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This article investigates whether pioneers in a research field have a sustainable first mover advantage
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nanotechnology researchers, we analyzed career attributes, professional context and production over-
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it is more probable among scientists who are already established in their “mother-discipline” (before
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030 advantage: pioneers in the emerging field exhibit significantly higher scientific production in that field
131 in the long run.

C31 © 2017 Elsevier B.V. All rights reserved.
Keywords:

First mover advantage
Scientific production
Pioneering behavior
Nanotechnology

1. Introduction

A key feature of the sciences is their constant evolution
(Bonaccorsi, 2008). Scientific fields emerge and evolve as a func-
tion of new discoveries, which yield new questions. Similarly, the
appearance of ground breaking technologies opens new possibil-
ities for solving unanswered scientific puzzles, leading to new
categories in Science. The disparity in their emergence processes
notwithstanding, new fields always confront scientists with funda-
mental dilemmas about their research trail and career (Debackere
and Rappa, 1994): should they invest time and energy in this
emerging field? Should they act as pioneers? Or should they wait
and see? What are the long term consequences of such a decision?

The notion that some scientists take a pioneering role is inherent
to Kuhn's (1962) description of scientific revolutions. Pioneers con-
tribute to the adoption of a new paradigm, involving new “beliefs,
values and techniques, shared by the members of a given com-
munity” (Kuhn, 1970). Even in approaches more evolutionary than
Kuhn’s, pioneering works are thought to produce major changes
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in how scientific problems are solved (Laudan, 1977). They have
an impact in the long run on how an emerging field is structured.
However, as high as their impact may be at the collective level, it
isn’t clear yet whether the pioneers get any individual benefit from
their early entrance. Although the first articles published in a given
topic tend to be much more cited (Price, 1965; Newman, 2009),
occasionally some “sleeping beauties” gain impact only long after
their publication (Van Raan, 2004). More importantly, that an early
paper gets more cited than later ones does not inform whether its
author gets an advantage in terms of subsequent production in the
field.

This question of entry timing is surprisingly absent from the
burgeoning research exploring the factors of individual scientific
productivity. The latter includes a wide range of factors from age
(Bonaccorsi and Daraio, 2003; Diamond, 1986; Stephan and Levin,
1997), to gender (Hunter and Leahey, 2010), to institutional affil-
iations (Stephan 1996), to collaboration strategies (Jonkers and
Cruz-Castro, 2013; Pezzoni et al., 2012) or international mobility
(Jonkers and Cruz-Castro, 2013) to cite just a few. Performance in
these cases is analyzed within the scope of a community which is
considered as a given, one piece of a larger scientific nomenclature
assumed to be stable for the study, therefore making entry timing
a non-issue. Perhaps an important explanation for this gap is that
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this array of factors influences not only a scientist’s productivity,
but also entry timing itself. That is, pioneering behavior needs to
be considered as partly endogenous (Lieberman and Montgomery,
1988). Support for this notion is provided by Debackere and Rappa’s
(1993, 1994) studies comparing early entrants in a scientific field
with their followers. They found that early entrants indeed have
specific profiles. Thus, the question of what is the reward of pio-
neering behaviors (i.e. is there a first mover advantage) is tightly
coupled to another one: what drives such behaviors (i.e. who are
the first-movers)?

Both questions have important implications for research policy.
They entail specific scientific strategies for laboratories, in terms
of recruitment and incentives to encourage (or discourage) pio-
neering behaviors. Through the identification of the typical profile
of early entrants in a field, policy makers can be informed on the
type of researchers they need to enable in order to promote knowl-
edge breakthrough. At an individual level, it sheds light on how
researchers need to strategize about entry timing.

Our objective in this paper is two-fold. First, it is to test whether
first-movers do have an advantage in terms of further scientific
production in an emerging field. Second, it is to investigate what
specific characteristics increase the chances that a scientist engages
in it. For this double purpose we rely on the extended literature in
marketing and strategic management discussing first mover advan-
tages and disadvantages (Kerin et al., 1992; Gomez-Villanueva and
Ramirez-Solis, 2013; Lieberman and Montgomery, 1988; Suarez
and Gianvito, 2007). We translate these debates to the context
of scientific publication and test their applicability to the case of
nanotechnology, which emerged in the mid-1990s and strongly
appealed to scientists from a variety of disciplines, from physics
to life science. We exploit a rich data set that combines bibliomet-
ric data (dates of publication, publication counts, citation counts,
co-authorship relationships) and a survey on the scientific careers
and professional context of French nanotechnology researchers.
This dataset allows estimating the effect of pioneering behavior on
future scientific production, accounting meanwhile for the poten-
tial endogeneity of entry timing.

We structure the remainder of this article as follows. Section
2 sets out theoretical foundations for first mover advantages and
disadvantages in Science, particularly nanotechnology. Section 3
describes the data and methods. Section 4 presents the econometric
results. Section 5 concludes with a discussion of the results and
suggestions for further research.

2. Antecedents and outcomes of entry timing in an
emerging field

2.1. Outcomes: first mover advantages and disadvantages

2.1.1. First mover advantages

Pioneering behavior has received a lot of attention in the field
of firm competitive strategies, resulting in arguments in support
for both first mover advantage and disadvantage. Perhaps the most
intuitive argument for first mover advantage is that the advance
of early entrants ensures technical leadership and creates a tech-
nology gap that competitors might never bridge. As they develop
knowledge in new research processes and techniques (Kerin et al.,
1992), pioneers can maintain this advantage overtime. In the field
studied in this paper, nanotechnology research, this argument is
made even stronger by the prevailing role infrastructures played
in its development. Consistent with Darby and Zucker’s (2005)
demonstration that research in nanotechnology consists in the
“invention of a method of invention” in Griliches’ sense (1957),
pioneers had to adapt and develop new equipment tailored for the
nanoscale. They could capitalize on this experience and gain con-

siderable timing advantage in developing applied research in that
field. For example, the history of the scanning tunneling microscope
shows that early users were heavily involved in its development
and modified it to better match their needs (Mody, 2011). In this
example, early exposure to this technology probably provided an
advantage for further research.

