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Abstract

This paper tests the hypothesis that unions, through imposing wage floors that lead to

wage compression, increase on-the-job training. Our analysis focuses on Germany which

provides an interesting context to test this hypothesis, due to its large scale (and partly firm

financed) apprenticeship programme and its collective bargaining system based on volun-

tary union recognition. We first develop a model of firm-financed training. In our model,

a unionised and non-unionised sector coexist, and only unionised firms are bound by union

wages. The model creates a rich set of empirical implications regarding apprenticeship train-

ing intensity, layoffs, wage cuts, and wage compression in unionised and non-unionised firms.

We test these implications using firm panel data matched with administrative employee data.

We find strong support for our hypothesis that union recognition, via imposing minimum

wages and wage compression, increases training in apprenticeship programmes.
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1 Introduction

Post-secondary education is a major contributor to economic growth and performance. A sig-

nificant part of this education takes place on-the-job and in the firm. This paper addresses the

question of how labour market institutions, in particular minimum wages imposed by unions,

affect on-the-job training.

According to standard human capital theory, unions or minimum wages should reduce on-

the-job training. The key insight is that if labour markets are perfectly competitive, workers,

and not firms, finance general training, as workers capture the full return to that investment

(Becker 1964). A minimum wage thus reduces training investments as it prevents workers from

taking a wage cut during the training period to finance training (Rosen 1972, Hashimoto 1982).

If unions compress the wage structure so that training increases workers’ productivity more than

workers’ wages, then workers will not capture the full return to the training investment. Hence,

unions may decrease training in the economy too (e.g. Mincer 1983).

The more recent literature on training, in contrast, stresses the importance of labour market

imperfections, and notes that firms have an incentive to sponsor general training if wages are

compressed (Acemoglu and Pischke 1999a, 1999b). Consequently, if unions compress the wage

structure, firms have a stronger incentive to finance general training in a unionised than in a

non-unionised economy, and whether unions increase or decrease training is no longer clear.

The empirical evidence on the impact of minimum wages and unions on training is mixed. For

the US, Neumark and Wascher (2001) report that workers subject to a minimum wage receive

less training, whereas Grossberg and Sicilian (1999) and Acemoglu and Pischke (2001) find no

such effect. For the UK, several studies indicate that workers covered by union agreements

or minimum wages receive more training (e.g. Booth et al. 2003, Green et al. 1996, and

Arulampalam et al. 2003). For Canada, in contrast, Green and Lemieux (2001) conclude that

unions have little impact on training.

In this paper we test the hypothesis that unions, through wage compression, increase on-

the-job training. Our empirical investigation focuses on Germany which provides an interesting

context for this analysis. First, Germany has a large institutionalised youth training programme,

the German apprenticeship system,1 training about 65% of each cohort of labour market en-

1See for instance Soskice (1994), Franz and Soskice (1995) and Winkelmann (1997) for a detailed description
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trants. Training is mostly in general skills, and financed partly by firms2. Typically, apprentices

spend 4 days a week in a firm, receiving training in their chosen occupation, and one day a week

at state run schools. The training period lasts between two and three years, and firms may lay

off apprentices after training without costs.

Second, Germany’s collective bargaining system provides a unique opportunity for testing

the hypothesis that unions increase training. This system - which we describe in detail below

- differs in many aspects from those in the US and UK. Most importantly, in Germany union

agreements are binding only in firms that belong to an employer federation (Arbeitgeberverband).

Membership in an employer federation is voluntary. In firms that choose to belong to an employer

federation, union agreements apply to all employees, independently of their union status. In

contrast, in firms that do not belong to an employer federation, union agreements are not

binding. This divides firms and their workers into a unionised and a non-unionised sector. A

further crucial feature of the German collective bargaining system is that wage negotiations

take place on a yearly basis at the regional and industry level between unions and employer

associations, and determine wages for different education groups. Union wages act as minimum

wages. Unions and employer federations do not directly bargain over apprenticeship training

(Bispinck 2001, Bispinck et al. 2002).

We first develop a model of firm-financed training. Since our focus is on the impact of unions

on training, we abstract from other reasons for wage compression and firm-financed training,

such as asymmetric information (Acemgolu and Pischke 1998) and firm-specific human capital

accumulation (Acemoglu and Pischke 1999b, Franz and Soskice 1995 and Stevens 1994). Neither

of these models yield the same empirical implications as our model. Our point of departure is

the work by Acemoglu and Pischke (1999a, 1999b), Acemoglu et al. (2001), Booth and Chatterji

(1998), and Booth et al. (2002). We extend these models in various directions. First, in our

model unionised and non-unionised firms coexist in equilibrium, and only unionised firms are

bound to pay union wages. Second, in our model union agreements act as minimum wages, and

unionised firms are allowed to pay wages above the union wage. Third, we allow workers to be

heterogenous and mobility to be endogenous.

of the German apprenticeship system.

2See studies by von Bardeleben et al. (1995) and Acemoglu and Pischke (1999b) on the cost of training

apprentices.
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Within this framework we analyse the wage and training decision of both unionised and non-

unionised firms as well as the sorting of workers and firms into both sectors. Workers choose the

sector in which their utility is highest. Firms, in contrast, are indifferent between joining the

unionised and non-unionised sector. Although we model the union wage as a minimum wage, our

model is different from a simple minimum wage model in several respects. Most importantly,

in our model the union (minimum) wage is binding only in unionised firms. Moreover, the

minimum wage does not apply to workers in training.

We analyse firms’ incentives to invest in training under three types of labour market imper-

fections: limited commitment to training provision, the infeasibility of long-term contracts, and

rents, allowing firms to pay wages below productivity. We believe that the assumption of limited

commitment to training provision is an appropriate one in the context of on-the-job training,

as this type of training is not easily verifiable by a third party. Since firms cannot commit to

training, workers are not willing to accept a wage cut to finance training. Consequently, as

wages are not compressed in non-unionised firms, these firms offer no training. In unionised

firms, in contrast, the union wage compresses wages for workers with a productivity around the

union wage, inducing them to train these workers. This argument crucially depends on firms

paying wages below (marginal) productivity. If, in contrast, wages were equal to productivity,

then unions would neither have an impact on the wage structure nor on training.

In our model, the key difference between unionised and non-unionised firms is that the former

guarantee to pay at least the union wage in the future. This is a special form of a long-term wage

contract. In principle, firms do not have to join an employer federation in order to commit to a

wage guarantee. However, such a commitment is not self-enforceable as firms have an incentive

to offer a lower wage in case a negative productivity shock arrives. Hence, in our model unions

serve as a commitment device: Unionised firms credibly signal to workers that they will pay

at least the agreed union wage in the future. Our paper thus falls into the category of papers

that stress the efficiency-improving role of unions (e.g. Freeman and Medoff 1984, Freeman

and Lazear 1995). That unions may serve as a commitment device has also been discussed

by, among others, Malcomson (1983), Hogan (2001), and, in the case of training, Booth and

Chatterji (1998).

Our empirical analysis begins with a test of a key assumption of our model: There are

binding wage floors in unionised, but not in non-unionised firms. Consequently, wages are more
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compressed in unionised than in non-unionised firms. We test for two implications that are

a direct consequence of wage floors. First, layoffs should occur more frequently in unionised

firms. Second, wage cuts should be observed more often in non-unionised firms. This occurs

because unionised firms respond to negative productivity shocks by firing workers, whereas non-

unionised firms cut wages. We find empirical support for both implications, particularly for

the low educated workers for whom wage floors should be most binding. We also compare the

variance of log-wages and education wage differentials in unionised and non-unionised firms,

conditional on worker and firm characteristics and firm fixed effects. We find strong evidence

for higher wage compression in unionised firms according to these measures too.

We then turn to differences in the training intensity in unionised and non-unionised firms.

Our estimation strategy takes into account selection of workers and possibly firms into the

unionised sector. Our data allows us to control for an unusually rich set of both firm and

worker characteristics. Our identification strategy exploits the changes in union status over

time. This allows us to control for unobserved time-invariant firm (and worker) heterogeneity.

We consistently find that unions increase training. Thus, the empirical evidence supports our

hypothesis that membership of firms in employer federations, via imposing minimum wages and

wage compression, increases training in apprenticeship programmes.

The structure of the paper is as follows. Section 2 describes the German collective bargain-

ing system. Section 3 develops a model of employer-financed training. Section 4 outlines the

empirical implications and the empirical strategy. We describe the data and results in section

5. Section 6 concludes with a discussion of our findings.

2 Collective bargaining in Germany

Legal union recognition in the US is attained through a statutory system based on the majority

principle. Recognition is granted if the union obtains a majority in elections held at establish-

ment level (see DiNardo and Lee 2002 for details). In the UK, the recognition of trade unions

for collective bargaining purposes has traditionally been at the discretion of employers; there

was no legal obligation to employers to recognise and bargain with unions. This changed with

the Employment Relations Act 1999 (coming into force in June 2000), which established a new

statutory system for union recognition, enabling the trade union to obtain recognition by the
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employer for collective bargaining purposes where the majority of the workforce want this.3 In

both countries, highly de-centralised firm-by-firm bargaining is the norm (see Card, Lemieux

and Riddel 2002 for more details). Furthermore, beneficiaries of collective bargaining outcomes

in firms that recognise unions are typically only workers who are union members.4

In Germany, recognition of trade unions for collective bargaining purposes is, similar to the

UK before the 1999 Act, to the discretion of the employer. Different from the US and the

UK, however, once a firm has recognised the union, collective bargaining outcomes apply to all

workers in that firm, no matter whether they are union members or not. A firm recognises the

union by either joining an employer federation (Arbeitgeberverband), or by engaging in bilateral

negotiations with the union. In the first case, union wages are negotiated at a regional and

industry level, typically on an annual basis.5 Workers who are union members but work in

firms that do not belong to an employer federation or do not engage in bilateral negotiations,

are not entitled to union wages. This effectively segregates the labour market into a unionised

and a non-unionised sector, where the firm’s union recognition determines whether workers are

covered by collectively bargained wages.

In Table 1 we show the proportion of West German firms choosing each option, for the

years 1995 to 1999. Panel A reports numbers that are weighted so that they are representative

for firms, while panel B uses weights that are representative for workers. Between 1995 and

1999, the proportion of firms that recognise industry-wide agreements was on average 48.7%.

Since larger firms are more likely to join an employer federation, the fraction of workers who

are covered by industry-wide agreements is considerably larger (at 65.0 %)6. The proportion of

firms which bilaterally negotiate with unions is relatively small (7.3 %) Over the sample period,

an average of 44% of all firms do not recognise the union; however, only 27% of the work force

3See the Department for Trade and Industry website www.dti.gov.uk/er/recognition.htm for details.

4There are exceptions in the UK where all employees are beneficiaries of collectively bargained wages (for

instance in the UK teaching profession).

5While it is principally possible that an industry-wide agreement is extended to all firms in the industry, it

happens only very rarely. In 2002, there were 11000 new union agreements, but only 55 were extended to all firms

in the industry (Kirsch and Bispinck 2002). There were a further 227 contracts that contained regulations about

working time and paid vacation, etc. and were extended to all firms in the industry.

