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Abstract
Proponents describe stem Cell Replacement Therapy and related technologies to be 
a significant step forward for medicine. However, due to the inherent ethical prob-
lems in human Embryonic Stem Cell Research (hESC), it is strictly regulated around 
the world. The US has passed at the federal and state level, both supportive and 
restrictive laws over the years. The changing legislative environment at the state and 
federal levels has created a situation whereby researchers have to choose whether 
and where to carry out this research. By exploiting the temporal and spatial hetero-
geneity and legislative shocks, we assess if the affected scientists have voted with 
their feet, leaving the state or country imposing restrictive rules and whether hESC 
research has clustered geographically. We find that most of the hESC research is car-
ried out in supportive states, and significant legislative changes have had a minor but 
noticeable effect on relocation choices. Most importantly, the research has moved to 
supportive states. This result suggests that several state-level interventions (support-
ive), which were opposed to federal laws (restrictive), have counteracted each other.

Keywords Stem cell research · Geographic labor mobility · Policy impact analysis

1 Introduction

There is little doubt about the potential for stem cell-derived therapies to tackle 
many hitherto incurable diseases (e.g., neurodegenerative disorders such as Par-
kinson or Alzheimer). However, significant fundamental research on Stem Cells 
(SC) in general and human embryonic stem cells (hESC), in particular, is required 
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before such treatments can be offered to the public. Beyond the significant ini-
tial investment in basic research, there are major ethical concerns with regards to 
human embryonic stem cell (hESC). As part of the preparation and extraction of 
such a cell culture, a human embryo is destroyed. For this reason, human embry-
onic stem cell research is a controversial field of research, which has led various 
countries to either heavily regulate or ban it outright. Nevertheless, the therapeu-
tic potential and the commercial value of stem cell-derived treatments have cre-
ated incentives to continue this research.

In the US from the early Nineties, various laws have been passed at federal, 
and several more at the state level, affecting funding and the legality of stem cell 
research. Some states have adopted a more supportive stance by supplanting fed-
eral funding restrictions. Several other US states, on the other hand, passed leg-
islation which practically ended research into the technology before it started. 
In this work, we look at how the changing legislation has affected the location 
choice of Stem Cell researchers. Specifically, we look at the interplay of federal 
and state legislation to assess how they affected hESC research relocation choices 
as well as their geographical distribution. We assess first, to what extent, a state’s 
stance on the hESC issue has influenced the presence of hESC scientists. Sec-
ondly, we look at two significant and sudden legislative interventions, i.e., the 
Bush Funding Ban (federal level) and Proposition 71 in California (state level).

To address this question, we compile a comprehensive dataset of disambigu-
ated authors, their affiliations and the text of their publications. With this exten-
sive dataset on individual level scientist mobility, we estimate the impact of 
several policies on the relocation choice of US hESC researchers over a decade 
(1998–2008). This period covers the early beginnings of the field up to the Bush 
administration, which saw a federal moratorium on funding. More importantly, 
the period between 2001 and 2006 is a crucial time when US Stem Cell laws 
were forged and influence the research landscape to this day (Acosta and Golub 
2016; Alberta et  al. 2015). Restrictive legislation has arguably a chilling effect 
on research activity. This overall reduction of research is the result of the com-
bined effect of (1) researchers staying with their institution but reducing their 
work on the subject and (2) move to more permissive locations. We are inter-
ested in the second mechanism. Within US borders, as already argued, laws have 
been enacted to regulate this nascent field, and the extant literature suggests that 
restrictive interventions have stymied research (Owen-Smith and McCormick 
2006), caused hESC researchers to move abroad and supportive interventions to 
increase scientific output (Alberta et  al. 2015). The state and federal legislative 
changes are a source of shocks we can exploit to identify if researchers voted with 
their feet. Besides, the US has a substantial resident scientist population, which 
allows us to identify several likely affected scientists as well as comparing their 
choices against the US life scientists working in other fields of research. Levine 
(2012) argues that hESC researchers express a preference to relocate to the US 
states perceived to be less restrictive. The study, based on surveys, suggests that 
expressed preferences are an indication that the participants would act upon it. 
More specifically, the authors find that a state’s stance on hESC correlates with 
their ranking in their survey.
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The legislative events at federal and state level offer a unique opportunity to eval-
uate how the diverging interests at the two levels counteract or amplify each other. 
The differential impact of federal and state hESC legislation is a textbook exam-
ple the “States as Laboratories of Democracy”. This idea can be traced back to US 
Supreme Court Justice Brandeis in 1932. Brandeis declared that: “It is one of the 
happy incidents of the federal system that a single courageous State may, if its citi-
zens choose, serve as a laboratory; and try novel social and economic experiments 
without risk to the rest of the country”. Therefore our analysis, beyond the specific 
issue of hESC research laws, can also be viewed as a case study of how state laws 
have been used to counterbalance federal regulation.

2  Historical overview of stem cell research and regulation

In 1981, scientists were first able to derive embryonic stem cells from mice embryos 
(Department of Health and Human Services 2015) marking the early beginning of 
stem cell research. The cloning of mammalian cells by Wilmut et al. (1997) and the 
derivation of the first hESC lines by Thomson (1998) highlighted the possibilities 
and ethical implications of the technology. The source of the ethical conundrum lies 
in the process by which hESC lines are derived, which involves the destruction of 
human embryos. States and the federal government have since stepped into regulat-
ing the field (Levine et al. 2013).

Stem Cells are cells, which have not yet specialized to become more specialized 
types of cells (e.g. a muscle, red blood or brain cell) but are still able to do so and 
can renew and divide themselves (Department of Health and Human Services 2015). 
We distinguish two types of stem cells embryonic and adult. Both can become more 
specialized. However, embryonic cells are thought to be more “versatile” and are 
far easier to be cultured. In contrast, adult stem cells are more difficult to obtain in 
large numbers, something that is necessary for replacement therapies (Department 

Fig. 1  The state of global hESC Research policies as of 2014. The map is based on the information com-
piled by StemGen (2017), Russo (2005) and Levine (2008)
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of Health and Human Services 2015). Takahashi and Yamanaka (2006) discovered 
a method to “reprogram” specialized adult cells to regain certain hESC like fea-
tures. These induced pluripotent stem cells (IPSCs) are an important new avenue for 
research, which reduces the need for hESC cells in several cases. However, for the 
period under investigation, i.e., 1998 to 2008, hESC was the most prevalent form of 
Stem Cell research, while IPSC has influenced Stem Cell research trajectories since 
then (Scott et al. 2011).