Another advantage of pioneering behavior is reputational (Lilien
and Yoon, 1990). This mechanism is particularly relevant in sci-
entific research, where reputation has a considerable effect on
scientists’ ability to attract new co-authors and funding (Newman,
2009), resulting in a self-reinforcing dynamic of success known
as the Matthew effect (Merton, 1968). High status researchers
get better research conditions (in terms of funding, teaching and
administrative tasks), therefore enjoying higher chances to be pro-
ductive and visible in the community (Stephan, 1996). As first
movers enter an empty field, it is theoretically easier for their
work to gain visibility and serve as a landmark for future entrants
(Newman, 2009). With this prominent position they can pre-empt
scarce resources (Boulding and Christen, 2008). The latter can be
human: early movers can establish international collaborations
networks which will be more difficult to join thereafter. Of course
there are also financial resources to be preempted. In nanotechnol-
ogy research, in particular, the dramatic increase in government
funding took place around 2000 (i.e. launch of the US National
Nano Initiative in 2001, nanotechnology named as a priority in the
Sixth Framework Program in 2002 (Palmberg et al., 2009)). Building
on their legitimacy, nanotechnology researchers who were already
established and had a publication track in the field were in a better
position to address those calls, if not to simply take part in their
conception and execution as subject-matter experts.

2.1.2. First mover disadvantages

Pioneering behavior, on the other hand, might as well have
disadvantages, such as pioneering inflexibility—that is, the inabil-
ity to change due to investments in fixed assets and switching
costs (Lieberman and Montgomery, 1988). For example, nanotech-
nology research required costly infrastructures, which must have
prolonged use to justify costs. This important initial investment
may limit the possibility of discovering new fields in the future
and quickly adapting to prescribers’ needs (e.g., industrial specifi-
cations). Later entrants, on the contrary, tend to face lower entry
barriers. For example, if in the early years of the scanning tunnel-
ing microscope its cost was extremely high, microscopy became
cheaper overtime and even small labs came to be able to afford
it. Similarly, whereas material characterization would initially sys-
tematically need important equipment, research progress opened
possibilities to use much cheaper methods such as computer sim-
ulation.

Another typical disadvantage relates to free-riding behaviors,
whereby followers benefit from the efforts of early entrants (Jensen,
2003). Researchers have an incentive to wait and see, as pioneering
work may provide them with valuable knowledge on equipment
and research processes, while not partaking in the cost of its
development. Especially if returns are uncertain, as is often the
case during discovery phases, exploiting the pioneer’s experience
can be advantageous for followers. In “regular” economic sectors,
such free-riding is usually mitigated by first-movers’ attempts to
erect barriers to imitation (Gal-Or, 1985, 1987), such as patenting.
Patents limit competition for a while, during which the firm can
consolidate a market position and gain advance down the learn-
ing curve. However, in the publication arena, there is scarcely any
tool to increase the cost of imitation for later entrants. On the con-
trary, a large part of the research activity is to disseminate to the
scientific community through conferences, workshops and semi-
nars (Stephan, 1996), in order to gain visibility. In nanotechnology,
moreover, there has been a clear division of labor, whereby an early
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mover would typically contribute by shedding light on a new mate-
rial, and as aresult open great research prospects for second movers
who would focus on the characterization or method of production
of that material.

Last, first movers in Science may suffer from resistance to
change similar to what is observed among customers facing a
new product (Carpenter and Nakamoto, 1989). In the publication
arena, where customers, so to speak, are journal referees and edi-
tors, pioneers face major obstacles inherent to the peer review
process (Lee et al., 2013). Due to conservatism biases, ground-
breaking research is more difficult to publish (Braben, 2004; Gans
and Shepherd, 1994). As they lack a frame of reference, referees
are more likely to perceive very novel research as less rigorous or
solid than more conventional research. In a qualitative study of
the European Research Council’s projets, Luukkonen (2012) found
that referees tend to qualify frontier research with terms such as
“paradigm-shifting” and “revolutionary” but reserve terms such as
“excellent” for “methodologically rigorous” works that contribute
to more established fields. Such context provides a bonus to follow-
ers, who face lower bias once the field is more established. Note
that such bias is even stronger if the emerging field relies on the
crossing of pre-existing established fields, which was the case of
nanotechnology research (Avenel et al., 2007 Rocco and Bainbridge,
2002). In spite of the value of interdisciplinary works to address
new problems (Metzger and Zare, 1999), they receive lower rat-
ings in peer review processes (Porter and Rossini, 1985), mainly
because scientific journals are often focused on one discipline and
recruit referees who, as field experts, may not have the skills to
assess the contribution of multidisciplinary work, increasing the
rejection likelihood. Once a field is better established, specialty
journals emerge, opening new outlets for publications. In 1990
was created the first journal claiming explicitly a positioning on
nanotechnology, and several creations followed, especially from
the late nineties (Schummer, 2004). For example, in the Science
Citation Index, three journals contained the root “nano” in 2003,
six in 2004 and twelve in 2005 (Leydesdorff, 2008). Early entrants
obviously had to deal with a more limited number of outlets than
later movers.

2.2. Antecedents: field entry timing as an endogenous variable

2.2.1. Applying the question of entry timing to the context of
scientific publication

A traditional view of first mover advantage theory discusses
entry timing as exogenous, i.e. a purely deliberate decision accessi-
ble to any economic actor in a competitive field. Lieberman and
Montgomery (1988) suggested however that entry timing isn't
equally valued by actors of a competitive field. In particular, not
all actors face similar entry costs and skills (Moore et al., 1991).
As a result, testing for the benefits of pioneering behavior with-
out controlling for the very factors which determine its success
might lead to potential bias. The risk is to conclude that entry tim-
ing alone drives performance, and that therefore virtually all firms
should try to enter early (or late), whereas in facts only some having
specific characteristics should. In response to these concerns, a tiny
stream of studies has explored the factors conducting to pioneering
behaviors, concluding in favor of a mixture of environmental con-
ditions and firm-level capabilities (Garcia-Villaverde et al., 2012;
Lee, 2008; Moore et al., 1991).

Applied to Science, the question of entry timing decisions can
be seen as a particular case of the larger question of how scientists
select their research problems. Although extended research exists
on this issue (Zuckerman, 1978), little is known on why some sci-
entists target emerging research problems rather than established
ones. A notable exception is a series of studies by Debackere and
Rappa (1993, 1994) on the factors of entry timing in the field of

neural networks. They distinguished between cognitive motiva-
tions (i.e. the inherent intellectual appeal of a research problem)
and social motivations (i.e. the opinion of leading researchers; the
potential for peer recognition) and found early entrants to be typ-
ically less influenced by social motivations compared with late
entrants. They enter the field with less concern for the social accep-
tance of their choice. An interpretation of these findings points
to the role of perceived risk. Contrary to what happens in “regu-
lar” economic sectors, the main risk of entering a scientific field
is indeed that only few other competitors/peers enter the same
field thereafter, preventing it from reaching legitimacy and ulti-
mately resulting in scarce funding as well as limited potential for
publication.

