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ABSTRACT

Does Holding a Postdoctoral Position Bring Benefits for
Advancing to Academia?

Postdoc is a special transitional position for those with a doctoral degree and is usually
regarded as an investment to accumulate the additional human and social capital needed to
facilitate future job searches or to add to an academic reserve army of unemployed PhDs.
Given the prevalence of postdoctoral positions nowadays, it is crucial to explore the role
played by postdoctoral participation in the post-PhD labor market. By taking advantage of a
comprehensive data set from the National Profiles of Human Resources in Science and
Technology in Taiwan, we first explore several characteristics associated with the choice of a
postdoctoral position for newly-minted doctoral degree holders, such as age, discipline or the
time taken to complete the degree. We then apply the control function approach to address
the possible endogenous decision of postdoctoral experience when estimating the effects of
postdoctoral positions on the current career choices between academic and non-academic
jobs. The empirical results suggest that engaging in postdoctoral positions could increase the
probability of advancing to the academic sector by about 6.1%. The heterogeneous effects of
gender, major and cohort in regard to the postdoctoral experience are also found by splitting
the data. Moreover, we experiment with several groupings for the definition of being awarded
an academic position and obtain very robust empirical results.
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1 Introduction

With the ongoing trend towards globalization, economic competition between countries hinges
heavily on research and development (R&D) and innovation. Since the number of PhD graduates
is the most important potential source of researchers, the public authorities have been making
every effort to vigorously promote doctoral programsE The rapidly increasing number of PhD
graduates has led to an excess supply in the highly-qualified labor market, especially for the
academic labor marketﬂ Townsend (2012) further reports that less than half of new recipients of
doctoral degrees had a full-time job in the U.S. in 2010. In order to encourage doctoral graduates
to take up non-academic employment, Cyranoski et al. (2011) note that Japan’s Ministry of
Science and Education offers companies around US $47,000 each to hire postdoctoral students.
They also point to the decreasing pattern of full-time tenured positions or the tenure track of
employment of doctoral degree holders as well as the increasing number of postdoctoral positions
in the U.SF

A postdoctoral position is a special transitional position that is only eligible for those with
a doctoral degree. Taking up a postdoctoral position could be interpreted in many ways and
has different functions and meanings in the literature. According to the National Postdoctoral
Association (NPA), a postdoctoral scholar (postdoc) is defined as “an individual holding a
doctoral degree who is engaged in a temporary period of mentored research and/or scholarly
training for the purpose of acquiring the professional skills needed to pursue a career path of his
or her choosing.” That is, the training in research when working in a postdoctoral appointment
can be seen as an investment to accumulate the additional human and social capital needed
to facilitate the future job search in a deteriorating labor market (Robin and Cahuzac, 2003;
Stephan and Ma, 2005; Recotillet, 2007; Schwabe, 2011)E| Getting involved in postdoctoral

!For instance, in the 1990s, the Japanese government set a goal of raising the number of postdocs to 10,000
(Cyranoski et al., 2011). Such a policy has been designed to enable the number of PhDs in Japan to catch up
with those in Western countries. The provision of grants for running PhD programs has doubled within 4 years
in France (Mangematin, 2000). In the U.S., academic institutions awarded 48,069 research doctorates in 2010
compared to 41,372 in 2000 (Fiegener, 2011). According to a report written by Cyranoski et al. (2011), “the
number of science doctorates earned each year grew by nearly 40% between 1998 and 2008, to some 34,000, in
countries that are members of the Organisation for Economic Co-operation and Development (OECD).”

2We focus on the supply side of doctoral holders, rather than on the demand side that is analyzed by Cantwell
and Taylor (2013). We note that only about one-quarter of all doctoral degree holders are employed in academic
positions after their PhD training (Neumann and Tan, 2011). In addition, the opportunities for tenured-track
assistant professor positions have declined by 40 percent in less than 10 years in France (Recotillet, 2007), implying
that it is getting more difficult for PhD graduates to find a job that matches their rigorous academic training.
Jackson and Michelson (2014) explore the factors that influenc initial post-graduation job attainment of Australian
PhD graduates based on a national survey conducted in 2011 and 2012.

3 According to Cyranoski et al. (2011), “in 1973, 55% of US doctorates in the biological sciences secured tenure-
track positions within six years of completing their PhDs, and only 2% were in a postdoc or other untenured
academic position. By 2006, only 15% were in tenured positions six years after graduating, with 18% untenured.”

4Igami et al. (2014) indicate that postdoctoral fellows play an important role in scientific research. They could
not only shorten the mean citation time lag in the highly cited papers but also produce more highly cited papers
compared to normal papers.



positions may also be necessary as a probation period for becoming a researcher in some fields,
such as life sciences or biochemistry (Nerad and Cerny, 1999; Stephan and Ma, 2005; Recotillet,
2007; NPA, 2011). Several studies traditionally note that the postdoctoral experience should
enhance the chances of finding a job in research (Hanchane and Recotillet, 2003; Recotillet, 2007;
McAlpine and Emmioglu, 2014). Understanding how postdoctoral training affects subsequent
career outcomes is an urgent task for both academic researchers and policy-makers, not only
because it could shape the individual willingness of prospective participants, but because it
could also detect the potential capacity of the research workforce (Su, 2013).

With the deregulation of the education system in the early ’QOSE the number of PhD recip-
ients in Taiwan has dramatically increased from 410 (1989) to 3,846 (2010) over the past 20
years, an amazing growth exceeding SOO%H Meanwhile, the number of students enrolled in PhD
programs in Taiwan has also expanded sharply from 3,799 in 1989 to 34,178 in 2010 (Lin and
Chiu, 2014). The existing job vacancies in both the private and public sectors are making it
difficult to accommodate the new PhDs. Therefore, the over-supply of doctoral degree holders
in Taiwan has revealed a sharp increase in the number of candidates seeking postdoctoral posi-
tions in recent years. According to statistics reported by the National Science Council (NSC) in
Taiwan, the number of PhD graduates applying for postdoctoral positions increased from 1,109
in 2007 to 3,593 in 2011E| Given the prevailing situation of postdoctoral positions nowadays, it
is crucial to explore the role played by postdoctoral participation in the post-PhD labor market.
However, not too many studies in the literature have focused on postdocs, even though some
researchers have focused attention on the labor outcomes of PhDs (being an academic researcher
or not) and changing career trends (from universities or the public sector to the private sector)
(Recotillet, 2007; Neumann and Tan, 2011). One possible reason for the lack of research in this
area is the scarcity of data for over a decade in regard to postdocs (Hanchane and Recotillet,
2003).

This article attempts to investigate the relationship between the postdoctoral experiences
of PhD holders and their job choice. Our contribution to the literature is threefold. First, we
have compiled a comprehensive data set (the National Profiles of Human Resources in Science
and Technology in Taiwan) which consists of a large number of doctoral degree holders with
their postdoctoral status (N = 22,412), covers PhD holders across different disciplines, and
spans a long period of time ranging from 1920 to 1980 in terms of the birth cohorts. Second,

SUpon the lifting of Martial Law in 1987, higher education in Taiwan entered a period of drastic change
alongside the introduction of a market mechanism to the education system in the early ’90s. The passing of
the 1994 University Law aimed to reduce the power of the central government by granting academic autonomy
and institutional flexibility to universities. Taiwan has since experienced an unprecedented expansion of higher
education, reflected by a sharp increase in the number of universities (both undergraduate and graduate programs)
as well as student enrollments.

SData source: http://wuw.edu.tw/statistics/index.aspx!