Globally, hESC research laws are very disparate. Some commentators (Caulfield 
et al. 2009; Russo 2005) describe it as a “patchwork of patchworks”, mimicking at 
a global level, what we observe in the US. This patchwork is illustrated by the Stem 
Cell World Map  (see  Fig.  1), compiled by StemGen (2017) and the similar clas-
sification by Russo (2005). On the map, we note the varied approaches governing 
EU countries, with Italy and Germany adopting a restrictive approach and the UK 
and Belgium being more permissive in the kinds of experiments tolerated and the 
variety of Cell Lines made available for research. At a global scale similar to the US, 
we have very different approaches to this emotionally and ethically charged field of 
research.

The first federal response to the potential future development of hESC was the 
Dickey-Fuller Amendment in 1996. The amendment bans any federal funding for “ 
(1) the creation of a human embryo or embryos for research purposes; or (2) research 
in which a human embryo or embryos are destroyed, discarded ...” (Kearl 2010). 
This amendment has been attached to every appropriations bill for the Departments 
of Health and Human Services, Labor, and Education since 1996. This amendment 
makes federal funding unavailable, but does not outright ban hESC research as such, 
as evidenced by Thomson’s (1998) Breakthrough in 1998 (see Fig. 2).

Several states responded to the federal vacuum by passing legislation at the state 
level. These laws address in part the legality of research on embryos, the consent 
requirement to research on fetus/embryos or restrictions to purchase and sell human 
tissue.1 US states, after the Dickey-Fuller amendment, adopted legislation, which 
has been classified by Levine et  al. (2013) as either restrictive or supportive. For 
example, in 1998, Rhode Island was the first state to propose relevant state legisla-
tion in favor of hESC and the same year, Michigan adopted legislation hindering 
hESC research. However, some states (e.g. Pennsylvania) had laws on their books 
even before the advent of the technology in 1998, on the subject of abortion, which 
indirectly affect the practicality of hESC research (National Conference of State 
Legislatures 2016). Which states are supportive or restrictive is shown in the time-
line in Fig. 2 and shown on the map in Fig. 3, as they were in 2008.

The lines between supportive and restrictive states are blurry as the nuances of 
civil and criminal liabilities considered by the National Conference of State Leg-
islatures (2016) shows. Moreover, even if National Conference of State Legisla-
tures (2016) and Levine et al. (2013) have classified a state as either supportive or 
restrictive, state-level amendments and legislative proposals have been passed and 

1 The National Conference of State Legislatures (2016) has an extensive breakdown of the various legal 
aspects considered by multiple states.



167

1 3

Eurasian Business Review (2021) 11:163–189 

discussed without passing legislation. This ongoing debate in state capitols suggests 
that adopted legislation regarding funding and legal research practices is not a sud-
den shock to the resident scientist population. Instead, it is the culmination of legis-
lative proposals and public opinion, which is also supported by the results of Levine 
et al. (2013). The long lead time to the passage of actual legislation means that the 
stance of a state would have been known to the relevant population well in advance. 
This observation implies two things for the analysis, (1) changing from supportive 
to restrictive or vice versa is not a shock and (2) the level of support, while not 
enacted by a specific law, characterizes the state further into the past. In other words, 
a state without specific hESC legislation which becomes supportive in a given year 
by passing legislation has already signaled either through proposed legislation or 
tolerant administration the stance of the state on the issue.

Beyond these state-level regulations, mostly affecting the practicality of hESC, 
there have been two fundamental state and federal laws concerning the critical 
aspect of research funding. Bush Banned in the August of 2001 any federal funding 
for hESC, exempting research into cell lines derived before the announcement. The 
ban does not only affect future funding, but any research on hESC done in the future 
may not be conducted on federally funded premises or equipment (Adelson and 
Weinberg 2010). As a countermove, California adopted the ballot initiative “Propo-
sition 71” devoting 3 Billion Dollars to hESC.
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Fig. 2  Time-line of main Stem Cell legislation events in the USA. The events above the timeline can be 
broadly classified as “supportive”, the events below “restrictive”. The states (abbreviations) listed above 
and below, indicate the year in which a given state has adopted a supportive or restrictive stance. Note 
that IA and MI change from restrictive to supportive

Fig. 3  The map of the US 
highlights the stance of the 
individual states on hESC. Note: 
Territories which are not shown 
(e.g. Alaska) are all Baseline
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The funding made available by Proposition 71 in November of 2004 is to date 
the most generous state hESC funding scheme in the US. After California, several 
other states have adopted similar funding schemes (e.g. New Jersey, Massachusetts), 
although nowhere near the size of the 3 Billion provided by Proposition 71 (Acosta 
and Golub 2016). Both the generous funding and the signal to other states to start 
their funding schemes are arguably a significant legislative shock. We argue, there-
fore, that this event has affected increased mobility to California in particular and 
prevented moves abroad in general.

Immediately after the approval of Proposition 71 litigation regarding its legality 
prevented the disbursement of funds for research until 2006. As Acosta and Golub 
(2016) argue, during this period, the state built the administrative apparatus to eval-
uate and monitor future investments. This delay has then arguably had two effects 
on the hESC population. On the one hand, it made the financing less sure. There-
fore, some researchers may have decided to move regardless. On the other hand, the 
ongoing work on the administrative framework was a signal to hESC scientists that 
California was serious about this initiative.