Although the literature is scarce, in the following sections we
highlight three types of variables which should influence entry
timing of researchers.

2.2.2. Scientific legitimacy

One important feature determining scientists’ pioneering
behavior should be their visibility and production records in estab-
lished fields. Although the reward of entering an emerging field is
by nature uncertain, scientists occupying prominent rather than
marginal positions in established fields should face lower proba-
bility of failing, because their status will facilitate gaining visibility
and acceptance. According to status theory, “increasing uncertainty
about underlying quality makes perceptions of the quality of the actor’s
endeavors depend on its status” (Podolny et al., 1996; p.668), a notion
that received empirical support in a variety of social and eco-
nomic areas (Kim and King 2014; Kim 2012; Higgins et al., 2011).
As the novelty of methods, theories or concepts involved in early
nanotechnology research create uncertainty on research quality,
scientists’ status serves as a quality signal. Thus, the conservatism
biases described in Section 2.1.2 should be mitigated for promi-
nent scientists, resulting in higher chances for them to enter the
field early.

Supportive empirical evidence to this argument can be found in
Azoulayetal.(2013)’s work on the citation boost following the win-
ning of a high-prestige prize. They found that, while the increase in
status provides a significant but small and limited citation premium
in general, the latter is significantly higher among scientists con-
ducting research in novel areas (as assessed through the vintage
of keywords tagging their articles), because quality is then more
difficult to evaluate.

2.2.3. Collaboration networks

Similar argument can be made for scientists that are highly cen-
tral in collaboration networks. Establishing a new field requires
building networks of collaborations, which empirical evidence sug-
gests to consist mainly in restructuring pre-existing networks,
rather than creating them from scratch (Perry and Rice, 1998). In
this context, highly central scientists should see more feasibility
in pioneering behavior than poorly connected scientists. As they
collaborate with many researchers and bring important contribu-
tions to them, they can more easily recruit new participants to the
emerging field, ultimately increasing their chances of success. Con-
sequently, we expect scientists who are already highly connected
in established fields to have higher chances to enter an emerging
field early.

Size however is not the only meaningful feature of collabora-
tion networks. Structure also matters. Researchers with a sparse
collaboration network (co-authors who themselves do not collab-
orate together) are often pictured as ideally positioned to broker
knowledge and benefit from it (McFadyen et al., 2009). On the other
hand, denser networks are of great value when a focal individ-
ual’s point is to engage is some collective action, which requires
cohesion, mutual understanding and trust (Burt, 2005). Density
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entails frequent and redundant information sharing, which even-
tually favors the development of collaboration norms and habits,
as well as mutual awareness (Reagans and McEvily, 2003). This
kind of highly cohesive collaboration network should be an asset to
heighten the chances of success when entering an emerging field.

2.2.4. Access to field-specific resources

Another factor that should determine pioneering behaviors
relates to the amount of resources required to enter a new field. The
experience effect claimed in support of the first mover advantage
occurs only if early entrants are able to move down the experi-
ence curve fast enough (Franco et al., 2009). This requires holding
sufficient knowledge and technological resources, without which
the timing advantage is of no particular value. This phenomenon
is particularly salient in the case of nanotechnology, which devel-
oped thanks to technological platforms. Their access was literally a
precondition to design and conduct most projects in the field. More-
over, attached to those platforms was rich tacit knowledge, often
inherited from a long history of local research, supported by multi-
institutional consortia (Robinson et al., 2007). Embeddedness in
such clusters was therefore a strong facilitator for researchers, due
to knowledge stickiness (Bozeman et al., 2007). Thus, we expect
proximity to those clusters to increase the odds of engaging in pio-
neering behavior. While such proximity can obviously stem from
an affiliation to one of the institutions or companies involved in
one of those prominent clusters, social ties may as well achieve
this outcome. Collaboration ties are indeed contexts where some
focal scientist can indirectly access the resources of others (Laudel,
2002). Collaborators who are already established in the field can
offer a “shortcut” to field-specific resources, therefore having such
type of tie should facilitate field entry.

All in all, if scientists vary in their probability to be pioneers as
a function of their professional characteristics, the latter must be
controlled for when testing the impact of entry timing. That is what
we do hereafter, using French data on nanotechnology research.

3. Data and method
3.1. Focus on the French context

To test for the first mover advantage hypothesis, we decided
to focus on the emergence of nanotechnology. As a field carrying
promises of broad and profound implications for many industries,
such as advanced materials, biotechnology and pharmaceuticals,
electronics, scientific tools and industrial manufacturing processes,
early nanotechnology research appealed to scientists from a variety
of established disciplines, from physics to biology to chemistry. We
decided to limit our focus on one country, France.

The first motivation for this focus relates to the relevant scope of
competition to be considered in such a context. To be sure, scien-
tists around the globe have similar scientific standards, compete
for publication space in the same outlets and participate in the
same knowledge communities. With this respect, one could con-
sider the entire world as the natural scope for studying pioneering
behaviors. However, a closer consideration of national research
systems and, within them, how individuals strategize about their
career, leads to a different view. Intense competition also takes
place at a national level, for two reasons: funding and institutional
frameworks. Public funding plaid a considerable role in the rise
of scientific production in nanotechnology (Beaudry and Allaoui,
2012; Zucker et al., 2007) and obviously it was primarily spread
by governments among researchers of the same nation (Wang and
Shapira, 2011). French scientists had to compete primarily with
their French colleagues for funding as well as access to platforms.

As per institutional frameworks, the French national research
system has been described as extremely centralized and discipline-
dominated (Clark, 1993). These peculiarities also induce scientists
to reason and strategize at a national level. For example, in univer-
sities, both recruitments and access to professorial positions are
conditioned by the validation of an elected committee of peers, the
Conseil National des Universités (Pezzoni et al., 2012) who, within a
discipline, are responsible for screening all applicants. Obviously,
each profile is assessed against standards which depend heavily on
the average performance of the national population of researchers
in the field, rather than rigid international standards. Even once a
position is reached, rank advancement is also affected by such com-
mittees, and the French Research Ministry sanctions all promotions
which are obviously in limited supply.

