
The Development of Global Science
Kyle E. Cordova,†,‡ Hiroyasu Furukawa,†,‡,§,⊥ and Omar M. Yaghi*,†,‡,§,⊥,¶,#

†Department of Chemistry, University of California−Berkeley, Materials Sciences Division, Lawrence Berkeley National Laboratory,
Kavli Energy NanoSciences Institute, and Center for Global Science, Berkeley, California 94720, United States
‡Center for Molecular and NanoArchitecture, Vietnam National University, Ho Chi Minh City 721337, Vietnam
§King Fahd University of Petroleum and Minerals, Dhahran 34464, Saudi Arabia
⊥King Abdulaziz City for Science and Technology − University of California−Berkeley Center of Nanomaterials for Clean Energy
Applications, Riyadh 11442, Saudi Arabia
¶International Center for Materials Nanoarchitectonics (WPI-MANA), National Institute for Materials Science, 1-1 Namiki, Tsukuba,
Ibaraki 305-0044, Japan
#Graduate School of Energy, Environment, Water, and Sustainability, Korea Advanced Institute of Science and Technology (KAIST),
373-1 Guseong Dong, Yuseong Gu, Daejeon 305-701, Republic of Korea

ABSTRACT: How do we build research capacity throughout
the world and capture the great human potential? To us, the
answer is rather straightforward: the time-honored tradition of
scientific mentoring must be practiced on a wider scale across
borders. Herein, we detail the necessity for expanding
mentorship to a global scale and provide several important
principles to be considered when designing, planning, and
implementing programs and centers of research around the
world.

■ INTRODUCTION

Historically, science has provided the strongest framework for
addressing the challenges we face as a society as well as for
enhancing the well being of all people. However, the ability to
perform science at a high level is distributed unequally; only
scientists from relatively few countries have the means and
knowledge to address problems facing the world.1 We predict
that the longer this state of affairs continues the less likely
humanity can achieve long-term solutions. The problems that
transcend borders and affect quality of life can only be
overcome by having a more equal distribution of scientific
capacity.2 Developing countries, in which world-class research
is still in its nascent stages, undoubtedly have the talent and
people to meaningfully contribute, but what they lack is the
reliability of a rigorous scientific culture.3,4 By and large, these
countries’ adoption of world-class practices and standards
ensures their participation in capitalizing on the economic
opportunities that scientific research provides.3,5 Furthermore,
it guarantees their capability in meeting the challenges affecting
their local regions before these challenges become global.3 This
issue naturally raises the question: How do we build research
capacity throughout the world and capture the great human
potential? In this essay, we propose our approach to answering
this question, which we have been implementing in Vietnam6

and, to varying degrees, Japan, Korea, Jordan, and Saudi Arabia.
Specifically, we attempt to distill the basic principles of

developing global science, which allows for the development
of emerging minds in distant countries in a sustainable and
mutually beneficial manner.
The major challenge for many countries in implementing

rigorous science programs is to recruit and to retain top-notch
personnel who combine innovative thinking with personal
integrity. Indeed, this challenge is compacted by students who
seek scientific training abroad that leads to better employment
opportunities than can be found in their home country. Even
programs with state-of-the-art facilities and ample funding to
support research projects face the classic dilemma: top
professors and researchers are drawn to institutions where
the most talented students populate the research laboratories,
and the most talented students are drawn to those institutions
that already have top professors in place. Without the ability to
break this “chicken-and-egg” conundrum, even the most
ambitious and highly funded new institutes struggle to attract
quality talent.

■ IMPORTANCE OF THE MENTORING TRADITION
Beyond having fully developed science infrastructures in
placeincluding high quality researchersthere is an addi-
tional aspect that factors into the assured, continuous success of
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the most established scientific institutions: mentorship. The
mentoring relationship is so accepted in some countries that
access to a mentor is an expectation of every scholar entering
graduate school and a research program. This relationship is
critically important to building and sustaining research capacity,
as it perpetuates the values that are necessary for achieving
excellence in research.4,7 In our view, the mentoring relation-
ship is the golden thread of innovation that helps create and
sustain a vibrant science culture.
The practice of mentorship has been diligently honed over

centuries of academic pursuit where generations of intellectuals
and academics have committed their professional careers to the
development of scholars as a result of their sincere investment
in the outcome. In fact, this model is so well established that
one can literally trace their training through a “scientific family
tree”. As an example, we trace our academic lineage from the
most immediate mentor, Professor Walter G. Klemperer, to the
mentors that his scientific training, in turn, is indebted to,
Professors F. Albert Cotton and Sir Geoffrey Wilkinson before
that (Figure 1). In principle, students who come under our