3  Research hypotheses

Scientific funding is one of the primary tools used to guide national research agen-
das, e.g., fundamental research into promising future industries, fields perceived to 
be of strategic importance among others. Public funding is critical in the develop-
ment of fundamental research, for which a commercially viable application is a long 
way off. McMillan et al. (2000) find that public research, performed and funded pri-
marily by the governments and academia is the main factor creating the groundwork 
for successful biotech products. In line with this finding, funding and research into 
the basic science of Stem Cell are in large part driven by public funding and not 
commercial ventures. Public funding was and still is a crucial driver in Stem Cell 
Research as illustrated by the billions of dollars of funding provided by California in 
2006. We find that in the period under consideration and our dataset, only 2.7% of 
hESC researchers are affiliated with commercial entities (see Table 1).

Given the prevalence of stem cell research in academia, it stands to reason that 
the forces influencing the choice of research direction and mobility are influenced 
by the way academic careers are shaped. Following the reasoning of Vakili and 
Blomfield (2016), scientists need to balance access to funding while pursuing 
cutting edge research to garner academic prestige and recognition among their 
peers. For example, researchers interested in furthering their career in the field 
of stem cells and related therapeutic methods would be interested in hESC a field 
which according to Vogel (1999) and Holden (2004) was at the time one of the 
most promising areas of research. HESC researchers are constraint by funding 
and legal challenges; nevertheless, a breakthrough result in hESC has the poten-
tial to boost academic prestige and thus career prospects significantly. These two 
forces, academic recognition and funding opportunities counteract each other in 
the case of Stem Cell researchers. We argue that in a restrictive location, R&D 
funding, support and potential for significant breakthroughs are reduced. This 
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situation either leads scientists to (1) choose a different field where breakthrough 
results are more likely or to (3) relocate to more permissive states or countries. 
As argued above in this nascent field, private investment is negligible since com-
mercial applications are far off, and a significant part of the work is basic sci-
ence. Moreover, as found in Chessa et al. (2013), Morescalchi et al. (2015) and 
Verginer and Riccaboni (2020, 2021), the leadership of global science cities and 
countries is driven in large part by inter-city and international mobility. For these 
reasons, we look in this work specifically at the relocation and mobility.

Academic mobility is also influenced by many factors, beyond funding con-
siderations. However, it would be hard to argue that funding and legal security to 
carry out one’s research are not fundamental, especially given this field’s lack of 
commercial applications in this period. Miguélez and Moreno (2014) analyzing 
mobility of inventors across European regions identifying job opportunities, the 
presence of social networks as drivers. There is also a stream of literature suggest-
ing that amenities, e.g., mild weather, high-quality local infrastructure, quality of 
life, play a crucial role in determining the mobility of high skill labor  (Glaeser 
et  al. 2001; Florida 2002; Rappaport 2007). However, there has been mounting 
evidence that job availability is, unsurprisingly, a much more critical factor (Par-
tridge 2010; Faggian et al. 2012; Cheshire and Magrini 2006). Overall the picture 
that emerges concerning drivers of mobility is that there are many factors, but 
that job availability is central and a “sine qua non”. For this reason, we argue 
that the assumption that change in funding and legal status of a specific field of 
research directly affects the availability of jobs is a warranted since it represents a 
direct motivation for relocation and hence the main focus of our analysis.

Where scientists choose to relocate is a multi-faceted issue starting well before 
observed individual mobility. A first factor, which affects the observed mobility 
is the geographic distribution, i.e., where are these researchers located in general. 
If there are hardly any hESC researchers working in more restrictive states, and 
most researchers are already working in supportive states, this would imply that 
the population which could move is already biased. Therefore, before discussing 
mobility patterns and the impact of major legislative shocks, we will describe the 
distribution of scientists.

With this in mind, we propose the first hypothesis with regards to the mobility 
of researchers across states.

Hypothesis 1 (H1) hESC Researchers are more likely to move if they are located in 
restrictive states and chose preferentially supportive destinations.

We have noted that state and federal legislation is continuously evolving. 
Among these, there have been two significant events which could have reasonably 
affected the attractiveness of the US in general and California in particular. These 
two events are, (1) the heavy restrictions on federal funding for hESC research 
imposed by Bush in August 2001, henceforth the “Bush Ban” and (2) Proposi-
tion 71 in California.
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The Bush Ban prevents federal funds from being used for hESC research on 
non-approved stem cell lines and the derivation of any new cell lines (see the 
introduction for more details). Proposition  71, a Californian funding initiative 
passed in November of 2004, “authorizes a total of nearly $3 billion in tax-free, 
general obligation state bonds to support stem cell research at California hospi-
tals, medical schools, universities and other research institutions over ten years” 
(Baker et al. 2004, p. 2).

With regards to these two legislative changes, we formulate the following 
three hypotheses.

Hypothesis 2 (H2) hESC Researchers moved with a higher probability abroad, i.e., 
left the US, following the Bush Ban.

Hypothesis 3 (H3) hESC Researchers move in response to the approval of Proposi-
tion 71 with a higher probability to California.

Hypothesis 4 (H4) hESC researchers residing in California are less likely to leave 
the state following Proposition 71.

To assess if there has been any change in mobility patterns following these 
interventions, we will estimate the probability to move, not only overall as done 
for the interstate mobility but each year. If there is indeed a strong signal that 
mobility abroad or to/from California for hESC researchers changes after the 
two interventions they would show up as significant increases in mobility inten-
sities above and beyond the general trend observed in the less exposed control 
groups.

4  Data

4.1  Mobility

We trace the mobility of researchers by looking at the affiliations listed on their 
publication in MEDLINE using the same approach as in Vaccario et al. (2020) 
and Verginer and Riccaboni (2020, 2021). MEDLINE provides open access to 
more than 26 million records of scientific publications, with most of the corpus 
covering research in the life sciences. Specifically, we use Author-ity (Torvik 
and Smalheiser 2009), a dataset which allows us to identify an author across 
publications and Mapaffil (Torvik 2015), a dataset with disambiguated affiliation 
records. By combining these two data sources, we obtain individual-level mobil-
ity trajectories as witnessed by their scientific output in MEDLINE. To identify 
a move, we look at a scientist’s publication history. The scientific publications 
by a single author are shown as a sequence of circles from top to bottom. Each 
publication has a date (in rows) and location (in columns) associated with it. We 
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look at 2 years before a given year (e.g. 2003) and two after. In the example in 
Fig. 4, we identify B as the source and C as the target of the move.

