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Abstract This article studies whether and how work history affects workers’ wages when learning about their abilities is asymmetric between incumbent firms and outside firms. I first present a three-period asymmetric learning model incorporating a worker-firm specific match quality. New empirical tests are then proposed and implemented in the NLSY79 data. In general, employer learning appears to be asymmetric for college graduates—wages are positively correlated with longest or/and shortest tenures with previous firms and negatively correlated with the number of previous employers. For high school graduates, employer learning seems to be symmetric. Welfare loss associated with inefficient turnovers is also discussed. KEYWORDS: Asymmetric employer learning, match quality, work history
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1. Introduction In this article I study whether and how previous work history affects workers’ wages when learning about their abilities is asymmetric between incumbent firms and outside firms.1 I first present a three-period asymmetric employer learning model where productivity is jointly determined by ability and a workerfirm specific match quality. By introducing a third period to the standard two-period asymmetric employer learning model, I am able to explore the signaling effect of work history on wages with current firms. Incorporating a worker-firm specific match quality component enables me to study the possible welfare loss resulting from inefficient turnovers in the context of asymmetric employer learning in the labor market. In the three-period asymmetric employer learning model, when workers make turnover decisions— either stay with incumbent firms or quit to work for outside firms—at the end of the first period, they must consider the signaling effect of such decisions in all subsequent periods. Outsider firms observe all turnover decisions and make inferences about workers’ abilities, accordingly. Therefore, workers make their turnover decisions strategically and self-select (or self-label) according to their own productivity. High productivity workers switch jobs less often than those with low productivity, thereby sending signals that they are not the worst “lemons” (Akerlof, 1970) to outside firms and resulting in longer tenures with current and previous firms. In other words, to outside firms both current and previous tenures serve as signals of workers’ abilities and therefore should affect the wages they offer when employer learning is asymmetric.2 On the contrary, if learning is symmetric tenures with previous firms should have no effect on current wages.3 After deriving the relationships between work history and wages, I empirically test them in the NLSY79 data and find strong evidence supporting asymmetric employer learning in the labor market among college graduates. Specifically, for workers with college degrees, wages are significantly correlated with previous tenures—positively with the longest previous tenures and the shortest previous tenures, or negatively with the number of previous firms. The results of previous tenures are robust to different specifications. For workers with only high school degrees, I find no significant effect of work history on wages and therefore cannot reject the symmetric employer learning hypothesis. In addition to these new findings, two alternative explanations are discussed and evidence is presented which supports the proposed asymmetric employer learning mechanism among the explanations. The first alternative, serial correlation of match qualities, would predict that the effects of previous tenures fade out over time, but the estimation shows a very persistent effect which is more consistent with the signaling mechanism in the asymmetric employer learning model. The other explanation involves the effect of labor market entry conditions. Including national unemployment rates at the time of workers’ college graduation does not diminish the effect of previous tenures—it actually augments the effects. This article contributes to the literature by proposing new empirical tests of asymmetric employer learning in the labor market. Despite much literature studying asymmetric employer learning, very few studies examine the signaling effect of work history and the resulting strategic behavior of workers and firms. Two papers are exceptions, though. In a paper closely related to my study, Greenwald (1986) studies a similar three-period asymmetric employer learning model but does not prove the existence of the equilibrium. In the current article I prove the existence of a symmetric equilibrium in this three-period model. I also for1 The



“incumbent firm” refers to the firm that the worker is working for and “outside firms” refer to all other firms in the labor market. 2 “Tenures with previous firms,” “previous tenures,” “previous work history,” and “work history” all refer to the worker’s entire turnover history (including timing) with all previous firms prior to the current firm and are used interchangeably throughout this article. 3 After controlling for ability, tenure with the current firm, and labor market experience.
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mally derive how work history affects current wages, and therefore provide easily testable implications of such learning in the labor market. Incorporating a worker-firm specific match quality enables me to discuss the potential welfare loss caused by inefficient turnovers, while in Greenwald (1986) turnovers do not have any welfare loss consequences. Zhang (2011) notices the signaling effect of job turnover on all subsequent periods in a three-period model, but ignores workers’ strategic response to the effect (therefore doing only partial equilibrium analysis). In the current article I prove the existence of a general equilibrium and also derive empirical implications which differ significantly from Zhang (2011). By introducing a worker-firm specific match component, this article also contributes to the literature by studying the welfare loss associated with inefficient turnovers. When employer learning is public or symmetric, independent of ability, workers with poor match qualities switch firms to seek better matches. However, when abilities are not observable and employer learning is asymmetric, workers with high ability but poor match quality might find it optimal to stay with their incumbent firms (to avoid being labeled as lemons) while workers with low ability but good match quality might switch firms to take advantage of the benefit of the doubt. These inefficient turnovers may cause welfare loss in the labor market. I conduct numerical simulations to study the magnitude of such inefficiencies. The article is organized as follows. Section 2 summarizes relevant literature. Section 3 presents the asymmetric employer learning models with two and three periods, and derives empirical implementations. Section 4 presents data. Empirical results are reported in Section 5. Section 6 compares alternative explanations. Welfare loss resulting from inefficient turnovers is discussed in Section 7. The article concludes in Section 8.



2. Relevant Literature The standard setup of asymmetric learning models typically involves three types of players: the worker, the incumbent firm, and outside firms. Ability is one worker’s private information and is difficult for firms to observe. The learning, therefore, refers to how the incumbent firm and outside firms learn about a worker’s ability level. Literature differs in whether such learning is symmetric or asymmetric between the incumbent firm and outside firms. Some literature assumes that outside firms have exactly same information as the incumbent firm and they all learn the worker’s private ability over time in the same manner. Learning is thus symmetric between the incumbent firm and outside firms. Farber and Gibbons (1996) and Altonji and Pierret (2001) propose that, as the worker’s labor market experience accumulates, hard-to-observe factors such as ability (AFQT score for example) become increasingly correlated with wages because they reflect the expected productivity of the worker in a competitive labor market. Altonji and Pierret (2001) further note that the effect of observable factors—which are correlated with ability, such as schooling—on wages should wear off over time. Both papers find supportive evidence for this public or symmetric learning. Much other literature assumes that the learning between the incumbent firm and outside firms might be asymmetric. Research in this direction differs in how outside firms learn a worker’s ability. Outsider firms might infer such information from a worker’s voluntary or involuntary turnovers (Greenwald, 1986; Gibbons and Katz, 1991; Schonberg, 2007; Pinkston, 2009; Hu and Taber, 2011; Zhang, 2011; Kahn, 2012), the firm’s job assignment or promotion decisions (Waldman, 1984, 1990, 1996; DeVaro and Waldman, 2012), training levels (Acemoglu and Pischke, 1998), or wages (Golan, 2009). This article is more relevant to the signaling effect of turnover. Essentially, most previous literature studies asymmetric employer learning in a two-period setup, where signals happen in the first period and consequences follow in the second period.4 4 Golan



