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1 Overview

Why does “algorithmic bias” occur? Several high-profile cases allege algorithmic bias in criminal
sentencing (Angwin et al., 2016), lending (Tan et al., 2017), recruiting (Lambrecht and Tucker, 2016),
hiring (Ajunwa et al., 2016) and ad targeting (Datta et al., 2015) – raising policy questions about
transparency, interpretability and bias. Scholars have proposed various plausible reasons, but
almost no literature has measured the underlying cause of this discrimination.

Our research aims to address this gap using a field experiment in the setting of a machine learn-
ing prediction contest.1 We are already in active conversation with several companies in this space
willing to work with us, and may also be able to operate such a contest independently.

Our contest will be designed experimentally to allow us to measure the two most frequently
cited reasons for algorithmic bias. The first possible reason (“biased programmers”) alleges that
the high-tech workforce at machine learning companies discriminates. Most engineers in the tech-
nology sector are white or Asian men.

These engineers may not be deliberately biased, but their approach to developing an algorithm
may be influenced by their life experiences. For example, they may pay less attention to variables
in the training data that are correlated with underserved demographics. Or they may look at
particular training examples, measures of accuracy, or empirical applications of their algorithm
that could bias the algorithm during development.2

The second theory is “biased training data” (Mullainathan and Obermeyer, 2017; Cowgill, 2017).
Most machine learning applications are developed using historical data about outcomes. Such
data may reflect historical biases about who is more (or less) likely to be labeled a criminal, or to
be considered a future engineer or candidate for a high-paying job.

1For example, Kaggle, TopCoder, CorrelationOne, DrivenData, HackerRank, Halite, etc.
2One alleged example of this may have taken place in 2015, when Google released a photos product that offensively

mislabeled African Americans (Forbes.com, 2015). Had Google’s product developers had been more diverse, perhaps
the problem would have been avoided.
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“Biased training data” may particularly come from sample selection problems. Suppose a bank
wants to use machine learning to predict who will repay loans. If their historical dataset con-
tains few loans to ethnic minorities, these algorithms may accidentally sustain, or even exacerbate,
historically biased lending decisions.

Our field experiment aims to measure the sizes of these contributors so their contributions can
be directly compared on a common scale. Knowing the relative sizes of these biases will give
practitioners practical guidance about combating it. If the dominant problem is “biased program-
mers,” then the solution is to invest in diversifying the high-tech workforce and possibly training
programmers to counteract subconscious biases.

Alternatively: If the problem is “biased training data,” the solution is to seek out higher quality
data, and to invest in developing and teaching technical methods to model and adjust for biases.
There is very little research quantifying or comparing these contributing factors.

2 Experimental Design

In our experiment, we will recruit programmers into a data science competition. For our research
design, we will need to recruit a diverse group of engineers. As participants register, they will
receive a training dataset to utilize in predicting an outcome. The outcome will be related to an
event that historically exhibited bias against a particular group.3

Subjects will be randomly assigned to one of two different conditions. In the first condition,
engineers will receive unbiased training data. We will develop or obtain a training dataset for
these programmers that is free of sample-selection bias – one where we have example outcomes for
training on a truly representative group. This will permit these programmers to utilize unbiased
training data in their algorithms.

In the second condition, participants receive similar dataset as above. However, this dataset will
contain realistic sample-selection bias. For example: It will contain performance data only for job
candidates who were hired in a demographically unbalanced way (in line with historical patterns).
This second group will face similar incentives to develop the most accurate predictive algorithm
using the training data.

These two groups will then enter a competition in which prizes and bonuses are awarded ac-
cording to accuracy of predictions.4 Rewards will be given according to how accurately each pro-
grammer labels a set of new observations.

The new observations used for testing would be drawn from a representative distribution con-
taining members of minority and majority groups. Even if programmers were given training data

3We have several ideas about exactly what setting, but have not settled on a final decision. The programmers may
be asked to predict (for example) who will get a job interview, who will be arrested or found guilty at trial, or who will
score well on a particular measure of ability.

4Although we refer to our setting as a “programming contest,” we will design incentives to avoid the risk-seeking
behavior that contests and tournaments may encourage (Rosen, 1988) by rewarding coders per unit of accuracy. Our
team has prior empirical and theoretical research about tournament incentives (Cowgill, 2016), particularly in the setting
of software engineering.
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with sample selection issues, they would be evaluated using a sample without selection bias.5

With this experiment, we can assess how badly the problem of biased training data influenced
performance of the algorithms in a setting with real-world machine learning practitioners.

