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We explore the relationship between firms’ characteristics and recruitment strategies. We present a theoret-
ical search model with two search channels: a costly formal channel and a costless informal channel (referrals).
We empirically test the model predictions and find that: larger firms search more formally; firms search more
formally for high-skilled workers; the positive relationship between firm’s size and formal search intensity also
holds for firms not using referrals; firms using referrals invest less into formal search compared to firms not
using referrals; larger firms hire less often by referrals than smaller firms; and larger search effort leads to
more applicants.

1. introduction

There is a wide discussion in labor economics on worker and firm search with a particular
focus on comparing referral hiring and formal search. Typically, the formal search channel in-
cludes several search strategies such as job advertisements in the media or the involvement of
employment agencies and the informal channel includes recruitment by incumbent employ-
ees’ referrals. The empirical literature suggests that both channels are equally important (see
Topa, 2011). Since the seminal work by Granovetter (1995) workers’ choices of search strate-
gies including social networks were frequently analyzed. But there is only scarce literature
that addresses firms’ choices of search strategies. Our article fills this gap and explores the re-
lationship between firms’ characteristics and their recruitment strategies. We develop a model
of firm search with two search channels—a formal channel that is costly for firms and a cost-
less informal channel (network referrals). We use this model to guide empirical research and
investigate the link between the frequency of referral hiring, formal search effort of firms, and
their size.

The scarce availability of data is the reason that only a few studies shed light on the mo-
tivation, reasons, or outcomes of referrals relative to other search channels from the firms’
perspective. Holzer (1987) published one of the first studies on firms’ choices of recruitment
channels and their economic outcomes, based on a firms survey. Studies using personnel data
include, for example, Fernandez and Weinberg (1997), Fernandez et al. (2000), Castilla (2005),
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Fernandez and Sosa (2005), and Brown et al. (2016). Even though these studies answer a
broad range of questions regarding referrals, their analysis is either restricted to only one firm
(Castilla, 2005; Fernandez and Sosa, 2005), a selection of firms from certain regions (DeVaro,
2008), or branches (Fuller-Love, 2009; Berardi, 2013).

Due to the argument that formal search strategies are more costly, it is plausible to think
that more productive firms have larger resources that can be spend on formal search and
stronger incentives to use these resources to attract job applicants. Thus, firm characteristics
such as firm productivity or firm size are important for understanding firms’ choices of recruit-
ment channels, which is only possible by using a representative data set on employers’ recruit-
ment strategies and processes. To the best of our knowledge, only Kramarz and Skans (2014)
and Dustmann et al. (2016) used data with firm characteristics to analyze referral hiring; how-
ever, none of the two studies reported results for the firm size and search effort.

In our model, workers are ex ante homogeneous, whereas firms pay an entry cost and wait
for a random productivity realization. If this productivity realization is sufficiently high, firms
enter the market and postvacancies. There are two channels of job search: a formal and an
informal channel. Firms can decide if they want to use the formal channel or not and how
much search effort they want to exert through this channel. Their search effort is costly, for
example, there are the costs of posting a job advertisement in the newspaper, paying the reg-
istration fee on the Internet job platform or paying for recruiting services of (private) em-
ployment agencies. Endogenous formal search effort is introduced as in Pissarides (2000). In-
formal job search is based on employee referrals, here we use the framework of Cahuc and
Fontaine (2009). The probability of an employee referral depends on the size of the social net-
work and the equilibrium fraction of unemployed contacts in the networks of incumbent em-
ployees; however, it cannot be influenced by firms.

In this framework, we show that there are two general equilibria. In the first equilibrium,
less productive firms do not advertise their vacancies formally and rely exclusively on the cost-
less informal channel. Due to the low job-filling rate, these firms are less successful in hiring
than their competitors and remain small in the long run. In contrast, more productive firms
use both search channels simultaneously, recruit more intensively, and become large in the
long run. Considering this latter group of firms, we can prove that more productive firms face
larger foregone profits and invest more effort into formal search activities. This means that
formal matching is balanced, that is, workers are more likely to sample job advertisements
from more productive firms. As a result, more productive firms achieve a higher job-filling
rate, which leads to a positive correlation between employment, productivity, wages, and the
fraction of workers hired via the formal channel. Therefore, larger firms do not only pay
higher wages, which is a common “firm size effect” (see, for example, Burdett and Mortensen,
1998) but also have a smaller fraction of applicants hired by referrals. The second equilibrium
is a special case of the first one where all firms use both search channels.

We test several theoretical predictions of the model by using the Job Vacancy Survey of
the Institute for Employment Research (IAB JVS). The IAB JVS is a representative sur-
vey among human resource managers or managing directors in German firms reporting in-
formation about their search strategies with detailed answers about the most recent success-
ful recruitment case and the most recent unsuccessful recruitment case. Since most firms are
observed only once, our sample is a repeated cross section of firms and includes more than
39,500 observations over the period 2012–2016.

The advantage of our empirical data is that we have detailed information about search ac-
tivities of firms prior to hiring. Therefore, we do not only estimate an empirical link between
the firm size and referral hiring but additionally control for the ex ante search activities of
firms, which is often unobserved in other data sets (e.g., labor force surveys) and considered
as an omitted variable. We summarize this ex ante information in an intensity index that is our
empirical proxy for the formal search effort of firms. This search index is an ordinal variable
equal to the number of formal search activities used by the firm. The list of such activities in-
cludes: placed ads in newspapers or magazines, posted vacancy in the Internet, posted vacancy
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on the firm’s own Web site, and contacted the federal employment agency. Because of the
ordinal nature of this index variable, we use an ordered logistic regression with time fixed ef-
fects to predict which firms are using these formal search strategies more intensively.

We find that large firms are more likely to use formal search compared to small firm. Next,
there is a positive link between the firm size and the formal search index. This relationship is
observed regardless of the fact whether the firm is using referrals or not, but the formal search
index is lower on average if employee referrals are used, indicating that there is substitution
between the two channels. Further, we show that more intensive formal search by larger firms
is one of the reasons for lower frequencies of referral recruiting. These empirical findings are
inline with our theoretical predictions. Even though we consider a submarket with homoge-
neous workers in our model, we can perform comparative statics with respect to the workers’
skill level. This analysis reveals that firms exert more formal search effort in submarkets with
higher worker skills. This prediction is also supported by our empirical analysis. We find that
the formal search index is higher for positions requiring vocational training and even higher
for positions requiring a university degree.

A broad set of firm- and vacancy-specific control variables are considered and a number
of robustness checks corroborate our results. One of them is based on using monetary ex-
penses of firms for recruitment processes that can be seen as another proxy for the search ef-
fort of firms. In addition, we provide new empirical evidence that successful job candidates
coming from unemployment are less likely to enter jobs by referrals compared to previously
employed job candidates making a job-to-job transition.

Our article is related to a number of theoretical and empirical studies on referrals as search
strategy. The seminal contribution in this field was by Montgomery (1991). He shows that
employee referrals may serve as a useful screening device if worker’s ability is not observed
by the potential employer. Hensvik and Skans (2016) confirm this result empirically by using
Swedish data.

Purely theoretical studies on referrals can be generally divided into two groups, those us-
ing network theory (Calvo-Armengol and Jackson, 2004, 2007; Ioannides and Soetevent, 2006;
Horvath, 2014) and those using a search and matching framework (Fontaine, 2008; Cahuc
and Fontaine, 2009; Zaharieva, 2013, 2015; Stupnytska and Zaharieva, 2015). While the first
group of studies shows that exchange of job information within the network of friends leads
to better employment chances, the second group of studies has a stronger focus on worker and
firm heterogeneity.

For example, Fontaine (2008) shows that heterogeneity in the size of social networks leads
to different bargaining positions of workers and generates wage dispersion. Similar to our
study, Zaharieva (2015) considers a model with heterogeneous firms and identical workers. In
this model, workers continue searching on-the-job and accept job offers from more produc-
tive firms, whereas forwarding offers from less productive firms to their social contacts. Thus,
referral job offers are associated with a wage penalty compared with the formal channel. An-
other study focusing on referral hiring and on-the-job search is by Arbex et al. (2019). These
authors provide model-consistent evidence that workers switching jobs are more likely to use
network search compared to unemployed applicants. Our empirical findings confirm this view.

In the group of theoretical studies, Galenianos (2013) is the most closely related work. This
study uses a search and matching framework with two search channels, formal and informal,
and two firm types, where workers direct their job search to only one type of the firm. This ap-
proach becomes restrictive when a continuum of heterogeneous firms should be considered.
Hence, in this article, we extend and modify the theoretical approach of Galenianos (2013) to
the more realistic case where workers send simultaneous applications to different firms and
we empirically test our theoretical predictions.

Empirical studies using personnel data (Simon and Warner, 1992; Castilla, 2005; Fernan-
dez and Sosa, 2005; Brown et al., 2016) typically report that workers who apply due to a re-
ferral are more likely to be invited for the interview than workers who apply via the for-
mal channel. These studies also find that workers hired due to referrals receive a slight
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wage premium over workers who were hired via the formal channel, even though this
premium disappears over time. On the other hand, panel data studies based on worker sur-
veys report wage penalties associated with referrals (Pistaferri, 1999; Addison and Portu-
gal, 2002). Pellizzari (2010) concludes that in the European Union, premiums and penalties
to finding jobs through personal contacts are equally frequent and are of about the same
size.

Other studies contain both empirical and theoretical analyses of referral hiring. Similar to
our study, Holzer (1987) considers the problem from the perspective of firms and finds that
those hired through referrals from current employees are more productive and stay longer
than those hired through other search ways. Kugler (2003) finds evidence that referred work-
ers are more productive, because of the peer pressure and internal monitoring by the incum-
bent employee who provided recommendations. This mechanism leads to lower monitoring
costs for firms that rely on referral hiring and stimulates firms to pay efficiency wages. Ga-
leotti and Merlino (2003) consider workers’ search via networks over the business cycle and
show that the search intensity is characterized by the inverse U-shape, that is, workers initially
increase their search effort in the recession but get discouraged later on if the recession gets
more severe. Bentolila et al. (2010) develop a model that can explain wage penalties associ-
ated with referrals by linking referral hiring and occupational mismatch. Specifically, in their
model, unemployed workers may follow the recommendations by friends and relatives and
accept mismatch jobs in alternative occupations.

Our study is also close to the early search literature on wages, productivities and firm sizes
with the seminal contribution by Burdett and Mortensen (1998) who show that firms offering
higher wages are able to attract and keep more workers, resulting in a positive link between
wages and firm sizes. Bontemps et al. (2000) complement this model with heterogeneous firms
and show a positive correlation between productivities, wages, and firm sizes. Both studies are
based on the assumption of random matching, which means that all firms have an equal prob-
ability of being sampled by workers independent of their size. Though the finding of a posi-
tive correlation between productivity, wage level, and firm size is similar, in our model, larger
firms invest more search effort and are more likely to be matched with workers compared
to smaller firms. In this respect, our study continues the balanced matching approach of Bur-
dett and Vishwanath (1988) with the difference that positive association between the match-
ing rate and firm size is endogenous in our model, whereas it is assumed to be exogenous in
Burdett and Vishwanath (1988).

Even more closely related is the study by Mortensen and Vishwanath (1994), who intro-
duce two sampling distributions. Specifically, in their model, workers are randomly matched to
firms via the formal search channel but can also be matched with a help of incumbent employ-
ees, which yields a superior distribution of wage offers. Therefore, referral matching is bal-
anced and workers are more likely to be matched to jobs offering higher wages than jobs with
lower wages. Despite this similarity, our model is different from Mortensen and Vishwanath
(1994) because in our model, firms have different productivities and there is an explicit choice
of search intensity by firms in our setting.

Finally, our study establishes new sources of heterogeneities in the matching efficiency; see
for this discussion Davis et al. (2013) and, more recent, Gavazza et al. (2018). In particu-
lar, we show how firm properties or job requirements can lead to varied decisions on search
strategies. The aforementioned literature emphasizes that different search strategies and in-
tensities can result in different search outcomes in terms of wages or matching efficiency.
So, our results shed light on the sorting of job applicants across heterogeneous firms, and
therefore, can enable deeper analysis of the underlying reasons for wage inequality in future
research.

The plan of the article is as follows: Section 2 presents our theoretical model with
a number of testable predictions. Section 3 describes the data sample. Section 4 con-
tains our empirical results. Section 5 presents additional robustness checks and Section 6
concludes.
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Notation: v0—pool of homogeneous vacancies waiting for the productivity draw, γ —Poisson arrival rate of productiv-
ity types, F (p)—cdf of the productivity distribution, φ—vacancy abolishment rate, v(p)—number of vacancies in firm
p, e(p)—number of employees in firm p, �a jq(θ ) + qN (u)—total job-filling rate of the firm, where � is an indicator
variable for using the formal channel of search, a j—individual search intensity of firm j, q(θ )—market component of
the job-filling rate, qN (u)—network job-filling rate, δ—job destruction rate, p0—the least productive firm type in the
market.

