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causal interpretation. We utilize the fact that the entre-
preneurship programs were implemented at the school
level. Using the introduction of each school's program
as an instrument for program participation, we find
that the Business School program has a negative to zero
impact on entrepreneurship rates. Participation in the
Engineering School program has no impact on entre-
preneurship rates. However, the Business School initia-
tive decreases startup failure and increases firm
revenue. University entrepreneurship programs may
not increase entrepreneurship rates, but help students
better identify their potential as entrepreneurs and

improve the quality of entrepreneurship.
Managerial summary: Recently, many universities

have developed programs to promote entrepreneurship.
However, relatively little is known about the impacts of
such university initiatives. In this article, we examine
the two major initiatives that were established in the
mid-1990s—the Stanford Center for Entrepreneurial
Studies at the Business School and the Stanford

Strat Mgmt J. 2021;42:833-861. wileyonlinelibrary.com/journal/smj © 2020 Strategic Management Society | 833


https://orcid.org/0000-0003-2348-1583
http://wileyonlinelibrary.com/journal/smj
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fsmj.3246&domain=pdf&date_stamp=2020-11-02

EESLEY anp LEE

Technology Ventures Program at the Engineering
School. We find that the Business School program had
a negative to zero impact on entrepreneurship rates and
participation in the Engineering School program had
no impact on entrepreneurship rates. However, the
Business School initiative decreased startup failure and
increased firm revenue. University entrepreneurship
programs may not increase entrepreneurship rates, but
help students better identify their potential as entrepre-
neurs and improve the startup performance.

KEYWORDS

ability, academic entrepreneurship, alumni, self-selection,
universities

1 | INTRODUCTION

Although many universities have been embracing entrepreneurship-related courses and programs
(Katz, 2003), the literature examining the impacts of such initiatives is still relatively sparse (Von
Graevenitz, Harhoff, & Weber, 2010; Hsu, Roberts, & Eesley, 2007; Rothaermel, Agung, &
Jiang, 2007). Recent studies have sought to assess entrepreneurship programs, for example, by
examining a non-profit technical entrepreneurship training program and find positive effects pri-
marily from those without prior entrepreneurship opportunities (Lyons & Zhang, 2018). However,
other results are less promising, for instance using a randomized controlled trial to examine a
large-scale government entrepreneurship training program finds no lasting effect on entrepre-
neurship and business performance (Fairlie, Karlan, & Zinman, 2015). Compulsory entrepreneur-
ship courses at the university level appear to decrease student intention to start a business
(Oosterbeek, Van Praag, & Ijsselstein, 2010), yet improve self-assessed entrepreneurial skills (Von
Graevenitz et al., 2010). Examining general entrepreneurship education programs finds little
impact in reducing the difference in entrepreneurship rates by ethnicity and nationality (Lee &
Eesley, 2018). Similar work in international contexts is also ambivalent as examining alumni of
China's Tsinghua University shows that while additional research funding for universities
improves rates of high-tech entrepreneurship and awareness on the importance of patents, it has
a negative impact on venture revenues (Eesley, Li, & Yang, 2016).

There are at least three limitations in the literature: (a) Research has focused on the impact
on students’ entrepreneurial orientation, but not their real-world startup careers after gradua-
tion; (b) It has not clearly articulated the mechanisms through which the great variation across
such courses and programs may have their effects.’ These gaps are important not only because
of their practical benefits for informing educational choices but also for our fundamental under-
standing of the development of entrepreneurial skillsets in firms and society. If in-house train-
ing were a possibility, firms in need of entrepreneurial and innovation capabilities may not

!For instance, students could be learning about the fit between entrepreneurship and their personal preferences for risk,
ambiguity, ambition, independence, money, prestige, or power.
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need to rely on risky acquisitions to expand the set of potential entrepreneurial workers in the
firm (Kim, 2019).

We first develop a conceptual framework that incorporates two opposite effects of entrepre-
neurship learning—the direct improvement of ability, and the correction of overestimated abil-
ity. We theorize the potential effects each channel could have on entrepreneurship rate and
performance and examine which channels and hypotheses are consistent with the empirical
results.” We examine the entrepreneurship consequences of Stanford University's two major
entrepreneurship programs that were founded in the mid-1990s—the Stanford Technology Ven-
ture Program (STVP) at the Engineering School and the Center for Entrepreneurial Studies
(CES) at the Business School. To address endogeneity, we use a difference-in-differences
approach in an instrumental variable setting. In particular, we use the fact that the initiatives
were implemented at the school level, that is, the Business School and the Engineering School,
and that primarily students in each school were affected by their respective entrepreneurship
programs.

Overall, the results imply that Business School entrepreneurship programs may decrease
the entrepreneurship rate, but improve the quality of entrepreneurship in terms of survival and
firm revenue. This article focuses on the average effects of entrepreneurship program introduc-
tion at the school level. Program differences could potentially be behind any observed differ-
ences. Delving into program differences, we descriptively examine one experiential learning
program, that is, the Mayfield Fellows Program, offered through the STVP. By matching on
observables and using control groups that are similarly motivated and have similar entrepre-
neurial interests, we find that the Mayfield Fellows Program is positively related to
entrepreneurship.

The next section discusses how entrepreneurship training programs could affect human cap-
ital. Section 3 describes the Stanford University Entrepreneurship Initiatives. Section 4 lays out
the alumni survey data, estimation, and identification strategy. Section 5 presents some descrip-
tive patterns and the empirical results and Section 6 concludes with a discussion of results.

2 | STRATEGIC HUMAN CAPITAL AND
ENTREPRENEURSHIP TRAINING

A core question in strategy is whether firms should develop capabilities internally or acquire
them from external sources (Arora & Gambardella, 1994). Of particular importance is the deci-
sion on whether to develop innovation or entrepreneurial competencies in-house or to acquire
them (Kim, 2019). Prior work finds that firms that take entrepreneurial actions are more likely
to survive (Teece, Pisano, & Shuen, 1997) and that those individuals with prior experience in
entrepreneurship are more likely to succeed (Eesley & Roberts, 2012; Paik, 2014). On the other
hand, scholars have argued that expending resources on training in entrepreneurship is waste-
ful if it is a genetic trait (Nicolaou, Shane, Cherkas, Hunkins, & Spector, 2008). Given that
proven entrepreneurial skills are relatively rare, costly, and hard to retain (Chatterji, 2009;
Franco & Folsom, 2006; Kim, 2019), such labor market frictions suggest firms may be seeking
ways to utilize in-house training (Arora, Belenzon, & Rios, 2014; Starr, Ganco, &
Campbell, 2018).

2Our analytical approach was one of abduction (Heckman & Singer, 2017), where we continuously developed our
hypotheses and analyzed the data based on novel empirical findings and comments from reviewers.
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This insight that the accumulation of high quality, specialized human resources can drive
competitive advantages for organizations is pervasive (Shaw, Park, & Kim, 2013) and led to a
close integration of the streams on strategic human resource management and the resource-
based view (Barney, 1991; Holcomb, Holmes Jr, & Connelly, 2009; Miller, Xu, &
Mehrotra, 2015). Related work has examined the market value of firm investments in training
(Riley, Michael, & Mahoney, 2017) and explored the interaction of human capital and diversifi-
cation strategies (Kor & Leblebici, 2005). This work finds a link between firm investments in
human capital, subsequent organizational learning, and firm performance or innovation
(Datta & Iskandar-Datta, 2014; Hatch & Dyer, 2004). However, training for entrepreneurial
skills is typically not the focus of corporate programs and the field still lacks theory and system-
atic evidence. If such training does magnify entrepreneurial ability (and it is not purely genetic
or innate), it may be beneficial for firms. Yet, if it instead allows for more accurate signals of
perceived ability, it may still be beneficial for students and employees, but possibly costly for
firms.

While entrepreneurship education has proliferated, high quality research is still nascent
(Cumming & Fischer, 2012; Vesper & Gartner, 1997). Some work shows a positive link between
entrepreneurial education and attitudes or intentions toward entrepreneurship or entrepreneur-
ial activity (Souitaris, Zerbinati, & Al-Laham, 2007). Entrepreneurship programs may encour-
age students increase their entrepreneurial self-efficacy (Gorman, Hanlon, & King, 1997),
especially for those with weak ex ante intentions (Peterman & Kennedy, 2003). Von Graevenitz
et al. (2010) find that while the average effects of an entrepreneurship course were negative on
intentions, the effects were not uniform. As Von Graevenitz et al. (2010: p. 103) write, “While
entrepreneurship education has been introduced and promoted in many countries and at many
institutions of tertiary education, little is known at this point about the effect of these courses.”
There are a number of mechanisms through which entrepreneurship education may influence
students. These can be roughly categorized into two broad areas: skill and social networks.