mentorship benefit from this history of scientific excellence that
started with our scientific forefathers. This family tree and
mentoring tradition extends to others, Professors A. Paul
Alivisatos, Kim R. Dunbar, Jeffrey R. Long, and Jacqueline K.
Barton (to name a select few) who are all descendants of a
common scientific ancestry. Therefore, the onus lands squarely
upon us to maintain this tradition and pass our training,
experience, and resources to the next generation of future
mentors.
To extend the tradition of scientific mentoring to a global

scale, it is imperative to closely examine the nature of
relationships created between mentors and students within
the laboratory setting. In general, a mentor’s role is to

transform a student’s formal education into a more
comprehensive body of knowledge that can be applied to the
real world. In the broadest sense, mentors help bring the
information of science to life. The main avenue through which
this transformation takes place is research, which, not
coincidentally, is the primary component of most scientific
graduate and other such research programs. Through the
research experience, young scientists quickly learn the
challenges of formulating significant and novel questions,
shaping ideas to address those questions, carrying out well-
executed studies and carefully made observations to understand
the nature of matter and to advance the frontiers of knowledge,
and finally, communicating their discoveries in both written and
oral forms. It is noted that additional training in ethics, accuracy
in reporting results, the value of collaboration, and a respect for
differing opinions takes mentorship to a level of professional
development that is rarely observed elsewhere.8 Over the
course of a typical graduate career, the relationship between
mentor and student grows more intimate and multifaceted,
often blurring the lines between colleague, friend, and even
family member.7b Indeed, at the point of graduation, the
student no longer holds the distinction of being the “the
recipient of mentorship”, but rather now is equipped with a
more personalized form of the same training, knowledge, and
education as the mentor. Although the mentorship bond is a
lifelong one, a new distinction of mutual scientific respect and
the status as a peer are granted.

■ EXTENDING MENTORSHIP GLOBALLY
Mentoring on a global scale is about extending this lifelong
bond to students who do not otherwise have easy access to a
mentor with experience in conducting world-class research. The
easiest way to facilitate this process is by maintaining close
collaborative relationships with former students and postdoc-
toral researchers (for the lack of a better word, let us call them
“proteǵeś”) who choose to take positions abroad. When the
relationship between mentor and proteǵe ́ is extended globally, a
new layer of complexity emerges. Geographical distance
between a mentor and proteǵe ́ is a natural obstacle that must
be overcome. Furthermore, proteǵeś traveling abroad must deal
with cultural differences on a more comprehensive scale, gain
familiarity with available resources, and navigate through
bureaucracy.8 Relationships outside of traditional academia
also become relevant as these types of mentoring programs are
more visible due to their ties with high-profile, international
mentors. In fact, the typical direct line between mentor and
proteǵe ́ will incorporate players such as government officials
and industry professionals.
Multiple strategies exist to ensure the success of this type of

mentoring approach. One of the most common strategies is for
a mentor to spend a portion of their time traveling to
laboratories they are associated with around the world.9 In a
sense, this facilitates interactions and mentorship, but this
strategy is considered to be more akin to a consulting role
rather than a means of establishing a sustainable research
environment for emerging scholars in their home country. We
favor a different approach based on a two-tier mentoring system
that is illustrated in Scheme 1. Under this plan, senior faculty
members (i.e., mentors) keep their current institution as their
home institution and develop parallel programs abroad where
they serve as directors or codirectors. The mentors will help to
identify talented, early-career proteǵeś who are willing and able
to move to another country to serve as principal investigators

In our view, the mentoring
relationship is the golden thread
of innovation that helps create
and sustain a vibrant science

culture.

Figure 1. The time-honored tradition of mentoring affords a traceable
scientific lineage dating back several generations of mentors and serves
as a foundation for scientific excellence and innovation. Through
mentoring on a global scale, we seek to extend our tradition to
emerging scholars throughout the world. The dark outline traces the
authors’ academic lineage.
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and set up new research centers. The directors will
subsequently serve as long-distance mentors, and the proteǵeś
will serve as in-house mentors for the emerging scholars who
join the newly established centers abroad. This model also
provides opportunities for the proteǵeś to gain valuable
independent experience while maintaining the support of the
mentors. Additionally, the directors can also provide direct
mentorship to the scholars abroad by hosting them in their own
laboratories or by traveling periodically to the new site,
especially during the founding stages to assist in establishing a
solid framework for the program. In this way, emerging scholars
benefit not only from the mentorship provided by the proteǵeś
on a daily basis, but also from the director over the course of
their education.
It is important to note that international mentoring