Figure 1

labor market dynamics

2. theoretical framework

2.1. Labor Market Framework. The labor market is characterized by the following prop-
erties. There is a continuum of infinitely lived risk neutral workers and firms discounting fu-
ture at a common discount rate r. When opening a new vacancy every firm has to pay an entry
cost K. Vacancies are ex ante homogeneous at the entry stage and form a pool of vacancies
v0. At the Poisson arrival rate, γ vacancies are assigned a productivity level p that is a random
draw from an exogenous productivity distribution F (p), with the corresponding density f (p).
To keep the model tractable, we assume that the productivity distribution is uniform, so that
F (p) = p, p ∈ [0..1]. This mechanism is illustrated in Figure 1 and generates ex post hetero-
geneity of vacancies with different productivity levels.

Every vacancy with an assigned productivity level can be either filled with a worker or
abandoned without hiring. The latter happens at rate φ and the abandoned vacancies exit the
market. Let v(p) denote the number of vacancies with productivity p and e(p) denote the
number of workers employed in jobs with productivity p. All vacancies v(p) and filled jobs
e(p) form a firm of type p; thus, e(p) can be interpreted as a firm size in terms of the total
number of employees working in firm p. Each filled job can be destroyed at an exogenous
rate δ. After the job destruction shock, the worker becomes unemployed and the filled job be-
comes an open vacancy with the same productivity level as before. Note that some produc-
tivity draws can be low and not acceptable to firms. Let p0 denote an endogenous reserva-
tion productivity cutoff corresponding to the least productive firm in the market. Thus, vacan-
cies with productivity realizations below p0 remain in the pool of unassigned vacancies v0 and
wait for a new productivity realization in the future. In contrast, vacancies with productivities
above p0 belong to one of the firms in the market and can be filled with workers.
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Even though our model builds on the seminal contribution by Mortensen and Pissarides
(1994), heterogeneous productivities are generated in a different way. In Mortensen and Pis-
sarides (1994), vacancies are identical before matching and productivity draws are realized af-
ter the worker and the firm are matched. Thus, heterogeneous productivities are an outcome
of different match qualities and it is not specified whether it is because the worker is more
productive or the firm. This is different in our setting, where vacancies are already heteroge-
neous before matching, thus higher productivity is attributable to the firm. This property is
important for our empirical analysis where we can fully exploit rich firm characteristics con-
tained in our data.

Workers are ex ante homogeneous and contribute part b to the total output. This means
that any worker matched with a firm of type p produces output bp, where b is the contribution
of the worker and p is the contribution of the firm. Even though all workers are identical in
the considered labor market, changing b in the form of comparative statics will allow us to an-
alyze the implications of the model for labor markets with more educated workers (higher b)
or workers with lower qualification (lower b). Furthermore, more educated workers are more
productive. Employed workers receive the wage w(p), which is obtained by Nash bargaining
between the worker and the firm. Worker’s bargaining power is denoted by β and an exoge-
nous reservation wage is w̄ < b.

Firms can hire workers via the formal search channel or via referrals from incumbent em-
ployees. We model referral search like in Cahuc and Fontaine (2009). Let every worker have
l social contacts. The firm sends its vacancy to one randomly chosen person in the popula-
tion. This person is unemployed with probability u and employed with probability 1 − u. Un-
employed workers always accept the job offer (formal proof is provided later in the article).
Since there is no on-the-job search, employed workers cannot make use of the open vacancy
and consider their social network. All their social contacts are already employed with prob-
ability (1 − u)l , but the employee has at least one unemployed friend in the social network
with probability 1 − (1 − u)l ; the offer is then forwarded to this friend. Thus, the network job-
filling rate qN is given by:

qN (u) = s(u + (1 − u)(1 − (1 − u)l )) = s(1 − (1 − u)l+1).

The variable s denotes an indicator taking value 1 in a setting with referral hiring and 0 oth-
erwise. This variable is helpful in distinguishing between the two settings with and without re-
ferrals. Even though in some cases, s can be an outcome of the decision process, we assume
that s is exogenous in our model. The reason is that some industries such as public admin-
istration have limitations and are not allowed to use referral hiring. Thus, the choice of s is
not necessarily a free choice by all firms but can also be driven by institutional and legislative
restrictions.

The above equation shows that qN (u) is an increasing function of u. Intuitively, this means
that higher unemployment raises the probability that incumbent employees recommend one
of their friends for the job and the position is filled by referral. At the same time, qN (u) is in-
creasing in the network size l, so that larger social networks lead to more frequent job recom-
mendations. Further, we assume that referral hiring is free of cost for firms. This means that
all firms use referral hiring in our model if s = 1. Note that we do not limit referral hiring only
to the employees of a given firm. This approach is a simplification that was already used in
the previous literature (Cahuc and Fontaine, 2009; Stupnytska and Zaharieva, 2017). One jus-
tification for this assumption is the fact that also in our empirical data, referrals include rec-
ommendations from current employees of the firm and other social contacts who could be
employees from affiliated companies, friends, and acquaintances of external consultants and
long-term customers.

In addition to the costless referral hiring, firms may decide to advertise their vacancies
in a formal way. The decision of firms to use or not to use this formal search channel is
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endogeneous. Let a(p) denote a formal search intensity or effort of firm p per vacancy condi-
tional on advertising. Then a(p)v(p) denotes efficiency units of vacancies v(p) (see Pissarides,
2000). We assume that the formal search effort is costly for firms with a corresponding cost
function C(a) = c + a2/(2c0). This is a flow cost of advertising a vacancy per unit time that
has a fixed and a proportional component. Thus, formal advertising is an endogenous decision
of firms that depends on the size of the fixed-cost component c. According to our model, this
results in two different equilibrium types:

• General equilibrium I. More productive firms with productivities in the range [pc..1]
use formal advertising in addition to referral hiring, whereas less productive firms in the
range [pI

0..pc] find that formal advertising is too expensive for them and use referral hir-
ing as the only search channel. Here, pI

0 is the least productive firm type in the equilib-
rium. The total number of vacancies in efficiency units in this equilibrium is given by:

ṽ =
∫ 1

pc

a(p)v(p)dp.

• General equilibrium II. All firms in the market use formal advertising in addition to re-
ferral hiring. We denote the least productive firm type in this equilibrium by pII

0 . The to-
tal number of vacancies in efficiency units in this equilibrium is given by:

ṽ =
∫ 1

pII
0

a(p)v(p)dp.

Matching via the formal channel is achieved by means of a standard matching function
m(u, ṽ), which is increasing in both arguments and homogeneous of degree 1. Thus, m(u, ṽ) is
the total number of matches between searching unemployed workers and open vacancies cre-
ated via the formal channel per period of time. Let θ = ṽ/u denote the market tightness. The
number of formal matches between unemployed workers and advertising type p vacancies is
given by:

m(u, ṽ)
a(p)v(p)

ṽ
.

Consider some firm j of type p with the search intensity aj, so the probability of being
matched with the worker via the formal channel for this firm is given by:

m(u, ṽ)
a(p)v(p)

ṽ

a j

a(p)v(p)
= a j

m(u, ṽ)
ṽ

= a jm
(

1
θ
, 1
)

.

Let q(θ ) ≡ m( 1
θ
, 1), so the flow probability of being matched for firm j is equal to ajq(θ ).

This means that higher search effort aj raises the probability of hiring a worker. At the same
time, a larger θ reduces this probability so that q′(θ ) < 0 and limθ→0q(θ ) = ∞. This can be ei-
ther because the number of unemployed workers is smaller or because all other vacancies are
searching more intensively. Note that this functional specification rules out general equilibria
without formal advertising. For example, if all firms in the market rely exclusively on referral
hiring and a(p) = 0 ∀p, then θ = 0 and the job-filling rate q(θ ) becomes infinitely large, which
creates infinite incentives for firms to invest into formal advertising. Since potentially every
firm can use both search channels simultaneously, the total job-filling rate for firm j is given
by: �ajq(θ ) + qN (u), see Figure 1, where the indicator variable � is equal to 1 if the firm is
advertising its vacancies in a formal way and 0 otherwise.
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2.2. Choice of the Formal Search Intensity. Let V (p) be the present value of an open va-
cancy and J(p) be the present value of a filled job in a firm of type p. We follow a standard
approach in the search and matching literature and analyze per vacancy decisions of firms.2

Consequently, consider some vacancy j of firm p with the corresponding present value Vj(p)
that is given by:

rVj(p) = max
a j≥0

a jq(θ )(J(p) − Vj(p)) − C(a j ) + qN (u)(J(p) − Vj(p)) − φVj(p),(1)

where ajq(θ ) is the job-filling rate through the formal search channel and qN (u) is the job-
filling rate through the network of social contacts. Vacancies are abandoned without hiring at
rate φ. The firm chooses its formal search intensity aj to maximize the present value of an
open vacancy Vj(p). Thus, the firm will advertise its vacancy only if the expected gain from
advertising a jq(θ )(J(p) − Vj(p)) is larger than the cost C(a j ):

a j > 0 ⇔ a jq(θ )(J(p) − Vj(p)) > c + a2
j/(2c0),(2)

otherwise the firm will not use formal advertising and aj = 0. In the former case a j > 0, the
optimal advertising effort can be found from the first-order condition C′(a j ) = q(θ )(J(p) −
Vj(p)), which means that the marginal cost C′(a j ) should be equal to the marginal gain
q(θ )(J(p) − Vj(p)). With a quadratic cost function C(aj ) = c + a2

j/(2c0), the optimal search
intensity of firm j is given by:

a j(p) = c0q(θ )(J(p) − Vj(p)).

This implies that the optimal search effort of firm j is increasing in the expected net gain
from filling the job with a worker (J(p) − Vj(p)). Since all vacancies are identical, the firm
will choose the same search effort for all vacancies, so that aj(p) = a(p) ∀ j. Insert the optimal
a(p) into Equation (1) to get:

(r + φ)V (p) = −c + 0.5c0q2(θ )(J(p) − V (p))2 + qN (u)(J(p) − V (p)) if a(p) > 0(3)

(r + φ)V 0(p) = qN (u)(J(p) − V 0(p)) if a(p) = 0.(4)

Here, we use an upper index “0” if the firm refrains from formal advertising. Next, consider
the present value of a filled job J(p), which can be written as:

rJ(p) = bp − w(p) − δ(J(p) − V (p)) ⇒ J(p) − V (p) = bp − rV(p) − w(p)
r + δ

.

The variable w(p) is the wage and bp − w(p) is the firm’s flow profit. At rate δ, the job is de-
stroyed and the firm begins to search for a new worker, which yields the present value V (p).
Further, recall that w̄ denotes the reservation wage of the worker and β is the bargaining
power. Nash bargaining over the wage between the firm and the worker can be written as:

max
w(p)

(w(p) − w̄)β (bp − rV(p) − w(p))1−β ⇒ w(p) = β(bp − rV(p)) + (1 − β)w̄.

2 The underlying assumption here is that the total output of the firm is linear in the number of employees and the
total hiring cost is linear in the number of vacancies, see Pissarides (2000) for a more detailed treatment of this issue.



formal search and referrals 1687

Later, we will show that the term bp − rV(p) is increasing in the productivity p. Therefore,
our wage equation indicates that more productive firms pay higher wages. Insert this wage
equation into the firm rent J(p) − V (p) to get:

J(p) − V (p) = (1 − β)
bp − rV(p) − w̄

r + δ
.

To simplify the notation, let y ≡ bp − w̄ denote the net flow output. Note that the job surplus
J(p) − V (p) can be expressed as a function of y. Thus, in the following, we will use this linear
transformation for the ease of notation and suppress the dependence of all firm-specific vari-
ables on p. Next, consider firms with a positive advertising intensity and insert the job surplus
into Equation (3) to obtain:

(r + φ)V (y) = −c + 0.5c0q2(θ )(1 − β)2 (y − rV(y))2

(r + δ)2 + qN (u)(1 − β)
(y − rV(y))

(r + δ)
.(5)

This is a quadratic equation in V (y) for advertising firms that can be rewritten as:

A(θ )r2V 2(y) − V (y)[2rA(θ )y + rB(u) + r + φ] + A(θ )y2 + B(u)y − c = 0,(6)

(6)

where A(θ ) ≡ c0q2(θ )(1 − β)2

2(r + δ)2 B(u) ≡ qN (u)(1 − β)
(r + δ)

.(6)

Here, we use auxiliary variables A(θ ) and B(u) to simplify the notation. Note that A′(θ ) < 0,
whereas B′(u) > 0. We find the following solution to this quadratic equation:

rV(y) = y − 1
2A(θ )r

(√
(rB(u) + r + φ)2 + 4rA(θ )[y(r + φ) + rc] − (rB(u) + r + φ)

)
.(7)

Proposition 1. The present value of an open vacancy V (y) is increasing in the net output y
but decreasing in the fixed cost c. V (y) is increasing in the auxiliary variables A(θ ) and B(u),
which means that V (y) is increasing in q(θ ) and qN (u). Moreover, limθ→0rV(y) = y and:

∂V (y)
∂y

>
B(u)

rB(u) + r + φ
.

