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Entrepreneurs Seeking Gains:
Profit Motives and Risk-Aversion in Inventors’ Commercialization Decisions

Abstract

Direct evidence has been lacking on entrepreneurs’ response to individual-specific
opportunities, and recent work suggests that entrepreneurship may be a non-profit-seeking
activity and that entrepreneurs evaluate risk oddly. We model heterogeneous inventors and
inventions, outside opportunities, sunk and non-sunk costs, and risk, to guide data analysis. We
use assessment data from a center paid to assess the inventions’ economic potential, plus
measures of decision-making biases and concrete economic outcomes. Optimism and
overconfidence affected entry, but inventors’ choices whether to commercialize their inventions
and later whether to exit were consistent with profit-seeking motives and risk aversion.
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I. Introduction

The present paper is the first to use direct measures of market potential for inventions to
assess two primary features of rational economic models, profit-seeking and risk aversion,
among inventor-entrepreneurs. Entrepreneurs, it is said, are the lifeblood of modern economies
and central drivers of the 19" and 20™ century expansion of the North American market
(Baumol 1968). Without their novel products and services, the vast efficiency and quality
improvements made by large firms would never have come about. The famous inventions
traced by Jewkes, Sawers, and Stillerman (1959) stemmed most often from individual inventors
and from autonomous individuals at institutions including universities. So there is good reason
to care about the motivations and successes of entrepreneurs, and particularly of independent
inventors.

While a growing theoretical literature addresses the optimal behavior of entrepreneurs
and inventors, direct empirical measures of entrepreneurial opportunities and resulting behavior
have been lacking. Several studies use indirect empirical tests and find aggregate evidence of
profit seeking behavior, but without direct measures of characteristics of entrepreneurs’
business opportunities (Bernhardt 1994; Shane 2001; Friedman and Silberman 2003; Lach and
Schankerman 2004; Link and Siegel 2005).

In addition, some recent studies seem to show economically nonsensical behavior by
entrepreneurs. It has been found that a majority of people who enter entrepreneurship (75%) are
better off staying employed (Bernhardt 1994; Hamilton 2000), that entrepreneurs invest too
much in their own businesses considering the risk and return (Moskowitz and Vissing-
Jorgensen 2002), and that entrepreneurs expect better financial outcomes than employed

persons but experience worse realizations (Arabsheibani et al. 2000). Furthermore, 97% of



inventors are better off not inventing (Astebro, 2003) and a considerable fraction continues
investing money in their inventions after being credibly informed that the invention has no
economic value (Astebro, Jeffrey and Adomdza, 2007). Such nonsensical behavior is
particularly troubling given the importance of inventor-entrepreneurs to the economy. To
explain these aberrations, economists assume that entrepreneurs are wishful thinkers (e.g., de
Meza 2002), risk-seekers (e.g., Kihlstrom and Laffont 1979; Kanbur 1979), largely motivated
by non-pecuniary benefits (Blanchflower and Oswald 1998; Hamilton 2000; Benz and Frey
forthcoming; Baumol 2006), or “skewness lovers” (Astebro 2003). Indeed, experiments show
that excess entry of entrepreneurs documented for example by Hamilton (2000) and Astebro
(2003) apparently arises from several decision-making biases such as overconfidence and
optimism (Camerer and Lovallo 1999; Coelho, de Meza and Reyniers 2004; Hoelzl and
Rustichini 2005; Moore and Cain 2007). Should such biases and economically suboptimal
behavior be pervasive, policies to encourage innovation may be ineffective or even misguided.
For example, there would be no reason to encourage entry if there is widespread overoptimism
(de Meza, 2002.) From a policy perspective it is therefore important to establish whether
entrepreneurs, and especially independent inventors, respond sensibly to economic motives, or
if their behavior is dominated by overconfidence, pleasure in risk, optimism, or (Baumol 2006)
the second currency of joy in the task of invention. This is our starting point for this paper.

To probe whether inventor-entrepreneurs’ decisions match two central tenets of rational
economic models, profit-seeking and risk aversion, this paper uses direct measures not only of
individual inventors’ decisions but also, for the first time, of economic characteristics of their
business opportunities. The data are professional a priori assessments by an independent

agency charging a substantial fee for the assessment. Two limitations of the data are that they



involve rankings rather than exact numerical values, and that they are representative only of the
subset of independent inventors who paid the Canadian Innovation Center (CIC) to review the
prospects for their inventions and to advise on commercialization. These limitations
notwithstanding, the measures seem a satisfactory means to move forward given that previous
studies have used only indirect measures (and had other data limitations and subpopulations).
We complement these measures of economic characteristics with individual trait-based
measures of inventors’ overconfidence, pleasure in risk, optimism, and intrinsic motivation to
invent. Except for intrinsic motivation to invent these trait-based measures use established
scales and methods developed in psychology. To our knowledge this paper is the first to use
such a combination of inventor- and invention-specific variables to study innovation.

The data pertain only to independent inventors, who are not subject to established firms’
institutional decision-making biases (cf., Henderson 1993). The data further pertain to ideas at
an early stage of development for which there remain significant development and
commercialization decisions and efforts. Inventors who chose not to use the CIC’s services
predominantly did so, CIC analyses indicate, because they decided their inventions were of
insufficient quality to motivate the assessment fee suggesting that our sample is truncated from
below. Extremely optimistic or overconfident inventors as well likely would not use the service
as it would have no impact on their decision-making. We followed up these data to assess, for
one thousand and twelve inventors, entry and exit from commercial production.

To guide the empirical analysis, we use a rational profit-seeking model involving
uncertainty. Our model assumes that inventors respond to expected profitability of market
opportunities, including sunk costs of entry and uncertainty. Sensitivity to uncertainty gauges

whether entrepreneurs are risk-averse or risk-seeking.



We find that pecuniary incentives alter inventors’ entry and exit decisions. The probability
of entry rises significantly with greater expected sales, and falls significantly with greater
expected manufacturing costs, competition from imitators, and development uncertainty. For
exit, the estimated coefficients, while mostly statistically insignificant for theoretical and
statistical power reasons, are likewise consistent with profit-seeking decisions. We further find
that inventors are significantly more optimistic and over-confident than the general population
and significantly less risk-averse.! The difference in risk-aversion is particularly substantial.
Optimism and overconfidence also significantly affect innovation entry. However, these traits
do not alter the effects of the pecuniary incentives on inventors’ entry and exit decisions.
Further, the entry and exit decisions observed are inconsistent with risk-seeking behavior and
with overconfidence which makes inventors expect high returns in high-uncertainty situations,
and are consistent with risk aversion. Entrepreneurial entry and exit seemingly can be explained,

at least in part, by profit-seeking and risk-averse behavior.

I1. Model and Hypotheses

We present a simple empirically-relevant model embodying the most obvious economic
components — those for which we have data — of an inventor’s investment decision. The model
pertains to inventors (and their financiers) who face a decision whether to invest in bringing an
invention to market, and then whether to remain in production or exit the market. The model
allows for differences in inventors and their inventions, and for unpredictability in the
development process and in the eventual markets for inventions.

The model is kept tractable by two key simplifying assumptions. Dynamics over time

after entry, as in models such as Jovanovic (1982), are not formally analyzed. Instead we model

' We lack evidence on intrinsic motivation to invent for the general population.



market conditions as constant. Uncertainty is modeled through two representative parameters —
the ones for which we have measures. The portrayal of sunk cost and market size as random
allows us to explore effects of randomness at both development and production stages.