(2009) studies a three-period model where abilities are revealed in wages through bargaining. Zhang (2011) studies a three-
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Gibbons and Katz (1991) test the different signaling effects between being laid off and losing a job due to a plant closing. Being laid off is a signal of having low ability, while a closing plant would lay off workers of all ability levels. They use the Displaced Workers Supplements of CPS and find that wage loss is larger for workers who were laid off compared to those who lost their jobs due to plant closings. However, Hu and Taber (2011) find that this wage loss difference only holds for white males, not for other race/gender groups. Schonberg (2007) shows, in a two-period model, that low-ability workers are more likely to switch jobs. Extended from Altonji and Pierret (2001), Schonberg also shows that if learning is asymmetric between the incumbent firm and outside firms, then those hard-to-observe factors should also be increasingly correlated with tenure with the incumbent firm over time. Results from the NLSY79 data support the presence of such asymmetric employer learning for college graduates, but not for high school graduates. In a similar setup, but with three periods, Zhang (2011) argues the increase of correlation between wages and abilities should slow down over a worker’s work history. Pinkston (2009) adds another layer of asymmetric learning by assuming that, in each period, one of the outside firms gets to compete for the worker with the incumbent firm via a bidding war. The bidding war reveals ability information to the involved firms, and thus that information gets transferred from one firm to another along the continuous employment spell. He finds strong evidence supporting such asymmetric learning along continuous employment spells in the NLSY79 data. Kahn (2012) argues that the variance of wage changes has a larger gradient in the variance of ability for stayers than for movers in a two-period model and finds supportive evidence in the NLSY79 data favoring asymmetric learning, as well. The worker-firm specific match quality is well shown to be one of the important wage determination factors in the literature. Jovanovic (1979) presents a learning model where a worker gradually learns his or her match quality with the incumbent firm, which delivers an increasing wage-tenure profile due to selection. Nagypal (2007) empirically shows that learning about match quality is a more important factor driving wage increases with tenure than the match specific human capital accumulation, at least for tenures longer than six months. Neal (1999) uses a career-specific match and a firm-specific match to study job mobility among young workers and finds the model fits data fairly well. In his research, the worker, the incumbent firm, and outside firms share same information.



3. The Models Time is discrete. There is measure one of workers in the labor market, each endowed with a time-invariant ability θ. One worker can only work for at most one firm at a time. While working, the output ξ is determined by both ability and a worker-firm specific match quality η, ξ = θ + η. The match quality stays with the specific worker-firm match. That is, as long as the worker stays with the same firm, the match quality does not change. The distributions of ability—F (θ )—and of match quality—G (η )—are public information but learning about them is not symmetric. The worker and the incumbent firm observe ability and match quality (and therefore the output). Outside firms only observe the worker’s turnover history. The competition for workers among all firms is perfectly competitive with free entry. Firms and workers are risk neutral without time discounting. Firms can only make non-contingent wage offers (spot contracts). There is no recall. period model in a partial equilibrium analysis. DeVaro and Waldman (2012) discuss an extension to a three-period model intuitively, rather analytically. None of these papers delivers the implications presented in the current article.
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In the following subsections I lay out asymmetric employer learning models with two and three periods separately. The three-period model is the focus of this article and the two-period model is discussed as a point of comparison.



3.1 The Two-Period Model The timing is as follows. During the first period, everyone is employed with wage W1 . At the end of the first period, the incumbent firm observes θ, η1 and ξ 1 , and makes a new wage offer W2 (ξ 1 ).5 Simultaneously q outside firms in the market post a market wage offer W2 .6 If the incumbent firm’s offer is accepted, the output during the second period becomes ξ 1 + h = θ + η1 + h, where h ≥ 0 is the productivity gain.7 If any of the market offers is accepted, a new worker-firm match is formed with new quality η2 independently drawn from G (η ). In such case, the output for the second period is ξ 2 = θ + η2 . All workers retire at the end of the second period. The following assumptions are made for expositional convenience. ASSUMPTION 1: F (θ ) and G (η ) are continuous in the support [θ L , θ H ] and [η L , η H ]. ASSUMPTION 2: F (θ ) is log-concave.8 ASSUMPTION 3: F (θ ) is not proportional to ecx with c > 0.9 ASSUMPTION 4: h < η¯ − η L . This assumption assures that the productivity gain is not so high that nobody quits.  PROPOSITION 1: Given Assumptions 1-4, there exists a unique threshold value, ξ ∗ ∈ θ L + η L , θ¯ + η¯ − h , such that a worker stays with the incumbent firm iff (if and only if ) ξ 1 ≥ ξ ∗ . PROOF: Appendix A.1. This two-period asymmetric employer learning model is a standard “lemon” model. During the second period, quitters are paid their expected productivity such that the firm’s expected profit is zero. For stayers, incumbent firms match their outside option (the market wage offer) so stayers are paid exactly the same as quitters during the second period.10 That is, in the second period, although work history differs for differnet workers, they are all paid the same wage. Work history, then, does not affect wages in either period of this model. However, when a third period is introduced, work history does affect wages. This is discussed in the next sub-section.



3.2 The Three-Period Model Notations are listed below for reference: • Stayer: a worker who stays with the same firm in the first and second period. • Quitter: a worker who quits the first period firm and works for a new firm in the second period. • W2 (ξ 1 ) : wage for the stayer (with first period output ξ 1 ) in the second period. 5 The



incumbent firm cares about productivity only, and therefore offers a wage as a function of ξ 1 only, rather θ or η1 . am interested in the symmetric equilibrium where all outside firms make identical wage offers. 7 For example, resulting from firm-specific human capital accumulation. 8 Distributions satisfying log-concavity include but are not limited to normal, uniform, exponential, and extreme value distributions (Bagnoli and Bergstrom, 2005). 9 Most common distributions satisfy this assumption, which ensures the uniqueness of the fixed point. 10 Even though firms extract most rents from stayers during the second period, they pay workers more than their expected productivity in the first period. 6I



5



q



• W2 : wage for the quitter in the second period. • W3 (ξ 1 , s) : wage for the stayer (with first period output ξ 1 ) who stays again in the third period. q



• W3 (s) : wage for the stayer who quits in the third period. • W3 (ξ 2 , q) : wage for the quitter (with second period output ξ 2 ) who stays in the third period. q