The second motivation for focusing on one country was to set
aside international heterogeneity. Due to tremendous discrepan-
cies in terms of institutional context, knowledge base and resources
availability, there are reasons to think that the ability to trans-
late earliness into an advantage as well as the factors affecting
entry timing are specific to a country. To cite just one example, the
control of disciplines on promotions and funding programs might
raise strong barriers to pioneering behaviors in France compared
with a similar behavior in the U.S.A., where there is much more
flexibility (Whitley, 2003). Thus, if theoretically a global analysis
of all nanotechnology publications worldwide would be possible
through bibliometric analysis, it would not allow accounting prop-
erly for endogeneity.

3.2. Delineation of a population of active researchers in
nanotechnology

We constructed an original data set matching bibliometric data
on scientific production, co-authorship relationships and citations,
with survey-based data on individual and career characteristics for
a sample of French scientists active in the nanotechnology field. In
2013 we identified all publications of researchers belonging to a
French institution on the ISI Web of Science that were published in
scientific journals between 1998 and 2006 and fell into the nano-
technology category, as defined by Mogoutov and Kahane (2007).
Among them, we isolated all active researchers, which we defined
as those who published more than 5 papers during that period.!

Such is the difficulty of delineating nanotechnology that it has
become a research area in itself (Arora et al., 2013). Most meth-
ods rely on algorithms that isolate publications by searching for
relevant keywords associated with nanotechnology within titles;
keywords; and abstracts. Their salient differences lie in how they
define the list of keywords; and most importantly the role they
grant to field experts in the process. Mogoutov and Kahane’s
method relies on an initial query based on keywords; resulting in
a set of “core publications”. It departs from purely lexical meth-
ods in its next step; as it draws semi-automatically new keywords
from those core publications; and relies on experts for valida-
tion of the list only then so as to minimize biases (Mogoutov and
Kahane, 2007). A recent comparison of six methods (Huang et al.,
2011) placed Mogoutov and Kahane’s approach as yielding the
largest corpus of publications. This feature made it particularly
suited for our research goal: as we focus on individual entry in

1 In other words, our study concentrates on the 10% most productive researcher
in the field. A larger query of all publications in nanotechnology in France was also
completed to estimate the specificities of this subset and showed that they clearly
tend to have been earlier on average to enter the field than the 90% least active
scientists (average year of entry 1994.67 versus 2000.03). Therefore, our data set
clearly underrepresents later entrants, who happen to be among the least active
researchers. Thus, our sample selection could lead to underestimation of the first
mover advantage and our econometric results should be interpreted with caution.

Please cite this article in press as: Sabatier, M., Chollet, B., Is there a first mover advantage in science? Pioneering behavior and scientific
production in nanotechnology. Res. Policy (2017), http://dx.doi.org/10.1016/j.respol.2017.01.003



dx.doi.org/10.1016/j.respol.2017.01.003

G Model
RESPOL-3376; No.of Pages12

M. Sabatier, B. Chollet / Research Policy xxx (2017) xXx—-Xxx 5

* Study population: scientists “active” (more than 5 papers)
in nanotechnology between 1998 and 2006 (N=2544)

* Valid contactinformation retrieved and survey sent for
1780 of them (n=495, response rate=23.2%)
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Fig. 1. Visual representation of our study population.

the field; particularly focusing on its “earliness” relative to other
researchers; priority must be put on getting a valid date of first
publication and therefore minimizing the risk of ignoring one par-
ticular publication. Huang et al.’s analyses provided further support
for this choice; by showing that the specific publications which are
detected by Mogoutov and Kahane’s method only (i.e. by none of
the other methods); lead to similar conclusions in terms of defining
the top 10 journals; countries and institutions in nanotechnology.

We selected the 1998-2006 time window because we thought
it would include researchers active before — as well as others active
only after - the acceleration in public funding observed in the 2000
decade (for instance, the total spending of Japan, USA and France in
2008 was nearly six times higher than that of 2000 (Badillo, 2012)).
Also, establishing 1998 as the lower bound would logically permit
capturing researchers involved in the steady stream of research
progress observed in the nineties (Li et al., 2008). This argument
however holds only if we assume they kept some activity after
1998.

On Fig. 1, dots represent publications and are organized by rows
representing their author. A risk associated to our approach was
to exclude from our data pioneers who have not succeeded and
thus, who were not detected in the 1998-2006 period. This would
be the case of scientists A and B in Fig. 1: 6 papers published in
total, but less than 6 if only the 1998-2006 period is considered. To
evaluate this bias, we identified all researchers who had published
before 1991 (below this threshold lie what we defined as either first
mover or second mover in our descriptive analyses - see Section
3.3) and which are not observed in our database. We found only 21
researchers. Using a search through internet (via Google Scholar),
we collected CV for 16 of these researchers. For 13 of them, we
found that they had retired before 2000. Thus, our data collection
procedure does not seem to have excluded the pioneers who have
failed but rather the pioneers who were nearing retirement in 1998.

Moreover, when comparing the total population of active
researchers with those considered active between 1998 and 2006,
they don’t seem to differ importantly at least in terms of average
number of publications in nanotechnology (respectively 48.07 and
47.18) and of average date of first publication in nanotechnology
(respectively 1994.05 and 1994.51).

Among the 2544 researchers identified as active during the
1998-2006 period (dashed box on Fig. 1), we retrieved e-mail
contacts through online searches for only 2130 researchers, 1780
of which proved to be valid. We collected 679 questionnaires

(response rate=31.9%), of which 495 (23.2%) were complete and
included in the study.? We then identified all nanotechnology
publications of those 495 researchers (above and beyond the
1998-2013 window), using the Mogoutov and Kahane (2007)
query again. Doing so allowed us to identify the date of their first
nanotechnology publication. Moreover, for each publication, we
collected information on their co-authors and the number of cita-
tions until 2013.

3.3. Variables

Using publication data, we built two alternative measures of
scientific production in nanotechnology: (1) the number of nano-
technology publications and (2) the number of citations cumulated
across all nanotechnology publications.