A. Model

An inventor i can choose to pay sunk cost S, to commercialize an invention. Absent
competition, the inventor then charges price p,, pays fixed cost flow F. per year plus average
variable production cost C;, and produces and sells Q, units per year. In practice competition

may lessen the inventor’s profit relative to monopoly profit. Given our simple empirical
measure of competition, competitive losses relative to monopoly are modeled in the simplest

way: as a constant x;. Our results extend, however, to very general functional forms robust to

alternative competitive models.? The resulting contemporaneous profit flow is

7w =(p, —¢)Q, — F —x;, and continues from time 0 over a period of T, years. Using discount

rate p,, a non-exiting inventor’s discounted profit is therefore

IT. :ITi e rdt-S =xT -S (1)
| 0 | 1 [ 1°

*> To allow for alternative competitive forms, replace the term «; in the profit equation with a

differentiable function K, (x;;p;,C,,Q,,F,), where x; is again an index of competition (reflecting

the number and nature of competitors). Competitive losses increase with competition, a—t‘ >0.

i
As long as increases in p, or Q, (¢, or F) yield smaller marginal competitive losses (gains)
than the marginal benefits (losses) in the term (p;, —C,)Q, — F,, our conclusions remain unaltered.
This includes, for example, cases in which revenues, or positive profits, are divided by the index
;. Our conclusions extend even beyond this generalization as long as an appropriate weighted
average of different inventors’ competitive losses (gains) exceed the corresponding weighted
average of benefits (losses) in the term (p, —¢,)Q, — F.



= 1 pT . . : :
where T. = —(1—e”"). Note that financial measures in the model are discounted to time 0,

with the exception of contemporaneous measures, and that T, p,, p;,C,,Q,,F,S, >0. We focus
on inventors for whom the price-cost margin is positive, p, —¢C; > 0, given their choice of output,
since inventors with p, —c¢, <0 would have IT, <0 and hence would never commercialize their
inventions (and have no effect on the hypotheses derived below).

Both product development and market outcomes are in part unpredictable. Their
unpredictability is embodied by assuming that S; and Q, are random variables, with independent
probability density functions (p.d.f:s) f7(S,) and f2(Q,) respectively. The p.d.f.s may be quite

general, as they need only be bounded and satisfy the usual first and second order dominance

conditions in appropriate parameters. S, and Q, respectively are increasing in their means g,
and v,, in the sense of first order stochastic dominance, and increasing in risk in their standard
deviations & and w, in the sense of second order stochastic dominance. This allows for
example for skew distributions of S; and Q,.> The inventor knows in advance the distributions

of S; and Q,, but observes actual outcomes only after time 0 once sunk costs have been incurred

and production has begun.
Before and after entry, alternative opportunities are available to the inventor. Before

entry, the best alternative life decision would yield the utility of a monetary payoff Q, >0.
After entry, the inventor can choose to exit at the time t*, when the inventor has finally

ascertained Q,, that yields a fraction ¢; (0 < ¢; <1) of the discounted profit flow, and thereafter

> A special case is S, =, + &%, Q =v, +w,&°, where & and &° may be any continuous
(possibly skew) independent random variables (whose distributions may differ for each i).



until T, receive alternate revenue flow @ (or equivalent contributions to utility) that yields

discounted value Q. (0< 6 <1-¢«,).** After entry, therefore, production is continued if and
only if 7, > @, .°

The inventor pays for the sunk costs of product and market development if this yields
expected net benefits greater than the outside opportunity. Write inventor i’s utility function as
U, (-), which is strictly increasing, differentiable, and bounded. The inventor therefore enters if
and only if

Pr[z, > o |E[U,T; | 7, > @)]
+Pr[7 <& E[U, (7T, + B0, -S| 7 <) | > U, (@), )

The inventor thus considers the opportunity for exit in determining whether to enter.

Outcomes in the population of inventors depend on the distribution of traits. Let
60, = (P;,Co ooy 1,V & T, B Q4 £ (D, f2(),U, () denote the parameter vector for

cach inventor.” The parameter space is assumed to be convex, and non-degenerate in that even

“ It is in the inventor’s interest to choose the earliest possible exit time t* (the smallest possible
a;) after S, and Q, are realized, but in practice knowledge of the value of Q, is typically
substantially delayed.
—In(l-a pT Q).

nd - aipt) with 0 <t* <T, and o, :'B'—U>

Pi (1—-a)T,

® Hopenhayn and Vereshchagina (2005), among many others, nicely analyze the role of outside
opportunities in entrepreneurs’ entry decisions.

7 We write the parameters f7 (), f2(-), and U,(-), which are functions, as shorthand to mean

* This implies t* =

one or more real-valued parameters yielding all possible variation in the functions. That is, write
the general functions  f3,(f7.44.4.2)=£7(z), fa(FP.viw.2))=f2(z)), and
U, (0,2)=U.(z'),and in 8 the terms £ (), f(-), and U, (-) are simplified notations for fls ,
fQ, and G, respectively. The number of elements in f°, f2, and G, is assumed to be finite, and

the general functions are assumed to be piecewise continuous in the elements of f>, f2, and G,.



given certain data-driven parameter values all entry and exit outcomes are possible.® The
parameter vector is assumed to be independently and identically distributed (i.i.d.) across

inventors.” Parameters p,, ¢, F, &, 4, v, &, and w, are assumed to be distributed

independently, or analyzed using proper controls in statistical analyses.
B. Implications

The model yields some obvious and some not-so-obvious implications for inventors’
decisions. Mathematical derivations are in an Appendix, while this section presents testable
empirical implications, all of which are important in assessing inventors’ responses to pecuniary
motives and to risk.

Four initial implications of the model are intuitive and embody how inventors’ entry
decisions respond to profit opportunities. In particular, expected sunk cost, manufacturing cost,
and competition inhibit entry, while the demand characteristics of price and market size
encourage entry:

H1. Greater expected sunk cost is associated with reduced probability of entry.

H2. Greater manufacturing cost (fixed and per unit) is associated with reduced probability of
entry.

H3. Greater competition is associated with reduced probability of entry.

H4. Greater price and expected output are associated with increased probability of entry.

These invention characteristics are not all that affects entry, for uncertainty plays a related role.

* Specifically, the parameter vector has non-zero probability for the population of inventors in
(and zero probability outside) a space that is assumed to be convex; to include for each p,, c,,
F., &, w1, v, &, and y,; values 6 that lead (for a nonzero fraction of inventors) to each

possible outcome non-entry, entry followed by exit, and entry without exit; and to include more
than one possible value for each parameter.
’ Random sampling ensures that collected data are i.i.d.



Product development uncertainty and demand uncertainty affect expenditure and profit at

the respective stages of development and production, but both affect inventors’ decisions about

entry. Risk-neutral inventors (U,"(IT,)=0) do not pander to uncertainty, but risk-averse

(U,"(IT,) < 0) or risk-seeking (U,"(IT,) > 0) inventors alter their behavior according to the

degree of uncertainty." With high uncertainty, risk-averse inventors fear low returns, and enter
only if their potential profit is relatively high. With low uncertainty, risk-averse inventors have
little fear of unpredictable returns, and enter even if their potential profit is lower. These
responses to uncertainty are opposite for risk-seeking inventors: with high risk they seize the
opportunity of high gains and enter even if they have low likely profit. Hence self-selection
affects entry according to the amount of risk.

This response to risk is only half the story for demand uncertainty, because if the market
turns out to be bad then the inventor can exit and pursue an outside opportunity. High risk
makes available high gains, while high losses are effaced by the option to exit. In contrast, the
high risk of sunk development cost is not effaced by outside opportunity, since inventors do not
know their development costs until development is complete and continue development until
they enter."

Hence inventors’ response to risk depends on both whether the inventors are risk-averse
or risk-seeking, and whether the risk pertains to a sunk cost versus a post-entry activity from

which they can exit. As the discussion and mathematical derivation reveal:

' The hypotheses developed here assume all (or most) inventors are of one type. If inventors
have mixed risk preferences, the result is in between the predicted outcomes.

"' In a more general dynamic model where remaining development cost estimates are revised
during the development process, the fact that actual remaining development costs decrease as
more R&D is completed would tend to inhibit exit during development, maintaining the
distinction derived here between development uncertainty versus demand uncertainty.
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HS. If inventors are risk-averse (risk-seeking), greater development uncertainty is associated
with reduced (increased) probability of entry.

H6. If inventors are risk-averse, greater demand uncertainty may decrease or increase the
probability of entry. If inventors are risk-seeking, greater demand uncertainty
unambiguously increases the probability of entry.

