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Introduction

Continuing to improve human health at reasonable 
costs is one of the biggest challenges facing society in 
the 21st century. Prior scientific advances have led to 
longer life expectancies, which in turn have led to the 
emergence of chronic diseases often related to aging 
(IOM, 2001). Our health-care system was designed pri-
marily for acute care, whereas today chronic disease 
is responsible for 80% of health-care costs (McKenna 
and Collins, 2010). The current system is characterized 
by episodic care, fragmentation of services, and a less-
than-holistic view of the patient, all of which lead to a 
growth in inefficiencies and costs (IOM, 2001). 

The need for more coordinated and seamlessly inte-
grated multidisciplinary care is obvious. In parallel, ad-
vances in our knowledge of biologic systems and their 
complexity will require an unprecedented conver-
gence of biologic, physical, and information sciences to 

solve the issues that we face. The life sciences are mov-
ing from an era of monodisciplinary and reductionist 
explorations of the fundamental elements of biologic 
systems to a multidisciplinary understanding of hu-
man biology and the course of disease. Given that evo-
lution, the hope of precision medicine is unlikely to be 
realized without a transformation in how we educate 
and train a new generation of physicians, scientists, 
engineers, and population-health professionals. These 
experts need to be able to create and implement new 
ways of tackling complexity with the goal of reducing 
disease burden at a cost that society can afford.

Today, our biomedical educational and scientific 
training pathways are fragmented (Kruse, 2013). Young 
talents are often discouraged because of the longer 
and uncertain pathways to a successful career, espe-
cially when they will be saddled with a much greater 
debt burden at the end of their studies than was the 
prior generation. 
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Over the last 100 years, the United States assumed 
a global position of unparalleled scientific achieve-
ment and has reaped the many health, economic, 
diplomatic, social, and military benefits of its preemi-
nence. United States citizens have been awarded more 
Nobel prizes in physiology or medicine than those of 
any other country—by a factor of 3 (Kirk, 2015). Those 
accomplishments have contributed to remarkable 
improvements in human health, innovation, and eco-
nomic success and to a great sense of national pride. 
Our preeminence, however, is now being challenged 
by external and internal factors.

Other countries are competing more successfully 
in science and technology. The United States used to 
be preeminent in attracting the best and brightest in 
the world to its shores, but that dominance is not as 
pronounced today. China, for instance, has markedly 
increased its R&D funding and the quality of its top 
universities (IRI, 2016). As a result, China can increas-
ingly attract its expatriate scientists back to enrich local  
institutions with world-class talent trained in the 
United States and Europe while a well-trained genera-
tion of young scientists is emerging from top Chinese  
universities. 

A visit to any US laboratory today reveals the de-
pendence on foreign-trained scientists at postdoctoral 
levels (Matthews, 2010). At the same time, young and 
American-trained talented people, who face a finan-
cial burden greater than do their colleagues in other 
countries because of high tuition costs in the United 
States and consequent high debt, increasingly shy 
away from scientific endeavors. They see the greatly 
increased length of training imposed on them by our 
academic institutions, delay of opportunities to work 
independently until their late 30s (NAS et al., 2007), 
and grant funding that is uncertain (Harris and Ben-
incasa, 2014) and highly competitive. It is not surpris-
ing that many of the best and brightest view this path 
as forbidding relative to more lucrative nonscientific  
careers, less fraught with uncertainty.

With the retirement of the extraordinarily produc-
tive current generation of US scientists, our nation will 
have to plan carefully and act swiftly to continue to at-
tract young people to science and to train and retain 
a world-class scientific workforce from within its citi-
zenry if it hopes to retain its longstanding advantage. 
Furthermore, novel training paradigms and multidis-
ciplinary skills that combine life sciences and physical 
sciences will be essential. For instance, solutions to the 
most intractable disease problems, such as those re-
lated to Alzheimer disease and diabetes, will require 
both new scientific discoveries and fundamental and 
integrative health-system changes if we hope to con-
trol the soaring health-care costs associated with those 
problems. The United States will need to create and 
sustain a competitive and highly skilled new genera-
tion of talented people who are unafraid of challenging 
the status quo and who can create the knowledge and 
the new industries that can emerge from innovation. 
In short, if the United States is to maintain leadership 
in biomedical research and the development and de-
livery of medical innovation, the training of a new gen-
eration of scientists and engineers will need to become 
as innovative as the science that they are expected to 
deliver. That must have high priority for the nation.

In brief, our analysis identifies four interrelated key 
issues that we must address if our scientific workforce 
is to remain preeminent:

• The lack of high-school exposure to cutting-edge 
science by the best teachers.

• The increasing financial burden of a scientific edu-
cation with unsustainable student debt that forces 
many, especially members of underrepresented 
minorities, to forgo scientific research careers.

• The unjustified lengthening of our postgraduate 
training system with poorly defined career path-
ways even for promising scientists, who today do 
not reach independence until their late 30s. 

• The persistence of rigid disciplinary silos that make 
multidisciplinary training and research unnecessar-
ily difficult. 

What needs to change? We must find ways to attract 
the most talented science, technology, engineering, 
and mathematics (STEM) students and support them 
throughout their education and training. To do that, 
we must create new pathways to help to ensure that 
they are trained in the skills and knowledge necessary 

“It is a miracle that curiosity 
survives formal education.”