Social network effects on entrepreneurship will not be our focus as they have been explored
extensively in prior literature (Azoulay, Liu, & Stuart, 2017). Social influence from workplace
peers or from mentors has been found to increase not only rates of entrepreneurship (Nanda &
Serensen, 2010; Stuart & Ding, 2006), but also financings, (Roberts & Sterling, 2012) and in ven-
ture capital as well as in outcomes (Dahl & Sorenson, 2012; Rider, 2009). However, we observe
what may be an important, but previously unnoticed distinction between the focus on develop-
ment of networks that can be used at the time of starting a company relative to the few works
on the role of network ties in providing skills at the time of the educational experience. The for-
mer type of ties (accessed at the time of startup) are critical for fostering entry and performance
as they directly aid in getting feedback on opportunities and ideas, finding cofounders,
fundraising, and in hiring early employees. The latter type (at the time of the educational expe-
rience) may be critical both for developing foundational skills as well as in evaluating the level
of one's skills relative to what is necessary to succeed. We note the findings of Lerner and Mal-
mendier (2013), that randomization to a cohort of peers with less successful former entrepre-
neurs, who returned to get an MBA appears to decrease rates of entrepreneurship (but increase
the performance of the resulting pool of entrepreneurs). This effect is explained by the role of
these ties in shedding light on skill levels. Entrepreneurship courses often rely on mentorship
and this social influence mechanism has been found to increase rates of entrepreneurship,
depending on the backgrounds of the mentors (Eesley & Wang, 2017). Skills also appear to be
gained via an increase in network connections following an entrepreneurship program
(Lyons & Zhang, 2018) as well as via broad, intensive, and paced consultation with mentors
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(Hallen, Cohen, & Bingham, 2020). In this way, the skill-building effects may also be facilitated
by the social networking mechanism.

Under the mechanism of skills, we can also further sub-divide the mechanisms into skill
development and learning about one's own innate skill level as it relates to entrepreneurship. For
most entrepreneurship education, the primary goal is skill development. Many entrepreneurship
courses divide their content around (a) building opportunity discovery and evaluation skills and
(b) the ability to execute on opportunities once discovered (including fundraising, team formation,
sales, marketing, and distribution).> We can consider the potential effects of each of these two
skill areas on the likelihood of founding and on the performance of ventures conditional on
founding. The predictions for both of these skill types tend to go in the same direction (making
them a challenge to disentangle with observational data). Both of these skills should tend to
increase the average performance of ventures being founded. Opportunity evaluation skills should
lead students to found more high-potential ventures with better performance, or to found fewer
low-potential ventures. Execution skills should lead to better entrepreneurial performance. Corre-
spondingly, the increased ability to recognize entrepreneurial opportunities as well as increased
skill in entrepreneurial execution (which would increase expected performance) should both be
expected to increase the likelihood of founding. This is due to the positive impact both types of
skills have on increasing the returns to founding relative to wage-based employment.

Recent work has focused on the role of education in building entrepreneurial skills and abil-
ity (Chatterji, Delecourt, Hasan, & Koning, 2019; Lyons & Zhang, 2018; Kotha, Lin, Ohlsson-
Corboz, & Vissa, 2019; Von Graevenitz et al., 2010). In contrast to the view that entrepreneurial
skill levels are genetic and thus fixed (Nicolaou et al., 2008), most individuals have been docu-
mented to have high ability to learn many skills, (such as math) if provided with the right
instructional style and content (e.g., Boaler, 2013; Sisk, Burgoyne, Sun, Butler, &
Macnamara, 2018). However, in entrepreneurship, evidence on the role of skill building or on
the type of skills has thus far been limited. Lyons and Zhang (2018) suggest that their findings
are consistent with learning entrepreneurial abilities through social network contacts, which
also increased the quality of firms created.* However, most studies have relied on self-reports of
entrepreneurial ability which could be confounded by other differences.

We propose that entrepreneurship programs may perform two functions with differential pre-
dictions on rates and performance outcomes. One, they may allow participants to form a more accu-
rate belief of their true individual entrepreneurial ability. Two, they may improve participants'
entrepreneurial skills or ability. If ability increases with respect to opportunity identification, but
not with regard to executing on opportunities, then we would expect to see an increase in rates of
entrepreneurship. Performance may be likely to increase as well, even if execution ability is
unchanged due to a greater likelihood of identifying high-quality opportunities. Correspondingly, if
execution ability is increased (but not the ability to identify new opportunities), then we expect both
rates of entrepreneurship and performance to improve. This result is because these students will be
more likely to be recruited into founding teams with those who have identified opportunities and
their improved ability to execute should increase performance in these ventures.

*With the exception perhaps of fundraising in the context of venture capital, many of these skills for execution may
overlap with what is taught in other courses in a general management curriculum. This division of skills is blurred
somewhat by common methodologies (e.g., the lean startup) which emphasize that some execution must occur in order
for evaluation of the opportunity to occur.

“Their results suggest that preferences toward entrepreneurship or toward risk do not change, however, the self-
reported ability to evaluate a startup increases. It remains unclear if this is related more towards evaluating
opportunities or skills in evaluating the capability to execute on an opportunity.
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Hypothesis (H1) . To the extent that entrepreneurship training increases entrepreneurial skills,
we expect to see increases in both entrepreneurship rates and performance.

Recent work has pointed out the role of education in revealing relative ability levels or in
providing informative signals about the abilities needed in entrepreneurship (Lerner &
Malmendier, 2013). Entrepreneurs being overconfident about their relative ability could lead to
neglecting the impact of competition, more entry of firms, and high failure rates (Artinger &
Powell, 2016; Cain, Moore, & Haran, 2015; Cassar, 2010). However, if the information provided
via entrepreneurship education is mainly a signal about how an individual's skill set fits with
the requirements of entrepreneurship, then we would expect to see both a decrease in entrepre-
neurship rates and an increase in performance. Startup performance may increase as a result as
those who might have otherwise tried a startup (with lower skills and thus, lower performance)
have now been selected out from starting in the first place. An alternative mechanism that
would also produce a pattern of lower entrepreneurship rates, but higher average performance
would be if individuals were learning not to pursue less attractive or lower quality ideas. How-
ever, this mechanism can potentially be teased apart from learning about one's skillset by
looking into how the effect varies among different subsets of the population, who may be more
likely to overestimate their skills.

As a result, the likelihood of entrepreneurship differs depending on the extent of the two
mechanisms of improved ability and improved perception of fit with ability.” Here we propose a
theoretical framework that flexibly illustrates how the effect of university entrepreneurship edu-
cation not only depends on the improvement of entrepreneurial ability through education, but
also on the degree to which students overestimate and correct their entrepreneurial ability. In
sum, with an increase in the accuracy of perception of entrepreneurship skills, we expect to see
a differential effect on rates and performance of entrepreneurs.

Hypothesis (H2) . To the extent that entrepreneurship training increases awareness of entrepre-
neurship skills needed relative to one's own skills, we expect to see a decrease in entrepreneur-
ship rates, but an increase in performance.

The above conceptual framework presents a flexible framework that incorporates the two oppo-
site effects of learning—the direct improvement of ability, and the correction of overestimated abil-
ity. Table 1 summarizes the channels and the potential entrepreneurship-related outcomes.

