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Steam Engines in Cornwall (Nuvolari, 2004)

Improvements to the steam engine occurred at an
unprecedented rate during the Industrial Revolution
(1760-1840)

A disproportionately high number of these
improvements originated in Cornwall.

Most of these improvements were not patented.

Historians attribute this to a collaborative culture of
‘collective innovation’.
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Steam Engines in Cornwall (Nuvolari, 2004)

Why was Cornwall so successful?
1. Lean’sreporter: Mechanism to share information
2. Cost-book system: Incentive to share information

Miners often held sharesin many different mines, as
opposed to a single mine.

Interested in overall profitability of the region, rather
than the profits of a single mine.

N average aggregate performance of the steam engine
» overall profitability of the district.



General theory
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Hayek (1945); Bossaerts, et al., (2025);
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Operationalising intellectual discovery

Mirror the (combinatorial) nature of discovery

in the real world
Romer (1990); Romer (1993)

Canonical, with a well-defined optimium
Pisinger (1998)

Allows us to precisely vary difficulty
Franco (2026, in prep.)

Our solution: Knapsack Problem




A real instance

Knapsack Out of knapsack

$340
11kg

WEIGHT: 1135 VALUE: 2604

CAPACITY: 1151 Submit




Approximation

R L R R | Problem: The total solution space is too vast
Vot o UG SR e o to exhaustively explore,

Compromise: Individuals try to strike a

balance between:

* Solution quality — the resulting solution
should be within € of the optimum.

* Frugality - computational cost should be
minimised.

Result: Search over constrained subset of
total solution space.



A single individual explores a small
subset of the solution space.

Collective problem-solving

A group of individuals collectively explore a large
portion of the solution space.
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Experimental design

5 easy KP instances + 5 KP hard instances

1 week M

lweek
P M — s
1 week 1 week
s =Pl — M
s M
M s —
M P ==

1 week

1 week

<= [P

W Prop.payments [ Signal Market

11



Problem

¥ 0

Pot of money

Setup

People
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Proportional payments treatment

Problem

$1.50 * submitted value / optimal value
+$1.50 if submitted value = optimal

$3.0
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Submitted value /
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Paid in direct proportion to performance.
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Problem

¥ 0

Pot of money

Market treatment

Contract

m = max{sol;, ..., sol,}

People
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Problem

Contract

Market treatment

Market

Profit comes from:
* Buying stocks at prices below
the final best solution; and
stocks at prices above
the final best solution.
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Trading interface
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Disentangling performance

Differences in performance between
markets / proportional payments (PP)

Incentives

Market

Indirect incentive
defined on collective
performance

PP

Direct incentive
defined on individual
performance

Information

Market

Price signal

PP

No information signal
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Proportional payments treatment

Problem

$1.50 * submitted value / optimal value
+$1.50 if submitted value = optimal

$3.0
15 [rrrmTmmmmemmmemmeseeeoeeeoooa |
wit of |
0
0 1
Submitted value /
Pot of money People optimal value

Paid in direct proportion to performance.
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Proportional payments + signal treatment

Problem Oracle

The optimal iy
$1,999 B

The Matrix, 1999
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Distance from optimal (item-space)
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Qutcome measures

Quality

Probability optimal solution attained

ifelat
Number of ‘item moves’

Productivity
Submitted value / number of moves

Price efficiency
How well do prices aggregate knowledge?
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Proportion optimal found
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Quality, effort, productivity
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Quality, effort, productivity
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Proportion optimal found
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Price efficiency and returns
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Price efficiency and returns

150 F .
3 ]
K ]
[1}] ]
c_:u 1.25 ?\‘\ ]
> [\\ ]
T F
£ 1.00 |
= [
© I
> 0.75
O [
o BN Easy Best bid
0.50 [ Hard Best ask '
ST T N N T TN AN T AT NN SN TR N TN AN AN NN RN

o 1 2 3 4 5 6
Time (minutes)



Price efficiency and returns

Cumulative distribution

0.2 ——— Hard

Easy -

0.0 L~ S 1]
0.00 0.05 0.10

Absolute return

28



>

B I | I TTT
1.0_—
o [
o [
‘_U L
= 09
- [
£
a
%08
o
0 i
a —— Easy
0.7 |
Hard
PR [ T R T T NN T T [N NN T A T N

0o 1 2 3 4
Time (minutes)

5

6

Price efficiency and returns

Price / optimal value
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Summary

1. Complexity matters
Higher problems reduce performance but markets and
signals can mitigate this.

2. Markets enable coordination
Groups explore larger portions of the solution space,
trading shares information and reduces redundant effort.

3. Market efficiency degrades with complexity
Prices are less efficient when it is computationally difficult
to estimate fundamental
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Smooth [andscape = easy instance

Modulating complexity

LOW HIGH

Knapsack value

Rugged landscape = hard instance
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Density
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Proportion optimal found
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Speed of discovery
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