—Albert Einstein
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to succeed in 21st century biomedical and health-care 
sciences. 

To understand the problems and plan for the edu-
cational revolution that will be required, we need to 
look at the current systems through the eyes of the 
young people who are contemplating or navigating a 
life in science—high-school students, undergraduate 
students, graduate students, and postdoctoral fellows.

The High School Experience

Brittany is an entering high-school freshman in a small 
town. She has already been identified as a star student, 
excelling in her classes and performing well above her 
peers on standardized tests. She has always loved sci-
ence and likes to imagine herself working on a cure for 
cancer. In the coming years, however, she will be faced 
with biology classes drawn almost entirely from text-
books, lectures about the taxonomic classification of 
plants and animals, and a brief exposure to basic Men-
delian genetics. She will receive little exposure to labo-
ratory work that is not simply “cookbook science”, and 
she will not get any experience in hypothesis-driven 
research or an opportunity to be creative. In short, her 
high-school biology class will be distressingly similar to 
that experienced by her parents 2 decades earlier. In 
class, she yearns for the excitement, the cutting-edge 
advances, the new science applied to treating disease 
and saving lives that she sees on television and the 
Internet. Unfortunately for Brittany, that exciting sci-
ence is many years away if she continues to tread the 
traditional academic path. After her freshman year in 
biology, she will be channeled into chemistry in the 
10th grade. Physics will come the year after that. There 
is a shortage of skilled teachers for more advanced 
classes. Because of this experience, Brittany, like many 
of her peers, will most likely have lost enthusiasm 
for biology by the time she applies to college. She is 
aware that her cousin in the United Kingdom is simul-
taneously studying biology, chemistry, and physics in 
each of the 2 years of her A-level program, giving her 
an extensive basis in all three subjects before college 
entry. Like most other high school students, Brittany 
has not signed up for classes in computer science or 
engineering and therefore is not acquiring skills essen-
tial for a future in research. Most important, she does 
not understand the consequences of not taking the ad-
vanced mathematics required for a career in 21st cen-
tury biology. She and her parents do not know that the 

United States was ranked 27th among Organisation 
for Economic Co-operation and Development (OECD) 
countries in the performance of 15-year-olds in math-
ematics (OECD, 2014).1 With most developed countries 
producing students who have stronger mathematics 
skills, Brittany’s potential to compete at a high level in 
science may already be compromised unless she can 
catch up in college. If society is lucky, Brittany will enter 
a fine undergraduate institution one of whose profes-
sors will reignite her interest in biology, and she will be 
able to catch up to the rest of the world in mathemat-
ics. But it is equally likely that Brittany will veer off the 
path of science altogether. 

The Undergraduate Experience

Michael is entering a prestigious university as an en-
gineering student. He has already shown an aptitude 
for mathematics, having won a national competition in 
high school. He has had little exposure to laboratory 
science, inasmuch as his time in high school was de-
voted largely to mathematics courses and the required 
curriculum. He has taken biology but found its empha-
sis on rote memorization of facts discovered decades 
earlier stultifying. Michael has had no exposure to and 
therefore no interest in research and does not see 
how his mathematics skills and interest in engineer-
ing could be applied to biological research anyway. 
His college adviser steers him down the path of civil 
engineering and more advanced mathematics but fails 
to recommend that he expose himself to chemistry 
or large-scale data analysis. In his junior year, Michael 
learns a bit about molecular biology from his room-
mate and sees that this field of research is fascinating. 
He gets a chance to work in a university genetics labo-
ratory over the summer and finds it exciting—some of 
the required data analyses even allow him to use his 
advanced mathematics skills. But when he returns to 
college for his senior year, he is advised that it is too 
late to change direction in his undergraduate program 
and he would be unlikely to be accepted by a premier 
graduate program in biology given his lack of college 
courses in the subject. In contrast, he could choose 
from among a number of well-paying entry-level jobs 
as an engineer immediately. His professors tell him 
that if he does try to pursue a PhD in a biological sci-
ence, it would be a 4- or 5-year commitment followed 
by a postdoctoral fellowship (or two), which would re-
quire 2–6 more years and give him no guarantee of a 
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job at the end of it. Michael envisions himself getting to 
the age of 36 years and not having a stable, well-paying 
job—and carrying the substantial debt incurred by his 
college tuition. A career as a civil engineer working for 
a construction company is increasingly attractive. 

The Graduate Experience

Jamar grew up in the inner city. He is a master’s-degree 
student in a school of social work. He chose this profes-
sion because he saw the system failing his family and 
the families around him. He is particularly interested in 
the health services for nonworking single mothers. He 
has done a number of internships as part of his train-
ing and sees that community services around the city 
do not use a standard approach to care. No one seems 
to know what works. They know what seems to feel 
good but not what will actually improve the health out-
come of mothers and their children. He has a terrific 
idea for a citywide demonstration–research project to 
test various models of care delivery empirically. What 
is more, he intends on using real-world data to test his 
hypotheses. He does not, however, have the skills to 
undertake such complicated analytics and no resourc-
es to hire expert help. His faculty adviser is supportive, 
but grant funding for health-services delivery research 
is limited. He reaches out to the city, the state, and the 
federal government for funds for research to no avail. 
When he receives his master’s in social work, he finds 
himself, much to his dismay, in a new job implement-
ing one of the untested service-delivery programs that 
he had wanted to study. He is destined to spend his 
career in helping people while having little opportunity 
himself to develop the evidence so needed to improve 
the health-care system. He sees no path to a PhD. 

