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1. Introduction 

Able colleagues often facilitate the performance of tasks that individuals cannot accomplish on 

their own. New art movements emanate from groups of similarly minded artists; a concentration 

of world-class physicists developed the atomic bomb at Los Alamos; the attractiveness of 

university departments depends on the collective ability of members of staff; a violinists excels 

as a part of a symphony orchestra, to name just a few examples that come to mind. This simple 

observation can explain why firms may want to pay for the general training of their workers. In 

this paper we show how worker and firm heterogeneity can enhance the level of “new 

monopsony” (see Manning, 2003) in labour markets, and thus create conditions whereby firms 

are willing to sponsor the general training of their workers. Our central thesis involves 

demonstrating how the interaction of firm and worker heterogeneity and employment-adjustment 

costs – in particular training costs – can exacerbate monopsony power in a frictional labour 

market.  

One of the tenets of labour economics is the distinction between general and firm-specific 

training due to Becker (1964). When training is general, workers must pay for it themselves. 

Since the market for their services is perfectly competitive, there is no divergence between their 

wages and marginal product. When the training is specific to firms, however, workers and firms 

share the costs and the benefits from training (Oi, 1962). The optimal sharing rule provides 

incentives for both parties to invest, and reduces the possibility that human capital may be lost 

due to quits or layoffs (Hashimoto, 1981).  

However there is considerable evidence of firms providing and financing purely general 

training (see for example Krueger, 1993; Bishop, 2000; Barron, Berger and Black, 1997; Autor, 

1998; Leuven and Oosterbeek, 1999; Acemoglu and Pischke, 1998, 1999; Booth and Bryan, 

2003). Reasons advanced to explain why it may be in the employer’s interest to pay for some 

general training include: asymmetric information about the extent of workers’ training and 
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inherent abilities leading to a wage compression; the fact that training frequently embodies both 

general and specific skills; minimum wages; and trade union compression of wages.1 

In this paper we follow the recent literature in assuming there are frictions in the labour 

market, but our point of departure is to allow for heterogeneous workers. Our model has a 

continuum of firms ranging from the best to the worst – the best characterised by a workforce of 

the highest (total) innate ability. The better firms enable individual workers to perform better 

than they would do elsewhere. We model performance by dividing work into increasingly 

sophisticated tasks. Workers employed in a ‘good’ firm can perform more sophisticated tasks 

than they can perform elsewhere. In this framework, the collective ability of workers at a firm 

then determines the range of tasks that can be performed within that firm. A high ability worker 

confers on a firm an externality, since her ability raises talent within that firm and increases the 

range of tasks that can be performed. Since firms characterised by workforces of higher ability 

are able to perform a greater range of more complex tasks, it follows that sophisticated tasks can 

be performed in a smaller number of firms than the more simple tasks.  

In this framework, we show conditions under which a ‘good’ firm may obtain monopsony 

power in the labour market. In particular, the best firm has complete monopsony in the market 

for labour doing the most complex tasks that can only be undertaken within that firm. The next-

best firm only competes with the best and so also has an element of monopsony power, while the 

worst firm faces a much more competitive labour market. We show that, as a result, better firms 

would be more willing to pay for the general training of their workers. In this we are supported 

by the empirical findings of Lynch and Black (1999), who find that the incidence of training is 

positively related to the average education level within a firm.2  

 
1 See for example Stevens (1996), Frank and Soskice (1995), Chang and Wang (1996) and Acemoglu and Pischke 
(1998, 1999), amongst others.  
2 Lynch and Black use U.S. establishment data to show that the incidence of computer- and teamwork training is 
positively related to the average education level within the firm and also positively related to the use of high-
performance work practices such as TQ benchmarking and self-managed teams. 
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Kremer (1992) and Sobel (1992) also investigate task complexity, although in a different 

context. In their sequential production-task model, mistakes made doing the early tasks can be 

easily corrected – without destroying the output of any subsequent worker. However, mistakes 

made performing the finishing touches can ruin the work performed doing all earlier tasks. 

Hence they show that it is of paramount importance to put the more skilled and reliable workers 

in charge of the final tasks. Although our model is also directed at task complexity, it is in a 

different context, since our production process is not sequential. While we find, like Kremer 

(1992) and Sobel (1992), that more able workers should be delegated to the more advanced 

tasks, it is for a different reason. In our model, a firm assigns the best workers to the most 

complex tasks because it then reaps maximum profits from its monopsony position – it is more 

profitable to be in a monopsony position vis-à-vis the more productive workers. Interestingly, 

the workers may also gain, because they benefit from producing more valuable output as well as 

from more training – and this augmentation of human capital may result in higher pay.  

 Our findings also relate to recent studies, using longitudinal and linked employer-employee 

surveys, showing that US firms in very narrowly defined industries are characterised not only by 

considerable diversity in productivity and wages, but also in organisational structure and size 

(see inter alia Haltiwanger, Lane and Spletzer, 1999). The evidence also suggests that such 

worker and firm heterogeneity can persist over time. In our paper we provide a model of how 

workers’ innate ability – observable to the firm although not necessarily the survey statistician – 

can affect the variety of tasks performed within a firm, and consequently the firm’s productivity. 

