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Top-down vs. Bottom-up

Design of innovation incentives important
I Especially amid slowdown in productivity growth

Decker et al. 2016, Syverson 2017

Relatively overlooked but crucial choice dimension in the search for
ideas:

I Centralized “top-down” approach soliciting a particular technology
I Open “bottom-up” approach in which innovators suggest ideas,

reflecting uncertainty about what opportunities exist

Bottom-up innovation policy may be especially useful if, in a larger
and more diverse economy, it has become more difficult for
technology-deploying institutions to find innovations
Jones 1995, Bloom et al. 2020
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Problem salient at U.S. Department of Defense (DoD)

Concern among top policymakers about U.S. defense R&D
I Innovation procurement narrowly specified
I Siloed in small group of defense firms

Cox et al. (2014), Griffin (2019)

We show (for first time) that indeed U.S. defense sector growing less
innovative compared to rest of U.S. economy since early 1990s

I Coincides with extensive M&A activity that consolidated the defense
industrial base

From DoD’s perspective, problematic if best technologies no longer
marketed to the military

From social perspective, may be significant productivity growth
implications from DoD’s attenuated role in funding frontier ideas
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The Open Topic Reforms

As part of effort to address these issues, U.S. Air Force experimented
with “Open” topics in SBIR in 2018

I Firms propose any idea or technology that could be useful to Air Force
I Premised on idea that it has become harder for military to find ideas in

the economy that are relevant to its changing activities
Conventional program identifies specific needs for incremental
improvement

I e.g., higher quality silver paint for airplanes
Both focus on applied (development) stage of R&D

I Firm already has tech, will develop it further, especially for military use
I Common goal: Commercialize tech in DoD and private sector

Difference is which agent identifies the problem (firm or gov’t)
I Two programs highlight importance of efficient search for new

technologies
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This Paper

By using administrative data to compare Open and Conventional – run
simultaneously and with same review process – we can make progress
toward comparing bottom-up vs. top-down R&D policies

Research questions:
1) Did Open attract new entrants to overall market (i.e. young
firms) and to defense SBIR market?
Yes!
sss
2) What is the causal effect of the two programs on innovation
and non-SBIR DoD contracting outcomes?
Positive for Open, null for Conventional!
sss
3) Beyond selection, was the “bottom-up” nature of Open a
critical part to its success?
Yes!
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Defense R&D & SBIR Useful Setting
Dual-use aspect of frontier defense technology ⇒ large spillovers to
private sector

I U.S. DoD historically key funder and early customer for
transformational tech (GPS, radio, crypto, nuclear power, jet engines...)
Mowery and Rosenberg (1991), Mazzucato and Semieniuk (2017)

DoD one of the largest single investors in R&D in the world, comprises
about 60% of U.S. federal R&D
Congressional Research Service (2018)

SBIR program among world’s largest and most influential gov’t small
business innovation programs

I $3.11 billion across 11 Federal agencies in 2018
F Of this, DoD accounted for $1.32 billion
F Air Force had largest single program, $664 million

Study government as a customer rather than a regulator and financier
I Extensive literature on latter two roles

Jaffe and Palmer (1997), Bloom et al. (2002), Denes et al. (2020)
I Former quantitatively important in U.S. and more so elsewhere
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Broader Implications

Whether a bottom-up approach to innovation can be successful is a
longstanding economic question
Azoulay and Li 2020

Question relevant for diverse public and private institutions
I E.g. NIH funds both “investigator-initiated competitions” (like Open)

and specific “requests for applications” (like Conventional)
Myers 2020

I Government agencies around the world use open solicitations (EU, UK,
DARPA, DOE)

I Companies increasingly using bottom-up approaches through
customer-driven, outsourced, or open innovation, especially in
R&D-intensive industries
Chesbrough 2003, de Villemeur and Versaevel 2019
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Our Setting: The Small Business Innovation Research
Program

Use administrative data on more than 21,000 applications and
evaluations of Air Force SBIR proposals 2003-2019 period

I Focus on 2017-19 when Open and Conventional programs run
simultaneously

I Restrict to Phase 1: Small awards funding proof-of-concept work (firms
can later apply for larger Phase 2)

SBIR program different from overall DoD procurement
I Firms must be small to participate so consolidation not a primary

concern
I Insularity challenge manifests primarily through lock-in, where

incumbent contractors who repeatedly apply and win many contracts,
apparently relying on SBIR for revenue and failing to produce
technology that is useful for military operations

I No classified (“secret”) SBIR topics or projects
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SBIR Process at the Air Force

1) Air Force issues a public solicitation for applications
I One or more “topics,” each of which is a competition

2) Multiple government evaluators independently score application on
Technology, Team, and Commercialization quality

I Three sub-scores are summed

3) Winners are those whose overall scores are above a threshold
determined by the amount of funding available

I Treatment (award) is exogenous to the running variable (score)
I Scores and loser identities never public