Proof. Appendix A.1. �

This proposition and the above equation for rV(y) imply that more productive firms expect
to get a higher present value of profits in the future. At the same time, this present value is
increasing in the job-filling rates q(θ ) and qN (u). The easier it is to hire workers, the higher
is the expected present value of profits. At the same time, note that V (p) is increasing in u
but decreasing in θ because q′(θ ) < 0. On the one hand, if unemployment u is higher, firms
can easier hire workers by referrals. On the other hand, a higher market tightness θ implies
more competition between firms in the search for applicants, which reduces the hiring chances
of every firm. Note also that y − rV(y) is increasing in y, which proves that more productive
firms pay higher wages.

Another result in Proposition 1 concerns the case when θ is converging to 0. This is the lim-
iting case when search frictions become negligible because q(θ ) → ∞. In this situation, firms
can hire workers immediately, so V (y) = y/r, which means that workers receive their reserva-
tion wage w̄ and do not have any effective bargaining power.
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Our findings regarding the optimal search intensity a(y) are summarized in Proposition 2:

Proposition 2. The optimal search intensity of advertising firms a(y) is given by:

a(y) = r + δ

rq(θ )(1 − β)

(√
(rB(u) + r + φ)2 + 4rA(θ )[y(r + φ) + rc] − (rB(u) + r + φ)

)
,

a(y) is increasing in y and c. It is also increasing in q(θ ) but decreasing in qN (u).

Proof. Appendix A.2. �

Proposition 2 shows one of our main results. Considering firms that use formal advertising
(a(y) > 0), we can see that more productive firms exert more formal search effort. This is be-
cause more productive firms face higher foregone profit if the position is not filled, so their
incentives to search formally are stronger. Also, we can see that firms advertise more if the
fixed cost component c is higher. At the same time, our model predicts that a(y) is decreasing
in qN (u). This shows that there is substitution between the two channels. Firms reduce their
search effort if hiring by referrals becomes easier. On the other hand, a(y) is increasing in
q(θ ). If the formal channel is more efficient, it becomes more attractive to firms and leads to
more search effort a(y).

So far, we could show that the firm will advertise its vacancy only if the expected profit
gain is larger than the cost of advertising (see condition 2). From Proposition 1, we already
know that the expected profit of a filled job is increasing in the output of this job, that is,
(1 − β)(y − rV(y))/(r + δ) is increasing in y. This means that the gain from advertising a va-
cancy is increasing in y; therefore, there exists an output cutoff yc such that the firm is indif-
ferent between advertising or not. This cutoff output is given by the following indifference
condition:

0.5c0q2(θ )(1 − β)2(yc − rV(yc))2

(r + δ)2 = c ⇒ yc =
√

c(rB(u) + r + φ)

(r + φ)
√

A(θ )
,

∂yc

∂u
> 0

∂yc

∂θ
> 0.

We obtained this condition after inserting the present value of an open vacancy V (y) and solv-
ing for yc (note that our linear transformation implies that yc = bpc + w̄). This equation shows
that firms with output y larger than yc find it optimal to advertise their vacancies in a formal
way in addition to referral hiring. Recall that y0 = bp0 − w̄ is output of the least productive
firm in the market. So, if the cutoff output yc is larger than this output y0, then firms with out-
put values in the range y0 < y < yc are present in the market but they will not formally adver-
tise their position; thus, they rely exclusively on referral hiring, which gives rise to equilibrium
I. In contrast, if the cutoff output yc is smaller than the output of the least productive firm y0,
then all firms advertise their vacancies, which gives rise to equilibrium II. In the next two sec-
tions, we characterize each of these equilibria separately. Note that the two reservation out-
puts are different in the two equilibria, so we use notation yI

0 for the first equilibrium and yII
0

for the second equilibrium.

2.3. Equilibrium I. We already know that in equilibrium I, low productivity firms do not
advertise their positions. This holds for firms in the output range yI

0 < y < yc. So, the neces-
sary condition for this equilibrium to arise is yI

0 < yc. To characterize this condition, we need
to derive a formal expression for yI

0. Let V denote the discounted present value of profits for
vacancies expecting their type p to be assigned (present value of waiting). Productivity draws
are uniformly distributed in [0..1] with a cdf function F (p) = p. This also implies that the net
output per vacancy y is uniformly distributed in the range [−w̄..b − w̄] with a cdf function y/b.
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Based on this linear transformation, the present value of an open vacancy V becomes:

rV = γ

∫ b−w̄

−w̄

max(V (y) − V, 0)
1
b

dy = γ

b

∫ yc

yI
0

(V 0(y) − V )dy + γ

b

∫ 1

yc

(V (y) − V )dy.(8)

This equation takes into account that more productive firms use both search channels, so
their present values of open vacancies are given by V (y) described in Proposition 1. In con-
trast, less productive firms are not advertising their positions, their present values of open va-
cancies are given by V 0(y) (see Equation (4)). Rewriting this equation by inserting the job
surplus and solving for V 0(y) yields:

rV 0(y) = rB(u)y
rB(u) + r + φ

⇒ ∂V 0(y)
∂y

= B(u)y
rB(u) + r + φ

<
∂V (y)

∂y
.

This shows that the curve V 0(y) is linearly increasing in y. From an economic perspective, this
means that more productive firms expect higher profits irrespective of whether they are adver-
tising their positions or not. At the same time, the curve V 0(y) is flatter than the curve V (y)
for all positive y. Given that V 0(y) is increasing in y, there exists a cutoff value yI

0 such that
V 0(yI

0) = V , which describes another indifference condition for firms. Intuitively, it means that
low-output realizations below yI

0 are insufficient to cover the entry cost of a vacancy. There-
fore, in the equilibrium, no firm exists with such low-output values. Free entry implies that va-
cancies enter the market as long as they are profitable for firms, that is, V ≥ K. Thus, in the
equilibrium, we should have V = K, which also means V 0(yI

0) = K. This allows us to find the
reservation output cutoff yI

0:

yI
0 = K(rB(u) + r + φ)

B(u)
> rK ⇒ ∂yI

0

∂u
< 0.

We summarize our findings in the following proposition:

Proposition 3. Consider a given tuple {θ, u}. Then there exists a partial equilibrium (PEI) of
the model such that low-productivity firms with yI

0 < y < yc rely exclusively on referral hiring,
whereas more productive firms with y > yc use both search channels simultaneously. The neces-
sary conditions for this partial equilibrium are denoted by (R), (R̃):

(R)
√

c√
A(θ )(r + φ)

>
K

B(u)
(R̃)

√
c(rB(u) + r + φ)

(r + φ)
√

A(θ )
< b − w̄.

The first condition (R) requires that yI
0 < yc, whereas the second condition (R̃) implies yc <

b − w̄. Note that the highest productivity realization in our setting is p = 1, so the highest net
output of the most productive firm is b − w̄. For given values of the unemployment rate u and
the market tightness θ , it is possible to find parameters such that yc > b − w̄. This would lead
to a third partial equilibrium where no firm is advertising its vacancies (PE0). However, fur-
ther below, we find that this situation cannot happen in the general equilibrium when u and θ

are endogenous. Intuitively, if less and less firms use formal advertising, then open vacancies
created via the formal channel will sharply decrease (ṽ → 0), which implies that the market
tightness will decrease; thus, θ → 0, and therefore, A(θ ) → ∞. Note that A(θ ) is in the de-
nominator of yc, which implies that the second condition is always satisfied. Therefore, in the
following, we focus on the first condition.

Figure 2 illustrates equilibrium I in terms of the net output y that is measured on the hori-
zontal axis. Both present value curves V 0(y) and V (y) are increasing in y; however, the curve
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Figure 2

left panel: partial equilibrium i (PEI). right panel: partial equilibria PE0, PEI, and PEII depending on the fixed
cost component c and the size of social networks l.

V (y) is steeper and cuts the horizontal axis at some positive value because V (0) < 0. In con-
trast, we know that V 0(0) = 0, so the curve V 0(y) starts at the origin. The reservation out-
put cutoff yI

0 is obtained at the point V 0(yI
0) = K and indicates that lower productivities do

not cover the entry cost K. For firms in the range yI
0 < y < yc, we can see that V 0(y) > V (y).

Thus, the costs of advertising are too high and these firms are better off without advertising.
The firm with y = yc is exactly indifferent between advertising or not since V (yc) = V 0(yc).
For more productive firms with y > yc, it holds that V (y) > V 0(y). The cost of advertising is
relatively low for these firms since their output is sufficiently high and these firms are using
both search channels then.

Next, consider a special case yc = yI
0. This equality can be rewritten and expressed as:

c(l) = 0.5c0q2(θ )K2(r + φ)2

s2(1 − (1 − u)l+1)
2 .(9)

Therefore, the lowest cost c, necessary for equilibrium I to prevail, depends on the network
size l; thus, yc > yI

0 if c > c(l). The boundary c(l) decreases with the size of the network in a
given market situation {θ, u}. If social networks are small (low l), then referral hiring has low
efficiency, that is, qN (u) is low, then firms have strong incentives to advertise their vacancies.
Then equilibrium I will only prevail if the fixed cost of advertising c is relatively high, which
means that the costs are too high for less productive firms. In contrast, if social networks are
large (high l) and referral hiring generates many job applicants (qN (u) is high), then firms
have low incentives to use formal advertising and even a low cost c may generate equilibrium
I, where some firms rely exclusively on referral hiring. This explains the downward-sloping
curve c(l), which is illustrated on the right panel of Figure 2. Note that Equation (9) has a
lower and an upper limit:

c = lim
l→∞

0.5c0q2(θ )K2(r + φ)2

(su)2 c̄ = lim
l→0

0.5c0q2(θ )K2(r + φ)2

s2
.

This means that equilibrium I does not exist for very low costs c < c irrespective of the net-
work size l. This is plausible, because if costs are so low, then all firms find it optimal to adver-
tise their positions, which leads to partial equilibrium II (PEII). We describe this equilibrium
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in the next section. For higher values of c such that c < c, the type of equilibrium depends
directly on the network size l. Only if the network size is sufficiently large and referral hiring
is efficient, some firms will avoid the cost of advertising giving rise to equilibrium I. Note that
the necessary condition (R̃) leads to another boundary c̃(l) such that:

c̃(l) = (b − w̄)(r + φ)
√

A(θ )
rB(u) + r + φ

> c(l) for K <
(b − w̄)B(u)

rB(u) + r + φ
.

This implies that, for a given market situation {θ, u}, a third partial equilibrium (PE0 on the
figure) arises in which no firm is using formal advertising. This equilibrium would appear for
c > c̃(l). However, in the next section, we will show that this situation is not compatible with
a general equilibrium since the boundary c̃(l) becomes infinite once the market tightness θ

becomes endogenous. Overall, Figure 2 shows that equilibrium I is more likely to appear if
parameters c and l are relatively large; that is, the fixed cost component is too high for some
firms and referral hiring alone generates sufficiently many applicants.

Next we analyze the size of firms with different productivities. Recall that v0 is a number of
vacancies waiting for their type to be assigned, so that γ v0 f (p) is a number of vacancies re-
ceiving type p per unit time (see Figure 1). With a uniform distribution of productivities, we
have f (p) = 1 for 0 < p < 1. From above, we already know that high productivity vacancies
with y > yc are matched with workers at rate a(y)q(θ ) + qN (u). At the same time, all vacan-
cies can be abolished without hiring and exit the market at rate φ. This gives rise to the follow-
ing system of dynamic equations for v(y) and e(y) (here again, we suppress the dependence of
y on p for the ease of notation):

v̇(y) = γ v0 + δe(y) − (a(y)q(θ ) + qN (u))v(y) − φv(y) if y > yc,

ė(y) = (a(y)q(θ ) + qN (u))v(y) − δe(y) if y > yc.

The term γ v0 + δe(y) is an inflow of vacancies to firm y at every point in time. γ v0 are com-
pletely new vacancies available for the first time and δe(y) are vacancies that became open af-
ter a worker displacement. Further, the term (a(y)q(θ ) + qN (u))v(y) + φv(y) is the outflow
of vacancies from firm y. It consists of new hires (a(y)q(θ ) + qN (u))v(y) and abandoned va-
cancies φv(y). The second equation shows changes in the firm size e(y), where the inflow of
workers consists of newly hired employees (a(y)q(θ ) + qN (u))v(y) and the outflow consists of
displaced workers δe(y). In the steady state, it should be the case that v̇(y) = 0 and ė(y) = 0
∀y > yc, which yields v(y) = γ v0/φ. The size of more productive firms is then given by:

e(y) = (a(y)q(θ ) + qN (u))
v(y)

δ
= (a(y)q(θ ) + qN (u))

γ v0

φδ
for y > yc.(10)

This equation shows that more productive firms invest more resources into formal recruit-
ment, which makes them more successful in hiring. In the long run, these firms grow faster
and become larger in the steady state, so that ∂e(y)/∂y > 0 for y > yc. Thus, our model
predicts a positive relationship between productivities, wages, formal advertising, and the
firm size.

Next consider low productivity firms. Their vacancies are filled exclusively by referral hiring
and are matched with workers at rate qN (u), so the dynamic equations for v(y) and e(y) are
given by:

v̇(y) = γ v0 + δe(y) − qN (u)v(y) − φv(y) if yI
0 < y < yc,

ė(y) = qN (u)v(y) − δe(y) if yI
0 < y < yc.
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Figure 3

left panel: partial equilibrium ii (PEII).right panel: endogenous boundaries yI
0, yc, and yII

0 depending on the
fixed cost component c.