enterprises exist as programs, foundations, and fellowships.
Examples of these include the Global Young Academy in
Germany,10 Marie Skłodowska - Curie actions - Research
Fellowship Programme in the European Union,11 Alexander
von Humboldt Foundation - Georg Forster Research Fellow-
ship in Germany,12 National Science Foundation Graduate
Research Opportunities Worldwide in the United States,13 and
USAID Partnerships for Enhanced Engagement in Research in
the United States,14 among others.15,16 Our goal complements
these efforts by developing global science through building of
research centers and institutes and deploying one-on-one
mentoring as a strategy for inspiring students, sustaining
innovative research, and forming mutually beneficial relation-
ships.
With these considerations in mind, we detail several

important features and principles that an international
mentoring program must take into account. These ensure
that parallel bridges of knowledge and trust can be built
together and, thus, provide the best possible framework for a
successful mentoring venture.

■ PRINCIPLE 1: INCLUSIVITY
The success of a global mentoring venture must first rely on an
open and inclusive culture of research and learning. This means

the inclusion of qualified, underrepresented members of the
society. For example, issues related to women in science and
the workforce must be addressed honestly and forthright-
ly.15e,17 Senior women scientists must be engaged as mentors in
developing research centers and institutes around the world. If
needed, this can be accomplished by way of introduction,
support, and/or partnership from colleagues, or even former
students, who have connections to universities in countries
where women scientists can benefit. Furthermore, steps must
be taken at the start of a mentoring program to underscore the
importance of the inclusion issue. Nominating women as
proteǵeś as well as actively recruiting emerging women scholars
to join these new programs are two ways.15e Mechanisms
should be put into place to ensure that women scholars and
other minorities have equal salaries, access to resources, and
opportunities to succeed.
By placing minorities in leadership roles, a valuable example

of inclusivity is immediately set. In such circumstances, other
emerging scholars, who join these new centers, begin their
scientific careers under the mentorship of a minority leader.
From this mentoring relationship, a level of respect for the
mentor’s scientific leadership will be developed and instilled
within the scholar. This assuredly influences the perspective of
the next generation of proteǵeś to see the scientific world as
inclusive. Though it is true that each country has its own
culture and customs, which must be respected, the omission of
minorities in these research centers will only serve to hinder the
progress that is being attempted. Mixing of researchers
regardless of gender, ethnic background, nationality, creed, or
race serves to strengthen idea generation and research
innovation. This sends a loud and clear message that the
researcher is valued based on the merit of his or her
contribution rather than on other factors.
Economic disparity is also a formidable roadblock in many

countries for achieving an inclusive environment. At the outset,
it must be made clear that socioeconomic status cannot inhibit
a prospective scholar from joining a global science program.
Safeguards, such as free tuition and competitive salaries for
emerging scholars, must be put in place to afford equal access
to all.

■ PRINCIPLE 2: MUTUAL UNDERSTANDING
Any attempt to create a mentoring relationship must engage
participants who are sincerely committed to a common goal.
Mentor candidates must be experienced enough to understand
the time, energy, and dedication required, and realistic enough
to provide them. Clearly, both the mentor and proteǵe ́must be
able to understand cultural differences and mutually agree on
the best solution for effectively working in this environment.
Furthermore, the pairing must acknowledge that communica-
tion issues, including English fluency, will arise.18 Plans for
overcoming such barriers are crucial for avoiding, as much as
possible, potential misunderstandings that may occur. This is
especially significant if the proteǵe ́ is not native to the country
in which the research center is being developed.

Scheme 1. Developing a Global Mentoring Systema

aGrowing a vibrant global scientific community using the concept of
mentoring on a global scale. In this model, mentors serve as research
directors who place their former students (proteǵeś) or close
associates as principal investigators abroad and help them to build
research centers of excellence. The principle investigators (proteǵeś)
serve as mentors to rising scientists and young scholars at these newly
established centers. This results in a sustainable model that ensures the
continual transfer of knowledge and experience from one generation of
scholars to the next.