6Because collectively bargained agreements apply to all workers in a firm that recognises the union, in Germany

union membership is much smaller than union coverage. Between 1996 and 1996, only one in four employees in

West Germany was a union member (Schnabel and Wagner 2003).
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Table 1: Collective bargaining in Germany

Panel A: representative for firms

industry-wide agreement firm-level agreement no agreement

(option 1) (option 2) (option 3)

1995 53.4 8.2 38.4

1996 48.7 10.2 41.0

1997 49.6 9.9 40.6

1998 47.7 4.8 47.5

1999 44.4 3.3 52.4

all 48.7 7.3 44.0

Panel B: representative for workers

1995 72.2 10.9 16.9

1996 69.2 11.1 19.7

1997 68.1 12.6 19.3

1998 67.8 8.0 24.2

1999 65.0 7.8 27.1

all 68.5 10.1 21.4

Own calculations based on the IAB firm panel. Table entries are weighted.
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Table 2: Percentage of Firms paying above union wages

Year 1995 1996 1997 1998 1999 Total

Above Union Wage 52.8 49.9 46.1 44.1 46.9 47.8

Table entries are the percentage of firms who recognise unions and

report to pay some workers wages above the union wage.

are neither covered by industry-wide or firm-level agreements.

Table 1 also shows that the proportion of firms recognising industry-wide or firm-level agree-

ments declined between 1995 to 1999. This trend is similar to the one in the UK, where the

percentage of establishments with any union recognition decreased between 1990 and 1998 from

53% to 42% (see Machin 2000). It is not only driven by covered firms exiting and uncovered

firms entering the market (in our sample, 49% of firms younger than 10 years recognise unions,

compared to 59 % of firms that are older than 10 years), but also by firms changing their union

status. Interestingly, there are movements in both directions. Between 1995 and 1999, 7.6%

of firms previously covered by an industry-wide or bilateral agreements left the employer fed-

eration, while 5.2% of firms not previously covered by union agreements joined an employer

federation.7

What do unions and employer federations or firms bargain over? The most important out-

come of the negotiation is the union wage. There is no single union wage. Instead, union wages

depend on observable worker characteristics, such as workers’ skill, occupation, experience, or

training status. Importantly, union wages act as minimum wages, and firms may pay wages

above the union wage. Payment above the union wage appears to be common. In Table 2 we

show the percentage of firms that report to pay wages above the union wage. Over the period

considered, these are about 48 percent of all firms that recognise unions, with a slight decline

over the observation period. On average, wages paid above the union wage are about 10 percent

higher than the union wage.

Besides wages, union agreements typically specify overtime payments and the weekly working

time. For our purpose, it is important to stress that unions and employer federations do not

directly bargain over training. Bispinck (2001) and Bispinck et al. (2002) analyse all union

7Our own calculations based on the IAB firm panel.
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contracts in Germany since 1997 with respect to training agreements. Only very recently (and

after 1999, the last year of our observation window) do some union contracts include references

to apprenticeship training, but these agreements are almost entirely based on firms’ good will,

and do not involve sanctions if firms do not comply.

3 A model of firm-financed training

We now develop a model of union agreements and firm-financed training. The crucial feature of

our model is the coexistence of a unionised and non-unionised sector. The difference between the

two sectors is that firms in the unionised sector have to pay at least the union wage, while firms

in the non-unionised sector can pay a lower wage. Our main result is that union wages lead to

wage compression, and hence to firm-financed training. In order to focus on the impact of union

agreements on training, we abstract from other reasons for wage compression and firm-financed

training, such as complementarity between general and firm-specific skills (Acemoglu and Pischke

1999b, Franz and Soskice 1995 and Stevens 1994), asymmetric information with respect to

incumbent and outside firms (Acemoglu and Pischke 1998), and asymmetric information with

respect to workers and firms (see Autor 2001 and Bhaskar and Holden 2002 for models of this

type). None of these explanations yield the same empirical implications as our model. Moreover,

most of the empirical implications of our model continue to hold if we allow for additional reasons

for firm-financed training.

3.1 Set-up

There are many workers and firms, both are risk-neutral. Firms maximise expected profits,

and workers maximise expected utility. We consider two periods, where the first period is the

training period. There is no discounting in our model.

Productivity: Workers’ productivity in period 2 depends on their (true) ability η as well as on

the amount of training received in period 1, τ :

y = ηh(τ).

We assume h(τ) is strictly increasing, differentiable and concave in τ , with h′′(τ) < 0 and

h(τ) > 1 for τ > 0. Our results do not depend on training and ability entering the production
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function multiplicatively. It is important, however, that the return to training is higher for

more able workers. The multiplicative specification captures this complementarity in a simple

manner. The productivity of an untrained worker is η, i.e. h(0) = 1. The productivity of a

worker in training is smaller than the productivity of an untrained worker by a constant k, which

represents a fixed cost of training. We denote the variable cost of training by c(τ). The function

c(τ) is strictly increasing, differentiable, and convex, with c(0) = c′(0) = 0, c
′′
(τ) > 0. We

further assume that the firm’s production function exhibits constant returns to scale, i.e. the

total productivity of a firm is equal to the sum of each worker’s productivity. Workers’ ability

η is drawn from a normal distribution with mean η and variance σ2
η.

Information structure: Information about ability is imperfect. In the first period firms and

workers receive a noisy signal η̃ = η + εη, which they use to update their beliefs about workers’

ability. If εη is normally distributed with mean 0 and variance σ2
η̃, then the updated belief

about the worker’s productivity is also normally distributed (DeGroot 1970), and a weighted

average of the prior mean, η, and the signal, η̃. We denote this updated belief by η̂. Let F1(η|η̂)

denote the ability distribution of a worker with expected ability η̂8. In the second period both

incumbent and outside firms symmetrically learn about workers’ true ability. The assumption

that firms perfectly learn about workers’ ability is not essential for our results.

Training decision: In the first period, firms - as opposed to workers - decide how much training

to offer to a worker. Training is continuous, and firms can condition their investment decision

on workers’ expected ability. We analyse the firms’ decision to train under the assumption that

firms can only commit to providing training, but not to the amount of training. We refer to this

case as limited commitment. One justification for this assumption is that training is not easily

verifiable by a third party. For our particular application - apprenticeship training in Germany

- the assumption that firms can commit to providing training, but not to the amount of training

is reasonable. Trainees take centralised exams at the end of the apprenticeship training period

and receive a certificate. Hence, it is verifiable whether a worker has received some training.

However, an important part of apprenticeship training takes place inside the firm, which is not

easily verifiable by outside parties. We do assume, however, that training is observed by outside

parties.

8From DeGroot (1970), E[η|η̃] =
ησ2

η̃
+η̃σ2

η

σ2

η̃
+σ2

η

, and V [η|η̃] = 1
1

σ
2

η̃

+ 1

σ2
η

.
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Mobility after training: At the end of the training period workers decide whether to switch

firms. As in Acemgolu and Pischke (1998), we assume that during the training period workers

experience a utility shock θ. This shock captures the worker’s ex post evaluation of her work

environment. Only the worker, but not the firm, observes θ. We specify the worker’s utility in

period 2 at the incumbent firm, U as a simple linear function of the incumbent firm’s wage offer,

w, and the utility from non-pecuniary job characteristics, θ :

U = w + θ.

The utility shock is drawn from a distribution with the cumulative distribution and probability

density function G and g and support [θ, θ], with θ > 0. We assume that G(.) belongs to the

family of log-concave distribution functions, i.e. g(θ)
1−G(θ) is non-decreasing in θ. We also assume

that the distribution of the utility shock neither depends on worker’s ability nor on training.

The worker’s utility at outside firms is equal to the wage offer, v. Notice that the assumption

that the upper support of G is positive, θ > 0, implies that some workers may stay with the

employer even if offered a lower wage than by outside firms. Consequently, firms make positive

profits in the second period.

Wage determination: In each period firms simultaneously make wage offers to workers by max-

imising expected profits. Wages are thus determined in spot-markets, and long-term wage

contracts are not feasible. We further impose the standard free entry condition on firms: No

firm earns positive profits in the long-run in equilibrium.

Union agreements: In our model, unionised firms have to pay at least the union wage, and may

pay a higher wage, to workers who are not in training. Non-unionised firms, in contrast, may

pay whatever wage they want. This is the only difference between unionised and non-unionised

firms. Union agreements do not contain any regulations about employment or training. We

further assume that firms can lay off apprentices at the end of the training period without cost.

Finally, we assume that firms cannot switch union status.

These assumptions mirror the German collective bargaining system. In particular, we model

the union wage as a wage floor because in Germany, union wages act as minimum wages and

payment above the union wage is not uncommon, as shown in Table 2. Since a nation-wide

minimum wage does not exist in Germany, no wage floor is binding in non-unionised firms.
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Moreover, in Germany unions and employer federations do not directly bargain over training or

employment. Finally, although firing costs are generally quite high in Germany, firms face no

firing costs at the end of apprenticeship training.

We have made two simplifying assumptions that are not in line with the German collective

bargaining system. First, in Germany union wages depend on -among other things- workers’

skill, while we assume that a single union wage applies to trained and untrained workers. Our

results continue to hold if the union wage for trained workers exceeds that for untrained workers,

as long as training increases productivity more than the union wage. Our empirical analysis is

supportive of this assumption. Second, we rule out the possibility that firms change their union

status, although this is possible for German firms. Our key result that unionised firms are more

likely to train than non-unionised firms continues to hold if firms that were unionised in the past

are more likely to be unionised in the future. This is clearly in line with the data.

Timing: The sequence of events is as follows. At the beginning of the first period labour market

participants receive a noisy signal about workers’ ability. Firms offer a (first period) wage

and choose whether and how much training to offer. Firms cannot commit to the amount of

training. Workers choose the offer that yields the highest utility. Then training and production

takes place. At the end of the first period, all firms and workers observe workers’ ability as well

as training. Both incumbent and outside firms make a wage offer to the worker. Unionised firms

have to pay at least the union wage, while non-unionised firms may pay whatever wage they

want. Workers then discover their utility shock, and decide whether to stay with the training

firm or not. At the end of the second period workers retire.

We first analyse how wages in the second period are determined in unionised and non-

unionised firms. We then turn to firms’ incentives to train and wage determination in the first

period.

3.2 Wage determination in the second period

We analyse wage determination separately for unionised and non-unionised outside (i.e. non-

training) firms, as well as unionised and non-unionised incumbent (i.e. training) firms. In our

economy, all types of firms observe workers’ ability and training in the second period. Hence,

wage offers depend on ability as well as on training.
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Outside firms: Consider first outside firms. Let v denote their wage offer. Due to perfect

competition in the outside market, outside firms bid up workers’ wage until it equals their

(marginal) productivity, i.e. v = y = h(τ)η - regardless of their union status9.

Incumbent non-unionised firms: Next, consider non-unionised incumbent firms. Let w denote

their wage offer. Incumbent firms set wages by maximising expected profits, and trade off a

higher chance of attracting the worker with a lower rent per worker. A worker stays with the

training firm if the utility from staying, w + θ, exceeds the utility from moving, v = y. Hence,

the probability of staying is

Pr(stay) = Pr(θ > y − w) = 1 − G(y − w).