In addition, we aim to measure how much the characteristics of the programmers influence
their predictions. As previously stated, we need for the participants in the study to be diverse, so
that we can measure the relationship between an engineers’ demographics and their algorithms’
accuracy. The premise of the “biased programmers” hypothesis (and of its policy solutions) is
that different demographic groups differ in their attention to variables correlated with historically
underrepresented demographics. In particular, minority programmers may build more accurate
and socially-conscious algorithms because of the salience of bias in the programers’ lives.

We will then compare the prediction and performance differences between coders with biased
data (and without) and between those from typical high-tech demographics (and otherwise). By
measuring accuracy for different types of predictions on a common scale – by engineers with
whose input data demographics may vary – we can measure the relative contributions of biased
programmers and biased data.6

By generating data through the contest described above, we would provide some of the first
insights into the underlying sources of algorithmic bias. In particular, we could quantify and
compare the sources of two plausibly large reasons for algorithmic discrimination. We believe the
growing community of researchers studying algorithmic discrimination will be interested in our
results – no matter which way they go.

Budget

• Because this topic is related to the high-tech workforce and the application of novel digital
technology to economic decisions, we are applying for multiple NBER small grants (Inno-
vation, Entrepreneurship and Digitization). We understand if our proposal is a better fit for
some some of these awards more than others.

• Our budget is larger than the NBER small grant, and thus we are seeking additional outside
funding.

• All funds will be used for one of two expenses:

– Prizes or bonuses to our research subjects (the programmers in a contest). The bulk of
expenses will go towards this. We have estimates below.

– Research assistance from an undergraduate or graduate student in administering the
contest and cleaning the data.

5We feel that this is how many real-world applications work: Models trained using unrepresentative datasets (some-
times “datasets of convenience”) are often deployed in practice on a larger population. For example, the hiring al-
gorithm in Hoffman et al. (2017) was based on training data on employees only, but was applied to make assessments
about all job applicants, including ones very different than the firms’ historical set of employees. Cowgill (2017) contains
a theory model about when and why this may (or may not) create problems.

6We are also considering adding a condition in which programmers receive some training or reminder about possible
algorithmic bias.
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• If we do not reach our full fundraising goals, research assistance will be cut.

Budget Request Estimate
Bonuses and Prizes for Programmers $20,000.00
100 programmers x two arms x $100 average per person accuracy bonus
Undergraduate or Graduate Student Research Assistance $3,000.00
Total $23,000.00
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Research Team

Do not hesitate to contact us if we can answer your questions about our proposal. Our CVs are
attached to the end of this document.

Bo Cowgill, Assistant Professor Fabrizio Dell’Acqua, PhD student
Columbia Business School Columbia Business School
CBS Directory CBS Directory
http://bocowgill.org/ fdellacqua21@gsb.columbia.edu
bo.cowgill@gsb.columbia.edu (646) 575 2510
(650) 492-8252
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2014-16, London Business School, Economics, Research Assistance for Dr. Elias Papaioannou (RA work for “The long-
run effects of the Scramble for Africa”, American Economic Review, 2016), Dr. Paolo Surico, Dr. Richard Portes.  

WORK EXPERIENCE 
Jul 2012 - Sep 2014, Spotlime (Co-Founder and CMO - Data Analyst)                                                 Milan, Italy 

x Mobile event app active in 12 Italian cities. Total funding of €1.2M 
Mar 2012 - Apr 2013, Rubicon Keys Ltd (Co-Founder and Director)                                                  London, UK  
Aug 2011 – Oct 2012, HousingExchange.it (Co-Founder) – Exit to HousingAnywhere.com                  Milan, Italy 
Apr - Jul 2010, Promos – Special Agency of Milan’s Chamber of Commerce                                  Moscow, Russia 

LANGUAGES AND IT SKILLS 
Languages: Italian (native); English (fluent); Russian (professional); Written Latin. 
IT Skills: Stata, R, Databases (SQL), Ruby on Rails, LaTeX, html, css, Python (basic). 

CONFERENCES AND OTHER ACHIEVEMENTS 
2017, London Business School, Trans-Atlantic Doctoral Conference, Presenter 
2017, The Wharton School, Wharton Social Impact Initiative, Doctoral Group Presenter 
2016, London Business School, Trans-Atlantic Doctoral Conference, Presenter 
2014 - 2016, Allianz Alumni Council, elected member 
2013 - 2015, ESRC Studentship 
2013 - 2015, Co-Founder of the European Startup Initiative, www.startupheatmap.eu. Conference “Accelerate EU – 
Making Europe an easy place for startups” (Allianz Cultural Foundation Jackpot winner project) 
2011-2012, organizer of the Tunisia-EU Youth Workshop on the Arab Spring (ACF Jackpot winner project). The Tunisian 
Human Rights League, among the recipients of the 2015 Nobel Peace Prize, participated to the workshop 
2010, Bocconi ISU Grant 
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