The success of a global mentoring
venture must first rely on an open
and inclusive culture of research

and learning.
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An ideal situation is one in which the proteǵe ́ is selected
based on merit, and preferably, the mentor should have a long-
term knowledge of the individual (i.e., former student,
postdoctoral researcher, or close collaborator). In this scenario,
academic lineage becomes increasingly beneficialmentors
and proteǵeś from the same lineage typically have shared
outlooks and common goals. By selecting a former student or
postdoctoral researcher as a proteǵe,́ scientific and professional
values have already been shared with the proteǵe ́ as a result of
their academic training under the mentor. This provides a
foundation of mutual trust and respect moving forward.
Additionally, recruiting proteǵeś who are from the countries
that these research centers are being established in can serve as
inspiration to the emerging scholars who join these centers. In
any case, it is true that a successful relationship results from a
mentor−proteǵe ́ pair that is able to work together in a way that
brings out each other’s best qualities in order to accomplish a
common goal.

■ PRINCIPLE 3: ACCESSIBILITY
To ensure the lines of communication remain open, the
mentor, proteǵe,́ and scholars must be able to freely move
across international borders. Students benefit most from
traveling abroad to their mentors’ laboratories. In other cases,
bringing the mentor and research opportunities to the students
will help to establish local scientific infrastructures, which will
strengthen and conform to a growing global network.
Furthermore, proteǵeś, serving as principle investigators, must
have the ability to travel back to the mentor’s home institution
periodically for consultation and guidance regarding the
progress of the new research center. Free use of the Internet
also serves as a prominent source of accessibility. Researchers
must be able to interact using electronic communications, such
as email and video conferencing, on a routine basis. In principle
6, we mention that a contract must be put in place to govern
scientific information sharing.

■ PRINCIPLE 4: WORKING FROM A POSITION OF
STRENGTH

A new mentoring program must recognize and take advantage
of the different strengths and needs that the mentor and
proteǵe ́ have over the course of their careers. Mentors should
have the ability to offer the wisdom of their experiences without
having to abandon well-established laboratories and resources
in their home country. On the contrary, proteǵeś are typically
more willing and able to move abroad in order to establish
vibrant research laboratories and may even value the
opportunity to start their career in a new setting.

■ PRINCIPLE 5: A SOLID INFRASTRUCTURE
Sound infrastructure, which includes international safety
standards,19 is critical for achieving impactful and measurable
success. First, researchers must have a clear vision for what the
mentoring process entails, including the areas of research they
will focus on, the goals they plan to accomplish, and a viable
plan for how to be successful. Second, researchers must have
the space, equipment, financial resources, and personnel that
will enable them to conduct worthwhile research. Mechanisms
for ensuring these issues are taken care of must be clearly
defined before the endeavor is initiated. It is noted that there
are a variety of international resources available to accomplish
this task.9b These issues are often not easy nor straightforward

to address with many challenges being presented based on the
country involved, but with clarity and a concrete, viable plan
they are achievable. Finally, traveling scholars should have
access to a network of people who have gone through similar
experiences that can be shared as advice. This calls for a
mentoring network, which ensures that the connectivity
between mentors, proteǵeś, and students is defined and widely
available.

■ PRINCIPLE 6: SUSTAINABILITY
The goals of creating a mentoring program should not rest
solely on mentoring students; they must also ensure that the
research center will continue to thrive for many years. With this
comes the need to develop a program that is mutually
beneficial, in which guidelines for success are determined at the
outset. Intellectual property must be given proper consid-
eration, but should not be an obstacle to the collaboration;
rather, it is to be seen as an asset for both sides. Most
established universities have in place equitable sharing arrange-
ments that are successfully employed between laboratories
across borders. We advise that a contract be put in place in
which the parameters of the collaboration program are spelled
out; this includes leadership matters, operation and manage-
ment, intellectual property, conflict resolution, and if applicable,
funding.
It is important to note that the ultimate goal of this model is

to create a sustainable cycle based on the proteǵe ́ becoming the
mentor who then transfers their knowledge to other emerging
scholars. Indeed, as these emerging scholars grow as scientists,
they too will become the next generation of proteǵeś and
continue to pass on the mentoring relationship from one
generation to the next, thereby constructing new lineages.
Furthermore, networks of mentor−proteǵe ́ pairings will expand
by incorporating related researchers, potentially from the same
academic institutions or the same academic lineage, who are
willing to work together to produce collaborative laboratories
on related research projects. As this occurs, researchers will
have access to a continually larger pool of scholars who are
grounded in the values and ethics of research and mentoring.