Incumbent firms maximise

max
w

(1 − G(y − w))(y − w).

From the first order condition, w satisfies

w = y −
1 − G(y − w)

g(y − w)
.

Log-concavity of G guarantees that the second order condition for a maximum is satisfied. Since

workers stay with a positive probability with the incumbent firm even if they receive a higher

outside wage offer, firms pay wages below productivity. It can be easily verified that dw
dy

= 1 :

A productivity increase of one unit leads to a wage increase of the same magnitude. Hence, the

wage offer of the non-unionised incumbent firm is equal to the worker’s productivity minus a

constant, ∆ :

w = y − ∆. (1)

Incumbent unionised firms: Finally, consider unionised incumbent firms. Unlike non-unionised

firms, unionised firms have to pay at least the union wage, w, and may offer a higher wage.

Figure 1 illustrates how wages are set in these firms. In the figure, we consider untrained

and trained workers. The wage and productivity of the worker are on the vertical axis, and her

revealed ability on the horizontal axis. Productivity and wages of untrained (trained) workers

9Note, however, that unionised firms will not make a wage offer to workers with a productivity below the union

wage.
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Figure 1: Wage Determination in unionised firms
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in the absence of any union agreement are indicated by the panels ynt (yt) and wnt (wt). From

(1), they are equal to productivity minus a constant, ∆. The horizontal line indicates the union

wage w. It is useful to distinguish between three groups of workers.

First, consider workers with productivity below the union wage w. In the figure these are

workers with ability below ηt
1 if trained (ηt

1 = w
h(τ)) and ηnt

1 if untrained (ηnt
1 = w). Union

agreements leave these workers worse off. Unionised firms do not find it profitable to employ

them. As there are no firing costs at the end of the apprenticeship, these workers are laid off.

They find work in non-unionised firms and earn a wage equal to their productivity. Note that

layoffs at the end of the training period occur because employers acquire new information about

workers’ ability during the training period. If unionised firms had known workers’ ability in the

first period, workers with an ability below ηnt
1 (ηt

1) would not have been hired.

Next, consider workers with a productivity above the union wage, but whose wage in the

absence of union agreements falls below the union wage. In the figure, this refers to all workers

with ability between ηt
1 and ηt

2 if trained, and ηnt
1 and ηnt

2 if untrained. Unionised incumbent

firms would want to offer a wage below the union wage. As they are not allowed to do so, the
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best they can do is to offer just the union wage. Hence, workers with ability between ηt
1 and ηt

2

(ηnt
1 and ηnt

2 ) are paid the union wage. These workers are better off due to unions, and earn a

higher wage than they would in the absence of union agreements.

Finally, consider workers whose wage in the absence of union agreements exceeds the union

wage. In the figure this applies to all workers with ability above ηt
2 if trained, and ηnt

2 if untrained.

These workers are unaffected by union agreements. The union wage is not binding for these

workers. They thus earn the same wage as in the absence of union agreements. Union wages

lead therefore to wage compression for workers in the middle range of the wage distribution.

3.3 Training decision in the first period

Non-unionised firms: We begin with non-unionised firms. Since commitment to training pro-

vision is limited, the only training level workers consider credible is the one that maximises

firms’ future profits. Firms thus ignore the impact training has on the utility of the worker.

From (1), non-unionised firms earn a rent of ∆ on each retained worker. Since workers stay

with the incumbent firm with probability (1 − G(∆)), firms’ profits in the second period equal

Π = (1 − G(∆))∆. Clearly, profits do not depend on training, and firms offer no training in

equilibrium10. We summarise:

Proposition 1 Under limited commitment non-unionsed firms offer no training.

The result that in the absence of wage compression the training market breaks down is due to

two labour market imperfections, limited commitment to training provision and the infeasibility

of long-term contracts. Suppose first that firms can commit not only to training provision, but

also to the amount of training. Then workers are willing to accept a wage cut to finance training.

Firms take into account the impact training has on workers’ utility, and offer training11. Next

suppose that commitment to training provision is limited, but firms can offer a long-term wage

contract and commit to a post-training wage. This essentially compresses the wage structure:

10To be complete, we need to derive wage offers in the first period. Because of the free-entry condition firms bid

up workers’ wage until they make zero profits in the long-run. As firms make positive profits in the second period

(1−G(∆))∆, first period wages are higher than workers’ expected productivity. They satisfy W = η̂+(1−G(∆))∆.

11In the absence of wage compression, training will be socially optimal. It is the worker who bears the training

cost through a lower first period wage (see Acemoglu and Pischke 1999b).
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Training increases workers’ productivity, but not their wages, inducing firms to train workers12.

Such a contract, however, is typically not self-enforceable. We next show that unions may help

to enforce such a long-term contract, and thus increase training.

Unionised firms: An intuitive explanation for why union agreements may increase training can

be given using Figure 1. Consider a worker whose true ability is ηnt
1 . Without training the firm

would make zero profit on this worker. With training, the worker’s productivity is higher than

the union wage w, and the firm makes positive profits. More generally, training increases the rent

on all workers with ability between ηt
1 and ηnt

2 . Workers with ability below ηt
1 are less productive

than the union wage even after training. Workers with ability above ηnt
2 are unaffected by union

wages even without training. Observe that this argument relies on firms making positive profits

in the second period. Although non-pecuniary job characteristics are not sufficient to induce

firms to sponsor training, they are necessary for unions to have an impact on training.

To formalise this argument, we first derive an expression for the second period profit of

unionised firms. Let E[Πu(τ, η)|η̂] denote the future (i.e. second period) profit on a worker

with expected ability η̂. Define η1 as η1h(τ) = w, i.e. workers with ability below η1 have a

productivity below the union wage. Similarly, define η2 as η2h(τ) = w + ∆, i.e. workers with

ability above η2 are not affected by the union wage. Notice that η1 and η2 depend on the

worker’s training level. Unionised firms lay off workers with ability below η1 and hence make

zero profits on these workers. For workers with ability between η1 and η2, unionised firms earn

a rent of y − w. These workers stay with the unionised firm after apprenticeship completion

with probability 1 − G(y − w̄). Finally, for workers with ability above η2, firms earn profits of

(1 − G(∆))∆. Hence, unionised firms maximise

max
τ

− c(τ) + E[Πu(τ, η)|η̂] = −c(τ) +

∫ η2

η1

(1 − G(y − w̄))(y − w)dF1(η|η̂)

+(1 − F1(η2|η̂))(1 − G(∆))∆.

12As we explain in the next section, this holds even if firms can lay off workers at the end of the training period

without cost, as in our model. What is required is that some workers stay with the training firm even if offered

a wage below their productivity. This holds in our model because of non-pecuniary job characteristics.
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The training level unionised firms offer (in case they decide to train the worker), τ̃u, solves13

c′(τ̃u) =
∂E[Πu(τ̃u, η)|η̂]

∂τ

=

∫ η2

η1

(1 − G(h(τ̃u)η − w̄))h′(τ̃u)ηdF1(η|η̂) (2)

−

∫ η2

η1

g(h(τ̃u)η − w̄)(h(τ̃u)η − w̄)h′(τ̃u)ηdF1(η|η̂).

Training affects profits in two ways. First, training increases the rent on trained workers. This

effect is represented by the first term in (2). Second, training decreases the probability that the

worker stays with the firm14. This effect is captured by the second term in (2). In Appendix A

we show the first effect dominates the second effect. Hence, training increases the future profit

of unionised firms, i.e. ∂E[Πu|η̂]
∂τ

≥ 0 and τ̃u ≥ 0.

As the productivity of workers in training differs from the productivity of untrained workers,

firms do not find it profitable to train every worker. The unionised firm will only offer training

if the profit under training exceeds the profit without training. In Appendix A we show that

there exist two thresholds which we denote by η̂1 and η̂2. The unionised firm trains the worker

if her expected ability lies in between these two thresholds. The training choice of unionised

firms therefore satisfies

τ∗
u =





0 if η̂ < η̂1 or η̂ > η̂2,

τ̃u if η̂1 ≤ η̂ ≤ η̂2.

The intuition for these results is as follows. Recall from Figure 1 that training increases future

profits only for workers with ability between ηt
1 and ηnt

2 . Consider a worker with very low expected

ability. This worker is likely to turn out to be less able than ηt
1. The probability that she will

be laid off after training is therefore very high, and the firm is better off by not training (and

not hiring) her. A worker with a very high expected productivity, on the other hand, is likely to

turn out to be more able than ηnt
2 . The probability that this worker will be affected by the union

wage is low even without training. Again, training has only a small impact on the firm’s future

profit. In other words, union agreements compress wages only for workers with a productivity

around the union wage, and firms find it most profitable to train these workers. Consequently,

13Note that terms that involve the integration boundaries cancel out since y(τ, η1) = w, and y(τ, η2) = w + ∆.

14At first sight, this may seem counterintuitive. The reason is that training increases the probability that a

worker is paid more than the union wage. At the same time, workers earning more than the union wage have a

higher probability of leaving the firm than workers exactly earning the union wage.
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the impact of union wage agreements on training is not uniform: Union wages have little or no

impact on training for workers with very low and very high (expected) productivity, and the

strongest impact for workers with expected productivity around the union wage.

Several studies15 have found that aptitude and achievement measures positively affect the

probability of receiving on-the-job training. This is at odds with our model in which it is workers

in the middle range of the ability distribution who receive the most training. However, in the

case of the German apprenticeship, this seems a good description of reality. Workers of low

ability are likely to enter the labour market without post-secondary education, while workers of

high ability are likely to attend university16.

Finally, we compare the training level unionised firms offer with the socially optimal training

level. Since unionised firms ignore the impact of training on the utility of the worker when

deciding how much training to offer, they offer less training than the socially optimal level. We

summarise

Proposition 2 Unionised firms train workers with expected ability η̂1 < η̂ < η̂2. These

workers are offered a training level of τ̃u. Training in unionised firms is less than socially

optimal.

Proof. See appendix B.

How can we interpret the result that union wages increase training in the economy? As

we discussed in the previous section the reason that - in the absence of unions - the training

market breaks down is because firms cannot fully commit to training provision. This problem

can in principle be mitigated - though not eliminated - by a long-term wage contract that today

specifies not only current but also future wages. In our model, unionised firms offer a particular

type of a long-term wage contract: They guarantee to pay at least the union wage in the future.

Although firms could offer such a contract without becoming unionised, it may not be self-

enforceable. Once training is completed, firms have an incentive to deviate and pay a lower

wage than the agreed minimum wage. Hence, the role unions play in our model is that they

serve as a commitment device. Unionised firms credibly signal to workers that they will pay at

15See for instance Altonji and Spetzler (1991).

16Also note that these workers have the highest return to training, and thus the strongest incentive to get

school-based training and finance training themselves.
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least the agreed union wage in the future. This then provides an incentive for firms to train

workers, and improves welfare in the economy. This argument relies on firms making - ex post

- positive profits. In our model this is a consequence of non-pecuniary job characteristics.

To close the model, we have to analyse the sorting of workers into the unionised and non-

unionised firms in the first period. We do this in Appendix B. Here, we only note that it is

workers with a higher expected ability who prefer to work in unionised firms. The intuition for

this result is simple. Workers who will be paid the union wage are better off, while workers who

turn out to be less productive than the union wage are worse off, when working in the unionised

sector. Workers with low expected ability are likely to have a lower productivity than the union

wage, and thus choose to work in non-unionised firms.