The Postgraduate Experience

Jose is in medical school and is heading off to a resi-
dency in neurology. His parents emigrated from South 

America when he was a baby, and he is the first person 
in his family to graduate from college. He is enjoying 
medical school and working with patients and is doing 
well. Along the way, he has developed a deep interest 
in clinical research. He sees the problems that patients 
are facing and sees that innovation is the only way for-
ward. He has many good ideas for new research proj-
ects and is even tinkering with an idea for a new device 
to help late-stage Parkinson disease patients ambu-
late. However, he had to borrow heavily, using student 
loans to pay for his medical-school tuition, because his 
parents were not in a position to help him financially, 
and he has been barely getting by. On graduation and 
starting his residency, he looks forward to paying down 
some of his debts—and raising his standard of living a 
bit and possibly helping his parents financially. As he 
surveys his career options, however, he is discouraged 
about the prospects of combining a career in medicine 
with one in research. Watching the medical-school fac-
ulty members around him, he sees them struggling to 
deliver high-quality care while finding the time to get 
research grants and conduct the research itself. He be-
gins to think that maybe he should abandon the idea 
of more research, take his device idea, and just start a 
company. But his training and his medical-school men-
tors have not told him much about the steps needed 
to move from an idea to a marketable product. He will 
probably be a successful medical practitioner, but his 
ideas for innovation will never come to fruition.

The Postdoctoral Experience

Preeti has a PhD and is a postdoctoral trainee in a large 
medical school. She comes from a family of scientists. 
Both her parents were trained in India and now have 
faculty positions in the United States, her father in bio-
chemistry and her mother in nursing. She is in her 4th 
year of training and has published several important 
papers. Recently, her intellectual interests have veered 
away from those of her mentor, who is focused on 
the role of kinases in heart muscle. Preeti has some 
innovative ideas about how kinases play a role in mus-
cular dystrophy, but she does not have the computer-
science skills that she needs to do the modeling nec-
essary to explore the ideas. She would like to work 
with a colleague in the computer-science department, 
but her mentor does not have a grant in this disease 
field, and Preeti does not have the time or indepen-
dent resources required to pursue her ideas unless 

“Study hard what interests 
you the most in the most 
undisciplined, irreverent and 
original manner possible.”

—Richard Feynman



Training the Workforce for 21st Century Science

NAM.edu/Perspectives Page 5

PREPUBLICATION COPY – UNCORRECTED PROOFS

she obtains a faculty position of her own. Her father, 
who has been a productive scientist for years, just lost 
his major grant and is having a hard time keeping his 
laboratory running. Preeti sees the lack of job stability 
in the academic sector, and it worries her. Meanwhile, 
her mentor depends on her leadership in the labora-
tory and wants her to continue to work with him on his 
projects. She feels stuck. She sees several more years 
of postdoctoral effort ahead of her and the long odds 
against gaining a tenure-track position, followed by 
grant-seeking activities that may or may not bear fruit. 
She does not know how to look for a job in industry 
and has never met an industry scientist, so she has no 
idea whether this is an interesting, let alone viable, ca-
reer option. She also wants to start a family and is try-
ing to figure out how to fit this into her life plans. She 
may decide to follow a clearer path to a well-paying 
and stable career as a financial analyst for a firm that 
deals in biotech stocks.

Key Issue: The Challenge of Attracting and 
Retaining the Best and the Brightest in the 
21st Century

The stories above highlight the problems faced by 
aspiring scientists at critical stages of their career de-
velopment. Those young people all have a fire in the 
belly that may be extinguished not because of a lack 
of passion or willingness to work hard but because of 
environmental circumstances. That is the case even 
though we have decades of experience in learning 
how students find their way into science careers. There 
have been a number of cogent and well-received re-
ports on the nation’s scientific workforce (NAS et al., 
2007; NAS et al., 2010; NRC, 2012b). As a result of the 
recommendations in those reports, a number of agen-
cies and even private-sector entities have sought to ad-
dress some of the challenges we have laid out above. 
But the problems persist, and much bolder action is 
needed.

For high-school students, we know about the im-
portance of early school-based research experiences, 
informal out-of-school science experiences, and mo-
tivating information about a career in science (NRC, 
2011). Even so, there is little opportunity for students 
to be exposed to the process of science—exploration, 
discovery, and validation—as opposed to memorizing 
previous discoveries. That circumstance limits their 
understanding of science and dampens their enthusi-
asm for science as an exciting and creative activity. The 

current cookie-cutter approach to science education 
makes it hard to keep the brightest students intellectu-
ally engaged and interested in science in general and 
in biology in particular. Some students may want the 
opportunity for more rigorous and in-depth learning 
in their high-school years; for example, classes in mo-
lecular genetics or neurobiology in high school would 
undoubtedly ignite young minds. But state education 
budgets are shrinking at the very time when more 
money is needed. More important, state curriculum 
requirements effectively limit how far students can go 
in high school (NRC, 2002; Schmidt et al., 2013). The 
adaptability of the system to the potential of the prom-
ising student is the key. Today, it is the student who 
adapts to a rigid system of programs, rather than the 
opposite. 