In the steady state, it should again be the case that v̇(y) = 0 and ė(y) = 0, which yields v(y) =
γ v0/φ. The size of less productive firms is then given by:

e(y) = qN (u)
v(y)

δ
= qN (u)

γ v0

φδ
for yI

0 < y < yc.

We can see that all these firms have the same employment size that is smaller than the size of
advertising firms. Hence, our model predicts that nonadvertising firms grow slowly and remain
small in the steady state. Moreover, small firms use referral hiring as the only search channel,
whereas larger firms use both search channels simultaneously.

2.4. Equilibrium II. Equilibrium II arises when condition (R) is not satisfied, in this case,
the fixed cost of advertising a vacancy is sufficiently small (c < c(l)), so that all firms find
it optimal to advertise their vacancies to some extent. This equilibrium is illustrated on the
left panel of Figure 3. We can see that the intersection between the two present value curves
V 0(y) and V (y), giving rise to the output cutoff yc, is substantially below the reservation out-
put yII

0 , so it is not relevant in equilibrium II. Moreover, we can see that V (y) > V 0(y) in the
whole range [yII

0 ..b − w̄]. Thus, all firms are better off by advertising their vacancies. The least
productive firm in the market can then be found from the following condition V (yII

0 ) = K,
which means that this firm is indifferent between paying the entry cost K combined with ob-
taining an expected present value of profits V (yII

0 ) and not entering the market at all. In addi-
tion, the present value of open vacancies before their productivity type is assigned is given by:

rV = γ

∫ b−w̄

−w̄

max[(V (y) − V ), 0]
1
b

dy = γ

b

∫ b−w̄

yII
0

(V (y) − V )dy.

To obtain this condition, we rely on our result from proposition 1 that the present value of
an open vacancy V (y) is increasing in y, which generates a unique reservation productivity
yII

0 based on the boundary condition V (yII
0 ) = K. Given Equation (7), this boundary condition

leads to the following quadratic equation:

A(θ )y2
0 − y0(2KrA(θ ) − B(u)) − K(rB(u) + r + φ) + A(θ )r2K2 − c = 0,
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Solving this equation for y0, we can find the reservation productivity in the second equilibrium
yII

0 . Our results are summarized in the following proposition:

Proposition 4. Consider a given tuple {θ, u}. Then there exists a partial equilibrium (PEII)
of the model such that all firms with output in the range [yII

0 ..b − w̄] open new vacancies and ad-
vertise them formally in addition to referral hiring. This partial equilibrium arises if condition
(R) is violated. The reservation output of firms yII

0 is given by:

yII
0 = rK + (r + δ)

c0q2(θ )(1 − β)

(√
(qN (u))2 + 2c0q2(θ )[K(r + φ) + c] − qN (u)

)
> rK.(11)

This function is strictly decreasing in q(θ ) and B(u), which means that yII
0 is increasing in θ but

decreasing in u. Moreover, limθ→0yII
0 = rK.

Proof. Appendix A.3. �

Proposition 4 shows that the reservation cutoff yII
0 is increasing in the cost c, so that a higher

advertising cost reduces the number of active firms in the market. This is different from equi-
librium I where the reservation cutoff yI

0 does not directly depend on the cost c. The reason is
that in the first equilibrium, low-productivity firms do not advertise their vacancies, and there-
fore, their entry decision does not depend on the cost c. This is illustrated on the right panel of
Figure 3.

Figure 3 illustrates and compares the three threshold variables yI
0, yc, and yII

0 for different
values of the advertising cost c. For low values of the cost parameter such that c < c(l), low-
productivity firms with y < yII

0 do not enter the market, whereas all firms with output values
above yII

0 enter and use both search channels simultaneously. Moreover, the reservation out-
put yII

0 is positive even when c = 0 and it is increasing in c meaning that in equilibrium II,
less and less firms enter the market when the advertising cost is higher. For the special case
c = c(l), both partial equilibria coexist and several conditions are satisfied at the same time. In
the first equilibrium, we have the reservation output condition V 0(yI

0) = K and the advertising
indifference condition V 0(yI

0) = V (yc). In addition, we know that yI
0 = yc for c = c(l). In the

second equilibrium, we have the reservation output condition V (yII
0 ) = K. So, we get:

if c = c(l) then V (yII
0 ) = K = V 0(yI

0) = V (yc) ⇒ yII
0 = yc.

Hence, all three cutoff values coincide, that is, yII
0 = yI

0 = yc. This means that in this special
case, firms with output y = yII

0 = yI
0 = yc are indifferent between entering or not and, given

the market entry, between advertising or not. For larger values of the cost c > c(l), the reser-
vation output yI

0 remains constant since it does not depend on c but the threshold yc is increas-
ing in c (yc is proportional to the square root of c). This means that the number of entering
firms remains constant in equilibrium I, but the number of advertising firms is decreasing with
the higher advertising cost c.

Note that yII
0 > rK implies that all workers optimally accept all jobs in this economy. To see

this, note that yII
0 > rK is equivalent to:

yII
0 = bpII

0 − w̄ > rV(bpII
0 − w̄) = rK ⇔ bpII

0 − rV(bp0 − w̄) > w̄ ⇔ w(pII
0 ) > w̄.

This equation implies that even the least productive firm in the market is able to pay a wage
that is higher than the reservation wage of workers. Thus, the optimum for workers is to ac-
cept all jobs. Intuitively, this is because firms pay an entry cost K in this market, which makes
them relatively selective, so the threshold productivity pII

0 is sufficiently high. In other words,
unproductive firms that cannot even pay the reservation wage to workers do not enter the
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market. The same holds in equilibrium I where we could show that yI
0 > rK meaning that

w(pI
0) > w̄.

Finally, we consider the firm size. Since all firms are advertising their vacancies in equilib-
rium II, the steady-state firm size is given by:

e(y) = (a(y)q(θ ) + qN (u))
v(y)

δ
= (a(y)q(θ ) + qN (u))

γ v0

φδ
for y > yII

0 .

Here, again, we can see that more productive firms spend more resources on formal recruit-
ment, grow faster, and become larger in the steady state. This implies a positive relationship
between the firm size and the intensity of formal advertising.

2.5. The Market Tightness. In this section, we analyze how the market tightness is deter-
mined in each of the equilibria. Note that all endogenous variables in the previous sections
depend on the tuple {θ, u}, even though we suppressed this dependence so far for the ease
of notation. In this section, we use extended notation for the present values of open vacan-
cies V (y, θ, u) and V 0(y, u). We already know that both present values are increasing with a
higher unemployment rate u because a larger pool of unemployed individuals makes network
hiring faster and more efficient. V 0(y, u) does not depend on the market tightness θ since it is
a present value of firms that do not advertise their vacancies. In contrast, V (y, θ, u) is decreas-
ing in θ because the probability of formal hiring is lower when the market is tighter and more
competitive from the perspective of firms.

Note that the present value of waiting V (θ, u) also depends on the tuple {θ, u}. So, the equi-
librium market tightness θ can be found from the free-entry condition V (θ, u) = K, which
says that firms open vacancies up to the point where the expected gain of opening a new va-
cancy V (θ, u) is equal to the entry cost K. This allows us to rewrite Equation (8) in equilib-
rium I in the following way:

rV(θ, u) = γ

b

∫ yc(θ,u)

yI
0(u)

(V 0(y, u) − K)dy + γ

b

∫ b−w̄

yc(θ,u)
(V (y, θ, u) − K)dy,(12)

Note that the cutoff values yc(θ, u) and yI
0(u) also depend on the market situation. In particu-

lar, yc(θ, u) is increasing in the unemployment rate u, whereas yI
0(u) is decreasing in u, which

means that in the times of high unemployment, fewer firms advertise their positions in a for-
mal way and more firms rely on referral hiring as the only search channel. The reason is that
network hiring is relatively efficient when the unemployment rate u is high. Proposition 5 be-
low shows that the present value of waiting V (θ, u) is decreasing in θ , so if there exists a solu-
tion to equation K = V (θ, u), then it is unique.

Next, consider the free-entry condition V (θ, u) = K in equilibrium II:

rV(θ, u) = γ

b

∫ b−w̄

yII
0 (θ,u)

(V (y, θ, u) − K)dy.(13)

Note here that the lower output boundary yII
0 (θ, u) is increasing in the market tightness θ ,

which means that stronger competition in formal advertising between firms reduces the num-
ber of firms or vacancies in the market. Again, Proposition 5 proves that the present value of
waiting V (θ, u) in equilibrium II is decreasing in θ , so if there exists a solution to Equation
(13), then this solution is unique.

Figure 4 is illustrating our results. Consider a very high value of θ such that yc(θ, u) > yI
0(u),

which implies that the labor market is in equilibrium I. If we now reduce the market tightness,
the cutoff yc(θ, u) decreases. This means that more and more firms use formal advertising in
addition to referral hiring. For some θ , we will reach a situation when yc(θ, u) = yI

0(u) which
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Figure 4

solution to the free-entry condition K = V (θ, u) for low and high unemployment

is the equilibrium switching point. We denote the corresponding market tightness by θc, then
we get:

yc(θc, u) = yI
0(u) = yII

0 (θc, u) ⇒ q(θc) = qN (u)
√

c√
0.5c0K(r + φ)

⇒ θc(u).

At this point, the market is moving from equilibrium I to equilibrium II and the present
value of open vacancies in both equilibria is given by V (θc, u). Next, we analyze what happens
if the market tightness converges to 0 in the limit in equilibrium II. From Proposition 1, we
know that limθ→0rV(y, θ, u) = y, and from Proposition 4, we know that limθ→0yII

0 = rK. This
leads to the following expression for limθ→0V (θ, u) based on Equation (13):

lim
θ→0

rV(θ, u) = lim
θ→0

γ

b

∫ b−w̄

rK

(y
r

− K
)

dy = γ

b
0.5
r

(b − w̄ − rK)2 ≡ rV̄ .

Intuitively, this is the highest expected present value of profits from opening a vacancy in the
market, let it be denoted by rV̄ . This directly implies that there is no equilibrium in our model
if the entry cost K is larger than the maximum expected profit V̄ since in this case, there is no
solution to the free-entry condition K = V (θ, u). We summarize these results in Proposition 5:

Proposition 5. For K < V̄ , the market tightness θ∗(u) is uniquely determined by the free-
entry condition K = V (θ, u). For K < V (θc, u), equilibrium I prevails and the present value
V (θ, u) is given by Equation (12); for V (θc, u) < K < V̄ , equilibrium II prevails and the
present value V (θ, u) is given by Equation (13). In both cases, ∂θ∗(u)/∂u > 0. For K > V̄ , there
is no equilibrium.

Proof. Appendix A.4. �

Given the results in Proposition 5, we can determine the equilibrium unemployment and
analyze the impact of unemployment on the endogenous variables in the model. However, the
focus of our article is on the cross-sectional heterogeneity of firms, so we continue by summa-
rizing the cross-sectional predictions of our model in the next section. At the same time, the
business cycle properties of the model could be interesting and particularly unemployment is
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one of the most frequently used indicators of the business cycle. That is why we decided to
present these properties in Appendix A.5.

2.6. Summary of Model Predictions. In this section, we summarize a number of predic-
tions from our model. As we know from above, equilibrium I captures stronger heterogene-
ity of firms, so we use the results obtained from this equilibrium to summarize our predictions.
As we show later in the empirical part of the study, this equilibrium selection is supported by
the data since there is a substantial number of firms that do not use the formal search chan-
nel. First, our model indicates that small firms do not use formal advertising and rely on refer-
ral hiring for filling their positions. The reason is that small firms are less productive and the
fixed cost of advertising c is too high for them. In contrast, larger firms find it optimal to ad-
vertise their vacancies. These firms are more productive and can afford to pay a higher cost;
moreover, the foregone profit from open vacancies is higher for more productive firms, so
they have stronger incentives to make their vacancies visible to workers. We formulate these
results as hypothesis H0:

Hypothesis H0: Smaller firms with output in the range yI
0 < y < yc and total employment

equal to e(yc) do not use formal advertising and rely exclusively on referral hiring. Larger
firms with employment e(y) > e(yc) use both search channels—formal advertising and re-
ferral hiring.

Next, we consider large firms with output values y > yc and employment e(y) > e(yc). All
these firms are advertising their vacancies; furthermore, from Proposition 2, we know that
their search effort a is increasing in y, that is, da/dy > 0. Given that in our empirical data, we
observe wages but not outputs, we reformulate this result in terms of wages for the purpose
of testing. Recall that the wage equation is given by w(y) = β(y − rV(y)) + w̄. From Proposi-
tion 1, we know that the term y − rV(y) is increasing in y, which means that more productive
firms pay higher wages: dw/dy > 0. Next, we want to understand the relationship between the
firm size and wages predicted by our model, so we differentiate the firm size e with respect to
w for the group of advertising firms based on Equation (10), we get:

de
dw

= ∂e
∂a

· ∂a
∂w

> 0, because
∂e
∂a

= γ v0q(θ )
φδ

> 0 and
∂a
∂w

= da/dy
dw/dy

> 0.