Inventors’ self-selection for entry on the basis of risk and sunk cost has ramifications for exit.

Unambiguous ramifications for exit arise only for sunk cost and its associated risk.
Expected sunk cost reduces expected utility, so an inventor with greater expected sunk cost
requires better values of other parameters to have sufficient expected utility to enter. But after
entering and paying the sunk cost, only these other parameters affect profit. Hence self-selection
ensures that inventors with higher expected sunk cost are less likely to exit once they are
producing the innovation:

H7. Greater expected sunk cost is associated with reduced probability of exit.

Risk in sunk cost has a similar effect to expected sunk cost, for identical reasons. Risk-averse
inventors facing high uncertainty tend to enter only if other parameters are reasonably high,
yielding a lower probability of exit among those inventors who enter. Risk-seeking inventors
self-select in reverse. Hence:

H8. If inventors are risk-averse (risk-seeking), greater development uncertainty is associated
with reduced (increased) probability of exit.

Only for these two parameters is the effect on exit unambiguous.
For other parameters, the most that can be said is that typically worse parameter values
ought to have a nonnegative but near zero effect on exit. The effect is near zero; this is partly

because a worse value reduces profit and so increases the probability of exit (by, in the
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Appendix, shifting an exit boundary), but also means that the inventor had reasonably high
values of other traits in order to enter and so decreases the probability of exit (by shifting an
entry boundary), with the former effect typically larger. (See the Appendix. Demand
uncertainty has especially complex effects and is not addressed.) Hence:

H9. Greater manufacturing cost (fixed and per unit) and competition most likely have
nonnegative (but near zero) effects on the probability of exit, while greater price and
expected output most likely have nonpositive (but near zero) effects on the probability of
exit.

These are merely likely tendencies given what would seem ordinary outcomes and plausible
distributions of inventor characteristics.

Exit in the model is portrayed as a single decision, whereas in reality this decision takes
place over time. Inventors may gradually discover the true profit flow from the inventions they
commercialize (cf., Jovanovic 1982). If the profit flow is particularly bad, they are likely to
discover this fact relatively soon, and exit early. Hence we assess not only whether inventors

exit, but when they exit, with higher probabilities of exit associated on average with earlier exit.

I11. Data on Inventions and Their Commercialization

The Canadian Innovation Centre (CIC) in Waterloo, Canada runs what it calls the
Inventor’s Assistance Program (IAP). This program helps inventors, before significant R&D
expenditures are made, to evaluate an invention."> The evaluation’s purpose is to advise potential

entrepreneurs on whether and how to continue efforts.” Program evaluators assess a range of

2’ Average time between evaluation and market launch was approximately two years (Astebro
2003). R&D expenses for inventions that later reached the market averaged Cdn. $255,370, but
R&D expenses for the same inventions up to the date of evaluation had averaged only Cdn.
$87,850 (2003 values).

13 For further descriptions see Udell (1989), Udell et al. (1993), and Astebro and Gerchak (2001).
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economic variables including potential market size, costs, competition, and risk. The IAP agreed
to provide us with these prior assessments of inventions’ economic traits for inventions reviewed
between 1989 and 2001.

After systematically recording the IAP’s paper records of assessments, we measured
economic outcomes, including entry and exit from production, through three waves of telephone
interviews. The third survey wave included detailed questions to measure potential decision-
making biases. Responses were obtained from 68% of inventors contacted across the three
waves. (Survey methodology and response are discussed in Reviewer Appendix A.) Survey
responses were then matched with paper records of assessments yielding 1,012 observations. To
ensure sufficient statistical power given the rarity of successful commercialization, 33 of the
observations were included because newspaper clippings and other sources suggested the
invention might have reached the market and the survey confirmed this conclusion. We use an
econometric technique that corrects for this oversampling on the dependent variable (Manski and
Lerman 1977). Precise dates of entry and exit (month and year) were also recorded for
commercialized inventions. Entry was defined as the start of sales of a product embodying an
invention. Among the 101 inventions that reached commercial entry, 24 were soon licensed or
otherwise used as revenue sources for generally modest sums with the inventor leaving the
market, while the remaining 77 inventions had market survival times equal to the exit date minus
entry date. (For further information on the sample and sampling process, see Reviewer
Appendix A.) We analyze exit times among the 77 remaining inventions. Exit times are treated
as right-censored if exit had not occurred by the sampling date.

The evaluations of economic variables by the IAP were based on a well-established

assessment process. Because assessments occurred before commercialization, they avoid
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problems pointed out in the psychological literature such as methods bias (Campbell and Fiske
1959) and hindsight bias (Fischhoff 1975). The measures take values of —1, 0, or 1, and we treat
the measures as cardinal, since experimentation with an ordinal (categorical) treatment yielded
similar (and insignificantly different) results and since the cardinal treatment provides a
straightforward summary of findings. (For sensitivity analysis, see Reviewer Appendix C.) The
assessment process used a standardized preexisting method, which Baker and Albaum (1986) in
a study of 86 judges and six products found to yield Cronbach alphas of 0.84 to 0.96, implying
highly comparable ratings across IAP personnel. The IAP’s evaluators were extensively trained
by a chief evaluator, who ran the program consistently from 1981 through 2000, and a group
meeting at the end of each review provided feedback to ensure appropriate measures for each
invention. The IAP’s evaluations were found, in Astebro’s (2003) study of final ratings
corresponding to earlier years of our sample, to successfully predict revenues of commercialized
inventions.

Table 1 reports the measures and their precise descriptions. Three of the measures, size of
investment, tooling costs, and development uncertainty, were specifically assessed in ways that
pertain only to sunk costs. In terms of the model, they pertain during the entry phase when the
sunk cost is paid. The remaining measures, demand uncertainty, potential sales, manufacturing
cost, and potential for competition from imitators, all pertain only to the period after entry. For
the model’s concept of sunk costs we use two measures: the size of investment and the cost of
tooling. For the model’s concepts of price and (expected) quantity, we use potential sales, which
assesses the monetary value of sales and hence is a consequence of both price and quantity. For
the model’s concepts of fixed and variable costs, we use the single available manufacturing cost

measure.
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IV. Empirical Evidence
A. The Inventors and Their Inventions

The inventors and inventions in our sample are typical of serious independent inventors."
The inventors averaged 28 years’ work experience and 9 years’ business ownership experience.
A majority, 53%, had been business managers, 64% had been business owners, 34% had owned
at least two (up to ten) businesses, and 58% had siblings or parents who had owned their own
business. Their education was slightly higher than average for people of their ages, with 88%
having a high school degree, 42% having graduated from a four-year university, and 10% having
one or more graduate degrees. They had often worked in multiple occupations, consistent with
Lazear (2004): 73% had worked in at least three occupations, and 33% in at least six
occupations. They averaged 8 years’ inventive experience; only for 26% was the invention their
first, 17% had at least ten total inventions, and 1.3% claimed hundreds or thousands of
inventions. A plurality of their inventions was consumer-oriented (47%), including inventions
for household and general consumer use (28%) and sports and leisure applications (15%).

The IAP’s assessments of the inventions, along with the entry outcome, are described in

Table 2. The table reports means, standard deviations, and correlations for each variable. Entry
is 1 if an invention was commercialized or 0 if not. Among all inventors in the sample, 101
(10.0%) entered (commercialized their products). The base rate of entry is estimated by
excluding the deliberately oversampled observations, yielding a figure of 6.9%. The economic
assessments mostly have means near zero, indicating borderline ratings of potential by the IAP.
Potential sales has a mean of —0.40, indicating that most inventions were rated as having weak

opportunities for sales. A substantial fraction, 29%, of inventions were expected to face large

4 These data on the inventors are available for the 471 IAP assessments in 1994-2001.
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R&D expenditures, while only 3% were expected to have large sales volume, and these variables
are somewhat skew distributed. Other variables are roughly centered around their means.
Correlations between entry and the remaining variables are in the hypothesized directions, with
the negative correlations between entry and development uncertainty, and between entry and
demand uncertainty, suggestive of risk aversion on the part of inventors. The determinants of
entry are better probed, however, in a multivariate analysis.