• W3 (q) : wage for the quitter who quits again in the third period. The timing is shown schematically in Figure 1. The basic setup is similar to the two-period model except that now there is a third period. At the end of the second period, the incumbent firm makes a wage offer—W3 (ξ 1 , s) or W3 (ξ 2 , q)—conditional on second period output as well as the worker’s turnover history. Outside firms in the market who observe the worker’s entire work history only make a contingent offer q q W3 (s) or W3 (q). If the worker stays, the output in the third period is ξ 1 + h = θ + η1 + h for a stayer and ξ 2 + h = θ + η2 + h for a quitter. If he or she quits, the output with a new firm becomes ξ 3 = θ + η3 where η3 is a new i.i.d. draw from G (η ). All workers retire at the end of the third period. ASSUMPTION 5: θ¯ − θ L ≤ η¯ − η L . ASSUMPTION 6: θ¯ + η¯ ≤ (θ H + θ L + η H + η L + h) /2.11 PROPOSITION 2: Given Assumptions 1-3 and 5-6, there exists at least one group of threshold values,    ˆ ξ 1 , ξˆ2 (s) , ξˆ2 (q) ∈ [θ L + η L , θ H + η H ] × ξ ∗ , θ¯ + η¯ − h × [θ L + η L , ξ ∗ ]. At the end of the first period, a worker stays iff ξ 1 ≥ ξˆ1 ; at the end of the second period, a stayer stays again iff ξ 1 ≥ ξˆ2 (s) and a quitter stays iff ξ 2 ≥ ξˆ2 (q). PROOF: Appendix A.2. Recall that, in the two-period asymmetric employer learning model, outside firms observe only one signal from each worker: the turnover (stay or quit) decision at the end of the first period. Now, in the three-period model, outside firms observe two signals from each worker: turnover at the end of the first period and turnover at the end of the second period. If we just look at the group of workers who stayed with their firms at the end of the first period (“stayers”), the subgame of the second and the third periods is identical to a two-period model.12 Each worker sends one signal to outside firms and outside firms observe only one signal from each such worker. It is the same for the “quitters” who quit at the end of the first period. The difference between stayers and quitters is the distribution of their abilities. Stayers are expected to have higher abilities, on average, than quitters. Given that quitting sends outside firms a signal that the worker has a high probability of being a lemon, workers with relatively high productivity (ξˆ1 ≤ ξ 1 < ξˆ2 (s)) will choose to stay at the end of the first period and quit at the end of the second period. They do this in order to be differentiated from those with lower productivity (ξ 1 < ξˆ1 ) who would choose to quit at the end of the first period. In other words, workers use staying (at the end of the first period) as a signaling device. This allows firms to sort workers into different groups (stayers or quitters). Therefore the firm’s belief is consistent and this formulates an equilibrium. In the three-period model, workers’ turnover decision at the end of the first period affects their wages in the second period as well as the third period. This is in contrast to the two-period model where work history does not affect wages. When there are three periods in the model, one worker’s turnover or tenure history affects the market’s perceptions of his or her ability in all subsequent periods and therefore affects the market wage offers in all subsequent periods, as well.13 Among those who quit at the end of the second 11 Assumptions 5-6 are sufficient conditions for the existence of the equilibrium. Many distributions satisfy these two conditions, for ¯ example, normal, exponential distributions with θ¯ ≤ η. 12 The upper branch in Figure 1. 13 There could be many interesting implications stemming from this three-period asymmetric employer learning model, but I only discuss the effect of work history on wage determination in this article.
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period and form new matches with new firms in the third period, stayers—who stayed at the end of the first period and therefore have a tenure of two periods—are expected to have higher ability on average than quitters—who quit at the end of the first period and therefore have a tenure of one period each with two firms (one in the first period and the other in the second period). Stayers, then, are offered higher wages q q than quitters (W3 (s) > W3 (q)) in the third period. In summary, longer continuous tenures with previous firms are linked to higher wage offers by outside firms and incumbent firms at the end of the second period. Another effect is that of the count of a worker’s previous firms on wage offers. Conditional on quitting at the end of the second period and working for new firms in the third period, stayers (who have worked for only one previous firm) will have higher wages than quitters (who have worked for two previous firms). This results a negative relationship between the number of previous firms and one’s wages with current firms. On the other hand, if learning is public or symmetric in the labor market (all firms share same information as workers), turnover happens if and only if the match quality is poor. In a two-period setup, one quits ∗ = η ∗ at the end of the second period. At the iff η < ηs∗ = η¯ − h. In a three-period setup, the threshold is ηs2 s ∗ end of the first period, ηs1 solves the following equation:    ∗ ∗ ηs1 + h + max {ηs1 + h, η¯ } = η¯ + E max η 0 + h, η¯ . (1) ∗ > η ∗ due to the convexity in the expected match quality given the option of quitting It must be that ηs1 s2 again at the end of the second period. When the number of periods increases, thresholds during early periods converge to the steady state value, as in Jovanovic (1979). In these symmetric employer learning models, the wage is determined only by ability and current match quality. Without observing match quality, wages appear positively correlated with tenures at current firms due to selection—workers with better match qualities stay longer with matched firms—but should not be affected by tenure with previous firms. In fact, when learning is public, tenure with previous firms is at most one period, since workers keep searching until their match quality is higher than the corresponding threshold value (which decreases with the number of remaining periods). This comparison is summarized in the following proposition. PROPOSITION 3: If employer learning is asymmetric, then wages in the third period are correlated with work history—positively with previous tenure and negatively with the count of previous firms. Although these two implications are derived from the asymmetric employer learning model with only three periods, intuitively, workers should be more able to differentiate themselves when there are more periods in the model. Those who switch jobs less often, and therefore have longer tenures, would be more likely to have high productivity and will be paid more than those who have same experience but who switch jobs more frequently. These two empirical implications lead to the econometric specification I use to test for asymmetric employer learning in the labor market—the signaling effect of work history on wage determination. Consider the following wage determination equation:



ln(wit ) = β 1 · Xit + β 2 W Hit + ε it ,



(2)



where Xit denotes the set of both time-invariant individual characteristics and time-specific individual status, including labor market experience and the tenure with the current firm. W Hit represents work history. I test the model using three different measures of work history—longest tenure and shortest tenure with previous firms as well as the number of previous firms.14 The coefficient of W Hit is expected to be zero an asymmetric employer learning model with N periods would generate 2 N −1 groups of different workers. No current available data set is large enough to study even a 10-period analysis. Therefore, instead of using the full work history, I use longest/shortest previous tenure as its proxy. 14 Technically,



7



if learning is symmetric between incumbent firms and outside firms, but non-zero if employer learning is, indeed, asymmetric. Such empirical tests of asymmetric employer learning in the labor market are only possible when the entire work history is observed. For this reason, empirical estimation is carried out in the National Longitudinal Survey of Youth 1979 (NLSY79) data which records weekly labor market status from the first labor market experience for most respondents.