Implementing substantial change will require chang-
es in K–12 teacher training. Only a minority of STEM 
teachers have robust research experience (NAS et al., 
2007; PCAST, 2010). Furthermore, the knowledge and 
skills of STEM teachers, as opposed to teachers in such 
disciplines as history or English, will rapidly go stale if 
they are not kept up to date. Few school districts have 
the resources to send their STEM teachers to annual 
meetings or continuing education in the form of ad-
vanced coursework or bench science (NRC, 2002; NRC, 
2007; NRC, 2005a). As science becomes more complex, 
the training of the nation’s science teachers must keep 
pace—teachers themselves need more exposure to 
hypothesis-based thinking, problem-solving, math-
ematics, and computer science in addition to continu-
ous exposure to the evolving knowledge in their fields. 

Higher-level mathematics, computer science, and 
data analytics have become critical for success in 
most arenas of health research, especially with the 
rise of genomics and real-world evidence. But most 
US students do not even go as far as calculus in high 
school, let alone to linear algebra or statistics (NAS et 
al., 2007). The same can be true in college. Statistics is 
almost absent from curricula, and many students, not 
recognizing the importance of exposure to such sub-
jects, take as few mathematics and statistics courses 
as permissible. Moreover, almost no high-school or 
college training in computer science is focused on biol-
ogy, in which the need for computer science and large-
dataset analytic skills is increasing. In middle school, 
74% of girls express interest in STEM, but when choos-
ing a college major, just 0.4% of high-school girls select 
computer science (Girls Who Code, 2016). The num-
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ber of men and women who have college degrees in 
mathematics or computer science is a small fraction of 
the number who are pursuing careers in business ad-
ministration, and the number of women is much lower 
than the number of men (NCES, 2014). In addition, the 
larger problem of attracting members of underrepre-
sented groups, especially minority groups, to careers 
in science and retaining them must be addressed if we 
are to take advantage of all America’s brainpower. As a 
country, we are losing many smart young people who 
could not only become important scientists but bring 
a richness and diversity of experience and thought to 
bear on the health challenges of the future. 

In college, even when high-level courses in mathe-
matics and computer science are available, they are of-
ten rigid and siloed. Curricula are narrowly focused and 
offer few examples in computer-science classes of how 
analytic techniques can be applied to modern-day biol-
ogy, leaving computer scientists largely ignorant about 
career opportunities in the biomedical workforce. For 
freshmen still undecided about a career, opportunities 
for laboratory-based, hypothesis-driven research are 
sparse. For students with traditional goals, a high mark 
in organic chemistry has become the Holy Grail of suc-
cess and serves as a requirement for admission to 
medical school. Rather than just high marks, the goal 
of the students should include the development of the 
problem-solving skills needed in research.

Of all the groups in the biomedical workforce, PhD 
students are under particular stress in the current en-
vironment. Some argue that we are training too many 
PhDs, others argue that we have too few PhDs in criti-
cal fields (Benderly, 2010; Cyranoski et al., 2011; Trive-
di, 2006; Domer et al., 1996), and still others suggest 
that the training is too long and too narrow. The needs 
of both PhD students and society will be served bet-
ter by aligning training programs with varied career re-
search options, including “big pharma”, biotech, device 
companies, foundations, government, data-analytics 
companies, and patient groups. 

Despite the growing number of possible careers, 
we are operating with an outmoded model of training 
PhDs. It leads to students and postdoctoral scholars 
who are coming out of their training hoping simply to 
replicate the careers of their mentors rather than to 
contribute to the exploration of novel ideas through 
more diverse careers. Such students finish their train-
ing with inadequate exposure to the wider array of 
career options and the skills that would allow them 

make informed decisions about their career paths. It 
has been suggested that universities and their facul-
ties continue to promulgate that approach because 
trainees are critical for the productivity of their labo-
ratories. It can be argued that the current postdoctoral 
system is an apprenticeship program for the benefit of 
the faculty and results in longer and longer periods of 
postdoctoral training. Instead, the endgame should be 
focused on independence as soon as possible rather 
than having postdoctoral scholars continue to serve as 
a low-paid labor pool. The current situation is no doubt 
discouraging to the most creative. It is no surprise that 
dropping out of college is an increasingly popular rec-
ommendation that some entrepreneurs, such as Peter 
Thiel (Brown, 2014), have made to brilliant students if 
they are to succeed creatively; Steve Jobs, Bill Gates, 
and Mark Zuckerberg did not complete their college 
training, but each has changed the world. Although 
that recommendation has worked in technology fields, 
such as computer science, it would not work for such 
fields as modern biomedical research (Powell, 2015; 
NRC, 2005b).