4 Empirical Implications

What are the empirical implications of our model? A key assumption of our model is that

wage floors are only binding in unionised, but not in non-unionised firms. This leads to wage

compression in unionised firms, which induces these firms to finance training. We first discuss

how we test for the presence of wage floors -and thus a more compressed wage structure- in

unionised firms. We then turn to differences in training in unionised and non-unionised firms.

4.1 Wage compression in unionised and non-unionised firms

Ideally, we would like to test for the presence of wage floors in unionised firms by comparing the

union wage that applies in unionised firms and would apply in non-unionised firms were they

unionised, with the wages these firms actually pay. In principle, the minimum union wage could

be constructed for each worker. In practise, however, this turns out to be impossible, due to the

excessively large number of co-existing union contracts even within a narrowly defined industry

and region, and the lack of sufficiently detailed firm and worker information that classify the

applicable union contract17. Instead, we have to indirectly test for the presence of wage floors

in unionised firms, by deriving easily testable implications of wage floors.

17Currently, there are more than 50000 valid union contracts in Germany (Hans Boeckler Stiftung 2003).
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We derive two such implications. First, wage floors may prevent unionised firms from cutting

wages in case of a negative productivity shock - at least for workers earning a wage equal or

close to the union wage. We thus expect wage cuts to occur less frequently in unionised than

in non-unionised firms. We test this implication by comparing the probability of a wage cut for

workers in unionised and non-unionised firms, separately for different education groups.

Second, wage floors affect layoffs in unionised and non-unionised firms. This is just the other

side of the coin: Since unionised firms are not allowed to pay wages below the union wage, they

lay off apprentices who turn out to be less productive than the union wage. Non-unionised firms,

in contrast, respond to a negative productivity shock by cutting wages. Hence, we expect more

layoffs in unionised than in non-unionised firms. At the same time, voluntary turnover should

be lower in unionised than in non-unionised firms since workers who are paid the union wage

in unionised firms earn a higher wage than they would in a non-unionised firm. We test this

implication by comparing the probability of a layoff and a voluntary job switch at the end of

the apprenticeship, for workers trained in unionised and non-unionised firms.

We also test for wage compression in a more direct way, by comparing the (residual) variance

of wages and wage differentials by education in unionised and non-unionised firms.

4.2 Training in unionised and non-unionised firms

The main implication of our model concerns training in unionised and non-unionised firms.

Taken literally, our model predicts that non-unionised firms offer no training, while unionised

firms offer some training, but less than the socially optimal level. The result that non-unionised

firms offer no training hinges on the assumption that union agreements are the only source

of wage compression18. Our test therefore is whether unionised firms are more likely to train

workers in apprenticeship programmes than non-unionised firms. Testing this hypothesis is

not straightforward for a number of reasons. First, our model suggests that workers with a

higher expected ability self-select into the unionised sector. If more able workers are more

likely to receive training, a simple comparison of the mean training intensity in unionised and

non-unionised firms will overstate the causal impact of unions on training. Second, our model

18We have abstracted from other sources of wage compression, such as asymmetric information and firm-

specific human capital accumulation, in order to focus on the implications of union agreements on training and

wage determination.
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suggests that the impact of unions on training depends on workers’ expected ability, and that

workers sort into the unionised sector based on the impact unions have on training. This may

lead to an upward bias in the average impact unions have on training (i.e. the impact of unions

on the training probability of a randomly selected worker or firm). Finally, the firm’s decision

to be unionised may also depend on firm characteristics. If these characteristics are correlated

with the firm’s propensity to train, a simple comparison of mean training intensity is again

misleading. Our model has nothing to say about the selection of firms into the unionised sector

since we have assumed that all firms are identical. Introducing firm heterogeneity into the model

would considerably complicate the analysis, and we believe that it would divert from the true

focus of this paper, the impact of unions on training. Our empirical analysis, however, addresses

a possible selection of firms into the unionised sector. Our empirical test is based on firm panel

data, supplemented by information about the firm’s workforce.

5 Empirical analysis

5.1 Data sources and sample selection

Our empirical analysis is based on two primary data sources. The first is a panel of firms

(the IAB establishment panel) for the years 1995-1999, collected by the Federal Employment

Office in Nuremberg. The data contains a rich set of background information on the firm and

its workforce, such as the firm’s financial situation, industry, geographical location, the firm’s

training intensity, and whether the firm recognises union wage agreements. The second data

source is an administrative data set based on social security records, and provides information

on individual workers, including daily wages, age, sex, nationality, education, occupation, as well

as whether the worker is in apprenticeship training or not. Like most administrative data sets,

data on wages is top-coded at the highest level of earnings that are subject to social security

contributions. The two data sources can be matched through a firm identifier. From these

two primary data sources, we construct three samples (samples A-C) which we use for analysis

below.

In the first step of the empirical analysis, we test for the key assumption of our model,

i.e. the presence of wage floors in unionised firms. We first compare the returns to education,

variance of wages, and probabilities of wage drops in unionised and non-unionised firms. Here,
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we match the two primary data sources described above. We obtain a sample of all workers who

were employed full-time at a firm in the firm panel at the first of July each year and who had

less than 11 years of potential labour market experience. We concentrate on young workers to

avoid the problem of top coding. Workers in training are excluded from this sample. We refer

to this sample as ”sample A”. We distinguish between three skill groups, unskilled workers who

have no further training after secondary school, skilled workers who went through apprenticeship

training after secondary school, and workers who graduated from a college or a university. There

are 835,518 wage spells in our sample; 8.2% belong to unskilled workers, 79% to skilled workers,

and and 12.8% to university graduates. 45,953 wage spells are observed in non-unionised firms.

Some wage spells are affected by top coding. Overall, censoring affects 3.9% of wage spells,

but only 0.28% for unskilled workers and 0.83% for skilled workers. Censoring is most severe

for university graduates, where 20.33% of all wage spells are top-coded. We neglect top coding

in our analysis below, but we will concentrate on low and medium educated workers where

top-coding is negligible.

We next test whether at the end of apprenticeship training, layoffs occur more and voluntary

job quits less frequently in unionised than in non-unionised firms. For this purpose, we create

a second sample that consists of all individuals who have been employed as apprentices in the

years 1995-1999 in any of the firms in our firm panel. We are able to follow these workers from

labour market entry onwards (even if labour market entry was before 1995) until 2001. There

are 174,320 individuals in the sample that had at least one training spell in a firm that we can

identify as unionised or non-unionised. We exclude individuals who start working as unskilled

workers before enrolling on an apprenticeship scheme (25,265). As the data does not distinguish

between interns and apprentices, we consider an individual as an apprentice if she has been

observed for at least 450 consecutive days on a training programme, which eliminates 6,940

individuals. We further exclude individuals who start more than one apprenticeship (these are

2,073 individuals), as well as individuals who change firms during their training period (35,184

individuals). We end up with a sample of 104,838 workers. Of those, 93,669 are observed in

at least one spell after the training period, with 89,660 individuals being trained in a unionised

firm, and 4,009 individuals in a non-unionised firm. We refer to this sample as ”sample B”.

In the second step of our analysis, we test the main implication of our model that training

occurs more frequently in unionised than in non-unionised firms. We test this implication using
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data from the firm panel over the period 1995-1999, supplemented with information on the

firm’s work force. We match to each firm information on all workers who were employed at

that firm at the first of July of each year. We restrict the empirical analysis to West-German

firms in the private sector. Following Acemoglu and Pischke (1998), we also exclude firms in

the construction sector 19. We refer to this sample as ”sample C”.

We define a unionised firm as a firm that either belongs to an employer federation, or engages

in bilateral negotiations with the union.20 Appendix D describes the variables we use in the

empirical analysis in more detail.

5.2 Unions and wage compression

A key assumption of our model is that wage floors are binding in unionised firms, but not in

non-unionised firms. This leads to wage compression in unionised firms. This section provides

evidence in favour of this assumption. We first compare the variance of log-wages and educational

wage differentials in unionised and non-unionised firms. We then test for the presence of wage

floors in unionised firms by comparing the occurrence of wage cuts as well as the occurrence of

quits and layoffs in the two types of firms.

Returns to education and wage inequality

Table 3 compares education wage differentials in unionised and non-unionised firms, based on

sample A. To control for observable firm and worker characteristics, we condition on potential

labour market experience and its square, the log of firm size, a dummy for metropolitan area,

as well as year and industry dummies. We run separate regressions for workers in the two types

of firms. In panel A, we report results of simple OLS regressions. The estimates suggest that

education wage differentials are strikingly larger in non-unionised firms. The difference between

wages of low and medium educated workers is almost twice as high in non-unionised than in

unionised firms. In the last pair of columns we report the difference in wage differentials between

19The reason is that in the construction industry firms that do not train apprentices have to pay a fine which

is then redistributed to firms in the industry that do train.

20We have also performed all the analysis below defining unionisation as membership in an employer federation

only. This did not change any of our conclusions, and the results were very similar to those we report below.
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Table 3: Education wage differentials by union status

Education and experience wage differentials

Unionised Non-Unionised ∆

N=680976 N=39854

Coef StdE Coef StdE Coef StdE

Panel A: Wage levels

Medium-Low 0.2338 (0.0012) 0.4252 (0.0058) 0.1914 (0.0061)

High-Low 0.5862 (0.0012) 0.8975 (0.0067) 0.2813 (0.0078)

Panel B: Fixed Firm Effects

Medium-Low 0.2080 (0.0011) 0.3300 (0.0059) 0.1220 (0.0060)

High-Low 0.5445 (0.0014) 0.7110 (0.0070) 0.1666 (0.0071)

Estimation results based on sample A. Dependent variable: Log real wages. Regressions include

dummies for education (medium and high), potential labour market experience and its square, the

log of firm size, year dummies, a dummy for metropolitan area, and 13 industry dummies. Panel

A: OLS regressions. Panel B: fixed firm effect models.

unionised and non-unionised firms. The differences are highly significant.21

In panel B, we additionally condition on fixed firm effects, exploiting now variation within

firms only. The wage differential between low and medium educated workers as well as low and

highly educated workers decreases in both types of firms, indicating that sorting of workers into

firms is important. While fixed firm effects reduce the difference in wage differentials between

unionised and non-unionised firms, the difference continues to be large.

Wage variance by union status

Next, we compare wage inequality, measured as the variance of log-wages and log-wage residuals,

in unionised and non-unionised firms. Due to wage censoring, we only present results for low

and medium educated workers. Table 4 shows that the total variance of log-wages is about 40

% higher in non-unionised than in unionised firms, for both low and medium educated workers.

Proportional differences in the residual variance are of similar magnitude22. In the next column

21This is in line with evidence for other countries: Card (1996) finds that in the US, wage differences between

skill groups tend to be compressed in the union sector. Lemieux (1998) provides similar findings for Canada.

