent application (see Table 5.3), which

explains the low value of 23 citations in the first year after entry.
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5.3. Results

The results of estimating the probit model (5.4) are shown in table 5.5. Let us first examine if
these results are consistent with preemptive acquisitions by incumbents. We start with Model
A containing the core variables from the theory, W CIT,PVC, SMALL and MICRO, as
well as fixed effects for technologies and regions. The Wald test on the core variables shows
that v = 0 in (5.4) or, equivalently, 3 = « is rejected. This is also the case in the Wald test on
the full specification of Model A.

Next, we turn to individual estimates. A higher quality of the invention as measured by more
forward citations (W _CIT) increases the probability of an invention being commercialized by
a sale to incumbents. On the other hand, presence in the market as measured by either being
a small or a micro firm (SMALL and MICRQO) decreases the probability of a sale. All these
variables are statistically significant. The estimated coefficient of PV C has the correct sign,
but is not significant. Since we can reject v = 0 and since the coefficients of the core variables
are consistent with v, = 8, —ax > 0, 70 = B —ar < 0 and 74 = 85 — ag > 0, Proposition
4(ii) implies that the estimates identify incumbent acquisition as being preemptive in nature.?!

In Models B and C we add between citations B CIT and the application year APPLY,
without qualitative changes in results. The Wald tests and individual estimates are again
consistent with the Proposition 4(ii). Calculating marginal effects shows that if a patent receives
one more forward citation during a five-year period, the probability of sale increases by about
five percentage points in Models A-C. If the inventor has a small firm as compared to the case
where she has no firm, the probability of sale decreases by around 20 percentage points.

Due to the potential endogeneity problem our citation variable and the distribution of
forward citations being skewed to the right, we reestimate (5.4) with the citation dummies
D W CIT and D B CIT, indicating whether a patent received a citation. These results
are shown in table 5.6. The Wald tests again reject v = 0, whereas the results for individual
estimates are consistent with v, = 8, —ax > 0, y7p = Bp —ar < 0 and v5 = Bg — ag > 0.
Once more, the results are thus consistent with Proposition 4(ii), albeit some estimates are less
precise.

As a second check, we also re-estimated table 5.5 with OLS and logit specifications without
finding any qualitative changes in the results. The results were also unaffected by adding a
number of control variables such as the share of ownership in the entrepreneurial firms held
by the inventor, notwithstanding if the inventor had complementary patents or more patents,
individual characteristic of the inventor such a sex or ethnicity, or whether the patent was

applied in research at a university.

5.4. Extension: the decision to commercialize

The theory presented makes the implicit assumption that all patents are commercialized. In
contrast, about 40 % of the patents in the sample were not commercialized. Among the non-

commercialized patents, 163 expired before the end of the data collection in 2005, while 97

*! The exception is v, = 3, — @, = 0 since we have no direct measure of operating fixed costs, 7. The
impact of 7 is indirectly estimated through the Wald test on v = 8 — a = 0, where the impact of 7 is

(imprecisely) accounted for in the technology and region-fixed effects.
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patents remained active in 2005 and may, in principle, have been commercialized after the
observation period.??

We investigate this data problem in three ways. First, we re-estimate the probit model
in (5.4) with a sample selection correction, pooling both types of non-commercialized patents.
Second, we estimate a multinomial logit model which is based on an extension of the theory to
include the decision to not commercialize an invention. The latter model uses the information
from non-commercialized patents where the inventors actively dropped their patent. Finally,
we employ a duration analysis. This method takes account of the timing decision and controls

for the fact that some patents may have been commercialized after the sample period.

5.4.1. Selection bias

Since the group of commercialized patents may not be a random sample of patents, but may
have rather specific characteristics which led to them to be commercialized, there is a potential
sample selection problem in 5.4.

To control for this, we also model the probability of commercialization
ce = I[00 + 0,2¢ + 0'Xe + ue > 0], (5.6)

where ¢, = 1 if commercialization is chosen and ¢, = 0 otherwise. z. is a variable which only
affects the choice to commercialize but not the mode of commercialization. The variable z. can
be considered as a variable identifying draws of low-quality inventions, or inventions associated
with high costs for commercialization, which would imply Rg () + €em < 0 in (5.1). The
vector X, contains the same explanatory variables as those included in the probit model (5.4).

How may selection bias affect the estimates of « in (5.4)? Suppose that u. and €. in (5.4)
and (5.6) contain an unobserved quality of the patent. From Definition 1, patents with a high
unobserved quality will tend to be commercialized. But then, since u. and e, are positively
correlated (due to the unobserved quality), commercialized patents with high unobserved quality
will tend to be sold to incumbents by Lemma 3. This selection mechanism may potentially
generate an upward bias on the estimate of v = 8 — a in (5.4).

