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1. Introduction

In his famous study of Tolstoy’s philosophy of history, Berlin (1953) recalls a line
from the Greek poet Archilochus that says “the fox knows many things, but the
hedgehog knows one big thing.” While Berlin was characterizing the different ways
that writers interpret the world around them, the notion was loosely adapted for
business by Collins (2002, p. 91), who argues that those who build “good-to-great”
companies are hedgehogs, who “have a piercing insight that allows them to see
through complexity and discern underlying patterns. Hedgehogs see what is essential,
and ignore the rest.” In contrast, those whose businesses fail are foxes that are “scat-
tered, diffused, and inconsistent.”

In recent papers, Lazear (2004, 2005) proposes a countervailing theory in which it is
valuable for an entrepreneur to be a “Jack of all trades”, while those who work for
others should be specialists. Even when entrepreneurs can hire others, they “must be
sufficiently well versed in a variety of fields to judge the quality of applicants” (2005,
p. 650). Individuals may become entrepreneurs because they are innately able in a
variety of tasks, or as a result of purposive investment in human capital that is more
diverse than individuals intending to become specialists. Lazear uses work histories
and university transcripts of Stanford MBA alumni to provide support for the theory.
Stanford alumni who are entrepreneurs had studied a more diversified MBA curricu-
lum than those who work for others, and they had a greater variety of roles in the
labor market prior to becoming an entrepreneur. Wagner (2003, 2006) notes that the
Stanford alumni are hardly representative of any national labor force, but is able to
show that diversity of roles in the labor market is a predictor of self-employment in a
large random sample of the German labor force. Silva (2007) produces supporting
evidence from Italy. He shows in cross-sectional analysis that graduates of Bocconi
University who followed a balanced curriculum were more likely to become entrepre-
neurs, and that the number of prior roles held by individuals in the Longitudinal
Survey of Italian Families is positively associated with the likelihood of becoming an

entrepreneur.’

However, evidence relating varied curricula and work histories to entrepreneurship
can also be explained by the simple story that individuals with a taste for variety

prefer to become entrepreneurs because doing so provides utility. Indeed, Hamilton

! However, Silva’s results are not robust to panel techniques, and Silva interprets the cross-
sectional results as the consequence of selection on unobservables.



(2000) concludes from his analysis of the data in the Study of Income and Program
Participation that entrepreneurship offers significant non-pecuniary benefits. Benz
and Frey (2004) argue that a significant part of the non-pecuniary benefit is simply
satisfaction gained from being one’s own boss, but earlier evidence directly suggests
that variety is in itself rewarding. Ghiselli (1974), for example, discusses taste for job
change, a phenomenon he creatively labeled the “hobo syndrome.”? Linking the hobo
syndrome to entrepreneurial choice, Hyytinen and Ilmakunnas (2007) report that
more varied job experience is associated with both greater entrepreneurial aspirations
and stronger job-switching intentions. Psychologists have also provided evidence of
differing predispositions towards job changes and job satisfaction levels, observing
that some people get bored at work more easily than others [e.g., Judge, Heller, and
Mount (2002)].

In this paper we conduct some empirical tests with a new dataset that enables us to
discriminate between the Jack of all trades (JT) and taste for variety (TV) theories.
Our dataset consists of a sample of 830 Canadian independent inventors (i.e., those
that commercialize their inventions outside the confines of established organizations)
supplemented by a comparable sample of 300 individuals from the general popula-
tion. The sample contains an unusually high fraction of individuals that have owned
businesses, it provides information on the extent to which their careers have spanned
different occupations and industries, it records their earnings, and it records their

responses to survey questions about preferences that relate to TV.

Both theories predict a positive association between occupational variety and entre-
preneurship, and it is our data relating earnings to occupational choice and occupa-
tional variety that enable us to conduct tests that discriminate between JT and TV.
JT predicts that entrepreneurs have higher average earnings than specialists, even
though they may not be especially good at any one thing. At the same time, income
is higher for entrepreneurs with more balanced skills, while balance does not matter
for specialists. Because individuals create skill balance by investing in a varied educa-
tion and by working in a variety of activities, JT implies a positive association be-
tween prior occupational variety and entrepreneurial earnings. In contrast, TV pre-
dicts that entrepreneurs earn less on average than wage workers. In addition, it im-
plies a negative association between varied work histories and earnings, because indi-
viduals with a taste for variety are willing to forego income in order to gain some
non-pecuniary benefits from variety. As a result, TV predicts a negative association

between income and occupational variety for both wage workers and entrepreneurs.

? For a recent analysis of the hobo syndrome see Munasinghe and Sigman (2004).



JT and TV are not mutually exclusive theories, but they imply distinctive interpre-
tations of the cause and effects of occupational variety: JT interprets above-average
occupational variety as a purposive investment in balancing skills and should be posi-
tively associated with entrepreneurs’ earnings, while TV interprets occupational vari-
ety as something like a consumption good that is likely to be associated with lower

earnings. Which of these effects dominates is a purely empirical question.

Our empirical results suggest that TV dominates. We first show that, consistent with
both theories, the number of different professions or industries in which a person had
worked is positively correlated with the odds that he or she had ever owned a busi-
ness, and the number of business owned. These correlations survive the inclusion of
controls for education, work experience, family business background and marital
status. We then turn to an examination of the relationship between income, employ-

ment choice and occupational variety.