22See DiNardo, Fortin and Lemieux 1996 for similar evidence for the US.
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Table 4: Variance of log wages by union status

low education medium education

unionised non-unionised ∆ unionised non-unionised ∆

# of observations N=51412 N=4150 N=529883 N=25860

Wage levels

Total Variance 0.2238 0.3727 -0.1489 0.0669 0.1126 -0.0457

Residual Variance1 0.1516 0.2575 -0.1059 0.0499 0.0866 -0.0367

(0.0029) (0.0137) (0.0140) (0.0009) (0.0065) (0.0066)

Fixed Firm Effects

Residual Variance1 0.0951 0.1319 -0.0365 0.0405 0.0570 -0.0165

(0.0025) (0.0093) (0.0096) (0.0009) (0.0062) (0.0063)

Estimation results based on sample A.

1 Regressions include potential labour market experience and its square, gender, the log of firm size, year

dummies, a dummy for metropolitan area, and 13 industry dummies.

we condition on workers and firm characteristics, and present residual variances. Again, the

variance of log wages is substantially larger in non-unionised than in unionised firms.

The next panel compares the residual variance of log-wages within firms, conditional on firm

fixed effects, for the two types of firms. The magnitude of the within-firm log-wage variance

is substantially smaller than the overall residual variance for both unionised and non-unionised

firms, as we would expect. Nevertheless, the difference between unionised and non-unionised

firms remains sizeable and statistically significant for both groups of workers.

Wage cuts

The previous results are supportive of the idea that wages are more compressed in unionised

than in non-unionised firms. In our model, this is the case is because there are binding wage

floors in unionised firms, but not in non-unionised firms. Next, we test for an implication that is

a direct consequence of wage floors: Wage cuts should be observed more often in non-unionised

firms than in unionised firms. We base our analysis on sample A, but restrict our sample to

workers who stay with the same employer between two successive periods, and who are employed
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Table 5: Probability of wage cuts, by education group

low education medium education

Coef StdE Coef StdE

# of observations 20,584 288,590

Panel A: 1 % -0.049 0.010 -0.027 0.0041

Panel B: 5 % -0.040 0.0100 -0.021 0.0020

Panel C: 10 % -0.013 0.0060 -0.0085 0.0017

Estimation results based on sample A. We exclude workers who switch employers

between two successive periods. Dependent variable: Indicator variable, being equal

to one if real wage of a worker dropped by at least 1 % (panel A), 5 % (panel

B), or 10 % (panel C), between two successive periods. Reported coefficients are

marginal effects of the firm’s union status from a probit regression. Regressions are

separately estimated for the two education groups. Regressions include potential

labour market experience and its square, gender, log firm size, year dummies, a

dummy for metropolitan area, and 13 industry dummies.

full-time in both periods. Because of wage censoring, we exclude university graduates from our

sample. We define three variables. The first variable is equal to 1 if the worker’s real wage

decreases from one period to the next by at least 1%, and 0 otherwise. The other two variables

are equal to 1 if the worker experiences a wage cut of at least 5% or at least 10%, respectively.

In our sample, 18.8% of spells experience a wage cut of at least 1%, 7.3% of at least 5%, and

2.5% of at least 10%.

Table 5 reports the marginal effect of the firm’s union status on the probability of a wage

cut from a probit regression, where we condition on potential labour market experience and its

square, gender, log firm size, year and industry dummies, and a dummy for metropolitan area.

The incidence of a wage cut is significantly higher in non-unionised than in unionised firms

for both low and medium educated workers, conditional on worker and firm characteristics,

and for all three definitions. The sector difference is smaller for very large wage cuts, but still

substantial, given the low overall incidence of wage cuts in our sample. Interestingly, the impact

of the firm’s union status on the probability of a wage cut tend to be stronger for unskilled

workers than for skilled workers. This is in line with our expectation, as the union wage should

be more binding for low skilled workers. The difference between workers in the unionised and

non-unionised sectors is significant for the 1% and 5% percent wage drops.
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Layoffs and quits

A further consequence of wage floors is that layoffs should occur more frequently, while volun-

tary quits should occur less frequently in unionised than in non-unionised firms. We test this

implication by comparing the probability of a layoff and voluntary job quits after apprenticeship

training in the two types of firms, using our sample of workers who completed apprenticeship

training in one of the firms in our firm panel (sample B).

Unfortunately, we do not observe whether workers who leave the training firm were laid off

or left the firm because they received better offers. We do, however, observe whether workers

experience an unemployment spell after leaving the training firm, and we use this as a proxy for

a layoff. In our sample, 27.27% of apprentices leave their training firm at the end of the training

period. Of those, 34% experience an unemployment spell and 66% move directly to another job.

On average, unemployment spells last for 134 days, with a median duration of 74 days. We use

job-to-unemployment spells as a proxy for layoffs. In appendix D, we show that this makes it

harder for us to detect differences in layoff and quit rates between unionised and non-unionised

firms. Moreover, we show that if we observe a higher job-to-unemployment and a lower job-to-

job quit rate in unionised firms, then it must be the case that workers in unionised firms are

more likely to be laid off and less likely to quit. This follows under two assumptions. First, laid

off workers are more likely to become unemployed than workers who quit voluntarily. Second,

conditional on a layoff or a quit, otherwise identical workers from unionised and non-unionised

firms have the same probability of becoming unemployed. There is empirical evidence for the

first assumption23. The second assumption seems plausible as unionised and non-unionised

workers are eligible for the same amount of unemployment benefits.24

Table 6 reports results from linear probability models. Reported coefficients are the impact of

the firm’s union status on the probability that a trainee moves from job-to-job after completing

training (panel A), and on the probability that he/she becomes unemployed (panel B). Results in

the first pair of columns include time dummies only. Contrary to our hypothesis, these estimates

suggest that workers trained in unionised firms are more likely to move from job-to-job, and are

23For instance, Nagypal (2004) reports that the fraction of workers who were laid off is substantially higher

among job-to-unemployment than among job-to-job movers.

24A trainee who successfully completes an apprenticeship training scheme is eligible for unemployment benefits.

The amount is based on the average union wage in the industry.
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Table 6: Probability of a job-to-unemployment and job-to-job transition after apprenticeship

training

Panel A: Probability of job-to-job transition

Coef StdE Coef StdE Coef StdE

Training firm unionised 0.0144 0.0061 0.0052 0.0062 -0.0261 0.0110

Time dummies Yes Yes Yes

Size training firm/worker characteristicsa No Yes Yes

Fixed Training firm effects No No Yes

No. Observations 93,669 90,881 90,881

No. Movers 16,735 16,118 16,118

Panel B: Probability of a job-to-unemployment

Coef StdE Coef StdE Coef StdE

Training firm unionised -0.0493 0.0047 -0.0190 0.0046 0.0265 0.0089

Time dummies Yes Yes Yes

Size training firm/worker characteristicsa No Yes Yes

Fixed Training firm effects No No Yes

No. Observations 93,669 90,881 90,881

No. Non-Employment Spells 8,809 8,489 8,489

Estimations based on sample B. Linear Probability Models. Reported parameters are marginal effects.

a: Includes age and age squared, gender, the log of the apprenticeship duration, dummies for lower and

higher secondary degrees.
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less likely to become unemployed.

There are at least two reasons for why these estimates are biased. First, as implied by our

model, unionised firms may employ more able workers than non-unionised firms, and more able

workers are less likely to become unemployed after apprenticeship training, and possibly more

likely to move from job-to-job25. Second, unionised firms may be of higher quality than non-

unionised firms and thus lay off less workers after apprenticeship training. In order to account

for differences in firm and worker quality, in column 2 we control for the size of the training firm,

as well as for the following worker characteristics: age and age squared, gender, the log of the

apprenticeship duration, and a dummy for a lower secondary degree. This reduces the size of

both coefficients. Workers trained in unionised firms are not significantly more likely any more

to experience a job-to-job transition, but still less likely to become unemployed than workers

trained in non-unionised firms.

These observed characteristics may only partly take account of unobserved worker and firm

characteristics. To control for these, we add fixed training firm effects (columns 3), exploit-

ing variation in the firm’s union status over time. We now find a significantly higher job-to-

unemployment and a significantly lower job-to-job transition rate for workers trained in unionised

firms. Our estimates indicate that unionisation increases the probability of becoming unem-

ployed after apprenticeship training by 2.7 percentage points, or by nearly 8 percent. On the

other side, it decreases the probability of experiencing a job-to-job transition by 2.6 percentage

points. This is strong evidence in favour of our model that workers in unionised firms are more

likely to be laid off, but less likely to quit voluntarily26. Notice that the coefficients on the job-

to-job and job-to-unemployment transition rate are of opposite sign, but of similar magnitude.

Hence, unionisation appears to have little impact on the total turnover rate.

To sum up, these results demonstrate that wage determination and the structure of wages

differ substantially in unionised and non-unionised firms in a way that is consistent with the

25There are several theoretical models that predict a lower ability of job-to-unemployment movers, including

the asymmetric information model by Gibbons and Katz (1992) and Acemoglu and Pischke (1998). In a recent

paper on the German apprenticeship system, von Wachter and Bender (2005) provide convincing evidence that

apprentices who leave the training firm are of lower ability than workers who stay with the training firm.

26Using industry-level data, Medoff (1979) also concludes that unions increase layoffs relative to voluntary quits

and wage reductions.
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idea that wage floors and wage compression are more important in unionised firms.

5.3 Unions and training

The main implication of our model is that unionised firms offer more training than non-unionised

firms. In this section, we test this. Our analysis is based on sample C.

Table 7: Unionised and non-unionised firms

All Unionised Non-Unionised

Proportion of firms unionised 55.3

Proportion of workers in unionised firms 76.8

Mean StdD Mean StdD Mean StdD

Firm trains 28.69 44.34 36.15 48.04 15.46 36.15

Proportion workers in firms that train 58.96 49.19 67.11 46.98 31.90 46.61

Proportion trainees 4.89 10.41 6.49 11.53 2.90 8.41

Proportion qualified workers 47.23 30.55 51.71 28.85 41.70 31.67

Number of new hires 0.95 6.63 1.17 8.13 0.68 4.05

Size 17.02 120.79 23.65 159.43 8.82 32.96

(Investment/worker)/1000∗ 16.61 509.73 11.47 275.23 22.95 697.79

(Turnover/worker)/1000∗ 374.69 1640.66 43.97 1951.80 86.37 1119.45

Proportion young firms (≤5) 23.32 42.29 20.71 40.53 26.71 44.25

Proportion old firms (≥30) 32.99 47.02 39.62 48.91 24.37 42.93

Profit evaluation good/very good 30.35 45.98 29.25 45.49 31.71 46.54

Profit evaluation bad 10.05 30.07 9.27 29.00 11.02 31.31

Average age workers 37.22 8.36 36.68 8.06 37.92 8.69

Ratio females 23.80 63.81 24.22 31.20 23.26 89.71

Daily Average Wage ∗ 88.65 46.01 93.68 43.57 82.21 48.22

Work Council 8.45 27.82 13.51 34.19 2.58 15.87

Firm data and matched worker characteristics, 1995-1999. Entries are weighted and representative

for firms. ∗: In 1996 German Marks

Table 7 provides some descriptive information on our sample C. The table provides means for

all firms in our sample, and for firms that do and do not recognise unions. Entries are weighted

so that they are representative for firms.