Assuming that the error terms u. and €. are correlated according to a bivariate standard
normal distribution with correlation p, (5.4) and (5.6) can be jointly estimated with maximum
likelihood to obtain an estimate of v = 8 — a to test Proposition 4.2 Svensson (2007) shows
that government-financed inventions are less likely to be commercialized, arguing that inventions
of inferior quality seek government support for commercialization and that the government loan
terms discourage commercialization.

In table 5.7, we report the selection model using the full sample of 624 observations. Using
the percentage of the R&D-stage financed by government (GOV) as the identifying variable
Ze, we note that the results in the second-stage sale equation do not change qualitatively in
relation to the corresponding probit specifications in table 5.5 and results are again consistent

with Proposition 4(ii). Inspecting individual estimates, we note that W CIT is still significant

*2 This is less likely, however. In Svensson (2007), it was shown that the probability is very low that

the 97 non-commercialized patents, which are still alive, will ever be commercialized.
?3See, for instance, Van den Ven and Van Pragg (1981).
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at the five-percent level. If a patent receives one more forward citation during a five-year
period, the probability of sale increases by 4-5 percentage points in Models A-C. While the first
stage identifies the commercialization decision through the government financing variable, the

correlation between error terms u. and ¢, is not significant.?*

5.4.2. Identification with multinomial logit

The probit model with selection suggests that the error terms in the commercialization decision
and the choice of type of commercialization are not correlated. Assuming this to be the case, we
can formally integrate the commercialization decision into the theory, thus providing additional
information for identification.

To see this, let Re no(k, 7,1, G) = RE No(ke, Te, I'e; Ge) + €c,No be the reward for "No com-
mercialization”. By definition, Rg no(ke, Te, e, Ge) = 0 which can be (trivially) linearized in

its arguments:

Re,No(kea Tey Le, Ge) = % + ¢kkr + wFFT’ + ¢TPT = X/e’l#‘ (57)
0) (0 (0) (0)

Then, let m,l = (Sale, Entry, No). The probability that the entrepreneur will choose commer-
cialization mode m instead of commercialization mode [ is then Prob[m.]=Prob[R. , > R.,]
Vm # [, or Prob[m]=Proble.; — ce.m < REm(k,7,T,G) — Rg (k,7,I',G)] Ym # [. Assuming
that e, is distributed according to the Gumbel distribution, e, = ¢, —€¢,; Will be distributed
according to the logistic distribution. Under the assumption that €. no, €¢,5ale and ¢ pniry are
not correlated, this gives rise to a multinomial logit model, where:

x.03 XL
c Prob[Entry.] = c

Prob[Sale.| = (5.8)

XB 1 X 1 Xl LB 1 oXLa 1 Xl

Maximum Likelihood can now be used to estimate %€ = 8 — 4 and v¥""Y = o — 9, where
1 = 0 from (5.7) identifies vectors B and a from (5.2) and (5.3).

In table 5.8, we show the results from estimating (5.8) for the 364 patents which are com-
mercialized (by Sale or Entry) and the 163 patents where we know that the holder actively
chose not to commercialize (i.e. the patent expired without any income for the holder).?’ Given
the identifying assumption of ¥» = 0, Wald tests show that 3 = 0,a = 0 and 8 = «a can
all be rejected. Moreover, the parameter estimates and Wald tests on the citation variable
W __CIT and, in particular, the citation dummy D W CIT indicate evidence of aj > 0 in
(5.2), B, > 0in (5.3) and ), > aj. Calculating marginal effects shows that if a patent receives
one more forward citation during a five-year period, the probability of sale increases by 3.8
percentage points, entry increases by 2.6 percentage points and no commercialization decreases
by 6.4 percentage points. From the estimates of SMALL and MI1C RO, we also note that the

2 We also re-estimated table 5.6 with the citation binary variables, D W CIT and D_B_CIT

without a qualitative change in the results.
5 We omit the remaining 97 observations since we do not know the commercialization decision for these

patents. This right-censoring problem is taken into account in the next section which uses a duration

analysis.
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Wald tests are largely consistent with ag < 0, 85 = 0 and that S5 > ag. Thus, the results are
again consistent with Proposition 4(ii) identifying preemptive acquisitions.

The multinomial logit model gives additional evidence for the theory in terms of the reward
function in (5.2) and (5.3), and the fact that incumbents’ acquisitions are preemptive in nature.
While the multinomial logit model is informative, it has its drawbacks. As mentioned, it assumes
that the error terms in different commercialization modes, e, are not correlated.?® Another
problem is that the temporal information in the data is not used. To address the latter problem,

we finally turn to event history methods, i.e. duration analysis.

5.4.3. Duration analysis

The probit model with selection and the mulitnominal logit model take into account that some
patents are not commercialized but not when a patent is commercialized, i.e. the temporal
information in the data is not used.