3 | STANFORD UNIVERSITY ENTREPRENEURSHIP
INITIATIVES

3.1 | The Center for Entrepreneurial Studies and the Stanford
Technology Venture Program

Much of the academic research to date has focused on faculty entrepreneurs (Kenney, 2000;
Kenney & Goe, 2004), or on firms established in the Bay Area (Baron & Hannan, 2005; Kenney,

SIf multiple mechanisms are at work, as we can see above, the net effects could balance out to result in no net changes
in the entrepreneurship rate. Further examining differences in performance and interactions to explore heterogeneous
treatment effects may allow us to further disentangle more fine-grained mechanisms.
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TABLE 1 Mechanisms and likely entrepreneurial outcomes of entrepreneurship education

Likely entrepreneurial outcomes

Mechanisms by which entrepreneurship education Rate of Startup
can affect entrepreneurial outcomes entrepreneurship performance
Skill Skill development  Opportunity recognition  Increase Increase
Execution Increase Increase
Learning about one's own innate skill Decrease Increase
Social network  Network while at school Ambiguous Ambiguous
Network at time of starting company Increase Increase

2005). The stories of the founding of Hewlett-Packard and Google are two among many promi-
nent examples of student and alumni founded firms (Eesley & Miller, 2018). Recent work sug-
gests that relative to professorial entrepreneurship, the number of firms created via students
and alumni is an order of magnitude larger (Astebro, Bazzazian, & Braguinsky, 2012).

In recent decades, Stanford University further expanded and formalized its support for
entrepreneurship and established two programs—the Center for Entrepreneurial Studies and
the Stanford Technology Ventures Program. The Center for Entrepreneurial Studies (CES) was
founded in 1996 at the Graduate School of Business to address the needs facing entrepreneurs
and the entrepreneurial community. The program utilizes the expertise on campus and Silicon
Valley to provide courses and networking opportunities, as well as support research. For stu-
dents, the CES offers a variety of courses and experiential learning that touch upon all aspects
of entrepreneurship. The courses cover topics ranging from management, finance, technology,
law, education, design, and so on. However, the courses are primarily accessible to business
school students only. Students have the opportunity to take experiential learning classes where
they can learn the day-to-day activities of a start-up and test out new business concepts. The
Stanford Technology Ventures Program (STVP) is the entrepreneurship center founded in
1995 at the Engineering School. Similarly, STVP offers courses and extracurricular programs to
students as well as supporting research on high-technology entrepreneurship. In addition to
offering entrepreneurship-related courses to engineering students, STVP houses several fellow-
ship programs where students can obtain in-depth knowledge and first-hand experience of tech-
nology start-ups. However, the courses offered through STVP are more focused on technology
ventures, and the range of courses offered by STVP is smaller compared to the CES. In the
Supporting Information Appendix, we include results from qualitative interviews and historical
documents showing that the motivation for the creation of the entrepreneurship programs was
primarily educational in nature.

4 | DATA AND METHODS

The Stanford Innovation Survey covered all Stanford students regardless of entrepreneur-
ship status. Since the surveyed alumni are not selected based on successful entry into entre-
preneurship, unlike samples that focus on innovators or venture-backed founders, the
results do not suffer from biases due to sampling on the dependent variable. Prior studies
have found samples of alumni from research universities (MIT, Stanford, Harvard,
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University of Toronto, and Chicago) useful in making theoretical contributions regarding
how the broader social environment influences entrepreneurs (Dobrev & Barnett, 2005;
Lazear, 2005; Burt, 2001, Roberts, 1991; Hsu et al., 2007; Roberts and Eesley, 2009; Roberts,
Murray, & Kim, 2015).

The survey was conducted over a well-defined population of comparable individuals in mul-
tiple industries, and it was administered through official university channels and hence more
trustworthy to the respondents. By surveying the entire population (all living alumni who grad-
uated between the 1930s and 2010s), we were able to poll all alumni who could have found a
firm. The 2011 survey generated 27,783 individual responses for a response rate of 19.5%. The
response rates are similar across gender, departments, and graduation year. If we take graduates
from 1933 to 1971, the response rate was 22% and graduates from 1972 to 2010, the response
rate was 18%, indicating that older graduates were not less likely to respond. We do not detect
significant differences in the main effects of gender and school (see Eesley & Miller, 2018 for
more detailed benchmarking and response rate analyses). Out of the respondents, nearly 8,000
reported being entrepreneurs who founded any type of organization (for-profit or non-profit)
and 4,290 said they had founded an incorporated business. The Stanford survey not only asks
one's entrepreneurship status, but also whether one invested in start-ups as an angel investor or
venture capitalist. Responses include data on 2,798 individuals who were early employees (16%
of the alumni), 349 venture capital investors, and 2,572 angel investors. The survey also col-
lected information on when each startup was created and whether it failed or exited through an
IPO or was acquired by another firm. The survey asks about performance measures, that is, the
revenue and number of employees in the most recent year the firm was alive. When available,
these figures are verified by matching the firm names to the Dun and Bradstreet database. We
examine the performance of each entrepreneur's first start-up when these measures are
available.

The survey asks each respondent to indicate the degree to which they had participated in
the CES or STVP—no participation, little participation, moderate participation, and heavy
participation—and whether the respondent participated as a student or not. We define partici-
pation in either the CES or STVP as a dummy variable equal to one if the respondent indicated
little, moderate, or heavy participation. We also examine the intensity of participation by con-
structing a participation variable that ranges from 1 to 4 depending on the degree of participa-
tion (1 = no participation, 4 = heavy participation). Other valuable information includes
whether the respondent’s parent, sibling, or friends had any entrepreneurship experience. The
literature has found parental entrepreneurship status to be one of the strongest determinants of
entrepreneurship in different countries and we include that as a control in our analysis. The
survey also asks how optimistic the respondent is. In particular, it asks respondents to rate the
degree to which one agrees with the statement: “Overall, I expect more good things to happen
to me than bad.” We use these variables and age, ethnicity, gender, and nationality variables to
control for the underlying characteristics of the respondent. In the empirical analysis, we focus
on students who graduated from Stanford on or after 1980 to minimize recall bias and on or
before 2005 to provide time for entrepreneurship activity. Table 2 presents the summary statis-
tics of the main variables.®

SAlthough there are advantages to using a survey to examine entrepreneurship, we acknowledge that there could be
some drawbacks, since some respondents may not truthfully reveal their employment status and there could be recall
errors.
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TABLE 2 Summary statistics

Variable Mean SD Min Max Obs

Panel A. Main sample

Participate in Center for Entrepreneurial Studies 0.018 0.134 0 1 6,995
Participate in Stanford technology ventures program 0.031 0.174 0 1 6,943
Graduate School of Business student 0.115 0.319 0 1 6,995
Engineering school student 0.371 0.483 0 6,995
First year graduated from Stanford 1993.024 7.675716 1,980 2,005 6,995
Entrepreneurship—founded a new organization 0.297 0.457 0 1 6,995
Number of patents by founded company 2.605  27.609 0 2,000 6,285
Founded a non-profit 0.051 0.220 0 6,995
Founded an incorporated company 0.161 0.368 0 1 6,995
Founded an unincorporated company 0.148 0.355 0 1 6,995
Invest as an angel investor of venture capitalist 0.099 0.299 0 1 6,995
Been an early employee at an entrepreneurial firm 0.121 0.326 0 1 6,995
Stanford alumni association 0.659 0.474 0 1 6,836
Stanford alumni regional club 0.360 0.480 0 1 6,334
School specific alumni group 0.207 0.405 0 1 6,897
Use Stanford alumni network for funding 0.046 0.209 0 1 6,962
Use Stanford alumni network for cofounders 0.075 0.264 0 1 6,960
Use Stanford alumni network to find customers 0.058 0.234 0 1 6,955
Use Stanford alumni network to find partnerships 0.078 0.269 0 1 6,947
Use Stanford alumni network to find advisors 0.145 0.352 0 1 6,928
Panel B. first startup variables

Years to first founding after graduation 10.317 6.881 0 31 2,101
Startup within first year of graduation 0.082 0.275 0 1 2,119
Startup within 5 years of graduation 0.283 0.450 0 1 2,119
Startup fails 0.257 0.437 0 1 2,119
Startup alive—no exit 0.596 0.491 0 1 2,119
Exit through IPO 0.019 0.136 0 1 2,119
Exit through acquisition 0.101 0.301 0 1 2,119
Ln(revenue) in 2011 10.105 5.491 0 27.73 1,399
Revenue above $100 K in 2011 0.546 0.498 0 1 876
Revenue above $500 K in 2011 0.330 0.470 0 1 876
Revenue above $1,000 K in 2011 0.264 0.441 0 1 876
Ln(number of employee) in 2011 1.800 1.471 0 9.55 1,880
Ln(total number of patent issued) 0.328 0.911 0 10.31 1,592

4.1 | Estimation and identification strategy

The base regression framework is the following:
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where y; represents entrepreneurship rate or startup performance of Stanford University
alumni i who attended school j and graduated in year k. Prog is a dummy variable indicating
participation in either the CES or STVP. In some specifications, we include both program
dummies. X is the vector of control variables that include the foreign dummy, gender dummy,
parental entrepreneurship dummy, and the age fixed effects. Also included are a dummy vari-
able for students who participate in both programs and a dummy variable for students who
were Stanford undergraduates that became business school graduates at Stanford University. y;
is the set of school fixed effects, that is, dummy variables indicating whether the student
attended the business school, engineering school, medical school, and so on. We control for
Stanford cohort-specific effects nonparametrically by including Stanford graduation year fixed
effects 6;.. The main coefficient of interest is #, which captures the effect of the entrepreneurship
programs on the outcome of interest. When the dependent variable is binary, we still estimate
Equation (1) in a linear regression model to facilitate comparison with the 2SLS results. Estima-
tion using a nonlinear probability model returns similar results.