We also identified for each researcher any publication outside
nanotechnology before the date of the first publication in nanotech-
nology. This allowed us to account for the scientific legitimacy of
the scientist (as argued in Section 2.2.2). The same database of pub-
lications served to calculate variables on the collaboration network
(as argued in Section 2.2.3).> We measured a count of all coauthors
prior to the field entry (also referred to as degree centrality in net-
work analysis parlance). We calculated ego-network density, which
is the number of co-authorship relationships among the co-authors
of a focal scientist, divided by the maximal number logically possi-
ble of co-authorship relationships (e.g. if A collaborates with both
B, C and D, but only B and C are themselves co-authors, then the
density of A’s network is 1/3 =33,3%, with 3 the number of ties if B,
C and D all had a relationship).

The measure of access to field-specific resources (argued in
Section 2.2.4) was made possible by an analysis of the first pub-
lication in nanotechnology of our 495 scientists in the sample.
In particular, scientists working in Paris Sud, Grenoble, Toulouse,
Lille or Besangon were theoretically in a better position to engage
in nanotechnology, as those sites were singled out by the French
Research Ministry as holding outstanding material characteriza-
tion instruments and nanofabrication platforms, and were involved
in the National Committee for Scientific Research (CNRS) efforts
to improve collaboration and resource sharing among scientists
(Badillo, 2012). For each of the 495 scientists in the sample, we
checked the affiliation at the time of the first publication in nano-
technology. We created a variable taking 1 if the researcher’s
affiliation mentioned a location in either one of those five major
sites, O else. We also created a variable capturing whether the tar-
get author’s affiliation at that time was out of France. In most cases,
such affiliation was in the USA, where greater technical resources
and funding supposedly facilitated field entry. Last, we traced back
the year of entry of all co-authors mentioned on the very first pub-
lication, and created a count of all co-authors who were already
in nanotechnology at that time, consistent with our argument that
prior socialization with nanotechnology scientists also increased
the chances of entry (Section 2.2.4).

We complemented these bibliometric data with questionnaire
responses eliciting information on respondents’ educational back-
ground and current and prior professional positions. Respondents
identified their current affiliation and up to two prior affiliations
from an exhaustive list of French universities and research labs

2 To assess response bias we checked for differences between respondents and
non-respondents on two variables: date of first publication in nanotechnology
(1994.51 for the study population, 1994.67 for our sample) and total number of
papers published in that field (47.18 and 47.33 respectively). The differences were
not statistically significant.

3 When publications had more than 15 authors, though, only the 15 first authors
were considered to infer network measures (only 1% of all publications retrieved in
nanotechnology are in this case).
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Fig. 2. Distribution of the date of the first publication in nanotechnology.

and broader categories for positions outside France or in the busi-
ness sector. Respondents also noted their year-by-year professional
status since the completion of their doctoral degree and detailed
responsibilities as a principal investigator in various types of grants
for the 10 years preceding the survey. We collected information on
respondents’ main disciplinary field from a list of 14 areas defined
by the French Ministry of Research. Following data collection, we
collapsed these areas into five main disciplines: Physics, Biology,
Mechatronics, Earth Science and Chemistry.

We also controlled for scientists’ type of institutional affiliation.
We distinguished between affiliations to public (universities, gov-
ernment research agencies) versus private institutions. Our data,
however, does not identify longitudinally all the characteristics of
scientists’ organizations, such as size, composition, etc. This caveat
is due to intense institutional agglomerations or name changes
over time, which makes it difficult to track laboratories’ attributes
longitudinally.

The descriptive statistics in Table 1 reveal that scientific pro-
duction varies between 6 and 364 articles, with a mean of 47. The
distribution of this production is asymmetric: a high proportion
publishes a few articles, and a few researchers have a very high
number of publications, in accordance with Lotka’s (1926) law.

3.4. Apreliminary and descriptive approach to first mover
advantage

As shown on Fig. 2, the average year of the first nanotechnol-
ogy publication is approximately 1994 and is highly concentrated
during the 1990s, which coincides with the emergence of European
nanotechnology research (Youtie et al., 2008).

Our data also shows strong differences in production according
to the entry rank in nanotechnology publications. We considered
four types of scientists, defined according to the date of their first
publication, based on three turning points in the history of the
field (Palmberg et al., 2009): the discovery of Fullerenes (1985),
the discovery of Carbone nanotube (1991) and the discovery of
dip-pen nanolithography (1999). The third period (1991-1999)
corresponds with a dramatic increase in the total number of publi-
cations worldwide (Guan and Ma, 2007; Liet al., 2008; Miyazaki and
[slam, 2007). During the last period (1999 —. . .), new specialty jour-
nals burgeoned (Leydesdorff, 2008; Schummer, 2004) and public
funding grew dramatically in major countries, following the launch
of the US Nano Initiative in 2001 (Badillo, 2012; Wang and Shapira,
2011).

e

T T
0 100 200 300 400
nb_pub

Second movers
Last movers

First movers
fffff Third movers

Fig. 3. Distribution of the number of publications in nanotechnology by entry rank.

T
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Fig. 4. Distribution of the number of publications time weighted in nanotechnology
by entry rank.

From a descriptive standpoint, our data suggests that first and
second movers are more productive (Fig. 3). However, this finding
could result from a temporal bias, in that the production of last
movers could be right-censored. To avoid this bias, we weighted
scientific production by the number of observation years, i.e. dif-
ference between the date of the first publication and 2013 (Fig. 4)
(Table 2).

When publication are time weighted, the pattern becomes less
evident. The advantage seems to maintain for first-movers but it
considerably weakens for second-movers. As there is obviously a
risk of arbitrariness in any attempt to break down the development
of a field into sub periods, we looked at similar descriptive analy-
ses applied to five other types of breakdown.” In all of them, the
advantage of earliness either considerably weakens or simply van-