To illustrate, the hazard function of the events of commercialization by entry and sale is
shown in Figure 5.1, where these events are measured in years from the application date.?” The
hazard function, h,,(t), shows the conditional probability of a patent commercialized by entry
or sale in a specific time period At, given that it has “survived” (neither been commercialized by
entry nor sale) until time point ¢. Note that the hazard function of entry levels away more quickly
than that of sale. Thus, the timing of commercialization seems to be of importance. Inventors
who already have firms may be able to start the commercialization more quickly through entry
than inventors who try to sell or license their patents. In the latter case, inventors may face
the problem of asymmetric information when searching for an external firm. These transaction
costs may be inadequately captured by the private venture capital dummy used in the previous
analysis. Moreover, there is a time lag of 2-3 years between patent application and granting.
This means that there is an uncertainty regarding the scope of the patent protection for the
acquiring firm. Acquisition and licensing contracts may then be delayed until the grant date.®

In the survival model, we estimate how different factors affect the number of years it takes
from the time point of the patent application until the two events, Tsq. and Tgptry, occur for
a patent. The survival model is estimated as a competing risk model, since the two events are
mutually exclusive. Since we do not know the exact time point within a year when a patent is

commercialized, T'sqie and Tgpiy are interval-censored.?? The accelerated failure time (AFT)

26 We tried to estimate a multinomial probit model which allows for estimating the correlation structure
between the error terms. However, we then encountered the problem that our data lacks alternative-

specific variables (variables which are constant over commercialization mode).
*" The hazard can also be expressed as a function of the probability density function, f(¢), and the

survival function: A(¢t) = f(t)/S(t), where the survival function, S(t), shows how a large share of the

patents survives beyond a time point, t.
8 Gans et al. (2007) show empirically that patent allowance substantially increases the probability of

a licensing agreement. But as many as 27 percent of all licensing contracts occur before the patents have

been granted.
*9 If the patent is sold (commercialized by the inventor) within the first year, Tsqie (TEntry) obtains

an interval-censored value between 0.1 and 1, while the second year Tsq;e (TE,my) is between 1.1 and 2,

etc.
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Figure 5.1: Illustrating the hazard rates for commercialization by entry and sale.

model is then the appropriate statistical model (Allison, 1995):

log(TSale,e) = X/eCSale + Usalege,Sale (59)

log(TEntry,e) = X/eCEntry + O'Entryge,Entryv (510)

where parameters (™ represent the impact of variables X, on the expected time to commer-
cialization. Note that a positive (negative) sign implies that the time until the event occurs
increases (decreases), which is synonymous with a lower (higher) probability that the event
occurs. The error term e, can have various distributions, such as the log-normal, log-logistic,
exponential, Weibull and gamma distributions, where estimates of parameter ¢ are used to
parameterize the shape of the distribution.

The AFT models in (5.9) and (5.10) are estimated by Maximum Likelihood. When estimat-
ing the sale event in (5.9), we treat commercialization by entry (m = Entry) as right-censored.
Likewise, when estimating the entry event in (5.10), we treat the event of commercialization
by sale (m = Sale) as right-censored. At the end point of observation in 2005, the holder
had not yet taken a decision on commercialization for 97 patents and these patents are thus
“right-censored” in this year. Furthermore, an expired patent cannot be commercialized. 163
non-commercialized patents that expired before 2005 are thus right-censored in this expiration
year.

Estimates of ¢°%¢ and ¢ in (5.9) and (5.10) for the full sample of 624 observations are

shown for the log normal distribution in Table 5.7.3% Regardless of specification or measure, as

%0 The results do not change qualitatively using other distributional assumptions on the error term,
€e,m- The gamma distribution has the advantage that other distributions can be tested against the
gamma distribution. However, when applying the assumption of a gamma distribution, we did not achieve
convergence. We only report results for the log normal distribution. The results for other distributional

27



shown by W CIT in table 5.9 or D W CIT in table 5.10, forward citations within the same
technology class have a negative and strongly significant impact on the time until commercial-
ization by sale occurs.>! Quantifying this effect from specification (ii) in table 5.9, if a patent
receives one more forward citation within technologies (during a five-year period), the time
until sale occurs decreases by around 30 percent. On the other hand, there is no statistically
significant impact on the time to commercialization by entry. More importantly, we can reject
the null-hypothesis of equal estimates, ¢ gﬂl_ec T — Cg[,"_tg/IT =0, at the five-percent level.3? For
the variables SMALL and MICRO, proxying for the entry costs G, we find strong evidence
on the time for commercialization by entry, while these variables have no (or statistically weak)

effects on the time to commercialization by sale. Also in these cases, (24, — ¢ gﬂ;yj: ;=

and ¢ ff}% ro — € fffé%o = 0 are strongly rejected.