We are interested in identifying the causal impact of the entrepreneurship program on
entrepreneurship status and innovation. However, Equation (1) suffers from endogeneity. Stu-
dents who were thinking of becoming an entrepreneur would likely have enrolled in the classes
and programs offered by the University's entrepreneurship programs. To deal with endogeneity,
we use a difference-in-differences approach in an instrumental variable setting. This approach
is often used when a policy affects the treatment variable of interest, and thereby allows the
researcher to identify the impact of the treatment on the outcome variable of interest.”

In our context, the difference-in-differences framework compares alumni who attended the
Business (or Engineering) School before and after program introduction relative to alumni in
other schools, which did not introduce entrepreneurship programs. Conceptually, the first stage
of the instrumental variable strategy examines program participation in a difference-in-
differences framework, and the reduced form of the instrumental variable strategy examines
entrepreneurship rate (or startup performance) in the same difference-in-differences frame-
work. The final instrumental variable estimate corresponds to the ratio of the estimated coeffi-
cients in the first stage and the reduced form.

In practice, we use 2SLS estimation where we instrument participation in the CES with the
GSB dummy interacted with the dummy for cohorts who graduated Stanford in 1997 or after.
Students who attended the GSB after the CES was established in 1996 could take
entrepreneurship-related courses unlike their earlier cohorts or students from other schools.
Other students in the university could only take GSB courses, if the instructor approved. How-
ever, as we show later, participation by students from other schools was minimal. Since school
fixed effects and cohort fixed effects are included, the variation used to generate the plausibly
exogenous variation in program participation is the difference in program participation of only

"For example, Duflo (2001) examines an elementary school construction policy that increased students’ educational
attainment using a difference-in-difference framework by comparing different regions before and after the school
expansion policy. Those who attained additional schooling due to the school constructions had higher earnings later in
life. Hence, the school construction policy indirectly contributed to higher earnings and she estimates the reduced form
impact of the school construction policy on earnings using difference-in-differences. Ultimately, the returns to
education can then be estimated by taking the ratio of the difference-in-differences estimate on earnings to the
difference-in-differences estimate on years of schooling.
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the GSB students before and after CES was introduced. An underlying assumption for identifi-
cation is that students who graduated from the GSB after the program was introduced were no
different than students who graduated before. If more entrepreneurial students started to attend
the GSB because entrepreneurship programs became available, this identifying assumption
would be violated. As such, the differences-in-differences identification strategy assumes that
the business and comparison students are different in a relatively stable manner. We provide
evidence that this was the case in the empirical analysis.
We perform the following 2SLS regression where the first stage is

Progj =a+ PGSB;*Post1997x +yGSB;* Timex>1997*Post1997k + Xint + ; + Ok + €k

and the second stage is the same as Equation (1) but now with predicted program
participation.®

Yijk =+ dProgi +Xim+p; + 0k + €k

The GSB; * timey * Dy > 1997 term flexibly captures increasing student participation rates as
the program becomes more established over the years. Timey - 1997 is simply a linear time trend
normalized at 1997. The estimation sample includes alumni who graduated from the GSB and
the other schools, but not from the Engineering School.

In the robustness tests, we also use a more succinct version with GSB; * Post1997 as the
instrumental variable, as well as a version where we use the full set of interaction terms to flexi-
bly capture the difference in program roll out over the years. In such specifications, the first
stage is

Progijk =a+ ZkﬂkGSBj *Cohort, +Xim +u+ Ok + Eijic.-

When we examine the effect of the engineering school initiative we perform the same
regressions but instead instrument participation in STVP with ENG; * Post1998y, the engineer-
ing school dummy interacted with the post-1998 dummy, and ENG; * Timey » 1905 * Post1998y.
In this case, the estimation sample includes alumni who graduated from the Engineering
School and the other schools, but not from the GSB. In other words, we are splitting the sample
and examining business and engineering school students separately. The business students may
be more different on average, especially, in terms of work experience and exposure and interest
to entrepreneurship, to their comparison set relative to engineering students and its comparison
set. The important assumption is that their characteristics remain stable before and after pro-
gram introduction. We also run 2SLS regressions where we include both participation in CES
and participation in STVP as the treatment variables of interest and use both sets of instrumen-
tal variables for the GSB and Engineering School. In this case, the estimation sample is not
restricted by schools.

8The reduced form equation corresponds to
Yik=a' +p' GSB;* Post1997 +y' GSB; * Timey > 1997 * Post1997 + Xin' ' + p'; + 0’y + € i, and the estimate of
interest 8 corresponds to the ratio of the reduced form effect to the first-stage effect, that is, s ' /.
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FIGURE 1 Center for Entrepreneurial Studies participation rate by graduation year

5 | EMPIRICAL RESULTS
5.1 | Descriptive patterns

Figure 1 illustrates the participation rate in CES by cohort among three different groups—those
who graduated from the business school, engineering school, and the other schools are grouped
in one category. The CES was introduced in the 1996-1997 academic year, and as expected, par-
ticipation in the CES jumps with the 1997 graduating cohorts. The fact that participation is not
zero among the earlier cohorts implies that those who graduated earlier could participate in the
CES program not just when they were students.” What is noteworthy is that participation
among students from other schools remains very low. This property of the CES lends itself as a
good design to compare the effect of CES participation using a difference in differences frame-
work. Figure 2 overlays the participation rate in STVP. Participation jumps for the engineering
school students starting with the 1998 cohort. However, the increase in participation is substan-
tially smaller in magnitude compared to the CES participation among business school students.

In Figure S1, we illustrate the entrepreneurship rate since the 1980s. The business school
students in general have a higher entrepreneurship rate than those from the other schools. In
Figure S2, we examine the log revenue in 2011 for surviving startups. Overall, the figures indi-
cate that CES participation rose substantially among business school graduates after the mid-
1990s, and revenue of first startup by business school graduates may have diverged from gradu-
ates from the other schools.

°Indeed, there are programs where alumni can participate in the CES. Given that many alumni remain in Silicon Valley
for their careers, this is very likely.
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Program participation rate
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FIGURE 2 Center for Entrepreneurial Studies and Stanford Technology Venture Program participation rate

5.2 | Results on the rate of entrepreneurship

Table Sla-d to examine the relationship between program participation in CES or STVP and
the various measures of entrepreneurship rate in an OLS framework.'®"" The results show a
positive relationship, however, the OLS estimates are likely biased upwards because of
individual-level omitted variables. Students with high entrepreneurial ability and motivation
are likely to participate in the entrepreneurship programs even among students in the same
cohort in the same school. Our identification strategy aims to take advantage of the fact that
students from the business schools were exposed to the entrepreneurship program after 1996
but students from the other schools were not able to participate in these programs (other than
in rare cases where students petitioned to take classes). Stanford University's business school

°Column (1) examines entrepreneurship, defined as the founding of any new organization. CES and STVP
participation are related to about a 13% and 10% higher entrepreneurship rate (f = .13, SE = 0.0516 and f = .0966,

SE = 0.0323). However, we find no significant effect on the number of patents. In terms of the type of organization that
is being found, the strongest effect is on incorporated companies. We also find that program participation in either
program is positively associated with becoming an angel or VC investor. CES participation is strongly related to
becoming an early employee of a startup as well. In Table S1d, we examine how the intensity of participation in the two
entrepreneurship programs relate to entrepreneurship related outcomes. The intensity variable ranges from 1 to

4, where 1 indicates no participation and 4 heavy participation, and students who have more intense participation are
positively and significantly associated with most of the entrepreneurial outcomes.