Breakthroughs in medicine often move from the 
bedside to the bench, and this is why the physician–sci-
entist is critical for medical advancement (NIH, 2014). 
But there are few formal research-training programs 
for physicians, especially after residency. The National 
Institutes of Health (NIH) Medical Scientist Training 
Program (MD–PhD) (NIH, 2015) program has been suc-
cessful, but many argue that it requires too great an in-
vestment of time. Even when physicians try to eke out 
time for research, health systems end up discouraging 
such activity in the face of needs to ensure adequate 
clinical-care services and more predictable revenues 
than those gained from competitive research-grant 
funding. For example, physician–scientists who have 
an idea for a product with immediate and direct effects 
on treatment must often take a leave of absence from 
the workplace to devote time to such efforts at the risk 
of damaging their careers. 

In the distant past, biomedical scientists could mas-
ter all the relevant research fields needed to be pro-
ductive scientists, for example, physiology, pharmacol-
ogy, anatomy, and genetics. Such scientists toiled away 
in their academic laboratories, talking to each other in 
the hallways or at scientific meetings with like-minded 
academic researchers. And with that experience, they 
could be successful in conducting cutting-edge re-
search. Now, to be successful, scientists need to col-
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laborate simultaneously with colleagues in academe, 
industry, nonprofit organizations, patient groups, and 
government in the United States and around the world. 

The need for collaboration is a result of changes in 
the health-science research enterprise, which depends 
increasingly on nontypical biomedical disciplines. Engi-
neering, mathematics, and computational science are 
now essential. The scientific disciplines, which used 
to be learned as separate subjects, are increasingly 
overlapping and complementary. For example, it is 
now hard to work in genomics without competence in 
computer-based data analytics. To formulate and test 
hypotheses, scientists increasingly need to be knowl-
edgeable about and able to apply the skills from not 
only their own fields but many other fields. That is par-
ticularly true of the emerging discipline of translational 
research, which sits in the space between basic discov-
ery and “first-in-humans” clinical studies. 

Translational research itself has its own methodol-
ogy (Emmert-Buck, 2014; Trochim et al., 2011; Fang 
and Casadevall, 2010) and is essential for moving a 
discovery into an innovation in health care. Today, the 
most often cited obstacle to the development of novel 
and more successful therapies is the general lack of a 
deep understanding of human pathogenesis. For ex-
ample, after a century, we still do not understand the 
fundamental causes of diabetes. We can control the 
disease in some patients, but it progresses inexorably 
in the large majority of them. The tools and methods 
arising from the extraordinary progress of the basic 
sciences—such as genomics, proteomics, and many 
other advances of the last few decades—need to be 
applied directly to large patient cohorts who are fol-
lowed for years. The tools are available, but where are 
the trained physicians and scientists who will dedicate 
their lives to such long and difficult explorations and 
be free of the need to generate large revenues from an 
increasingly cost-conscious academic health system?

The traditional disciplines of population and behav-
ioral research are also increasingly important. Data 
from those disciplines have become crucial for even 
basic science in helping to devise testable hypotheses 
and identify precisely the patients who would benefit 
most from existing or new therapies. 

The necessity for collaboration is driving new ways 
of working together. Research has moved from solely 
a single-investigator model to include team-based sci-
ence and multidisciplinary and interdisciplinary re-
search. The collaborative approach itself is not based 

on a single model. For example, team-based research 
in academe, where the outcome is new knowledge, 
can be different from team-based research in indus-
try, where the output is a product. Current training 
programs fail to help young researchers to under-
stand and appreciate the difference between working 
in academe and working in industry; academe-based 
training and industry-based training do not comingle 
enough to allow young researchers to appreciate the 
differences first-hand. The situation is exacerbated by 
the perception that industry tends to act primarily in 
its own interest and often underinvests in R&D. Some 
argue that industry does not work for the greater good 
of the scientific enterprise or society. In fact, at a time 
when public funding for scientists is unstable, it is im-
portant to be aware that industry invests much more 
in R&D than does NIH—by at least $10 billion a year 
(Powaleny, 2016). The absence of industry experience 
aggravates the false perception and can keep the best 
and brightest out of this crucial component of the in-
novation pipeline. Ironically, it is happening at a time 
when industry is moving to an external-innovation 
model, in which much innovation is derived from work 
with small companies or academics rather than from 
internal research in industry-owned laboratories. 

For all the reasons described above, we need to 
move from reliance on the old view of scientific train-
ing to a new view that takes into account the complex-
ity of biology and the changed environment. No single 
training pathway is the answer; flexibility and adapt-
ability to the needs of trainees will be essential for suc-
cess. Most important is the need for incentives for aca-
demic institutions to change the scientific culture and 
be open to new models of training. 

That said, large-scale changes in our training sys-
tems and infrastructure are probably not all possible 
at once, certainly not within current national budget 
constraints. Nevertheless, there are many opportuni-
ties for true training innovation. The question is, Which 
innovations would have the greatest near-term or 
long-term impact?

At one time, we had only anecdotes to help us to un-
derstand how students found their way to careers in 
scientific research. Today, we have several decades of 
research to illuminate the importance of early school-
based science training, informal out-of-school science 
experiences, information about careers in science, 
parental support, and other factors (NRC, 2011). The 
short scenarios in the section above are intended to 
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be simple illustrations, but available data support the 
common intuition that students who have access to a 
robust set of early science experiences are more likely 
to have scientific careers than are students who do 
not receive such access (NIH, 2014). As we seek a ro-
bust set of pathways into the health-sciences research 
workforce, how can we ensure that we are supporting 
students (K–12, undergraduate, and graduate) by mak-
ing them aware of specific opportunities in the health-
sciences research enterprise? How can we be sure 
that we are reducing barriers to success and linking 
students to the jobs and careers where there is unmet 
demand?

