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system models featured in this special issue each present an in-
tegrated approach in support of evidence-based policy (36).

“Modeling research universities: Predicting probable futures of
public vs. private and large vs. small research universities” by Rouse
et al. (37) extends the computational model of research universities
presented in ref. 38 using three strategic scenarios: (i) status quo, (ii)
steady decline in foreign graduate student enrollments, and (iii )
downward tuition pressures from high-quality online professional
master’s programs. Robust data are used to project four types of
research universities (large public and private and small public and
private) into the future. Computations show that, while research
requires high subsidies, it serves to create reputation; research in-
vestments create “brand value” that can be converted into tuition
income. The model was validated by applying it to different types
of institutions and inviting feedback from over 20 domain experts.
Model results predict the rise and decline of institutions and sug-
gest possible revisions in business strategies (e.g., restricting re-
search activities to avoid the inherent subsidies that these activities
require) to address competitive forces.

“Twin-Win Model: A human-centered approach to research
success” by Shneiderman (39) expands on ref. 40 and presents a
model that encourages teams of researchers, academic leaders,
business managers, and government funding policy makers to
embrace a problem-oriented approach to research. It argues that
teams should aim to pursue “breakthrough theories in published
papers and validated solutions that are ready for widespread dis-
semination” simultaneously to increase the number of foundational
discoveries and to speed up the translation of innovations into
practice. The work shows that working on real-world problems with
partners deeply invested in the solutions accelerates (and helps
fund) both applied and basic research. Evidence is provided by
means of citation analysis that compares six US public universities
with six US private universities for the years 2012–2016, all of which
show increased citation impact for papers that list authors from off-
campus partners from business, government, and nongovernmental
organizations. Researcher interviews provide deeper insights as to
why such collaborations can advance basic and applied research.

“Vision for a systems architecture to integrate and transform
population health ” by Madhavan et al. (41) presents a perspective
combining expertise from the National Academies of Sciences, En-
gineering, and Medicine with t hat of academia and industry to
propose a visionary model for harmonizing programs, policies,
regulations, legal arrangements, and practices to understand and
improve the state of population health. As the paper notes, every-
one is involved in population health, but no one is in charge of it.
Hence, the specific focus is on a system architecture for real-time
“situation awareness” that uses rich global data, a suite of compu-
tational models, and visualizations(providing different views, alerts,
and scenarios) to improve proactive planning, monitoring, explora-
tion, and decision support. The paper also reflects on the necessary
changes in education, research, and joint action in support of greater
coordination and better synergi es of population health efforts.

Models of Academic Networks, Impact, and Awards. Two pa-
pers aim to quantify the impact of scientific apprenticeship,
mentorship, and coauthorship on scientific excellence (Academia:
Understanding Science).

“The chaperone effect in scientific publishing” by Sekara et al.
(42) shows the critical importance of acquiring the expertise needed
to publish in prestigious journals. It studies the impact of experi-
enced authors on teaching young scientists to ask“the right ques-
tion” and to acquire high-level scientific communication skills. The

paper defines and quantifies this “chaperone effect” by computing
how scientists transition into senior status given multiple publica-
tions within the same journal; shows that the effect is stronger in
medical and biological sciences and weaker in natural sciences, with
effect sizes growing over the last decade; and discusses implications
on long-term citation patterns of papers, with chaperoned authors
tending to have higher long-term impact than nonchaperoned au-
thors. Their findings shed light on the role played by experience and
skills required to publish in prestigious venues.

“Scientific prize network predicts who pushes the boundaries
of science” by Ma and Uzzi (43) shows the critical link between the
worldwide and transdisciplinary scientific prize network and the
dynamics of reward stratification and prizewinning in science.
The study uses original data collected on 3,000 different scientific
prizes in diverse disciplines and the career histories of 10,455
worldwide prizewinners covering more than 100 years of science.
Their work uncovers (i) the relatively small and densely clustered
number of ideas and scholars who lead scientific thinking (e.g.,
64.1% of prizewinners have won two prizes, and 13.7% have won
five or more prizes); (ii ) the interlocks among different prizes within
and between disciplines, which are formed by multiple prizes being
won by the same scientist whose ideas then gain credit and spread
through the prize network; and (iii ) the genealogical and coauthor-
ship networks that predict who wins multiple prizes. Whereas sci-
entific prizes were once mainly thought to be measures only of
personal acclaim, they can now be recognized as performing mul-
tiple functions in science regarding the legitimation (44), spread,
and stratification of ideas and having a network structure that reveals
the “high level of interconnectedness among acclaimed scientists
and their path breaking ideas.”

Models of Job Market Needs and Educational Offerings →
Training the Workforce of Tomorrow. There is no progress in
science and no research and development (R&D) innovation
without education. Most of today ’s jobs require at least a high
school diploma and in many cases, a college degree or higher
education. Workers change jobs frequently and need to upskill
continuously—particularly in science, technology, engineering,
and math (STEM) fields. Training the workforce of the future re-
quires a deep understanding of how people learn (45).

In the United States, higher education is a major investment
that a decreasing number of students can afford. While much data
exist for other types of major long-term expenses and commit-
ments (e.g., purchasing a home or a car), there is a major debate
about the true value of a college education. Some equate value
with the earning power that comes with a particular college de-
gree; others value job satisfaction and/or the social skills and
networks or intellectual rewards gained from the college experi-
ence. Many stakeholders are interested in ensuring that universi-
ties remain key creators of intellectual capital and economic
growth (46) while competition among institutions grows.

Industry is concerned about the continuous high-quality
training needed to keep engineers and others up to date when
“products and processes are constantly changing due to tech-
nology, innovation, economic factors, and the encompassing in-
fluences of society and culture” (47). Learning scientists from
Microsoft Corporation and The Boeing Company presented at the
Sackler Colloquium, showcasing the urgent need for well-trained
employees and efficient workforce development. STEM industries
in general are fiercely competing for the best and brightest —
offering high salaries, flexible work time, and much freedom. The
aerospace industry and NASA have a disproportionately large
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