4 The turning points in the evolution of the field were identified successively (a)
based on a distinct timeline of key discoveries (1981, 1985, 1991, as appears in
Miyazaki and Islam 2007), (b) based on the quartiles of the distribution of entry
date in our sample (1991, 1992, 1997, 1999), (c) based on the growth of the total
number of publication worldwide (1991, 1998, inferred from Arora et al., 2013 and
from Palmbergetal.,2009), (d) based on the structure of “publication market shares”
among leading nations (1991, 2001, inferred from Guan and Ma 2007) and (e) based
on the growth of government funding worldwide (2001, inferred from Palmberg
et al,, 2009 and from Shapira and Wang, 2010).
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Table 1
Production characteristics in nanotechnology, demographics and educational background by entry rank (N =495).
Variable All sample First movers Second movers Third movers Last movers
Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.
Number of publications in nano 47.33 35.33 76.27 66.07 66.11 41.42 42.66 25.07 30.66 22.24
Number of publications time weighted (in logs) in nano  0.76 0.71 0.69 0.66 0.81 0.71 0.76 0.66 0.75 0.85
Number of citations time weighted (in logs) in nano 3.59 0.98 3.44 0.91 3.74 0.92 3.60 0.93 3.46 1.18
Date of the first nanotechnology publication 1994.67 5.68 1980.93 4.16 1989.52 1.72 199593 232 200137 1.59
Male 0.80 0.40 0.91 0.29 0.89 0.32 0.78 0.41 0.72 0.45
Age at the survey date
30-39 years 0.13 0.18 0.00 0.00 0.00 0.00 0.08 0.12 0.44 0.56
40-49 years 0.45 0.50 0.03 0.17 0.20 0.40 0.59 0.49 0.43 0.50
50-59 years 0.27 0.45 0.30 0.47 0.53 0.50 0.25 0.43 0.08 0.27
60 years and older 0.15 0.36 0.67 0.48 0.27 0.45 0.08 0.27 0.05 0.23
Doctoral discipline
Physics 0.32 0.34 0.47 0.53 0.13 0.30 0.31 0.29 0.26 0.33
Biology 0.07 0.26 0.03 0.17 0.11 0.32 0.06 0.24 0.09 0.28
Mechatronics 0.18 0.39 0.06 0.24 0.24 043 0.15 0.36 0.25 043
Earth science 0.03 0.18 0.00 0.00 0.02 0.14 0.04 0.19 0.05 0.23
Chemistry 0.39 0.49 0.44 0.42 0.50 0.45 0.44 0.50 0.35 0.48
Observations 495 33 99 270 93
Table 2
Professional characteristics after entry in nanotechnology (to be used to explain scientific production).
Variable? All sample First movers Second movers Third movers Last movers
Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.
Employed at a public research institution 0.60 0.49 0.79 0.45 0.61 0.39 0.60 0.43 0.58 0.41
PI for national projects 0.59 0.49 0.58 0.50 0.62 0.49 0.59 0.49 0.57 0.50
PI for European projects 0.33 0.47 0.45 0.51 0.42 0.50 0.29 0.45 0.28 0.45
PI for international projects 0.16 0.36 0.18 0.39 0.23 0.42 0.15 0.36 0.09 0.28
Managing team or laboratory 0.21 0.40 0.58 0.50 0.36 0.48 0.14 0.35 0.10 0.30
Scientific mobility 0.52 0.45 0.47 0.50 0.55 0.50 0.61 0.49 0.63 0.48
Co-authorship network size 123.17 79.73 156.01 120.18 149.61 95.93 119.43 68.70 95.40 64.51
Co-authorship network density 0.09 0.05 0.07 0.12 0.07 0.03 0.09 0.05 0.12 0.07
Affiliation to a top-5 French site 0.43 0.50 0.49 0.51 0.40 0.48 0.43 0.50 0.44 0.50
Observations 495 33 99 270 93

2 All variables describe individual characteristics in a period going from the first publication in nanotechnology to the survey date.

ishes when temporal bias is accounted for, which illustrates the
complexity of the link between entry rank and scientific produc-
tion. Tables 1 and 3 affirm that first movers have specific attributes
compared with other researchers; for example, they are more rep-
resented among male scientists and physicists. Moreover, their
careers preceding their first nanotechnology publication also dif-
fer. Before entering the field, first movers had been more mobile.
Importantly, pioneers were much more productive before their first
nanotechnology publication, regardless of discipline. In addition,
first movers were more likely to have worked in public institutions
before their first nanotechnology publication, possibly because
these institutions have fewer temporal and financial constraints
when exploring new scientific fields.

This first descriptive approach suggests that pioneering behav-
ior is probably a selective process, as stressed by Garcia-Villaverde
et al. (2012). It also suggests that in order to test the first mover
advantage, we must use an adequate estimation methodology, such
that we can control for an endogeneity bias. We thus estimated
the effect of entry rank on scientific production in nanotechnol-
ogy using ordinary least squares (model 1), instrumental-variables
regressions via generalized method of moments - GMM (model 2a
through 2c), which address endogeneity bias. In the instrumen-
tal regression (model 2a), we analyzed the determinants of the
entry timing (i.e. date of first publication in nanotechnology). As
instruments, we introduced all variables listed in Table 3. We then
analyzed scientific production outputs in nanotechnology (time
weighted) comparing two measures: the number of publications
(model 2b) and the number of citations (model 2c). To test the
robustness of our method, we computed two tests. First, a Haus-

man test was done to test whether the entry date is endogenous or
not. Second, a Hansen-Sargan overidentification test (Davidson and
MacKinnon, 2004; Baum et al., 2003)° allowed us to test the joint
null hypothesis that the instruments are valid, that is uncorrelated
with errors and thus the output variables. Last, because models 1
and 2 exploit only the cross-sectional dimension of our data, there
is a risk of bias due to unobserved heterogeneity (Baltagi, 2008).
For example, the scientists in our sample may have variable abil-
ities such that the more able have a higher chance to succeed in
their attempts and, ultimately, to enter the field earlier. We thus
analyzed further our data with a panel approach (model 3), using a
Hausman-Taylor estimator (Hausman and Taylor, 1981; Amemiya
and MaCurdy, 1986). This estimator allows accounting for endo-
geneity in panel analysis where some of the endogenous variables
are time-invariant, which is the case of the date of first nanotech-
nology publication in our case. For all models, we computed overall
system R-square values (Greene, 2012) to measure the prediction
quality of our models.

