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2. A Brief Review of the Literature
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A. Models of Discrimination
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B. Strategic Complementarities
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3. The Basic Model
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A. Building Blocks
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• Imagine a large number of employers and a larger population of 

workers. 

• Each employer is randomly matched with many workers from 

this population. 

• Workers belong to one of two identifiable groups, 𝑗 ∈ {𝐴, 𝐵}

• Denote by 𝜆𝐴 the fraction of As in the population and 𝜆𝐵 = 1 −
𝜆𝐴 the fraction of Bs. 

• One can imagine groups being race, gender, or any other 

protected class.
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• Nature moves first and assigns a type to each worker and a type 

to each employer. 

• The worker's type, denoted by 𝑐 ∈ 0, ҧ𝑐 , ҧ𝑐 < ∞, depicts her cost 

of investment in human capital. 

• Let the fraction of workers with costs no greater than c be 

represented by 𝐺𝑊(𝑐) – a smooth and continuous cumulative 

distribution function – with 𝑔𝑊(𝑐) the associated density. 

• Similarly, employers have the opportunity to invest at a cost 𝑘𝑗 ∈

𝑜, ത𝑘 , ത𝑘 < ∞, to make their workplaces desirable and productive 

places to work for workers of type j.  
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• The fraction of employers with investment cost no greater than 𝑘𝑗
is 𝐺𝐸(𝑘𝑗), with 𝑔𝐸(𝑘𝑗) the associated density. 

• Superscripts “W” and “E” refer to workers and employers, 

respectively.
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• Associated smooth and continuous distribution function 𝐹𝑖
𝑊 𝜃

• Density function 𝑓𝑖
𝑊 𝜃 where 𝑖 ∈ 𝑞, 𝑢

• 𝜙 𝜃 ≡
𝑓𝑢
𝑊(𝜃)

𝑓𝑞
𝑊(𝜃)

is non-increasing in 𝜃 (i.e., 𝑓𝑖
𝑊(𝜃) satisfies the 

monotone likelihood ration property)

• Noisy but informative signal 𝜓 ∈ [0,1] to workers 

• Distribution function 𝐹𝑖
𝐸 𝜓

• Density function 𝑓𝑖
𝐸 𝜓 where 𝑖 ∈ {𝑞, 𝑢}
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B. Payoffs
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• If the worker is hired and works for an employer who has made a 

group j investment, she receives a payoff of 𝜔𝑞 − 𝑐 if she chose 

to invest

• 𝜔𝑞 if not. 

• If the worker is hired and works for an employer who has not 

made a group j investment, she receives −𝜔𝑢 − 𝑐 if she invested 

and −𝜔𝑢 if she did not

• If she does not work for any employer, she receives −𝑐 if she 

invested or zero otherwise
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C. Strategies
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• The worker's strategy consists of a pair of functions – an 

investment decision and an application decision

• Write as 𝐼𝑊: 𝐴, 𝐵 × 0, ҧ𝑐 → [0,1] and 𝐴𝑊: 𝐴, 𝐵 × 0,1 ×
0,1 × 0, ҧ𝑐 →[0,1]

• The employer's strategy also consists of a pair of functions – an 

investment decision and an assignment decision −𝐼𝐸: 𝐴, 𝐵 ×

0, ത𝑘 → 0,1 , 𝐴𝐸: 𝐴, 𝐵 × 0,1 × 0,1 × 0, ത𝑘 → [0,1]
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D. Expected Payoffs
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• Investing in human capital increases the likelihood that a worker 

is accepted by an employer. 

• If a worker of type j invests, she gets expected gross payoff (1 −
𝐹𝑞
𝑊(𝑠𝑗)) ഥ𝜔 (𝛿𝑗)

• Conversely, if she does not invest, she gets (1 − 𝐹𝑢
𝑊(𝑠𝑗)) ഥ𝜔 (𝛿𝑗)

• Thus, the net return on investment for workers can be written as:



Craig & Fryer Complementary Bias

The net return on investment for workers can be written as:
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E. Bayesian Nash Equilibrium
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F. Dynamics
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3.1 An Example with Uniform Cost 
and Signal Distributions
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4. Extending the Basic Model: 
One-Sided Policies
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A. Equality in Offers
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• Given beliefs (𝜋𝐴, 𝜋𝐵) and worker application standards (𝑡𝐴, 𝑡𝐵) , it will choose 

hiring standards (𝑠𝐴, 𝑠𝐵) and make an investment decision 𝑖𝑗 ∈ {𝑞, 𝑢} for each 

group 𝑗 ∈ {𝐴, 𝐵} to solve the following optimization problem
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B. Equality in Employment
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• Given beliefs (𝜋𝐴, 𝜋𝐵) and worker application standards (𝑡𝐴, 𝑡𝐵) , an employer will 

again choose hiring standards (𝑠𝐴, 𝑠𝐵) and make investment decisions (𝑖𝐴, 𝑖𝐵) to 

solve the following problem:



Craig & Fryer Complementary Bias



Craig & Fryer Complementary Bias



Craig & Fryer Complementary Bias



Craig & Fryer Complementary Bias

C. Wage and Employments Subsidies
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D. An “Impossibility” Result
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5. Extending the Basic Model: 
Two-Sided Policies
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A. Two-Sided Investment Insurance
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B. Affirmative Action
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6. Interpreting Group Differences in the 
Presence of Two-Sided Statistical 

Discrimination
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• Two-sided statistical discrimination complicates empirical analysis, since 

differences between groups are generically a combination of both 

employer and worker decision-making. 

• For example, consider a setting with employer learning as in Altonji and 

Pierret (2001). 

• Under conditions they outline, the conditional expectation for log-wages 

can be written as a time-varying function of the form:
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• An implication of this or any other model in which investments depend on 

beliefs or otherwise depend on race is that empirical analysis designed to detect 

statistical discrimination may be misleading. 

• Assuming that race is an s variable – i.e., employers statistically discriminate –

the linear predictor of the wage must be modified as follows:
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• Lang and Lehmann (2012) discuss an alternative test that is robust to differing 

wage profiles of black and white workers. 

• Let 𝐵𝑖 be a dummy for whether a worker is black. 

• As before, 𝑧𝑖 is correlated with productivity and initially unobserved by the 

employer. 

• Lang and Lehmann propose comparing two regressions.
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• If black workers are lower productivity on average and employers statistically 

discriminate, we would therefore expect  in the following 𝛾4 < 0 and 𝛾2 > 0
in the following auxiliary regression.
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A. Detecting Employer Discrimination
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• If workers are paid their marginal product, the wage paid by a firm to a worker with 

ability 𝑎𝑖 at a firm with  can 𝑘𝑗
𝐹 be shown to be as follows
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7. Conclusion 