4. Data I use NLSY79 data for the years 1979-2008. The NLSY79 is a nationally representative sample of young men and women aged 14-22 years old in 1979, when the survey was first conducted. They were interviewed annually up to 1994 and biennially afterwards. Employment history is constructed in the following way. From weekly work history, one job with the longest aggregated hours worked is chosen for each month for each individual. Employers for this job is identified and linked in continuous years to form the job turnover history. The analysis is restricted to males only to avoid complications with female labor supply. The analysis is further restricted to periods after each individual is observed entering the labor market for the first time, which is defined as “primarily” working for at least two consecutive years. One individual is said to be primarily working if working at least 1, 000 hours per year without changing the highest grade of education completed. Out of 6, 403 males in NLSY79, 1, 848 are never observed to meet these criteria and are therefore excluded from analysis. One of advantages with NLSY79 data is that it records the Armed Forces Qualifications Test (AFQT) score as a measure of ability. The AFQT score is standardized to a mean of zero and a standard deviation of one after controlling for age among males. I exclude 246 individuals with missing AFQT scores. The time-invariant individual characteristics relevant to wage determination also include dummy variables for race and United States residency status at the age of 14. I drop eight individuals for whom residency status is missing. The time-variant status includes schooling, a set of dummy variables for year and its interaction with schooling, a dummy variable for urban residency, a dummy variable for being the interview year,15 as well as dummy variables for one-digit occupation and industry codes.16 I drop observations with education level missing and those with less than 12 years of schooling, those with missing occupation or industry codes, those who are farmers or workers in the agriculture, forestry and fisheries industry, and those in the military. This eliminates another 46 individuals. Labor market experience and tenure with one’s current firm—both measured by weeks worked—are also included in the wage estimation. Since a complete work history is essential to my estimation, I eliminate all subsequent periods after the first gap of two or more years absent from the labor market for each individual. I also exclude 531 Individuals who enter the labor market (by the definition above) before age 14 or after age 28 (both inclusive). Wage is measured by the hourly rate of pay. Since wage information is only collected at the yearly level, from the monthly employment history data, I keep one observation for each job in each year and construct 15 If



one year is the interview year then the variable is one, otherwise it is zero. Schonberg (2007), I distinguish seven occupations: professional, technical, and kindred; managers and administrators; sales, clerical, and kindred; craftsmen and kindred; operatives; Laborers; Service. I distinguish twelve industries: mining; construction; manufacturing; transportation, communications, and other public utilities; wholesale trade; retail trade; Finance, insurance, and real estate; business and repair services; personnel services; entertainment and recreation services; professional and related services; public administration. 16 Following
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a work history by year. Finally, hourly wages below the first percentile ($3.047 in 2004 dollars) or above the 99th percentile ($86.141) are set to missing and therefore are not included in the regression. The final sample consists of 3, 724 individuals with 69, 232 total observations. Table 1 presents basic summary statistics for the final sample. The average real hourly wage is $18.16 in 2004 dollars. On average each individual has worked on 7.3 jobs between 1979 and 2008. Most individuals were US residents at age 14 and about 80% live in urban areas. At any point, work history is measured by the set of variables defined below. All variables are annualized. • Current tenure: actual total weeks that one has worked for the current firm. • Experience: actual total weeks worked for all firms since first entering the labor market. • Longest tenure with previous firms: the longest tenure with previous firms prior to the current firm. • Shortest tenure with previous firms: the shortest tenure with previous firms prior to the current firm. • Number of previous firms: the number of different firms that one has worked prior to the current firm.



5. Estimation Results The estimation results presented in this section are consistent with the asymmetric employer learning model with three periods for the pooled sample or the sub-sample of high school graduates. Specifically, current wages are affected by workers’ turnover history with previous firms. Wages are positively correlated with the longest tenures or shortest tenures with previous firms in the work history and are negatively correlated with the number of previous firms. Further estimation on separate education groups reveals that employer learning is more likely asymmetric for workers with college degrees but symmetric for those with only high school degrees. I start the estimation of the wage regression on the whole sample, which pools workers with college degrees and high school degrees together. Estimation results are presented in Table 2. Columns 1 and 2 present estimates of the effect of longest tenure with previous firms on wages with or without quadratic tenure terms included. It reports a significantly positive linear effect of longest previous tenure. Similarly Columns 3 and 4 present estimates of the effect of shortest tenure with previous firms on current wages. The linear effect is as significant and positive as longest previous tenures, as shown in Column 3. When quadratic tenure terms are included, Column 4 shows that the effect of shortest previous tenure is concave. Columns 5 and 6 present estimates of the effect of both longest and shortest previous tenure in the same regression. Column 5 reports that longest tenures have a significant linear effect on wages while the effect of shortest tenures becomes insignificant. On the other hand, when quadratic tenure terms are included the significance returns. Column 7 reports a significantly negative effect of the number of previous firms on current wages. However, such correlation between work history and current wages is different for different groups of workers. It appears that work history affects mainly workers with college degrees while the effect for high-school-only graduates is insignificant. Panel A in Table 3 presents estimates of the effect of longest and shortest previous tenure on current wages for college graduates only. Compared to the whole sample, most estimates are as significant and larger in magnitude. These findings reject the hypothesis of symmetric employer learning among college graduates. 9



For workers with college degrees the effects of either longest or shortest tenure on current wages are not only statistically but also economically significant. All else being equal, a one year increase in longest tenure corresponds with a 1.5% increase in one’s wage, while same change in tenure with the current firm corresponds with a 2.4% increase in the wage. A one year increase in shortest tenure, on the other hand, has an even more economically significant effect—1.6% increase in the wage, which is almost as large as the effect of current tenure. Notice that the effect of work history applies to all future wages while, by definition, current tenure only affects wages with the current firm.17 In contrast, when workers involved have high school degrees only, all effects of work history become statistically insignificant, as shown in Panel B of Table 3. Thus I cannot reject the hypothesis of symmetric employer learning among high school graduates. The effects of work history are robust to some specification changes. For instance, following Schonberg (2007) I include the interaction terms between current tenure and schooling as well as the interactions between current tenure and AFQT scores. The results of work history stay basically unchanged for both pooled and separated samples. Note that some worker-year observations, especially those for workers who have just entered the labor market, have not established much work history yet. There are also 6.2% of workers who never had any turnover in their work history during the sample period. Therefore, in the second set of robustness checks I include a dummy variable indicating whether the longest/shortest tenure with previous firms is missing. The above results are robust to this alteration for all samples.



6. Alternative Explanations Other than asymmetric employer learning, other mechanisms may also cause the correlation observed between work history and current wages. For instance, if employer learning is symmetric but there exists serial correlation among match qualities when switching firms, wages with the current firm will be correlated with previous match quality because of the serial correlation. If this mechanism is true, then the current wage should be more correlated with more recent tenures than with earlier ones (because serial correlation diminishes with temporal distance). In contrast, the asymmetric employer learning model would generate an opposite result. In such a model, the signaling effect of earlier turnovers lasts longer, therefore workers would be more cautious about switching jobs earlier in their career. Consequently, early-career turnover will happen only when one’s productivity is especially low. In other words, early-career turnover reveals low productivity and thus low expected ability more accurately, so they should be more correlated with current wages than later-career turnover. To consider this serial correlation explanation, I regress wages on the sequence of tenures with the first ten firms in one’s work history, if available.18 The results, with 95% confidence intervals, are plotted in Figure 2. Consistent with the previous regressions, for college graduates most of the first ten tenures have significantly positive effects on current wages while for high school graduates most of them are insignificant. Furthermore, it appears that early-career tenure has at least a similar, if not larger, effect as later-career tenure for college graduates. This result is more indicative of the asymmetric employer learning mechanism than serial correlation among match qualities. The labor market outcome might also be affected by the macro economic conditions at the time of labor market entry. Kahn (2010) finds that the national or state college graduate unemployment rate at the time 17 Of



course the latter may affect the former as one’s labor market experience progresses. is, replace the longest previous tenure in column 1 of Table 2 with the sequence of tenures with the first ten firms that the worker has worked since entering the labor market. All other variables remain the same. 18 That
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of college graduation has a large, significantly negative and persistent effect on the college graduate’s labor market outcomes in the NLSY79 data. To test if the correlation between work history and wages is actually generated by labor market conditions at entry, in the wage regression 1, I include the national unemployment rate for the year in which one enters the labor market. The result is presented in Table 4. Following Kahn (2010) the analysis is restricted to white males who graduate from college between 1979 and 1989. Panel A reports estimates of both work history and labor market entry conditions while Panel B reports estimates when only the latter is included. Similar to Kahn (2010) I find a significantly negative effect of national unemployment rates on college graduates’ wages, as shown in Panel B. When both work history and unemployment rates are included, the effect of latter stays largely unchanged while the effect of work history becomes larger in magnitude. Therefore, the hypothesis of symmetric employer learning for college graduates is still rejected after controlling for labor market entry conditions.