4.2  Productivity

We know that productivity of researchers affect their mobility patterns and therefore 
must be controlled for. As in Verginer and Riccaboni (2021), we control for individ-
ual-level productivity by computing for each author, and every year, a citation-based 
productivity measure. Specifically, we compute it using the impact factor of the 
journals the author has published in the 2 years before the move and correct for the 
number of co-authors. For journal impact analysis, we rely on the SCImago (2020) 
dataset. This online database offers comprehensive journal indicators obtained from 
the canonical Scopus Database.

For example, let us assume an author publishes two papers with three co-authors 
each in the 2 years before a move. One paper is published in a journal which got 20 
citations per document in the past 2 years and 1 in a journal which got two citations 
per document in the past 2 years. In this example, the author obtains a productivity 
value of 5.5 = 20∕4 + 2∕4 . In the regression analysis, we use the natural log of this 
number to proxy the productivity of the author since scientific productivity is highly 
skewed.

4.3  Identification of hESC researchers

We identify Stem Cell researchers through the titles and abstracts of papers they 
have published in MEDLINE. We distinguish four types of researchers. These four 
classes of researchers have an increased likelihood of being subject to hESC regu-
lation in their work. (1) Other Life Scientists (NoSC), represent all scientists avail-
able in MEDLINE for the relevant period but have never mentioned “Stem Cells” in 
their work and have never worked with anyone discussing “Stem Cell” in their work. 
This group should be mostly unaffected by Stem Cell legislation. (2) Stem Cell (SC) 
researchers, are scientists who work on stem Cells in general but not on “embryos” 
or “human embryos”. This group might be impacted directly or indirectly by state 
legislation. The same reasoning goes for (3) Embryonic Stem Cell (ESC) researchers 

Fig. 4  Reconstructing the inter-
icty/state mobility. The scientific 
publications by a single author 
are illustrated as a sequence 
of green circles from top to 
bottom. Each publication has a 
time (in rows) and location (in 
columns) associated with it
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who might experiment on “embryos” but not of the “human” kind. Finally, the 
most likely researchers to be affected are (4) human Embryonic Stem Cell (hESC) 
researchers which explicitly mention human embryos in their research. Specifically, 
to identify researchers working on SC, ESC and hESC, we proceed as follows. We 
collect all publications in MEDLINE marked as Journal Article and filter out 
papers which contain the following strings either in the title or the abstract.2 

SC “stem cell*”
ESC “stem cell*” and “embry*”
hESC “stem cell*” and “human embry*”

Here “*” represents a wild-card matching any subsequent letter if it is not inter-
rupted by white-space. We restrict our search to Documents of type Journal 
Article to minimize the chance that we pick up commentary on stem cell and 
not actual hESC research. An alternative to the simple text-based search is to use the 
MeSH (Medical Subject Headings), a key-word classification system maintained by 
the National Library of Medicine. However, the term “Fetal Stem Cells” has only 
been introduced in 2006 as a refinement of “Stem Cells”, and therefore is not avail-
able in the period of interest.

We adopt the following convention to take into account, that hESC researchers 
might not necessarily start their career carrying out hESC research. A scientist who 
has published a paper on hESC in year t is marked as being an hESC researcher 
3  years before (t − 3) . A conceptual illustration of this definition is available in 
Fig. 5.

If a scientist has published work falling in multiple categories, she is always 
placed in the most exposed group. So, for example, a scientist classified as both 
hESC and SC would be classified only as hESC.

We adopt this convention for three reasons. First, the publication represents a 
delayed signal of the actual research, i.e., if a paper appeared in 2005, it stands to 
reason that the work was carried out a few years prior. Second, we do only observe 
papers available in MEDLINE, which does not offer universal coverage. Therefore, 

Fig. 5  Identification of SC researchers. The illustration shows an author becoming active in year 0 by 
publishing a NoSC paper. In the subsequent years, she publishes on SC, ESC and hESC. Since a publica-
tion is a delayed signal of activity, her type is determined several years prior. Using an offset of 3 years, 
she is an SC scientist in 0, ESC in 3 and hESC in year 5

2 The full text of the articles is only available for a subset of MEDLINE, and only abstract and title are 
readily available.
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we could have missed a prior publication and would classify the researcher as hESC 
later than we should have. Third, it takes time for a young researcher to start pub-
lishing on hESC and thus a publication is a delayed signal of the fact that his career 
in the previous years was in this field.

The type of organization a scientist works for might affect the financial incentives 
of public funding restrictions. For example, researchers working for a commercial 
company might be less likely to require funding from the state or the federal govern-
ment. As argued in the introduction given the infancy of this technology in the years 
under consideration, most hESC research has been carried out by scientists working 
for public institutions, if we look at the distribution of affiliation types, as classified 
by Torvik (2015), and shown in Table 1.

We see that only 1.8–2.7% of Stem Cell researchers work for commercial enti-
ties, which is also below the 3.8% we find the in the general scientist population. 
This observation suggests, first that the scientists in the dataset we consider are by 
and large research scientist working for public institutions and second that stem cell 
scientists are more likely to work for public institutions than the general scientist 
population.

4.4  Supportive states

We distinguish between Supportive and Not Supportive legislation (i.e., did not out-
right declare support yet or are restrictive). We do this since explicitly signaling 
support is more critical for hESC researcher than omitting or outright declare such 
research not welcome.

To appreciate the evolution over the years of the distribution of these scientists 
across the various policy regimes (including “restrictive”), we show in Fig.  6 the 
breakdown of the four types. The types differ primarily in their number, with each 
group being substantially smaller than the previous. The low number of stem cell 
researchers becomes an issue if we consider that most scientists do not move in any 
given period.

Table 1  Distribution of 
scientists according to affiliation 
type

hESC ESC SC NoSC

Educational 79.8 81.6 77.9 77.6
Hospital 5.4 5.4 9.4 7.2
Research organization 10.3 10.9 9.6 8.9
Unknown 1.3 0.8 0.7 1.4
Military 0.2 0.2 0.1 0.4
Government 0.2 0.2 0.2 0.6
Commercial 2.7 1.8 2.0 3.8
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5  Results

Before we address the impact of the two primary legislative intervention, i.e., Bush 
Ban and Proposition 71, we will characterize how the Stem Cell research population 
is distributed across the US.