B. Entry

To assess the joint determinants of commercial entry, we compute maximum likelihood
estimates for the logistic regression model. The estimates are adjusted for oversampling on the
dependent variable Y using the method of prior correction (Manski and Lerman 1977). This
method yields consistent estimates regardless whether observations are sampled from the
subpopulations in which Y is 1 or 0, or whether observations are randomly sampled from the full
population and from one or both “choice based” subpopulations (a straightforward proof is King
and Zeng’s (2001) appendix B). The related econometric literature assumes investigators know
the fraction of 1s in the population of Y, as is pertinent for entirely choice based samples, but we
estimate this fraction from our full-population segment of the sample. It can be shown readily
that the estimates remain consistent, except possibly the standard errors which we estimate by
the bootstrap method (see Reviewer Appendix D).

The estimated coefficients for ex ante assessments of economic costs and benefits are
presented in Table 3. The full model estimates, in column (1) of the table, largely coincide with
the model’s characterization of profit-seeking and risk-averse inventor behavior. Potential sales
has the largest estimated effect. An improvement from a rating of 0 to 1 in potential sales

increases the estimated odds of entry, when other variables are at their means (as always below),
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from 6.8% to 14.1%. Increased manufacturing cost or competition from imitators, again from 0
to 1, decreases the estimated odds of entry from 5.0% to 2.8%, or 5.0% to 3.5%, respectively.
Development uncertainty deters entry, consistent with risk aversion on the part of inventors.
Increased development uncertainty, from 0 to 1, decreases the estimated odds of entry from 5.1%
to 2.8%. Demand uncertainty’s estimated coefficient has the opposite sign from development
uncertainty and is near zero, consistent with the option to exit enhancing the expected benefits of
demand risk. Potential sales, manufacturing cost, competition, and development uncertainty all
have estimated effects that are statistically significant. Size of investment and tooling cost have
coefficient estimates closer to zero and statistically insignificant; limited statistical power makes
it difficult to know whether their effects are negative as pecuniary motives imply. The two sunk
cost measures are the most highly correlated independent variables, and we report estimates in
columns (2) and (3) with only one of these measures at a time. In both cases the measures have
negative coefficient estimates, fairly near zero relative to their standard errors, and other
coefficient estimates change little. To the extent there is sufficient statistical power to put clear
signs on the estimates, the findings universally confirm the hypothesized patterns for profit-

seeking risk-averse inventors."

" These results appear to be robust to a range of controls for inventor ability. Data on inventor
ability are available for the subset of the data collected in our third (2005) survey wave, and we
reestimated the entry models using this subset of the data with and without controls for ability.
Although standard errors are substantially larger given the limited sample size, it is informative
that the point estimates for our economic variables changed little. With controls for managerial
experience, log (one plus) years of business ownership experience, log (one plus) number of
businesses owned, whether other family members operated a business, log (one plus) years of
work experience, log number of occupational fields of experience, high school education, college
education, graduate education, log (one plus) number of degrees, log (one plus) years of
inventive experience, and log number of inventions, or various subsets of these variables, the
point estimates changed little and were similar to those presented in table 3.
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Inventions that were and were not commercialized are compared in Table 4. The table
presents means and standard deviations of the economic traits for the 911 inventions that were
not commercialized and the 101 inventions that were commercialized. Entrants on average had
been rated to have lower investment and tooling costs, greater potential sales, lower
manufacturing cost, less competition, and lower development uncertainty than non-entrants. The
differences in mean traits, reported in the final column of Table 4, are all statistically significant.
The only variable with a small and insignificant difference is demand uncertainty, consistent
with the option to exit counteracting the dissuasion of demand risk.

C. Exit

We probe the causes of exit despite at least four reasons why the true effects of economic
characteristics should be difficult to observe among rational profit-seeking inventors: forecasts
versus realizations, self-selected measurement errors, statistical leverage reduction, and sample
size.' Despite these biases toward zero and losses of statistical power, it is interesting to probe

for signs of pecuniary motives in the exit patterns. Causes of exit were probed using statistical

'* Forecasts on the part of inventors and their financiers are the only information they have to
decide whether to enter, but realized values that are notoriously hard to predict ultimately
determine profitability and hence exit, so a priori economic measures should have greater
influence on entry than on exit. Measurement errors in the a priori assessments are compounded
by self-selection to enter, because inventions independently assessed as having poor prospects
will only be commercialized if the assessments were wrong and the true prospects (as assessed
by the inventors) meet at least the minimum standard of commercialized inventions; this biases
coefficients toward zero (simulations show that mismeasurement of a single variable might
easily bias its coefficient estimates downward by a factor of four while other coefficient
estimates fall by a factor of two). Statistical leverage, the variability in independent variables
that facilitates estimation, falls as self-selection weeds out unattractive values of the independent
variables, increasing standard errors (by, simulations suggest, about 10% to 30%). Sample size
severely limits statistical power because only 77 of the 1,012 inventions were commercialized
and have useable data on survival times; this reduction in sample size increases standard errors

(by roughly a multiple of +/1012/77 =3.6).
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survival analysis with, alternatively, the exponential and Weibull models.”” The Weibull model
allows for a time-varying exit probability. The exit time for inventors still producing at the time
of data collection is treated as right-censored.

Maximum likelihood estimates of both models are shown in Table 5. The variables are
equally scaled with comparable standard deviations, so the magnitudes of the coefficients speak
directly to their relative importance. Nearly identical estimates result regardless which survival
function is imposed, and virtually the same results arise using other common formulae or Cox’s
nonparametric model.” Correcting for right censoring the estimated mean probability of exit is
0.10 per year, implying an average survival time of 10 years.

The estimates concur with the profit-seeking and risk-averse economic model. Expected
competition triples the estimated yearly exit rate if the competition measure rises from 0 to 1,
and is the only statistically significant variable. All other variables except size of investment
have estimated effects in the directions consistent with profit-seeking and risk-averse behavior.
The estimated effects are sometimes large, implying a 45% decrease in the exit rate if tooling
cost rises from 0 to 1, a 45% (Weibull) or 46% (exponential) decrease in the exit rate if
development uncertainty rises from 0 to 1, or a 45% (Weibull) or 47% (exponential) increase in
the exit rate if manufacturing cost rises from 0 to 1. The tiny sample size and other issues
addressed above yield large standard errors that make it difficult to be sure of the correct
interpretation for all the estimates. Nonetheless, the evidence is certainly consistent with, and

provides modest further empirical support for, pecuniary motives in inventor behavior.

"7 The hazard of exit for a surviving business is 4 =exp(a + #'X,) in the exponential model or
A = pt* " exp(a + B'X;) in the Weibull model.
" The estimate of the time-related parameter, In(p), in the Weibull model implies that the

probability of exit falls from 0.087 in the first year to 0.065 in the eighth year, for a
commercialized invention with mean characteristics.
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D. Reasons for Entry and Exit

To further probe inventors’ decisions, we collected responses stating why inventors did
not enter or why they exited the market. Responses for entry decisions are available only for
inventors who did not enter, and responses for exit decisions are available only for inventors who
exited by the time of survey. Respondents could state multiple reasons. The data provide a
secondary means to assess how often profit-driven behavior causes entry and exit and to confirm
the earlier estimation results.

In Table 6, the top panel reports the percentage of inventors who stated each reason for
choosing not to enter. The most common reason was that the IAP recommended that the
inventor abandon further efforts (42%), confirming that inventors took the IAP’s assessments
seriously. Lack of capital made up 32% of reasons, a pre-existing similar product 22%,
continuing development 18%, followed by many other reasons around or below 10%. Among
the non-pecuniary reasons it is notable that 27% of the inventors abandoned their efforts because,
they indicated, they lacked knowledge on how to commercialize their invention. The few other
non-pecuniary reasons were less frequent, below 10%.