Since work-related training is endogenous in our model, we also identify an additional avenue 

through which heterogeneity in the workforces of firms within a narrowly defined industry can 

be translated into heterogeneity in firms’ output – via differential investment in skills. Our 

approach is thus relevant not only to labour economics but also to industrial organisation, since 

it provides a theoretical underpinning to the observed link between worker and firm 

heterogeneity in wages and output within a narrowly defined industry. 
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The remainder of this paper is set out as follows. In Section 2, we set out the model 

motivation and assumptions about the initial endowment of agents in our economy. In Section 3, 

we investigate the allocation of heterogeneous workers across tasks. In Section 4 we derive 

equilibrium wages and training intensity, and in Section 5 show how these differ across tasks. 

Section 6 discusses some labour-market implications of our model. The final section concludes.  

 

2. The Setup of the Model and its Assumptions 

Our model is based on the suppositions that there is an exogenously given distribution of innate 

ability across workers and that the labour market is imperfectly competitive. This first 

assumption relates to worker heterogeneity. It seems plausible to suppose that some workers 

have more to give because of better education, prior work experience, personality traits or 

intelligence. We formalise this by assuming workers are heterogeneous in terms of their innate 

but observable ability or human capital, which is measured in terms of their endowment of 

efficiency units of labour hi. Our second major assumption – of imperfect competition in the 

labour market – is captured simply by assuming idiosyncratic match values. Workers have 

independent and randomly distributed tastes affecting the probability they will stay with a firm. 

We discuss each of these assumptions – and their ramifications - in more detail below. 

 

2.1 Exogenously given distribution of innate ability across workers  

Firms are described by the type and number of workers hired, and the range of tasks any firm 

can perform is determined by the collective ability of its entire workforce. Each employer 

advertises its vacancies and receives a finite number of applications from the (finite) pool of 

potential applicants. Some employers then have a pool of workers of higher ability than others, 
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and ability within each firm will differ across firms. Thus worker heterogeneity translates into 

firm heterogeneity when collective abilities within firms are not identical.3  

Firm heterogeneity in our model – in terms of the collective ability or innate human capital 

of its workforce – affects the range of tasks that can be performed within the firm. This can be 

viewed as an intra-firm externality. Our approach is analogous to that of Lucas (1988), who 

postulates – in a slightly different context – that each producer in an economy benefits from 

working amongst people of high ability (or what might be termed an intra-economy externality).  

 

2.2 How Task Complexity Varies Across Firms 

We model each firm as comprising workers doing increasingly sophisticated tasks. There is a 

market for the output produced from each task. Some firms are better, in the sense that some of 

their workers do more sophisticated tasks. Examples illustrative of our model are not difficult to 

come by. Consider for instance the concentration of world-class physicists that developed the 

atomic bomb at Los Alamos; the continuous flow of new products by Microsoft and other 

concentrations of skilled programmers; new art movements emanating from groups of similarly 

minded artists such as the impressionists or the dot-art developed by one group of aborigines in 

Central Australia. An example closer to home is university departments, which help create and 

foster synergy in research. Departments with higher concentrations of more talented individuals 

produce more sophisticated output. Collaborations on research projects can generate results that 

are often not within the individual reach of those involved. 

 

2.3 Task Complexity and Monopsony 

Task complexity generates monopsony power. By definition in our model there is only one firm 

capable of performing the most advanced task, two firms capable of performing the next-

 
3 Hamilton, Thisse and Zenou (2000) consider worker heterogeneity in a model in which all workers have the same 
level of innate general human capital but differ in skill types in a matching model. This contrasts with our approach 
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advanced task, and so on, while all firms can do the simplest task. As the number of firms doing 

a given task increases, the level of monopsony power is reduced. Imagine a physicist working at 

the Los Alamos laboratories in the 1940s. There is only one potential employer at which the task 

of building an atomic bomb can be accomplished. Clearly, the individuals involved in that 

project were not able to extract the benefits from the project, which stemmed from the discovery 

of nuclear energy for peaceful as well as non-peaceful purposes! At the other end of the scale we 

have very many high schools and colleges where physics is taught. This is the more competitive 

end of the task scale. When we move from the college to the university – doing research and 

higher level teaching – the number of potential employers falls. Similarly, as we move towards 

better and better university departments – doing increasingly sophisticated research and teaching 

more demanding and receptive students – the level of monopsony is further increased. An 

outstanding university might be able to perform most of the tasks while the poor inner-city 

college can only provide teaching in the most basic elements of physics. Finally, when we move 

to Los Alamos, we are faced with a single potential employer who realises that the very brightest 

of physicists – who aspire to accomplish the most challenging of tasks – do not have any 

alternative employer.  

