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The following are thoughts in regard to the peer review process for NSF grants.

NSF makes funding decisions based on a peer-review process. The peer-review process
typically calls upon academic and industrial experts to evaluate the creativity of proposed
research and the value of the knowledge that would ensue from its support. Over the years,
NSF has used a variety of criteria to evaluate proposals for funding. Prior to 1997, there were
four peer-review criteria: Research performer competence; Intrinsic merit of the research;
Utility or relevance of the research; Effect on the infrastructure of science and engineering.
The theme of these criteria centered on “advancing the frontiers of knowledge.” Under
concerns raised by the efficacy of the review process based on these four criteria, the National
Science Board (NSB), the entity that sets policies for NSF, recommended changes resulting in a
reduction from four down to two peer-review criteria: Intellectual merit, to capture the
knowledge created by the research, and Broader Impacts, to capture the societal benefits that
would accrue from NSF supported research investments. This change was enacted into law by

the 114t Congress, with the American Innovation and Competitiveness Act. As with many
actions, the laws of unintended consequences may yield the dominate effect.

As an academic who has been supported by NSF funding, has sat on NSF review panels, led an
NSF sponsored workshop on enhancing Broader Impact, and served as a Program Director at
NSF as a rotator (while on leave from my university faculty position), | appreciate what NSF
does, and value the contributions that it has made to our nation’s well-being. Indeed, | have
personally benefited from the existing NSF funding model and peer-review process. | also
believe that having two criteria for evaluating research proposals for support is fundamentally
flawed, and limits the potential value of what NSF can achieve.

When presented with two objectives, human nature inherently prioritizes them, based on
internal biases or external values. Given two criteria to assess the value of a research
proposal, researchers and reviewers implicitly place a priority on one criterion over the other.
This is manifested in one criterion being optimized (the primary) and the other criterion
meeting a threshold or being used as a tie breaker (the secondary). With few exceptions,
Intellectual Merit serves as the primary and Broader Impacts serves as the secondary. The
result of this hidden hierarchy is that the full value of NSF investments is not being fully
realized. Does this mean that NSF is funding low quality research? Most definitely not. NSF
receives more quality proposals than it can support. What it does mean is that the collective
value of research being supported by NSF can be elevated to better serve its stakeholders.
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The fundamental metrics with the two review criteria are sound. What is required is a single
cohesive criterion that embodies both Intellectual Merit and Broader Impacts, so that they are
not considered as disparate concepts within proposals, but rather, a single unifying ideal to
strive for. One possible way to express this ideal is with the criterion, Advancing Knowledge
for Society. This criterion embodies the Intellectual Merit criterion for advancing the frontier
of knowledge, both fundamental and applied, and the Broader Impacts criterion for societal
benefits. The name of the criterion is less critical than the need to identify a unifying measure
for evaluation.

The societal benefit of new knowledge may vary by the scale of the societal footprint
impacted, and the time horizon over which it would be realized. The most basic research
(such as in theoretical physics, chemistry, computer science, mathematics, and the
methodological foundations of Operations Research) would be covered under this umbrella,
since fundamental knowledge would benefit a more focused aspect of society (at least
initially, namely, members of a particular field), and be realized over an extended time
horizon. Applied research (such as in many areas of engineering, computer science, the social
sciences, and operations research applications) would be covered in their benefit to a larger
footprint of society, over a shorter time horizon. By unifying the merit criteria into a single
objective, researchers are guided to think more holistically about their research proposals,
limiting the either/or trap that researchers and reviewers inadvertently fall into. To reiterate,
the fundamental components of Intellectual Merit and Broader Impacts are sound and should
be preserved; what is needed is the incentive to coalesce them into a more coherent path for
discovery and a unifying metric for evaluation.

Recasting the NSF peer-review criteria into a single cohesive criterion is a step to enhance the
value of NSF investments. To test this hypothesis, it may be worthwhile to conduct a pilot
study within NSF to evaluate how researchers and reviewers respond to a single criterion
peer-review model. Such a pilot study would either inform the NSB on one possible avenue to
enhance the peer-review process, or provide evidence that the existing two criterion model
has sufficient merit to be retained.
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