UThe OLS regressions in Table S1 all control for ethnicity (white, black, Asian, Hispanic, and other), foreign
citizenship, gender, and parental entrepreneurship status, and include cohort, school, and age fixed effects. We also
control for the small number of students who participate in both programs and students who were Stanford University
undergraduates and business school graduates.
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admits only graduate students and aims to retain exclusivity even within campus by limiting
cross-enrollment. We utilize a difference in differences framework to examine how take-up in
the CES (and STVP) changed and then ultimately to entrepreneurship and innovation-related
activities.

Figures 1 and 2 visually present how participation in the CES and STVP evolved across dif-
ferent schools. In Table S2, columns (1) and (2), we present estimates from a regression of CES
participation on the business school graduate dummy interacted with the post-1997 dummy.
The coefficient estimate is 0.255 (SE = 0.0273), indicating that on average 25.5% of the business
school (GSB) students participated in the CES program after its introduction. However, as
Figure 1 indicates, participation jumps up a bit initially and continues to increase over the
years. This reflects both the growth of the program curriculum, increasing advertisement from
the school, and student interest. Table S2 presents the first stage of the 2SLS regression strategy
and the results confirm that there is a strong and significant first stage effect of program intro-
duction on program participation. We use the variables in column (3) and (6) as the base speci-
fication for the instrumental variable strategy, but also use a simpler version of the
instrumental variable, that is, school dummy interacted with the post dummy, and a more com-
plex version, that is, school dummy interacted with year dummies, as robustness checks.

Table 3 presents the 2SLS results. In Panel A, we instrument CES participation with the
business school interacted with the post-1997 dummy. Now we find a negative effect of CES
program on entrepreneurship. Participation in CES results in a 35% reduction in the probability
of entrepreneurship (f = —.35, SE = 0.161). The 2SLS estimates represent the local average
treatment effect, that is, the impact of those who participate in the CES program only because it
was available. Panel B indicates that the impact of STVP on entrepreneurship is positive but not
significant. In Panel C, we examine the impact of CES and STVP in the same regression and
use both sets of instrumental variables. The large negative result for CES remains for both the
startup of incorporated and unincorporated firms, as well as future investor status or becoming
an early employee in a startup. There is some evidence that participation in the STVP increases
the probability of founding a non-profit. Overall, these results are inconsistent with H1 (which
predicted increases in entrepreneurship rates), but more consistent with H2, where we
predicted that if entrepreneurship training increases awareness of entrepreneurship skills
needed relative to one's own skills, we expect to see a decrease in entrepreneurship rates.

The validity of our 2SLS estimates hinges upon the exclusion restriction that the introduc-
tion of entrepreneurship programs in the mid-1990s at the Business School or Engineering
School did not affect entrepreneurial outcomes other than through its effect on program partici-
pation. One way to examine the validity of this assumption is to see whether student character-
istics changed differentially before and after the programs were introduced in the relevant
schools. In Table S3, we examine this for a set of observable individual characteristics. The
results indicate that selection on these observable characteristics is unlikely to undermine the
exclusion restriction.

To examine whether entrepreneurship education helps correct students’ overestimation of
their entrepreneurial ability, we examine whether the effects differ based on one's exposure to
entrepreneurship within the family. Students with a parent who is an entrepreneur would be
exposed to the life of an entrepreneur and either directly or indirectly learn and experience
entrepreneurship. Such a student would have a better understanding of the scope of work and
challenges involved with entrepreneurship and hence have a better approximation of her entre-
preneurial ability and assessment of whether she is of the entrepreneurial type. Hence, we
expect that students who do not have a parent as an entrepreneur are more likely to



EESLEY anp LEE

oor

(T¥1°0) 661°0—

L8T9

SOX
SOX

sLT

(L6T°0) SOV"0—

€0ty

S9X
SOK
LvLO”

(LeT'0) ¥¥T0—

dnyels
Jo 99kordws Apreq

@)

Icc

(Iv1°0) €LT0—

L8T‘9

SOA
SOX

9£90"

(2¢ST°0) 89%°0—

cOv'y

S9X
SOX
6880

(LET'0) €€T°0—

JI0)S9AUT
DA 10 [98uy

()

SLY00°

(2T€T°0) €LE0—

L8T‘9

SOA
SOX

L29°

(662°0) SFT'0—

€0v'y

S9X
SOK
86500

(€€T°0) 99€°0—

‘dwoo
parerodioourun
punog

<)

orro

(0v1°0) S¥E0—

L8T‘9

SOA
SOX
£96°
(T1€°0) 6LT0—

cOv'y

SOX
SOX
9410

(8€T°0) LEEO—

‘dwod
parezodioour
punog

()]

8ce”

(TrL0'0)
97L0°0—

L8T‘9

SOA
SOX

850"
(S61°0) 9LE°0

c0v'y

S9X
SOX
I6t"

(SvL0°0)
¥1S0°0—

jjorduou
punog

(€9)

(774

(£v1°'8) £56'8

T6S°S

SOA
SOX

zs9°

(L¥00) vTT6

798°€

S9X
SOK
Y8

(seen) gTel

syuared
JO JoquInN

@

vII0

(#91°0) 9T+'0—

SHD ul aredonied

saanentur drgsinauaidanus jo 30934 (9)

L8T'9
GSCI

SOA
SOX
SHT*
(86€°0) 185°0

£0v'y
G8LE

S9K
SOK
S620°

(T91°0) 05€°0—

drysinsuaidanyug

(D

SUOIIBAISSqO

onsnes J 98e31s-18IL]

3090

pax1y 1eak uonenpeild

pue ‘a8e ‘[ooyos

S[OI)UOD [eNPIAIPUL

JALS ut 9redonieg
dALS 3019304 (q)

SUOT}BATISSQ

ansnels J a8e)s-1siig

SREIE]

paxy 1eak uonenpeid

pue ‘a8e ‘[ooyos

S[OI)UO0D [eNpPIAIPU]

SHD ur edonied
SHD Jo 10954 (B)

So[qeITRA

S91BWINSY STS7—Ssoaneniul diysinauaidanua Jo 10919 (9) pue ‘dALS JO 19912 (q) ‘SHD Jo 109 (8) € AT1dV.L



EESLEY anp LEE

*
<
0

*sole)t ut pajrodar axe sanjea d pue sesayjuared ur pajrodar ae s1011d prepuess jsnqoy sureiSord JALS pue SHD ay) yoq ur peyedonted oym

SJUAPNIS pue ‘SYIN pIOJUE)S pue peISIopun pIOJueIS 1M oym sjuspnys ‘snjess drysinsuardonus [ejuared 1opuss ‘uSreIoy ‘AIoruyle J0§ S9[qELIEA AWWNP SPN[OUT S[OTUOD [ENPIAIPU] 9JON

£v6°9

SOX

SOX

sic

(10€°0) ¥LE0—
03]

€V6°9

SOX

SOX

9690

(65T°0) 0LY0—
9)

€¥6°9

SOX

SOX

zey’

(€0€°0) SYT0—
()

€V6°9

SOX

SOX

Iz

(61€°0) 61T0—
W)

€V6°9

SOX

SOX

6040"
(002°0) OTH°0
(€)

69

SOX

SOX

(77

(10°02) €T'T1
@

€69
€9

SOX

SOX

LIT

(L0V'0) L£9°0
()

SUOIIBAISSqO

ansniels J age)s-siig

SRENE]

pax1y 189K uonenpeild

pue ‘a3e ‘[ooydS

S[OI)UO0D [eNpPIAIPU]

dAIS ut ajedonreq

(ponunuo)d) € ATAVL



EESLEY anp LEE

T WILEY- >

overestimate their entrepreneurial ability, and thus more likely to adjust their beliefs when
exposed to entrepreneurship education. We examine this in Table S4 Panel A. As columns
(1) and (2) indicate the CES program has a negative effect on entrepreneurship rate for those
who did not have a parent as an entrepreneur12 (f = —.463, SE = 0.22). On the other hand, we
do not find a negative effect, but rather a positive effect from the STVP program (# = .81,
SE = 0.481). It could be that engineering students are less likely to overestimate their entrepre-
neurial ability compared to the business school students. This could be a general characteriza-
tion between business majors and engineering majors, but also business school students, who
have a few years of work experience but not necessarily entrepreneurship experience, may ini-
tially feel more confident about their own entrepreneurial prospects.'®

Males are generally more overconfident and thus more likely to overestimate their entrepre-
neurial ability. Accordingly, they would be more likely to adjust their beliefs after receiving edu-
cation. As predicted, the impact of the CES program on entrepreneurship rate is negative for
males only (f = —.397, SE = 0.178). The impact of STVP on entrepreneurship is positive for both
genders, but the estimates are not statistically different from zero.