Our comparison of earnings of business earners with those of wage earners returns
inconclusive results. However, we find evidence of negative returns to variety for all
types of workers. Among individuals that had owned at least one business at some
time during their career, changing professions five or more times is associated with an
eleven percent decline in annual household income relative to comparable individuals
that had specialized in one profession. Changing industry of employment five or more
times is associated with an eight percent decline in relative income. Comparably di-
verse industry experience is also associated with a large decline in relative income
among non-entrepreneurs, of about fifteen percent relative to those having remained
employed in a single industry. Our survey data also provides an unusual opportunity
to test directly the role of TV. We collected data on several individual-level traits
that are likely related to TV, and show that these variables jointly predict entrepre-

neurship, variety of professional and industrial experience, and household income.

2. Theory

The earnings implications of JT are not explicitly laid out in Lazaer’s (2005) exposi-
tion, although some details are available in a prior working paper [Lazear (2003)]. In
this section, we therefore begin with a précis of the JT theory that focuses on its pre-
dictions about earnings. We then contrast these predictions with those of the TV
theory.

2.1. Jack of All Trades

Suppose individuals have skill levels z and y in two activities. Employees specialize in
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FIGURE 1. Entrepreneurs and specialists in Lazear’s model.

one of them and earn an amount equal to their skill level in the activity in which
they specialize. Employees therefore choose to specialize in their best skill, and earn
w, = max[x, y] In contrast, entrepreneurs must engage in both activities, and their
income, w, = )\min[x, y], depends upon their weakest skill. For any given A, indi-
viduals with sufficiently balanced skills choose to become entrepreneurs, while those
that are much better at one activity than another become specialists (see Figure 1).
Lazear calls A the premium to entrepreneurship: it is determined endogenously by the
demand for entrepreneurs, and must always exceed unity if any individual is to be-

come an entrepreneur.

One implication of JT is that, although entrepreneurs are not especially skilled at
any one thing, their average earnings are greater than specialist earnings. To see this
in a simple way, assume that an individual’s skills are independent random draws
from the standard uniform distribution, so that an individual may be located at any
point in the unit square with equal probability. Let ¢ be the exogenous relative de-
mand for entrepreneurs, and let ¢, = min [z,y] and 6, = max[z,y] denote the order
statistics. The joint density of {9(1),0(2)} is the constant 2, defined over 9(1) 6[0, 9(2)}
and 9(2) E[O, 1] . The fraction of the population that becomes entrepreneurs then satis-

fies
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so the premium to entrepreneurship is A =1/(1— u). The expected earnings of en-

trepreneurs are therefore
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which is greater than the expected earnings of specialists,
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A second implication of JT is that entrepreneurs’ earnings are higher for those with
more balanced skills, while balance does not matter for specialists. The claim is intui-
tive, and it is easily shown. We measure the balance of skills by the statistical range,
0., — 0, - Modify (2) to
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which is identical to (3) when § =1. Any increase in § within the admissible range,
6 € [1,1 /(11— M)], implies that we are averaging earnings over entrepreneurs with a
smaller statistical range. Differentiating (4) yields dF [wE] /dB = ), thus confirming

that balanced skills raise average wages for entrepreneurs. Similarly, modify (3) to
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which replicates (3) when v =0. Any increase in « within the admissible range
vy 6[0,(1—u)] implies averaging over specialists with a smaller statistical range.
Equation (5) evaluates to £ [ws] = % regardless of the value of .

Of course, the degree to which an individual’s skill set is balanced is not, in general,
observable. However, Lazear (2005) assumes that individuals may invest in the ac-
cumulation of specific skills through education or on-the-job training. As a result,
individuals who intend to pursue an entrepreneurial career choose to learn a variety
of skills, either by pursuing a varied curriculum in college or by accepting a variety of

positions in work. Similarly, individuals who just happened to have varied educa-



tional or employment experiences will find themselves more fit for entrepreneurship,
and thus are more likely to become an entrepreneur should any given opportunity to

do so arise.

In summary JT makes the following empirical predictions:

P1 (JT): (a) Individuals with varied educational and/or work experience skills are
more likely to become entrepreneurs; (b) On average, entrepreneurs earn
more than employees; (¢) Varied experience is associated with higher earnings

among entrepreneurs but not among employees.

2.2 Taste for Variety

Suppose instead that w, = A(x +y)/2. In contrast to the production technology in
JT, skill levels in the two activities are perfect substitutes, and balance is no longer
important for entrepreneurs. But suppose, in addition, that individuals gain benefits
equivalent in value to v either by being an entrepreneur or by randomly switching
between the two activities. The payoff to entrepreneurship is v+ Az +y) /2, while
(assuming on average time spent in the two activities is equal), the expected payoff
to the random switcher is v+ (z +y) /2.

It is easy to verify that there is a well-behaved equilibrium in this simple model. As
before, let u be the relative demand for entrepreneurs, and let F(v) be the population
distribution of v. If, consistent with evidence, the equilibrium includes both entrepre-
neurs and switchers, there cannot be a premium to entrepreneurship. Hence, A=1 and
the fraction of the population who choose varied work experiences, by randomly
switching jobs or by becoming entrepreneurs, is given by

1 1
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Individuals are indifferent between switching jobs and entrepreneurship, so they may
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be observed to do both at different points in their career. Moreover, because
max(z,y) > (x+y) /2, it follows by construction that switchers and entrepreneurs
earn less than stable specialists. Consequently, variety in occupational choice is posi-
tively associated with entry into entrepreneurship, but negatively associated with

income:



P2 (TV): (a) Individuals with varied experience skills are more likely to become en-
trepreneurs; (b) On average, entrepreneurs earn less than employees; (¢) Var-

1ed work experience is associated with lower earnings.

Note that if (6) does not exceed u, entrepreneurship is strictly preferred to random
switching, and )\ satisfies fol j;ll — F(max(z,y) — Mz +y) / 2)dzdy = p. Tt is easy to
show, however, that the results in P2 hold in this case.

