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Solving the Toughest Analytics and Innovation Problem More 
than 300 Years Ago Through “Crowds”

Sir Isaac Newton – Principle Advisor to the Longitude Committee:  
�And I have told you oftener then once that it [the longitude] is 
not be found by Clock-work alone.....Nothing but Astronomy 
is sufficient for this purpose. And those methods are hitherto 
only two: one by the motion of the Moon, the other by that of 
the innermost Satellit of Jupiter.�  
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Solving the Toughest Analytics and Innovation Problem More 
than 300 Years Ago Through “Crowds”

Over 100  
Solutions Proposed 

Chronometer Wins 
John Harrison 

Unknown  
Cabinet Maker The Longitude Prize  

1714 - Up to £20,000 
Anyone can enter 

Need a working solution 
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Doritos Ad Beat 51 Big Budget 
Advertisers

PepsiCo launched ad contest in 2006 against advise of ad agencies and 
internal dissent 

Contest generated 4000 entries - ads selected by community

Total spend $2.5M - free publicity $36M

Two brothers from Batesville, Indiana win the contest
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Uncertainty Haunts Most Research 
and Innovation Efforts....

“When you come to research 
and development you can’t 
answer any of the questions.. 
[…].. You don’t know when you 
are going to get the thing, 
whether it’s going to work or 
not and whether it’s going to 
have any value whatsoever”  

Charles Kettering  
(VP, General Motors 

Inventor: Electrical Starting Motor, Ethyl 
Gasoline, Freon, 186 Patents)



.....Finding the Right People is also 
a Major Challenge

“No Matter Who You 
Are Most of the 
Smartest People Work 
for Someone Else” 

Bill Joy 
(Sun Microsystems, BSD Unix, Java)
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Quantity and Variety of Ideas Critical to Innovation Success

Selection

Gate 1

Gate2

Ship

Generation Selection ImplementationGeneration
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“Real” Idea Funnels are Far from Ideal
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“Crowds” Can Be Organized as Contests or Communities 
(Boudreau & Lakhani 2013; King and Lakhani 2013)

Innovation problem requires 
diversity of approaches and 
broad experimentation 

Sponsor not sure what 
combination of skills and 
approaches might be useful in 
solution generation 

Clear rules for participation 
and winning

Contests/Competition



Contests and Communities Enable 
Discovery of “Extreme Value” Outcomes 
Through Lots of Entry
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“Collaborative Crowds” - 
Historically Important Source 
of Technical Progress 
Allen (1983) - identifies collective invention as a 
key driver of innovation for blast furnace 
technology in 19th Century UK (iron making) 
Free flow of technical information and voluntary 
information spillovers amongst “competing” 
engineers and firms - no patent protection 
sought 
Nuvolari (2004) argues collective invention as a 
crucial source of innovation during early phases 
of industrialization (Cornish Pumping Engines, 
Bessemer Steel, Silk Production) 
Meyer (2003) shows collective invention’s 
importance to the development of aircraft - pre-
Wright Brother’s Patents



Open Source Software Development 
Leading Modern Example of Innovation 
Communities 

UNU - MERIT Study (2006): 

Large footprint in ICT infrastructure 
applications (web servers, 
operating systems, embedded 
systems, email, web browsers) 

12 billion euro replacement cost 

131,000 person years of effort 

Open source -related services 
could represent ~35% of IT 
services



Community-based Innovation Critical 
to Apple’s Success - > 200 Projects















Threadless by the Numbers

Over 500,000 community 
members 

800 designs per week are 
submitted 

134,000 designs from 55,000 
individuals 

Each design gets over 600 
votes – total 80M votes have 
been cast!
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The Longitude Prize  
1714 - Up to £20,000

The Duomo - Florence 
1418 - Up to 2,000 Florins

Invention of Food Canning 
1800 - Up to 12,000 Francs

Contest are a Historically Important Alternative Institution 
for Driving Innovation....



Ansari X-Prize – Space Travel 
1996 – $10,000,000

Local Motors – Car Design 
2008 – Over 35000 Submits

....Currently Popular as Well.....

Netflix Prize - Movie Rec. 
2006 - 2009  

 Over 5000 Teams - $1M



Legislative and Policy Interest in 
Encouraging Prize-based Contests to 
Elicit Innovation 

America COMPETES Act 2010 Proposal for Prizes at NSF (2006)



Well Established Theoretical 
Foundations for Contest Design



Empirical Evidence Lags Theory
“Owing to the limited experience 
with innovation prizes, relatively 
little is known about how they 
work in practice or how effective 
they may be as compared with, 
for example, R&D grants and 
contracts, or tax incentives.”  

Similar concerns by scholars 
(Brunt, Lerner and Nicholas 2011; 
Murray, Stern, Campbell and 
MacCormack 2012; Williams 
2012)



Mission for Crowd Innovation Lab
Lab partners: NASA, Harvard Medical School & TopCoder + additional 
partners 
Over 650 contests completed - for a variety of software applications. 
Executed 17 computational algorithm development challenges (14 exceed 
benchmarks): Computational biology, space sciences and advanced analytics 
Managed four large-scale HMS grant funding processes ($25,000 to 
$800,000) 
Dual objectives - solve innovation problems & drive causal inference 
 



Context: 
1. R&D Labs inside of major multinationals are not able to solve certain 

scientific problems 
- Their own internal and external experts cannot obtain solutions  

