
PRODUCTIVITY BELIEFS & EFFICIENCY IN SCIENCE

Fabio Bertolotti Kyle R. Myers Wei Yang Tham
Bank of Italy Harvard Business School University of Toronto

& NBER

March 2026
Max Planck Institute for Innovation and Competition



DEBATES ABOUT PRODUCTIVITY AND EFFICIENCY IN SCIENCE
BUT ARE MARGINAL PRODUCTS EQUATED?
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EMPIRICAL ECONOMICS OF SCIENTIFIC PRODUCTION FUNCTIONS
AND THE (MOSTLY) LACK THEREOF

• estimating misallocation requires producer-level production functions
– researcher-level structural models with researcher-level productivity are rare (Qiu 2023)

• prevailing methods require “impossible” data
– input-output covariance: require output quantities
– first order conditions: traditional factor share methods require input prices
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“what constitutes a scientific paper makes for an elastic yardstick of
scientific achievement”

— Adams and Griliches (1998)
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PRODUCTIVITY BELIEFS AND EFFICIENCY IN SCIENCE
PAPER OVERVIEW

RQ1: how dispersed are productivity beliefs?

RQ2: what is the $ cost of misallocation?

• model: researchers’ production & consumption

• key: WTP for inputs reveals productivity beliefs

• data: national survey of US academics



MODEL OF (OUR) UTILITY FUNCTIONS



RESEARCHER’S PRODUCTION AND CONSUMPTION
STATIC, SUBJECTIVE EXPECTATIONS OVER NEXT 5 YEARS (HENCE “BELIEFS”)

Ui = max
researchi

fundraisingi

ui(incomei) + vi (αi ⋅ fundingγi
i ⋅ researchi

1−γi) − ci(work timei)

s.t. fundingi = guaranteedi +φi ⋅ fundraisingi

s.t. work timei = admin. dutiesi + otheri + fundraisingi + researchi
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researcher’s choice variables



RESEARCHER’S PRODUCTION AND CONSUMPTION
STATIC, SUBJECTIVE EXPECTATIONS OVER NEXT 5 YEARS (HENCE “BELIEFS”)

Ui = max
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c(work time) = convex function of work, extra disutility from admin.

slopes depends on observables
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Ui = max
researchi
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ui(incomei) + vi (αi ⋅ funding
γi
i ⋅ researchi

1−γi) − ci(work timei)

s.t. fundingi = guaranteedi +φi ⋅ fundraisingi

s.t. work timei = admin. dutiesi + otheri + fundraisingi + researchi

v(output) = concave function of output; slope depends on observables
variable inputs; observed

production parameters; directly estimated



RESEARCHER’S PRODUCTION AND CONSUMPTION
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ESTIMATING PRODUCTIVITY BELIEFS VIA WTP FOR INPUTS
VERY SIMPLE STYLIZED EXAMPLE

• production and consumption:
max

Xi
Mi +αiXi − Xci

i

income M variable input X productivity α input cost c

• key assumptions (beyond this example)
1. convex costs ci > 1
2. “revenue” is monotonic in Q & observable or predictable vi ⋅αi ⋅ Xi with vi = 1
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• with data (WTPi, ∆) productivity belief is identified:
αi = WTPi/∆
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SURVEY: DESIGN & DATA



NATIONAL SURVEY OF ACADEMIC RESEARCHERS
RESEARCH-ACTIVE US PROFESSORS, 2022-2023

• population
– professors at ∼150 largest US institutions of higher ed.
– collected from web: name, affiliation, rank, e-mail
– all fields of “research”

• response rate and restrictions
– e-mail sample: 131,672 e-mails

↰completed survey: 4,388 (3.33%)

↰reported non-zero salary & research time: 4,003 (91.2%)

• broader summary stats: PLOS ONE (2026), 21(2), e0340642

• chemistry
• engineering
• agriculture
• geography
• biology
• medicine & health
• physics
• medical school
• humanities
• computer science
• communication
• other social science
• psychology
• sociology
• law
• mathematics
• education
• business
• political science
• economics



RESPONDENTS ARE (OBSERVABLY) REPRESENTATIVE
PER TRADITIONAL SCIENTOMETRICS; ANNUAL FLOWS

(also use randomized incentives to test for sample selection; cannot reject the null)
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SUMMARY STATISTICS: MODEL VARIABLES
STATE AND CHOICE VARIABLES FROM RESEARCHERS’ PERSPECTIVE

state choice
var. var. mean s.d.