Finally, in Panel D, we examine the effect of entrepreneurship education based on whether
one had an entrepreneur friend. Having an entrepreneur friend or not may reflect on the char-
acteristics of one's peer group as a youth. Those who have friends who eventually become an
entrepreneur could have more knowledge about what it is like to become an entrepreneur
through the conversations and interests shared among friends. The negative impact from the
business school program only appears in the sample of students who do not have an entrepre-
neur friend. Those who had an eventual entrepreneur in her friendship group seems to have
been less likely to overestimate their entrepreneurial ability, potentially through indirect expo-
sure and learning about entrepreneurship. Overall, Table S4 supports our main argument that
entrepreneurship education helps students to learn about their entrepreneurial capability.'*

5.3 | Results on the characteristics and performance of startups

If entrepreneurship education enables students to better realize whether he or she is of the
entrepreneurial type, one would expect to see better startup performance by those who eventu-
ally decide to become entrepreneurs. We next examine how the university entrepreneurship
programs affect the characteristics and performance of the first startup after graduation. In par-
ticular, we examine the time to first startup, probability of failure, survival as a private entity,
exit through an IPO or M&A, number of employees, revenue, and patenting. These results are

2gpecifically, we ask whether one's parents, siblings, or friends had entrepreneurial experience before one founded
one's first firm.

13 Another possible interpretation of this pattern could be that engineering students must consider in advance more
carefully their choice to take an entrepreneurship course, given the heavy course requirements in an engineering school
curriculum.

An alternative argument could be that entrepreneurship programs could teach students not to pursue poor or less
attractive ideas. If this were the case, this would also result in reduction in the rate of entrepreneurship. However, as
our heterogeneity analysis indicates, the negative impact on the rate of entrepreneurship is stronger among males and
those without prior entrepreneurship exposure within the family, and it seems hard to explain this heterogeneity if the
main channel was learning not to pursue less attractive ideas. On the other hand, male students or students without
prior exposure to entrepreneurship may be more likely to over assess their entrepreneurial ability, and entrepreneurship
courses could especially help these students to reassess their abilities.



EESLEY anp LEE

conditional on entrepreneurship, and hence reflect the impact that the programs directly have
on these outcomes as well as the selection effect induced by the programs, that is, the program
may have induced potentially low entrepreneurial ability students to not pursue entrepreneur-
ship. We first examine OLS results in Table S5. The CES program is associated with consider-
ably larger revenue among firms that were alive by the time of the survey and about 1.8-year
reduction in the timing to first startup. The STVP program is not systematically related to any
of the firm characteristics or performance measures, other than weakly reducing the timing to
startup by about 0.75 of a year. These results are more consistent with H2, which had predicted
increases in performance, rather than H1, which predicted a decrease. Thus, the overall pattern
of results (decrease in rates of entrepreneurship and increase in performance) appears more
consistent with H2, which hypothesized on the impact of students gaining a signal of their
entrepreneurial ability. We perform further analysis below to explore these ideas and the data
in more detail.

The effects of an entrepreneurship program could likely be in both making individuals
aware of their entrepreneurial ability and better equipping students with the instruments for
succeeding as entrepreneurs. In Table S6, we examine the performance of startups by prior
exposure to entrepreneurship. We find that the coefficient estimates related to the performance
of startups, that is, failure rates, years to first startup, or revenue, are not statistically different
between those with and without prior exposure to entrepreneurship based on parental and fam-
ily entrepreneurship. This suggests that entrepreneurship education equips students with the
tools needed to succeed as entrepreneurs even to those who have prior exposure to
entrepreneurship.

In Table 4, we present the 2SLS estimates of the effects of entrepreneurship education on
startup performance. First focusing on the CES effects, we find that participation in the CES
decreases the probability of failure by 38.5% (f = —.385, SE = 0.192), increases the probability
that a firm remains private and alive by 63.4% ( = .634, SE = 0.229), and reduces the probabil-
ity that the firm will be acquired by 21% (f = —.209, SE = 0.1). Years to entrepreneurship
decrease by about 11 years (f = —11.42, SE = 2.514). The likelihood of startup within a year or
5 years of graduation increases, and the likelihood of startup after 5 years decreases. Also, the
log revenue of the startup in the year of survey increases substantially by 7.7 (# = 7.69,
SE = 3.119). Using different cutoff measures, we find that the probability of achieving $100,000
revenue by 2011 increases significantly. On the other hand, other than a reduction in M&A of
the startup and years to entrepreneurship, there is no statistically meaningful impact of STVP
on firm performance. However, we note that the first stage of the 2SLS estimation is substan-
tially weaker. These effects could be upper bounds on the estimate due to the high quality of
the network, instruction, and reputation at Stanford and location in Silicon Valley. Also, stu-
dents at this early stage in their careers may experience a relatively bigger boost relative to simi-
lar training provided to older, more experienced individuals who already have an extensive
social network and industry experience.

In Table S7, we examine the robustness of the results to dropping participants in both pro-
grams, adding a control for optimism, to different instrumental variables, to using a narrower
sample in the years around the reform, and to combinations of a program dummy interacted
with post year dummies. Overall, the 2SLS results from Tables 3 and 4 imply that CES participa-
tion does not increase the rate of entrepreneurship and may actually decrease entrepreneurship.
However, the negative or null impact on the entrepreneurship rate ultimately results in better
performance of startups. Startups are more likely to stay alive and surviving startups tend to
perform better.
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We further explore which margins might be at work in increasing firm performance. We
examine the information on financing, in particular, total financing up till the survey date and
initial financing but find no significant results. These results are presented in Table S8. We also
examine industry choice and networking activity. The 2SLS results in Table S9 indicate that
CES participation increases startup of internet-related businesses, and some weak evidence that
STVP increases startups in biomedicine. In Table S10, we find that CES participation signifi-
cantly increases utilization of alumni networks via regional alumni clubs, and to find business
partnerships. The evidence suggests that education informs students whether they are of the
entrepreneurial type or not, but also provides tools and networking skills to succeed.

5.4 | Examination of a specific experiential learning program

The results up to now are the average effects of program introduction at the school level and
may not adequately capture the effects of more targeted programs. Specific teachers, courses, or
experiential learning programs may affect entrepreneurship differently compared to a high-level
entrepreneurship initiative like the CES or STVP. Hence, we examine the effect of a more inten-
sive and individualized entrepreneurship education program, that is, the Mayfield Fellows Pro-
gram (MFP) offered through the STVP. The MFP is an intensive entrepreneurship work/study
program for undergraduates and co-term students that provides leadership skills, practical
entrepreneurial knowledge, and alumni mentoring opportunities.'> Twelve fellows are selected
each year from a variety of majors. As of 2018, there are a total of 268 MFP alumni including
numerous successful company founders, as well as engineering and product management
leaders at major firms.

Table S11 shows the results of logit regressions analyzing the likelihood of becoming an
entrepreneur for participants in the MFP relative to different control groups, such as, Stanford
engineering alumni who graduated in the top 5% of their class, and alumni who participated in
other entrepreneurship courses or entrepreneurial activities during their time at Stanford. We
find consistent results showing that MFP alumni are more likely to become entrepreneurs after
graduating. In relation to our earlier findings on the CES and the STVP, the results here could
be interpreted as indicating that general entrepreneurship education may be most impactful to
individuals with a degree of work experience and who are somewhat into their professional
careers—but that intensive entrepreneurship education may also be particularly impactful for
younger students who are approaching graduation.'®

One concern could be that MFP students are encouraged to start companies at a higher rate
and then over-enthusiastically join the ranks of entrepreneurs even if they are not prepared,
this should be expected to result in lower performance. On the other hand, if they are learning
skills and gaining networks to improve their human capital and thus entering based on this
improved expectation of success, then we would expect higher performance from their firms.