3. Data and Methods

To discriminate between JT and TV, we first need a sample of individuals who, if JT
is correct, could clearly benefit from a greater diversity of skills. In situations where
entrepreneurs need a limited set of specialized skills, JT’s predictions, while still ap-
plicable, might be difficult to detect.® Second, not only do we need to compare vari-
ety in work experience of entrepreneurs with that of wage workers, we also need to
examine variations in the variety of work experience within each group. To do so, we
would like to have a sample in which entrepreneurship is a relatively common phe-
nomenon. Third, we would like to supplement tests of the theories based on the pre-
dictions P1 and P2 with tests based on some direct measures of individual tastes.

To meet these goals, we use responses to a survey, conducted in 2004, of 830 inde-
pendent inventors, self-identified through their use of the services of the Canadian
Innovation Centre (CIC) sometime during the decade preceding the survey. Entre-
preneurship was expected to be relatively common among these individuals. Re-
sponses to a survey of 300 Canadians supplement this pool of inventors, primarily
with wage workers. The second survey, which queried a selected sample of Canadians
based on province, work experience, and gender, was designed to reflect similarities
with the inventors on these variables. The inventor sample began with a sampling
frame consisting of 6,405 inventors that had asked the CIC to evaluate their inven-
tions between 1995 and 2001. Of these 6,405, we had current addresses for 1,770 and
contacted them by surface mail. We were then able to contact 934 by telephone, and
from these we completed 830 surveys. The frame for the supplementary sample con-
sisted of a set of random telephone numbers, stratified by province. We sorted the
sample by province and set matching quotas by province, gender, and work experi-
ence. Finally, we used list-wise deletion to remove a total of 103 observations with

3 JT may be relatively unimportant in start-ups that begin large and with a high division of
labor, in skilled trades (e.g., plumbing), and in instances in which the definition of entrepre-
neurship includes consulting or other spot-contracting work.



missing data on several key variables,’ leaving 1,029 observations for analysis (735

inventors and 294 matched observations).

Along with the usual demographic information, the survey collected information on
current and prior self-employment, business ownership, occupational variety, as well
as some measures of individual preferences. These data are what make the survey so
useful, but this does not come without cost. Most important, the data are cross-
sectional and do not reveal the time paths of employment histories. Reverse causa-
tion is thus a possibility.” We will discuss the extent to which such patterns may in-
validate some tests. Our analysis also includes some tests to alleviate concerns about

unobserved heterogeneity and self-selection.

Disputes sometimes arise regarding the measurement of entrepreneurship. Because of
data availability, self-employment is the measure most widely used®, although busi-
ness ownership is also used. Some investigators, including Lazear (2005), argue that
it is more appropriate to analyze the creation of new businesses. We examined all
three measures. Subjects where asked whether they had ever been self-employed,
whether they had ever owned a business, and how many businesses they had owned.
Self-employment and business ownership are, of course, distinct phenomena: a wage-
earner may own, but not be occupied full-time in the management of, a business,
while some self-employed individuals may not consider themselves as owning a busi-

ness.’

Summary statistics are in Table 1.* Consistent with our needs, the survey contains
unusually high fractions reporting that they are or have been self-employed (63 per-
cent), or have owned a business (60 percent). As expected, the figures are much

! These were 53 observations with missing data on self-employment, 25 with missing data on
business ownership, and 23 with missing data on occupational variety. For all remaining vari-
ables except income, which is discussed below, the non-response rate was less than two per-
cent. In these cases, we imputed missing values by standard regression techniques under the
assumption that they are missing at random. Descriptive data are reported with these few
observations imputed; descriptive data without imputation are almost identical. List-wise de-
letion of all missing items produced results similar to those reported here.

® For example some of the diverse experiences in various occupations and industries may have
occurred after an individual first chose to become an entrepreneur.

% In most of the large panel datasets, such as the PSID, it is the only measure available.

" Eighteen percent of our respondents reporting self-employment did not report business own-
ership, while 11 percent of business owners did not report self-employment.

8 All analysis was carried out in Stata. Programs and data are available from the first author.



higher for the inventor sample than for the general population sample: 72 percent of
the inventor sample report current or prior self-employment, compared with 43 per-
cent, of the general population sample; 67 percent of the inventor sample report cur-
rent or prior business ownership compared with 43 percent of the general population
sample. Overall, the average number of businesses that have been owned is 1.20;
again, the figure is much higher for the inventor sample (1.49) than for the general
population sample (0.69). Note also that individuals in the more entrepreneurial in-
ventor sample are more likely to have come from an entrepreneurial family.

TABLE 1
Summary Statistics: Entrepreneurship Variables
Fractions
Total Inventors  General Pop. ¢ statistic
Ever been self employed 0.63 0.72 0.43 8.75
Ever owned a business 0.60 0.67 0.43 7.31
No. of businesses owned 1.20° 1.49 0.69 7.12
Entrepreneurial family” 0.53 0.55 0.47 2.63

N = 1,029. - Standard deviation 1.84. - Fractions of respondents stating that their family
had at some time owned a business. Two-tailed t-statistics test with unequal group vari-

ances for significant differences between inventor and general population samples.

To assess variety in occupational experience, we asked respondents: “In how many
different occupational fields of experience have you been active? Accounting, farming,
marketing, and plumbing would be examples. We are interested not in the number of
specific jobs you have had but the number of past and present occupational fields of
experience” [see also Wagner (2003)]. We also asked how many distinct industries
they had worked in. As Table 2 reports, there is considerable variation in the re-
sponses. Thirty-three percent have worked in five or more occupational fields, the
median being three. Fifty-six percent have worked in three industries or fewer, while
five percent have worked in more than ten. Inventors reported more varied work ex-
perience than did respondents from the general population, measured both by the
number of occupational fields and the number of industries in which they had

worked.