We further analyzed reasons for non-entry stratified by the IAP’s summary
recommendations to stop versus go forward with commercialization, indicated in Table 6 by the
headings Stop and Go. The distribution of reasons was similar in the two cases, but some
differences arose. Lack of capital was a more frequent problem for those recommended to go
forward (39%) versus those recommended to stop (30%), a difference significant at the .01 level
using Fisher’s exact test, possibly signaling capital market failures. The lack of a buyer for
intellectual property was blamed for non-entry in 14% of cases among inventions recommended

by the IAP compared to only 7% among inventions not recommended by the IAP, a difference
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significant at the .01 level. Inventors recommended to go ahead with commercialization more
often (7% versus 4%) discontinued their activities because of better opportunities elsewhere
(difference significant at the .06 level), suggesting that inventor ability yields work opportunities.
Among the non-pecuniary reasons an unwillingness to commercialize was more common for
inventors recommended to go ahead (10%) versus stop (5%) (difference significant at the .07
level). All such differences may have arisen endogenously; for example, reported difficulties
finding capital and selling intellectual property may have arisen because inventors of higher-
rated inventions more actively searched for capital and buyers of intellectual property.

The bottom panel similarly catalogues reasons for exit. The dominant reason associated
with exit was low sales volume (31%), followed by lack of capital (23%) and high opportunity
costs (14%). The two most frequent non-pecuniary reasons for exit are family or personal
reasons (12%) and loss of interest (also 12%). Hence, again, pecuniary motives seem to
dominate inventors’ decision making.

E. Decision-Making Biases

We now analyze whether the previously discussed potential decision-making biases
among entrepreneurs — optimism, over-confidence, risk-aversion and the joy of inventing — are
important in explaining the behavior of inventor-entrepreneurs. First, we address whether these
potential biases are associated with becoming an inventor. To do so we drew a sample of 300
Canadians from the general population with comparable work experience, age, sex, education,
income, and location in Canada as the 830 inventors sampled in the third survey wave. (Details
on the sampling methodology and comparative statistics on both samples are provided in

Reviewer Appendix B.)
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Measures of decision-making biases, assessed during our third survey wave, followed
well-established psychological research practices. For each construct except overconfidence,
respondents were asked the extent to which they agree/disagree with each of several statements
on a five-point scale, with one representing strongly disagree and five representing strongly
agree. Scores on items were averaged to form a composite measure. The order of the items was
randomized across subjects. To measure optimism we chose six optimism items from the
International Personality Item Pool personal attributes survey (Scheier, Carver and Bridges 1994;

b

Oregon Research Institute 2001), an example being “I just know that I will be a success.” For
overconfidence we measured the degree to which an individual expects that they have made a
correct judgment on a judgment task divided by the average degree of correct judgments in the
population (e.g. Griffin and Tversky, 1992)."” For risk aversion we used a seven-item scale that
measures willingness to take risks across varying situations and which was derived from the
Jackson Personality Inventory (Jackson 1977).*° For intrinsic motivation to invent, we created a
seven-item scale with items such as “I invent because I enjoy it” and “I enjoy the feeling of
solving problems.” Questions about motivation to invent were not asked the general population
because some concepts assessed did not readily apply to non-inventors.

In our first test we compare inventors to the general population. The inventors reported a

higher degree of optimism, t(1128) = 2.48, p < .01, and overconfidence, t(1128) = 1.97, p < .05,

" We asked respondents to judge which one of two cities has the larger population and to
indicate the confidence in their judgment being correct on a half-range probability scale (50% to
100% certain). Five city comparisons were elicited.

* Dohmen, et al. (2005) demonstrate that such a measure is a good predictor of actual risky
choices where real money is at stake, and that it is a good predictor of risk-seeking behaviors in
decisions such as financial, health, occupational choice, participation in sports, and traffic
violations. A potential drawback is that the measure employed potentially incorporates both risk
preference and risk perception.
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than the general population. They also reported a much greater risk seeking propensity, t(1128)
=5.76, p <.001, than the general population.

In a second test we include these regressors with our previously described measures of
inventors’ economic opportunity and run the regressions for inventors in the third survey wave.
Results are reported in Table 7. The first column reports the relation of the psychological
measures alone to entry among the 797 inventors who agreed to provide relevant information.
More optimistic inventors were significantly more likely to commercialize their inventions, with
an increase in optimism from its 25th to its 75th percentile (holding other variables at their
means) estimated to cause the probability of entry to increase from 7.3% to 10.2%. More
overconfident inventors were significantly less likely to commercialize their inventions, perhaps
because their overconfidence led them to assess incorrectly the difficulties of commercialization
leading to a greater frequency of mistakes than among realistic inventors, with an increase in
overconfidence from its 25th to its 75th percentile estimated to cause the probability of entry to
fall from 9.6% to 7.6%. Typical variations in risk aversion and enjoyment of invention had
smaller and statistically insignificant impacts on the probability of entry.

The second and third columns of Table 7 assess whether controlling for these
psychological traits affects the point estimates of the effects of pecuniary variables and risk on
entry. The sample is restricted to the 462 observations for which both psychological traits and
the CIC’s evaluations of inventions are available.” Estimates of the same model used in Table 3
column 1 appear in Table 7 column 2, and the resulting point estimates are similar (albeit with

much larger standard errors). Measures of psychological traits are added in column 3, in which

' The CIC had been shredding invention assessments for confidentiality reasons, and 335 of the
797 observations for which psychological characteristics were obtained had been shredded
before we were able to access the data. This leaves 462 observations for which psychological
traits and invention assessments can be related.
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the point estimates of column 2 change almost not at all. Hence the effects of pecuniary
variables and risk on entry appear to be robust to introduction of controls for optimism,
overconfidence, risk aversion, and enjoyment of the inventive process. Likewise, restricting the
exit analysis of Table 5 to the third survey wave (yielding 34 observations), the introduction of
these psychological traits as controls does not reduce point estimates regarding pecuniary

variables and risk.

V. Conclusion

Our theory and empirical results address a current debate regarding whether
entrepreneurs are economically rational. Accumulating evidence suggests that there is excess
entrepreneurial entry and that this excess entry is driven by non-pecuniary considerations such
as greater autonomy, broader skill utilization, and the possibility to pursue one’s own ideas
(Benz forthcoming; Astebro and Thompson 2007). If pervasive, such evidence may question
the use of policies to encourage investment in innovation by inventors. We extend the study of
entrepreneurial decisions to both entry and exit, characterize how both would be influenced
rationally by pecuniary motives, and investigate how entrepreneurs actually respond to financial
characteristics of real inventions. The findings do not rule out imperfect rationality and non-
financial motives on the part of entrepreneurs. However, the findings confirm that profit-
seeking motives and risk aversion substantially drive the entry decisions, and perhaps also exit
decisions, of inventor-entrepreneurs.

These findings do not rule out irrationality on the part of inventors. Indeed, we confirm
significant effects of optimism and overconfidence in entry decisions. However, the apparent
role of pecuniary variables and risk remains undiminished despite controls for these

psychological traits. Our findings hence are consistent with previous literature showing
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decision making biases among entrepreneurs. While biases and aberrations to profit-seeking
behavior indeed affect the decision to commercialize inventions, economics (risk aversion and
the search for profit) apparently still matter when it comes to making money.

The evidence confirms that positive monetary incentives should enhance
commercialization of inventions, although current evidence is insufficient to draw more detailed
policy implications. Motivating inventors to invent by for example tax write-offs or direct
grants to research may be socially optimal, but the level at which these incentives should be
provided is unclear. Studies have not yet analyzed social welfare effects of decision-making
biases in innovation. It is clear from Astebro (2003) that the average entering inventor may not
be better off and that the extra entrants tend to be of lower quality with such incentives, but
society as a whole may still benefit. Inventors do respond to economic incentives, which is

comforting news for policy makers.

Appendix: Mathematical Derivations

The parameter space, €, has dimensionality D equal to the number of elements in &, plus
one. The one extra dimension, z; €[0,1], is the realized quantile of Q, in its distribution given
v, and y,. Each point (€,7,) in the space corresponds to a particular inventor i’s realization of

the parameters. Each point has, by assumption, greater than zero probability density.”> The

parameter space is divided into contiguous subsets @', j=1,...,J, in which E, defined below
has partial derivatives of constant sign (0 is combined with negative values) with respect to v, ,

Q., and the elements of f7, [, and U, (see footnote 7).