"The most renowned research institute in Taiwan, Academia Sinica, faced a similar trend in the sense that the
approval rate for being a postdoctoral fellow in Academia Sinica declined from 86% (134 out of 156 applicants
approved) in 2002 to 29% (115 out of 391 applicants approved) in 2012.
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using a control function Probit approach, we are able to address the potential endogeneity issue
of engaging in a postdoctoral position. More specifically, we first explore the characteristics of
the first job choice of fresh PhD holders, that is, the choice between a postdoctoral position
and other full-time jobs. Then, we evaluate the effect of gaining a postdoctoral experience en-
dogenously on their current job choice regarding academic and non-academic positions. Third,
taking advantage of our large sample size, we explore the heterogeneous effect of the postdoc-
toral apprenticeship for acquiring more knowledge and getting more practical experience on the
academic/non-academic job choice. This is executed by splitting the entire sample into sev-
eral sub-samples by gender, major and birth cohort. A series of sensitivity analyses are also
performed to confirm our empirical ﬁndingsﬁ

The rest of this paper is structured as follows. Section [2| outlines the theoretical framework
associated with the effects of postdoctoral experience on the choices of academic jobs, and
Section |3| briefly discusses the related literature. The data and statistical methods are described
in Section [df We then present and discuss the empirical results in Section [f] The final section

concludes the paper by offering additional remarks.

2 Theoretical Framework

According to the discussion in Section [I], previous studies have tended to argue that engaging
in a postdoctoral position is positively associated with earning a tenure track job in academia.
Several existing theories do suggest a positive relationship between engaging in postdoctoral
work and advancing to academia, while some may not support this argument. In the following,
we present the pros (human/social capital theory and education signaling theory) and cons (the

refuge-seeking jobs argument) theoretically.

2.1 Human/Social Capital Theory

Postdoctoral training is an extension of PhD education and can be regarded as an educational
investment in human and social capital to facilitate the acquisition of future research jobs (Robin
and Cahuzac, 2003; Stephan and Ma, 2005; Recotillet, 2007; Schwabe, 2011). As for human
capital accumulation, the training process not only improves or develops research skills and
abilities, but also enables the researchers to gain experience related to publications (Recotillet,
2007; Su, 2013; Ghaffarzadegan et al., 2013). In particular, Horta (2009) points out that the
reason why postdoctoral experience brings benefits in terms of advancing to academia may be
due to the greater research output of academics which is fostered in a postdoctoral position.
Engaging as a postdoc is usually seen as a necessary step or a required probation period in

order to have sufficient training to obtain an academic position, just like an apprenticeship in

8We have prepared an online supplementary appendix, which contains a series of sensitivity analyses and
additional results omitted from the main paper.



some other fields, such as the life sciences or biochemistry (Nerad and Cerny, 1999; Stephan
and Ma, 2005; Recotillet, 2007; NPA, 2011). From a social capital perspective, the postdoctoral
position provides opportunities to expose those with PhD degrees to more professional networks
(Su, 2013). During the postdoctoral training period, PhD holders have more funding to get
involved in the academic community (e.g., by participating in seminars and conferences), have
more occasions to get acquainted with leading scholars in their field, and have more chances to
collaborate on projects. Bonnal and Giret (2008) also argue that postdoctoral positions provide
opportunities for PhD graduates to discover a new environment and express their ability to work
well in a team. All these activities are beneficial in augmenting the doctorates’ academic network
from their own PhD program to the entire profession. In sum, the postdoctoral experience will

facilitate access to the academic teaching/research areas as predicted by human capital theory.

2.2 Education Signaling Theory

Based on the signaling theory in Spence (1973), Recotillet (2007) points out that participa-
tion in a postdoctoral program could serve as an instructive signaling mechanism to reduce
imperfect information regarding a candidate’s ability, and thus increase the probability of being
recruited as a researcher. In particular, if a newly-minted doctoral degree holder did not receive
his/her PhD degree from a prestigious university, it would be an incentive for him/her to engage
in a postdoctoral training program to reveal his/her ability. Another way to constitute the
postdoctoral signal is through activities that are valued in the recruitment procedure, such as
publications in high-ranking journals during the postdoctoral period. Through such upgrading,
it is much easier for postdoctoral fellows to find a better academically-oriented position later
on. Signaling theory also suggests that those who are more capable in research have a greater
tendency to take up postdoctoral positions since their embedded cost is much lower than that
of those with less ability. That is, less capable doctoral degree holders will turn to other sectors
(e.g., government) as opposed to choosing postdoctoral positions. In addition, postdoctoral ex-
perience could be viewed as a valuable credential to screen an individual’s greater motivation
and stronger research commitment to potential employers (Su, 2013), which supports the so-
called credential inflation theory (Collins, 1979; Spence, 1973). This perspective matches the
signaling theory in that fresh PhDs attempt to convey a signal to distinguish themselves from
others by taking up postdoctoral positions. Once again, the education signaling theory suggests
that there is a positive impact of engaging PhD degree holders as they transition towards job

in academia.

2.3 Refuge-seeking Jobs Argument

With the expansion of higher education along with a significant reduction in academic positions,
doctorates face a severe job market. It is very difficult for a fresh PhD to secure a tenure track

position. In this case, a postdoctoral appointment may be one of their better choices (Recotillet,



2007). Supposing that those tenure track jobs are filled up with highly-talented holders of
fresh doctorates, the less capable candidates will have to take up the temporary postdoctoral
positions. Su (2013) also points out that “one theory suggests if postdoctoral training could no
longer promise good prospects of a prestigious faculty job, the positions would be filled with less
promising candidates who take the positions as the best alternative due to the lack of employment
opportunities from nonacademic sectors (Zumeta, 1985).” The above arguments imply that if
the less talented PhD holders engage in postdoc or postdoctoral training, it will not be possible
to attract promising young scholars, indicating that those who have postdoctoral experience
may not be sufficiently useful to fill future jobs in the academic area. This “refuge-seeking jobs
argument” indicates that postdoctoral jobs act like a temporary refuge for unemployed doctoral
degree holders (CPST, 2002; Stephan and Ma, 2005). In sum, the refuge-seeking jobs argument
implies that choosing a temporary postdoc position is not beneficial to the placement of suitably

qualified academics in education institutions.

3 Literature

With the surge in the number of postdoctoral appointmentsﬂ the effects of such temporary work
experience on the future career development of new PhD holders are not sufficiently clear to
policy-makers or academic researchers or even to the graduating doctoral students themselves.
This may be because of the temporary status of postdoctoral positions, or the varying respon-
sibilities and rights that make the role of postdoctoral positions less visible and less studied
(Cantwell and Lee, 2010). Even though an increasing number of statistical reports on doctorate
recipients involved in postdoctoral positions have been collected by government organizations or
universities in recent years, systematic analyses of PhD job choices vs. postdoctoral experience
are relatively limited.

The decision to enter a postdoctoral program is a non-random selective process that depends
on the individual’s characteristics (Stephan and Ma, 2005). Many dimensions would affect
the probability of participating in a postdoctoral program. Stephan and Ma (2005) report
that older individuals, females, married respondents, and number of dependents have negative
effects on the choice of postdoctoral positions estimated by a logit equation. These results
may reinforce the theory that postdoctoral training is viewed as an investment in additional
capital. Similar results found in Recotillet (2007) reveal that not only personal factors, but also
educational background, such as the time of graduation, discipline, financial support, as well
as the place where the doctoral training took place, will all affect the decisions made regarding
postdoctoral appointments. Recotillet (2007) also introduces the correlation between the time

of graduation and the participation in postdoctoral programs. Bonnal and Giret (2008) indicate

9 According to a report of the NSF, the number of postdoctoral appointees majoring in science and engineering
has increased from 19,000 to 32,000 in just fifteen years (Stephan and Ma, 2005). The number of postdocs in the
U.S. has increased about 27 percent between 1998 and 2007 (Cantwell and Lee, 2010).



that being awarded a postdoctoral position strongly depends on factors including the fields of
study, financial support, graduating institutions, the number of publications, and the time taken
to complete the doctoral degree. In addition, the candidate’s citizenship status also affects the
propensity for taking on a postdoctoral position (Stephan and Ma, 2005; Corley and Sabharwal,
2007; Lan, 2012). It could be that those who have temporary visas (e.g., foreign students) are
more likely to take a postdoctoral position relative to citizens or permanent residents in the U.S.
due to visa restrictions.