This equation shows that more productive firms pay higher wages and invest more resources
into formal recruitment. This makes more productive firms more successful in hiring workers
than less productive firms. So, these firms grow faster and become larger in the equilibrium.
This means the model describes a positive relationship between the firm size e and advertis-
ing intensity a combined with a positive relationship between the firms size e and wages w. We
summarize the former part of this finding in hypothesis H1, whereas all the findings concern-
ing wages are summarized and discussed in the end of this section.

Hypothesis H1: Considering the group of firms with a > 0, larger firms invest more effort
into formal search activities than smaller ones, that is, ∂a/∂e > 0.

Next notice that firm’s output y = bp − w̄ not only depends on the firm’s type p but it also
depends on the type of the worker b. That is, firms face even higher foregone profits in labor
markets for more educated workers, so they invest more into formal job search in these mar-
kets. We summarize this finding in hypothesis H2.

Hypothesis H2: Considering the group of firms with a > 0, firms invest more formal search
effort in labor markets for more educated workers, that is, ∂a/∂b = p(da/dy) > 0.

Suppose now that some firms do not use referrals as a search channel, that is, s = 0. This
could be an explicit choice of the firm or an institutional restriction. Their search intensity via



formal search and referrals 1697

the formal search channel then becomes:

a = r + δ

rq(θ )(1 − β)

(√
(r + φ)2 + 4rA(θ )[y(r + φ) + rc] − (r + φ)

)
⇒ ∂a

∂w
= da/dy

dw/dy
> 0,

which means that even if referrals are not used by the firm, there is still a positive relationship
between output, wages, and formal search intensity. Moreover, the employment size of these
firms is given by:

e = aq(θ )
γ v0

φδ
⇒ ∂e

∂a
= γ v0q(θ )

φδ
> 0,

so again, there is a positive relationship between the advertising intensity a and the firm size e.
We formulate this prediction in hypothesis H3:

Hypothesis H3: The positive relationship between the firm size and formal search in-
tensity should be observed even for firms that do not use referrals, that is, ∂a/∂e =
φδ/(γ v0q(θ )) > 0 even if s = 0.

Next, Proposition 2 shows that a(y) is decreasing in qN (u). This means that firms that use
referrals as a search channel invest less effort into formal search activities compared to firms
that do not use referrals. To put it in other words, there is substitution between these two
channels. We summarize this prediction in hypothesis H4.

Hypothesis H4: Firms that use referrals as a search channel invest less into formal search
compared to firms that do not use referrals, that is, the formal search intensity a is lower
when s = 1 compared to firms with s = 0.

So far, we have focused on the ex ante characteristics of hiring. Next, we consider firms that
use both search channels and calculate a fraction of workers hired by referrals in these firms,
denoted by F . Thus, this fraction refers to an ex post perspective on hiring; F is given by:

F = qN (u)
aq(θ ) + qN (u)

⇒ ∂F
∂a

< 0 ⇒ dF
de

= ∂F/∂a
∂e/∂a

< 0.

Since larger firms invest more into the formal channel (i.e., a is increasing in e), the fraction
of workers hired by referrals should be decreasing with the firm size. This result is our next
hypothesis.

Hypothesis H5: Considering the group of firms with a > 0, larger firms are less likely to
hire an applicant by referral than smaller firms, that is, dF/de < 0.

Even though our model differs considerably from the model by Galenianos (2013), both
models conclude that low-productivity firms exhibit greater prevalence of referrals than high
productivity firms (Proposition 3.4). In particular, the model in Galenianos (2013) is based on
the perfect substitution mechanism assuming that more productive firms (i.e., larger firms) in-
vest more effort into the formal search channel but at the same time reduce their search in-
tensity through the referral channel. Therefore, the decision of firms to invest more effort into
the formal channel does not affect the total number of matches or applicants, respectively. In
contrast, our model implies that larger firms invest more formal search effort into the hiring
process and, on average, get a larger number of applications per vacancy per unit time than
smaller firms. Indeed, in our model, firms also increase the proportion of applications from
the formal channel by increasing their search effort a. But the difference to Galenianos (2013)
is that the absolute number of applicants is allowed to change, because firms do not necessar-
ily reduce their search effort associated with the referral channel. Recall that aq(θ ) + qN (u) is
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the Poisson arrival rate of applicants, so this term is also the average number of applications
per vacancy over a given unit of time. We summarize this result in hypothesis H6:

Hypothesis H6: Larger firms invest more effort into formal search activities ∂e/∂a > 0
and receive a larger number of applications aq(θ ) + qN (u) per vacancy per unit time than
smaller firms.

Note that the total number of applications per vacancy mentioned in hypothesis 6 is a hy-
pothetical construct since in the model, firms always accept the first candidate applying for the
job. However, if firms decide to wait and accumulate applications over a prespecified unit of
time, then larger firms would accumulate more applications than smaller firms. Formally, the
reason is that job applicants arrive to vacancies according to the Poisson process and the in-
tensity of this process aq(θ ) + qN (u) is equal to the average number of successful arrivals over
a given unit of time. We formulate this hypothesis in terms of the number of applications to
bring it closer to the empirical data.

Finally, our model has several predictions concerning wages. First, wages are increasing
with the skill level of the worker, and second, wages are increasing with the firm size, that is,
∂e/∂w > 0. This holds for all firms irrespective of their recruitment strategies. Even though
there is some support for this “firm size effect” for the United States (Oi and Idson, 1999; Fox,
2009), it is not obvious whether this link also holds for Germany. We tested this relationship
by using the Establishment History Panel (BHP) and find that it is strongly supported by the
German empirical data. Also, the data reveal that wages are increasing with the skill require-
ments of the position. However, the focus of our study is on recruitment strategies instead of
wages, so our wage regressions are delegated to Appendix A.6. Thus, in the following, we fo-
cus on hypothesis H0–H6 containing our findings with respect to recruitment strategies and
search channels of firms and turn to the description of the main empirical data in the next
section.

3. data

Our empirical analysis is based on data from the Job Vacancy Survey of the Institute for
Employment Research (IAB JVS) for the years 2012–2016. The IAB JVS is a representative
survey among human resource managers or managing directors in German firms from all sec-
tors of economic activities and from all company size classes. One of the main objectives of
the survey is to explore the recruiting processes. In each wave of the survey, a representative
sample of companies and administrations with at least one employee subject to social secu-
rity contributions is taken from the employment statistics of the Federal Employment Agency.
The survey is stratified disproportionately, structured into 28 economic activities and seven
company size classes, and is drawn separately for Eastern and Western Germany. The reasons
for the disproportional stratification are twofold. First, there are still considerable differences
between the labor markets in East and West Germany, for example, in the section structure or
the labor supply structure. Second, around 95% of German firms are small or very small. Ac-
cordingly, there is a need to oversample large firms to come to a valid data base. Additionally,
to ensure that the frequency in each cell of this sample matrix is sufficiently large, the drawing
generally considers the response rates, the permissible sample error, and the maximum error
tolerance for sampling rates to be expected (Brenzel et al., 2016).

The gross sample comprises between 75,000 and 85,000 addresses and the response rate is
about 20% (for more information, see Kettner et al., 2011; Brenzel et al., 2016). To ensure
the representativity of the survey data, the distribution of the share of establishments and em-
ployees subject to social insurance contributions in each cell of the stratified sample is steadily
monitored. Additionally, a nonresponse analyses on each wave of the survey returned only
marginal corrections (see Brenzel et al., 2016). Generally, the sample for the different waves
is newly drawn each year. This implies that most firms are observed only once during the
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observation period and only a small part of firms appears more than once. Since these firms
cannot be explicitly identified, our data have the characteristics of a cross-sectional sample,
observed in different years.

To get information about recruiting processes, a part of the questionnaire focusses on the
last case of hiring in the previous 12 months prior to the survey. The firms are asked for de-
tailed information about their search strategies for one successful and one unsuccessful re-
cruitment case. In the case of successful recruitment, there is also information asked for the
one strategy that finally turned out to be successful and yielded the applicant. To ensure a
random sample of successful recruitment cases, firms are requested to identify the last person
that was hired on a position that is subject to social insurance. If more than one person was
hired, firms should fill in information on the person whose name comes first in the alphabet.
In principle, the procedure is the same for the selection of an unsuccessful recruitment pro-
cess. Since in this case no person was hired, there are no further sampling instructions.3

To bring the data and the theoretical model close to each other, we merged several formal
search strategies used by firms into one formal search channel, and the alternative is the infor-
mal search channel consisting of employee’s referrals. The formal channel includes (i) placing
ads in newspapers or magazines, (ii) posting the vacancy in the Internet, (iii) posting a vacancy
on the firm’s own Web site, and (iv) contacting the federal employment agency.4 One vari-
able that is crucial for our theoretical analysis is search effort of firms attributed to the formal
channel. Even though search effort is generally unobservable, we constructed a proxy variable
for the formal search intensity of firms ai. This variable takes five discrete values in the range
[0..4], where ai = j > 0 implies that firm i used j formal strategies from the above list to fill
the position. In the following, we investigate which factors are driving the formal search in-
tensity of firms and use it as an explanatory variable determining which channel generated a
new match.

The idea to use the formal search effort as an explanatory variable received some atten-
tion in the literature but was not implemented so far. For example, Mouw (2003) refers to the
works of Montgomery (1992) and discusses the problem of “multiple methods of job search”
when considering the process of search from the perspective of workers. In particular, he
points out that comparing ex post frequencies of finding a job formally or by referral is “a
misleading way to determine the effectiveness of job search methods if workers use multi-
ple methods of job search” (Mouw, 2003, p. 870), because workers’ ex ante search effort at-
tached to these channels can be different and may lead to biased results. The same problem
may arise in the context of firms’ search, and therefore, we follow the proposal of Krug and
Rebien (2012) and use formal search effort of firms as an explanatory variable instead of the
search channel that was successful to find a new employee.

Figure 5 shows the histogram of the formal search intensity ai. We can see that most of the
firms use one, two, or three search strategies, followed by firms that do not use the formal
search channel at all (ai = 0). Note that ai = 0 implies that the firm was exclusively relying
on referrals in the search process. The histogram reveals that very few firms use four search
strategies (approximately 7%).

If the firm used at least one of the formal strategies to find job candidates, we set yF
i =

1; otherwise, yF
i = 0. This is a binary indicator variable for the formal job search. We use a

similar indicator si = 1 if the firm was using referrals to fill the position; otherwise, si = 0.

3 One potential drawback of the data is that it is not possible to derive information on the probability of how suc-
cessful firms and their recruitment strategies are, that is, there is no information on the total number of firm’s vacan-
cies and how many of them were successfully filled over a given period. However, this is not of importance for our
article.

4 We assigned the most frequent formal strategies to the formal channel. However, the survey distinguishes a few
further search strategies, for example, contacting a private employment agency, considering the pool of unsolicited
applications, internal job postings, selection of apprentices, leased workers, or interns. We excluded firms using these
search strategies from our analysis because these strategies are considered by the survey only for certain years and
because these strategies cannot be clearly assigned to the formal or the informal channel.
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Figure 5

distribution of the number of chosen formal search channels by firms (fractions)

Note that ai = 0 automatically implies that si = 1 but not vice versa. Finally, yS
i equals 1 if the

worker was recruited by referral and yS
i equals 0 if it was the formal channel. This ex post in-

formation is only available for successful recruitment cases.5

The data for successful recruitment give information on the characteristics of the vacancy
to be filled, such as whether the position requires additional skills, for example, leadership
abilities or knowledge of foreign languages; additionally, information about the previous
employment status of hired workers is available.6 All in all, about 9,000 companies answer this
part of the questionnaire in each year, from which around 1,000 report unsuccessful recruiting
attempts. For our main analysis, we use data from the years 2012–2016, because informa-
tion about abortions of recruitment processes is only available for this observation period.
Although due to the extensive use of control variables we lose a number of observations,
our restricted sample remains representative. We checked this by comparing the frequency
statistics of the stratification variables for each constructed data set.

Figure 6 illustrates the number of observed recruitment cases depending on the search
channel and separating between successful and unsuccessful recruiting. This also illustrates
the logic of our analysis; at first, firms decide to use referrals, to search via the formal chan-
nel or to use both channels simultaneously. Then the following recruiting process is either un-
successful, thus the firm has to abort the recruitment activity without hiring, or the recruiting
process is successful. In the latter case, we can observe by which of the two channels the
worker was hired.

Figure 6 shows that there is a substantial number of firms that do not use the formal search
channel, indicating that our equilibrium selection in the theoretical part of the study was cor-
rect. Indirectly, this evidence suggests that the fixed costs of using the formal channel are pro-

5 Note that we can also observe two further formal strategies for the sample of firms that report successful recruit-
ment cases. These two strategies are (v) contacting a private employment agency and (vi) considering the pool of
unsolicited applications. Based on this sample and where possible, we conducted analyses with the six formal strate-
gies in addition to our main analysis that we present in Section 4; the results with seven discrete values of the formal
search index [0..6] are qualitatively the same and can be obtained from the authors upon request.