** Discontinuities in the cumulative distribution function are allowed and correspond to infinite
probability density.
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Dividing (at least one of) the subsets in half are two hypersurfaces, which are entry and
exit bounds. The hypersurfaces bound regions of the parameter space in which the parameters
imply it is optimal to enter versus not enter, and optimal to exit (assuming entry has occurred)
versus not exit. The exit region is bounded by

X.=m—-—w =0. 3)
The entry region is bounded by (2) with the inequality replaced by an equality, which yields,

after writing out the expected utilities and simplifying,

By = Jo o Ui @DF (8)77(Q)dQudS, +

[7 2 UiamT, + A0, - $)F ()2 (Q)dQdS, - =0. (4)
In this entry bound, Q/ is the value of Q, satisfying (3), i.e., the value at which exit just occurs,

o +F+x

Q'
Pi =G

Given specified values that an inventor is known to have for d parameters, any of p,, F,
C, K, M, Vv, &, and y,, one can ask how the entry and exit bounds would change if there

were an exogenous increase in one of the d specified parameter values. Within @' the specified

parameter values leave a D —d dimensional subspace, with D —d coordinate axes. The entry

and exit bounds may shift, relative to the axes in the space R®™® that contains 6, given the
exogenous increase. The shift of one of these bounds may be analyzed in entirety using the
implicit function theorem with D—d +1 variables. Or drawing a line parallel to any of the
D —d axes, the shift in the bound along this line can be analyzed using the implicit function
theorem with two variables: the parameter whose axis the line parallels and the exogenously

increased parameter (the other parameters being fixed according to where the line is drawn).
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Along every such line drawn parallel to an axis, whenever the entry bound intersects the line
within @', it will turn out that the entry region expands or stays the same, with expansion in

some (positive measure of) cases. For the exit bound, it will turn out that when x4 and & are

exogenously increased, the region of exit remains the same, while exogenous increases in other
parameters have more complex effects on the region of exit.
Figure 1 illustrates the shifts in the entry and exit bounds. The left panel pertains to

exogenous increases in sunk cost parameters, g and & . The right panel pertains to exogenous
increases in other parameters. The horizontal axis in each panel, labeled ¢, determines the
value of the exogenously changed parameter. The vertical axis, labeled y,, determines the value
of the additional parameter. Better values of the parameters, in the sense of giving higher E,,

are plotted to the upper right (hence, e.g., {; =—g in the first panel, not z). The inventor

i
enters in the region denoted Entry, or exits supposing entry has occurred in the region denoted
Exit. The margin between entry and non-entry is the solid boundary, and that between exit and
non-exit is the dashed boundary.

The slopes of the bounds in Figure 1 are computed by differentiation of (3) and (4) using

the implicit function theorem to reveal how parameters ¢; affect the exit and entry bounds.

Tedious differentiation, plus several mathematical tricks common in microeconomics, reveal (see

Reviewer Appendix E) the signs of the derivatives of E; and X, with respect to the model

parameters.” The implicit function theorem then yields the slopes of the entry and exit curves in
oX, [ X,

-1 -1
- _%[%j and % = _—(—j . These
E,0 0¢, \ 0y, o¢, X, =0 o, \ o7,

* Leibnitz’s rule is repeatedly required. The expected utility function must be integrated by parts
and the definitions of first and second order dominance applied from expected utility theory.

o
o,

terms of the derivatives:
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derivatives yield the everywhere-negative (for some y, everywhere nonpositive) or everywhere-

1‘24

zero slopes depicted in Figure The exit bound in the right panel is drawn correctly for most

vertical axis parameters, but is actually upward sloping for two or three of the many possible

. OE.
vertical axis parameters, ¢; and £, as well as €, in any subset 8’ in which GEI <0.

i
Since the entry region expands (or remains constant) in all directions y; as each ¢ in

Figure 1 increases to better values, better values of each ¢; in Figure 1 imply greater probability

of entry. (Note that the probability distribution across each @' is the same regardless of the

value of ¢}, since each ¢; is independent of other model parameters.) This yields H1-HS.

The effects of demand uncertainty risk follow from the sign of

Q(Q)

E =(l-¢ )J.::Oui,(a)ifi - S)(p; — ¢ )T f (S)ds,

oy,
Q(Q)

+. [jw U/ ((p —c)f) Q(Q) QJfS(S)dS (5)
§;=0| JQ=Q i i i i/ 81// i i is

R Q)

where lfiQ(Qi) is the integrated cumulative density function for Q, and satisfies

(see Reviewer Appendix E). As formidable as (5) appears, the tradeoffs are simply determined

by signs of the integrands. The first term of (5) is nonnegative and reflects marginal utility gain

** Some parameters are irrelevant to the analysis in some parts of the space. Specifically, the
vertical axis parameter 7, yields a perfectly vertical slope for the entry boundary; the vertical

axis parameters g and & yield a perfectly vertical slope for the exit boundary; entry or exit
boundaries may be perfectly vertical in places if y, is a parameter in f>, f2, and G (see

footnote 7); and when ¢, and y; are (in either order) g and & then the line drawn through the

D —d dimensional parameter subspace is parallel to the exit bound.
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associated with the inventor’s ability to exit, while the latter two terms in (5) have the same sign

as U/(-) and reflect the traditional effects of risk on utility. Risk-averse inventors hence may

. OE.
have positive or negative a—', while risk-seeking inventors unambiguously have a—' >0.
¥i Vi

E.
Only if j—' <0 (>0) on average in the population does the probability of entry fall (rise) with

demand uncertainty. This yields H6.

The probability of exit conditional on entry can be computed as the probability of entry
followed by exit divided by the probability of entry, yielding effects of parameters that result
from shifts in entry and exit bounds. The probability of exit conditional on entry, given the value

of any one parameter ¢;, is

Pr[Entry&EXxit]
Pr[Entry]

(6)

Pr[i exits | i enters] =

where Entry denotes the part of the parameter space where ¢, holds and entry occurs, and
Entry&Exit denotes the part of the parameter space where ¢; holds, entry occurs, and exit

occurs. This means that £, affects the conditional exit probability, as the entry region and in

some cases the exit region expand or contract with ;.

oX;
Implications for exit are straightforward in the cases ¢, = u# or &, for which —=0.

The exit bound is flat, as illustrated in the left panel of Figure 2 for g, with implications for the
changing entry and exit probabilities. An increase of &, =—z by A(—z;) changes the relevant

part of the parameter space from the left dashed vertical line to the right dashed vertical line.

Along the two vertical lines the p.d.f. is identical since each ¢ is independent of other model
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parameters. Before this shift the conditional probability of exit is (the p.d.f. integrated over line
segment) AB divided by AC. After the shift the entry bound has fallen and increased the
probabilities of entry and of entry and exit both by APE. Hence the conditional probability of

exit is much more, DE divided by DF. This yields H7-HS.

o : oX,
Implications are much more complex for the other ¢, which generally have — #0.

i
Progress can be made on these cases if one is willing to make additional assumptions. One

assumption is that cross-inventor variability in «;, £, and Q, (the latter only in @' having

OE, . . : : e
86' <0) is sufficiently less important than cross-inventor variability in other parameters. A

i

second assumption is that inventors’ probability distributions of parameters are not too skew in
the direction of greater probability for better parameter values. The first assumption allows one
to ignore the few vertical axis parameters with exit bounds that slope upward in the right panel of
Figure 1. The second assumption allows one to assume that the probability density in the right

panel is nonincreasing in the vertical direction.