In recent years, steps have been taken to correct 
the cacophony of K–12 educational standards and cur-
ricula that characterized the American education sys-
tem for many decades. The Common Core Standards 
and the Next Generation Science Standards (NGSS, 
2016b) are available for states to use voluntarily. By 
using them, states can elect to collaborate in curricular 
materials and student assessments. Such collabora-
tion offers substantial opportunities for cost savings. 
The standards, although far from perfect, constitute a 
substantial improvement on what most states had in 
place before their adoption. The mathematics and sci-
ence standards (NGA and CCSSO, 2010; NGSS, 2013) 
will require periodic revision, and the scientific com-
munity should remain ready to assist in this process as 
the National Academy of Sciences did when it played 
an important role in the draft document that led to the 
NGSS (NGSS, 2016a; NRC, 2012a).

Exposing students at all levels of education to the 
wide variety of health-science careers available in 
industry and policy, as well as academe, will make 
it easier for them to envision themselves working in 
these settings. Students able to see themselves in a 
particular career early are far more likely to prepare 
themselves for it. Recruitment efforts would benefit 
from coordinated public–private initiatives. In today’s 
economy, many students (and their parents) are con-
cerned about the availability of well-paying jobs at the 
end of a particular educational pipeline. 

In all sectors and at all levels of biomedical science, 
there is an urgent need to improve the diversity of the 
workforce. A diverse scientific workforce will improve 
our efforts to explore the whole array of health issues 
that affect our diverse demographics. And yet, while 
the number of women in science has been rising in the 
last 2 decades, the number of minority-group mem-

bers remains unacceptably low (NSF, 2015). Clearly, 
we must do much more to attract and retain under-
represented minorities to STEM education (NAS et al., 
2011). Some suggest that despite the desire of many 
institutions to increase faculty diversity, many minori-
ty-group students are unsure how to navigate the job-
hiring process or choose to move to higher-paying po-
sitions outside academic research. To that end, it may 
be necessary to develop plans for mentoring for these 
students to help them to transition from doctoral stud-
ies into research positions in the academic workforce. 

In sum, changes in high-school STEM will require 
complementary federal, state, and local efforts, per-
haps with the new US president working with gover-
nors to stimulate new initiatives. That will be especially 
important in light of budget crunches that force states 
to cut education budgets. Federal matching grants 
could be an incentive for states to invest.

What opportunities exist at the undergraduate and 
graduate levels to address the problems that we have 
articulated here? For example, should there be a re-
invigoration of master’s programs, especially in such 
fields as statistics and computer science, in which a 
PhD may not be necessary? Should we consider pro-
grams similar to those in Europe (Martinho, 2012), 
where especially talented students go straight from 
high school to MD or PhD programs or where parts of 
undergraduate and doctoral training are condensed? 
It would certainly be feasible to consider national pro-
grams, perhaps supported by federal or state grants, 
which give more undergraduate students summer re-
search experiences. Why not create accelerated path-
ways for the most gifted students, especially members 
of underrepresented minority groups, rather than im-
pose the same programs on all, primarily for the pur-
poses of credentialing? 

It is undeniable that the debt burden amassed by a 
student pursuing a high-level credential in science in 
this country is substantial and is a disincentive to pur-
suing such a path (Zelser et al., 2013). Is it time to con-
sider debt forgiveness for students completing PhDs 
in some high-need fields, such as bioinformatics? An-
other big problem is the lack of faculty (Sainani, 2015; 
Dinsdale et al., 2015), especially in the United States, 
to train bioinformaticians and biostatisticians. In the 
nation’s graduate schools, including medical schools, 
the opportunity to take courses in biostatistics and 
bioinformatics is limited by the lack of adequate quali-
fied staff to teach them. There is such a high demand 
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for those skills that schools cannot keep up. Would 
government support for master’s-program students, 
especially in disciplines with shortages, such as biosta-
tistics, help to meet the need for more faculty? 

With all the evidence of problems in the system, it 
should not be surprising that there has been no lack 
of initiatives aimed at solving at least some of them. 
But there has been no comprehensive examination 
of outcomes. Federal STEM programs have involved 
projects at different stages of development. For some, 
innovation and initial prototype development are the 
goal; for others, scalability and effects need to be 
evaluated. It is important to understand not only what 
works but why it works and what appears not to be 
working and why. Governmentwide evaluation funds 
should be used to create an educational knowledge 
base for the benefit of future programs and interven-
tions. For example, what can be learned from existing 
undergraduate research programs, including the Na-
tional Science Foundation (NSF) Research Experiences 
for Undergraduates program (NSF, 2016b)? How can 
we build on successful diversity initiatives, such as the 
NIH Building Infrastructure Leading to Diversity initia-
tive (NIH, 2016a; NIH 2016b), The University of Mary-
land, Baltimore County Meyerhoff and Howard Hughes 
Medical Institute–funded adaptation (UMBC, 2016; 
HHMI, 2014), and relevant NSF programs (NSF, 2016a)? 
Are there programs that are working well but could 
be improved, such as NIH’s Broadening Experiences 
in Scientific Training (BEST, 2016), Pathways to Inde-
pendence (K99-R00) (NIH, 2016e), Early Independence 
Awards (NIH, 2016d), F32 (NIH, 2016c), and T32 awards 
(NIH, 2016f)? We need to know which programs should 
be expanded and which could or should be ended. In 
creating new programs, one always needs to look for 

ways to prevent the tendency for programs, once put 
into place, to stay forever—long past their utility. 