Note that the more able workers do not have any offsetting monopoly power. The reason for 

this is that, on their own, they cannot enable a firm to do a new task. Only a collection of able 

workers can create the conditions necessary for a new complicated task to be performed. A high-

ability worker confers on a firm an externality since her presence raises the level of talent within 

that firm, and in so doing increases the range of tasks that can be performed. However the high 

ability worker cannot individually exploit this because it is not her ability that determines task 

complexity but the intra-firm total.4 Think of a bright violinist offering her talents to the London 

Philharmonic or a computer whiz approaching Microsoft for a job. Once the collection of 

                                                                                                                                                                                          
in which workers are heterogeneous with respect to innate general human capital and homogeneous with respect to 
skill types, as per the hierarchical job assignment literature surveyed in Sattinger (1993). 
4 Only if all high-ability employees at a firm co-ordinated their activities – for example through a union – could this 
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workers is in place, the employer has monopsony power in its relations to any new employee. 

The employer can give a worker the opportunity to perform a given task – for example only in a 

good symphony orchestra can a violinist realise the dream of playing the most-challenging of 

symphonies – but a single worker cannot enable a firm to have a new task performed within its 

ranks.5 

 

2.4 The Production Technology 

History matters in our model. When a firm starts up, the complexity of its production process is 

determined by the collective ability of the workforce it selects from workers showing up at its 

doors. We should emphasize that we intend this only to be a metaphor. We postulate that some 

firms are better than others because their workers have higher collective ability. This is 

consistent with our perception of the real world. We do not investigate in this paper the reasons 

for this being so. We use this construct not only on the grounds that that it generates important 

new insights but also that it offers a more realistic characterization of the labour market than the 

usual assumption in the literature of a homogeneous workforce. We show that firm 

heterogeneity can result in firms being willing to finance the general training of their employees. 

 Continuing the metaphor, each firm can choose not to hire all the workers who show up at 

its gates, as we show in Section 3. We rank firms in terms of the ability of their workforce. The 

ranking is purely ordinal, and firms are ranked from the best quality workforce (r = R) to the 

worst (r = 1). Thus firms differ only in their collective ability or innate human capital 

11 ............ HHHH rrR −>>  

We assume increasing returns to ability at the firm level, which takes a particular form shown in 

Figure 1: the higher is collective ability in the firm, the more advanced are the tasks that can be 

performed within it.  

                                                                                                                                                                                          
externality be internalised.  
5 Our approach is not intended to model the behaviour of individual super-stars, such as Pavarotti or Vengerov. 
Instead we wish to model team players, such as those making up university departments, or who enable Microsoft to 
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[FIGURE 1] 

We do not model the within-firm interactions between workers. Instead, we simply assume that 

innate ability differs across firms depending on workers’ endowments, and that more complex 

tasks can only be performed where ability is higher.6  

The firm ranked R can potentially employ workers who have the highest ability and therefore 

perform the most complex task, in addition to all simpler ones. Whether it actually does so will 

depend on profitability, whether the profits from so doing exceed the costs of training the 

workers to do task R. Firm R-1 can perform all the same tasks apart from the most advanced one, 

which is the one that distinguishes the best and the next-best firm. Thus, letting Mk denote the 

number of firms able to perform task k, it is clear that Mk is decreasing in the complexity of the 

task performed. More precisely, we can write 

1+−= kRM k                                                           (1) 

where R is the total number of firms and k is the number of tasks (potentially) performed at a 

particular firm, [ ]1,k R∈ . Equation (1) implies that there is (potentially) one firm doing the most 

advanced task k = R, two firms doing the second most advanced, and R firms doing the most 

simple task. 

 

2.5 The Training Technology and Firms’ Profits 

We assume that production or value added arising from each task is a linear function of labour 

(measured in efficiency units). We measure the value of output from each task in terms of units 

of output emanating from the simplest task. Thus ky  is the value of output per efficiency unit of 

labour devoted to task k measured in units of output coming from task 1.It follows that 1 1y = .  

                                                                                                                                                                                          
develop the most sophisticated software, or who facilitate the mapping of the human genome. 
6 In our model no individual perceives that, on her own, she might have the ability level to switch a firm from one 
level of task complexity to another. This follows from our assumption that people individually but simultaneously 
make their decisions about which firm to apply to.  
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Workers at a firm receive on-the-job training that is specific to their task but general to all 

firms undertaking that task. (If there is only one firm carrying out a task, then the skill for that 

task is pure specific.) The amount of training a worker receives – or training intensity - is 

denoted byφ. Training intensity then determines the extent to which post-training productivity 

and wages are augmented, as described below. The cost of providing the worker with training φ 

is described by the strictly convex function( )kc φ : 

( ) ( ) [ ] ( ) ( ), 1, , ' 0, '' 0
k

c k c k R c cφ φ φ φ= + ∈ > >                          (2) 

We assume, quite plausibly, that the cost of training is rising in task complexity as well as 

training intensity. By assumption the former is a linear relationship while the latter is strictly 

convex. However, the assumption of a linear relationship between training costs and task 

complexity can be easily relaxed. 