These results are consistent with the inventor choosing mode m in ¢ when the reward
RE m(-) +€e,m is highest in this alternative in a setting where inventions are sold under preemp-
tive bidding competition between incumbent firms. To see this, note that 5, > ax > ¥, =0
in (5.2), (5.3) and (5.7). It then follows that increasing the quality of an invention, commer-
cialization by sale will become more profitable — irrespective of if a comparison is made with
entry or no commercialization. But this inequality also shows that while higher quality makes
commercialization by entry more attractive relative to no commercialization, commercialization
by entry becomes less attractive when compared to commercialization by sale. Noting that the
impact of entry costs fulfils 55 = ¢ > ag < 0 from (5.2), (5.3) and (5.7), we can also reconcile
the results of variables SMALL and M ICRQO, proxying for entry costs G.

Given this interpretation of the parameter signs in the AFT models, we note that the results

do not deviate from our findings in the probit and multinomial logit models.

6. Concluding remarks

We propose a theory of the mode of commercialization (sale or entry) of entrepreneurial in-
ventions in oligopoly. We show that when the invention has a higher quality, it is more likely
that it is sold (or licensed), due to strategic product market effects on the sales price. Pre-
emptive acquisitions of entrepreneurial firms by incumbents can also stimulate the process of
creative destruction by increasing the incentives to develop high-quality inventions. Moreover,
we find evidence that high-quality inventions are sold under preemptive bidding competition us-
ing unique patent data. Consistent with the model, we find that high entry costs are conducive
to selling.

Previous literature has shown that entrepreneurs play an important role in challenging
existing oligopolistic markets through de-novo entry into the product market. Yet, we identify
another important role of the entrepreneur as challenger of existing oligopolies through the

aggressive development of inventions for sale. The role as an aggressive invention supplier may

assumptions are available upon request.
31 The results in Model A are not affected when dropping GOV.
32 Since the events are mutually exclusive, the difference in parameter estimates for a variable x can

be tested as X? ~ M (Allison, 1995).

+o
Cgale Cfntry
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be even more important than the role of de-novo entrant. Indeed, we show that the possibility
of preemptive incumbent acquisition gives entrepreneurs the incentive to increase their efforts in
high-quality research projects so that expected welfare can increase despite the risk of increased
market power.

Schumpeter (1942) argued that the ongoing process of "creative destruction" where inde-
pendent entrepreneurs innovate for entry is crucial for sustained growth. The development of
financial markets and the strengthening of property rights over the last decades have, however,
implied that incumbent firms face better opportunities to protect their market from such en-
try by undertaking preemptive acquisitions. However, we have shown that the possibility of
such acquisitions creates stronger incentives for entrepreneurs to develop high-quality inven-
tions. Comnsequently, in the present and in the future, it may be the combination of ”creative

destruction and productive preemption” which matters for sustained growth.
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7. Appendix

7.1. Proof of Lemma 1

First, note that b; > maxwv;, | = {e,i} is a weakly dominated strategy, since no incumbent will
post a bid equal to or above its maximum valuation of obtaining the invention and that firm e
will accept a bid iff b; > ve.

Inequality I1 Consider equilibrium candidate b* = (b3,03,...,yes). Let us assume that
incumbent w # e is the incumbent that has posted the highest bid and obtains the assets
and firm s # d is the incumbent with the second highest bid.

Then, b}, > vy; is a weakly dominated strategy. b < v;; — € is not an equilibrium, since firm
J # w, e then benefits from deviating to b; = by, +¢, since it will then obtain the assets and pay a
price lower than its valuation of obtaining them. If b, = v;; —e, and b} € [v;; —¢, vi; —2¢], then no
incumbent has an incentive to deviate. By deviating to no, the entrepreneur’s payoff decreases
since it foregoes a selling price exceeding its valuation, v.. Accordingly, the entrepreneur has
no incentive to deviate and thus, b* is a Nash equilibrium.

Let b = (b1,,,bn,no) be a Nash equilibrium. Let incumbent i be the incumbent with the
highest bid. The entrepreneur will then say no iff by, < v.. But incumbent j # e will have the
incentive to deviate to b’ = v, + € in period 1, since v;. > v.. This contradicts the assumption

that b is a Nash equilibrium.

Inequality I2 Consider equilibrium candidate b* = (b}, b3, ..., y). Then, b}, > v;; is a weakly
dominated strategy. by, < v;; — ¢ is not an equilibrium since firm j # w, e then benefits from
deviating to b; = b}, + ¢, since it will then obtain the assets and pay a price lower than its
valuation of obtaining them. If b} = v;; — ¢, and b} € [v;; — €, vi; — 2¢], then no incumbent has
an incentive to deviate. By deviating to no, the entrepreneur’s payoff decreases since it foregoes
a selling price exceeding its valuation, v.. Accordingly, the entrepreneur has no incentive to
deviate and thus, b* is a Nash equilibrium.