To obtain some direct measures of preferences, we constructed two variables that we
believe relate to a person’s taste for variety as well as entry: risk aversion and adver-
sity resilience. These constructed variables represent individual traits rather than
choices and typically are unobserved by the econometrician. We expected that indi-



viduals who profess to be risk intolerant dislike variety, and those who are better
able to cope with everyday adversity are more likely to seek out variety. For each
construct, respondents were asked the extent to which they agree/disagree with each
of several statements on a traditional five-point scale, with one representing strongly
disagree and five representing strongly agree. The order of the items was randomized
across subjects, some items were reverse coded, and the items were mixed with filler
items. Scores on items were averaged to form a composite measurement. For the em-
pirical estimation we assigned the value one to all observations above the median and
zero to all observations below the median.

TABLE 2
Summary Statistics: Employment Variables
Fractions
General
Total Inventors Pop. t statistic
OCCUPATIONAL FIELDS
1 0.12 0.11 0.16 -2.28
20r3 0.38 0.38 0.39 —-0.44
4orh 0.27 0.26 0.28 -0.77
> 5 0.23 0.25 0.16 3.53
INDUSTRIES WORKED IN
1 0.18 0.15 0.26 -3.53
20r3 0.40 0.40 0.41 —-0..38
4orh 0.25 0.27 0.20 2.44
6 to 10 0.11 0.12 0.10 1.06
> 10 0.05 0.06 0.04 1.59

N = 1,029. 20 observations on occupational fields and 7 observations were imputed
for the number of industries. Two-tailed #-statistics test with unequal group vari-

ances for significant differences between inventor and general population samples.

We used a seven-item scale of risk aversion that was derived from the Jackson Per-
sonality Inventory [Jackson (1977)]. We chose all items from the inventory that
represents willingness to take business risks plus some general items, while avoiding
items representing sensation-seeking behavior such as hang-gliding. Example items
are: “Taking risks does not bother me if the gains involved are high”; “I would par-
ticipate only in business undertakings that are relatively certain”; and “I probably
would not take the chance of borrowing money for a business deal even if it might be

profitable.” There was reasonable general common construct agreement across the
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items (Cronbach’s alpha = 0.60).’

Adversity resilience is a concept describing the ability of an individual to cope with
everyday adversities [Wagnild and Young (1993), Masten (2001)]. We queried the
respondents on the extent to which they feel they have control over events in their
life and to imagine the events read out as if they were happening right now and
their consequences. The scale was based on four items, one example being “People
respond very unfavorably to your ideas” and another “Your computer crashed for the
third time this week” [Markman, Baron, and Balkin (2005)]. The common agreement

on this construct was not as high (Cronbach’s alpha = 0.48).

Table 3 reports summary statistics for our two preference measures. The inventors
appear significantly less risk averse and somewhat more (at the 10 percent signifi-
cance level) resilient to adversities than respondents from the general population.

TABLE 3
Summary Statistics: Preferences
Fractions
Mean Scores Total Inventors  General Pop. ¢ statistic
Risk Aversion 0.52 0.47 0.63 -4.74
Adversity Resilience 0.57 0.59 0.53 1.72

N = 1,029. Two-tailed t-statistics test with unequal group variances for significant differ-

ences between inventor and general population samples.

Tables 1 through 3 report economically and statistically significant differences be-
tween the two groups in entrepreneurship and in occupational and industry variety.
Table 4, which provides some demographic statistics for the two groups, indicates
that these differences are not obviously due to observable demographic differences.
To the contrary, the inventor and general population samples are well matched on
gender, marital status, education, and income. The sample is 91 percent male and 89

percent married, and these figures are almost identical for the two groups. The gen-

® Dohmen, et al. (2005) demonstrate that such a general measure is a good predictor of choices
where money is at stake, and that it is good predictor of risk-seeking behaviors in decisions
such as financial, health, occupational choice, and traffic violations. This instrument has also
been shown to discriminate consistently between entrepreneurs and non-entrepreneurs [Stew-
art and Roth (2001), Rauch and Frese (2007)].
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eral population sample is somewhat younger, and inventors are somewhat more likely
to have a higher education. However, in both samples, the modal educational attain-
ment is high school, while about 25 percent of both samples had some professional or
graduate education. Inventors are also no different than the general population when

it comes to programs studied at college or university.

TABLE 4
Summary Statistics: Demographic Variables
Fractions
No. General
No. of  Im- Popula- t statis-
Obs puted Total Inventors tion tic
MALE 1,029 0 0.91 0.91 0.91 0.00
MARRIED 1,029 16 0.89 0.90 0.88 0.56
AGE 1,029 18
< 35 0.11 0.04 0.29 -8.85
35— 44 0.32 0.30 0.35 -1.39
45 — 54 0.31 0.36 0.18 6.06
> 55 0.26 0.29 0.18 4.14
WORK EXPERIENCE 1,029 4
< 9 years 0.02 0.01 0.05 -2.76
10 — 19 years 0.13 0.13 0.13 0.14
> 20 years 0.85 0.86 0.82 1.57
EDUCATION 1,029 3
High school 0.27 0.26 0.31 -1.81
Trade school 0.14 0.14 0.13 0.63
Some college 0.17 0.16 0.18 -0.70
College degree 0.17 0.18 0.14 1.57
Professional degree 0.13 0.15 0.09 2.70
Graduate studies 0.12 0.11 0.15 1.70
Arts or social science 430 0.49 0.51 0.45 1.04
Science or engineering 0.33 0.34 0.29 0.99
Business degree 0.17 0.16 0.20 -0.89