In the analysis, we will be using the following variables and controls. 

Supportive  Equal to 1 if the state in the given year is supportive and 0 otherwise 
(i.e., not supportive)

StemType  Dummy variables identifying the four classes of Stem Cell research-
ers, the NoSC is the always the base case

Productivity  The Productivity of the author as described in detail in Data Section.
Age group  Age is measured as the difference in years from first publication to 

the move year. The age-groups are split such that the cohorts are of 
comparable size

State  The state the author was in before the year the move took place
Year  The year in which the move took place.

We include productivity to control for the fact that moving and the destination of 
a move might be correlated with this factor, as the analysis by Verginer and Ricca-
boni (2021) on the international mobility of scientists suggests. Moreover, the stage 
in the career of a scientist affects the propensity to move; therefore, we also control 
for age. We also include both State and Year dummies to alleviate concerns that 
state and year-specific effects might bias our results.

Fig. 6  Distribution over the years of researchers according to the stance of the state they work in. The 
stance of the state changes over the years
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Descriptive statistics and correlation tables are available in the appendix (see 
Tables 6 and 7).

We look first at the prevalence of researchers across fields to see if there is a bias 
there, i.e. the distribution of scientists across supportive and non-supportive states.

Not all states are of comparable size in 2008, as suggested by Fig. 7. Support-
ive states, as declared in 2008, host 50% of the total population of active life scien-
tists. However, this has not been the case in previous years, where few states enacted 
outright legislation in support as illustrated by Fig. 6. To see how researchers are 
distributed across supportive and non-supportive states, we aggregate the state 
they were located in from 2002 to 2008. We restrict the interval to this sub-period 
since before 2002 the number of scientists working in declared supportive states is 
negligible.

By comparing the relative prevalence in the geographic distribution of hESC 
researchers across supportive and not supportive states against the NoSC popula-
tion, we can identify an imbalance. This analysis helps us to validate two things, 
(1) the validity of the classification itself and (2) geographic imbalance. If the clas-
sification of supportive states were not informative, there should not be a discernible 
difference between the two groups. Specifically, a deviation from the distribution of 
the NoSC population in favor of supportive states would falsify the assumption that 
the two populations are distributed proportionally. We do find, however, evidence in 
Table 2 to support the idea that stem cell researchers prevalently work in declared 
supportive states. All three levels of exposure (i.e., SC, ESC and hESC) are between 
15 and 33% more likely to be affiliated with institutions located in supportive states 
than NoSC counterparts.

To make sure that what we observe here is also accurate accounting for state and 
year effects, we estimate a panel fixed effects model covering the period 1995–2008. 
We include a more extended period than before since by using a Fixed Effect model 
we can exploit the change from not supportive to supportive for a state:

(1)log (ESC Pop.)
st
= �0 + �1 log (Total Pop.)st + �2Supportivest + �

s
+ u

st
.

Fig. 7  Percentage of the Life Scientists Population working in 2008 in the given state. The shown states 
cumulatively account for 80% of this population
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We estimate the log of the hESC population as a function of the stance of the state 
in that year and the size of the entire Life Scientists population in that state. Where 
log (ESC Pop.)

st
 is the log of the scientists identified as ESC active in state s in year 

t. Similarly log (Total Pop.)
st
 refers to the total population of active scientists in the 

states s in year t and Supportive
st
 identifies the stance (i.e., supportive, not-support-

ive) of state s in year t. Note that the base-case for the state policy stance in the 
regression is “not supportive”. The results of the panel regression in Table 3 sug-
gest, in accordance with Table 2, that there is a preference for hESC scientists to 
work in supportive states. The scientist population of the state explains a large part 
of the variance. In fact, Fig. 7 shows that the largest states are indeed supportive.3

In conclusion, we find that scientists with high exposure to stem cell legislation 
tend to work in supportive states.

Table 2  Distribution for the 
four classes of researchers in the 
period 2000–2008 by the state’s 
supportive stance as they are 
distributed

Prop indicates what proportion of researchers are found in that class. 
For example authors without any connection to Stem Cells have a 
concentration of 32.4% in supportive states. The �% indicates by 
how much the Stem scientist populations deviate from the NoSC 
population, i.e., hESC/NoSC-1

Supportive Not supportive

Prop (%) � % Prop (%) � %

NoSC 32.4 67.6
SC 37.2 + 15.0 62.8 − 7.2
ESC 39.9 + 23.2 60.1 − 11.1
hESC 43.1 + 33.1 56.9 − 15.8

Table 3  Fixed Effect regression on the log of the population stocks

t statistics in parentheses
∗
p < 0.10 , ∗∗p < 0.05 , ∗∗∗p < 0.01

(1) (2) (3)
log(Pop. SC) log(Pop. ESC) log(Pop. hESC)

log(Pop Tot.) 1.157∗∗∗ (32.10) 0.913∗∗∗ (22.03) 0.753∗∗∗ (15.91)
Supportive 0.288∗∗∗ (5.04) 0.357∗∗∗ (5.00) 0.585∗∗∗ (6.14)
Constant − 4.048∗∗∗ (− 16.13) − 3.467∗∗∗ (− 12.15) − 3.238∗∗∗ (− 10.06)
Observations 593 593 593
R
2
within

0.656 0.449 0.333

R
2
between

0.865 0.786 0.686

R
2
overall

0.861 0.781 0.658

3 We have tested for robustness also random effect specifications in addition to carrying out regressions 
on the raw population counts. The results confirm that more supportive states host a larger proportion of 
stem cell scientists and especially hESC scientists. The regression is available upon request.
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So far, we have noted that two forces are affecting the relocation choice of hESC 
researchers, which could confound our estimates to move from not-supportive to 
supportive. We have found that in general hESC researchers are already predomi-
nantly residing and working in supportive states and have a lower propensity to 
move than their counterparts in not supportive states. Nevertheless, we can estimate 
for mobile researchers who do indeed change move to a different city in a given 
year where the target city is most likely to be. More precisely, we estimate the Logit 
model shown in Table 4. Where TargetType

i
 and SourceType

i
 are the stance of the 

state inventor i moved from and to respectively. The variable StemType
i
 identi-

fied the type of researcher i. Additionally, we control for the age group the author 
falls in (cohorts of 2 years, e.g. researchers from 1 to 2 years are grouped, as are 
10–11 years old researchers).

