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Table 7: Combined Returns to Firm and Occupation-specific Capital Vs. 
Gains from Job Search



Heckman 3

Table 9: The Impact of Human Capital, Job Matching, and Occupational 
Matching on Welfare And Wages
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1. Introduction

• Builds on Keane and Wolpin (1997)

• Richer forms of skill accumulation
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Table 1: Description of Aggregated Occupations
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2. Data

• NLSY79



Heckman 7

2.1. Descriptive Statistics.
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Table 2: Choice Distribution by Age



Heckman 9

Table 3: Summary of Occupational Mobility by Age: NLSY Data (Top 
Entry) and Simulated Data (Bottom Entry)
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Table 4: Occupational Transition Matrix: NLSY Data (Top Entry) and 
Simulated Data (Bottom Entry)
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3. Economic Model of Career Choices
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3.1. Utility Function.
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• The utility function: choice specific function of endogenous state variables (St), 
skill endowments and preferences.

• Random utility shocks that vary over time, people, occupations, and firm 
matches. 

• 𝑆𝑡 measure educational attainment, firm- and occupation-specific human capital, 
and the quality of the match between a worker and firm. 

• Let 𝑠 = school, 𝑔 = GED, and 𝑢 = unemployed.

• Describing working alternatives requires two indexes. 

• 𝑒𝑞 = “employed in occupation 𝑞,” where 𝑞 = 1,… , 5 indexes occupations. 

• 𝑛𝑓 = “working at a new firm,” and of =“working at an old firm.” 

• Combinations of these indexes define all the feasible choices available to an 
individual.
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3.1.1. Choice specific utility flows.
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• The utility flow from choice combination 𝑘: the sum of the logarithm of the 
wage, 𝑤𝑖𝑡 𝑘 ,

• Nonpecuniary utility, 𝐻𝑖𝑡 (𝑘), that person 𝑖 receives from choice combination 𝑘
at time 𝑡,

• The remainder of this section describes the structure of the wage and 
nonpecuniary utility flows in more detail.
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3.1.1a. Wages.
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• The log wage of worker 𝑖 employed at firm 𝑗 in occupation 𝑞 at time 𝑡 is
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• 𝑊𝑞(𝑆𝑖𝑡) represents the portion of the log wage that is a deterministic function of 

the work experience and education variables in the state vector. 

• The term 𝜇 𝑞𝑖 : represents the random component of worker 𝑖’s wages that is 
common across all firms in occupation 𝑞. 

• This term allows people to have comparative advantages in their occupation 
specific skill endowments.

• The permanent worker-firm productivity match is represented by 𝜓𝑖𝑗. 

• True randomness in wages is captured by 𝜀𝑖𝑗𝑡. 

• All of the components of the wage (𝑊𝑖𝑡) are observed by the worker when a job 
offer is received.
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3.1.1b. Nonpecuniary utility flows.
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• Nonpecuniary utility flow equation:
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• The remaining portion of the nonpecuniary utility function contains the 
nonpecuniary employment and nonemployment utility flows along with the 
schooling cost function. 

• This utility flow equation is specified as
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• The term in brackets contains the occupation- and firm-specific nonpecuniary 
utility flows. 

• The occupation specific portion of this flow, 𝜃𝑞(𝑆𝑖𝑡), is a function of the state 

vector that is allowed to vary over occupations. 

• The firm-specific nonpecuniary match value for person 𝑖 at firm 𝑗 is represented 
by 𝜀𝑖𝑗.

• This match value reflects the influence of permanent attributes of employment 
at each firm that affect the employment utility flow and are not observed by the 
econometrician.

• The second line of Equation (4) contains the schooling cost function for 
attending school while not employed (𝐶𝑠(𝑆𝑖𝑡)) and employed (𝐶𝑠𝑤(𝑆𝑖𝑡)).

• The final components of the nonpecuniary utility flow are the deterministic 
portions of the value of leisure enjoyed while unemployed, 𝑏(𝑠𝑖𝑡), and the cost 
function for earning a GED, 𝐶𝑔 𝑆𝑖𝑡 .



Heckman 23

3.1.2. Constraints
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• The structural modeling approach requires a detailed specification of the labor 
market constraints that determine an individual’s choice set in each year. 

• Earning a GED is dropped from the choice set after high school graduation or 
GED receipt. 

• Finally, unemployment and employment are mutually exclusive choices. 

• Given these restrictions, the choice set for individuals who are not employed 
when they enter period 𝑡:
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• Next, consider the feasible choices for a person employed in occupation q. 

• At the start of period t the individual receives one new job offer from a firm in 
each of the five occupations and has the option to attend school, earn a GED, or 
become unemployed. 

• In addition, an employed individual always has the option of remaining at his 
current firm and staying in his current occupation (𝑞). 

• Job offers from new occupations at the current firm are received randomly, 
where workers receive either zero or one such offer per year. 

• Let 𝜋𝑗 denote the probability that a worker receives an offer to work in 

occupation j at his current firm, where 𝑗 = 𝑞. 

• Let 𝜋𝑛𝑞 be the probability that a worker employed in occupation q does not 

receive an offer to switch occupations within his current firm.
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• The choice set for a worker employed in occupation 𝑞 who receives an offer to 
switch to occupation 𝑗 at his current firm is

• Let 𝐷𝑡
𝑒(0) denote this 21-element choice set.
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3.1.3. State variables.
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• The endogenous state variables in the vector 𝑆𝑡 measure human capital and the 
quality of the match between the worker and his current employer. 

• Let at represent an individual’s age. 

• Educational attainment is summarized by the number of years of high school and 
college completed, ℎ𝑡 and 𝐶𝑡, and a dummy variable indicating whether or not a 
GED has been earned, 𝑔𝑡. 