■ PRINCIPLE 7: FUNDING
In most partnering countries, start-up funds are available to
support the creation of new centers of excellence, provided that
a robust research agenda is prepared and a high profile team of
mentors is assembled. However, in countries where such funds
are not readily available, mentors must assist proteǵeś in
defining an achievable research agenda and in writing grant
applications to make a convincing case for obtaining seed funds,
which will demonstrate feasibility of the program. Once
preliminary results are obtained, and with the direct
involvement of the mentor(s), a credible case can be made
for garnering further funding. It is noted that funding from

The ultimate goal of this model is
to create a sustainable cycle

based on the prote ́gé becoming
the mentor who then transfers
their knowledge to other emerg-

ing scholars.
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private sources and industry (where applicable) can also be
pursued in a similar manner with assistance provided by the
mentor’s experience as well as through exploration of the
mentor’s network of resources.
From a practical viewpoint, the proteǵe ́ must have some

degree of knowledge regarding the infrastructure and
instrumentation costs that are required upon establishing a
center. This is especially true given that many developing
countries work through local vendors, who do not have the
requisite expertise, rather than instrument companies directly.
Equipment aging, malfunctions, and damage are inevitable, and
funds must be allocated for when such circumstances occur.
Additionally, this includes yearly facility and instrument
maintenance costs, which are typically overlooked during the
budget planning.

■ PRINCIPLE 8: INSTITUTIONAL AND
INTERGOVERNMENTAL SUPPORT

The sustainability and expandability of such a mentoring
program heavily rely on the level of support provided from the
mentor’s home institution as well as the mutual governments of
the countries involved.3 The mentor’s institution can offer
assistance to the partnering institution by taking advantage of
their well-established infrastructures and executive support. The
mutual governments of the partnering institutions should be
informed and consulted with as the mentoring program is being
organized, planned, and developed. This encourages trans-
parency and allows researchers to collaborate and operate in a
supportive atmosphere. Support from independent, external
organizations and/or foundations (for example, programs such
as the Global Young Academy10 in Berlin, Germany) can be
sought after in order to tap their rich experience and know-how
in implementing similar ideas.

■ BENEFITS AND OUTLOOK OF DEVELOPING
GLOBAL SCIENCE

The ability to provide global mentorship provides hope for the
future of science. Scholars involved on either end of this
relationship will be able to share and foster core values such as
respect for the value of knowledge and acceptance of working
with different cultures. On a practical level, the ability to extend
mentoring relationships to a global stage may counteract
problems such as human capital flightsometimes referred to
as “brain drain”. No longer will emerging scholars be required
to find opportunities outside of their borders to improve their
quality of life. However, if emerging scholars do, in fact, choose
to pursue opportunities abroad, the mentoring process
established herein will outfit them with the skills and training
to be successful, competent international researchers and
provide visibility to their research on the international stage.

It is clear to us that mentoring on a global scale can
accelerate knowledge transfer and development by providing
top-quality training and education to emerging scholars around
the world. The shift in viewpoint from a local community of
researchers to a global one will infuse all areas of science with
new ideas and skill sets, increase learning opportunities for
scientists at large, and tackle informational and technological
challenges that are associated with global problems. The vision
of a global science network fueled by mentoring is ambitious,
but much more achievable than one might imagine. At present,
we have worked together to build centers of research excellence
at the Center for Molecular and NanoArchitecture at Vietnam
National University, Ho Chi Minh City, Vietnam, the Carbon
Capture and Sequestration Technology Innovation Center at
King Fahd University of Petroleum and Minerals, Saudi Arabia,
and a collaborative research center at King Abdulaziz City of
Science and Technology, Saudi Arabia. Additionally, we have
initiated and maintained collaborative partnerships, based on
the mentoring model, with the Reticular Materials Group at the
National Institute of Materials Science, Japan, and Hetero-
geneity within Order (Energy, Environment, Water, and
Sustainability Program) at the Korea Advanced Institute of
Science and Technology, Republic of Korea. Plans for future
research centers employing this mentoring model are being
developed in Jordan and China.
Indeed, the idea behind building research capacity around the

world to capture human potential is perhaps what we value
most in our roles as educators. To us, the goal is not
complicated: developing global science is simply about
extending our experiences and knowledge to all peoplea
practice that has long been established in places with an
extensive tradition of excellence in academia. Simultaneously,
by providing our mentorship, we will be able to forge
relationships based on trust and care for one another. This
will allow us to expand the lineage of scientific excellence, break
down barriers that separate people, and work together to
address the challenges that face humanity as a whole.20
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