 A worker’s innate ability is augmented multiplicatively (or log-additively) through 

training to become )( ii fh φ , which denotes post-training human capital, both innate and acquired 

at the workplace. Thus a worker trained for task k has ( ) iikf hφ  efficiency units of labour and 

produces output valued at( ) iik kf h yφ . The function f(φ) is strictly concave:  

( ) ( ) ( ) ( ), ' 0, '' 0, 0 1f f f fφ φ φ> < =  

Wages per efficiency unit of labour are denoted by kw  so the remuneration of a worker with 

human capital hi working on task k is given by ( ) iik kf h wφ . Note that a high-ability worker will 

gain more – in absolute terms – from participating in training. However, when two workers of 

different ability enter the same training programme and receive the same intensity of training, 

the ratio of their human capital – innate as well as acquired – stays constant.7  

The k-th firm receives profits P  from the value-added net of training costs of the tasks 

performed within its ranks. Value-added is the difference between the value of output (measured 

 
7 As shown in Booth and Zoega (2004), our formulation gives wage compression as defined by Acemoglu and 
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in terms of output from the most basic task) and wages per efficiency unit of labour. The k-th 

firm’s expected profits from employing worker i can thus be written as 

( ) ( )( ) ( )( )ikikkik
i

k ckhwyfqP φφ +−−−= 1                                       (3) 

where q denotes the quit rate and 1-q the retention rate (more on that below). Profits from task k 

can then be calculated by adding up the profits of workers that have been allocated to the task. 

Finally, the firm’s total profits equal the sum of profits emanating from all tasks performed. 

 

2.6 ‘New Monopsony’ 

We now introduce into the model a labour market imperfection based on the assumption of 

idiosyncratic match values. Following Stevens (1994, 1996), we assume that workers have 

independent and randomly distributed tastes affecting the probability they will stay with a firm. 

These frictions make it costly for workers to change jobs. This is a simple way of capturing ‘new 

monopsony’, whereby firms face upward-sloping supply curves arising from labour-market 

frictions (rather than market structure), such as mobility costs (see inter alia Stevens, 1994, 

Manning, 2003, and Hirsch and Schumacher, 2003). Once trained, workers choose either to stay 

with the firm that provided training and produce, or quit to work in other firms in the skilled 

sector. The probability for a given firm of retaining current workers is captured by the reduced 

form quit function ( )k
A Mwwq ,− , where w- wA is the wage differential between the firm under 

consideration and other firms (wA). By offering higher wages, a firm might attract an employee 

from a competing firm. The probability of that same firm poaching a worker trained by other 

firms is captured by the poaching function( )k
A Mwwp ,− .  

The two functions, and their first derivatives, affect the optimal level of wages and hence 

also the optimal level of training. Following Stevens (1996) we also assume that a firm’s 

poaching and quitting functions have the following properties: 

                                                                                                                                                                                          
Pischke (1999): increased training raises expected productivity by more than expected wages. 
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As the number of firms Mk rises, both poaching and quitting become more responsive to changes 

in wages. Similarly, a larger number of firms create a greater temptation for more workers to 

move in the absence of wage incentives. This is because there are now more outside 

opportunities – the quit rate approaches unity as the number of firms approaches infinity. It 

becomes more difficult to poach for the same reason – the poaching probability approaches zero. 

Booth and Zoega (2001) provide micro-foundations for the properties of these two functions 

based on worker preferences for job characteristics.8 

 

3. The Intra-firm Allocation of Tasks  

Firms’ task heterogeneity is determined by the innate ability of workers selected from those who 

show up. Not all workers who turn up are selected due to the cost of training them. Firms select 

the best quality workers and then begin training and production. We now consider the intra-firm 

allocation or assignment of workers across tasks for given optimally chosen levels of wages and 

training intensity for each task.  

Each firm undertaking task k uses a technology that is constant returns to scale with respect 

to the human capital it employs. Each firm takes the other firms’ actions as given, and chooses 

the number of workers to allocate to task k, nk, by maximising the sum of expected per worker 

profits shown in equation (3) subject to the number of available workers of each skill type. The 

firm anticipates setting wages and training optimally, and the reservation wage is normalised to 

zero. Remuneration and marginal productivity vary with a worker’s innate productivity, hi.  

 A firm will only hire a worker as long as it profits from doing so. Equation (3) implies that 

the following condition must hold for each worker (optimally) trained (φ*) to do task k: 

( ) ( )( ) ( )( ) 01 *** ≥+−−− ikikkik ckhwyfq φφ                                          (4) 
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The first term is the expected profits from employing worker i, and the second term is the cost of 

training her. Task complexity k determines both the cost of training – by assumption linearly – 

as well as the monopsony profits (y-w) as derived below. All workers that satisfy equation (4) 

can be trained to do task k. However, this is only a necessary condition, not a sufficient 

condition, since the firm might profit more from training them to do some alternative task. 

Clearly, a given worker is hired if she satisfies equation (4) for at least one task within the firm.  

 Turning to the intra-firm allocation of workers across tasks, should a firm use a few of the 

best workers for the most difficult task or should it use many less able workers for that task? We 

will show that the best workers should be allocated to the most advanced tasks. Assume there is 

a worker with ability hj doing task r – the most sophisticated within firm r – and another doing 

the least advanced task – task 1 – with a higher ability hi; hi > hj. If the firm could relocate the 

two workers at zero cost so that the latter would be trained to do task r and the former to do task 

1, total training costs would be unchanged and the benefit to the firm would be  

( ) ( ) ( ) ( )1
* * * *

1 1
1 0r i jir r j

q f y w f y w h hφ φ    
   
   

+
− − − − − >                           (5) 

if and only if 

( )( ) ( )1 1
* * * *

rir r jr
f y w f y wφ φ 

 
 

− > −  

that is if the firm benefits more from the employment of a worker doing the sophisticated task. 