Consider the equilibrium candidate b** = (b7*, b5*, ..., n0). Then, b} > v; is not an equi-
librium since the entrepreneur would then benefit by deviating to yes. If b} < v, then no
incumbent has an incentive to deviate. By deviating to yes, the entrepreneur’s payoff decreases
since it then sells its assets at a price below its valuation, v.. The entrepreneur has no incentive

to deviate and thus, b** is a Nash equilibrium.

Inequality I3 Consider equilibrium candidate b* = (b7, b3, ..., yes). Then, b} > v;; is a weakly
dominated strategy. by, < v; — € is not an equilibrium since firm j # w, e then benefits from
deviating to b; = b, + ¢, since it will then obtain the assets and pay a price lower than its
valuation of obtaining them. If b} = v;; — ¢, and b¥ € [v; — €, v;; — 2¢], then no incumbent has
an incentive to deviate. By deviating to no, the entrepreneur’s payoff decreases since it foregoes
a selling price exceeding its valuation, v.. Accordingly, the entrepreneur has no incentive to

deviate and thus, b* is a Nash equilibrium.
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Let b = (b1, ..., bp,no) be a Nash equilibrium. The entrepreneur will then say no iff by, < ve.
But incumbent j # e will then have the incentive to deviate to b’ = v, + € in stage 1, since

Vje > Ve. This contradicts the assumption that b is a Nash equilibrium.

Inequality I4 Consider equilibrium candidate b* = (b7, b3, ..., yes). Then, b}, > v, is not an
equilibrium since firm w would then benefit from deviating to b, = ve. b, < v is not an
equilibrium, since the entrepreneur would then not accept any bid. If b} = v, — ¢, then firm
w has no incentive to deviate. By deviating to b} < by, firm j’s, j # w,e, payoff does not
change. By deviating to b;- > by, firm j’s payoff decreases since it must pay a price above
its willingness to pay v;. Accordingly, firm j has no incentive to deviate. By deviating to
no, the entrepreneur’s payoff decreases since it foregoes a selling price above its valuation ve.
Accordingly, the entrepreneur has no incentive to deviate and thus, b* is a Nash equilibrium.

Let b = (b1, ,, bn, yes) be a Nash equilibrium. If b,, > v;;, then firm w will have the incentive
to deviate to b’ = b, — e. If b, < vy, the entrepreneur will have the incentive to deviate to no,
which contradicts the assumption that b is a Nash equilibrium.

Let b = (b1, ...,bn,n0) be a Nash equilibrium. The entrepreneur will then say no iff by, < ve.
But incumbent j # d will have the incentive to deviate to b’ = v, + ¢ in stage 1 since v;e > e,

which contradicts the assumption that b is a Nash equilibrium.

Inequalities I5 or 16 Consider equilibrium candidate b* = (b7, b3, ...,no), where b; < Ve
Vj € J. It then directly follows that no firm has an incentive to deviate and thus, b* is a Nash
equilibrium.

Then, note that the entrepreneur will accept a bid iff b; > v.. But b; > v, is a weakly
dominating bid in these intervals, since v, > max{vj;, vie}. Thus, the assets will not be sold in

these intervals.
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Table 5.1. Explanatory variables and basic statistics.

Variable
name

Measure  Expected sign
Variable description of: (preemptive
acquisition):

All patents
(n=624)

Commercialized
patents (n=364)

Mean

Std.dev.

Mean

Std.dev.

W _CIT

D W _CIT

Number of forward k yw cr>0
citations within

technologies per five-year

period

Dummy = 1 if the patent k yw cr>0
has received forward

citations within

technologies, and 0

otherwise

0.41

0.36

0.93

0.48

0.49

0.41

1.03

0.49

SMALL

MICRO

PVC

Dummy which equals 1 for G Vsmary < 0
small firms (11-200

employees), and 0

otherwise

Dummy which equals 1 for G yamicro <0
micro firms (2-10

employees), and 0

otherwise

Percentage of R&D-phase r yprc> 0
financed by private venture

capitalist

0.16

0.20

3.17

0.37

0.40

13.9

0.20

0.24

3.44

0.40

0.43

14.4

B_CIT

D B CIT

APPLY
GOV

Number of forward
citations between
technologies per five-year
period

Dummy = 1 if the patent
has received forward
citations between
technologies, and 0
otherwise

Application year
Percentage of R&D-phase
financed by government

0.05

0.08

1995
9.26

0.21

0.28

1.7
20.7

0.07

0.10

1995
6.38

0.24

0.30

1.7
15.7




Table 5.2. Commercialization mode and
technologies, number of patents and citations.

forward patent

citations within

W _CIT No Entry Sale All
commercialization
W _CIT=0 188 164 49 401
(72 %) (60 %) (54 %) (64 %)

W _CIT=1 32 46 16 94
W _CIT=2 15 24 8 47
W _CIT=3 8 11 6 25
W _CIT>3 17 28 12 57
Total No. of patents 260 273 91 624
Total No. of 196 294 146 636
citations

Average No. of 0.75 1.08 1.60 1.02

citations per patent

Table 5.3. Forward citations (within technologies) in relation to patent application,

entry and sale.