6 The data are not available for unsuccessful recruitment cases.
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hibitively high for some firms in the market and/or social networks are sufficiently large and
yield suitable job candidates. Table 1 shows descriptive statistics of survey variables that are
most important for testing hypotheses H0–H6 from the theoretical part. The table consists of
seven panels; each of these panels refers to one of the hypotheses (see the headlines).

Hypothesis H0 postulates that there are some firms in the market that rely exclusively on
referral hiring and do not use the formal channel; moreover, these firms are smaller than
those using the formal channel. First panel of Table 1 presents relative frequencies of firms
that search formally (yF

i ) depending on the firm size (‘1–9 employees,” “10–49 employees,”
“50–249 employees,” and “250 and more employees”). The third column contains absolute
numbers of observed firms. We can see that even among the smallest firms with less than 10
employees, 67% use formal search, at the same time, this fraction is increasing with the firm
size. This shows that hypothesis H0 is supported in the broader sense that larger firms are
more likely to use the formal search channel than smaller firms but it is not supported in the
strict sense that none of the smaller firms is using the formal channel.

Next, we analyze descriptive evidence related to hypothesis H1 saying that larger firms in-
vest more effort into formal advertising of their positions. The second panel of Table 1 shows
that the average formal search index ai is increasing from 1.87 in the class of firms with less
than 10 employees to 2.49 among firms with more than 250 employees. This finding is in line
with hypothesis H1. Note here that we restricted the sample to firms with ai > 0 to make it
comparable with the theoretical model.

The third panel refers to hypothesis H2 and shows the average formal search index ai de-
pending on the required skill level for the position. Skill requirements include the following
three categories: “no qualification necessary,” “vocational training,” and “university degree.”
The average formal search index increases with higher qualification requirement. This is in
line with hypothesis H2.

Further, hypothesis H3 implies that the positive relationship between the firm size and for-
mal search intensity should be observed even for firms that do not use referrals. The fourth
panel of Table 1 presents averages of the formal search index depending on the firm size. The
difference to the second panel is that the sample is restricted to firms that do not use referrals;
thus, all firms in the sample search exclusively through the formal channel, that is, si = 0 and
ai > 0. We find again that this search index increases on average with an increasing firm size.
This finding corroborates hypothesis H3.

In the fifth panel, related to hypothesis H4, we compare the average formal search index of
firms that either use referrals si = 1 or do not use referrals si = 0 for the four firm size classes.
We find that the average intensities of firms that use referrals are smaller compared to firms
that do not use referrals; this is in line with hypothesis H4.

The sixth panel refers to Hypotheses H5 and presents relative frequencies of referral (yS
i =

1) and formal placements (yS
i = 0) for the four firm size classes. We see that these frequen-

cies become smaller with larger firm size. Here, the sample is restricted to firms that used
both search channels following the theoretical model. The descriptive evidence is in line with
hypothesis H5.

The seventh panel provides descriptive statistics referring to hypothesis H6. In our data,
we have information about the number of applications received by firms. However, a direct
comparison of the number of applications across firms can be misleading because firms may
choose different time spells between the moment when the position is posted and the appli-
cation deadline. Thus, we control for these differences by dividing the number of applications
by the search duration. This is to guarantee that we compare the number of applications over
the same time period for all firms. The search duration is measured in days and it is defined as
the period from the start of the firm’s search until cancelation of the firm’s search or a firm’s
positive recruitment decision; in our sample, the average search duration is 83 days (with a
standard deviation of 107). Therefore, the last panel reports average numbers of applications
per vacancy and search duration for the four firm size groups. We can see that the average
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Table 1
descriptives of the most important variables for hypotheses h0–h6

Hypothesis H0: Formal Search and Firm Size
Use of Formal Channels yF

i
Rel. Freq. N

Number of employees (four firm size classes)
1 ≤ ee < 10 0.67 5313
10 ≤ ee < 50 0.79 20272
50 ≤ ee < 250 0.88 9945
250 ≤ ee 0.95 4205
Total 0.81 39735

Hypothesis H1: Formal Search and Firm Size, Restricted to a Sample of Firms that Used Both Referral and Formal
Search

Formal Search Index ai
Mean N

Number of employees (four firm size classes)
1 <= ee < 10 1.87 1759
10 <= ee < 50 2.02 7377
50 <= ee < 250 2.26 3634
250 <= ee 2.49 1363
Total 2.11 14133

Hypothesis H2: Formal Search and Skill Requirements, Restricted to a Sample of Firms that Used Both Referral and
Formal Search Strategies

Formal Search Index ai
Mean N

Skill requirements
w/o qualification 1.98 1901
Vocational training 2.09 9863
University degree 2.29 2369
Total 2.11 14133

Hypothesis H3: Formal Search and Firm Size, Restricted to Firms that Use Only the Formal Channel and Don’t Use
Referrals

Formal Search Index ai > 0
Mean N

Number of employees (four firm size classes)
1 ≤ ee < 10 1.77 1818
10 ≤ ee < 50 1.92 8572
50 ≤ ee < 250 2.20 5161
250 ≤ ee 2.42 2619
Total 2.06 18170

Hypothesis H4: Formal Search Intensity by Firms that Either Use Referrals Or Not
Use of Referrals si

No Yes All

Mean of Formal Search Index ai N (for All)

Number of employees (four firm size classes)
1 ≤ ee < 10 1.77 0.94 1.22 5313
10 ≤ ee < 50 1.92 1.27 1.55 20272
50 ≤ ee < 250 2.20 1.71 1.97 9945
250 ≤ ee 2.42 2.14 2.31 4205
Total 2.06 1.38 1.69 39735

Continued
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Table 1
continued

Hypothesis H5: Placement with Referral by Firm Size, Restricted for Successful Recruitment Cases and Firms that
Used Both Referral and Formal Search Strategies

Placement by Referral
(yS

i = 1)
Rel. Freq. N

Number of employees (4 firm size classes)
1 ≤ ee < 10 0.63 1051
10 ≤ ee < 50 0.60 5294
50 ≤ ee < 250 0.50 2710
250 ≤ ee 0.41 1028
Total 0.56 10083

Hypothesis H6: Numbers of Applicants Per Vacancy and Search Duration by Firm Size
Average Number of

Applicants Per Vacancy
and Search Duration N

Number of employees (four firm size classes)
1 ≤ ee < 10 0.26 3144
10 ≤ ee < 50 0.35 13428
50 ≤ ee < 250 0.52 7150
250 ≤ ee 0.71 3224
Total 0.43 26946

Source: IAB Job Vacancy Survey 2012–2016. Own computations.

number of applications per day increases with the size of the firm. This finding is in line with
hypothesis H6.

We continue the empirical analysis by evaluating different regression models. The list of
control variables allow us to consider temporal shocks and cross-sectional heterogeneity of
firms. For the analysis based on all recruitment cases (with and without successful recruit-
ment), these controls consist of the share of employees without any qualification, the share
of employees with vocational training and the share of employees with a university degree. In
the survey, the data are available for 32,360 of 39,735 observations. We imputed missing val-
ues for the remaining 7,375 observations with sector and firm size averages of the employment
shares.7 The upper part of Table 2 presents means and standard deviations of these variables.
With an average of 72%, the share of employees with vocational training in a firm is much
larger than the share of employees without qualification or employees with a university de-
gree in the same firm. According to the standard deviations, there is huge variation of these
shares in the sample.

For the analysis based on successful recruitment processes, the set of control variables is
larger and includes additional information on further skill requirements such as leadership
ability, adequate experience, skills from a training program beyond the standard vocational
training, social skills, and foreign languages. We compare relative frequencies and standard
deviations of these variables in the middle part of Table 2. Here, we see that social skills (35%
of all successful recruitment cases) or experience (34% of all successful recruitment cases) are
rather often asked for, whereas leadership abilities and foreign languages are rarely required

7 In doing so, we computed the total numbers of employees belonging to a certain skill level (i.e., without any qual-
ification, vocational training, or university degree) within each of 23 economic sectors and one of seven firm size
classes (“1≤ ee 10,” “10≤ ee < 20,” “20≤ ee < 50,” “50≤ ee < 200,” “200≤ ee < 500,” “500≤ ee < 1,000,” “1,000≤
ee ”). Then we divided each of these numbers by the total of all employees within the same economic sector and the
same firm size class. Therefore, we get an average share of employees with a certain skill level by economic sectors
and firm size classes that we use as a proxy for the employee share in a firm without information about the employ-
ment share and that belongs to the adequate economic sector and size class.
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Table 2
descriptive statistics of further control variables

Mean Stand. Dev.

Employee shares by skill level
Share of unskilled workers 0.10 0.18
Share of skilled workers with vocational training 0.72 0.25
Share of skilled workers with university degree 0.17 0.22
N 39735

Only for successful recruitment cases Rel. Frequency Stand. Dev.

Additional skill requirements (multiple answers allowed)
Leadership ability 0.08 0.29
Experience 0.34 0.47
Skills acquired from a training program outside the

standard vocational training
0.20 0.40

Foreign languages 0.08 0.28
Social skills 0.35 0.48
Former employment status of recruited workers
Employed 0.66 0.47
Unemployed 0.26 0.44
Out of labor force 0.08 0.27
N 32329

Source: IAB Job Vacancy Survey 2012–2016. Own computations.

(both at 8% of all successful recruitment cases). Again, the standard deviations are relatively
large and indicate large variation of the further skill requirements in the sample of successful
recruitment cases.

For successful placements, we also have information on the former employment status
of recruited workers; this status is either “employed,” “unemployed.” or “out of the labor
force.” The lower part of Table 2 reports relative frequencies and standard deviations of these
dummy variables. We can see that most of the recruited workers were “employed” before, fol-
lowed by workers that were “unemployed,” and those “out of the labor force.” Given that in
our theoretical model, there is no on-the-job search, we pay special attention to workers hired
from unemployment and report our empirical results separately for the full sample and for the
restricted sample of previously unemployed applicants.

Finally, all our specifications contain dummy variables for the German federal states, for the
23 economic sectors, for the observation years, and for the distinction of firms that report ei-
ther a successful or an unsuccessful case of recruitment versus firms that report both.

4. empirical strategy and results

For the exploration of hypotheses H0, H1, and H2, we use a simple logistic model:

Prob(yF
i = 1|xi) = exp(b0 + b1xi)

1 + exp(b0 + b1xi)
= 1

1 + exp[−(b0 + b1xi)]
.(14)

The term Prob(yF
i = 1|xi) denotes firm’s i probability of using the formal search channel (yF

i
equals 1 in case of using the formal search channel and 0 otherwise), conditional on the
column vector xi containing explanatory variables. At this stage, firm’s i size and the required
skill level are the explanatory variables we are interested in.

Regarding the firm size, we defined four groups (less than 10 employees, 10 to less than
50 employees, 50 to less than 250 employees, and 250 and more employees) and assigned
every firm to one of these groups. This corresponds to three size dummy variables (the
group of firms with less than 10 employees is the reference group, and therefore, excluded).
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Regarding the skill level, we can distinguish the jobs that do not require any formal qualifica-
tion from jobs that require vocational training and jobs that require a university degree. This
gives us two skill level dummy variables with “no formal qualification requirement” as refer-
ence category.

All these dummy variables are stacked with a number of further covariates in the col-
umn vector xi = (xi1xi2 . . . xik)′. The corresponding coefficients are stacked in row vector b1 =
(β11β12 . . . β1k). In all our estimations, we include year dummies, dummies for the federal
states where the firms are located, industrial sectors, and a dummy that indicates firms report-
ing both the last case of a successful and an unsuccessful recruitment. We also add stepwise
firm, vacancy, and worker-specific characteristics; further details about the covariates follow
along the description of the result tables. We report cluster robust standard errors by federal
states and we generally report odds ratios8.

The main analysis is based on a sample that includes both successful and unsuccessful re-
cruitment processes. This gives us the opportunity to analyze the probability of formal search,
regardless whether the recruitment process ended up with a new hire or not.

Table 3 presents the estimates. Results in column (1) stem from a specification where the
right-hand side consists only of three firm size class dummies (with the smallest firm size class
between one and nine employees) and the mentioned controls. Column (2) presents results of
a specification that contains information about the skill-level requirement of the job; that is,
there is a dummy in the case that the job requires vocational training and a dummy in the case
that the job requires a university degree. The reference category is equivalent to cases the job
requires no qualification. Results in column (3) are based on a specification with both firm size
class dummies and skill requirement dummies. Column (4) presents the results of the regres-
sion estimates based on the specification before and complemented by information about the
employment structure in terms of the share of employed who completed vocational training
and the share of employed university graduates (reference category is the share of employ-
ees without qualification; this share would sum up with the other shares to 1 and must be ex-
cluded from the regression equation).

In columns (5) and (6), we restrict the sample and exclude cases of unsuccessful search.
The specification in column (5) is the same as in column (4) and the specification in column
(6) considers further control variables that refer to additional skill requirements, more pre-
cisely leadership ability, experience, skills from training beyond formal qualification, foreign
languages, and social skills.

According to the results reported in Table 3, the probability of using the formal channel by
firms is higher in larger firms since the coefficients are increasing with the firm size. These re-
sults are robust throughout all presented specifications.9 This finding supports our theoretical
conclusion summarized in hypothesis H0 that larger firms are more likely to use formal adver-
tising; however, this hypothesis is not supported in the strict sense that small firms rely exclu-
sively on referral hiring.