4. Results

Table 4 presents our results. Model 2a reports the instrumen-
tal equation, that is, the estimates of the variable suspected to be
endogenous, the date of entry, using instruments. Models 2b and
2c reports the estimates of the key outputs (publications and cita-

5 We here computed overidentification tests robust to heteroscedasticy (Hayashi,
2000; pp.227-28).
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Table 4
Results.
Variables Model 1 Model 2a Model 2b Model 2¢ Model 3
OLS GMM GMM GMM Error-components
model
(Hausman-Taylor
estimator)
Number of publications ~ Date of the first Number of. Number of citations in Number of.

in nano time weighted
(in logs)

publication in nano.

publications in nano.
time weighted (in logs)

nano. field time
weighted (in logs)

publications

Date of the first
nanotechnology publication
Male

Age at the survey date: 30-39
years

Age at the survey date: 40-49
years

Age at the survey date: 50-59
years

Age at the survey date: 60
years and older

Doctoral discipline: Biology

Doctoral discipline:
Mechatronics

Doctoral discipline: Earth
science

Doctoral discipline: Chemistry

Doctoral discipline: Physics
Employed by public research
institution

Scientific mobility after first
nanotechnology publication
PI for national projects

PI for European projects

PI for international projects
Managing a laboratory
Network size (in logs)

Network density

Affiliation to a top-5 French site

Age at the first pub. date:

30-39 years

Age at the first pub: 40-49

years

Age at the first pub: 50-59

years

Age at the survey date: 60

years and older

Employed at a public research

institution before

first pub. in nano.

Scientific mobility before first

pub. in nano.

Duration between doctoral

completion and first job
Scientific legitimacy

Number of publications before

first pub. in nano. (in logs)

Number of citations before first

pub. in nano. (in logs)
Collaboration networks:

Co-autorship network size

before first pub. in nano. (in

logs)

Co-autorship network density

before first pub. in nano.

—0.145""
(~2.099)
0.164"
(3.946)
Ref.

—0.505
(~9.004)
-0.864""
(~12.451)
-1.221"
-13.91)
—0.096
(~1.640)
—0.003
(~1.792)
—0.204
(-1.712)
-0.029
(-1.718)
Ref.
0.002"
(2.036)
0.004"
(2.035)
0.007 "~
(3.037)
0.002"
(2.138)
0.064
(2.050)
—0.093"
(=2.139)
0.852""
(16.561)
0.049"
(2.135)
0.023"
(2.078)

~1.782
(-3.252)

~0.195°
(-1.719)
~1.040
(~1.834)
-2.104°
(~1.693)
—0411°
(~1.707)

Ref.

1.394"
(1.999)
3.845"
(2.184)
4.007"
(2.042)
~1.051"
(~-3.024)

-0.054"
(—2.061)
~0.003"
(~2.056)

~0.077"
(~3.063)
~0.004"
(~3.598)

-0.107""
(-2.152)

~1.294"
(—2.065)

—0.069"
(=2.016)
0.095
(1.817)
Ref.

—-0.502
(—9.086)
—-0.848""
(—13.634)
-1.163™"
(-16.169)
—-0.105
(—1.664)
—0.034"
(-1.678)
-0.138
(-1.667)
—0.044
(-1.723)
Ref.
0.017°
(2.038)
0.046"
(2.040)
0.008™"
(3.037)
0.003"
(2.138)
0.063"
(2.052)
—0.083"
(-1.938)
0.024"
(12.033)
0.026"
(2.164)
0.024"
(2.067)

-0.243"
(~3.289)
0.395"
(2.106)
Ref.

-0.423"
(~5.964)
-0.967
(~8.775)
-1.067
(~12.002)
-0.156
(~1.785)
—0.042
(~1.699)
—0.140
(~1.782)
—0.056
(~1.735)
Ref.
0.094"
(2.135)
0.078"
(2.103)
0.005"
(2.856)
0.003"
(2.009)
0.132°
(3.127)
—0.383
(~1.907)
0.156"
(12.201)
0.075"
(2.004)
0.145"
(2.989)

-0.073"
(=2.145)
0.092°
(1.906)
Ref.

-0.497"
(~8.805)
—0.856""
(~12.867)
-1.159"
(~17.003)
-0.104
(=1.701)
—0.040
(~1.638)
-0.190
(~1.665)
—0.039’
(=1.707)
Ref.
0.022°
(2.027)
0.051"
(2.104)
0.010
(2.997)
0.002"
(2.099)
0.056 "
(1.998)
—0.091"
(~1.923)
0.0217
(12.059)
0.031"
(2.097)
0.045"
(2.006)
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Variables

Model 1 Model 2a Model 2b Model 2¢ Model 3

OLS GMM GMM GMM Error-components
model
(Hausman-Taylor
estimator)

Number of publications  Date of the first Number of. Number of citations in Number of.

in nano time weighted

publication in nano.

publications in nano.

nano. field time

publications

(in logs) time weighted (in logs)  weighted (in logs)

Access to field-specific

resources:

Number of co-authors on first -0.119

pub. already active in nano. (in (-2.187)

logs)

Affiliation to a top-5 site at the -0.412

date of first pub. in nano. (-2.199)

Affiliation to a non-French -1.841"

institution at the date of the (-1.982)

first pub. in nano.

Constant 18.171° 1.996° 79.809 45.035 71.248"

(8.379) (2.714) (13.631) (11.856) (14.067)
Observations 495 495 495 495 23683
R-squared 0.729 0.590 0.730 0.780
Hausman test 2.899 3.006
Hansen-Sargan test value 5.670 4876 5.775
(p-value: 0.187) (p-value: 0.212) (p-value: 0.161)

Sigma.u 0.963
Sigma_e 0.178
Rho 0.919

NB: Robust student ts appear in parentheses.
" :significant at 10%.
™ :significant at 5%.
™ :significant at 1%.

indicates that instruments are valid (i.e. explain the entry date but
not the key scientific outputs). Our models are thus well identified.

Taking into account the endogeneity of the first mover status,
our estimates on cross-sectional also show that the earlier the date
of the researcher’s first nanotechnology publication, the higher his
or her scientific production in nanotechnology. If the first publi-
cation comes a year earlier, it increases global production by 7.1%
(exp(0.069)) in terms of the number of publications per year (model
2b) and by 27.5% (exp(0.243)) the number of citations (model 2c).
This advantage would be greatly overestimated (+15.6% year pro-
duction [model 1] against in reality 7.1% [model 2b]) if we treated
first mover behavior as an exogenous variable.

To test whether this first mover advantage is constant over time,
we estimated, using the same method as in model 2, the effect of
the date of entry on publications five years after this date, between
five and ten years afterwards and more than ten years after. Table 5
gives a summary of the results, focusing on the key variables.5

Results suggest that the first mover advantage is relatively con-
stant over time.