Using these additional assumptions, the exit bound shifts downward with ¢, as
illustrated for p, in the right panel of Figure 2, so the reduction APE in the entry and exit

probability is accompanied by a reduction APX in the exit probability. This compensating
effect yields a net effect on the conditional probability of exit that, without the second additional
assumption, could be positive or negative depending on the particular p.d.f. and on the precise
shapes of the entry and exit bounds. With the second assumption one tends to observe a decrease
or no change in the conditional probability of exit, rather than a increase: the numerator in (6)

stays about the same while the denominator shrinks since JK = MN; this tendency is readily
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apparent with a uniform p.d.f. and would be reinforced by typical skew distributions of inventor
traits in which the best traits are rare. This is only a tendency because it depends on the relative

movements of the entry and exit bounds. (The special case of y; would require further

assumptions and is not addressed here.) This yields HO.
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Table 1. Variable Definitions Guiding IAP Evaluations

Variable

Description

Size of Investment

Is the total investment required for the project likely
to be obtainable?

Tooling Cost

How great a burden is the cost of production tooling
required to meet the expected demand?

Potential Sales

Is the sales volume for this particular innovation likely
to be sufficient to justify initiating the project?

Manufacturing Cost

Does production at a reasonable cost level appear
possible?

Competition from Imitators

Is this innovation likely to face new competition in the
marketplace from other innovations that must be
expected to threaten its market share?

Development Uncertainty

What degree of uncertainty is associated with
complete successful development from the present
condition of the innovation to the market ready state?

Demand Uncertainty

How closely will it be possible to predict sales?

Table 2. Sample Means, Standard Deviations, and Correlations

Correlations

Std. Size of Tooling Potential Manuf. Comp. Devel. Demand

Variable Mean Dev. [Entry Investm. Cost Sales Cost Imitators Uncert. Uncert.
Entry 0.10 0.30|] 1
Size of

Investment 0.24 0.56| -0.17* 1
Tooling cost 0.00 0.62| -0.11* 0.52* 1
Potential Sales -0.40 0.53| 0.19* -0.32* -0.18* 1
Manufacturing

Cost 0.04 0.46| -0.15* 0.39* 0.36* -0.22* 1
Competition from

Imitators 0.09 0.55| -0.07 0.12* 0.08 0.02 0.03 1
Development

Uncertainty 0.06 0.63| -0.19* 0.51* 0.35* -0.26* 0.27* 0.12* 1
Demand

Uncertainty 0.02 0.51] -0.05 0.15* 0.03 -0.21* 0.08* 0.04 0.15* 1

Note.—Significance levels for correlations based on 2-tailed t-test.

* Statistically significant at the 1% level.
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Table 3. Determinants of Entry
Logit Dependent Variable: Entry (1 if Entered, O if Not)

Variable (¢5) (2) 3)
Size of Investment -0.30 -0.26
(.26) (.23)
Tooling Cost 0.09 -0.01
(.22) (.19
Potential Sales 0.82*** 0.82*** 0.87***
(.21) (.20) (.20)
Manufacturing Cost -0.62** -0.60** -0.67***
(.27) (.26) (.26)
Competition from Imitators -0.37* -0.37* -0.38*
(.21) (.20) (.20)
Development Uncertainty -0.64*** -0.62*** -0.70***
(.22) (.21) (.19
Demand Uncertainty 0.07 0.06 0.03
(.22) (.22) (.22)
Constant -2.40%** -2.41%** -2.44%**
(.16) (.13) (.13)

Note.—Bootstrap standard errors are in parentheses (based on 250,000 bootstrap
replications). Constant is prior corrected. Based on 1,012 observations.

* Statistically significant at the 10% level.

** Statistically significant at the 5% level.

*** Statistically significant at the 1% level.

Table 4. Characteristics of Entrant versus Non-Entrant Inventions

Non-Entrants Entrants Difference
Variable Mean Std. Mean Std. Mean (Standard Error)
Dev. Dev.
Size of Investment 0.28 0.56 -0.05 0.49 -0.32*** (0.06)
Tooling cost 0.02 0.62 -0.20 0.56 -0.22*** (0.06)
Potential Sales -0.44 0.52 -0.11 0.50 0.33*** (0.05)
Manufacturing Cost 0.06 0.46 -0.17 0.43 -0.24*** (0.05)
Competition from 0.11 0.55 -0.03 0.54 -0.13** (0.06)
Imitators
Development 0.10 0.62 -0.29 0.56 -0.39*** (0.06)
Uncertainty
Demand Uncertainty 0.03 0.52 -0.05 0.47 -0.08 (0.05)

Note.—Significance levels for differences in means use two-tailed t-tests. Based on 911 non-
entrant and 101 entrant observations.

* Statistically significant at the 10% level.

** Statistically significant at the 5% level.

*** Statistically significant at the 1% level.



36

Table 5. Determinants of Exit
Dependent Variable: Years until Exit

Variable Weibull Exponential
Size of Investment 0.07 0.09
(.53) (.53)
Tooling Cost -0.60 -0.60
(.45) (.46)
Potential Sales 0.05 0.08
(.46) (.46)
Manufacturing Cost 0.37 0.39
(.57) (.58)
Competition from Imitators 0.97** 1.00**
(.47) (.48)
Development Uncertainty -0.61 -0.62
(.42) (.42)
Demand Uncertainty 0.39 0.38
(.48) (.48)
Ln(p) -0.09
(.18)
Constant -2.64%** -2.76***
(.40) (.33)
Joint Significance of All
Economic Measures .059 .048

Note.—Standard errors are in parentheses. Analysis accounts for right-censoring. Joint
significance from likelihood ratio test. Based on 77 observations.

* Statistically significant at the 10% level.

** Statistically significant at the 5% level.

*** Statistically significant at the 1% level.



*A1lua-uou 1o} uoseal uaAib e Bunyels Jo Aljigeqoad awes ayl pey salioboaled 09 pue dois ayy
Ul s101uaAuUul 1eyl sisaylodAy |inu ayl jo uonoalali 1o) anpea-d ayl s1iodald uwinjod 191 10BXa S Aaysi4 ayl '€9€‘T pue T#9 usamlaq
SalIeA uollsanb yoes 031 sasuodsal JO Jagquinu aseg 9%00T O} |e10]1 10U Op SUWNjod 0S ‘UaAIb aq ued suoseal ajdiljNN— 910N

%<ZCT 1SaJa1jul 1S07
%cCT suoseal [euosiad Jo Ajjwe
suoseay A1eiunidad-uonN
%0 si10112dwod woJ) ainssaid aolud
7% [suueByD uoIINQISIP 01 SS82%e UM A1jnaiidg
%V uonnadwo)
%0T 1 |19s 01 1ybBu 3yl pJOS JO pasuadl]
%¢cCT MO| 00} yun Juad j04d
%1T alaymas|a saniuniioddo Js1aq puno4
%¢€c [euded jo »oeT
%T€ MO| 00} SeM SWN|OA S3ajes

suoseay Aleiundad
juoneaouul ayy bBuljjas dois noA pip AYm "¢ |aued

S8°0 %9 %/. %/, 1SaJa1qul 107
100 %0T %S %9 azI[e124aWwwod 0] Juem Jou pig
00'T %8 %8 %6 suoseal [euosdad 10 AjlweS
€20 %¢€< %672 %.2 paadsoid 01 moy mouy| 1ou pig
suoseay Alelundad-uoN
00T %9 %9 %9 Mo| 001 Hun Jad yjoid paloadx3
90°0 %/ %t %S aJaymas|a saniunlioddo J1a13aq puno4
820 %S %8 %8 a|qISea} Aj[ed1uyda] 10U Sem UOIIUSAU|
c0'0 %PT %/ %8 s1ybu Auadoud ayy Jo 18Ang ou puno4
€20 %6 %9 %/ MO| 00] SeM SWIN|OA Sajes paldadx3
G0 %TT %0T %0T 1S09 9|qeuoseal 1e paosnpoad ag 10U PINOJ UOIIUBAU|
88°0 %72CT %TT %TT 1yb11Adoo 1o jualed urelqo 10U pjNoH
580 %¢E2 %9T %8T jJuswdojanap 1onpoad uo Bupjiom (1S
€T0 %/.T %E€EZ %22 19>J4ew ayl ul Apeade 1onpoud Jejiwis
000 %6¢ %0¢ %¢2¢ [erided Jo oe
00°0 %9T %81V %2V dols 01 papuawiwiodal aJ3ua) uoneAouu|
suoseay Aleiundad
uoniodoud uoiodoud uonuodouid Juonuanul ayl Buijas uel1s 10u NoA pip AYM T |aued
1S91 10X 09 dois v
s,J1aysi4