Two-tailed t-statistics test with unequal group variances for significant differences between inven-
tor and general population samples. Data are reported with imputations, with marginal differences
as a result from non-imputed distributions. Data on type of university degree is conditional on

having a university degree.
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We use household income to measure earnings. We inquired about earnings in broad
intervals of household income rather than exact personal earnings because asking de-
tailed questions on personal earnings are known to produce very large non-responses
in voluntary surveys such as this. In spite of this we received non-responses on
household income for 26 percent of the sample. When we analyzed household income,
the estimates are conditioned on list-wise deletion when household income is missing.
As a robustness check, we also imputed values for item non-responses on household
income, using the Bayesian multinomial data imputation method described in Chen
and Astebro (2003). We generated nine complete datasets where missing data were
replaced assuming data were missing completely at random, and conditional on ob-
served data (Rubin, 1987). Estimates were averaged over nine samples according to
Little and Rubin (1987.) Results reported in later sections of the paper are those ob-
tained using list-wise deletion, but they are consistent with those using this alternate
method.

Table 5 provides summary statistics for reported incomes. Twenty-eight percent of
the sample reported a household income exceeding $100,000, rather more then the
sixteen percent reported in the Canadian census of 2000 [Statistics Canada (2004)].
The median range in the sample is $70,000 to $100,000, which is also substantially
higher than the national median in 2000 of $55,000. These differences are not surpris-
ing, in view of the self-selection of the inventor sample, and the fact that the inventor
sample is rather older than the Canadian labor force as a whole.

TABLE 5
Summary Statistics: Income
Fractions
General
Popula- t statis-
Total Inventors tion tic
INCOME
< $30,000 0.12 0.12 0.14 —0.72
$30,000 - $50,000 0.18 0.17 0.20 ~1.04
$50,000 - $70,000 0.19 0.21 0.16 1.62
$70,000 - $100,000 0.23 0.23 0.23 0.16
> $100,000 0.28 0.28 0.27 0.25

N=T778. Two-tailed t-statistics test with unequal group variances for significant

differences between inventor and general population samples.
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As discussed earlier, we considered missing data on earnings to be a significant po-
tential problem and designed the survey to reduce that problem. This came at a cost
of introducing potential measurement error in earnings. However, measurement error
is often easier to deal with than inferring missing data. If measurement error is of the
classical form, parameters estimates remain unbiased although the standard errors of
estimates will increase. One can also allow the variance of error to differ across values
of income; this induces heteroskedasticity, so all regressions are run with heteroske-

dasticity-consistent standard errors.

It is possible, however, that the error structure is more complicated because errors
may be related to respondent characteristics. For example, personal earnings may
differ more substantially from household income at greater age due to changes in
household composition over time. More obviously, marital status is likely to cause
household income to overstate personal income because the spouse may be employed.
Such correlations between measurement errors and respondent characteristics would
potentially cause bias in some estimates if these characteristics are unobserved. How-
ever, we control for age, marital status, and other variables that may describe
changes in errors due to changes in household composition. In sensitivity analysis we
also ran generalized models where errors were specified as functions of these vari-
ables. Results reported in later sections of the paper are consistent with those using
this alternate estimation method.

Our measure of earnings may also be related to wealth, because household income
includes asset income. If one believes that wealth constraints play a significant role in
entry into self-employment, the use of household income would tend to exaggerate
the impact of self-employment on measured income. We did not measure wealth in
this survey because we considered it impractical to extract reliable self-reported data
on pre-entry wealth in an ex post survey. However, it is not obvious that this omis-
sion would skew results with respect to our key predictor variables, variety in occu-
pational experience and number of industries worked, as it is not self-evident that
these are related to wealth constraints.

Finally, we also note that invention development-specific events may impact reported
household earnings for inventors. We therefore included a dummy for inventor status
and one for whether their invention was commercialized or not. In further sensitivity
analysis we examined the inventor sub-sample and included several other variables
describing the timing of invention events. None of these additional variables affected
household income.
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4. Results

In this section, we report the results of our tests of JT and TV. We begin in section
4.1 with an examination of the effect of variety in labor market experiences on the
propensity to enter entrepreneurship (part (a) of P1 and P2), Section 4.2 analyzes
the relationship between occupational choice and income (part (b) of P1 and P2),
and Section 4.3 turns to the effect of variety on income (part (c¢) of P1 and P2). The
results favor TV, so in section 4.4 we use data on respondent attributes to test di-
rectly the effects of taste for variety on occupational choice and earnings. Finally,
section 4.5 considers and rejects an alternative explanation based on unobserved abil-

ity that is negatively correlated with increased skills variety.

4.1 Variety and Entrepreneurship

Raw differences in the numbers of occupational fields and industries worked in by
respondents that have owned businesses and those that have not are clearly evident
in Figures 2 and 3. These raw differences survive in formal analysis. Columns 1 and 2
of Table 6 report the results of probit regressions in which the dependent variables
equal one if the respondent had ever been self-employed or had ever owned a
business. Column 3 reports the results of a negative binomial regression in which the
dependent variable is the number of business owned. In addition to measures of vari-
ety, the regressions include controls for family entrepreneurship, age, education and
work experience. Age, education and work experience were reported in categories in-
the survey, but for ease of presentation these were transformed into years of age,
education and years of work experience. Quadratic terms are used when relevant.
Results using the ordinal categories are consistent with those presented here.