No. of forward citations after

Year Patent application (year=0) Entry (year=0) Sale (year=0)
-1-0 0 13 13
0-1 2 23 8
1-2 12 34 15
2-3 44 43 15
3-4 76 48 16
4-5 95 33 15
5-6 86 39 14
6-7 95 33 7
7-8 74 25 9
8-9 83 15 6
9-10 47 10 8
10-11 47 2 4
11-12 18 2 2




Table 5.4 Commercialization mode across firm sizes, number of patents and

percent.
Kind of firm where invention Total number Percent latest Percent  Percent
was created of patents commercialized in 2003 Entry Sale
Small firms (11-200 employees) 102 70 % 63 % 7%
Micro companies (2-10 employees) 122 72 % 57 % 15 %
Individuals (1-4 inventors) 400 51% 35% 16 %
Total 624 58 % 44 % 14 %
(n=264) (n=273) (n=91)
Table 5.5. Results of the probit model
Explanatory Dependent variable = SALE
variables Statistical model: Binomial probit model
Model A Model B Model C
W _CIT 0.144 ** 0.161 ** 0.161 **
(0.069) (0.073) (0.075)
SMALL -0.946 *** -0.938 *** -0.954 ***
(0.247) (0.247) (0.246)
MICRO -0.342* -0.31) -0.318 *
(0.190) (0.192) (0.191)
PVC 6.1 E-3 5.8E-3 6.0 E-3
(5.2 E-3) 5.1 E-3) (5.1 E-3)
B CIT -0.429 -0.428
(0.38) (0.38)
APPLY -0.031
(0.05)
Technology FE Yes Yes Yes
Region FE Yes Yes Yes
Log Likelihood -185.2 -184.7 -184.4
L. Wald, i 42.8 ** 43.5 ** 442 **
II. Wald, XZ (Core var.) 20.55%*%* 20.80%** 21.79%**

Note: The number of observations is 364. SALE equals 1 for 91 observations. *** ** and * indicate
significance at the 1, 5 and 10 percent level. Standard errors clustered on inventor are given in parentheses.
Parameter estimates for constants, technology and region dummies are not shown, but are available from
the authors upon request.

Wald y* 1 tests the hypothesis y = 0 in (5.4). Wald y* test II repeats this for the core variables for W CIT,
SMALL, MICRO and PVC.



Table 5.6. Results of the probit model with citation dummies

Explanatory Dependent variable = SALE
Variables Statistical model: Binomial probit model
Model A Model B Model C
D w _CIT 0.280 * 0302 * 0.303 *
(0.166) (0.170) (0.171)
SMALL -0.967 *** -0.959 *** -0.972 ***
(0.247) (0.247) (0.246)
MICRO -0.365* -0.351 * -0.354 *
(0.192) (0.194) (0.193)
PVC 5.6 E-3 53E-3 54 E-3
(5.1 E-3) 5.2 E-3) (5.2 E-3)
D B CIT -0.193 -0.198
(0.259) (0.25)
APPLY -0.033
(0.045)
Technology FE Yes Yes Yes
Region FE Yes Yes Yes
Log Likelihood -185.2 -184.7 -184.4
I. Wald, 40.9 ** 41.9 ** 45.1 **
1. Wald, y* (Core var.) 19.40%** 19.36%** 21.32%**

Note: The number of observations is 364. SALE equals 1 for 91 observations. *** ** and * indicate
significance at the 1, 5 and 10 percent level. Standard errors clustered on inventor are given in parentheses.
Parameter estimates for constants, technology and region dummies are not shown, but are available from
the authors upon request.

Wald ¥’ I tests the hypothesis y = 0 in (5.4). Wald y* test II repeats this for the core variables for D_W _CIT,
SMALL, MICRO and PVC.