Previous studies have attempted to investigate whether postdoctoral experience would in-
crease the chances of landing a faculty job. Using a sample of 800 young French doctorates in
the life sciences, Robin and Cahuzac (2003) find that taking up a postdoctoral position seems to
be an efficient stepping stone towards lifetime public academic employment. Recotillet (2007)
analyzes the early careers of French PhD graduates in science and engineering in 1996 and finds
that postdoctoral experience plays a much more important role in the choice of career than
the wage premium. In considering young PhD degree holders in French universities, Hanchane
and Recotillet (2003) find that postdoctoral experience increases the probability of obtaining a
research job in the public sector for those majoring in natural sciences. Similarly, there may be a
positive return from postdoctoral experience in terms of moving up the job queue for permanent
positions in France after controlling for the endogeneity of postdocs and unobserved heterogene-
ity, as reported by Bonnal and Giret (2008). Akerlind (2009) conducts an online survey of 1,011
postdocs in Australia and finds that about 73% of the postdoctoral respondents would like to
pursue an academic position. Overall, the decision to take up a postdoctoral position is better
suited to those pursuing academic careers.

Nevertheless, in the literature, the postdoc effect is not always found to be positive in terms of
advancing towards an academic job. According to Cantwell and Lee (2010), there is an increasing
number of PhDs who undertake postdoctoral positions, but few of them eventually obtain tenure-
track faculty positions. The ratio of biological sciences doctorates employed as faculty members
has dropped from over 80 percent to about 40 percent from 1973 to 1999. Musselin (2004)
indicates that in the European academic labor market, it is common to employ postdocs from
abroad but fewer international postdocs eventually become their future faculty members. As
pointed out by Orfeu BuxtonET] the postdoc has become an “obligatory credential, necessary
but not sufficient to establish a young investigator’s potential for other independent research
jobs” (Goldman and Marshall, 2002). Hanchane and Recotillet (2003) find that postdoctoral
experience has a negative effect on obtaining a research job for French PhDs in the humanities
and social sciences. These studies may imply that the postdoctoral career trajectory is no longer
a means of obtaining faculty jobs.

Although postdoctoral positions are conventionally recognized to apply to graduates who

10 A University of Chicago postdoc and one of the founders of the fledgling National Postdoctoral Association.
Data source: http://www.sciencemag.org/content/298/5591/40.fulll
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wish to enter the public research sector, recently a significant number of PhD graduates who
engaged in a postdoctoral program were employed in the private sector a few years later. Several
studies have focused on the job choices of PhD degree holders between the public and private
sectors (Robin and Cahuzac, 2003; Portnoi, 2009; Schwabe, 2011), but there is less concern
with the career trajectory a few years later. That is, the effect of postdoctoral experience on
the future career development across different sectors has not yet been well explored. Stephan
(2009) notes that “many PhDs only take jobs in industry after failing to find an academic
position after serving as a postdoc for four or five years.” According to Recotillet (2007), the
postdoctoral training will not bring any significant advantage to wages in the private sector,
which favors the refuge-seeking jobs argument described in Section [2| whereby participation in a
postdoctoral program occurs only because fresh PhDs do not have any better job opportunities.

Compared to previous studies, our project uses a relatively large data set covering a long
span of time and includes a variety of fields of study. The initial job choice and current job
placement are also carefully recorded. We can therefore not only analyze the factors that affect
the first job choice, especially when considering the postdoctoral positions, but we can also
estimate whether the postdoctoral experience is beneficial to the doctoral degree holder’s career

in relation to academic positions, government jobs, or industrial employment.

4 Data and Statistical Method

4.1 Data Description

To conduct our empirical investigation, we draw the data on PhD recipients from the National
Profiles of Human Resources in Science and Technology (NPHRST) compiled by the Science and
Technology Policy Research and Information Center of the National Applied Research Labora-
tories in Taiwan. NPHRST aims to gain a better understanding of the science and technology
higher education manpower, and to build up a long-term observation mechanism for high-level
manpower predictions, which can provide the current situation and mobile information concern-
ing higher education with the Taiwanese government for policy-making purposes, such as the
selection of specialized personnel and the adjustment of the balance between the supply of and
demand for human resources. Since 2002, NPHRST has collected data annually through sending
e-mails to those who have completed their PhD degrees, where the potential respondents have
been drawn from scholars/researchers registered in the following five sources: National Science
Council (NSC) research personnel that are part of the government research plan, the Govern-
ment Research Bulletin (GRB), the Database of Research and Innovation Capacity (DBRIC),
the National Digital Library of Theses and Dissertations, and official web sites of universities,

colleges, and research institutes in Taiwanm For each year, new respondents will be included in

1 Among these channels, those who work outside the academic area but collaborate with any researchers in
academic institutions funded by government would also be contained in the investigation pool. According to the



the data set. The most recent data set that we obtained from NPHRST was that for September
2010. The current sample reveals that the respondents’ ages range from 30 to 90 (i.e., 1980 to
1920 birth cohorts), even though most of them were born between 1950 and 197OH

The NPHRST questionnaire covers a series of doctoral degree holders’ labor market out-
comes, which is the basis of our dependent variable. The labor market outcome questionnaire
explicitly asks the respondent “What is your initial job choice after receiving a doctoral de-
gree?” and “What is your current job?”. The initial job choice for a recent PhD degree holder
can be divided into a postdoc position and other types of jobs. Whether or not to engage in a
postdoctoral position is our first outcome variable. The respondents’ current job status (e.g.,
academia, or non-academic) is also recorded in the survey. In order to examine the impact
of postdoctoral experience on choosing an academic job, the second outcome variable is con-
structed as currently being in academia or in other sectors. Here, the academic position that
is defined in our paper contains all research-oriented jobs, including those in academia as well
as research positions in governmentE while the non-academic jobs refer to those not engaging
in research in government and in industry. Note that we do not consider those who work for
private non-profit/international organizations in Taiwan, where the number of observations is
quite limited.

In this study, we also consider as many explanatory variables as possible which may affect
our two outcomes in order to control for differences in the outcomes related to the differences
in these variables. Some important job choice characteristics have been well recognized in the
literature (Rubin and Cahuzac, 2003; Stephan and Ma, 2005; Recotillet, 2007) and may be
categorized into two broad groups, namely, demographic and academic characteristics.

Demographic characteristics:

The age obtaining a PhD degree has been considered in the literature (Recotillet, 2007).
In addition, by taking advantage of our data with a long time span, we are able to categorize
four different cohorts to evaluate their effect on postdoc engagement and different job choices.
Incorporating the cohort dummies is in order to partially control for the possible impact of the
period of time on the post-PhD job choice. Gender is taken into consideration as well since

males and females inherit different personality traits and may act very differently under social

official report by NPHRST, the returning rate is about 13%. It is also worth noting that NPHRST only surveyed
the PhD holders that stay in Taiwan. For those who studied abroad and worked overseas after receiving their
PhD degrees, NPHRST is not able to keep track of them. There may also be a potential selection bias such
that those without academic jobs were not inclined to participate in the NPHRST survey. These issues can be
regarded as the data limitation of our research and deserve a further exploration.

12Gince our sample covers a long time span, it may mask significant changes in postsecondary institutions
worldwide as underscored by recent developments in postsecondary institutions in Europe triggered by the Bologna
Accord (in particular for those receiving the PhD degree from Europe). To alleviate the impact of the Bologna
Accord on our results, we re-estimate our model for those graduated after year 2000 and reach very similar
conclusions. Please refer to the online supplementary appendix.

13Note that we also restrict our definition of “academic jobs” to those in educational institutions only by
excluding those people doing research in government for the sensitivity analysis, which leads to a very similar
result. Please refer to the online supplementary appendix for more details.



norms (Siegfried and Stock, 2001; Stock et al., 2009).