The key results in Table 6 are consistent with JT and TV. Respondents with an en-
trepreneurial background have had a more varied labor market experience than those
without. Individuals who have worked in six or more occupational fields have a prob-
ability of ever being self-employed 17 percentage points, and a probability of ever
being a business owner 22 percentage points, above individuals who have worked in
only one field. Similarly, respondents reporting working in four or more industries are
about 14 percentage points more likely to be self-employed and 10 percentage points
more likely to ever have owned a business. Variety in occupational field and industry
of employment are also positively associated with the number of business owned.
These effects are highly significant and large. A Wald test that the four variety indi-
cators in column 1 equal zero is strongly rejected (F=41.66, p<0.001). Note also that
inventors have probabilities of being entrepreneurial 22 to 27 percentage points

greater than non-inventors, while individuals with family members that have
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operated a business are 15 to 16 percentage points more likely to be entrepreneurial
as those that do not.

@ no business owned
m business owner

1 2 3 4 5 >5

FIGURE 2. Number of occupational fields.

@ no business owned
® business owner

FIGURE 3. Number of industries worked in.



TABLE 6
Variety and Entrepreneurship

NEGATIVE
ProsBIT
BINOMIAL
Prob (ever Prob (ever a No. of businesses
self-employed)  business owner) owned
(1) (2) (3)
Occupational fields 2 to 5 0.05 0.09" 0.35"™
(0.05) (0.05) (0.14)
Occupational fields > 6 0.17" 0.22°" 0.59"
(0.05) (0.05) (0.16)
Worked in 4 or 5 industries 0.12"" 0.12"" 0.42""
(0.04) (0.04) (0.13)
Industries worked in > 6 0.15™ 0.08" 0.43"
(0.04) (0.05) (0.10)
Family operated a business = 1 0.15" 0.16™ 0.417"
(0.03) (0.03) (0.10)
Inventor =1 0.27" 0.22"" 0.56""
(0.04) (0.04) (0.11)
Years of schooling 0.005 0.00 0.001
(0.007) (0.007) (0.03)
Years work experience 0.02°" 0.02°" 0.06™
(0.007) (0.01) (0.02)
Age —0.002 —0.00 0.003
(0.002) (0.002) (0.004)
Married = 1 _0.01 _0_03 —0.14
(0.05) (0.05) (0.12)
Male = 1 0.02 0.02 023*
(0.06) (0.06) (0.13)
Mean prediction 0.63 0.60 1.05
Average Log-likelihood —0.58 —0.60 —1.43
Pseudo R’ 0.12 0.10 n.a.

N=1,026. Standard errors in parentheses are heteroskedastic-consistent using White’s (1980) for-
mula. Significance levels: 0.01, ™ 0.05, * 0.10. Marginal effects at sample mean reported.
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4.2 Income and Occupational Choice

Table 7 reports the results of interval regressions of household income on, inter alia,
self employment and the number of business owned. Recall that JT predicts greater
earning for entrepreneurs, while TV predicts the reverse. The two sets of regressions
provide mixed results. Column (1) shows that each additional business owned is asso-
ciated with a $2,000 increase in household income, significant at the ten percent
level; at the mean 1.2 business owned, this is a premiu7m over average earnings of
less than three percent. Column (2) shows that self-employment is associated with an
imprecisely-estimated decline in income. On balance, these results provide some mod-
est support for JT, but this may be contaminated by the effects of wealth constraints
on selection into business ownership, selection of the more successful into serial and
portfolio entrepreneurship [cf. Westhead et al. (2005)], and learning by doing. We
turn, therefore, to the effect of variety on income, which we believe is less likely to

be contaminated by such concerns.

4.3 The Returns to Variety

Table 8 reports estimates of household income, again using interval regression. We
include a dummy for those inventors that were successful in commercializing their
invention as this may affect income."” Columns 2 and 3 display separate Columns 2
and 3 display separate regressions for employed and self-employed. Results are simi-

lar when instead we split the sample by business owners and non-business owners.

The main result is that, consistent with TV but not with JT, a greater variety of
labor market experience reduces household income for both entrepreneurs and em-
ployed. Column 1 shows that both the number of occupational fields and the number
of industries worked in have large negative coefficients, and a Wald test that the four
variety indicators in column 1 are all equal to zero is rejected (F=15.41, p<0.01).
Columns 2 and 3 indicate that employed and self-employed alike have negative re-

turns to skills variety. The negative effects of variety are of important magnitudes

0 Potential differences in income between inventors that did not commercialize and non-
inventors will be indicated by the inventor dummy. Because 2004 income may be affected
negatively by the timing of R&D expenditures for the focal invention, we included a set of
dummies for the time when the majority of R&D was undertaken. We also included a set of
dummies for the timing of market release of the focal invention. Finally, because we measure
household income rather than personal income and because married may make different occu-
pational choices than single we interacted marital status with all the variety indicators. None
of these additional variables affected income.
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TABLE 7

Income and Occupational Choice (Interval Regressions)

Dependent Variable: Household Income (‘000s)

(1) (2)
Ever Self-employed = 1 o —0.95
(2.84)
Number of business owned 2.02" o
(1.08)
Family ever operated a business =1 2.59 3.71
(2.65) (2.64)
Inventor =1 1.00 2.30
(3.44) (3.48)
Years of schooling 4.78" 4.79"
(0.58) (0.59)
Years of work experience —0.39 —0.27
(0.60) (0.61)
Age 4.64™ 4.70™
(1.08) (1.07)
Age squared —0.05" —0.05""
(0.01) (0.01)
Married = 1 20.317 20.04™"
(4.79) (4.81)
Commercialized invention = 1 7.78 8.68"
(4.94) (5.08)
Male =1 7.92 8.66
(5.60) (5.70)
Constant —113.43 —116.54""
(23.02) (23.05)
Average Log-likelihood _1.71 _1.71
N 776 776

Sample only includes observations with complete data on household income and

occupational choices. Item non-responses for other variables have been imputed.