We will show this to be the case because of a greater degree of monopsony power for task r 

(proved in the following section) and a higher level of training φir>φj1. It will then become clear 

that the best workers will be allocated to the most advanced task performed with the firm and the 

worst to the least advanced one.9  

                                                                                                                                                                                          
8 Following an approach similar to Bhaskar and To (1999), Hamilton, Thisse and Zenou (2000), and Thiesse and 
Zenou (2000). 
9 If there is a shortage of workers at least as able as this marginal (minimum ability) worker – this is the pool of 
desired workers – the firm cannot hire as many workers for each task as it desires. (Recall there is a finite number of 
each ability type seeking employment.) Faced with this constraint, the best the firm can do is to allocate workers 
efficiently across tasks, leaving unfilled vacancies throughout the firm. 
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Now consider the firm ranked R – which can perform all tasks of complexity R and below. If 

training costs are not too high, the firm will have task R performed. It follows from equation (4) 

that the threshold ability level is: 

( ) ( )( ) ( )***1 iRRRiRi cRwyfqh φφ +≥−−                                             (6) 

The left-hand side of (6) shows the benefit of training worker i to do task R. This is increasing in 

innate ability hi: the more able the worker, the greater the benefits from training her to do the 

task. The right-hand side shows the cost of training the worker to do task R. This is also, by 

assumption, increasing in task complexity. Clearly, if any workers should be assigned to this 

advanced task R, it should be those with the highest innate ability hi. But the firm has first to 

calculate the opportunity cost - that is the benefits and the costs of training that worker to do 

other tasks – and the worker will be assigned to whatever task yields the greatest net benefit. 

This may not be task R if the cost of training is sufficiently high. 

 Equation (6) demonstrates that the benefits the firm obtains from its monopsony power y-w 

are an increasing function of workers’ innate human capital hi. This underlies the insight of 

equation (5) - that it is better to train the high-ability workers to do the more advanced tasks. But 

now, as we move down the ability ladder to less and less able workers, it becomes optimal to 

assign them to simpler tasks with low training costs because the firm cannot reap large 

monopsony profits from their employment. Therefore, as we move from the most sophisticated 

task – perhaps task R – to less sophisticated ones, we are bound to meet workers of lower ability. 

A worker who does not meet the grade for the least advanced task 1 is then turned away: 

( ) ( )( ) ( )*
1

*
11

*
1 11 iii cwyfqh φφ +<−−                                             (7) 
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4. Equilibrium Wages and Training Intensity 

In this section we investigate the determination of wages and training intensity. Firms augment 

each worker’s human capital through training that, while specific to a particular task, can be 

used at other firms also undertaking that task.  

We now return to equation (1). Firm R is the only firm in the market for labour trained to 

perform its most sophisticated task – subject to the caveats spelled out in Section 3 – and 

produce units of output valued at Ry  per efficiency unit of labour. These units can only be 

produced through the most difficult task, which requires the co-operation of very able workers. 

Firm R then only competes with one other firm for the services of labour to produce output 

valued at 1Ry − . The degree of labour-market competition is then rising until it reaches its 

maximum for the first units valued at1y .  

We now consider the firm’s profits from task k in equation (3). Each firm, taking the other 

firms’ actions as given, sets wages and the level of training by maximising profits net of training 

costs from each worker performing the taski
kP  

( ) ( )( ) ( )( ) ( )ik
A

kk
A
kikkik

w
chwypfhwyfq

ikk

φφφ
φ

−−+−−1max
,

                        (8) 

where Ah  is average innate human capital in other firms and Aφ  is the average level of training 

in other firms. The first term gives expected profits from employing a retained worker trained in 

this firm. The second term gives the expected profits from workers trained by all other firms 

performing this task. Finally, the last term has the cost of training given by the strictly convex 

function ( )kc φ . To make things simple, we assume that the ‘poachees’ are of the same ability as 
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worker i, A
ih h= . This has the consequence that optimal wages per efficiency unit of labour *

kw  

become independent of the worker’s abilityih .10 We now come to the paper’s first proposition. 

 
Proposition 1: The equilibrium wage rate kw and training intensityikφ are symmetric 

across firms performing task k for workers of identical ability. 
 

Proof: See the Appendix.  

We now consider the determination of wages and training intensity in some detail. 

 

4.1 Wage-setting 

Wages are set to reduce quitting as in the efficiency wage model of Salop (1979) and in Stevens 

(1994, 1996). Raising wages can increase profits through increased retentions because quitting is 

costly due to the monopsony power firms enjoy viz-à-viz their employees. At the optimum, the 

marginal cost and benefit of raising wages are equal. The wage is determined by the following 

equation, which is the first-order condition of (8) with respect to wages; 

( ) ( )[ ]( ) ( ) ( ) ( )ik
A

ikkkik
A

ik fqpfwyfqfp φφφφ −+=−− 1''                            (9) 

where A
k

φ  is the average training intensity elsewhere. The left-hand side represents the marginal 

benefit of raising wages – in the form of fewer quits and more poachees – and the right-hand 

side denotes the marginal cost – in terms of a higher wage bill.  