Howell/Rathje/Van Reenen/Wong USAF SBIR Reforms 10 / 27



Selection into New Programs

Open applicants on average half as old and half as big as Conv

23% of Open applicants have prev DoD SBIR; 63% of Conv have prev DoD SBIR

Prop Counts Sum Stats Geo Dispersion Tech Kmeans Cluster Dists and Wordclouds
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Empirical Approach: Standard RDD

Within one program:

Yit = α + αT + β [1 | RankiT > 0] + γ1 [RankiT | RankiT > 0]

+ γ2 [RankiT | RankiT < 0] + δPSBIRiT + εiT

Compare multiple programs:

Yit = α + αT + β [1 | RankiT > 0] · Program′
T

+ γ1 [RankiT | RankiT > 0] · Program′
T + γ2 [RankiT | RankiT < 0] · Program′

T

+ δPSBIRiT · Program′
T + εiT .

RDD is Sharp s Density Test s Cont of Covs
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Probability of VC within 24 months after award by rank around cutoff

(a) Opensssssssssssssssssssssssssssss (b) Conventional
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Effect on VC within 24 months
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Effect on VC within 24 months
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Effect on VC within 24 months

Howell/Rathje/Van Reenen/Wong USAF SBIR Reforms 16 / 27



Effect on probability of non-SBIR DoD contracts within 24 months

(a) Opensssssssssssssssssssssssssssss (b) Conventional

Regressions find strong positive effect in Open, none in Conventional
Regressions
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Effect on probability of patents within 24 months

(a) Opensssssssssssssssssssssssssssss (b) Conventional

Regressions
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Effect on probability of Air Force SBIR contracts

(a) Opensssssssssssssssssssssssssssss (b) Conventional

Regressions
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Interpretation

Winning Open competition has significant positive causal effects on
future innovation (VC, patenting) and translating this R&D into
military technology (non-SBIR DoD contracts)

Winning Conventional competition has no causal effects on these
outcomes, instead creates lock-in (future SBIR contracts)

Open topics may work because firms bring existing idea oriented
primarily to civilian market to an AF customer who did not know they
needed the innovative product

I May have such a large effect on VC because Open contracts represent
entry point to much larger DoD contracts
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Mechanism

Is the success of Open due to the bottom-up “openness”?
I Or composition of applicants (i.e. selection)? Or some other feature?

Selection: Open attracted firms with larger treatment effects
I Entrant/Tech Type status don’t explain results in heterogeneity

analysis Go

I We look at other program reforms (NSIN, Pitch Day) that also
attracted new entrants, but are not bottom-up: No effects Go

Decentralized: Bottom-up nature of Open competitions meant that
firms came up with more successful ideas

I Consistent with this, we find that within Conventional, less specific
topics had more positive effects on patent quantity and quality Go

Howell/Rathje/Van Reenen/Wong USAF SBIR Reforms 22 / 27



Outline

1 Introduction

2 Setting

3 Empirical Approach

4 Main Results

5 Mechanism

6 Cost-Benefit Analysis

7 Conclusion

Howell/Rathje/Van Reenen/Wong USAF SBIR Reforms 23 / 27



Cost-Benefit Analysis
Consider the Air Force’s objective function:

V = µM M(D, uM)︸ ︷︷ ︸
Military Benefits

+µN N(VC , uN)︸ ︷︷ ︸
Non-Military Benefits

−C

I where µM is the welfare weight of military benefits and µN is the
welfare weight of non-military benefits

I D is the dollar value of non-SBIR contracts and VC is the dollar value
of VC funding

I uM and uN are the unobserved military and non-military benefits,
respectively

I C represent the cost of running an SBIR program.

Marginal Decision: For the next competition, what is the net
benefit?

I Assume one winner & 5 losers
I Use our estimated causal effects, average dollar values for VC and

non-SBIR contracts, and USAF estimated costs
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Cost-Benefit Results

Robust to wide array of sensitivity tests Go
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Conclusion

Trade-offs in innovation investment between decentralized
(bottom-up) and centralized (top-down) strategies

Open reforms seem to have benefits for DoD and private sector
I Selection: Reduces barriers to entry, minimize lock-in advantages for

incumbents, and attracts wider range of new entrants
I Openness: Seems to play an additional role

US military R&D is key exhibit for supporters of mission-driven,
innovation-based industrial policy.