About 55% of all firms over the observation period are unionised, i.e. recognised either

industry-wide or firm-level agreements. These firms employed 76 % of the work force. The
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second number exceeds the first one because unionised firms are larger: the average workforce

size of unionised firms is about 24, compared to 9 of non-unionised firms.

The next three rows report different measures on apprenticeship training. The first row

reports the proportion of firms that provide apprenticeship training. This proportion is surpris-

ingly low (at about 29 percent), given that about two in three workers go through apprenticeship

training in Germany. There is a clear difference in training provision between unionised and

non-unionised firms, with 36 percent of unionised firms providing training, but only 15 percent

of non-unionised firms. Firms that do provide training are larger: although only 29 percent of

all firms do provide apprenticeship training, these firms employ about 59 percent of all workers.

As before, there is a marked difference between unionised and non-unionised firms. The next

row reports the proportion of apprentices. Overall, about 4.9 % of firms’ workforce are indi-

viduals on apprenticeship schemes; this number is at 6.5% far higher in unionised firms than in

non-unionised firms (2.9%).

These numbers suggest that apprenticeship training occurs much more frequently in firms

that recognise a union. However, simple comparisons of this type are likely to overstate the

causal impact of unions on training for various reasons. First, as implied by our model, more

able workers sort into the unionised sector, and may also be more likely to receive training.

Second, unionised firms may differ from non-unionised firms in characteristics that affect their

training intensity.

Table 7 illustrates that a selection of workers into unionised firms is potentially important, as

unionised firms employ more qualified workers (52 percent vs. 42 percent). Unionised firms also

have hired more workers in the previous year, which may be explained by their larger average

size. There is also some evidence that revenue per worker is higher in unionised firms, while

investment per worker is higher in non-unionised firms. The proportion of young firms is lower

among unionised than non-unionised firms, while the proportion of old firms is larger among

unionised firms - a finding that is similar to findings for other countries.27 Profit evaluations

are fairly similar between the two types of firms, as are workforce characteristics with respect

to age and the ratio of females.

In the last row of the table, we present the proportion of firms that have a work council.

27For instance, Machin (2000) establishes a similar relationship between firm age and union recognition for the

UK.
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Works councils in Germany are established by vote in establishments with at least five employees.

Details on the establishment of work councils and their rights can be found in the German

Works Constitution Act (Betriebsverfassungsgesetz) of 1972, which has been amended in 2001

(see Addison et al. 2004 for details). Work councils consult with the management and have co-

determination rights on payments methods, leave arrangements, overtime work, and monitoring

of effort.28 Work councils do not affect management decisions to set up apprenticeship schemes.

The figures in Table 7 show that work councils are established in 8.5% of all firms. If we break

this figure down by firm size (not reported), then work councils can be found in only 6% of

firms with below 50 employees, but in 88% of firms with above 200 employees. This strong

relationship with firm size partly explains why only 2.6% of non-unionised firms have work

councils, but 13.5% of unionised firms.

Training intensity and unionisation

In Table 8 we take account of heterogeneity in observable worker and firm characteristics by

regressing the proportion of workers on apprenticeship schemes on a set of firm and worker

characteristics, in addition to the firm’s union status. In the first set of columns of the table we

condition on year dummies and firm size only.29 The estimates suggest that the proportion of

individuals on apprenticeship training schemes is about 2.8 percentage points higher in unionised

firms.30 When we include the number of new hires, the revenue per worker, the total investment

per worker, the age of the firm, self-reported evaluation of current profitability, and industry-

and region dummies, the coefficient hardly changes. In the third set of columns, we control in

addition for characteristics of the firm’s workforce, like the ratio of females, the average age of

the workforce, and the average daily salary. These variables are computed for each firm from

the social security records by aggregating up all workers for the respective firm, and matched

to our sample of firms. We also add a dummy indicating whether the firm has a work council.

This variable is not available for 1995, which explains the decrease in sample size. Including

these variables does not affect the overall coefficient estimate. Interesting is the sign of the work

28See Huebler and Jirjahn (2003) and Zwick (2003) for analysis of the productivity impact of work councils.

29We include firm size and firm size dummies (0-50, 51-200, 201-800, and > 800) and allow the impact of firm

size to change linearly within each of the categories.

30See Beckmann 2002 for similar estimations.
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Table 8: Unionisation and the proportion of apprentices

Firm size + year + firm characteristics + firm and worker characteristics

Coef StdE Coef StdE Coef StdE

0.028 0.002 0.027 0.002 0.027 0.002

No Obs 18,264 13,668 10510

No Unionised 13,594 10,494 8,126

R2 0.03 0.06 0.12

OLS regression results. Firm panel, matched with employee information, 1995-1999. Columns 1

controls for time and firm size only. Column 2 controls in addition for industry dummies, region

dummies, investment per worker, revenue per worker, number of new hires, profit evaluation, and

age of the firm. The third column (which uses years 1996-1999 only) additionally includes the

average age of workers, the proportion of qualified workers in the firm, the average daily wage of

workers, the proportion of females, and a dummy for work council.

council dummy: It is significantly negative, with a point estimate of -0.011, suggesting that the

presence of a work council is negatively associated with the proportion of apprentices.

Changes in union status and training intensity

Our set of firm’s background information should absorb a lot of variation that is correlated with

training intensity and union status alike. Nevertheless, the coefficient on the firm’s union status

may still be biased due to selection on unobservable firm and worker characteristics. To address

this problem, we utilise the variation in union status over time. There is considerable variation

in this variable. Over the course of the panel, 11.6 percent (1602) of firms change their union

status once, 4.8 percent twice, and 0.4 percent three times. We discard in the following those

firms that change the union status more than once. Of those firms that change the union status

once, 73.3 percent (1174 firms) change from being unionised to being non-unionised, and 26.7

percent (428 firms) from being non-unionised to being unionised.

In the left panel of Figure 2 we plot the proportion of apprentices by the number of years

before and after the change in union status, for firms that change from being non-unionised

to being unionised (NU-U), and for firms that change from being unionised to non-unionised

(U-NU). The first year of the new status is the zero line. The figure suggest that firms change

their training policy when they change their status: The fraction of apprentices increases when
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Figure 2: Proportion of Apprentices Trained

firms change from being non-unionised to being unionised, and decreases for firms that change

from being unionised to non-unionised. The figure also shows that the increase in the fraction

of apprentices starts before the actual change in union status, and continues after the change.

This is not surprising, given that a change in union status is likely to be a long-term decision

that is planned well in advance. For firms that change form being unionised to non unionised,

there is a drop in the proportion of apprentices. Again, the process is not immediate. As

apprenticeship training takes between two and three years, firms can not reduce their apprentice

training programme immediately, and the proportion of apprentices should decline gradually -

as suggested in the figure.

For comparison, we plot in the right panel of Figure 2 the proportion of apprentices against

time for firms that are unionised and non-unionised for the entire observation period. This

figure is markedly different, with the fraction of apprentices remaining basically constant over

the observation window, and with a sizeable difference between unionised and non-unionised

firms.

Difference in difference estimation

We now use the variation in union status over time to estimate the impact of unions on training

using difference estimation and utilising information of changes in observable characteristics.
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Define ȳjt as the proportion of apprentices at time t in firm j̇. The proportion of workers in

apprenticeship programmes depends on the union status of the firm Ujt, a time effect θt, observed

and unobserved average worker characteristics, ηjt, as well as observed and unobserved firm

characteristics, fjt. Assuming linearity, this relationship can be written as

ȳjt = β + λjt Ujt + θt + ηjt + fjt + vjt , (3)

where vjt is an i.i.d. error term.

The parameter we want to estimate is the difference in the training intensity between

unionised and non-unionised firms for those firms that choose to be unionised. The simple

difference estimator (as displayed in the figure above) may confound the effect of unionisation

on training with common time effects, changes in firm characteristics, as well as changes in the

composition of the workforce.

We estimate regressions of the following type:

∆yjt = λjt ∆Ujt + ∆Xjtd + ∆θt + ∆vjt, (4)

where ∆ is the first-difference operator, and Xjt is a vector of observed characteristics of

the firm’s work force as well as observed firm characteristics. Our sample consists of firms

that join the unionised sector, and firms that are always non-unionised. This will identify the

causal impact of unions on training under two assumptions. First, changes in common time

effects (∆θt) have to be the same in firms that are not unionised in both time periods and

in firms that change from being non-unionised to being unionised, conditional on changes in

observables. Second, any variation in changes in the workforce (∆ ηjt) and firm quality (∆fjt)

that are correlated with changes in the union status must be absorbed by changes in observed

worker and firm characteristics.

Under these assumptions, the difference-in-difference estimator in (4) identifies:

E(∆ȳjt|Ujt = 1, Ujt−1 = 0, ∆ Xjt) − E(∆ȳjt|Ujt = 0, Ujt−1 = 0, ∆ Xjt) =

E(λjt|Ujt = 1, Ujt−1 = 0, ∆ Xjt).

This is the impact of unionisation on training for those firms that choose to become unionised.

We could also define firms that are unionised in both periods as an alternative comparison group.
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This yields the same estimate if E(λjt − λjt−1|Ujt = 1, Ujt−1 = 1, ∆ Xjt) = 0. Finally, we could

identify the causal impact of unions on training from firms that leave the unionised sector, using

firms that are always non-unionised or firms that are always unionised as comparison groups.

Table 9: The effect of unionisation on training: Diff-in-Diff/Matching Estimation

Comparison Group Always Non-unionised Always Unionised

Specification I II I II

Coef. StdE. Coef. StdE. Coef. StdE. Coef. StdE

Change NU-U 0.015 0.007 0.014 0.008 0.015 0.005 0.014 0.006

# of observations 1487 941 6189 4314

Change U-NU 0.003 0.004 0.002 0.004 0.005 0.003 0.003 0.003

# of observations 2080 1365 6782 4738

Source: Firm panel, matched with employee information, 1995-1999. Specification I includes time dummies,

and changes in: firm size (see footnote 5.3 for definition), investment per worker, revenue per worker,

number of new hires, evaluation of profit, the proportion of qualified workers. Specification II (which uses

only years 1996-1999) includes in addition changes in the average age of workers, the average daily wage,

and the proportion of females, and the presence of a work council.

We display our results in Table 9. We present two specifications: specification I includes

time dummies, and changes in: firm size, investment per worker, revenue per worker, number of

new hires, the proportion of qualified workers, and evaluation of profit. Specification II includes

in addition changes in: the the average age of workers, the average daily wage, the proportion

of females, and the presence of a work council. Although, as we discuss above, work councils

do not influence management decision regarding apprenticeship schemes, we include the latter

variable to take account of any possible relationship between the introduction of work councils,

unionisation and an increase in training intensity. This specification uses only years 1996-1999,

as work council information is not available before 1996.

The first two pairs of columns report results where firms that are non-unionised in all pe-

riods are the comparison group; the second two pairs of columns uses firms that are unionised

throughout as a comparison group. Estimates in the first row refer to firms that change from

being non-unionised to being unionised. The coefficients suggest an increase in the proportion

of apprentices relative to firms that are always non-unionised. The point estimate is smaller

than the one we have obtained in our OLS estimations above, but significantly different from
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zero. Results are very similar when we add worker characteristics and the work council vari-

able (specification II). The last two pairs of columns use firms that are always unionised as a

comparison group. Estimates are basically identical.