Table 5.7. Results of the probit model with selectivity

Explanatory Dependent variable = SALE
Variables Statistical model: Binomial probit model with sample selection
Model A Model B Model C
Sale Commers. Sale Commers. Sale Commers.
(selection) (selection) (selection)
W _CIT 0.156 ** 0.143 ** 0.172 ** 0.133 * 0.174 ** 0.135 **
(0.074) (0.069) (0.077) (0.068) (0.077) (0.067)
SMALL -0.892 *** 0.302 * -0.883 #** 0.293 * -0.895 *** 0.289 *
(0.297) (0.173) (0.298) (0.16) (0.295) (0.16)
MICRO -0.278 0.516 *** -0.249 0.509 *** -0.25 0.506 ***
(0.263) (0.155) (0.263) (0.14) (0.257) (0.144)
PVc 6.4 E-3 1.9 E-3 6.1 E-3 1.9 E-3 6.3 E-3 1.8 E-3
(5.2E-3) (4.5 E-3) (5.1E-3) (3.8 E-3) (5.1E-3) (3.8E-3)
B CIT -0.411 0.142 -0.410 0.140
(0.382) (0.31) (0.378) (0.31)
APPLY 0.029 0.016
(0.047) (0.032)
GOV -8.9 E-3 *** -8.9 E-3 *** -9.1 E-3 ***
(2.5 E-3) (2.6 E-3) (2.6 E.-3)
Technology FE Yes Yes Yes Yes Yes Yes
Region FE Yes Yes Yes Yes Yes Yes
Log Likelihood -583.2 -582.5 -582.2
p 0.208 0.216 0.226
(0.5406) (0.549) (0.524)
L. Wald,y’ 38.8%* 49.43%*%* 38.9%%* 49.3%** 39.5%%* 49.6%**
II Wald, o 15.3%** 20.2%** 17.8%*%* 17.4%** 18.4%%* 17.3%%*
(Core var.)
III. Wald, 0.14 0.15 0.17
(p=0)

Note: The number of observations in the selection stage (commercialization decision) is 624. In the sale
stage (mode of commercialization decision) there are 364 observations, where SALE equals 1 for 91
observations. ***, ** and * indicate significance at the 1, 5 and 10 percent level. Standard errors clustered
on inventor are given in parentheses. Parameter estimates for constants, technology and region dummies
are not shown, but are available from the authors upon request.

Wald test I tests for y =0 in (5.5), 1 =(6, ®)’ =0 in (5.6), respectively. Wald y” test II repeats this for the
core variables for W_CIT, SMALL, MICRO and PVC. Wald tests III tests the null hypothesis of no
correlation between the error terms in (5.5) and (5.6).



Table 5.8. Results of the multinomial logit model

Multinomial logit model with “No commercialization” as the base alternative

Explanatory Model A Model B
variables (Quality measured with W_CIT) (Quality measured with D W_CIT)
SALE ENTRY Wald SALE ENTRY Wald ¥
(diff) (diff)
W _CIT 0.454* 0.268 3.32% 1.340%**  (.859%** 2.78%*
(0.241) (0.216) (0.323) (0.2506)
SMALL -0.458 1.174%** 12.84%** -0.595 1.075%** 13.08%**
(0.526) (0.361) (0.530) (0.364)
MICRO 0.856%* 1.376%%* 2.50 0.678 1.274%** 3.19%
(0.397) (0.337) (0.400) (0.335)
PVC 1.1 E-2 4.1 E-3 1.66 8.9 E-3 -7.5E-3 1.36
(8.2 E-3) (8.6 E-3) (82E-3) (8.6E-3)
Technology Yes Yes Yes Yes
dummies
Regional dummies Yes Yes Yes Yes
Log likelihood 483.0 -476.9
I. Wald 90.2%** 99 4%
1. Wald y* 37.2%* 49.9%%* 39.7%* 55.0%** 55.5%*x* 38.2%*
111, Wald * (core) 13.2%* 28.5%** 19.0%*** 23.9%** 20.2%** 17.8%**

Note : The number of observations equals 527, of which ENTRY=1 for 273 observations and SALE=1 for
91 observations. 163 observations classified as No commercialized, where the patent has expired with the
inventor receiving no income. Standard errors clustered on inventor are given in parentheses. ***, ** and *
indicate significance at the 1, 5 and 10 percent level. Parameter estimates for technology and region

dummies are not shown, but are available from the authors upon request.

Wald test I tests the full specification of (5.8). Wald test II in columns two and three tests B =0 and a =0
in (5.8), respectively, under the assumption of y =0. Wald test II in column four tests B =a. Wald test

111 repeats these tests for the core variables W_CIT, SMALL, MICRO and PVC.

The Wald tests in column four test if the individual parameter estimates of the core variables differ between

equations.

Columns five to seven repeats the procedure using specifications with variables D W CIT, SMALL,

MICRO and PVC.



Table 5.9. Results of the survival model with competing risks, part I (cont.)