We do find that researchers, in general, are more likely to move to supportive 
states. Moreover, ESC researchers are less likely to move to “Not supportive states” 
then the general NOSC population. However, we do not find a discernible difference 
for hESC researcher to move preferentially to supportive states above and beyond 
what we would expect from the general mobility patterns. These findings suggest 
that there are mixed signals with regards to H1. We do have evidence that stem cell 

Table 4  Logit regression 
with dependent variable the 
destination type

The errors are clustered at the source state year level (572 clusters)
∗
p < 0.10 , ∗∗p < 0.05 , ∗∗∗p < 0.01

(1) (2) (3)
Supportive Not supportive Abroad

SC 0.138∗∗∗ − 0.110∗∗∗ 0.0642∗∗

ESC 0.0700 − 0.188∗∗∗ 0.187∗∗∗

hESC 0.0988 − 0.0230 − 0.0177
Supportive 1.047∗∗∗ − 0.819∗∗∗ − 0.0163
Supportive × SC − 0.211∗∗∗ 0.0642 0.0406
Supportive × ESC − 0.190 0.0647 0.0583
Supportive × hESC 0.0339 − 0.111 − 0.0429
Productivity 0.0330∗∗∗ − 0.00950 − 0.0114
Constant − 5.980∗∗∗ 1.769∗∗∗ − 1.606∗∗∗

Age effects Yes Yes Yes
Year effects Yes Yes Yes
State effects Yes Yes Yes
Observations 287,913 287,918 287,918
Log likelihood − 109,877.3 − 176,447.3 − 158,996.0
Pseudo R2 0.232 0.107 0.00763
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researchers are already predominantly working in supportive states, and thus this 
could negatively affect our estimate. The most confident claim we can make with 
regards to H1 is that there might be a tendency for hESC researchers to move to sup-
portive states, but the effect is masked by the fact that most hESC researchers are 
already in supportive states and that these do not move as much, once there.

5.1  Mobility abroad following the Bush Ban

Following the general characterization of the geographic distribution of researchers, 
we address now the remaining hypotheses of this work.

First, we investigate H2, the claim that hESC researchers left the US following 
the announcement of the Bush Ban in the August of 2001. We have noted that there 
are no clear preferences for hESC scientists to move abroad (there is for ESC), but 
there could have been a peak over the years which we have averaged out. To test the 
hypothesis that there was an uptick in moves abroad, we estimate a logit model with 
a dummy for each year and type of researchers. We consider only researchers who 
did indeed move to another city.

The detailed results of this regression are available in the Appendix in Table 8. We 
note that controlling for state effects, we do not find a significant difference between 
researchers in supportive and restrictive states in their tendency to move abroad. 
However, we do observe some differences in yearly marginal probabilities to move 
abroad for the four researcher types.

In Fig. 8a we show the probability to move abroad for unaffected group NoSC 
and the largely unaffected SC group. Note that except for 1999—well before both 
the Bush Ban and Proposition  71—the two groups have the same propensity to 
move abroad, suggesting that SC has not been materially affected by either the Bush 

Move Abroad
it
= �0 + �1Supportiveits + �2Yearit × StemType

it

+ �3Productivity

+ Age Group
it
+ Year + State + u

it

Fig. 8  Marginal Probability to move abroad, for researchers which move in a given year (i.e., 
Pr(Move Abroad|Leaving city,X) ): a SC vs NoSC, b ESC vs NoSC
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Ban or Proposition 71. This result suggests that SC are mostly unaffected. Similarly, 
the more at-risk group ESC, shown in Fig. 8b, is more likely to leave the country 
then NoSC. This trend can be observed for most of the period and is in line with 
the results in Table 4. Importantly the trend does not seem to be affected by the two 
legislative measures. These results point again to the fact that stem cell research as a 
whole is not materially affected.

We do find that hESC, researchers working with human embryos, seem to 
respond to the two treatments, as shown in Fig. 9. The trend from 1998 to 2002 is 
statistically not distinguishable from NoSC, suggesting that mobility abroad before 
the Bush Ban was in line with general Life Scientists. However, in 2003, there is a 
sudden uptick in mobility abroad, which is quickly reversed and tends below NoSC 
after 2005. The difference is not significant at the 95% confidence level, as the over-
lapping error bars suggest. Still, the sudden shift in trend could indicate the influ-
ence of the Bush Ban or Proposition 71. A similar conclusion is supported by com-
paring ESC and hESC, which is a comparable group in numbers and research focus.

With regards to H2, we do not find conclusive evidence that hESC mobility has 
materially increased following the funding ban. We do, however, find that unlike 
the other at-risk groups (SC and ESC) the mobility abroad seems to be affected by 
the ban. The sudden drop off after 2005 could simply be a reversal to the mean, or it 
could have been influenced by Proposition 71.

5.2  California and Proposition 71

We address in this section the remaining two hypotheses related to the passage of 
Proposition 71. Specifically, we estimate the probability to move to California, con-
ditional on observing a move to another city. In other words, the variable “Moved 
To California”, the primary variable of interest in this model, is equal to 1 if a given 
scientist moves to California in the given year, and 0 if the given scientist moves to a 
different country or city which is not in California. We also do not include scientists 
who are already based in California and move to a different city. Precisely, we esti-
mate the following repeated cross-section model where each observation identifies a 
mobility decision in 1 year.

Fig. 9  Marginal probability to 
move abroad, for researchers 
which move in that year
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In Table 1, the regression results are outlined. We compare the marginal probabil-
ity to move to California over time for the various researcher types to understand 
if there has been a sudden influx of scientists following either the Bush Ban or 
Proposition 71.