UOIIEPUBWI23Y dVYI AQ Sluesjug-uonN
1IX3 pue A1ilu3 10j suoseay ‘9 o|qel

LE



38

Table 7. Determinants of Entry with Psychological Controls
Logit Dependent Variable: Entry (1 if Entered, O if Not)

Variable (¢8) 2 3)
Optimism 0.44** 0.37
(.18) (.32)

Overconfidence -1.71* -2.33
(1.01) (1.60)

Risk aversion -0.10 0.10
(.19) (.30)

Enjoyment of invention -0.06 -0.13
(.18) (.28)

Size of Investment -0.51 -0.54
(.49) (.50)

Tooling Cost 0.12 0.15
(.37) (.39)

Potential Sales 0.46 0.41
(.37) (.38)

Manufacturing Cost -0.72 -0.66
(.45) (.47)

Competition from Imitators -0.28 -0.28
(.38) (.40)

Development Uncertainty -0.24 -0.30
(.41) (.41)

Demand Uncertainty 0.61 0.64
(.42) (.45)

Constant -2.25%** -2.44%** -2.15
(.84) (.21) (1.40)
Sample Size 797 462 462

Note.—Bootstrap standard errors are
replications). Constant is prior corrected. Data from third survey wave only.
* Statistically significant at the 10% level.

** Statistically significant at the 5% level.

*** Statistically significant at the 1% level.

in parentheses (based on 250,000 bootstrap
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Appendices for Reviewers

— These appendices are for reviewers, not for inclusion in the paper. —

Reviewer Appendix A: Further Details on Sample and Sampling Process

The sample is drawn from the universe of inventor-entrepreneurs using the services of the
CIC. Its representation of all inventors is unknown. While this may seem an important
limitation it should be noted that there has been no prior study using a sample representing all
inventors because the universe of inventors is not known. Other studies have used samples also
limited in scope and representativeness to various degrees. Jewkes et al. (1959) and Baumol
(2006) chose to study some historically well-known cases. Shane (2001) examined inventors
from Massachusetts Institute of Technology. Samples of inventors drawn from more than one
university are quite common (e.g. Friedman and Silberman 2003; Lach and Schankerman 2004;
Link and Siegel 2005), but there are of course many inventors not employed by universities. As
an indication of this, 11% in our sample have a post-graduate degree and less than 2% have a
Ph.D. degree. Others use patent records to sample inventors (e.g. Agrawal, Cockburn, and
McHale 2006; Kim, Lee, and Marschke 2005; Trajtenberg, Shiff, and Melamed 2006) or use
commercially available databases of venture capital investments in start-ups (e.g. Gompers,
Lerner, and Scharfstein 2005). None of these approaches represent all inventors. Using patents
under-represents inventors. For example, Astebro and Dahlin (2005) report that only 12% of
inventions by independent inventors were patented. And only a small and highly selected
fraction of start-ups receive venture capital. Lacking a known universe from which to draw
inventors we chose inventors randomly from a list of inventors using the Canadian Innovation
Centre. Inventors turn to the CIC to have their early-stage ideas evaluated for a fee, rising from

Canadian $250 to $1,000 during the sampling period. This fee is larger than the fee for
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registering a patent, thus ensuring some minimum level of quality of the invention. Further, as
the CIC main service is to offer advice, extremely overconfident and optimistic inventors are not
likely to use the service.

One important feature of our sample is that there was full personal contact information
recorded for the inventor by the CIC at the time of assessment (name, title, home telephone
number, home address, business telephone number). This proved a benefit over studies that use
patents to track inventors. Patent records provide only the name and address of the inventor. A
drawback was that the CIC as a rule only recorded the initial of the first name, making it more
difficult to find exact name matches when searching Yellow Pages telephone directories.

As we conducted data collection in three waves we present some sampling statistics from
only one of them (the most recent) to illustrate the overall sampling approach and results. The
same sampling strategy was followed in the first wave, for which there were no statistically
significant sampling or response biases across year of submission, province in Canada, gender,
and invention assessment. Follow-up data were collected in the second wave, which extended
data on survival times and collected sales values for recent innovations in the first survey wave
that (the first survey response indicated) had been commercialized. Using records from the
Canadian Innovation Center, in 2004 we extracted a list of 6,405 records with inventors who had
submitted ideas for IAP review between 1995 and 2001. This list was edited down to 4,425
records, deleting all but one application from the same inventor. Similarly to Giuru et al. (2005)
we then used a tiered match search algorithm to search for the inventors’ current home addresses
and home phone numbers using the Yellow Pages. The results appear in Table A.1.

We were able to match 45% of records (1,978 records). In contrast, Giuri et al. (2005)

obtained 64% exact matches of patent holders in the White and Yellow pages. The percentage of
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Table A.1. Address Match Results.

Number Percentage
Record where details did not change 948 21.4%
Record with new phone number, same address 160 3.6%
Record with new address, same phone number 371 8.4%
(local move)
Record with new address and phone number 499 11.3%
Excessive number of name matches with no 1,355 30.6%
matching address/phone (> 3)
Multiple name matches with non-matching 610 13.8%
address and phone (< 3).
No matching record 482 10.9%
Total 4,425 100%

matches was lower than that of Giuri et al. (2005) for several reasons. First, although we
identified 610 records (14%) where there were more than one match but typically less than four,
and it could be possible to call these to find the inventor, we in contrast to Giuri et al. (2005) did
not pursue those due to budget constraints. Second, as our records contained only the initial of
the first name, we had more inventors with multiple matching records (41.5%). Finally, our
sample consisted of 25% stayers and 75% movers, while the European survey contained 64%
stayers; since our inventors moved more often, it was more difficult to trace them.

The Survey Research Centre mailed out 1,841 letters on Friday January 30™ 2004, the
difference being used for two pre-test rounds and the elimination of another 8 records that upon
closer scrutiny had inventors with multiple submissions. After 71 declines to participate were
obtained the final sample size was 1,770. Contact attempt results are presented in Table A.2.

Many numbers in the sample did not lead to contact with an inventor, for any of the
following reasons: moved, not in service, wrong number, and the person reached was not the

inventor. By excluding these numbers (dispositions 3, 4, 5, and 10), we can calculate a traceable
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Table A.2 Contact Attempt Results.

Disposition Description # of
code Records
1 No Answer/Answering Machine 79
2 Busy 2
3 NIS 164
4 Wrong Number 136
5 Moved 18
6 Callback - No interview started 0
7 Callback - partial interview 2
8 Refusal 390
9 Refusal - partial interview 49
10 Person did not submit invention to CIC 100
11 Person not available during study hours 7
12 Other 22
13 Complete 781
14 Deceased 21
Total 1770

rate by dividing the remaining contacted numbers over the sample total. Excluded dispositions
corresponded to 418 observations. The traceable rate was 1352/1770 = 76%. The response rate
can be calculated among the remaining cases by multiplying the contact rate by the cooperation
rate. Using disposition codes to represent the number of such observations, the response rate is:

7+8+9+11+12+13+14 y 13+9
142+7+8+9+11+12+13+14 8+9+11+12+13+14°

1272 830
X—

=0.61. The adjusted response rate in the third wave was thus 61%.%
1352 1272

which equals

Reviewer Appendix B: General Population Survey Methodology.
A survey of 300 Canadians was intended to provide comparisons to the pool of inventors
in the Inventor’s Assistance Program (IAP) Survey. This is a selected sample of Canadians, with

selection based on province, work experience, and gender, chosen for similarity to the inventors.

* The Centre follows the statistical methods and best practices of the American Association of
Public Opinion Research, http://www.aapor.org.
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To establish the signs of double integrals that involve derivatives with respect to z,, v;,

&, and y,, integrate by parts and use the definitions of first and second order stochastic
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dominance. Integration by parts yields, for any expression A satisfying p =0,
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