Academic characteristics:

The location of the doctoral degree granting universities is likely to be an important factor
affecting job choice even though the relationship is not clear-cut. We particularly distinguish the
graduate schools with PhD programs that are located in Taiwan or in other countries. Elapsed
time to a doctoral degree is also a potential factor that may affect the future job choice of
PhD holders (Recotillet, 2007; Bonnal and Giret, 2008). The fulfillment of the requirements
for the degree of PhD varies across the fields of study, and is associated with different levels
of paradigms and in turn is likely to influence the labor market choice. We thus consider the
following eight disciplines: (1) humanities and the arts, (2) social sciences, business and law, (3)
science, (4) engineering, manufacturing and construction, (5) agriculture, (6) health and welfare,
(7) services and (8) education, with education being the reference majorE School quality is
often a concern associated with job choice. In order to consider the school quality for overseas
and domestic universities as a whole, we follow the Academic Ranking of World Universities
(ARWU) to screen out the top 30 universities in the WOFIdE The search time to the first job
after receiving a PhD degree is constructed and included in our empirical model. The time
of graduation (graduation season being constructed in our sample) usually matters for the job
search and is also considered as well. The detailed definitions of the above descriptive variables
are listed in Table [Il

When the duration of the degrees (e.g., doctoral, master’s or bachelor’s degrees) for a re-
spondent is negative, we drop the resulting observationm In addition, we do not consider those
who pursue their study in China since the sample size is too small to group them in our sub-
sequent empirical analysis, and in any case they do not have any bearing on our results. The
PhD recipients who do not classify their schools are also excluded from the sample because one
of our concerns in regard to the outcome variables is school quality, such as the global ranking
of universities/colleges. Furthermore, we delete the respondents who are less than 10 years old,
reflecting the belief that they are too young to obtain a doctoral degreem We further delete
observations with missing values and logical inconsistencies, and end up with a total of 22,412

observations in our Sampleﬁ

14The disciplines in the “services” category include fields of study such as Hotel and Catering, Travel and
Tourism, Sports, Sport Science and Technology, Sports and Leisure, Beauty Treatment, Railway Operations,
Road Motor Vehicle Operations, Air Crew, Air Traffic Control, Nautical Science, Ship’s Officer, Postal Service,
Civil Security, Military, and other services.

5 ARWU can be accessed at the following website: http://www.arwu.org/index. jsp.

16Note that we do not delete those having an elapsed time to a degree (ETTD) of less than 2 years or longer
than 10 years, since it is difficult to judge whether the reported ETTD is reasonable or not. However, we have
experimented with a series of sensitivity analyses that trim extreme values based on different cut-offs and have
found very similar results.

17Since those observations are relatively few (in fact, there are only six respondents), the estimation results
remain unchanged when we perturb the cut-off age (10 years) slightly.

18The missing data, for instance, include those failing to report gender, field of study, school type, year of
admission, year of graduation, and so on.


http://www.arwu.org/index.jsp

4.2 Descriptive Evidence

The summary statistics of the continuous variables are presented in Table [2l The average time
taken to complete a doctoral degree for our entire sample is 4.76 years, which is less than the 6.8
years reported by Picciano et al. (2008) using U.S. data. In considering the higher education
system in Taiwan, it is quite normal for pupils to hold both bachelor’s and master’s degrees
before entering a PhD program. Around 88% of Taiwanese pupils hold a master’s degree before
entering a doctoral program, while only 12% have a bachelor’s degree only. Thus, the entire
learning process towards obtaining a PhD degree in higher education for Taiwanese students
lasts approximately 10.4 yearsm which is close to that in Hoffer et al. (2006) — the median
time of all fields was 10.1 years from a bachelor’s to a doctorate for those U.S. doctoral degree
recipients in 2003.

The mean age of respondents completing a doctoral degree is about 33.85 years old with the
youngest being 22 and the oldest being 59 years old. Note that Hoffer et al. (2006) point out
that the median age upon the receipt of a doctorate is 33.3 years across all fields in the U.S.,
which is very close to the statistics calculated using Taiwanese data. When we separate our
data by cohorts, it is found that the recent cohorts tend to finish their PhDs at a younger age.
In addition, the youngest cohort spends about 0.55 years obtaining their first jobs, which is less
than that for the older cohorts (who take about 0.64 or 0.65 years).

Table [3| provides a summary of the PhD graduates’ first job choice in terms of the percentage
shares. About 14.89% of our sample choose a postdoctoral position as their first job. The
proportion of those engaging in postdoctoral positions is higher for younger cohorts compared
to older cohorts (the ratio rose sharply from 8.69% to 21.74%). A sharp increase in the share of
newly-minted PhD recipients heading on to postdoctoral appointments has also been found in
Townsend (2012). PhDs with science majors have the highest propensity of holding postdoctoral
positions (around 39.51%), which is along the lines of Hanchane and Recotillet (2003) in that
about 45% of natural and life sciences graduates engage in postdoctoral programs. About half
(i.e., 49.93%) of the PhDs graduate during the second quarter (see Table [3). This is different
from what was found in Recotillet (2007), where about 40% of students graduate during the
last quarter. Besides, those who graduated in the second quarter have the lowest ratio of being
postdocs (13.87% in the second quarter against 17.19% for those who graduated in the fourth
quarter).

The frequencies associated with current jobs among the two sectors (academic and non-
academic) are listed in Table |4] showing that there are a large number of doctorates working
in academic positions (around 94.11% = 21,091/22,412 in our data). This number is remark-
ably higher than that in previous studies, e.g., Neumann and Tan (2011) reveal that less than

half of new doctoral degree holders pursue an academic career with the emerging knowledge

9Note that this number is obtained by summing 4.4 median years, consisting of the typical 2 years for a
master’s degree and 4 years for a bachelor’s degree.
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economy in the U.S. and Australia. Table 4] also shows that more males (7.17%) work in non-
academic institutions relative to females (1.69%). The youngest cohort (12.44%) tends to work
in non-academic institutions compared to the oldest (only 3.62%). Besides, those who gradu-
ated from domestic schools (including private and public universities in Taiwan) or who majored
in Engineering are more likely to be in non-academic jobs. The second highest proportion in

non-academic institutions consists of those majoring in science with a ratio of about 6.27%.

4.3 Empirical Methods

In order to analyze a dichotomous choice for the decision to participate in a postdoctoral pro-
gram, a typical binary choice model is applied. The two choices in regard to the initial jobs
after graduation include a postdoctoral position and other full-time jobs. When we consider the
current job choices between academic or non-academic positions, the binary choice model is also

a reasonable specification. Specifically, the random utility model is formulated as follows:
I = X8 +u;, I; =1if I} >0, (1)

where I is the latent utility for the decision to make an initial job choice between a postdoctoral
position and other full-time jobs or the current job choices between academic and non-academic
positions. X; is the vector of the corresponding explanatory variables. I; denotes the observed
individual choice. When estimating the propensity to engage in a postdoctoral position for a
new PhD, the explanatory variables include the duration of pursuing the PhD degree, the age
when receiving the PhD degree, the search time for the first job, gender, school type, major,
cohorts, school rankings, time of graduation, and so on.

Our main empirical investigation is to evaluate the impact of the postdoctoral experience
(I;) on the propensity to obtain an academic job for a PhD graduate. It is possible that
less capable and/or less motivated doctorates may choose other alternatives (e.g., government)
rather than considering postdoctoral positions. Thus, including the postdoctoral experience as
an independent variable may give rise to an endogenous binary regressor and lead to inconsistent

estimates. The current job choice equation can be specified as follows:
Y =~If +Z§+v;, Vi=1if Y >0, (2)

where Y;* is the latent utility for the decision regarding the current job choices between academic
and non-academic positions. Y; denotes the observed individual choice, I is the endogenous
decision regarding initial job choices between postdoctoral positions and other full-time jobs,
and Z; is the vector of the explanatory variables similar to those in X;. Notice that we include
graduation seasonal dummies in , which are believed to be correlated with the initial job
choice but not the current job in academia or non-academia. In addition, the graduation seasonal

dummies can be regarded as the instrumental variables or exclusion restrictions.
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The usual “two-step” estimation procedure to obtain the regression coefficient in does
not produce consistent parameter estimators for this type of nonlinear model, that is, when
estimating the Probit in and plugging the fitted value (i.e., fl) in to estimate the second
stage Probit (on this see Imbens and Wooldridge (2007)). Thus, we use the control function
approach suggested in Imbens and Wooldridge (2007) to deal with the possible endogeneity
problem of engaging in postdoctoral work when estimating the effects of postdocs on the current
career choice between academic and non-academic jobs. The control function approach includes
two steps: the first step is to fit equation through OLS and obtain the residual 4; and the
second step is to estimate by a standard Probit model with regressors I*, Z, and 4. Another
advantage of this simple approach is that it allows us to check the exogeneity of engaging in a
postdoctoral position by testing whether the coefficient of @ is zero or not.