Equation (9) can be solved for wages paid per efficiency unit for task k: 

( ) ( ) ( )
( ) ( ) kk

ik
A
k

ik
A
k

kk y
fqfp

fqpf
yw Ψ−=

−
−+

−=
φφ

φφ
''

1*                                    (10) 

In symmetric equilibrium, the wage is independent of training intensity φ and can be written as: 

( )
kkkk y

qp

qp
yw Ψ−=

−
−+−=

''

1*                                          (10’)        

 
10 In a preliminary but more complex version of this paper we relaxed this assumption and allowed for asymmetries 
between current and prospective workers. The results are not overturned – although optimal wages now become 
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Note that equation (10) does not give the actual remuneration received by a worker, which is 

given by ( )* *
ik i k

f h wφ  where *
ikφ  is the optimal training intensity to be determined below. We now 

return to the properties of the poaching function and the quitting function. In particular, the term 

kΨ  is decreasing in the number of firms kM  and approaches zero askM  approaches infinity. 

This gives us the following proposition. 

 

Proposition 2: The gap kΨ  between wages per efficiency unit and productivity is 

declining in the number of firms. Hence the more sophisticated a task, the larger iskΨ . 

 

It follows that the more advanced is the relevant task, the higher are profits from performing the 

task within the firm. All firms can perform the simplest task, hence the degree of competition is 

highest for this task. But as firms become ‘better’, they gain elements of monopsony power in 

the market for labour trained to do the more complex tasks within their ranks.  

 Note that a generally bad firm – measured in terms of the collective ability of its workers – 

cannot assign the few good workers it has to complicated tasks because these cannot be 

performed within its ranks. In contrast, a generally good firm will assign the few bad workers it 

has to do some simple tasks. This is, intuitively, the reason why there is less competition in the 

labour market as we move to more complex tasks. It is not difficult to imagine scenarios of 

people sweeping floors in the most advanced firms, while there is no one doing the most 

challenging tasks imaginable in low-ability firms that focus on basic tasks. Note that this does 

not mean that every advanced firm has people sweeping floors only that this scenario is more 

likely than the latter. 

 

4.2 Training Intensity 

The first-order condition for the level of training per efficiency unit for task k is: 

                                                                                                                                                                                          
worker specific – as long as firms keep some of the rent from employing the workers. For the higher-level tasks the 



 17 

( ) ( )( ) ( )* * ' *1 ' iik k kk i
q f y w h cφ φ− − =  ,      k = 1,2 …. R                         (11) 

The left-hand side gives the expected marginal benefit from increased training while the right-

hand side gives the marginal cost. 11 

 Equation (11) has two interesting features. First, the level of training depends on a worker’s 

ability hi: the more able the worker, the more training he receives from his employer. It follows 

that workers doing task k will not all receive the same level of on-the-job training, since they 

will not necessarily all have the same innate ability. Moreover, all workers with the same ability 

will not necessarily be trained for the same task, since this depends on which firm employs 

them, i.e. the ability of their colleagues. 

Second, according to equation (11) there is under-investment in training because the firm 

discounts the marginal benefit from training f’(φ*) by (1-q). In contrast, the first-best level φ**  is 

set to maximise the value of total output produced by all trained workers doing the k-th task – 

both those retained by any firm, plus those who quit to work in other firms – less the costs to 

society of training (including the opportunity cost of labour). In short, φ**  

solves ( )( ) ( )** ' ****' ik k ik k i
f y w h cφ φ− = , where ** 0kw =  when the opportunity cost of labour is 

zero. It follows that φ*<φ** . We now have our next proposition. 

Proposition 3: The amount of training set by the firm φ* is always positive, but is less 
than the efficient level given by φ** .  

 

This result arises quite naturally in models with imperfect competition in labour markets, such as 

ours, and can be traced back to the work of Pigou (1912).12  

 

 

 

                                                                                                                                                                                          
small number of potential employers keeps the rent from disappearing. 
8 The second-order condition for maximum is satisfied because the Hessian matrix is negative definite. 
9 See also Stevens (1994, 1996). See Booth, Chen and Zoega (2002) for a comparison of training and firing costs. 
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4.3 The Financing of General Training 

We now consider the financing of this general training, where the firm’s choice of training 

intensity is denoted by φ*. Proposition 2 and equation (11) imply our Proposition 4. 

Proposition 4: 

(i)   In a frictional labour market in which the firm gets rent from the employment  
      relation and there is some probability that the relation will continue, the firm will  
      invest a positive amount in general training, that is φ * > 0. 
 
(ii) The more advanced the task, the more firm-financed general training will be paid for  

                  by the firm.  
 