3Coterm is a special admissions process that allows students to matriculate into one of Stanford's master's degrees
participating in the Coterminal Degrees Program. Coterm students are both undergraduate and graduate students at the
same time for at least one quarter prior to undergraduate degree conferral.

16 Alternatively, it may be that for engineering students, it is especially important to have the combination of mentorship
and the internship component to working in a startup (i.e., the summer intern experience for MFP). For business school
students, who already have more work experience and who may not come from an engineering background, general
entrepreneurship education (without mentorship or internship experiences) may be sufficient since they have exposure
to networks of coworkers/industry mentors and had industry experiences already.
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The evidence suggests that the MFP alumni firms are at least comparable in fundraising perfor-
mance and in terms of revenues and page views, they are likely outperforming, suggestive of
the second mechanism of improved skills and networks, rather than over-enthusiastic entry. In
particular, we collected additional data through exhaustive web-based searches, (including
Crunchbase, LinkedIn, and Owler.com) on the performance of the companies started by MFP
alumni, Terman Engineering Award alumni, and BASES (Business Association of Stanford
Entrepreneurial Students; the largest undergraduate business student group on campus)
alumni.'” In terms of annual revenue, MFP alumni ventures earned an average of $73.1 million,
whereas Terman award alumni had $1.08 million and BASES group alumni earned $1.5 million
in revenue. These differences suggest that the MFP alumni ventures are earning significantly
more revenue per venture capital dollar invested.'® The data from SimilarWeb on website visits
show a similar pattern of outperformance by MFP alumni.'® These findings further corroborate
the need for future research on specific entrepreneurship education programs. In combination
with our earlier results, they show the variation in outcomes may be driven both by variation in
the programs as well as in the students. The results suggest that such a tailored and engaging
entrepreneurship education program may have a more positive effect.

6 | DISCUSSION AND CONCLUSION

There are a few streams of adjacent work that this research builds upon. First, much of the liter-
ature on academic entrepreneurship has focused on patenting, licensing and the role of the
technology transfer office (Agrawal & Henderson, 2002; Mowery & Shane, 2002). Until recently,
relatively less work has focused on the effectiveness of the university's role in educating stu-
dents in entrepreneurship (Astebro et al., 2012; Lerner & Malmendier, 2013). Recent work has
examined influence from academic advisors and the university context and found evidence for
both individual preferences and university context-based influence (e.g., the academic advisor)
on the decision to become an entrepreneur (Azoulay et al., 2017; Roach & Sauermann, 2015).
Entrepreneurship education programs and university entrepreneurship centers have prolifer-
ated over the past decade (Katz, 2003). Prior literature analyzing the impact of such programs,
has been sparse, providing little in the way of quantitative assessments of their impact on stu-
dents and alumni. Related work examining the social influence of classmates with entrepre-
neurial experience, venture competitions, compulsory entrepreneurship courses, and non-
university entrepreneurship training programs show somewhat mixed results (Von Graevenitz
et al., 2010; Lerner & Malmendier, 2013). Some of this work suggests that such programs may
reduce entrepreneurship rates and have little impact on venture performance (Fairlie

7Although the numbers are small, this descriptive evidence is suggestive and should be interpreted with caution,
however, it is important for understanding the results. In total, we found performance data on 61 companies founded by
MFP alumni, 70 companies founded by BASES alumni, and 19 companies founded by Terman alumni.

31n a t-test of means, however, the differences do not reach the level of statistical significance, potentially due to the
small sample size.

¥Data on career and funding outcomes is mostly robust as well. MFP alumni ventures had raised an average of $24
million in venture capital funding in comparison to $51.4 million by Terman award alumni, and $22.9 million by
BASES group alumni. These differences are not statistically significant. Finally, we gathered data (from LinkedIn) on
the career histories of these groups of alumni. MFP alumni were more likely to hold CEO positions (18% were CEOs)
relative to Terman award alumni (4% were CEOs) and BASES group alumni were more likely to be CEOs (29%) than
MFP alumni.
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et al., 2015; Howell, 2017). Other work provides evidence that entrepreneurship schooling or
education does boost entrepreneurship rates and provide performance improvements for entre-
preneurs (Gonzalez-Uribe & Leatherbee, 2017; Hallen et al., 2020; Lyons & Zhang, 2018). How-
ever, such pioneering work leaves open the question of whether such results are due to the
educational content, structure of the programs, self-selection, small numbers, or whether more
formalized entrepreneurship centers may exhibit a more positive impact on students and
alumni.

Second, recent work suggests that the structure of accelerator programs may shape the ben-
efits founders accrue in overcoming bounded rationality and learning the value of their ideas
(Cohen, Bingham, & Hallen, 2018; Hallen et al., 2020), often leading them to close down their
ventures more quickly (Yu, 2019). Qualitative evidence suggests that a particular type of learn-
ing mechanism in accelerators, coined as broad, intensive and paced consultation may be par-
ticularly effective (Hallen et al.,, 2020). Universities, non-profits, and governments all have
different entrepreneurship programs and their objectives and structures are different. Even
within universities, there are entrepreneurship courses, experiential learning programs, mentor-
ship programs, and internship programs. The varying results from the different entrepreneur-
ship programs highlight the importance of accounting for the institutional contexts when
evaluating each program.

Third, related literature on the organizational context and sources of entrepreneurs focused
on labor market frictions and the technical or managerial knowledge that employees accrue
(Ganco, 2013). Much of this has centered on the so-called small firm effect, where those with
experience in small firms appear more likely to become founders subsequently (Kacperczyk &
Marx, 2016). Entrepreneurial opportunities among employees also appear to be associated with
low pay-for-performance dispersion (Campbell, Ganco, Franco, & Agarwal, 2012) and by the
dissolution of rival firms (Carnahan, 2017). Increasingly, scholars have used datasets of univer-
sity alumni to examine issues related to career mobility (Bidwell & Mollick, 2015) and entrepre-
neurship (Kacperczyk, 2013). Scholars in this stream are interested in the future impact of
entrepreneurial experience on the individual's future career trajectory (Campbell, 2013). Despite
this growing stream, we know relatively little about the role of universities in preparing individ-
uals for such career moves.*®

Overall, the pattern of findings indicates that it is important to take into account variation
in entrepreneurship training programs in course content, emphasis, and other dimensions.
There are differences between the two programs, even within a single university that are impor-
tant to note. The CES offers courses and programs that cater to business school students, most
of whom have work experience, and are interested in entrepreneurship of all types (for-profit
firms, not-for-profit organizations, social entrepreneurship, etc.) across all industries (retail,
manufacturing, professional services, information technology, etc.). Accordingly, the course
offerings cover a broad range of topics related to the general entrepreneurship experience. The
STVP is designed to educate engineering students and emphasizes the entrepreneurial mindset,
leadership, and problem-solving over outright company formation. Hence, the STVP could be
leading to more impact on tech career progression rather than on startup activity, but we do

20There is literature that evaluates the impact of public efforts to promote entrepreneurship (Hsu, 2006; Lerner, 1999,
2002). Lee (2018) examines the effect of small business guaranteed loans, and Brander, Du and Hellmann (2015)
examine the effect of public venture capital. These analyses overall point in the direction of little and uneven effects of
public support for entrepreneurship. The paper proceeds following a “red-state” approach (Armanios, Eesley, Li, &
Eisenhardt, 2017; Mitchell & Tsui, 2012). As such, this paper begins with a theoretical discussion of the relevant
theories and formulate hypotheses.
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not examine career progression in this article. Results could also differ due to underlying differ-
ences in business and engineering students. For instance, if business school students were more
over-confident (as the evidence above suggests) or more receptive to certain types or formats of
entrepreneurship education (i.e., case or project-based work), this could drive differences. Alter-
natively, if engineering students face a heavier course requirement load for their majors
(or have more opportunities for internal venturing within established companies), this might
generate more careful consideration or a different selection process into entrepreneurial cour-
sework (and into founding new firms). Our findings suggest that general entrepreneurship edu-
cation that targets a broader spectrum of startups, rather than one that solely focuses on
technology startups, may be more effective in reducing the uncertainty in entrepreneurial abil-
ity or improving startup performance. Our results could also imply that Business School stu-
dents overestimate their entrepreneurial ability more so than Engineering School students.