Figure [I] outlines the structure of our empirical applications. The top panel starts with our
two-step estimation procedure to tackle the potentially endogenous engagement in postdoctoral
positions. The three heterogeneous effects of the postdoctoral experience on academic or non-
academic job choice are estimation (to be introduced in Section. To ensure the robustness of
our empirical finding, we perform a series of sensitivity tests, which include different definitions
of “academic job”, the cutoff age obtaining a PhD, the year of graduation, and so on (see an

online supplementary appendix).

5 Empirical Results

5.1 Engaging in Postdoctoral Work or Other Full-time Jobs?

In order to find the factors that influence the seeking of postdoctoral positions and the changing
pattern over different cohorts, Table [5| presents the estimation results based on the Probit model
of participating in a postdoctoral position or other full-time jobs as the initial job choice after
receiving PhD degree.

Table [5| shows that the longer time spent by doctoral degree holders to complete their thesis
tends to increase the probability of participating in a postdoctoral program as their first job. It
is likely that a longer ETTD may be a bad signal and that the candidate cannot but take up a
postdoctoral position after being awarded a PhD degree. Those obtaining the doctoral degree at
a later age are less likely to go for a postdoctoral position, which is consistent with the previous
literature (Hanchane and Recotillet, 2003; Stephan and Ma, 2005). Stephan and Ma (2005)
point out that doctorates are less likely to take a postdoctoral position to invest their human
capital if there is a shorter expected career. Besides, older graduates have heavier family duties
than younger ones. The friction between postdoctoral projects and family plans will decrease
the willingness to be a postdoctoral fellow (Robin and Cahuzac, 2003; Stephan and Ma, 2005;
Recotillet, 2007).

Thanks to our abundant data with its long time span, we include three cohorts in our
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model (born before 1960, born between 1960 and 1969, and born after 1970). Table [5|indicates
that the younger cohort is more likely to take a postdoctoral position as the first job. One
possible explanation is that a temporary postdoctoral position is better than unemployment
when highly-qualified manpower enter the labor market, which has resulted in an excess supply
in recent decades@ Cyranoski et al. (2011) mention that “in 1973, 55% of US doctorates in
the biological sciences secured tenure-track positions within six years of completing their PhDs,
and only 2% were in a postdoc or other untenured academic position. By 2006, only 15% were
in tenured positions six years after graduating, with 18% untenured.” Besides, going through
a postdoctoral position is a way of reaping academic benefits from further investment in a
deteriorating labor market (Recotillet, 2007). The mechanism may help explain the tendency
that an increasing number of graduates choose a postdoctoral position as their first jobs at the
time of their graduation.

By setting the major of Education as the reference group, the coefficients of other subjects
are statistically positive, except for Social Science (in Model 1 and Model 2 of Table [5)). Com-
pared with the coefficients for majors, those majoring in Science are more likely to engage in
postdoctoral work while those majoring in Social Science are less likely to do so. This observa-
tion is quite similar to Schwabe (2011) in that a postdoctoral appointment is a necessary step in
some research careers, especially for those majoring in Science. All of the interaction terms of
school types and subjects are positive, although most of the coefficients are insignificant, which
may imply that those studying overseas and majoring in Education are less likely to take up
postdoctoral positions.

Those who earned their PhDs from better institutions (the top 30 universities in the world)
tend to become postdoctoral fellows because they are more research-oriented and willing to in-
vest in themselves for future academic positions. Compared to females, males have a greater
tendency to choose a postdoctoral position as their first job after graduation, which is in accor-
dance with Stephan and Ma (2005). This may suggest that stable jobs rather than temporary
jobs (e.g., a postdoctoral position) are more attractive for female doctorates. In addition, the
time of graduation also matters. In Taiwan, the second season usually provides the most job
opportunities, and so doctoral degree holders are able to choose among other full-time positions
and in turn are less likely to participate in a postdoctoral position. The inclusion of the inter-
action terms between majors and obtaining a PhD degree overseas in Models 3 and 4 of Table
does not significantly change our main results.

We have demonstrated some important factors associated with a PhD degree holder’s first

job choice, while the Probit coefficients do not reflect the marginal effect of a specific covariate.

20 According to the 2014 report by the Directorate-General of Budget, Accounting and Statistics in Taiwan, the
unemployment rate was relatively low in most countries before 2010. For example, the unemployment rate in
Taiwan was about 1.7% in 1990 and 3.0% in 2000. For the U.S., the unemployment rate was between 5.6% and
4.0% during the period 1990 to 2000. It was between 6.9% and 5.4% for the same period in the U.K. However,
in 2010, the unemployment rate rose sharply, e.g., 5.2% in Taiwan, 9.6% in the U.S. and 7.8% in the U.K. See
http://www.dgbas.gov.tw/ct_view.asp?xItem=35670&ctNode=3247| for more details.
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By inspecting the marginal effects in Table it is found that among these variables with
statistically significant influence, discipline plays a crucial role in determining a postdoctoral
choice. For example, those majoring in Science have roughly 45% of the probability of choosing
postdoctoral positions as their initial jobs relative to Education majors, ceteris paribus. For
those majoring in Agriculture and Health, the probabilities of engaging in postdocs are also
up to 38% and 33% higher than for those in Education, respectively (see Model 1 in Table
. In addition to the disciplines, cohort has some great impacts. The youngest cohort (born
after 1970) has a higher probability (by 12%) of engaging in postdoctoral work relative to the
oldest cohort, and the mid-cohort (born between 1960 and 1970) has a 7% higher probability of
engaging in postdoctoral work. Besides, other variables have a relatively small influence in terms

of magnitude even though they might be statistically significant in terms of their coefficients.

5.2 Does Postdoctoral Experience Lead to an Academic Career?

In regard to the role of experiencing a postdoctoral position played upon entering an academically-
oriented job, our finding in Table [f] indicates that the postdoctoral experience significantly raises
the probability of advancing in the academic sector, holding other factors constant. Models 1
and 3 include the foreign variable to take into account the fact that around 50% of Taiwanese
doctorates obtain their degrees overseas. Models 2 and 4 further classify the graduation schools
of the locally trained PhDs into Taiwanese public and private universities. Note that Models 1
and 2 simply adopt the Probit approach without considering the possible endogenous choice of
postdoctoral positions, while Models 3 and 4 utilize the control function approach to deal with
the potential endogeneity issue. The coefficient of the residual (u) estimated from the first stage
is significantly different from zero at the 1% level, which justifies the importance of considering
the endogenous decision of postdoctoral engagement (see Models 3 and 4 of Table @
According to the significantly positive coefficient of postdoctoral positions, the further educa-
tional investment (i.e., postdocs) seems valuable for doctoral degree holders to stay in academic
careers later on. Building on the human capital theory, the postdoctoral training increases the
probability of entering academic institutions probably through improving the research abilities
and gaining publishing experience with peers and advisors. If we use the prediction of education
signaling theory, taking postdoctoral positions could be viewed as a good signal to screen an
individual’s greater motivation and stronger research commitment. Since we do not have suf-
ficient information on the research funding or papers of a postdoc, we can only claim that the
human capital and education signaling theories are “indirectly” supported in this articleFE] On
the other hand, the refuge-seeking argument indicates that less talented doctorates get involved
in a postdoctoral position and will be unlikely to fill future jobs in the academic area, implying

a negative relationship between postdoctoral engagement and academic career. In this sense,

21We thank an anonymous referee for clarifying the link between our empirical results and the competing
theories..
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the refuge-seeking jobs argument does not easily explain our empirical finding, which suggest
that postdoctoral experience plays an important role in advancing to an academic career.