7. Welfare and Turnover In this section I discuss two other implications of asymmetric employer learning models with two and three periods as proposed above: the welfare loss caused by inefficient turnovers and the indeterminate relationship between the turnover rate and ability.



7.1 Welfare Analysis In models with symmetric learning, a poor match is temporary because the worker seeks a new job and thus the match is replaced by a new draw from the distribution independent of the worker’s ability. When employer learning is not symmetric, workers who switch firms are adversely selected. In the asymmetric employer learning model with two periods, one quits and works for a new firm iff ξ 1 < ξ ∗ . Workers with high ability but poor match quality will choose to stay so as to be differentiated from those with lower productivity; workers with low ability but good match quality will choose to quit so as to take the benefit of the doubt from outside firms. Each of these results inefficiency and welfare loss.19 In the two-period model, the portion of each worker’s average output, which is contributed by the match quality η and productivity gain h during the second period, is calculated as Os2 (2) = η¯ · Pr (η < η¯ − h) + Pr (η ≥ η¯ − h) · [ E (η |η ≥ η¯ − h) + h] for the model with symmetric learning, and Oa2 (2) = η¯ · Pr (ξ 1 < ξ ∗ ) + Pr (ξ 1 ≥ ξ ∗ ) · [ E (η |ξ 1 ≥ ξ ∗ ) + h] for the model with asymmetric learning. The level of the welfare loss is defined as the ratio 1−



Oa2 (2) . Os2 (2)



In the three-period model, if learning is symmetric, the portion of each worker’s average output contributed by η and h in the second period is ∗ ∗ ∗ Os3 (2) = η¯ · Pr (η1 < ηs1 ) + Pr (η1 ≥ ηs1 ) · [ E (η |η1 ≥ ηs1 ) + h] 19 Not all asymmetric employer learning implies welfare loss. In the original Greenwald (1986) model, where the secondary market is sustained by an exogenous separation of worker-firm matches, turnover does not have any welfare consequences. Asymmetric employer learning in this context only shifts the utility allocation between workers and firms. The model in Pinkston (2009) has similar implications. By assuming that turnover incurs a loss of productivity gain or some transaction costs (h in the current article), the model in Gibbons and Katz (1991) implies that turnover always causes welfare loss. The idiosyncratic utility shock in Schonberg (2007) implies some welfare loss caused by the asymmetric employer learning, as well.
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and in the third period is Os3 (3)



∗ ∗ ∗ = η¯ · Pr (η1 < ηs1 , η2 < η¯ − h) + Pr (η1 ≥ ηs1 ) · [ E (η |η1 ≥ ηs1 ) + h] ∗ ∗ + Pr (η1 < ηs1 , η2 ≥ η¯ − h) · [ E (η |η1 < ηs1 , η2 ≥ η¯ − h) + h] .



Corresponding outputs in the asymmetric employer learning model are      Oa3 (2) = η¯ · Pr ξ 1 < ξˆ1 + Pr ξ 1 ≥ ξˆ1 · E η |ξ 1 ≥ ξˆ1 + h for the second period and Oa3 (3)



   = η¯ · Pr ξ 1 < ξˆ1 , ξ 2 < ξˆ2 (q) + Pr ξˆ1 ≤ ξ 1 < ξˆ2 (s)         + Pr ξ 1 ≥ ξˆ2 (s) · E η |ξ 1 ≥ ξˆ2 (s) + h + Pr ξˆ2 (q) ≤ ξ 1 < ξˆ1 · E η |ξˆ2 (q) ≤ ξ 1 < ξˆ1 + h



for the third period. The total welfare loss is defined as 1−



Oa3 (2) + Oa3 (3) . Os3 (2) + Os3 (3)



Table 5 lists results from three numerical simulations. The productivity gain is set to zero since my focus is exclusively on evaluating the welfare consequences associated with the match quality. In the model with two periods, the turnover rate in the asymmetric employer learning case is almost half of the turnover rate in the symmetric case. The welfare loss is larger when the model is extended to three periods. The turnover rate at the end of the first period is further reduced in the asymmetric learning case because some workers signal having relatively high productivity by staying with their incumbent firms. The total welfare loss is larger in the three-period model than in the two-period model, which indicates that more signals of self-selection come at the price of greater welfare loss.



7.2 Turnover Rates One of the empirical tests for asymmetric employer learning implemented in the literature looks for negative correlation between the turnover rate and ability as predicted from the standard two-period model.20 Schonberg (2007) finds evidence of adverse selection among college graduates. Zhang (2011) finds that such negative correlation diminishes over experience. However, the three-period asymmetric employer learning model proposed in this article delivers an indeterminate relationship between the turnover rate and ability. At the end of the second period, the turnover rate among quitters is Q2 (q, θ )



=



  Pr θ + η2 < ξˆ2 (q) |θ + η1 < ξˆ1 = G ξˆ2 (q) − θ



which decreases when ability increases; among stayers the turnover rate is     1 − G ξˆ2 (s) − θ G ξˆ2 (s) − θ − G ξˆ1 − θ ˆ ˆ   . Q2 (s, θ ) = Pr θ + η1 < ξ 2 (s) |θ + η1 ≥ ξ 1 = = 1− 1 − G ξˆ1 − θ 1 − G ξˆ1 − θ This second turnover rate has an indeterminate relationship with ability. I simulate turnover rates using θ ∼ U (0, 1) and η ∼ Exp (0.4). The results are plotted in Figure 3. The simulation shows that the stayers’ turnover rate Q2 (s, θ ) increases with ability up to ξˆ1 , because in this setup (conditional on being a stayer) the probability of having a poor match increases with ability. The intuition behind this is illustrated in 20 Turnover



rate is defined as Q (θ ) = G (ξ ∗ − θ ).
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Figure 4, where A stands for the probability of being a stayer for a given ability level and B stands for the stayer’s probability of having a poor enough match that he or she quits.21 The turnover rate of stayers is the ratio of B over A. When θ increases, B shifts to the left while keeping the same bandwidth and A expands leftward. As long as θ < ξˆ1 , B increases proportionally faster than A, which leads to an increase in the ratio Q2 (s, θ ). In the same simulation example, the overall turnover rate at the end of the second period—Q2 (θ )—has an ambiguous correlation with ability, as well, Q2 ( θ )



    = G ξˆ1 − θ · G ξˆ2 (q) − θ + G ξˆ2 (s) − θ − G ξˆ1 − θ .