Standard errors in parentheses are heteroskedastic-consistent using White’s (1980)
formula. Significance levels: “0.01, 7 0.05, " 0.10.
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TABLE 8

The Returns to Variety (Interval Regressions)

Dependent Variable: Household Income (‘000s)

Never self-employed  Self-employed
(1) (2) 3)
Occupational fields 2 to 5 -8.21° —6.64 -10.30"
(4.13) (5.38) (6.30)
Occupational fields > 6 -9.88" 1.93 -16.02"
(5.10) (7.72) (7.04)
Worked in 4 or 5 industries -2.34 -10.93" 2.06
(3.18) (5.16) (4.09)
Industries worked in > 6 -10.93" -25.62"" -4.97
(4.27) (7.15) (4.78)
Family ever operated a business 4.14 185 4.42
=1 (2.60) (4.01) (3.56)
Inventor = 1 3.56 4.72 2.96
(3.38) (4.35) (4.99)
Years of schooling 465" 5.40" 4.16™
(0.59) (0.89) (0.81)
Years of work experience -0.08 —0.58 0.18
(0.61) (0.76) (1.00)
Age 4.81™ 5.03" 490
(1.05) (1.50) (1.55)
Age squared -0.06™" -0.06™" -0.06""
(0.01) (0.01) (0.01)
Married = 1 19.14™ 17.807" 19.617
(4.76) (6.43) (5.84)
Commercialized invention = 1 8.44" -6.90 97
(5.02) (14.46) (5.65)
Male = 1 9.35° 8.79 9.53
(5.68) (6.68) (7.01)
Constant -110.94™ -117.28"" -110.19™"
(23.08) (30.12) (35.61)
Average Log-likelihood -1.70 -1.70 -1.69
N 776 299 477

Sample only includes observations with complete data on household income and occupational choices.

Item non-responses for other variables have been imputed. Standard errors in parentheses are het-
eroskedastic-consistent using White’s (1980) formula. Significance levels: o 0.01, - 0.05, " 0.10.
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and the four dummies are jointly significant in both equations (column 2: F=17.51,
p<0.01 column 3: F=10.21, p<0.05). Entrepreneurs changing occupational fields six
or more times reduce their expected household income by approximately $16,000
compared to those specializing in one profession. Similarly, entrepreneurs changing
jobs across six or more industries reduce their expected household income by ap-

proximately $5,000 compared to those specializing in one industry."

4.4 Direct Prozies for TV

We estimate a trivariate probit in which one branch of the decision tree describes the
probability of switching into entrepreneurship, the second the probability of seeking
variety and the third the probability of having income of at least $70,000. The sec-
ond branch consisted of the joint probability of working in six or more occupations
and four or more industries. We selected this confluence of choices as the tabulations
of both distributions indicated clear changes in probabilities at those cutoffs. The

third branch is simply a collapsed version of the interval data on household income.

As Table 9 shows, the addition of taste-related variables has the expected results. A
Wald test of joint significance soundly rejects the null that the variables do not
jointly affect the choices observed (F=25.72, p<0.001). Examining them individually,
it appears that those who are more risk averse are less likely to become entrepre-
neurs, less likely to choose a variety of jobs, and less likely to earn a high income.
Those who are adversity-resilient are likely to have higher incomes, are more likely to

seek out variety and more likely to choose entrepreneurship.

4.5 Unobserved Ability

An alternative explanation for the results presented so far is that unobserved ability
is negatively correlated with increased skills variety. Assume high-ability individuals
are paid better than low-ability individuals, are less likely to seek out other employ-
ment, and are less likely to suffer involuntary separation. Thus, those who switch
jobs more often are more likely to be of lower quality; more likely to switch into en-
trepreneurship, perhaps by chance; and more likely, by chance, to switch both across
different professions and different industries. There is indeed empirical evidence

"' Because of the correlation between our four variety indicators we obtained a principal com-
ponent from them. The first (principal) component represents 74% of the combined variances.
Using this principal component in place of the four indicator variables, leads to an estimated
returns to skill variety that is statistically significant at the 5% level, with elasticities of —1.7%
and —1.4% for employees and entrepreneurs, respectively.
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TABLE 9
Taste for Variety

TRIVARIATE PROBIT

Prob Prob Prob
(self-employed) (= 6 occ. & >4 ind.) (income > $70,000)
Observable choices (1) (2) (3)
Occupational fields 2 to 5 0.09 -0.18
(0.16) (0.16)
Occupational fields > 6 0.39" -0.33
(0.22) (0.22)
Worked in 4 or 5 indus- 0.43™ -0.16
tries (0.13) (0.13)
Industries worked in > 6 0.65" -0.47"
(0.17) (0.15)
Direct taste proxies
Risk averse = 1 -0.29" -0.23" -0.19"
(0.10) (0.12) (0.11)
Adversity-resilient = 1 0.01 0.14 0.24"
(0.10) (0.12) (0.11)
Correlations between er- T —005_ 7
rors (0.12)
T 006 T
(0.10)
e otr )
(0.06)
Average Log-likelihood -1.48

N = 773. Likelihood function is estimated using the Geweke-Hajivassiliou-Keane (GHK) smooth recursive
simulator (see Greene 2003, 931-933.) Standard errors in parentheses are heteroskedastic-consistent using
White’s (1980) formula. Significance levels: ~ 0.01, = 0.05, = 0.10. All columns include years of schooling,
years of work experience, age, age squared, an indicator variables for whether family had ever operated a
business, inventor status, whether the focal invention was commercialized, marital status, and gender. Col-

umns (1) and (3) further include the four employment variety indicator variables.
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showing that individuals who change employers more often are both more likely to
become self-employed and to earn less in self-employment [Evans and Leighton
(1989)].