The discussion above articulates many of the initia-
tives that could be considered in an effort to optimize 
the 21st century scientific workforce. They have been 
presented to illustrate the breadth of issues and to 
draw attention to some solutions that could address 
them. However, it could be argued that if we try to 
change everything at once, we will end up changing 
nothing. Rather, a realistic approach to change is need-
ed—change that will not require wholesale reinvention 
of the current system. We must focus on the biggest 
problems and try to make immediate and pragmatic 
changes, which are likely to promise lasting effects.

Policy Suggestions

A visible response to ensure the future competiveness 
of the country by creating a new generation of inno-
vators in the life sciences is of strategic importance. 
The life sciences will undoubtedly embody the largest 
economic opportunity for growth of novel solutions 
for addressing disease and disability and for control 
of runaway health-care costs and burdens. We do not 
have the full array of programs that will ensure that 
the best and brightest pursue, and do not deviate 
from, careers in biomedical research. We need to en-
sure that these young people have the opportunity to 
realize their most creative ideas with all the support 
and encouragement required. We must work at all lev-
els simultaneously to instigate change. Below are two 
policy suggestions that taken together could make a 
critical difference in the nation’s ability to tackle the 
challenges of creating and supporting a truly 21st cen-
tury health-science workforce.

BOX 1 
Sample High School Initiatives

• Create biology-related curricula in computer-science classes. 
• Create opportunities to take on-line college courses for credit in such subjects as computer science where ap-

propriate courses or appropriately qualified teachers are not available locally.
• Ensure that all federal science-mission agencies play a formal role in improving the nation’s high-school education 

system via appropriate authorizing language. 
• Create “science-teaching fellows” who work in high schools with the most talented students. 
• Provide more early school-based science training, informal out-of-school science experiences, and information 

about careers in science.
• Provide federal matching grants as an incentive for state investment in innovative science curricula for the best 

and brightest.
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A NextGen Opportunity Fund

The president could create a NextGen Opportunity 
Fund, whose resources come from a 2% set-aside from 
the appropriations of each relevant federal health, 
science, or education agency, which could rise to as 
much as 5% over the next decade as it is evaluated 
for impact. Strategic use of the funds would be guided 
by a presidential panel that comprises heads of fed-
eral agencies and divisions, state governors, and rep-
resentatives of academe, payers, providers, industry, 
and patient groups. It would function under the aegis 
of the Office of Science and Technology Policy’s Na-
tional Science and Technology Council Committee on 
Science. Resources would be used to expand current 
programs and create newer, more focused opportuni-
ties in relevant federal agencies. The goal is to attract 
the most talented into biomedical research, train them 
for the 21st century, foster their creativity, and ensure 
that they become independent researchers earlier. 
The programs would ensure that the next generation 
of health scientists is multidisciplinary, collaborative, 

and working in an environment that fosters their most 
creative ideas.

The opportunity fund could be used to support exist-
ing and new programs at the federal and state levels to 
train the brightest aspiring scientists with the goal of 
engaging them in urgent improvement of the nation’s 
health. 

The fund should be an incentive for the nation’s gov-
ernors and K–12 educators to ensure that the most tal-
ented students are given the opportunity and encour-
agement to excel (see Box 1 for sample programs). 
Working with academe and through federal agencies, 
it should also be used for creating new incentives to 
shorten the time from undergraduate and graduate 
training to independence (see Box 2 for sample pro-
grams). 

All new programs funded in this manner should 
have a 10-year limit with an opportunity to renew after 
favorable evaluation.

BOX 2 
College and Graduate Initiatives

• Create more master’s programs, especially in such fields as statistics and computer science. 
• Explore programs in which especially talented students go straight from high school to MD and PhD programs. 
• Create programs in which parts of college and doctoral training are condensed. 
• Provide debt-forgiveness programs for students who are working toward master’s degrees or doctorates in some 

high-need fields, such as bioinformatics and biostatistics. 
• Provide federal training and research support for the best and brightest master’s and doctoral students who are 

interested in health-services research and public-health research.
• Create more master’s programs, such as programs like the Sloan Professional Science Master’s program, focused 

on multidisciplinary approaches to problem-solving.
• Expand on existing industrial postdoctoral and other internship experiences, such as the NIH T32 and F32 training 

programs. 
• Provide incentives to identify the best and brightest members of underrepresented minority groups and women 

in high school and college. 
• Set time limits on institutions for the maximum duration of PhD training.
• Change the Office of Management and Budget indirect-cost calculation for NIH-funded universities on the basis 

of time to first independent job for postdoctoral fellows.
• Create new mechanisms to promote careers as staff scientists (non-tenured with no teaching responsibility) in 

academic settings. 
• Create a new Entrepreneurship Division in NSF or the Department of Commerce to provide postdoctoral fellows 

with startup funds.
• Provide incentives for 4-year colleges to work with community colleges for early identification of science interest 

and talent. 
• Create new programs for medical students and residents to have the time and resources to conduct research.
• Expand community-college and college programs that create opportunities for exceptional students who have 

suffered from weak K–12 experiences.
• Create programs to help students, particularly minority-group students, who need guidance on completion of a 

doctorate or postdoctoral fellowship as to how to navigate the job hiring process.
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The Health-Science Corps for the 21st Century