The overall turnover rate decreases with ability for low and high ability workers, but increases with ability in a certain region illustrated in Figure 3. Considering it is a weighted average of turnover rates from stayers and quitters, this result is not surprising. If staying is interpreted as promotion (or quitting as not-be-promoted), then the results discussed in this subsection are consistent with the discussion about the three-period extension in DeVaro and Waldman (2012). They intuitively argue that the negative relationship between not-be-promoted and ability does not necessarily hold for the second promotion. In a parallel manner, this subsection shows that, at the end of the second period, the negative relationship between quitting and ability is not always valid for stayers.22



8. Conclusion This article presents asymmetric employer learning models with two and three periods and describes their empirical implications. Estimation using the NLSY79 data shows that the learning about college graduates’ abilities in the labor market is, in general, asymmetric between incumbent firms and outside firms. However, corresponding ability-discernment for high school graduates appears to be symmetric among all firms. The major difference between the asymmetric employer learning model with three periods as opposed to the one with two periods is that the introduction of a third period enables one to study the effects of work history on wages. In the standard two-period model, work history has no effect on wages since all workers are paid the same. In the three-period model proposed in this article, work history becomes much more relevant and different histories have different effects on wages. From this three-period model, I derive new labor market implications. Specifically, the model predicts a positive relationship between wages and the length of previous tenure and a negative relationship between wages and the number of previous employers. I conduct empirical estimation using the NLSY79 and find evidence supporting the theory that employer learning is asymmetric for workers who have college degrees. For this group of workers, wages are positively correlated with longest previous tenures and shortest previous tenures, and are negatively correlated with the number of previous firms. All effects are statistically significant. The estimation does not reject the hypothesis of symmetric employer learning among workers who are only high school graduates. These results are robust to several different specifications. Evidence is also presented to weigh two alternative explanations for the observed results. In addition to contributions to the empirical testing of asymmetric employer learning in the labor market, this article also contributes to the analysis of welfare loss caused by inefficient job turnover due to 21 A



   = 1 − G ξˆ1 − θ ; B = G ξˆ2 (s) − θ − G ξˆ1 − θ . could also be interpreted as the second “promotion” in DeVaro and Waldman (2012).



22 This
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asymmetric employer learning. Three numerical simulations are presented to demonstrate the magnitude of the welfare loss. The welfare loss associated with inefficient job turnover implies that a potentially sizable welfare gain could be made from policies or other interventions which alleviate asymmetric employer learning. The three-period asymmetric employer learning model also delivers an indeterminate relationship between the turnover rate and worker ability. It implies that the traditional method of estimating the slope of the turnover rate over ability might not always be an appropriate test for asymmetric employer learning.
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Figure 1: The three-period model.







) (ξ 1 W2   ξˆ1



ξ1



ξ1



ξˆ2 (s)



, s) W3 ( ξ 1 stay







quit



tay ˆ 1, s ≥ξ



< ξˆ 1



W



q



W q(s 3



, q) W3 ( ξ 2 stay



, qu



it



2







ξˆ2 (q)



)







quit W q(q 3



Period 1



Period 2



Period 3



)



Retire



Figure 2: The effects of first 10 tenures on current wages for college graduates [left] versus high school graduates [right]. Effects of the tenure sequence with previous firms, 95% CI
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Table 1: Summary statistics Mean S.D. Min ∗ AFQT 0.288 0.969 −1.701 ∗ Hispanic 0.136 0.342 0 black∗ 0.234 0.424 0 ∗ schooling 13.870 2.338 12 college∗ 0.550 0.498 0 ∗ number of jobs 7.335 5.180 1 ∗ Longest previous tenure 6.989 6.296 0 Shortest previous tenure∗ 1.018 3.286 0 real wage (in 2004$) 18.163 11.093 3.047 experience 9.663 7.195 .019 current tenure 3.637 4.507 .019 urban .796 .403 0 at US at 14 .986 0.116 0



Max 2.393 1 1 20 1 34 29.712 29.712 86.141 30.750 29.712 1 1



Notes: The final sample has 69, 232 person-year observations; superscript “∗” indicates variables reported at the individual level (3, 724 individuals).



Table 2: The effect of work history on wage determination—pooled sample VARIABLES 1 2 3 4 5 6 Longest previous tenure 0.010*** 0.009** 0.008*** 0.002 (0.002) (0.004) (0.003) (0.005) Longest prev. tenure square -0.000 0.000 (0.000) (0.000) Shortest previous tenure 0.008*** 0.018*** 0.004 0.017*** (0.002) (0.005) (0.003) (0.006) Shortest prev. tenure square -0.001*** -0.001*** (0.000) (0.000) Number of previous firms Current tenure Current tenure square



0.020*** (0.002)



0.039*** (0.003) -0.001*** (0.000)



0.020*** (0.002)



0.041*** (0.003) -0.001*** (0.000)



0.016*** (0.001)



0.038*** (0.002) -0.001*** (0.000)



7



-0.011*** (0.002) 0.029*** (0.002) -0.001*** (0.000)



N=69, 232. Robust standard errors in parentheses are are Huber/White, clustered at the individual level. *** p < 0.01, ** p < 0.05, * p < 0.1. Notes: In addition to variables reported, all regressions include a quadratic polynomial in experience, current tenure (and its quadratic in Column 2, 4, 6-7), AFQT score and its interaction with experience, schooling and its interaction with experience, Hispanic, Black, urban residency, US residency at age 14, a dummy variable for being the interview year, dummy variables for years and their interactions with schooling, dummy variables for one digit industry codes and occupation codes.
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Table 3: The effect of work history on wage determination—separate samples. VARIABLES 1 2 3 4 5 6 Panel A: college graduates only Longest previous tenure 0.015*** 0.015** 0.011*** 0.004 (0.003) (0.006) (0.004) (0.007) Longest prev. tenure square -0.000 0.000 (0.000) (0.000) Shortest previous tenure 0.016*** 0.030*** 0.010*** 0.027*** (0.003) (0.007) (0.004) (0.008) Shortest prev. tenure square -0.001*** -0.001*** (0.000) (0.000) Number of previous firms Current tenure



0.024*** (0.003)



0.043*** (0.004) -0.001*** (0.000)



0.005 (0.003)



0.003 (0.006) -0.000 (0.000)



Current tenure square



Longest previous tenure Longest previous tenure2 Shortest previous tenure Shortest previous tenure2



0.017*** (0.002)



0.037*** (0.003) -0.001*** (0.000)



0.022*** (0.003)



0.039*** (0.004) -0.001*** (0.000)



Current tenure2



0.017*** (0.002)



-0.019*** (0.002) 0.023*** (0.003) -0.001*** (0.000)



Panel B: high school graduates only 0.005 -0.001 (0.004) (0.007) 0.000 (0.000) 0.002 0.008 -0.000 0.009 (0.003) (0.007) (0.004) (0.008) -0.001 -0.001 (0.000) (0.000)