Our estimation about the effect of the postdoctoral engagement on the academic job choice
is not only consistent with the aforementioned theoretical literature but is also in line with the
prior empirical literature. Hanchane and Recotillet (2003) demonstrate that going through a
postdoctoral program could increase the probability of being recruited as a researcher in the
public sector by around 10%. Nerad and Cerny (1999) report that “for mathematics postdocs,
the time invested in a postdoc significantly improved the odds of gaining a faculty position.”
Our estimate (i.e., the marginal effect) is about 2.2% when the endogeneity problem is not taken
into consideration (in Model 1 and Model 2 of Table [6)). When we adopt the control function
approach, those with postdoctoral experience will increase the probability more than twice (by
about 6.1%) of working in academically-oriented jobs with statistical significance (see Model 3
and Model 4 of Table [6]).

Table[6]also indicates that the probability of obtaining an academic job is highly differentiated
by fields of study. Those majoring in Science, Engineering, Agriculture and Health are more
likely to work in non-academic institutions compared to Education majors, while holding a PhD
in the Humanities, Social Sciences or Services does not lead to a significant tendency to choose
academically-oriented jobs or not (see Models 3 and 4 in Table @that correct for the endogeneity
problem). This may be because PhD graduates majoring in Science, Engineering, Agriculture
or Health have more job opportunities in the private sector than in other fields of study. Our
results are also along the lines of Neumann and Tan (2011), who report that “there are variations
by disciplines” and the proportion of Science and Engineering graduates in academic careers is
relatively small compared to that of those majoring in other disciplines.

5.3 Heterogeneous Effects of Postdoctoral Experience

As mentioned above, postdoctoral positions play an important role in choosing current jobs for
doctorate holders using the entire sample. It turns out that gender, major, and birth cohort are
essential to sorting PhD graduates into academic jobs. Due to our large sample size, we split the
entire sample into several sub-samples by gender, major and birth cohort, respectively, to further
investigate the heterogeneous effect of engaging in postdoctoral positions on the academic job
choice for those sub-groups.

In terms of the effects of postdoctoral programs, Hanchane and Recotillet (2003) indicate
that doctorate holders participating in a postdoctoral program increase the chances of their
gaining academic jobs in the natural sciences, but does not improve the probability for those
majoring in the human and social sciences in France. Our results in Table [7] show that those
with postdoctoral experience majoring in Engineering would increase the probability of enter-
ing academic institutions (there is a significantly positive coefficient of postdoc in Table [7)).

However, those with postdoctoral experience majoring in Science would not have any statis-
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tically significant preference for academic jobs. It can be seen that even though postdoctoral
experience encourages doctorates to enter academic-related positions, the impact of majoring in
Science offsets the effect and leads to a vague outcome. This may be because getting involved
in postdoctoral positions is a required probation period in Science (Nerad and Cerny, 1999;
Stephan and Ma, 2005; Recotillet, 2007; NPA, 2011); thus, the advantage of postdoctoral expe-
rience in becoming a researcher is diminished for those majoring in Science. On the other hand,
there may exist more job opportunities in private industry for those majoring in Engineering. If
those majoring in Engineering choose a postdoctoral position after graduation, this may imply
a strong preference for an academic career.

Recall the coeflicient of gender in the case of using the entire sample in Table [6] It shows
that males are more willing to join non-academic institutions than females. When we re-arrange
the data by gender, the sub-sample estimation suggests that male doctoral degree holders with
postdoctoral experience are more likely to choose academic positions than their female counter-
parts as shown in Table Our finding for the gender differentiated effect is along the lines
of the literature in Nerad and Cerny (1999), which summarizes a survey report to show that
for those majoring in mathematics, “Ph.D.’s taking postdocs are more likely to obtain faculty
positions, but this is true only for men.” They also report that the ratio of mathematics post-
docs employed as tenured faculty members in 1995 is 75% for males while the ratio is only 46%
for females. Although a substantial percentage of women in mathematics holding postdoctoral
appointments hope to become professors, most of them end up in business, government, or the
non-profit sector rather than in academia (Nerad and Cerny, 1999). Our result is also consistent
with NPA (2011), which mentions that “postdoc women, especially those that are married with
children, are more likely than men to consider jobs outside academia.”

We have found a significant effect of different cohorts on the choice of academic or non-
academic jobs in Table |§| based on the whole sample. The youngest cohort (born “after 1970”)
shows a significantly higher propensity for choosing non-academic positions than the oldest
cohort. This is consistent with recent reports (Stephan, 2009; Fiegener, 2011; Neumann and
Tan, 2011; Sauermann and Roach, 2012) that an increasing number of doctoral students have
taken non-academic employment in recent decades; that is, academic jobs are no longer the
primary choice for doctoral degree holders. The entire data set is split into three different
cohorts (“before 1960”, “between 1960 and 1969”, and “after 1970”) to consider the role of
postdoctoral experience. It is observed that the postdoctoral experience for the older cohorts
(born “before 1960” and “between 1960 and 1969”) displays a significantly higher propensity
for entering academic positions (see Table E[) On the other hand, engaging in a postdoctoral
position does not bring significant benefits for the youngest cohort (born “after 1970”) in terms

of finding a job in the academic sector. This may reflect that an academic job may not always be

22The separate regressions can be thought of as a more flexible or less restricted model than that based on the
entire sample.
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the most attractive career choice in recent decades, that is, the social culture or value system has
gradually changed to influence the higher education market. For instance, new PhDs may invest
themselves or signal their ability by taking a postdoctoral position in order to enter a highly
profitable industry. Based on the labor supply data in this paper, collecting the information
on market demand (PhD labor demand) over time shall enable us to better understand this

phenomenon.

6 Conclusions

Postdoctoral positions are special transition positions that are only eligible for those with doc-
toral degrees. Postdoctoral participation could be regarded as investments to accumulate the
additional human and social capital needed to facilitate future job search or to join an academic
reserve army of unemployed PhDs. Given the prevalence of postdoctoral positions nowadays, it
is crucial to explore the role played by postdoctoral participation in the post-PhD labor market.

This paper first reviews the underlying theories on whether engaging in a postdoctoral posi-
tion is positively associated with advancing to an academic career. To empirically evaluate the
benefits of engaging in a postdoctoral position, we take advantage of a comprehensive data set
from NPHRST in Taiwan, which consists of a large number of doctorates with their postdoctoral
status (IV = 22,412), covers PhD holders across different disciplines and spans a long period of
time ranging from 1920 to 1980 in terms of the birth cohorts. When inspecting the postdoctoral
participation decision right after receiving a PhD degree, our findings reveal that older doctor-
ates have a lower probability of taking up a postdoctoral position, and a longer elapsed time to
the PhD degree is less likely to result in a postdoctoral position. The postdoctoral engagement
also hinges on the field of study — those majoring in Science tend to engage in postdoctoral work
more than those majoring in Social Science.

It is crucial to deal with the potential endogeneity issue when investigating the impact of
postdoctoral experience on choosing academic jobs. We apply the control function approach
to address this issue by first estimating the postdoctoral participation and then the career
academic job choice. The empirical results suggest that engaging in postdoctoral positions has
a positive effect in terms of finding a job in academia. More specifically, postdoctoral experience
increases the probability of working in academically-oriented jobs by about 6.1%. The human
capital theory and education signaling theory are thereby indirectly supported by our empirical
finding. We also observe the heterogeneous effects of gender, major and cohort in regard to
the postdoctoral experience by splitting the data. Gaining postdoctoral experience does help
males engineering majors and older cohorts obtain jobs in academia. In addition, we experiment
with several groupings for the definition of being awarded an academic position and obtain very
robust empirical results.