Accelerated failure time model with competing risks — log-normal model

Explanatory variables Model A Model B
ENTRY ~ SALE Diff.y°  ENTRY SALE Diff. i
w_CIT -0.0112  -0.30%** 3.59% -5.1E-3 -0.34%%* 4.33%*
(0.11) (0.11) (0.12) (0.11)
SMALL -1.22%%* 1.05%* 21.9%%* -1.21%** 1.03** 2].8***
(0.26) (0.41) (0.26) (0.41)
MICRO -0.98%** -0.029 6.41%* -0.98*** -0.064 5.85%%*
(0.24) (0.29) (0.24) (0.30)
PVc 39E-3 -53E-3 0.85 39E-3 -5.1 E-3 0.81
(7.1 E-3) (7.0E-3) (71E-3)  (7.0E-3)
B CIT -0.085 0.74 1.02
(0.42) (0.70)
GOV 0.012%* 7.3 E-3 0.31 0.017** 7.7E-3 0.26
(52E-3) (59E-3) (52E-3) (59E-3)
c 1.96 1.73 1.92 1.72
Technology dummies Yes Yes Yes Yes
Regional dummies Yes Yes Yes Yes
Log likelihood -879.8 -403.6 -879.8 -403.0

Note: The number of observations equals 624, of which ENTRY=1 for 273 observations and SALE=1 for 91
observations. *** ** and * indicate significance at the 1, 5 and 10 percent level. Standard errors are in
parentheses. Parameter estimates for technology and region dummies are not shown, but are available from
the authors upon request.

Note 2. A positive parameter estimate increases the time to commercialization (by entry or sale). A
negative estimate decreases the time to commercialization (by entry or sale).

Table 5.9. part 11 (cont.)

Accelerated failure time model with competing risks — log-normal model

Explanatory variables Model C
ENTRY SALE Diff, y°
w_CIT -0.013 -0.35 *** 4.22%*
(0.12) (0.11)
SMALL -1.20%** 1.01 ** 21.04%**
(0.26) (0.41)
MICRO -0.97*** -0.06 5.77**
(0.24) (0.29)
PVC 4.6 E-3 -5.0 E-3 0.93
(7.1 E-3) (7.0 E-3)
B CIT -0.079 0.75 0.69
(0.42) (0.70)
APPLY -0.081 -0.042 0.20
(0.057) (0.066)
GOV 0.013%* 8.1E-3 0.31
(5.2 E-3) (5.9 E-3)
c 1.91 1.71
Technology dummies Yes Yes
Regional dummies Yes Yes

Log likelihood -878.8 -402.8




Table 5.10. Results of the survival model with competing risks, part I (cont.)

Accelerated failure time model with competing risks — log-normal model

Explanatory variables Model A Model B
ENTRY ~ SALE Diff.y°  ENTRY SALE Diff. y*
D W _CIT -0.0248  -0.66%** 4.06**  -0.028 E-3  -0.71*** 4.33%*
(0.20) (0.25) (0.20) (0.25)
SMALL Sl21FxE ] EEE 22.5%%* -1.22%** 1.10%** 22.4%**
(0.26) (0.41) (0.26) (0.41)
MICRO -0.98%** -0.073 7.58%%* -0.98*** -0.062 7.A5%*
(0.24) (0.30) (0.24) (0.30)
PVc 39E-3 -44 E-3 0.68 39E-3 -4.2 E-3 0.64
(7.1E-3) (7.1E-3) (71E-3)  (7.2E-3)
D B CIT -0.024 0.33 0.31
(0.33) (0.44)
GOV 0.012%* 7.1 E-3 0.34 0.012** 7.3 E-3 0.31
(52E-3) (59E-3) (52E-3) (59E-3)
c 1.92 1.74 1.92 1.74
Technology dummies Yes Yes Yes Yes
Regional dummies Yes Yes Yes Yes
Log likelihood -879.8 -404.0 -879.8 -403.7

Note: The number of observations equals 624, of which ENTRY=1 for 273 observations and SALE=1 for 91
observations. *** ** and * indicate significance at the 1, 5 and 10 percent level. Standard errors are in
parentheses. Parameter estimates for technology and region dummies are not shown, but are available from
the authors upon request.

Table 5.10. part 11 (cont.)

Accelerated failure time model with competing risks — log-normal model

Explanatory variables Model C
ENTRY SALE Diff.
D W _CIT -0.019 -0.70%%* 4.43%*
(0.20) (0.25)
SMALL -1.20%** 1.10%** 22 .2%%%*
(0.26) (0.41)
MICRO -0.97*** -0.063 7.34%**
(0.24) (0.30)
PVc 4.5E-3 -4.1 E-3 0.73
(7.1 E-3) (7.1 E-3)
D B CIT -0.043 0.32 0.27
(0.33) (0.44)
APPLY -0.081 -0.022 0.45
(0.057) (0.066)
Gov 0.013** 7.5E-3 0.40
(5.2E-3) (5.9 E-3)
c 1.91 1.73
Technology dummies Yes Yes
Regional dummies Yes Yes

Log likelihood -878.8 -403.7