In the second row we report results for firms that change from being unionised to not being

unionised. Coefficient estimates are now smaller, and, although having the expected sign, not

significantly different from zero. This is not surprising: the decline in apprenticeship programme

size should be gradual, as apprenticeship programmes last usually three years.

Long differences

To take account of the possibly gradual adaptation of apprenticeship training, we construct

”long” differences by excluding the year in which a change took place. Thus we compare the

year before a change with the year after a change. As our observation period is only 5 years, this

reduces our sample of firms that change status. We report results for specification I in Table 10.

Table 10: The effect of unionisation on training: Diff-in-Diff/Matching Estimation, long differ-

ences

Comparison Group Always Non-unionised Always Unionised

Coef. StdE. Coef. StdE

Change NU-U 0.021 0.010 0.017 0.008

# of observations 1392 6215

Change U-NU 0.006 0.006 0.008 0.004

# of observations 6782 4738

Source: IAB Firm panel, 1995-1999. Specifications as I in Table 9.

The coefficient estimate for firms changing from being non-unionised to being unionised

increases to 0.021 when using firms that are always non-unionised as reference group, and to

0.017 when firms that are always unionised are the reference category. Both coefficients are

significant.

The second row reports results for changes from being unionised to being non-unionised.

Also here the point estimates increase in size, and the estimate is significant in the second pair

of columns.
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Robustness checks

These results provide support for our hypothesis that union recognition leads to an increase in

apprenticeship training. Our estimates in Table 9 and Table 10 identify the causal impact of

union recognition on training under the assumption that changes in unobserved worker and firm

characteristics are uncorrelated with changes in the union status. The rich set of of firm and

worker characteristics included in our regressions should absorb most of the variation in changes

in the workforce and firm quality that are possibly correlated with changes in the union status.

It may nevertheless be argued that firms which become unionised increase training because they

now hire more qualified workers who are more likely to receive training. If this is the case, we

would expect that a change union status also leads to a change in the observed quality of the

workforce. To check this, we have estimated the same regressions as in Table 9 and Table 10,

where our dependent variable is now the change in the proportion of qualified workers. The

point estimate is equal to 0.012, but insignificant, with a standard error of 0.026. If we use long

differences, the estimate equals 0.003, with a standard error of 0.027. It thus seems unlikely

that the significant increase in the proportion of apprentices in firms that become unionised is

purely driven by the selection of more qualified workers into these firms.

In our estimation results, we use all firms. Acemoglu and Pischke (1998) argue that training

in small firms is likely to be worker-financed, and they eliminate small firms from their analysis.

All our regressions condition on a flexible specification of firm size. To check whether exclusion

of small firms affects our estimates, we re-run specification I in Table 9 only for firms that employ

more than 30 employees. The point estimate equals 0.012, with a standard error of 0.003. If we

use long differences, the estimate increases to 0.018, with a standard error of 0.005.

6 Discussion and Conclusion

This paper tests the hypothesis that unions, by imposing wage floors that lead to wage compres-

sion, increase training in the economy. Our investigation focuses on Germany which provides an

interesting context to test this hypothesis, due to its large scale apprenticeship programme and

its collective bargaining system based on voluntary union recognition. This effectively creates a

unionised and non-unionised sector, defined by the firm’s union recognition.
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We first provide strong evidence that wage floors and wage compression play a more impor-

tant role in unionised than in non-unionised firms. Furthermore, our empirical results support

the key implication of our model that unionised firms are substantially more likely to train

workers in apprenticeship schemes. These results are consistent with the idea that unions move

training closer to the socially optimal level, as they help to overcome one particular type of mar-

ket failure, the infeasibility of long-term contracts. Thus, one role unions may play in Germany

is that they serve as a commitment device, by guaranteeing workers at least the union wage in

the future.

We also find that non-unionised firms train apprentices. There are several explanations for

this. First, it is possible that collective bargaining does not only lead to wage compression

(and thus firm-financed traning) in unionised firms, but also in non-unionised firms, because of

spill-overs from the unionised sector to the non-unionised sector 31. To model spill-overs within

the structure we have set out above, and to test for it would be an interesting project for future

work.

Second, we have purposely abstracted from alternative explanations for wage compression

and thus firm-financed training, such as the complementarity between general and firm-specific

human capital accumulation (Acemoglu and Pischke 1999b, Franz and Soskice 1995 and Stevens

1994), and asymmetric information with respect to incumbent and outside firms (Acemoglu and

Pischke 1998). Clearly, our results do not imply that unions are the only reason for apprentice-

ship training in Germany. Our finding that non-unionised firms also train workers in appren-

ticeship programmes suggests that firm-specific human capital or asymmetric information also

contribute to firm-financed apprenticeship training. However, both reasons for wage compression

should apply in unionised and non-unionised firms alike. Hence, models of firm-specific human

capital accumulation and asymmetric information cannot account for the strong differences in

the structure of wages and training intensity between unionised and non-unionised firms. This

suggests that union recognition in the German system of centralised bargaining is an important

reason for why firms support apprenticeship training schemes.

31Fitzenberger and Franz (1999) argue in favour of such spill-overs.
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7 Appendix

A Proof of proposition 2

Proposition 2 Unionised firms train workers with expected ability η̂1 < η̂ < η̂2. These workers

are offered a training level of τ̃u. Training in unionised firms is less than socially optimal.

We first show that the future profit of the unionised firm, E[Πu(τ, η)|η̂], is increasing in

training. The increase in E[Πu(τ, η)|η̂] due to training equals

∂E[Πu(τ, η)|η̂]

∂τ
=

∫ η2

η1

(1 − G(h(τ)η − w̄))h′(τ)ηdF1(η|η̂)

−

∫ η2

η1

g(y(τ, η) − w̄)(h(τ)η − w̄)h′(τ)ηdF1(η|η̂).

Recall that for workers with expected ability between η1 and η2 the union wage is higher than

the wage the firm would choose optimally. Hence, from the first order condition of the second

period wage, 1 − G(y − w̄) ≥ g(y − w̄)(y − w̄). Consequently, ∂E[Πu(τ,η)|η̂]
∂τ

≥ 0, and τ̃u ≥ 0.

We next show that only workers with expected ability between η̂1 and η̂2 are trained. A

unionised firm trains if profits with training exceed profits without training, i.e. if

E[Πu(0, η)|η̂] < −c(τ̃u) − k + E[Πu(τ̃u, η)|η̂].

As ∂E[Πu(τ,η)|η̂]
∂τ

≥ 0, E[Πu(0, η)|η̂] ≤ −c(τ̃u)+E[Πu(τ̃u, η)|η̂]. Hence, if the fixed cost of training

is equal to 0, (k = 0), every worker would get trained. Figure 7 plots the firm’s profit with and

without training as a function of the worker’s expected ability. The firm’s profit is increasing

in the worker’s expected ability, η̂. It is first convex, then concave in η̂. To prove this, we first

show that E[Πu(τ, η)|η̂] is increasing in workers’ expected ability. Differentiating E[Πu(τ, η)|η̂]

with respect to η̂ yields

∂E[Πu(τ, η)|η̂]

∂η̂
=

∫ η2

η1

{(1 − G(y − w̄)) − g(y − w)(y − w)}h′(τ)ηdF1(η|η̂) > 0.

We next show that Πu is first convex and then concave in η̂. Taking the second derivative yields

∂2E[Πu(τ, η)|η̂]

∂η̂2
=

∫ η2

η1

{(1 − G(y − w̄)) − g(y − w)(y − w)}h′(τ)η
∂f1(η|η̂)

∂η̂
dη.

Observe that ∂f1(η|η̂)
∂η̂

> 0 if η̂ < η, and ∂f1(η|η̂)
∂η̂

< 0 if η̂ > η. Hence, the second derivative

is positive for low and negative for high values of η̂. E[Πu(τ, η)|η̂] is thus first convex, then
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concave in η̂. Note that limη̂→−∞ E[Πu(τ, η)|η̂] = 0 : For a worker with very low expected

ability, the probability of being more productive than the union wage is 0, independently of her

training level. Furthermore, limη̂→∞ E[Πu(τ, η)|η̂] = (1−G(∆))∆ : For a worker with very high

ability, the probability of being sufficiently productive so that the union wage is not binding is

1, independently of her training level. Hence, when workers’ expected ability is very low, profits

without training exceed profits with training by k. Similarly, when workers’ expected ability is

very high, profits without training also exceed profits with training by k. Consequently, there

are two ability thresholds η̂1 and η̂2 such that expected profits with training exceed expected

profits without training if η̂1 < η̂ < η̂2. See figure 7 for an illustration32.

Figure 7: Profit with and without training by expected ability
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We next show that unionised firms offer less training than the socially optimal level. Let

τ̃ denote the socially optimal training level. It satisfies c′(τ̃) = ∂E[h(τ̃)η|η̂]
∂τ

(conditional on the

worker receiving training). The training level unionised firms offer, however, satisfies c′(τ̃u) =

∂E[Πu(τ̃u,η)|η̂]
∂τ

. It is easy to see that ∂E[y(τ̃)η|η̂]
∂τ

>
∂E[Πu(τ̃u)η|η̂]

∂τ
. Hence, unionised firms offer a lower

training level than the socially optimal level.

32Note that if the fixed costs of training, k, are high, it may be optimal not to train any worker.
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Wage determination in the first period It remains to analyse wage determination in

the first period. Wages in the first period are determined by the firm’s zero profit condition.

Since union agreements do not affect profits and wage determination in non-unionised firms,

non-unionised firms offer the same first period wage as in the absence of union agreements.

Hence,

Wnu = η̂ + (1 − G(∆))∆. (7)

The wage offer of unionised firms can be similarly derived as

Wu =





min{w, η̂ + E[Πu(0, η)|η̂]}

if η̂ < η̂1 or η̂ > η̂2 (no training).

η̂ − k + E[Πu(τ̃u, η)|η̂] − c(τ̃u)

if η̂1 ≤ η̂ ≤ η̂2 (training).

(8)

It is now apparent that firms bear the training cost. As the unionised firm only trains

if the profit with training, −k + E[Πu(τ̃u, η)|η̂] − c(τ̃u), exceeds the profit without training,

E[Πu(0, η)|η̂], the worker’s training wage is higher than her first period wage would be without

training.