Hypotheses H1 and H2 refer to the formal search intensity of firms instead of the probabil-
ity of using the formal channel. Though we are not able to construct the ideal continuous mea-
sure, our data allow us to compute an ordinal indicator that is equal to the sum of the search
strategies that firms decided to use and that are assigned to the formal channel. This indica-
tor variable was defined above and is denoted by ai. In our sample firms used between 1 and

8 Given that Pi ≡ Prob(yi = 1), the odds are Pi
(1−Pi )

= exp(b0) exp(β11xi1) · · · · · exp(β1kxik). Thus, for a certain co-

variate (xij with 1 ≤ j ≤ k) that is increased by 1, the change in the log-odds ratio (ln Pi
(1−Pi )

) is equal to (β1 j). In all re-
sult tables, we report exp(β1 j ); values below 1 (thus, β1 j < 0) indicate a negative effect on the odds and values larger
than 1 indicate a positive effect (thus, β1 j > 0).

9 Table A3 in Appendix A.7 contains the coefficients on further control variables. For example, we can see that
firms are less likely to use the formal channel when they are looking for workers with leadership abilities and
experience.
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Table 3
empirical results: probability of using the formal channel in recruiting processes as a dependent variable,

prob(yF
i = 1)

All Observations
Only Successful

Recruitment Cases

(1) (2) (3) (4) (5) (6)
logit logit logit logit logit logit

Number of employees (four firm size classes, reference: 1 ≤ ee < 10)
10 ≤ ee < 50 1.773*** 1.724*** 1.731*** 2.015*** 2.022***

(0.061) (0.060) (0.060) (0.078) (0.076)
50 ≤ ee < 250 3.629*** 3.454*** 3.482*** 4.163*** 4.167***

(0.252) (0.234) (0.241) (0.288) (0.288)
250 ≤ ee 7.886*** 7.041*** 7.151*** 8.668*** 8.568***

(0.520) (0.408) (0.416) (0.563) (0.549)
Skill requirements, reference: w/o qualification
Vocational training 1.901*** 1.832*** 1.775*** 1.716*** 1.667***

(0.115) (0.110) (0.103) (0.098) (0.096)
University degree 2.995*** 2.295*** 2.077*** 1.948*** 1.947***

(0.207) (0.131) (0.120) (0.112) (0.113)
Further control variables
Employee shares by skill level x x x
Additional skill requirements x
Observations 40944 39736 39736 39735 32329 32329
Pseudo-R2 0.105 0.0785 0.112 0.112 0.101 0.103

Federal states cluster robust standard errors in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.
Notes: Coefficients are reported as odds ratios, where a zero effect is 1. All specifications include year dummies,
dummies for the federal states where the firms are located, industrial sectors, and a dummy that indicates firms re-
porting both the last case of a successful and an unsuccessful recruitment case. Firms size class based on all em-
ployees, regardless whether employees are subject to social security contributions or not. Firms are considered that
used exclusively referrals, exclusively formal ways, or both referrals and formal ways as search channels (si ≥ 0, 0 ≤
ai ≤ 4). Employee shares by skill level comprise three groups: unskilled workers, skilled workers with vocational
training, and skilled workers with university degree. Additional skill requirements are a set of dummy variables
that denote whether the vacancy requires leadership ability, experience, further skills from training outside formal
qualification, foreign languages, and/or social skills. Detailed results on the further control variables are presented in
Appendix A.7, Table A3.
Source: IAB Vacancy Survey 2012–2016.

4 of these strategies,10 with a median of two chosen search strategies. So we computed an or-
dinal indicator for the formal search intensity, based on the assumption that the formal search
intensity is higher, the more formal strategies are used. In what follows, we analyze the influ-
ence of firm size and skill level requirements on the search intensity indicator with an ordered
logit model:

Prob(ai = j) = Prob(κ j−1 < b0 + b1xi + ui ≤ κ j ).(15)

The probability Prob(ai = j) of the outcome j = 1, . . . , 4 corresponds to the probability that
the estimated linear function, plus the error term,11 ui, is within the range of the cutpoints
κ0, κ1, κ2. These are simultaneously estimated with the coefficients b0, β11, β12, . . . β1k. In our
analysis, κ−1 goes to −∞ and κ3 to ∞. We report our estimation results as odds ratios: Note
that the ordered logit model estimates a single equation (regression coefficients) over (dis-

10 The maximum must be 4, because we assign four strategies (placing ads in newspapers or magazines, posting the
vacancy in the Internet, posting a vacancy on the firm’s own Web site, and contacting the federal employment agency)
to the formal channel in the survey throughout the observation period. The arithmetic mean for the sample of firms
that use both referrals and formal search channels is 2.08 with a standard deviation of 0.95. This shows that the index
values vary sufficiently across the firms.

11 The error term is assumed to be logistically distributed.
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Table 4
empirical results: search intensity through the formal channel, ai, as a dependent variable

All Observations
Only Successful

Recruitment Cases

(1) (2) (3) (4) (5) (6)
ord. logit ord. logit ord. logit ord. logit ord. logit ord. logit

Number of employees (four firm size classes, reference: 1 ≤ ee < 10)
10 ≤ ee < 50 1.271*** 1.254*** 1.249*** 1.263*** 1.274***

(0.056) (0.048) (0.049) (0.058) (0.059)
50 ≤ ee < 250 1.940*** 1.901*** 1.890*** 1.884*** 1.899***

(0.095) (0.079) (0.076) (0.079) (0.080)
250 ≤ ee 3.017*** 2.768*** 2.739*** 2.738*** 2.744***

(0.192) (0.168) (0.174) (0.190) (0.199)
Skill requirements, reference: w/o qualification
Vocational training 1.435*** 1.432*** 1.451*** 1.332*** 1.288***

(0.102) (0.106) (0.101) (0.104) (0.107)
University degree 2.235*** 1.922*** 2.027*** 1.794*** 1.703***

(0.174) (0.150) (0.135) (0.129) (0.145)
Further control variables
Employee shares by skill level x x x
Additional skill requirements x
Observations 14497 14133 14133 14133 10083 10083
Pseudo-R2 0.0400 0.0333 0.0425 0.0426 0.0327 0.0339

Federal states cluster robust standard errors in parentheses.
***p < 0.01, ** p<0.05, *p < 0.1.
Notes: Coefficients are reported as odds ratios, where the null effect is 1. All specifications include year dummies,
dummies for the federal states where the firms are located, industrial sectors, and a dummy that indicates firms re-
porting both the last case of a successful and an unsuccessful recruitment case. Firms size class based on all employ-
ees, regardless whether employees are subject to social security contributions or not. Firms are considered that used
both referrals and formal ways as search channels (si = 1, 1 ≤ ai ≤ 4). Employee shares by skill level comprise three
groups: unskilled workers, skilled workers with vocational training, and skilled workers with university degree. Addi-
tional skill requirements are a set of dummy variables that denote whether the vacancy requires leadership ability, ex-
perience, further skills from training outside formal qualification, foreign languages, and/or social skills. Detailed re-
sults on the further control variables are presented in the Appendix A.7, Table A4.
Estimated cutpoints for specification in column (4): κ0 = 0.8114301, κ1 = 2.297124, κ2 = 3.898334.
Source: IAB Vacancy Survey 2012–2016.

tinct) levels of the dependent variable. The change in levels is interpreted in a cumulative
sense. Taking the coefficients in odds ratios implies a comparison of the observation units that
are in groups greater than a specific κ versus those that are in groups less than or equal to κ .
A one unit change in the predictor variable induces that the odds for cases in a group that is
greater than κ versus less than or equal to κ are the proportional odds times larger.

Table 4 reports the estimates, based on the sample of firms that use both referrals and for-
mal strategies as search channel (si = 1, 1 ≤ ai ≤ 4). This is close to hypothesis H1 in the the-
oretical model that is formulated for firms that use both channels. The different model specifi-
cations in columns (1)–(6) are analogous to the previous Table 3.

We can see that in all specifications, the formal search indicator increases with a larger firm
size and with a higher qualification requirement of the position. According to our results, the
search intensity is low for job positions without a qualification requirement, it is somewhat
higher with a requirement of vocational training, and still higher for jobs that require a uni-
versity degree. Thus, hypotheses H1 and H2 cannot be rejected.

However, the survey also includes the firms that reported using only the formal chan-
nel for recruitment, that is si = 0. According to hypothesis H3 derived from our theo-
retical model, the positive relationship between the firm size and formal search intensity
should be preserved also for this subsample of firms. To validate this, we reestimated
the last specifications of the ordered logistic regression based on the sample of firms
that searched exclusively via the formal channel. Table 5 contains the results. Again, the
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Table 5
empirical results: search intensity through the formal channel as a dependent variable, ai, restricted sample

All Observations
Only Successful

Recruitment Cases

(1) (2) (3) (4) (5) (6)
ord. logit ord. logit ord. logit ord. logit ord. logit ord. logit

Number of employees (four firm size classes, reference: 1 ≤ ee < 10)
10 ≤ ee < 50 1.351*** 1.308*** 1.307*** 1.377*** 1.385***

(0.047) (0.046) (0.046) (0.056) (0.056)
50 ≤ ee < 250 2.369*** 2.224*** 2.226*** 2.359*** 2.352***

(0.121) (0.119) (0.124) (0.134) (0.133)
250 ≤ ee 3.515*** 3.056*** 3.057*** 3.143*** 3.112***

(0.305) (0.264) (0.274) (0.273) (0.270)
Skill requirements, reference: w/o qualification
Vocational training 1.942*** 1.907*** 1.898*** 1.877*** 1.717***

(0.149) (0.134) (0.124) (0.128) (0.116)
University degree 3.117*** 2.555*** 2.562*** 2.486*** 2.162***

(0.238) (0.148) (0.173) (0.168) (0.155)
Further control variables
Employee shares by skill level x x x
Additional skill requirements x
Observations 18698 18171 18171 18170 15205 15205
Pseudo-R2 0.0357 0.0283 0.0418 0.0418 0.0397 0.0421

Federal states cluster robust standard errors in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.
Notes: Coefficients are reported as odds ratios, where the null effect is 1. All specifications include year dummies,
dummies for the federal states where the firms are located, industrial sectors, and a dummy that indicates firms re-
porting both the last case of a successful and an unsuccessful recruitment case. Firms size class based on all employ-
ees, regardless whether employees are subject to social security contributions or not. Firms are considered that used
exclusively formal ways as search channels (si = 0, 1 ≤ ai ≤ 4). Employee shares by skill level comprise three groups:
unskilled workers, skilled workers with vocational training, and skilled workers with university degree. Additional
skill requirements are a set of dummy variables that denote whether the vacancy requires leadership ability, experi-
ence, further skills from training outside formal qualification, foreign languages, and/or social skills. Detailed results
on the further control variables are presented in the Appendix A.7, Table A5. Estimated cutpoints for specification in
column (4): κ1 = 0.9824285, κ2 = 2.600384, κ3 = 4.447658.
Source: IAB Vacancy Survey 2012–2016.

formal search intensity, ai, increases with the firm size. Thus, hypothesis H3 cannot be
rejected.

Another prediction generated by our theoretical model is that search by referrals and for-
mal search are regarded by firms as substitutes. To test if this is the case, we used the same or-
dered logit specification as before but added the referral dummy, si, as an additional explana-
tory variable. Our findings are presented in Table 6. The first column presents the results of a
specification that includes only the dummy variable for referrals. Afterward we gradually add
the set of further control variables. The results in columns (2)–(7) are based on specifications
that are similar to columns (1)–(6) in the previous result tables.

We can see from this table that using referrals is associated with lower formal search inten-
sity. This corroborates the prediction that formal search and referrals are regarded as substi-
tutes, even though using referrals is a costless search channel. However, based on this analy-
sis, we cannot rule out that the measured effect is pure mechanical in the sense that a more
intensive usage of any of the search channels results in a less intensive usage of all other
search channels, independent of the fact whether the selected channel is formal or informal.
We explore this in detail in Section 5.1 and find a substitution effect only for the referral chan-
nel against the formal search channel. Thus, hypothesis H4 cannot be rejected.