salary, $/year ✓ 163,558 89,792

funding, $/year
guaranteed ✓ 66,374 121,936
fundraised ✓ 93,909 144,013

time, hrs./week
total work ✓ 50.5 12.2
research ✓ 19.2 10.1
fundraising ✓ 4.5 5.5
duties ✓ 26.7 11.1



SUMMARY STATISTICS: PEOPLE
SOME OF THE COVARIATES THAT DETERMINE CONSUMPTION AND COST FUNCTIONS

mean or share

full professor 41%
tenured 58%
non-tenure track 19%

age 41
female 45%
non-white 12%
international-born 29%
1st-3rd gen. in us 30%
risk-tolerance [0,10] 5.3

married or partnered 82%
household income $260,000
household dependents 1.0



SUMMARY STATISTICS: RESEARCHERS’ OBJECTIVES
KNOWLEDGE PROXIES ARE NOT ALL POSITIVELY CORRELATED

“how often is your intended research output / audience?”

articles books materials products academics policy business

books –0.13
materials 0.08 –0.20
products –0.13 –0.12 0.23
academics 0.48 –0.01 0.02 –0.24
policymakers 0.01 –0.00 0.10 0.25 –0.07
businesses –0.03 –0.07 0.20 0.38 –0.12 0.24
public –0.12 0.19 0.04 0.21 –0.20 0.28 0.13
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PCA-BASED INDEX OF HETEROGENEITY
COMPRESS NON-MODEL COVARIATES INTO SINGLE SCALAR

(this index determines slopes of (dis-)utility functions)



SURVEY: EXPERIMENTS & PARAMETER ESTIMATES



WTP EXAMPLE: LOWER SALARY, MORE FUNDING
ALSO ASKED ABOUT TRADING OFF SALARY AND ADMIN. DUTIES

[warning: entering stated-preferences territory]
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SURVEY DATA AND STATED PREFERENCE CHECKS
EVERYTHING BUT THE KITCHEN SINK

• self-reported salaries align with publicly-reported salaries

• randomized survey incentives cannot reject null of no sample selection (Heckman 1979)

• WTP for benchmark good doesn’t covary with WTP for inputs (Dizon-Ross & Jayachandran 2022)

• WTP for time correlates with implied hourly wage

• use winsorization and Bayesian shrinkage on productivity parameters

• focus within scientific “markets” = field of study × career-stage

• constrain reallocations to be within survey experiment variation



WTP FOR INPUTS
AVERAGING ACROSS SURVEY EXPERIMENTS
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A VIEW OF RESEARCHERS’ UTILITY FUNCTIONS
CETERIS PARIBUS CHANGE IN COMPONENTS

for the average researcher, expected utility from...

∆X ∆U

salary $75,000↗ $340,000 +60%
research output 5th ↗ 95th percentile +3%
research time 4↗ 38 hrs./week +1%
administration time 0↗ 22 hrs./week –24%
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FUNDING INTENSITY
αi ⋅ FUNDINGγi

i ⋅ RESEARCH TIME1−γi
i

sample distribution
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TOTAL FACTOR PRODUCTIVITY
αi ⋅ FUNDINGγi

i ⋅ RESEARCH TIME1−γi
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v(α) p90/p10 = 12.8
citations p90/p10 = 44.8

output variance decomposition ≈ 50% due to αi + 50% due to inputs & γi
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FACE VALIDITY: MODEL-DEFINED OUTPUT & CITATIONS
Qi = αi ⋅ FUNDINGγi

i ⋅ RESEARCH TIME1−γi
i

• if our approach is “legit” and ...
... citations are positively corr. with true output
... productivity is persistent (eg, Sinatra et al. 2016)

then cov(Q, recent cites)>0✓

• and if our productivity parameters are “legit”
then cov should hold conditional on inputs✓

(not saying citations are good!) 1/2
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SOCIAL WELFARE AND MISALLOCATION



FIRST-BEST ALLOCATION (UNCONSTRAINED)
RESEARCHER-LEVEL WELFARE

Ŵi = max
{fundingi,
researchi}i

ui(incomei) + vi(αi ⋅ fundingγi
i ⋅ research1−γi

i
´¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¶

=Qi

)+κṽ(Qi) − ci(work timei)

s.t. fundingi = guaranteedi + φi⋅ fundraisingi

s.t.

work timei = admin. dutiesi + otheri + fundraisingi
´¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¶

=0

+researchi

• for each i: planner chooses fundingi and researchi

• fixed at observed levels: aggregate funding $ and research time

• sources of distortions relative to observed: output externalities, input mechanisms and costs



OBSERVED VS OPTIMAL: INPUTS AND OUTPUTS
POSITIVE COVARIANCE
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OBSERVED VS OPTIMAL: INPUTS AND OUTPUTS
DISTRIBUTION SHIFTS

funding

de
ns

ity
 o

f r
es

ea
rc

he
rs

1/16 1/4 1 4 16

funding

observed
optimal

research time

de
ns

ity
 o

f r
es

ea
rc

he
rs

1/16 1/4 1 4 16

research time

observed
optimal

output quantity

de
ns

ity
 o

f r
es

ea
rc

he
rs

1/16 1/4 1 4 16

quantity

observed
optimal



QUANTIFYING INPUT MISALLOCATION
WHO IS OVER- AND UNDER-RESOURCED

observed input leveli
first-best input leveli

• hard to predict: with socio-demographic observables, R2 often < 0.1
• gender disparity: female researchers have...