B Worker sorting into the unionised sector

A worker chooses to work in the unionised sector if her utility from working in the unionised

sector exceeds that from working in the non-unionised sector. Recall that non-unionised firms

offer no training, while unionised firms offer τ∗
u . Hence,

Wu(τ∗
u , η̂) + E[Uu(τ∗

u , η)|η̂] ≥ Wnu(0, η̂) + E[Unu(0, η)|η̂],

where Wj(τj , η̂), j = u, nu denotes the worker’s first period wage in a unionised or non-unionised

firm, and E[Uj(τ
∗
j , η)|η̂], j = u, nu denotes her second period utility when working in a unionised

or non-unionised firm in the first period. We first derive the worker’s second period utility when

working in a non-unionised firm in the first period, E[Unu(0, η)|η̂]. If the worker leaves her

employer, she is paid a wage equal to her productivity, y(0, η). If she stays, her utility is equal to

the wage the incumbent firm offers, η − ∆, plus the draw of non-pecuniary job characteristics,

θ. The worker stays if θ > ∆. Hence, the worker’s expected utility in the second period equals

E[Unu(0, η)|η̂] = η̂ +

∫ θ

∆
θ − ∆dG(θ).
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Using that the worker’s first period wage equals Wnu(0, η) = η̂ + (1−G(∆))∆ (expression (7)),

her utility from working in a non-unionised firm can be computed as

Wnu(0, η̂) + E[Unu(0, η)|η̂] = 2η̂ +

∫ θ

∆
θdG(θ). (9)

Next, we derive the worker’s second period utility when working in a unionised firm in the first

period, E[Uu(τ∗
u , η)|η̂]. Workers who turn out to be less productive than η1 leave the unionised

firm and are paid a wage equal to their productivity y. Workers whose ability is revealed to be

between η1 and η2 get w + θ if they stay and y if they leave. The probability that they stay

is 1 − G(y − w). Finally, the utility of workers who turn out to be more able than η2 is equal

to y if they leave, and y − ∆ + θ if they stay. The probability of staying is 1 − G(∆). Hence,

E[Uu(τ∗
u , η)|η̂] can be computed as

E[Uu(τ∗
u , η)|η̂] =

∫ η1

−∞
ydF1(η|η̂) +

∫ η2

η1

(1 − G(y − w))wdF1(η|η̂) +

∫ η2

η1

G(y − w)ydF1(η|η̂) +

∫ η2

η1

∫ θ

y−w

θdG(θ)dF1(η|η̂) +

∫ ∞

η2

ydF1(η|η̂) + (1 − F1(η2|η̂))

∫ θ

∆
θ − ∆dG(θ).

Using expression (8) for the worker’s wage in the first period, her utility from working in a

unionised firm can be computed as

Wu(τ∗
u , η̂)+

E[Uu(τ∗
u , η)|η̂]

=





2η̂ +
∫ η2

η1

∫ θ

η−w
θdG(θ)dF1(η|η̂)

+(1 − F1(η2|η̂))
∫ θ

∆ θdG(m)
if τ∗

u = 0,

η̂ − k − c(τ̃u) +
∫ ∞
−∞ f(τ̃u)ηdF1(η|η̂)

+
∫ η2

η1

∫ θ

y−w
θdG(θ)dF1(η|η̂)

+(1 − F1(η2|η̂))
∫ θ

∆ θdG(m)

if τ∗
u = τ̃u.

(10)

The sorting of workers into unionised firms depends on the training level unionised firms offer

as well as on their expected ability. First, consider the impact of training on worker sorting.

Recall that unionised firms choose training such that the marginal cost of training is equal

to the marginal profit of training: c′(τ̃u) = ∂E[Πu(τ̃u,η)|η̂]
∂τu

. Also note that the worker’s utility

from working in a unionised firm can be written as Wu(τu, η̂) + E[Uu(τu, η)|η̂] = −k − c(τu) +

E[Πu(τu, η)|η̂]+E[Uu(τu, η)|η̂]. Hence, the training level that maximises the worker’s utility, τw
u ,

satisfies c′(τw
u ) = ∂E[Πu(τw

u ,η)|η̂]
∂τu

+ ∂E[Uu(τw
u ,η)|η̂]

∂τu
. Clearly, τw

u ≥ τ̃u. Workers thus prefer to receive

training level τ̃u over no training at all. Hence, workers who receive training are more likely to
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work in the unionised sector, and workers sort into the unionised sector based on the impact

unions have on training.

Figure 8: Utility difference from working in a unionised and non-unionised firm
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Next, consider the impact of ability on worker sorting. Suppose unionised and non-unionised

firms offer the same amount of training. Figure 8 plots the difference between the utility from

working in a unionised and non-unionised firm as a function of workers’ expected ability. First

observe that from (10), the utility from working in a unionised firm converges to 2η̂ as the

worker’s ability becomes very low. In contrast, from (9), the utility from working in a non-

unionised firm converges to 2η̂+
∫ θ

∆ θdG(θ) as expected ability becomes low. Low ability workers

are therefore better off in non-unionised firms. Second, observe that
∫ θ

y−w
θdG(θ) >

∫ θ

∆ θdG(θ) :

Workers whose ability turns out to be between η1 and η2 are better off because of unions.

Workers with expected productivity around the union wage therefore prefer to work in the

unionised sector. Finally, workers who turn out to be more able than η2 are unaffected by the

union wage. Hence, as the worker’s expected ability becomes very high, the difference between

the utility from working in a unionised or non-unionised firm converges to 0. This implies that

there exists an ability threshold such that workers with an expected ability above this threshold
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prefer to work in the unionised sector.

C Using job-to-unemployment movers as a proxy for a layoff

Consider two identical workers. One worker is employed in a unionised firm, the other in a

non-unionised firm. Let qu (qnu) and lu (lnu) denote the probability that the worker in the

unionised firm (non-unionised firm) quits or is laid off, respectively. Our model predicts that

the worker in the unionised firm is more likely to be laid off and less likely to quit, i.e. qu < qnu

and lu > lnu. In the data, however, we do not observe whether a worker was laid off or quit.

We only observe whether the worker who leaves the firm after apprenticeship training becomes

unemployed or moves to another firm without an intervening unemployment spell. How does

this affect our results?

Suppose that conditional on a layoff or a quit, otherwise identical workers in unionised

and non-unionised firms have the same probability of becoming unemployed. This assumption

is reasonable since both workers are eligible for the same amount of unemployment benefits.

Further suppose that the probability of becoming unemployed is higher for workers who have

been laid off than for workers who quit voluntarily33. Under these assumptions, we show that if

the unionised worker is more likely to become unemployed and less likely to move from job-to-

job, it necessarily must be the case that the unionised worker is more likely to be laid off and

less likely to quit.

Let ul and uq denote the probability that a laid off worker and a worker who quit voluntarily

become unemployed. According to our second assumption, ul > uq. The probability that a

worker in a unionised or non-unionised firm becomes unemployed, conditional on being trained

in a unionised or non-unionised firm, then equals

Pr(u|union) = lu ∗ ul + qu ∗ uq, and

Pr(u|non-union) = lnu ∗ ul + qnu ∗ uq.

Similarly, the probability that a worker in a unionised or non-unionised firm moves from job-to-

33For instance, Nagypal (2004) reports that the fraction of workers who were laid off is substantially higher

among job-to-unemployment and job-to-job movers.
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job equals

Pr(jtj|union) = lu ∗ (1 − ul) + qu ∗ (1 − uq), and

Pr(jtj|non-union) = lnu ∗ (1 − ul) + qnu ∗ (1 − uq).

Hence, the difference between the probability of a unionised and non-unionised worker to become

unemployed or move from job-to-job equals

Pr(u|union) − Pr(u|non-union) = ul(lu − lnu) + uq(qu − qnu), and (11)

Pr(jtj|union) − Pr(jtj|non-union) = (1 − ul)(lu − lnu) + (1 − uq)(qu − qnu). (12)

First note that the first difference (equation 11) may be negative even if lu > lnu since

qu < qnu. Similarly, the second difference (equation 12) may be positive even if qu < qnu since

lu > lnu. Hence, using job-to-job and job-to-unemployment movers as proxies for quits and

layoffs make it harder for us to detect differences in layoff and quit rates between unionised and

non-unionised firms. Suppose that in the data we nevertheless observe Pr(u|union)−Pr(u|non-

union) > 0 and Pr(jtj|union) − Pr(jtj|non-union). Note that if one difference is positive while

the other is negative, there are two possible cases:

(a) lu > lnu and qu < qnu, i.e. unionised workers are more likely to be laid off and less likely

to quit, or

(b) lu < lnu and qu > qnu, i.e. unionised workers are less likely to be laid off and more likely

to quit.

Suppose the second case is true. Rearranging equation (12) implies 1−uq

1−ul < lnu−lu

qu−qnu , while

rearranging equation (11) implies uq

ul > lnu−lu

qu−qnu . Both conditions are jointly satisfied only if

1−uq

1−ul < uq

ul , or if ul > uq. However, this possibility, we have ruled out. Hence, if workers in

unionised firms are more likely to become unemployed and less likely to move from job-to-job,

it necessarily must be the case that they are more likely to be laid off and less likely to quit.

D Data description

Social security records

We define variables as follows.
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• Education We distinguish three education groups, workers without an apprenticeship, and

workers with a completed apprenticeship, and workers with a college degree. We use the

bild variable in the data set to classify workers into these three groups. Workers for whom

the education variable is missing are excluded.

• Apprentices The identifier for apprentices does not distinguish between workers in ap-

prenticeship training and interns. We require an apprentice to be reported on a training

programme for least 450 days. Workers who are reported on apprenticeship programmes

for less than 450 days are considered unskilled workers.

• Wages Our wage measure is the average daily wage, computed as the total wage bill for

each single spell, divided by the number of days worked. We deflate wages using the

Consumer Price Index, with 2002 as the base year.

• Job-to-unemployment transition We classify a worker as a job-to-unemployment mover if

he claimed unemployment benefits and report as unemployed after apprenticeship training.

In Germany, workers are entitled to unemployment benefits after apprenticeship training.

It is therefore likely that workers who are searching for a job also report as unemployed.

• Potential experience Potential experience is calculated as age minus age at labour market

entry. Labour market entry is defined as the first time the worker is observed working full

time and paying social security contributions.

The IAB-establishment panel

IAB-establishment panel is a yearly panel on establishments, available for the years 1993-2000.

The base population are all firms with at least one employee who pays social security contribu-

tions. Large firms are oversampled. In 1993 the panel started with about 4,000 establishments;

in 2000 around 13,000 firms participated in the survey (see Kölling (2000)). Large firms are

over-sampled. We restrict our analysis to West German firms in the private sector. Firms in the

construction sector are excluded. Furthermore, we only use data from 1996-1999, as we are only

able to match information on workers for these years. Information on firms is collected through

person-to-person interviews with firms’ management. In addition to the union status, the data

contains a large array of background characteristics, including firm size, industry, investment,
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revenue, etc. For each firm and year, we match average worker characteristics, computed from

the social security records for each firm in our sample as of July 1st each year. Table 11 lists

and defines the variables of the firm data used in the empirical analysis.

Table 11: Variable definitions: Firm data

Variable Definition

union status 1 if firm is bound to industry or firm level agreement,

0 otherwise

Firm size Total number of employees in the firm

Industry 10 industry dummies: Energy/mining/water industry;

chemical industry; metal industry/machines;

electro-technical industry/automobiles/optical industry;

wood/printing/paper; construction/capentry; retail/wholesale;

traffic/news; credit/insurance; other services

agriculture, charities/private households and public sector dropped

Revenue/worker Total revenue in the firm in the previous year

divided by number of employees

Investment/worker Total sum of investments in the previous year

divided by number of employees

Age of firm Distinguishes between 5 years and younger, 6-15 years,

16-30 years, older than 30 years

Evaluation of profit Firm’s current evaluation of profits; from 1 (very good) to 5 (very bad)

work council 1 if establishment has a work council

Proportion apprentices Number of apprentices divided by number of employees;
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