I Recent trend of faltering innovation in this important sector
I We present the first causal evaluation of a defense R&D program

Relevant beyond defense: E.g. Companies use bottom-up approaches

Innovation funders could benefit from more bottom-up, decentralized
approaches
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Consolidation of Prime Defense Contractors
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Innovation Dynamics of Prime Defense Contractors

Dashed line: citations from non-defense contractors offers proxy for knowledge
spillovers to broader economy, versus being insular to defense industrial base
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Innovation Dynamics of Prime Defense Contractors

Relationship is not mechanical from consolidation because we do not count cites
from a future acquirer as self-cites

Prime and target share of patents in a class-year has declined over time, so there
are not “fewer outside patents to cite” in a class-year
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Historical Dynamics of Prime Defense Contractors

Back
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Classifying applications as technologies

There is no pre-classification into techs/industries
We use text in proposal abstracts in ML algorithm called k-means
clustering

I Classify each abstract based on its word “embedding”: process converts
the text into vectors of numbers

Each application represented by a vector, elements reflect word
embeddings

I Then can cluster applications into groups based on the similarity of the
vectors (i.e. minimizing the total within-cluster variance using their
vector representation)

We present 5 and 2cluster model
I 5 is empirically the optimal number of clusters
I 2 clusters yields clear dichotomy between software- and hardware-based

technologies
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Wordcloud for 2-topic K-means clustering of abstract text

Back
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K-means clustering of abstract text by program type and winner status
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K-means clustering of abstract text by program type and entrant status

Back
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Constructing Non-Specificity Index
For each Conventional proposal abstract, we do the following:

I First, map each word of the abstract into vector space using a
pre-trained model

F Each word is represented by a 300-dimension vector called an
“embedding”

F Each element in an embedding takes a value between -1 and +1
I Second, take the average across each dimension to produce one vector

that represents the average position of the abstract in vector space.
I Third, reduce the dimensionality using isometric mapping, following

Tenenbaum et al. (2000)

Each proposal is represented as a 2-dimensional vector

The nonspecificity index Nt for topic t with P proposals is constructed
as the following:

Nt =

∑P
i ||~xi − ~̄x ||2

P
Back
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Geographic Dispersion of Applications (2017-19)

Back
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Summary Statistics

Back
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Proposal Counts

Back
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Number of Applications and Awards Over Time by Topic Type (Analysis Sample)
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Histograms of Award Amounts by Topic Type and Phase
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Concentration of Federal Contracts

Howell/Rathje/Van Reenen/Wong USAF SBIR Reforms 42 / 27



Robustness Test (Part 1)
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Robustness Test (Part 2)

Back
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Effect of Winning Phase 1 Interacted with Phase 2 Match
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Prevalence of Crossover Sub-scores
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Total score does not predict outcomes
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Sub-scores can predict relevant outcomes
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Phase 2 Competition Summary Statistics
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Outcome Variable Summary for Special Programs
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Effect of Winning on Subsequent Patent Citations and Generality in Conventional Topics
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Effect of Winning on Any High-Originality Patenting
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Phase 2 VC and Government Matching Summary Statistics
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Within-Firm Effect of an Award in Open relative to Conventional Conditional on Applying

to Both
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Effect of Phase 2 Award and Award Amount on VC and DoD non-SBIR Contracts
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Effect of Phase 2 Award and Award Amount on Patents and DoD SBIR Contracts
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Continuity of Baseline Covariates around Cutoff for Phase 1 Award (Part 1)

Back
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Continuity of Baseline Covariates around Cutoff for Phase 1 Award (Part 2)
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Continuity of Baseline Covariates around Cutoff for Phase 1 Award (Part 3)

Back
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Regression Discontinuity Density Manipulation Test

Back
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Raw Scores and Award Probability in Four Representative Topics
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Effect on Any Subsequent Patents

Winning Open increases prob of subsequent patents by 5.1pp, which is 180% of
mean

Back
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Effect on Any Subsequent DoD SBIR Contracts

Winning Open has no effect on prob of subsequent DoD SBIR contract, winning
Conv increases it dramatically
Conv shown above is all years, where effect is 29 pp or 120% of the mean

Back
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Heterogeneous effects on VC by entrant status

VC is only outcome with meaningful interactions, suggests there is
something beyond selection

Back
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Other program reforms (NSIN, Pitch Day) Attracted Similar
Firms to Open
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Effect of Open, Conventional, and Other Reform Programs Relative to One Another

Back
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Cost-Benefit Sensitivity Tests

While exact net benefits depend on assumptions, analysis indicates that
Planner’s marginal decision rule would be to run an Open competition rather
than a Conventional one

Note: This does not mean there is no role for Conventional, because there
might be other benefits we are not measuring

Back
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Effect on Any Subsequent Non-SBIR DoD Contracts

Winning Open increases prob of subsequent non-SBIR DoD contract by 7.5 pp,
which is 51% of mean.
Cannot reject that the effects of winning are the same in Open and Conventional
for first proposals, but we can for all proposals.

Back
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Testing Non-specificity

Score Conventional topics since 2003 on “non-specificity”

Use NLP “text to data” algorithm to classify applications via words in
proposal’s abstract

I e.g. “Happy” & “Joy” close; “Happy” & “Toolbox” are not

For each competition, calculate within-topic dispersion of proposal
embeddings.

I Bigger dispersion = Higher topic’s non-specificity score
Details
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Testing Non-specificity: Results

Back
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