If this alternative explanation is correct, individuals with who switch into entrepre-
neurship at some point in time should have unobserved ability that is lower than av-
erage. Moreover, this unobserved ability should be negatively correlated with house-
hold income. An examination of the disturbance coefficients of correlation in the tri-
variate probit in Table 9 allows us to test this hypothesis. As can be seen, none of
the correlation coefficients reach statistical significance (and the correlation between
the disturbances of columns (1) and (3) has a sign inconsistent with this alternative
explanation), indicating that there is no evidence for the presence of unobserved abil-
ity that is related both to household income and entrepreneurship. Moreover the ab-
sence of significant correlations in the errors implies that the equations can be esti-

mated separately.

The main findings of the previous single-equation estimates survive once we add the
taste-related variables: the probability of becoming an entrepreneur is positively as-
sociated with preferences for job-related variety, and seeking job-related variety re-
duces household income.

5. Conclusions

Lazear (2005) suggests that entrepreneurs will find it valuable to be a jack of all
trades; that is, that entrepreneurs must be good at a wide variety of skills to succeed.
Entrepreneurs tend to be generalists, while those who work for others should tend to
be specialists. At the heart of this theory is the assumption that individuals ration-
ally plan their human capital investments with an eye to a future choice of profession
that entails one of two states, employment or entrepreneurship. The model further
implies that the returns to skill variety should be positive for entrepreneurs but not
for specialist employees. An alternative argument is that the choice of entrepreneur-
ship is driven by a taste for variety. Entrepreneurship is known to involve a range of
tasks that stimulate people with a taste for doing many different things. This taste
for variety will also be reflected in an individual’s preference for educational and oc-
cupational diversity. Thus, people with a taste for great variety will have a broad
educational background, a diverse employment pattern, a greater likelihood of being

an entrepreneur, and lower income.
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We studied these alternative theories using a sample survey of 830 Canadian inven-
tors coupled with a matched sample of 300 individuals from the general population.
Consistent with both theories and with previous evidence, we found the probability
of becoming self-employed and the expected number of businesses owned increase
with the number of different professions and industries in which an individual has
worked. We found that both the number of different professions and the number of
industries worked in reduce household income among both entrepreneurs and em-
ployees. The effect was especially strong for entrepreneurs. Some direct indicators of
taste for variety obtained from the survey data are also found to predict selection
into entrepreneurship and choice of variety. These results are consistent with a world
in which the decision to become an entrepreneur is driven predominantly by a taste

for variety.

As in most studies we rely on proxy measures, particularly for earnings, job market
choices, and taste for variety. The use of proxy measures typically introduces more
noise than if better measures were available, therefore biasing test towards accepting
the null hypothesis. A more difficult problem to deal with was missing item data on
earnings. We designed the survey to reduce the tendency by respondents to withhold
earnings data. However, with 26% missing item data on earnings conclusions have to
be tempered. A multiple imputation technique nevertheless confirmed results which
relied on list-wise deletion. We also use cross-sectional analysis, which opens the pos-
sibility for reverse causation and for common determination by unobservables. The
source and generation of data unfortunately prohibited the development of panel
data which would provide opportunities to deal effectively with these issues. Instead,
we were able to gather rather detailed data which have not been explored in previous
work. We also conducted a test that rejects the hypothesis that the outcomes are
jointly determined by unobservables. We cannot, however, control appropriately for
the possibility that the employment choices in terms of job variety may be a function
of prior self-employment spells. However, such potential employment patterns does
not invalidate our theory that people select entrepreneurship because it allows them
to undertake many tasks satisfying a taste for variety. In fact, such patterns would
be entirely consistent with taste for variety.

Appendix
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
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limitation it should be noted that there has been no prior study using a sample represent-
ing 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 the 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, only 11% of
our sample have a post-graduate degree and fewer 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 represents all inventors. Using patents under-
represent 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 lar-
ger than the fee for registering a patent, thus ensuring some minimum level of quality of
the invention. Further, as the CIC main service is to offer advice, extremely overconfi-

dent 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 tele-
phone 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

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 re-
sults. The same sampling strategy was followed in the first wave; there were no statisti-
cally significant sampling or response biases across year of submission, province in Can-
ada, 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
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records with inventors who had submitted ideas for TAP 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 Yel-

low Pages. The results appear in Table A.1.

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 (lo- 371 8.4%
cal move)
Record with new address and phone number 499 11.3%
Excessive number of name matches with no match- 1,355 30.6%
ing address/phone (> 3)
Multiple name matches with non-matching address 610 13.8%
and phone ( 3).
No matching record 482 10.9%
Total 4,425 100%

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 per-
centage of matches was lower than that of Giuri et al. (2005) for several reasons. First,
we identified 610 records (14%) where there were more than one match but typically
fewer than four. Although it would have been possible to call these to find the inventor,
we did not do so 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 refusals 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 fol-
lowing 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
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traceable rate by dividing the remaining contacted numbers over the sample total. Ex-
cluded 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:

7T+84+9+114+124134+14 y 1349
1+24+7+8+9+11+12+13+14 8+9+11+12+134+14"

which equals 61%.

Table A.2 Contact Attempt Results.

DISE:;S;:OH Description # of Records

1 No Answer/Answering Machine 79
2 Busy 2
3 Not in service 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
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