The approach described in models 2a through 2c has the strong
advantage of shedding light on the factors affecting entry timing.
However, it fails to take into account the unobserved individ-
ual heterogeneity, such as abilities, which could affect scientific
production. Thus, we also analyzed our data with a panel speci-
fication approach, using a Hausman-Taylor estimator (model 3).
The similarity in findings across approaches (cross-sectional and
longitudinal), provides stronger evidence that pioneers do hold an
advantage.

This result supports Price’s (1965) and Newman’s (2009) con-
clusions and suggests that the positive effects of being a first mover
outweigh the potential negative effects (as discussed in Section
2.1). Researchers in nanotechnology (and their laboratories) seem

6 Detailed results are available upon request.

to erect informal and formal barriers to entry more easily than in
other economic sectors can. First, reputational effects appear more
important in the research sector. They help create virtuous circles
in which the most reputable researchers capture more resources
and are placed on the most productive trajectories (Merton, 1968).
This effect, widely documented in prior literature, may explain
why pioneers are more likely to capitalize on their findings. Sec-
ond, focusing on the research sector, the nanotechnology field’s
characteristics are more favorable to the existence of a first mover
advantage. More than in other disciplines, the high cost of nano-
technology equipment confers a benefit to researchers who are well
funded before entering the field. This advantage contributes to cre-
ating economies of scales and experience effects that can limit the
success of later entrants.

5. Discussion and conclusion

This article analyses whether first movers in research have a sus-
tainable competitive advantage in publications. Literature points
to both positive and negative effects of pioneering research. More-
over, entry timing seems to be a strategic and then endogenous
variable. Finally, though the first mover effect has been largely
studied in marketing and management science, no consensus has
emerged regarding the existence of a first mover advantage in
research. Using an original database that combines bibliometric
data and a survey of French nanotechnology scientists, we thus
analyze (1) whether the pioneer status is endogenous and (2) the
impact of being a first mover on future production.

Our main results are two-fold. First, pioneering behavior in
research is endogenous. Researchers that are already established
in their “mother discipline”, who have strong (large and dense)
collaboration networks, and who have access to field-specific
resources through their affiliation or collaboration ties, are more
likely to enter early an emerging field. Mobility as well as work-
ing in public institutions also increase the odds. Second, being a

Please cite this article in press as: Sabatier, M., Chollet, B., Is there a first mover advantage in science? Pioneering behavior and scientific
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Table 5
Impact of the entry date on publications over time.

Number of nanotechnology
publications time weighted

All publications

Publications 5 years after
the date of the first pub.

Publications more than 10
years after the date of the

Publications between 6
and 10 years after the date

(in logs) of the first pub. first pub.
Date of the first nanotechnology —0.069** —0.063** —0.067*** —0.072***
publication (-2.016) (—2.164) (=3.213) (-3.567)

pioneer leads to a strong advantage in the scientific production
path, even more notably when citations are taken into account.
This finding provides clear indications for the management of sci-
entific research. Promoting ground-breaking, innovative research
provides an important advantage for future scientific production.
Laboratories should encourage emerging research, which is more
risky but also more profitable. Our results confirm Arthur’s (1998)
claim that “two maxims are widely accepted in knowledge based
markets: it pays to hit the market first and it pays to have superb
technology”. Laboratories also can boost their chances of develop-
ing innovative research by recruiting high-performing researchers,
who are already recognized in the field and have strong collabora-
tion networks.

Further investigations may refine these results. First, it would
be worthwhile to study all research projects, including those that
have failed. In this article, we focused only on successful, published
studies. However, in the discovery phase, the failure rate is high and
affects more pioneers. By focusing on publications, we may have
overestimated the first mover advantage. A qualitative and longi-
tudinal approach comparing successful with unsuccessful projects
could address this limitation and makes an interesting research
avenue.

Second, this study takes into account the role of institutions,
emphasizing the important role of public laboratories as well as
specific local contexts to favor pioneering behaviors. Future work
could complement this analysis by further characterizing this con-
text (i.e. organization size, budget, team composition). Doing so
would more accurately reflect the collective nature of research, as
highlighted by Stephan (1996). Besides, that context might either
hamper or facilitate pioneering behavior raises further questions
on the nature of such behavior, which our data is too limited to
settle. In particular, to what extent is entering a new field a truly
deliberate decision? And ifitis, how does it form? How does the will
of scientists to enter a field interacts with the specificities of their
local constraints and resources to affect their chances of success?
Future research should investigate the process of decision-making
behind entry timing. For this purpose, one could borrow from the
vast body of entrepreneurship research focusing on the formation
of intention to start a business and how it translates into action
(Shooketal.,2003; Van Gelderen et al., 2015). The latter shows that
intention and action emerge from a complex interaction between
individual and environmental characteristics.

Third, though the nanotechnology field is well suited to the anal-
ysis of pioneering behavior, it is also fairly specific, especially in
light of the equipment involved. Moreover, the delineation of fields
raises challenge to our research question, that further work should
address. Most importantly, how do fields emerge “within fields”? As
nanotechnology research became stronger and stronger, subfields
emerged overtime, and progressively structured themselves into
specific and independent communities. This somehow challenges
our approach: some second-movers in nanotechnology could be
considered as first-movers in, say nanomedicine. For example the
discovery of Graphene by Geim and Novoselov, which eventually
won them the Nobel prize, occurred in 2004, which is relatively

“late” by the standards used in this paper.” Yet, this breakthrough
opened new prospects and attracted a population of researchers to
work specifically on Graphene, with virtually similar mechanisms
of first mover advantage.

Fourth, our study was limited to the French context. To what
extent are our findings applicable to other countries is unclear.
For the sake of exploring this aspect, we conducted additional
descriptive analyses (available upon request) similar to those con-
ducted in Section 3.4, on all nanotechnology publications in the
USA and in Germany: from a strictly descriptive standpoint, we
found comparable patterns of a first mover advantage. However,
one contribution of our study is to show that this descriptive
approach is insufficient: entry time is endogenous and the study
of the first mover advantage needs to rely on instrument variables
which necessarily require fine-grained information on individual
characteristics. Both the factors of entry timing and the ability
to translate earliness in success could vary across countries. For
example, in other systems, such as the American system, institu-
tions have more freedom to decide upon their research strategy
and therefore can more freely put a priority on an emerging field.
Funding is another factor which varies importantly across countries
(Shapira and Wang, 2010) and certainly affect the occurrence and
success of pioneering behavior. It would be interesting to see future
research applying our integrative approach to other countries than
France.
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