As in the previous section, we look at the marginal predicted probabilities to 
move to California for the at-risk groups in sequence. We can verify again in Fig. 10 
that the SC group is virtually identical to the NoSC in its propensity to move to Cali-
fornia and neither the Bush Ban nor Proposition 71 seem to have had an effect.

The ESC group, the second most at-risk group, similarly does not deviate in its 
propensity to move to California from the NoSC group. However, there seems to be 
a drop in mobility toward California in 2006, which quickly reversed. What is clear 
is that the announcement of the Bush Ban did not materially affect ESC’s propensity 
to move to California and Proposition 71 did not increase this propensity.

However, the impact of the two policies is different for the group most likely 
to be affected by both legislation, i.e., hESC. We can observe that the propensity 
of hESC researchers to move to California is in line with what we expect it to be 
in the three policy regimes. In the pre Bush Ban (1998–2001) it is in line with 
general mobility trends. In the years after but before the vote on Proposition 71 
(2002–2004), it dropped due to mobility abroad. And finally it reversal after the 
adoption of Proposition 71 (2005–2008). The magnitude of the policy impact is 
not negligible, jumping from 5% just before Proposition  71 in 2003, to 12% in 

(2)Move To California
i
= �0 + �1Supportivei

(3)+ �2Yeari × StemType
i

(4)+ �3Productivityi

(5)+ �4Age Groupi + Year
i

(6)+ State
i
+ u

i

Fig. 10  Marginal probability to move to California for a NoSC vs SC and b ESC vs NoSC
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2006. In the years that follow this trend reverses to the NoSC mean of 7%. By 
considering the 95% confidence bounds, the jump from 2002 to 2006 is signifi-
cant, assuming common trends with either NoSC or SC.

In addition to the divergence of the propensities to move to California, we have 
also seen that hESC scientists are concentrated in supportive states and tend to 
stay in supportive states. These two factors arguably reduce the observed effect 
size, given that most scientists are already where they want to be, either because 
they moved there and do not want to relocate or because they started their career 
there.

By comparing Fig. 9, the probability of hESC researchers to move abroad with 
Fig. 11, the likelihood of hESC researchers to move to California, we note that 
the responses to the two policies are mirrored. Where we observe an increase in 
mobility abroad, from 2002 to 2004, we see a drop in moves to California, and 
analogously after the vote on Proposition 71, we observe a reduction in mobility 
abroad and an uptick in mobility towards California. This “mirror effect” suggests 
the possible existence of a substitution effect, whereby mobility to California is 
substituted with mobility abroad post Ban announcement and post-Proposition 71 
a shift from abroad to California.

To further strengthen our claim that Proposition 71 has had the overall effect 
of reducing mobility abroad and increasing retention of hESC scientists in the 
US in general and in California, in particular, we look at the marginal predicted 
probability to leave California over the same period. The probabilities for the 
least affected groups are shown in Fig. 12, where we note that SC has not been 
affected. The propensity to leave California if anything has increased above and 
beyond the baseline NoSC group.

However, as expected and in line with the results on the propensity to move 
abroad and to California, we find that the tendency for hESC researchers to leave 
California mirrors the trend to leave the country as shown in Fig. 9. This result 
suggests that the adoption of Proposition  71, has not only increased mobility 
towards California but has dissuaded scientists from leaving the state.

We carry out the same analysis by considering only SC and hESC researchers 
(see Table 5).

By doing so, we can see the effect by comparing only two similar groups of sci-
entists, namely hESC (the main focus) and SC. The SC is a control group which 

Fig. 11  Marginal probability 
to move to California for both 
NoSC and hESC
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operates in a very similar environment but has not been impacted by either federal 
or state level legislation which is concentrated on human embryos. We find that 
the mobility towards CA for hESC is significantly higher in 2005 and 2006, after 

Fig. 12  Marginal Predicted probability to leave California comparing: a NoSC vs SC and b hESC vs 
NoSC

Table 5  Comparing the 
propensity of hESC to move 
abroad and to CA by using 
SC (not dealing with human 
embryos) as a base case

Errors clustered at state-year level (415 clusters)
∗
p < 0.10 , ∗∗p < 0.05 , ∗∗∗p < 0.01

Moved abroad Moved to CA

hESC × 1999 − 0.459∗∗ − 0.133
hESC × 2000 0.0469 0.424
hESC × 2001 − 0.307 0.704
hESC × 2002 − 0.321 − 0.678∗

hESC × 2003 0.393∗∗ − 0.395
hESC × 2004 − 0.0369 − 0.369
hESC × 2005 − 0.179 0.673∗∗

hESC × 2006 − 0.231 0.773∗∗∗

hESC × 2007 0.00623 0.148
hESC × 2008 0.0255 − 0.153
Supportive 0.0121 0.00565
Productivity − 0.0689∗∗∗ 0.0345
Constant − 0.991∗∗∗ − 2.245∗∗∗

Year effects Yes Yes
Age effects Yes Yes
State effects Yes Yes
Observations 10,350 10,177
LogLikelihood − 6221.3 − 2594.4
Pseudo R2 0.0335 0.0273
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Proposition  71, and mobility of hESC scientists abroad spikes in 2003, after the 
Bush Ban.

6  Discussion and conclusion

From our analysis, the following stylized facts regarding the mobility patterns of 
hESC researchers in the period 1998–2008 in the US emerges: 

1. hESC scientists are more likely to work in supportive states.
2. hESC scientists working in a supportive state are less likely to move than their 

counterparts in non-supportive states.
3. However, given the first two results, we do not find a significant preference for 

hESC researchers to move to supportive states (weak support for H1).
4. Mobility abroad did not significantly increase for the at-risk groups. The hESC 

group did experience a single uptick in abroad moves, which was quickly reversed; 
thus, we do not find support for H2.

5. Following the vote on Proposition 71, the drop in moves towards California is 
reversed, lending support to H3.

6. Following Proposition 71, hESC scientists leave California with a lower prob-
ability, supporting H4.

The overall pattern that emerges from the analysis is that the varied approaches 
to stem cell research have had an impact on the geographic distribution of hESC 
researchers across the US. Supportive states do employ more hESC scientist than 
non-supportive states, and more importantly, once working in a supportive state, 
these scientists do not leave.