Our study is not without limitations that should be taken into account. In particular, as with all
surveys, response bias is a vexing issue. Bias due to response rates could influence our estimates.
However, in order to bias our estimates in the direction of making it more likely to find significance
requires more than a simple story of general bias in response. It would require a story where alumni
(from certain schools) became (around the time of the program introductions) more likely to
respond to the survey if they were not entrepreneurs or were entrepreneurs but had higher perfor-
mance. Such a story appears unlikely while remaining theoretically possible. Like all observational
studies, we have concerns about unobserved heterogeneity which we must alleviate (albeit imper-
fectly) via our IV and DiD empirical strategies. Finally, since we utilize historical information on
program introduction, we cannot directly measure changes in self-assessment of skills. We also
leave for future research the challenging task of assessing the impact of different types of skills that
may be taught. Future research may focus on training for opportunity recognition versus for entre-
preneurial execution as well as interactions across social networks, skills and mindsets, social
norms, or preferences as there may be complementary forces at work.

We cannot fully disprove that student characteristics, other than the variables that we observe
in the data, of those who entered the business school or engineering school changed after the
introduction of the entrepreneurship programs. There could have been selection on unobservable
characteristics, and one could still be concerned that relatively more entrepreneurial students
applied to Stanford after the entrepreneurship programs were introduced. If that were the case
our estimates in Table 3 would likely be upward biased. But even with such possibility, we find
negative to zero effects. Moreover, our qualitative analysis suggests that at least the main motiva-
tion behind the creation of Stanford University's entrepreneurship program was not to recruit
more entrepreneurial students, but rather to institutionalize entrepreneurship education.

Whereas we focus on an educational institution that has a reputation for attracting students
with preferences toward entrepreneurship, future work should focus on exploring heterogeneity
in results conditional on preferences or social norms. Student preferences for entrepreneurial
careers could be altered via entrepreneurship education, though this has rarely been explored
in large samples. Prior work does not show or suggest a statistically significant change in risk
preferences, social norms or attitudes towards entrepreneurship as a result of such training
(Von Graevenitz et al., 2010; Lyons & Zhang, 2018; Oosterbeek et al., 2010). In another study of
the Stanford student population, a randomized field experiment shows that entrepreneurial
mentorship increases the likelihood of students becoming early employees (but not founders)
after graduation (Eesley & Wang, 2017). Further, their findings show that the educational inter-
vention (alongside parents’ entrepreneurship status) was a stronger predictor of entrepreneur-
ship than the students’ entrepreneurial intentions prior to taking the course. In other
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populations, social influence and more information on startup careers might change students'
preferences towards (or away) from starting firms. Students may already know their preferences
over primitives such as risk or independence and these may remain stable, but they may lack
knowledge of how entrepreneurship fits (or not) relative to these preferences. Assuming those
who self-select into such courses are skewed in distribution towards those who think it fits
them, some students will come to realize entrepreneurship is not actually aligned with their
preferences and opt-out. More informed self-selection based on preferences would impact the
rate of entrepreneurship, but conditional on starting a firm, we would not expect to see signifi-
cant changes in performance.?’ If instead, we would expect such courses to typically be encour-
aging of entrepreneurial preferences, we might expect to see an increase in entrepreneurship
rates (in contrast to the findings here). However, if some students may change their preferences
towards entrepreneurship yet lack skills for identifying promising opportunities or for execut-
ing, we expect that the performance of those ventures may be lower as a result. Again, this
mechanism is inconsistent with our results here, but may be present in other samples or
settings.

Entrepreneurship courses could also provide students to learn about opportunities and
attain skills outside of entrepreneurship, and this may be the case especially for the business
school programs which offer a variety of general management courses encompassing finance
and law.** Another argument could be that entrepreneurship programs do not develop skills
because the wrong content is being taught (or it may be less actionable for these individuals), or
the right content is taught in the wrong way. As these arguments relate more to the field of edu-
cation, we do not delve into these channels but acknowledge such a possibility for future work.

While we focus on the US, future work should also explore the effects of entrepreneurship
education in different institutional environments. Prior work has long noted the positive effects
of social norms and legitimacy toward entrepreneurship on rates of firm formation (Tolbert &
Hiatt, 2010; Eberhart, Eesley, & Eisenhardt, 2017). Yet, this well-accepted story may also be
oversimplified. Recent work that focuses on changes in university institutions to promote entre-
preneurship has shown that if these normative and cognitive pillars of support are inconsistent
with the broader regulatory environment, this can generate more entrepreneurship. However,
these firms were demonstrated to have lower financial performance (Eesley et al., 2016). Thus,
the optimal university-based interventions may vary with the institutional context. More effec-
tive interventions may also vary with the background of the student population. This is both
consistent with our results here, as well as Lee and Eesley (2018) who find evidence that entre-
preneurship education does little to address differences in entrepreneurship rates of alumni by
ethnicity or national background. Traditional forms of entrepreneurship education may need to

2IThis is true under the assumption that changes in the assessed fit in skills and preferences for entrepreneurship have a
sufficiently low correlation. If both self-assessments change simultaneously then disentangling them is challenging.
Prior work that tested for changes in risk preferences, perceived social norms and attitudes toward entrepreneurship as
a result of entrepreneurship education did not find statistically significant changes (Graevenitz et al., 2010). Changes in
self-assessed skills have received more empirical support to date (Lyons & Zhang, 2018).

22 Another possibility is that students not only learn about their own skills but also about post-graduation opportunities.
This is a plausible explanation given that entrepreneurship programs sometimes offer not only entrepreneurship
courses but also more general management courses. Through these other courses, students may learn about
opportunities outside of the entrepreneurship realm and acquire skills that serve them well outside of the
entrepreneurship market. However, whether this channel is strong enough to counter entrepreneurship related skill
development is hard to tell, and may likely be a second-order effect.
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be further questioned if they seek to address imbalances in access to entrepreneurial opportuni-
ties by race, gender, first-generation status, income level, or other characteristics.

Results based on this type of sample may generalize to other samples of selective-admission
college-educated alumni. Yet, it is possible the effects we document here could be upper bounds
on the estimated effects of entrepreneurship education due to the high quality of the network,
instruction, and reputation at Stanford and the location in Silicon Valley. However, it is also
possible that due to the fact that students who choose to attend Stanford University are likely to
already have higher than average levels of entrepreneurial interest and intentions, the results
from this sample could also represent a lower bound on the estimated effect size. If there is a
saturation effect due to the large amount of information regarding entrepreneurship “in the
air” due to the location in Silicon Valley and a large number of opportunities for interaction
with students, alumni and faculty or staff who are entrepreneurial, then perhaps the additional
effect of entrepreneurship education in this environment is reduced. If so, our coefficients could
represent a lower bound on the size of the effect if the same instruction were offered at a differ-
ent university or to students with less prior knowledge about entrepreneurship. While future
research with different samples will be necessary to fully lift this fog in our understanding of
such programs, our results shed light on the key dimensions of research designs to enable for-
ward progress. Our study contributes to this discussion by arguing that a central element is to
more clearly conceptualize the mechanisms involved as the observable outcomes are the net
effect and depends on the size of the effects moving in opposite directions. For instance, to cor-
rectly interpret the results of a study in a different university (or corporate) setting that finds an
increased rate of entrepreneurship, we need to understand whether that increase is due to
greater skill development (perhaps resulting from a lower starting point in entrepreneurial
knowledge outside of Silicon Valley) or whether it is due to over-enthusiastic entry (and thus
lower average performance) due to social influence. In contrast, a finding in another university
context of a decreased rate of entrepreneurship might be a replication of our finding of
enhanced learning about one's own skills, or it could be due to a combination of learning about
one's own skills and a lack of skill development in the curriculum. If future studies neglect to
build in measures of the intervening mechanisms, then it is hard, if not impossible for the field
to build cumulative knowledge on to what extent these results generalize.

In conclusion, if university students and alumni entrepreneurs are the next generations of
potential entrepreneurs, such university entrepreneurship initiatives may play an important
role in funneling the winds of creative destruction (Schumpeter, 1942).
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