– 15% less funding (–$20,000 per year)
– 5% less research time (–1 week per year)

• Matthew effect: researchers with +1 log(citations) have...
– 25% more funding $ (+$35,000 per year)
– 5% more research time (+1 week per year)



QUANTIFYING INPUT MISALLOCATION
WHO IS OVER- AND UNDER-RESOURCED

observed input leveli
first-best input leveli

• hard to predict: with socio-demographic observables, R2 often < 0.1
• gender disparity: female researchers have...

– 15% less funding (–$20,000 per year)
– 5% less research time (–1 week per year)

• Matthew effect: researchers with +1 log(citations) have...
– 25% more funding $ (+$35,000 per year)
– 5% more research time (+1 week per year)



QUANTIFYING INPUT MISALLOCATION
WHO IS OVER- AND UNDER-RESOURCED

observed input leveli
first-best input leveli

• hard to predict: with socio-demographic observables, R2 often < 0.1
• gender disparity: female researchers have...

– 15% less funding (–$20,000 per year)
– 5% less research time (–1 week per year)

• Matthew effect: researchers with +1 log(citations) have...
– 25% more funding $ (+$35,000 per year)
– 5% more research time (+1 week per year)



RATIO OF MARGINAL WELFARE PRODUCTS
VARIANCE IN WEDGES IS BAD
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UNIFORM POLICY (BENCHMARK)
RESEARCHER-LEVEL WELFARE

Wi = max
fundraisingi,

researchi

ui(incomei) + vi(αi ⋅ fundingγi
i ⋅ research1−γi

i
´¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¶

=Qi

) + κṽ(Qi) − ci(work timei)

s.t. fundingi = guaranteed +φ ⋅ fundraisingi

s.t.

work timei = admin. dutiesi + otheri + fundraisingi + researchi

• for all i: planner sets common guaranteed and φ

• for each i: i chooses fundraisingi and researchi

• fixed at observed levels: aggregate guaranteed and fundraised $



HETEROGENEOUS ACCESS TO FUNDING
IN OBSERVED ALLOCATION RELATIVE TO UNIFORM POLICY

i’s observed funding $ = guaranteed ⋅ (1 − εGi)
´¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¶

guaranteed $

+φ ⋅ (1 − εφi) ⋅ fundraisingi
´¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¸¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¶

fundraised $

• larger εGi Ô⇒ researcher gets less guaranteed $

• larger εφi Ô⇒ harder for researcher to fundraise additional $

• can’t saywhether ε are inefficient distortions per se (Bergquist, Lashkari & Verhoogen 2026)

• can say:
– how much of distortions (observed rel. to 1st best) covary with ε

– how much of welfare gain from 1st best we can get by setting ε→ 0
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COUNTERFACTUAL GAINS
FROM ALTERNATIVE ALLOCATIONS ARE VERY LARGE

1st best uniform policy
mean s.d. mean s.d.

funding ∼0% –22% ∼0% –32%
research time ∼0% –31% +1% –8%
fundraising time –100% –100% +8% +27%

utility, Ui +0.5% +0.1% +0.4% +0.1%
welfare, Wi +2.9% –0.2% +2.0% –0.4%

funding $ equivalent variation
growth in funding via obs. allocations needed to match welfare gain

per researcher +218% +132%
+$407 K/year +$257 K/year

population +$49 B/year +$31 B/year
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PRODUCTIVITY BELIEFS & EFFICIENCY IN SCIENCE
BERTOLOTTI, MYERS & THAM

RQ1: how dispersed are productivity beliefs? very! p90/p10 ≈ 12-30
RQ2: what is the $ cost of misallocation? a lot! reallocation gains > budget doubling

broader thoughts & conjectures

• wedges are hard to predict with standard observables
– maybe more policies promoting truthful revelation of relevant objects

• the age of AI
– the currency of words is “depreciating”, a new currency is needed
– the value of uniform input prices will only go up (Adda & Ottaviani 2024)