The profile of health scientists will need to be different 
in the future from today. To that end, an additional pol-
icy approach to training the next generation of health 
scientists could be to create a National Health-Science 
Corps for the 21st Century. The corps could be funded 
either from the NextGen Opportunity Fund described 
above or through appropriations directly to relevant 
federal agencies and departments. The mission of the 
corps would be to address the lack of high-school ex-
posure to the best science by the best teachers; the 
unjustified lengthening of our postgraduate training 
system with poorly defined career pathways even for 
promising scientists who today do not reach inde-
pendence until their late 30s; the increasing financial 
burden of a scientific education with unsustainable 
student debt levels that forces many, especially mem-
bers of underrepresented minorities, to forgo scientific 
careers; and the persistence of rigid disciplinary silos 
that make the multidisciplinary training and research 
experience more difficult and longer than necessary.

Admission to the corps would be highly competi-
tive. Such an “army of innovators” would be nurtured 
at all stages of career development, from high school 
to early independence. This cohesive program would 
provide customized opportunities for members of 
the corps with the singular goal of turning out highly 
trained independent scientists ready to contribute to 
improvements in health. The program would address 
all educational levels, with corps members being ad-
mitted to the program as early as high school and as 
late as postdoctoral fellowship and medical residency. 
Corps members would be assessed regularly to evalu-
ate progress and success. People entering the corps 
would be able to participate in advanced curricula de-
signed to speed their trajectory toward becoming inde-
pendent scientists. For example, new programs might 
include opportunities for high-school students to take 
college classes in computer science for credit and to do 
it while replacing, for example, a history requirement. 
Undergraduate colleges could be required to provide 
corps members the opportunity to conduct 4 years 
of hypothesis-driven research with a mentor in an as-
signed laboratory. 

Unlike programs that address different phases of 
the career pipeline independently, this program would 
address the big picture by pushing forward at all stag-

es of the scientific workforce simultaneously, ensur-
ing continuity for the best and the brightest as they 
progress from high school through postdoctoral work 
and residency. Thus, the program would serve as an 
umbrella for all phases of science education, training, 
and early career development. It could draw on and in-
clude existing programs as necessary and appropriate. 

Relevant agencies, state governors, and the private 
sector should be responsible for operationalizing the 
corps, that is, designing the programs that would deliv-
er the expected outcomes (see Boxes 1 and 2 for possi-
ble initiatives). Plans for evaluation would be designed 
so that the most effective aspects of the corps could be 
continued and others discontinued, as needed.

Conclusion

The scientific workforce of the 21st century will be dif-
ferent from that of the 20th: it must be more diverse 
and multidisciplinary. Many workforce initiatives to 
date have involved directing existing federal and some 
private-sector investment into agency or foundation 
initiatives. We have trod that path before. The BIO2010 
report (NRC, 2003) and Rising Above the Gathering 
Storm (NAS et al., 2007), both raised many of the is-
sues addressed here. 

Efforts to instigate change, however, have been un-
even and have lacked cohesiveness. We cannot allow 
history to repeat itself, so we respectfully put forth 
these proposals that would immediately and persis-
tently change the training landscape in the United 
States. The absence of such bold moves would put the 
nation at risk. Historically, presidents have changed 
the fortunes of the nation by launching specific initia-
tives, such as the GI Bill and the space program. We are 
at a comparable historical juncture with regard to the 
life sciences in this century. 

Motivated and talented human capital is the core 
determinant of national competitiveness. Nothing is 
more critical than ensuring that our next generation 
of health scientists accomplishes even more than the 
current one. It will require courage, perseverance, and 
leadership at the highest levels of the nation.
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Endnote

1. The results of the 2012 Program for International 
Student Assessment (PISA) study conducted by 
OECD ranked US high-school students 27th in 
mathematics among the 34 OECD member nations. 
In the same study, US students placed 17th in read-
ing skills and 20th in science. Overall, that means 
that our high-school students score at or below the 
international mean in the key measures of academ-
ic readiness. Shanghai, China (not an OECD mem-
ber nation), was the top international performer in 
mathematics. Shanghai’s average score placed it 
more than 2 full school years ahead of the average 
in Massachusetts (one of the top-performing US 
states). Setting aside average performance and fo-
cusing instead on top-performing students does not 
provide much solace. About 2% of US high-school 
students score at the highest level of mathematical 
achievement—compared with an OECD average of 
3% and Shanghai’s standout performance of 31%. 
America has to aspire to be more than “average” to 
have any chance of retaining its position as a world 
leader in STEM (OECD, 2014).
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