This is an important result. The firm is here willing to finance its chosen level of general training 

because it augments workers’ productivity in a multiplicative way. From equation (11) it follows 

that the larger is Ψ – the difference between output and wages – the greater is the level of φ. It 

also follows that the firm finances more extensive training for the sophisticated tasks. Figure 2 

shows the optimal level of training as a function of the number of firms performing the task. 

[FIGURE 2] 

Now returning to equation (11) we find that workers doing the most sophisticated tasks within 

the firm receive more training for two reasons. In addition to the monopsony element 

emphasised in Proposition 4 and Figure 2, these workers also have greater ability or innate 

human capital hi and receive more training for that reason.  

 

5. Gross Wages, Training and Task Complexity 

Each worker performs one of the tasks carried out within the firm. In a symmetric equilibrium 

(when wages per efficiency unit of labour are equalised for each task across firms) the gross 

wage – or total remuneration – of worker i performing the k–th task is given by ikW : 

( ) ( ) ( )* ** *
ik iki iik k k k

W f h w f h yφ φ= = − Ψ                                        (12) 
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While a worker’s inherent human capital hi is exogenous to our model, we have modelled the 

determination of both training and wages per efficiency unit. Gross wages received by worker i 

are a positive function of all three factors. The implied distribution of wages across tasks and 

workers depends on the interplay between these three factors.  

 Across tasks, we have shown that the more complex is the task, the greater the difference 

between output and wages per efficiency unit of labour;Ψ. This difference then makes firms 

choose a higher level of training. To see this, take the total differential of equation (11) with 

respect to φ and Ψ to obtain: 

( ) ( )
( ) ( ) ( )

**

'' * *

1 '
0

1 ''

i

i k

ikik

ik ik

q h fd

d c q f h

φφ
φ φ

−
= >

Ψ − − Ψk

                               (13) 

Not surprisingly, the effect of changes in the level of monopsony on training is decreasing in the 

convexity of training costs and the concavity of the training function f and increasing in the 

retention rate 1-q and the ability of workers. It follows that if both the cost function ck and the 

training function f are close to being linear, the effect of enhanced monopsony power on training 

can be very significant, especially for the better workers.  

Importantly, the effect of an increase in monopsony power on training is decreasing in the 

level of Ψk due to the concavity of the training function f – decreasing returns to training 

intensity – as shown in Figure 2. The effect of enhanced monopsony power on wages going 

through training is then also decreasing in the level of Ψk. Depending on the value of the 

model’s parameters, the stage is set for the possibility of a hill-shaped relationship between 

wages (per worker) and task complexity shown in Figure 3. 

[FIGURE 3] 

Initially the indirect effect of monopsony through training on wages – which comes on top of the 

rising value of output – may dominate its direct effect so that wages are increasing in task 

complexity. The indirect effect may then diminish more rapidly – due to decreasing returns to 

training intensity – so that the direct effect starts dominating and wages start falling in the 
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complexity of the task.13 In summary, wages are increasing in task complexity because of 

increased training and also higher output per efficiency unit of labour ky . Wages are decreasing 

in complexity because of higher monopsony power Ψk.  

 

6. Applications to Labour Markets 

Our model shows how wage compression arises quite naturally in a market economy with 

heterogeneous workers. The level of monopsony power is increasing in task complexity, which 

explains why wages (per efficiency unit) rise less than productivity as we move from one task to 

the other. In showing that training intensity is rising in task complexity, as also is the value of 

output, we have illustrated how the distribution of gross wages or total remuneration can take a 

hill-shaped or concave form.  

 Lucrative consulting opportunities among university professors may provide one example of 

the relevance of a hill-shaped relationship between task complexity and wages. By performing 

less advanced tasks as consultants to both private companies and government agencies, 

professors often earn salaries that are significantly higher than those earned – often for more 

demanding tasks – on university campuses. However, universities tend to be more generous 

when it comes to sabbaticals and other opportunities for self-improvement, not surprisingly in 

light of our model. Universities enjoy monopsony power in the market for many forms of 

research and teaching. They can therefore pay a salary that is lower than the value of output, 

which then makes them benefit from any accumulation of human capital (and in many instances 

patent rights) of their employees. 

We have shown how the level of training is increasing in task complexity. The more 

advanced the task, the greater the employers’ monopsony power and the greater is her 

willingness to finance the (general) training of her employees. Once again, examples from our 

 
13 The hill-shaped relationship depends crucially on productivity not increasing too rapidly in task complexity (yk 
exceeding yk-1 by too much) and the shape of the training and cost functions being such that the second derivative of 
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own profession abound. We may be able to explain the generous treatment given to many 

professors in the form of teaching reductions, financial support for research activities, extensive 

sabbaticals and a laissez-faire attitude to apparently self-centred behaviour and activities. In 

contrast, a stricter regime is imposed on secretaries and junior faculty.  

 Fortunate university graduates sometimes face the trade-off whether to accept higher-paying 

jobs at average universities or lower-paying jobs in the better universities. More often than not, 

they choose the latter. Our model gives a very plausible rationale. By accepting a job in a better 

university, the graduate has a chance to be assigned more sophisticated tasks (i.e. taking part in 

more advanced and demanding research projects), an opportunity that he does not have 

elsewhere. It follows that he may initially not be paid well due to the monopsony element. 