2. Hope to get solution by going to distributed scientists that they do not 
know who may have an answer

110,000 independent 
scientists

R&D Labs Knowledge Broker

InnoCentive as a Modern Implementation of Innovation Contests
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INNOCENTIVE 3109  
R4-(4-HYDROXYPHENYL) BUTANOIC ACID 
POSTED: June 26, 2001 
DEADLINE: Nov 30, 2001 
$25,000USD 

HO

O H

O

Example Problem from InnoCentive.com  

Solution Criteria: 
Synthesize following chemical: 

2 steps or fewer  
>80% overall yield 
>95% purity 
<$100/Kg 
2.0g white to off-white solid
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Solution to Problem

o 221 individuals express interest in solving problem 
and create project rooms on InnoCentive.com site

o 10 individuals from 7 countries submit chemicals for 
analysis

o Retired scientist with wet lab in his backyard wins 



Unconventional Individuals Win in 
Innovation Contests 

Study of 166 problems involving 
over 12000 scientists from 
InnoCentive 

Focus on what predicts winners 

What explains who creates a 
winning solution? 
o Technical Marginality: Increasing 

distance between solver’s own field 
of expertise and the problem field 

o Social Marginality: Women 
scientists, when they enter, more 
likely to win
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Can the Crowd Beat Harvard 
Medical School?

Objective: Improve on NIH MegaBlast algorithm for 
nucleotide sequence alignment for immunogenomics 
Experiment: Generate and evaluate external solver 
participation in development of gene-sequencing tools 
applied to immunoglobulin and antibody genomics   
Two week long competition - $2000 prize pot x 3 on 
TopCoder.com
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Antibody Sequence Clustering - Scripps Research Institute 
($7500 - 10 Days - 40 People)

Scripps Solution: 100K sequences, 170GB RAM Server, 1.7 hrs
Contest Solution: 2.3M sequences, 1.1GB RAM, ~30s
20X Capacity, 10,000X speed, 10X Memory Efficiency



Crowds Enable Discovery of Extreme 
Values Through Lots of Entry and 
Diversity in Participation Pool



For Any Distribution F - We Can Calculate Number of Draws 
Needed to Achieve a Quality Objective



The Quantile of Expected Value of n Draws from Several 
Distributions



But Internal Experts May Still on 
Average Be Smarter than the Crowd



Expected Value of Max Under Normal Distribution



Diversity of Approaches in Solving 
the X-Prize Automotive Challenge



University teams 

High school teams 

Large corporations 

Start-up companies 

Garage entrepreneurs 

Families 

One man band 

Race 
enthusiasts 

University teams 

Diversity of Participants in X-Prize 
Automotive Challenge



Provider Screening System for Medicaid Management 
Information System Built Through Contests (12 Months)



Provider Screening System for Medicaid Management 
Information System

!$6,004,924!!

!$735,549!! !$717,540!!

!$7,458,013!!

!$1,433,806!!

!$59,220!! !$27,050!!

!$1,520,076!!

!$.!!
!$200,000!!
!$400,000!!
!$600,000!!
!$800,000!!

!$1,000,000!!
!$1,200,000!!
!$1,400,000!!
!$1,600,000!!
!$1,800,000!!
!$2,000,000!!
!$2,200,000!!
!$2,400,000!!
!$2,600,000!!
!$2,800,000!!
!$3,000,000!!
!$3,200,000!!
!$3,400,000!!
!$3,600,000!!
!$3,800,000!!
!$4,000,000!!
!$4,200,000!!
!$4,400,000!!
!$4,600,000!!
!$4,800,000!!
!$5,000,000!!
!$5,200,000!!
!$5,400,000!!
!$5,600,000!!
!$5,800,000!!
!$6,000,000!!
!$6,200,000!!
!$6,400,000!!
!$6,600,000!!
!$6,800,000!!
!$7,000,000!!
!$7,200,000!!
!$7,400,000!!
!$7,600,000!!
!$7,800,000!!
!$8,000,000!!
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HBS Experiments with 
Open Communities 
and Contests
Clay Christensen engages over 200 alumni to 
understand the Capitalist’s Dilemma 

• Produced a Harvard Business Review 
article w/ all collaborators listed as co-
authors - a 1st for HBR 

• Created an innovation assessment quiz for 
organizations to avoid the Capitalist’s 
Dilemma trap 

HBS/HMS Health Acceleration Challenge to 
identify proven health care innovations ready to 
scale for impact 

• Yielded almost 500 applications and 
thousands of comments
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Define the Problem
Develop Criteria for Evaluation

Set Prize
Attract Solvers
Test Solutions

Pay for Performance

Contest
Define the Problem

Find the “Right” Workers
Incentivize Effort

Monitor Effort
Motivate and Energize Workers

Redefine the Problem
Develop Criteria for Evaluation

Pray for Performance

Internal Development

Competing Logics - How Do We Resolve Them? 



What Motivates People to 
Participate in Crowd Work?
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Cash, Job Market Signals, 
Community Prestige

Extrinsic

Fun, Enjoyment, Learning, 
Autonomy, Taste

Intrinsic

Community Belonging, Identity
Prosocial

Recall: Most People Lose in Contests



When Do Crowds Don’t Work?
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Direct Digital Manufacturing Challenge







Crowds are Available on Demand to 
Solve a Range of Tasks



Quantity and Variety of Ideas Critical to Innovation Success

Selection

Gate 1

Gate2

Ship

Generation Selection ImplementationGeneration
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The Future Is Already Here, Its Just Not 
Very Evenly Distributed - William Gibson



Thanks! 

k@hbs.edu | @klakhani