We acknowledge that family background may serve as one of the factors affecting PhD
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graduates’ job choices, however, the current study is not able to take it into consideration due

to the limitation of our data. We have urged the institution that collects the data to include

such information and hopefully it can be utilized in our future research. In addition, most of

the respondents in our sample are working in the academic institutions. There are about 76%

male and nearly 40% doctoral holders major in Engineering. This unbalance proportion may

generate the issue on unconstrained generalizability of our study. We will leave them to further

studies.
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Academic or non-academic

Heterogeneous effects

Figure 1: Empirical Structure of the Postdoctoral Effect on Academic Job Choice
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Table 1: Description of Variables

Variables Description of Variables
ETTD the elapsed time to the doctoral degree
Age age obtaining the doctoral degree
Gap search time to the first job after receiving doctoral degree
Gender?® male = 1 and female = 0
School Types
Domestic domestic universities/colleges
Public domestic public universities/colleges
Private domestic private universities/colleges
Foreign foreign universities/colleges
Magjors
Education major in education
Humanities major in humanities and the arts
SocialScience major in social science, business and law
Science major in science
Engineering major in engineering, manufacturing and construction
Agriculture major in agriculture
Health major in health and welfare
Services major in services
Cohorts
Born1960 those born before 1960
Born60-69 those born between 1960 and 1969
Born1970 those born after 1970
Tier
Top30 top 30 schools are filtered based on 2010 Academic Ranking of World Universities
Top31-100 school rankings between top 31 and top 100 are filtered based on 2010 Academic

Working FExperience
Postdoc

Interaction Term
Edu-Foreign
Hum-Foreign
Soc-Foreign
Sci-Foreign
Eng-Foreign
Agr-Foreign
Med-Foreign
Ser-Foreign

Graduation Season
Sea-First
Sea-Second
Sea-Third
Sea-Fourth

Ranking of World Universities

those who choose to do the postdoctoral job after graduation rather than other
full-time jobs

interaction term of foreign universities/colleges and major in Education
interaction term of foreign universities/colleges and major in Humanities
interaction term of foreign universities/colleges and major in SocialScience
interaction term of foreign universities/colleges and major in Science
interaction term of foreign universities/colleges and major in Engineering
interaction term of foreign universities/colleges and major in Agriculture
interaction term of foreign universities/colleges and major in Health
interaction term of foreign universities/colleges and major in Services

Graduation in the first season (Jan. — Mar.)
Graduation in the second season (Apr. — June)
Graduation in the third season (July — Sept.)
Graduation in the fourth season (Oct. — Dec.)

Note: According to “*”, the variables following are dummies by nature.
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Table 2: Summary Statistics of Total Sample and by Cohort

Total Sample

Mean Std Min Max
ETTD 476 1.4650 2.1 10.0
Age 33.85 4.6978 22.0 59.0
Gap 0.62 0.7171 0.1 3.3
Obs. 22,412
Cohort Born Before 1960

Mean Std Min Max
ETTD 4.68 1.5069 2.1 10.0
Age 36.38 5.5454 25.0 59.0
Gap 0.65 0.7640 0.1 3.3
Obs. 6,432

Cohort Born Between 1960 and 1969

Mean Std Min Max
ETTD 4.84 1.5097 2.1 10.0
Age 33.85 4.0136 22.0 49.0
Gap 0.64 0.7338 0.1 3.3
Obs. 10,691
Cohort Born After 1970

Mean Std Min Max
ETTD 4.68 1.3040 2.1 10.0
Age 30.77 2.5094 24.0 40.0
Gap 0.55 0.6120 0.1 3.3
Obs. 5,289
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Table 3: Percentages based on First Job Choices after Receiving PhD degree

Postdoc (%) Full-job (%) Total (%)

Gender

Female 14.09 85.91 23.25
Male 15.13 84.87 76.75
School Types

Domestic 14.29 85.71 54.04
Foreign 15.59 84.41 45.96
Majors

Education 2.46 97.54 5.97
Humanities 5.37 94.63 7.31
SocialScience 3.62 96.38 17.37
Science 39.51 60.49 16.65
Engineering 11.08 88.92 39.34
Agriculture 23.76 76.24 4.86
Health 21.61 78.39 7.21
Services 5.52 94.48 1.29
Cohorts

Born1960 8.69 91.31 28.70
Born60-69 15.23 84.77 47.70
Born1970 21.74 78.26 23.60
Tier

Top30 19.62 80.38 9.03
Top31-100 16.92 83.08 10.31
Graduation Season

Sea-First 14.94 85.06 15.21
Sea-Second 13.87 86.13 49.93
Sea-Third 15.74 84.26 20.69
Sea-Fourth 17.19 82.81 14.17
Total (%) 14.89 85.11 100.00
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Table 4: Sample Size based on Academic vs. Non-Academic Job Choices

Non-Academic Academic  Total

Gender

Female 88 5,123 5,211
Male 1,233 15,968 17,201
School Types

Public 959 9,879 10,838
Private 78 1,196 1,274
Foreign 284 10,016 10,300
Magjors

Education 11 1,328 1,339
Humanities 8 1,631 1,639
SocialScience 56 3,836 3,892
Science 234 3,497 3,731
Engineering 853 7,963 8,816
Agriculture 34 1,056 1,090
Health 119 1,496 1,615
Services 6 284 290
Cohorts

Born1960 233 6,199 6,432
Born60-69 430 10,261 10,691
Born1970 658 4,631 5,289
Tier

Top30 60 1,963 2,023
Top31-100 60 2,251 2,311
Working Ezxperience

Postdoc 154 3,183 3,337
Total 1,321 21,091 22,412

26



Table 5: Binary Probit Estimates of the First Job Choices

Model 1 Model 2 Model 3 Model 4

Coefficient Mar. Coefficient Mar. Coefficient Mar. Coefficient Mar.
ETTD 0.0886* 0.0150  0.0877* 0.0148  0.0878* 0.0149  0.0871% 0.0147
Age -0.0632*  -0.0107  -0.0624*  -0.0105 -0.0631*  -0.0107 -0.0623*  -0.0105
Gap -0.3617*  -0.0614  -0.3603*  -0.0609  -0.3623*  -0.0614  -0.3604*  -0.0608
Male 0.0861* 0.0142  0.0841% 0.0138  0.0847* 0.0139  0.0829* 0.0136
School Types
Public 0.3426* 0.0585 0.3564%* 0.0608
Foreign 0.1224* 0.0209  0.4353* 0.0756  -0.0937  -0.0158  0.2636 0.0452
Majors
Humanities 0.3395% 0.0690  0.3708* 0.0763  0.0810 0.0143  0.1611 0.0297
SocialScience 0.0781 0.0137  0.0898 0.0158  -0.0616  -0.0102  -0.0274  -0.0046
Science 1.5921%* 0.4498  1.6005* 0.4519  1.4262% 0.3912  1.4525% 0.3995
Engineering 0.5620* 0.1036  0.5645% 0.1038  0.4284* 0.0773  0.4462* 0.0804
Agriculture 1.2816* 0.3794  1.2765* 0.3767  1.1645% 0.3343  1.1698* 0.3356
Health 1.1716* 0.3308  1.2170% 0.3470  1.0678* 0.2923  1.1765% 0.3316
Services 0.2704f 0.0541  0.2697" 0.0537  0.1464 0.0272 0.1474 0.0273
Cohorts
Born60-69 0.3878* 0.0668  0.3847* 0.0660  0.3891% 0.0670  0.3871% 0.0663
Born1970 0.5716* 0.1173  0.5725*% 0.1171  0.571% 0.1170  0.5741% 0.1173
Tier
Top30 0.1186* 0.0214  0.1194% 0.0215  0.1189* 0.0214  0.1192* 0.0214
Top31-100 0.07051 0.0124  0.0711f 0.0125  0.0708% 0.0124  0.0710% 0.0124
Graduation Season
Sea-First -0.0024  -0.0004  0.0008 0.0001  -0.0044  -0.0008  -0.0002 0.0000
Sea-Second -0.1633*  -0.0277  -0.1581*  -0.0267 -0.1629*  -0.0276  -0.1575%  -0.0266
Sea-Third -0.07517  -0.0124  -0.0746"  -0.0122  -0.076"  -0.0125 -0.0751t  -0.0123
Interaction Term
Hum-Foreign 0.42057 0.0904  0.34061 0.0699
Soc-Foreign 0.2132 0.0405 0.18 0.0334
Sci-Foreign 0.2615 0.0507  0.2371 0.0453
Eng-Foreign 0.1966 0.0364  0.1811 0.0332
Agr-Foreign 0.1558 0.0290 0.1516 0.0281
Med-Foreign 0.1412 0.0260  0.0329 0.0057
Ser-Foreign 0.1887 0.0360  0.1883 0.0357
Constant -0.4039* -0.7485* -0.2615 -0.6428%*
Obs. 22,412 22,412 22,412 22,412