Number of previous firms Current tenure



7



0.040*** (0.004) -0.001*** (0.000)



0.015*** (0.002)



0.039*** (0.003) -0.001*** (0.000)



0.017*** (0.003)



0.039*** (0.004) -0.001*** (0.000)



-0.004 (0.002) 0.036*** (0.003) -0.001*** (0.000)



N=34, 399 (Panel A); 34, 833 (Panel B). Robust standard errors in parentheses are are Huber/White, clustered at the individual level. *** p < 0.01, ** p < 0.05, * p < 0.1. Notes: In addition to variables reported, all regressions include a quadratic polynomial in experience, current tenure (and its quadratic in Column 2, 4, 6-7), AFQT score and its interaction with experience, schooling and its interaction with experience, Hispanic, Black, urban residency, USA residency at age 14, a dummy variable for being the interview year, dummy variables for years and their interactions with schooling, dummy variables for one digit industry codes and occupation codes.
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Table 4: The effect of work history and labor market entry conditions on wage determination. VARIABLES 1 2 3 4 5 6 7 Panel A: work history and labor market entry conditions Longest previous tenure 0.020*** 0.019** 0.014** -0.001 (0.005) (0.008) (0.005) (0.010) 2 Longest previous tenure 0.000 0.001* (0.000) (0.000) Shortest previous tenure 0.022*** 0.040*** 0.015*** 0.041*** (0.004) (0.009) (0.005) (0.011) 2 Shortest previous tenure -0.002*** -0.002*** (0.001) (0.001) Number of previous firms -0.024*** (0.003) Current tenure 0.025*** 0.044*** 0.017*** 0.037*** 0.023*** 0.038*** 0.018*** (0.004) (0.006) (0.002) (0.004) (0.004) (0.006) (0.004) 2 Current tenure -0.001*** -0.001*** -0.001*** -0.001*** (0.000) (0.000) (0.000) (0.000) Unemp rate at LM entry -0.018** -0.017** -0.017** -0.017** -0.017** -0.017** -0.017** (0.007) (0.007) (0.007) (0.007) (0.007) (0.007) (0.007)



Unemp rate at LM entry



Panel B: labor market entry conditions only -0.017** (0.008)



N=18, 997. Robust standard errors in parentheses are are Huber/White, clustered at the individual level. *** p < 0.01, ** p < 0.05, * p < 0.1. Notes: White males who graduate from college between 1979 and 1989. In addition to variables reported, all regressions include a quadratic polynomial in experience, current tenure (and its quadratic in Column 2, 4, 6-7), AFQT score and its interaction with experience, schooling and its interaction with experience, urban residency, USA residency at age 14, a dummy variable for interview year, dummy variables for one digit industry codes and occupation codes.
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Table 5: Welfare consequence of asymmetric employer learning (h = 0). Simulation 1 Simulation 2 Simulation 3 θ U (0, 1) U (0, 1) N (1, 1) η Exp (0.4) U (0, 1) N (1, 1)



ηs∗



= η¯ − h period 1 turnover rate ξ∗ period 1 turnover rate 1 − Oa2 (2) /Os2 (2)



symmetric asymmetric



∗ ηs1 period 1 turnover rate period 2 turnover rate  ξˆ1 , ξˆ2 (s) , ξˆ2 (q) period 1 turnover rate period 2 turnover rate 1 − Oa3 (2) /Os3 (2) 1 − Oa3 (3) /Os3 (3) total welfare loss



symmetric



asymmetric



Panel A: the two-period model 0.400 0.500 63.2% 50.0% 0.633 0.752 31.5% 28.0% 13.5% 8.7%



1.000 50.0% 1.136 27.0% 11.5%



Panel B: the three-period model 0.471 0.562 69.5% 56.2% 43.7% 27.9% (0.473, 0.807, 0.545) (0.663, 0.892, 0.667) 19.5% 21.9% 37.8% 27.3% 17.4% 10.0% 19.7% 12.9% 18.7% 11.5%



1.205 57.7% 29.0% (0.608, 1.555, 0.412) 16.5% 26.5% 15.3% 18.3% 16.9%



∧ ∧ ξ1 ξ2(q)



∧ ξ2(s)



.472 .545 Ability, θ



.807



0



.2



Turnover rates .4
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Figure 3: Turnover rates in a three-period model with θ ∼ U (0, 1) , η ∼ Exp (0.4).
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Figure 4: Properties of the three-period model. g(η )
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A. Theory Appendix A.1 Existence and Uniqueness of ξ ∗ PROOF: I apply the intermediate value theorem to prove existence. q At the end of the first period, one worker chooses to quit iff W2 (ξ 1 ) < W2 , assuming the worker stays if indifferent. Outside firms, knowing neither worker ability nor output, can only make an inference about the worker’s ability from observed quitting behavior. Therefore the wage equals expected output, h i q q ¯ W2 = E θ |W2 (ξ 1 ) < W2 + η. On the other hand, the incumbent firm makes a wage offer W2 (ξ 1 ) ≤ ξ 1 + h. Given Assumption 1, there q exists a threshold value ξ ∗ satisfying ξ ∗ + h = W2 , such that a worker quits iff ξ 1 < ξ ∗ . That is, ξ ∗ is defined by ξ ∗ = E [θ |ξ 1 < ξ ∗ ] + η¯ − h. (3) Define the RHS as R (x)



= E [θ |ξ 1 < x ] + η¯ − h ˆ ηH = g (η1 ) E [θ |θ < x − η1 , η1 ] dη1 + η¯ − h ˆ



ηL ηH



=



´ x − η1



ηL



ˆ



ηH



= ηL



θL



θdF (θ )



dη1 + η¯ − h F ( x − η1 )   ´ x − η1  F (θ ) dθ  θL g ( η1 ) ( x − η1 ) − dη + η¯ − h  F ( x − η1 )  1



g ( η1 )



When x = θ L + η L , R ( x ) = θ L + η¯ − h > θ L + η L = x. When x = θ¯ + η¯ − h, R ( x ) = E[θ |θ < θ¯ + η¯ − h − η1 ] + η¯ − h < θ¯ + η¯ − h = x.  According to the intermediate value theorem, there exists a solution to (3), ξ ∗ ∈ θ L + η L , θ¯ + η¯ − h .  Since the slope of LHS in (3) is 1, if the slope of RHS is always less than 1 in θ L + η L , θ¯ + η¯ − h then ξ ∗ is unique.   ´ x − η1 ˆ ηH  f x − η F θ dθ ( ) ( ) 1 ∂R ( x ) F ( x − η1 )  θL g ( η1 ) 1 + dη = −  ∂x F ( x − η1 )  1 F ( x − η1 ) 2 ηL   ´ ˆ ηH  f ( x − η1 ) x−η1 F (θ ) dθ  θL = g ( η1 ) dη   1 F ( x − η1 ) 2 ηL Following Heckman and Honore (1990), define ˆ y Fj+1 (y) = Fj (θ )dθ, where F0 = F (y) ≡ Pr (θ ≤ y) , θL



then ∂R ( x ) ∂x



ˆ



(



ηH



=



g ( η1 )



F100 ( x − η1 ) F1 ( x − η1 ) F10 ( x − η1 )2



ηL
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) dη1



From log-concavity,



F100 ( x −η1 ) F1 ( x −η1 ) F10 ( x −η1 )2



∈ [0, 1]. A necessary condition for



F100 ( x −η1 ) F1 ( x −η1 )



with c > 0. Therefore Assumption 3 implies ∂R ( x ) ∂x



ˆ



F10 ( x −η1 )2



= 1 is F ( x ) ∝ ecx



ηH







g (η1 ) dη1 = 1. ηL



Given free entry to the labor market, the wage at the first period, W1 , is determined by the zero expected profit condition W1 = θ¯ + η¯ + E [(ξ 1 − ξ ∗ ) · 1 (ξ 1 ≥ ξ ∗ )] .