• Work experience is captured by the amount of firm-specific human capital (𝑓𝑡)
and occupation-specific human capital (𝑂𝑡) in the occupation that the person 
worked in most recently. 

• Let 𝑂𝑡 ∈ [1,2, … , 5] indicate the occupation in which a person was most recently 
employed. Let 𝐿𝑡 be a variable that indicates a person’s previous choice, where 
𝐿𝑡 = 6 where 𝐿𝑡 = {1, … , 5} refers to working in occupations one through five, 
𝐿𝑡 = 6 indicates attending school full time, and 𝐿𝑡 = 7 indicates unemployment.
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• Assume that firm- and occupation-specific human capital each take on 𝑃 values, 
so that the possible values of human capital arranged in ascending order are
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• The skill increase parameters are {𝜆𝑘𝑓 , 𝜆𝑘𝑜 , 𝑘 = 1,… , 5}, where the subscripts f 

and o refer to firm- and occupation-specific capital, and k indexes occupations.

• This method of modeling human capital has the advantage of making it possible 
to include both firm- and occupation-specific human capital in the state space at 
a fraction of the cost of keeping track of actual years of experience at a firm or in 
an occupation, because work experience could range from 0 to 15 years in this 
model.
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3.2. The Optimization Problem.
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• Individuals maximize the present discounted value of expected lifetime utility 
from age 16 (𝑡 = 1) to a known terminal age, 𝑡 = 𝑇∗∗. 

• The value function for an individual with discount factor δ employed in 
occupation 𝑞 is
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• The 𝐸(𝑍𝑡
𝑒𝑘) terms represent the expected value of the best choice in period 𝑡 +

1, conditional on receipt of an offer to work in occupation 𝑘 at the worker’s 
current firm.

• Each term in the sum corresponds to the probability that a job offer to work in a 
new occupation at the current firm is received (so 𝑘 = 𝑞), multiplied by the 
corresponding expected value of the best option next period.



Heckman 34

• The individual elements of the 𝐸(𝑍𝑡
𝑒𝑘) terms are the time 𝑡 + 1 value functions 

for each feasible choice,

• In this case, switching occupations without switching firms is not possible, so the 
expected value of the best choice at time 𝑡 + 1 is
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• The value function for an individual who is not currently employed is simpler 
because mobility within a firm is obviously not possible for people who are not 
employed. 

• The value function is

• The corresponding expected value of the maximum term is

which consists of all feasible combinations of schooling, unemployment, and new 
job offers.
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3.3. Solving the Career Decision Problem.
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3.3.1. Distributional assumptions.
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• Assume that firm specific match values and randomness in wages are distributed 

i.i.d normal: 𝜉𝑖𝑗~𝑁 0, 𝜎𝜉
2 , 𝜓𝑖𝑗~𝑁 0, 𝜎𝜓

2 , and 𝑒𝑖𝑗𝑡~𝑁(0, 𝜎𝑒
2).

• The firm-specific pecuniary and nonpecuniary match values are part of the state 
space, so a discrete approximation to these distributions is used when solving 
the optimization problem.
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3.3.2. Calculating the value functions.
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4. Estimation of The Structural Model
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4.1. Further Model Specification.
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• The deterministic portion of the occupation-specific human capital wage 
function:
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• Let 𝑁𝐹𝑡 be a dummy variable indicating whether or not the individual is in his 
first year of employment at a firm after being employed at a different firm in the 
previous period. 

• Let ℎ𝑑𝑡 and 𝑐𝑑𝑡 represent dummy variables that indicate receipt of a high school 
or college diploma.

• The nonpecuniary utility flow equation for occupation 𝑞 is
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• The cost function for attending school is

• The final utility flow equation represents the utility derived from earning a GED. 

• The deterministic portion of the GED utility flow is
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• Within-firm job offer probabilities are specified as multinomial logit, so the 
probability of receiving a job offer from occupation 𝑗 at the current firm is

• Discount factor, δ, is set equal to 0.95 rather than estimated because it can be 
difficult to estimate the discount factor in dynamic models, even though it is 
technically identified.
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4.2. The Likelihood Function.
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• Conditional on having an endowment vector of type 𝑘, the likelihood 
contribution for person 𝑖 is the product of the probability of each outcome 
observed in the data over the ෩𝑇𝑖 years that the person remains in the sample,
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• The simulated likelihood function for the sample is the product over the N 
people in the sample of a weighted average of the type-specific simulated 
likelihoods, where the weights are the type probabilities (𝑋𝑚(ℎ𝑖1)),
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5. Structural Parameter Estimates
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5.1. Model Fit.
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Table 5: Wage Distribution: Actual & Simulated Data
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Figure 1: Actual and Simulated Mean Log Wages
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Figure 2: Choice Percentages by Age: Actual and Simulated Data
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Figure 2: Choice Percentages by Age: Actual and Simulated Data
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Figure 2: Choice Percentages by Age: Actual and Simulated Data
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Figure 2: Choice Percentages by Age: Actual and Simulated Data
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5.2. The Log Wage Equation: Human Capital 
and Job Search.
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Table 6: Panel A: Structural Model Estimates
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Table 6: Panel A: Structural Model Estimates
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Table 6: Panel B: Structural Model Estimates
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Table 6: Panel C: Structural Model Estimates
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Table 6: Panel D: Structural Model Estimates
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5.3. Career Choices and Heterogeneity in 
Skills and Preferences.
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Table 8: Simulated Choice Frequencies by Endowment Type
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6. Counterfactual Experiments
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6.2. The Value of Human Capital, Job 
Matching, and Occupational Matching.