Notes: T, T, and * denote statistical significance at the 10%, 5%, and 1% levels, respectively.
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Table 6: Binary Probit Estimates of Academic or Non-academic Positions

w/o Considering Endogeneity Problem

Considering Endogeneity Problem

Model 1 Model 2 Model 3 Model 4

Coeflicient Mar. Coefficient Mar. Coefficient Mar. Coefficient Mar.
Postdoc 0.3690* 0.0223 0.3722%* 0.0225 1.8854* 0.0610 1.9118* 0.0615
ETTD -0.0395*  -0.0030  -0.0386*  -0.0029  -0.0559*  -0.0042  -0.0549* -0.0041
Age 0.0382* 0.0029 0.0378* 0.0029 0.0493* 0.0037  0.0487* 0.0037
Male -0.4746*  -0.0292  -0.4740*  -0.0291  -0.4868*  -0.0295  -0.4859* -0.0295
School Types
Public -0.1144%  -0.0087 -0.2033* -0.0155
Foreign 0.3609* 0.0271 0.2582* 0.0194 0.3285%* 0.0245 0.14631 0.0109
Magjors
Humanities 0.31191 0.0187 0.2896 0.0176 0.2935 0.0177 0.2579 0.0159
SocialScience -0.0110 -0.0008 -0.0203 -0.0016 0.0016 0.0001 -0.0123 -0.0009
Science -0.6873*  -0.0796  -0.6955*  -0.0809  -1.1950*  -0.1822  -1.2145* -0.1869
Engineering -0.6987*  -0.0632  -0.7032*  -0.0637  -0.7767*  -0.0714  -0.7844* -0.0722
Agriculture -0.3651%  -0.0373  -0.3657"  -0.0374  -0.6671*  -0.0854  -0.6714* -0.0862
Health -0.9199*  -0.1372  -0.9441*  -0.1429  -1.1847*  -0.2061  -1.2286* -0.2189
Services -0.1933 -0.0174 -0.1932 -0.0174 -0.2123 -0.0193 -0.2121 -0.0193
Cohorts
Born60-69 0.1248* 0.0095 0.1254%* 0.0095 0.0338 0.0026 0.0341 0.0026
Born1970 -0.3008*  -0.0266  -0.3026*  -0.0267  -0.4778*  -0.0459  -0.4822* -0.0464
Tier
Top30 0.0658 0.0048 0.0651 0.0047 0.0205 0.0015 0.0187 0.0014
Top31-100 0.0619 0.0045 0.0612 0.0044 0.0387 0.0028 0.0372 0.0027
U -1.5421* -0.1165 -1.5655%* -0.1182
Constant 1.3114* 1.4328%* 1.0590* 1.2669*
Obs. 22,412 22,412 22,412 922,412

Note: T, T, and * denote statistical significance at the 10%, 5%, and 1% levels, respectively.
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Table 7: Binary Probit Estimates of Academic or Non-academic Positions by Major

Science Engineering Other Majors

Coefficient Mar. Coeflicient Mar. Coefficient Mar.
Postdoc 0.1454 0.0149 2.2725%* 0.1040 5.0024* 0.0550
ETTD -0.0180 -0.0019  -0.0818*  -0.0104 0.0007 0.0000
Age 0.0171 0.0018 0.0820%* 0.0105 0.0374* 0.0018
Male -0.3075*  -0.0280 -0.7037*  -0.0560 -0.4307* -0.0198
School Types
Foreign 0.3352* 0.0364 0.5056* 0.0597 0.1050 0.0052
Cohorts
Born60-69 0.1675 0.0174 -0.0756 -0.0097 0.0717 0.0035
Born1970 -0.25721  -0.0304  -0.7531*  -0.1249 -0.0668 -0.0034
Tier
Top30 0.1668 0.0158 -0.1167 -0.0160  -0.1891f -0.0109
Top31-100 0.1482 0.0142 -0.0764 -0.0102 0.0238 0.0011
U 0.1868 0.0196  -1.8793*  -0.2399  -5.0754* -0.2491
Constant 1.1045 -0.3370 0.4819
Obs. 3,731 8,816 9,865

Notes: T, T, and * denote statistical significance at the 10%, 5%, and 1% levels, respectively.
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Table 8: Binary Probit Estimates of Academic or Non-academic Positions by Gender

Female Male
Coefficient Mar. Coefficient Mar.

Postdoc 1.4353 0.0171 1.8390* 0.0808
ETTD -0.0989"  -0.0027  -0.0454*  -0.0045
Age 0.0240 0.0007 0.0512* 0.0050
School Types

Foreign 0.0966 0.0026 0.3441%* 0.0329
Magjors

Humanities 0.3310 0.0071 0.2319 0.0191
SocialScience 0.1185 0.0030 -0.1279 -0.0135
Science -1.0574T  -0.0710  -1.2723*  -0.2386
Engineering -0.6071 -0.0296  -0.8915*  -0.0949
Agriculture -0.8034 -0.0503  -0.6841*  -0.1095
Health -0.8161F  -0.0456  -1.4021*  -0.3247
Services - - -0.4048 -0.0547
Cohorts

Born60-69 0.4292* 0.0124 -0.0201 -0.0020
Born1970 0.2510 0.0060  -0.5855*  -0.0754
Tier

Top30 0.2443 0.0053 -0.0059 -0.0006
Top31-100 0.2851 0.0061 -0.0017 -0.0002
i -1.4745 -0.0401  -1.4343*  -0.1410
Constant 1.6723f 0.6434"

Obs. 5,152 17,201

Note: T, T, and * denote statistical significance at the 10%, 5%,
and 1% levels, respectively.

30



Table 9: Binary Probit Estimates of Academic or Non-academic Positions by Cohorts

Born Before 1960 Born Between 60-69 Born After 1970

Coefficient Mar. Coefficient Mar. Coefficient Mar.

Postdoc 2.9829* 0.0519 2.0417* 0.0497 0.1189 0.0129
ETTD -0.0315 -0.0021  -0.0641*  -0.0038  -0.0952* -0.0109
Age 0.0198f 0.0013 0.0574* 0.0034  0.1210* 0.0138
Male -0.0966 -0.0061  -0.4877*  -0.0233 -0.641%* -0.0581
School Types

Foreign -0.0188 -0.0013 0.3081* 0.0178 0.5418%* 0.0500
Magjors

Humanities 0.2060 0.0118 0.1101 0.0059 0.5538 0.0429
SocialScience -0.1727 -0.0130 -0.2402 -0.0165 0.3726 0.0352
Science -1.2190%  -0.1684  -1.4196"  -0.2074 -0.5620 -0.0866
Engineering -0.42217  -0.0324 -0.8347 -0.0628 -0.8030 -0.1006
Agriculture -0.5487t  -0.0578 -0.8037 -0.0936 -0.3036 -0.0431
Health -1.3226%  -0.2299  -1.4153"  -0.2400 -0.2228 -0.0296
Services -0.56211  -0.0624 0.0470 0.0026 -0.0205 -0.0024
Tier

Top30 -0.0222 -0.0015 -0.0938 -0.0059 0.6893f 0.0479
Top31-100 0.0708 0.0046 -0.1090 -0.0070 0.2872 0.0267
U -2.9768*  -0.2006  -1.8554*  -0.1090 0.4907 0.0560
Constant 1.6664* 0.9803 -1.0341

Obs. 6,432 10,691 5,289

Note: T, T, and * denote statistical significance at the 10%, 5%, and 1% levels, respectively.
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