Specifically, concerning the two most important pieces of legislation excluding 
the Obama era, i.e., restrictions on funding put in place by Bush, and the 3 Billion 
Dollar funding scheme in California, we find that the supportive state-level legis-
lation has counteracted the restrictive federal stance. There is some indication that 
hESC scientists were headed abroad following the ban in 2001. This trend reversed 
nearly immediately, and in fact, we do find that hESC researchers are less likely to 
leave the country or California, than their less exposed counterparts after 2004.

We find that state legislation and funding has had the overall effect of miti-
gating an anticipated exodus of hESC researchers following the Bush Ban. We 
argue that this is because viable alternatives to move to within the US emerged. 
A prime example of which is California with Proposition 71. According to our 
analysis, this funding scheme has attracted scientists to California and reduced 
the propensity of Californian scientists to leave the state. The nearly simultaneous 
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drop in mobility abroad and increase in moves towards California suggests that 
this initiative, and several state funding schemes that followed, have had the 
desired effect of averting an exodus of researchers.

More generally, the supportive state response to restrictive federal legislation, 
suggests that the US national research system has reacted to restrictive federal leg-
islation through lobbying at the state level. HESC research as a whole has been 
affected by restrictive state, and federal legislation as the geographic redistribution 
of hESC researchers suggest. However, the ability of individual states to step in and 
experiment with new laws has by and large negated the effect of federal restrictions 
and allowed hESC research in the US to flourish. The observed dynamics of state 
legislation counteracting federal rules is a prime example of partisan politics playing 
out at the two levels.

Overall this study points to the fact that hESC research, being a controver-
sial topic in the US has led to spatial segregation, whereby hESC researchers are 
concentrated in supportive states. More importantly, however, restrictive federal 
and state laws have been negated by permissive legislation which has most likely 
thwarted a possible departure of hESC researchers. The two-tier approach to hESC 
legislation is, therefore, an example of how the US national research system reacted 
to restrictions. According to some commentators (Salter and Harvey 2008; Gottweis 
and Prainsack 2006; Klitzman and Sauer 2009; Levine 2008), the bearish stance on 
hESC by the federal government could have compromised the standing of US hESC 
research for years to come. However, it looks like the national research system was 
resilient to this threat as indicated by our analysis and the continued leadership of 
the US in Stem Cell research.

Appendix

Tables  6 and 7 list  the summary statistics and  cross-correlations of the variables 
used in the analysis respectively. 
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Move abroad and California

See Table 8.

Table 6  Summary statistics Mean SD Min Max

NoSC
Moved 0.24 0.43 0 1
Moved state 0.19 0.39 0 1
Age 9.73 8.92 1 81
Papers 12.64 20.10 1 658
Productivity 3.13 5.01 0.00 590.34
Distance 723.52 2181.07 0 18,776.57
SC
Moved 0.21 0.40 0 1
Moved state 0.17 0.38 0 1
Age 13.07 9.90 1 62
Papers 25.69 41.15 1 1460
Productivity 5.36 8.27 0.00 176.01
Distance 669.41 2128.92 0 18,707.05
ESC
Moved 0.22 0.41 0 1
Moved state 0.19 0.39 0 1
AGE 13.35 9.93 1 66
Papers 27.71 38.98 1 467
Productivity 6.72 9.03 0.00 138.14
Distance 754.26 2257.33 0 18,663.88
hESC
Moved 0.22 0.41 0 1
Moved state 0.18 0.38 0 1
Age 13.43 9.93 1 61
Papers 30.49 46.13 1 518
Productivity 7.47 11.02 0.01 235.59
Distance 666.11 2086.49 0 16,932.99
Observations 1,367,767

Table 7  Cross-correlation table Variables Moved Moved state Age Productivity

Moved 1.000
Moved_state 0.872 1.000
Age − 0.100 − 0.102 1.000
Productivity − 0.081 − 0.072 0.252 1.000
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Table 8  Regression result 
for the estimation of the 
yearly propensity of stem cell 
scientists to move abroad and to 
California

Errors clustered at state-year level (576 clusters)
∗
p < 0.10 , ∗∗p < 0.05 , ∗∗∗p < 0.01

Moved abroad Moved to CA

SC × 1999 0.360∗∗∗ − 0.189
SC × 2000 0.00395 0.127
SC × 2001 0.130 − 0.0554
SC × 2002 0.171∗∗ 0.149
SC × 2003 − 0.00537 0.0416
SC × 2004 0.0411 0.0733
SC × 2005 0.0961∗ − 0.249
SC × 2006 0.0277 − 0.103
SC × 2007 0.0233 0.165∗

SC × 2008 0.0647 0.301∗∗

ESC × 1999 0.393∗∗ 0.715∗∗∗

ESC × 2000 − 0.0333 0.561∗∗

ESC × 2001 0.223 0.0677
ESC × 2002 0.198 − 0.0139
ESC × 2003 0.268 0.105
ESC × 2004 0.217∗ 0.155
ESC × 2005 0.180 0.104
ESC × 2006 0.139 − 0.508
ESC × 2007 0.316∗∗∗ − 0.172
ESC × 2008 0.135 0.386∗∗

hESC × 1999 − 0.117 − 0.338
hESC × 2000 0.0746 0.535∗

hESC × 2001 − 0.155 0.575
hESC × 2002 − 0.0540 − 0.543∗

hESC × 2003 0.349∗ − 0.335
hESC × 2004 0.0539 − 0.357
hESC × 2005 − 0.173 0.380∗

hESC × 2006 − 0.255∗∗ 0.614∗∗∗

hESC × 2007 − 0.0561 0.270∗

hESC × 2008 0.000477 0.0788
Supportive − 0.0138 0.0127
Productivity − 0.0115 0.0812∗∗∗

Constant − 1.611∗∗∗ − 3.746∗∗∗

Year effects Yes Yes
Age effects Yes Yes
State effects Yes Yes
Observations 287,918 242,845
LogLikelihood − 158,981.5 −59,539.5
Pseudo R2 0.00772 0.00944
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