A.2 Existence of ξˆ1 , ξˆ2 (s) , ξˆ2 (q)







At the beginning of the second period, one worker with period 1 output ξ 1 quits the incumbent firm iff n o h n oi q q q (4) W2 (ξ 1 ) + max W3 (ξ 1 , s) , W3 (s) < W2 + Eη2 max W3 (ξ 2 , q) , W3 (q) ......[ IR1 ] I denote this condition as IR1 to save notation. Denote its complement as IR1 .23 At the beginning of the third period, for stayers there exists a threshold value ξˆ2 (s) satisfying   q ξˆ2 (s) + h = W3 (s) =⇒ ξˆ2 (s) = E θ |ξ 1 < ξˆ2 (s) , IR1 + η¯ − h,



(5)



such that the worker quits iff ξ 1 < ξˆ2 (s). The incumbent firm offers  W3 (ξ 1 , s) = min ξ 1 , ξˆ2 (s) + h. Similarly, for quitters there exists a threshold value ξˆ2 (q) satisfying   q ξˆ2 (q) + h = W3 (q) =⇒ ξˆ2 (q) = E θ |ξ 2 < ξˆ2 (q) , IR1 + η¯ − h,



(6)



such that the worker leaves iff ξ 2 < ξˆ2 (q). The incumbent firm offers  W3 (ξ 2 , q) = min ξ 2 , ξˆ2 (q) + h. The IR1 condition becomes q



W2 (ξ 1 ) + ξˆ2 (s) < W2 + ξˆ2 (q) ......[ IR1 ].



(7)



which implies that there exists an ξˆ1 satisfying q ξˆ1 = W2 + ξˆ2 (q) − ξˆ2 (s) − h,



(8)



such that the worker quits iff ξ 1 < ξˆ1 . q The zero-profit condition at the beginning of the second period determines the wage W2 , q



W2



     = E θ |ξ 1 < ξˆ1 + η¯ + E ξ 2 − ξˆ2 (q) · 1 ξ 2 ≥ ξˆ2 (q) |ξ 1 < ξˆ1 .



The previous two equations (5) and (6) become ξˆ2 (s) ξˆ2 (q) 23 That



  = E θ |ξˆ1 ≤ ξ 1 < ξˆ2 (s) + η¯ − h,   = E θ |ξ 2 < ξˆ2 (q) , ξ 1 < ξˆ1 + η¯ − h.



is, replace < with ≥ in IR1 .
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(9) (10)



Equations (8), (9), and (10) characterize an equilibrium.    Define ξˆ = ξˆ1 , ξˆ2 (s) , ξˆ2 (q) , and D3 = [θ L + η L , θ H + η H ] × ξ ∗ , θ¯ + η¯ − h × [θ L + η L , ξ ∗ ], which is a     compact, convex set. Also define mappings T ξˆ = T1 ξˆ , T2 ξˆ , T3 ξˆ , where T1 ξˆ



     = E θ |ξ 1 < ξˆ1 + η¯ + E ξ 2 − ξˆ2 (q) · 1 ξ 2 ≥ ξˆ2 (q) |ξ 1 < ξˆ1     + E θ |ξ 2 < ξˆ2 (q) , ξ 1 < ξˆ1 − E θ |ξˆ1 ≤ ξ 1 < ξˆ2 (s) − h,    T2 ξˆ = E θ |ξˆ1 ≤ ξ 1 < ξˆ2 (s) + η¯ − h,    T3 ξˆ = E θ |ξ 2 < ξˆ2 (q) , ξ 1 < ξˆ1 + η¯ − h. 



 I apply the Brouwer fixed point theorem to prove there exists a fixed point of ξˆ = T ξˆ in D3 . It is straightforward to verify the following:  T2 ξˆ  T2 ξˆ



≥ E [θ |θ L + η L ≤ ξ 1 < ξ ∗ ] + η¯ − h = E [θ |ξ 1 < ξ ∗ ] + η¯ − h = ξ ∗ ,     ≤ E θ |θ H + η H ≤ ξ 1 < θ¯ + η¯ − h + η¯ − h = θ¯ + η¯ − h − η¯ + η¯ − h ≤ θ¯ + η¯ − h.  T3 ξˆ  T3 ξˆ



T1 ξˆ







≥ E [θ |ξ 2 < θ L + η L , ξ 1 < θ L + η L ] + η¯ − h = θ L + η¯ − h > θ L + η L , ≤ E [θ |ξ 2 < ξ ∗ , ξ 1 < θ H + η H ] + η¯ − h ≤ E [θ |ξ 2 < ξ ∗ ] + η¯ − h = ξ ∗ .



  ≥ E [θ |ξ 1 < θ L + η L ] + η¯ + E [θ |ξ 2 < θ L + η L , ξ 1 < θ L + η L ] − E θ |θ H + η H ≤ ξ 1 < θ¯ + η¯ − h − h  = θ L + η¯ + θ L − θ¯ + η¯ − h − η¯ − h = 2θ L + η¯ − θ¯



≥ θL + ηL . T1 ξˆ







≤ E [θ |ξ 1 < θ H + η H ] + η¯ + E [ξ 2 − (θ L + η L ) |ξ 1 < θ H + η H ] + E [θ |ξ 2 < ξ ∗ , ξ 1 < θ H + η H ] − E [θ |θ L + η L ≤ ξ 1 < ξ ∗ ] − h   ≤ θ¯ + η¯ + θ¯ + η¯ − (θ L + η L ) + ξ ∗ − ξ ∗ − h = 2θ¯ + 2η¯ − (θ L + η L ) − h ≤ θH + ηH .



 So T ξˆ is a continuous mapping from D3 to D3 . According to the Brouwer fixed point theorem, there exists a fixed point which is the solution to the equations (8), (9), and (10).  The zero-profit condition at the beginning of period 1 determines the wage W1 ,        W1 = θ¯ + η¯ + E [ξ 1 + h − W2 (ξ 1 )] · 1 ξ 1 ≥ ξˆ1 + E θ |ξ 1 < ξˆ1 + η¯ + E ξ 2 − ξˆ2 (q) · 1 ξ 2 ≥ ξˆ2 (q) |ξ 1 < ξˆ1 .
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