However the university will provide good training – formal and informal through collaborations 

with colleagues – that will augment the graduate’s innate human capital. And eventually this 

may raise his pay above the level he could hope for in a less prestigious institution.  

 When looking across workers performing the same task, workers with higher human capital 

also receive higher remuneration. The reason is twofold. First, they embody more units of innate 

human capital to start with. Second, because their endowment of human capital is greater, they 

also receive more training, which raises their wage further. Again, we can take examples from 

our own profession. In a university department, the more productive professors might both be 

paid more than their less productive colleagues due to their initially higher creativity but are also 

often given less teaching and more opportunities to enhance their skills further.  

 

7. Conclusion  

Workers’ output depends not only on their own ability but also on that of colleagues, who can 

enable each individual to perform tasks they cannot accomplish on their own. We have shown 

that this simple truism gives some employers an element of monopsony power. An employer 

                                                                                                                                                                                          

φ with respect to Ψ is sufficiently negative.  
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whose workers are of high collective ability – and thus enhance each other’s individual 

productivity through facilitating the performance of a more complex task – can offer wages that 

fall short of marginal (within-firm) productivity. Since firms performing the more basic tasks are 

more numerous than those performing the more advanced tasks, workers doing the more 

advanced tasks will have more limited outside opportunities. Alternative firms may not perform 

the task for which they have been trained because they might have workforces of lower ability.  

 Because of this ‘new’ monopsony, employers find it in their interest to expend resources on 

the training of the workforce. Employers, knowing they will keep part of any extra surplus from 

training, benefit from financing training, even training that is perfectly general across firms. This 

helps explain why so much general training appears to be financed by employers. 
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Appendix 

 
Proof of Existence and Uniqueness of Symmetric Equilibrium for the Industry  

 
For simplicity, the proof is done for the two-firm case. Profits for firm 1 for the k-th task can 
written as 
 

            ( ) ( )( ) ( ) ( ) ( )1 1 1 1 1 2 1 11k k ik k k i k ik k k i k iP q f y w h p f y w h cφ φ φ= − − + − −                   (A1) 

 
where 1ikφ  denotes the training of worker i doing task k in firm 1 and we have assumed that a 

potential poachee is of the same ability as the worker whose wages are being set. Maximisation 
of (A1) w.r.t. training intensity φ1k  and wages w1k respectively gives: 
 

                        ( ) ( ) ( ) ( )'
1 1 1 11 'k ik k k i k ikq f y w h cφ φ− − =                                          (A2)          

 

 ( ) ( ) ( ) ( ) ( ) ( )' '
1 2 1 1 1 1 2 1 11k ik k ik k k k ik k ikp f q f y w p f q fφ φ φ φ − − = + −                     (A3) 

 
The analogous expected profit equation for firm 2 is: 

 

( ) ( )( ) ( ) ( ) ( )2 2 2 2 2 1 2 21k k ik k k i k ik k k i k iP q f y w h p f y w h cφ φ φ= − − + − −           (A1b) 

 
The first-order conditions of firm 2 are: 
 

                      ( ) ( )( ) ( )2 2 2 21 ' 'k ik k k i ikq f y w h cφ φ− − =                                     (A2b) 

 

( ) ( ) ( ) ( ) ( ) ( )' '
2 1 2 2 2 2 1 2 21k ik k ik k k k ik k ikp f q f y w p f q fφ φ φ φ − − = + −                 (A3b) 

 
We now subtract (A3b) from (A3) to obtain after some manipulation the following function, 
assumed to be continuous from continuity of the underlying functions: 
 

( ) ( ) ( ) ( ) ( )
( ) ( )

( ) ( ) ( )
( ) ( )

1 2 1 1 2 1 2 2
1 2 1 2 ' ' ' '

1 2 1 1 2 1 2 2

1 1ik ik ik ik
k k k k

ik ik ik ik

p f q f p f q f
w w w w

p f q f p f q f

φ φ φ φ
φ φ φ φ

   + − + −
Φ − = − + −   

− −      
(A4) 

 
We now show existence of an industry equilibrium by showing that equation (A4) only holds w1 
= w2. 
 
 
Case 1: 1 2k kw w− → ∞  
 
Here the first term in (A4) is ∞. Clearly 1 2( )k kw wΦ − → ∞  as 1 2k kw w− → ∞ . 
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Case 2: 1 2k kw w=  

 
Here the first term in (A4) is zero. The second and third terms are only equal to zero when 

1 2k kφ φ= . This implies 1 2( ) 0k kw wΦ − =  if and only if 1 2k kw w=  and 1 2k kφ φ= . 

 
Case 3: 1 2k kw w− → − ∞  
 
As 1 2k kw w− → − ∞ , the first term in (A4) → - ∞. Because there is consequently no quitting or 

poaching, 1 2( )k kw wΦ − → −∞  as 1 2k kw w− → − ∞ .  

 
 
To guarantee uniqueness of the symmetric equilibrium 1 2k kw w= , note that  

 

1 2'( ) 0k kw wΦ − > .                                                 (A5) 

if 1 2k kφ φ= and '''' qp −= . 
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