We now test hypothesis H5, containing the key prediction of our theoretical model, and
estimate the probability of referral hiring with a logit model. Our results refer to the re-
stricted sample of firms that decided to search by using both the formal channel and referrals
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Table 6
search intensity in formal ways, ai, and the usage of referrals

All Observations
Only Successful

Recruitment Cases

(1) (2) (3) (4) (5) (6) (7)
ord. logit ord. logit ord. logit ord. logit ord. logit ord. logit ord. logit

Usage of referrals 0.323*** 0.347*** 0.337*** 0.359*** 0.359*** 0.272*** 0.271***
(0.013) (0.014) (0.015) (0.016) (0.016) (0.012) (0.012)

Further control variables
Number of employees (four

firm size classes)
x x x x x

Skill requirements x x x x x
Employee shares by skill level x x x
Additional skill requirements x
Observations 40944 40944 39736 39736 39735 32329 32329
Pseudo-R2 0.0631 0.0801 0.0691 0.0835 0.0835 0.0922 0.0938

Federal states cluster robust standard errors in parentheses.
***p<0.01, **p<0.05, *p<0.1.
Notes: Coefficients are reported as odds ratios, where the null effect is 1. All specifications include year dummies,
dummies for the federal states where the firms are located, industrial sectors, and a dummy that indicates firms re-
porting both the last case of a successful and an unsuccessful recruitment case. Firms size class based on all em-
ployees, regardless whether employees are subject to social security contributions or not. Firms are considered that
used both or either exclusively formal ways or referrals as search channels (si ≥ 0, 0 ≤ ai ≤ 4). The number of em-
ployees comprises four firm size classes: ‘1–9 employees” (reference group), “10–49 employees,” “50–249 employ-
ees,” and “250 and more employees.” The employee shares by skill level comprise three groups: unskilled work-
ers, skilled workers with vocational training, and skilled workers with university degree. The additional skill require-
ments are a set of dummy variables that denote whether the vacancy requires leadership ability, experience, further
skills from training outside formal qualification, foreign languages, and/or social skills. Detailed results on the further
control variables are presented in the Appendix A.7, Table A6. Estimated cutpoints for specification in column (5):
κ1 = 0.0253469, κ2 = 1.597462, κ3 = 2.999108, κ4 = 4.698802.
Source: IAB Vacancy Survey 2012–2016.

simultaneously. This restriction is necessary because for firms that use exclusively only one
of these two channels, the successful channel would be predetermined. Note that in these re-
gression specifications, we can additionally control for the former employment status of the
worker (employed or unemployed, reference is the group of workers who come from out of
the labor force). Table 7 presents our results.

We clearly see that larger firms are less likely to hire a worker by referral (column (1)). The
question now is whether this effect is explained by higher formal search intensity ai (as pre-
dicted by our theoretical model) or not. From column (2) of this table, we can see that the for-
mal search intensity ai has a significant negative effect on the probability of hiring a worker
by referral. Moreover, the coefficients on the three firm size variables are higher in column (3)
and closer to 1. Given that we report the model in terms of odds ratios, this means that the
negative effect of the firm size on the probability of referral hiring is largely mitigated and is
closer to 0 once we control for the higher formal search intensity of larger firms. Therefore,
the mechanism described in our model is supported by empirical data even though the firm
size coefficients remain significant.12

Table 7 also shows that the coefficient on the dummy that denotes unemployment as for-
mer employment status is smaller than 1. Therefore, referral hiring is more widespread among
previously employed applicants instead of unemployed. There can be several explanations for
this effect. One explanation can be found in Arbex et al. (2019) who consider referral hiring
combined with on-the-job search. In their model, employees have higher reservation wages
than unemployed workers and network job offers are superior to direct offers from firms.

12 However, this also implies that there can be additional reasons leading to the lower probability of referral hiring
in larger firms that are beyond our model. Furthermore, larger firms may search harder in the ways that are not cap-
tured by our formal search index; for example, spending more money for each formal strategy.
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In this situation, unemployed workers accept almost all job offers, but employed workers
switching jobs accept only high wage offers, so job-to-job transitions occur more frequently
via the network channel. Another explanation consistent with our empirical evidence is that
employees value their reputation in the company and are reluctant to recommend formerly
unemployed job candidates since unemployment can be perceived as a signal of low ability
and/or motivation.

In the next step, we restrict the sample to previously unemployed successful candidates to
bring closer our theoretical model and empirical data. Our results based on this restricted
sample are presented in Table 8. In column (2), we can see that the coefficient on the for-
mal search index remains almost the same and it is significant, indicating that more formal
search activities reduce the probability of referral hiring. The coefficient of the second small-
est firm size class is insignificant. The coefficient of the next larger firm size class variable be-
comes insignificant at 5% significance level once we control for the search intensity. This im-
plies that higher frequency of referral hiring in smaller firms is fully explained by the lower
formal search intensity of these firms. This is in line with hypothesis H5. Only for very large
firms with more than 250 employees, the firm size coefficient remains significant at 5% signifi-
cance level implying other factors at play that are beyond our model.

Our results so far indicate that larger firms exert more effort trying to fill their vacancies in
a formal way and this explains a part of the lower probability of referral hiring in larger firms.
Even though the coefficient of the formal search index is statistically significant one remain-
ing question is whether it is also meaningful from an economic perspective. Considering again
columns (1) and (2) of Table 7, we can see that the pseudo-R2 coefficient is only 3.1% when
we control for the firm size but not for the higher search intensity, whereas it rises to 4.48%
when we control for the formal search intensity but not for the firm size. This is the first in-
dication that the search intensity index is a driving force for the lower probability of referral
hiring and not the firm size per se.

To get a better notion about the relative impact of the firm size classes and the search in-
tensity, we apply a Shorrocks–Shapley decomposition (Shorrocks, 1982) of the pseudo-R2. Ac-
cording to this methodology, we find for the full specification in column (7) of Table 7 that
the firm size accounts for about 18% and the search intensity accounts for about 46% of the
pseudo-R2. We find similar results for the full specification in column (7) of Table 8. Here,
the firm size accounts for about 14% and the search intensity accounts for about 46% of the
pseudo-R2. We conclude that the negative relationship between referral hiring and the firm’s
size is to a very large extent due to the higher search effort of larger firms, which is in line with
the prediction of our model related to hypothesis H5.

Finally, we test hypothesis H6, and thus, how firm size and the number of applicants are re-
lated. The number of applicants is a count variable, so to find an adequate model, we have to
consider the distribution of this variable. Recall that in the theoretical model, workers’ appli-
cations arrive to a firm with an open vacancy according to a Poisson process and positions are
filled as soon as the applicant is matched to the job. This is a simplifying assumption underly-
ing many search and matching models. To compare the numbers of applications across firms in
the data, we normalize them by the corresponding vacancy duration in days. The histogram of
this normalized variable is presented in Figure 7.

Recall that the Poisson process requires equality of mean and variance for the number
of applicants, but the distribution here clearly reveals overdispersion with a mean of 0.43
applicants per vacancy and day with a 10 times larger variance of 3.87. Thus, we continue by
using a negative binomial distribution that is well suited for count data with large variances.
The empirical model we use is based on the negative Bbinomial II distribution with the fol-
lowing first two moments: the expected value and the variance (Cameron and Trivedi, 2005,
p. 676):

E[y|μ, α] = μ Var[y|μ, α] = μ(1 + αμ).(16)
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Figure 7

distribution of the number of applicants per vacancy per day (fractions)

The variance, Var[.], exceeds the mean in case α > 0 and μ > 0. To estimate the model, we de-
fine μ as:

μi ≡ yi = exp(b0 + b1xi).(17)

Due to the nonlinearity, we use maximum likelihood to estimate parameters b0, b1, and α:


i(b0, b1, α) = α−1 log
[

α−1

α−1 + exp(b0 + b1xi)

]
+ yi log

[
exp(b0 + b1xi)

α−1 + exp(b0 + b1xi)

]
(18)

+ log
[

�(yi + α−1)
�(α−1)�(yi + 1)

]
.(18)

�(.) denotes the gamma function �(r) = ∫∞
0 zr−1 exp(−z)dz, r > 0.

In this model, the dependent variable, yi, denotes the number of applicants per vacancy and
search duration. All explanatory variables are the same as before and we additionally esti-
mate parameter α by the maximum-likelihood estimation. The estimates of the coefficients in
β have to be interpreted as semielasticities: for example, a one-unit change in xi changes the
conditional mean, μi, by the multiplier 1 + βi. Table 9 presents the main results.

The results in columns (1)–(6) are based on the unrestricted sample of firms. The results in
columns (7) and (8) are based on a restricted sample of successful recruitment cases and firms
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that used both search channels for recruitment. Table 9 also shows that the estimates of pa-
rameter α are significantly positive. This finding confirms the overdispersion.13

From the estimates in columns (1)–(6), we can conclude that higher search effort of firms
leads to a higher number of applications. This is in line with hypothesis H6.14 For the re-
stricted sample of successful recruitment cases and firms that used both referrals and formal
search (columns (7) and (8)), the coefficient on the formal search index becomes insignificant,
although it remains positive. Note, however, that the number of observations is much smaller
in the restricted sample, which can lead to the insignificance.15

Even though our model is not linear, the first three columns of Table 9 reveal an omit-
ted variable bias. Column (1) shows that larger firms receive more applications on average,
whereas column (2) shows that firms exerting more search effort also receive more applica-
tions. Column (3) with the results of a specification with both variables shows that the mag-
nitude of the effects is lower, and thenthis suggests that the estimates of the separate effects in
column (1) and column (2) are upward biased. This means that higher search effort explains
a part of the positive correlation between the size of the firm and the number of applications,
which confirms hypothesis H6. But the firm size coefficients remain significant in columns (1)–
(6), suggesting that other factors beyond search intensity may also be responsible for the pos-
itive correlation between the size and the number of applications. For example, the literature
on directed search, for example, Moen (1997), shows that workers anticipate higher wages in
larger establishments and are more likely to send their applications to larger firms.

5. further robustness checks

5.1. Are Referrals and Formal Strategies Substitutes? Hypothesis H4 of our theoretical
model suggests that the informal channel (referral hiring) and the formal channel are substi-
tutes. We could show already that in the data, there is a negative relationship between the
probability of using referrals and formal search intensity of firms (see Table 6 in the main arti-
cle). However, the question remains, whether this substitution effect is purely mechanical and
would be observed between any two search channels of firms or there is a deeper economic
reason underlying this negative relationship.16

If substitution is a mechanical outcome, then it should also be observed if we select any
other formal search strategy as a separate search channel and pool referrals and the remain-
ing formal strategies into a “placebo search intensity index.” We conducted these placebo
tests and sequentially selected each of the four formal search strategies (ads in newspapers
and journals, own Webpage, Internet platforms and databases, public employment agency) as
a separate channel. With this data at hand, we reestimated ordered logit models as they are

13 The test statistic of α results from computing twice the difference in log-likelihoods between the negative bino-
mial model and the Poisson model. The statistic is assumed to be χ2-distributed with one degree of freedom. The
usual asymptotic would not apply, because the null hypothesis (α = 0) lies on the lower bound of the parameter space
(α >= 0). However, Gutierrez et al. (2001) argue that the statistic should be treated as “50 : 50” mixture of 0 and a
χ2-distribution with 1 degree of freedom. This test is feasible for a Poisson and negative binomial model with conven-
tionally computed standard errors. We computed the test based on the specification in column (6) of Table 9. Accord-
ing to the test statistic, we have clearly to reject the null hypothesis of α = 0 (χ̄2

1 = 7, 916.28, Prob >= χ̄2
1 = 0.000).

14 Our results are robust to an alternative of the presented model that is based on the negative Bbinomial II distri-
bution. This alternative is based on the so-called negative binomial I distribution with the expectation and variance
given by Cameron and Trivedi (2005, p. 676): E[y|μ, δ] = μ, Var[y|μ, δ] = (1 + δ)μ. The variance, Var[.], exceeds the
mean in case of δ > 0 and μ > 0. Details and results are presented in Appendix A.8.

15 Given that our theoretical model does not allow for on-the-job search, we performed further estimations based
on a restricted sample of successful recruitment cases with unemployed job applicants. The results in Tables 3–6 and
9 remain qualitatively the same. One exception is column (7) of Table 9, where the coefficient on the formal search
index becomes negative but remains insignificant. Overall, we prefer the estimations based on the sample containing
both types of hires from employment and unemployment because in reality when firms choose their search channels
and search effort, they anticipate both types of applicants. Thus, restricting the sample based on the ex post type of
the successfully hired applicant can be misleading, if we want to understand the ex ante decisions of firms.

16 We thank two anonymous referees for raising the question and attracting our attention to this point.
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Table 10
placebo test summary: the usage of each of the five search strategies and the “placebo search intensity

indicator” of the remaining four search ways

Dependent Variable: “Placebo Search Intensity Indicator” of
the Remaining Four Search Ways

(1) (2) (3) (4) (5)
Search Strategy, Selected as Explanatory Variable Ord. logit Ord. logit Ord. logit Ord. logit Ord. logit

Reference: Usage of referrals 0.359***
(0.016)

Search with advertisements in newspapers and
journals

1.209***
(0.059)

Firm Web site 2.464***
(0.071)

Search with Internet job data bases 2.124***
(0.082)

Search with employment agency 1.152***
(0.063)

Further control variables
Number of employees (four firm size classes) x x x x x
Skill requirements x x x x x
Employee shares by skill level x x x x x
Observations 39735 39735 39735 39735 39735
Pseudo-R2 0.0835 0.0561 0.0532 0.0538 0.0526

Federal states cluster robust standard errors in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.
Notes: Coefficients are reported as odds ratios, where the null effect is 1. All specifications include dummy variables
for four firm size classes, skill requirements, employee shares by skill level, year dummies, dummies for the federal
states where the firms are located, industrial sectors, and a dummy that indicates firms reporting both the last case
of a successful and an unsuccessful recruitment case. Firms size class based on all employees, regardless whether em-
ployees are subject to social security contributions or not. Firms are considered that used at least one of five search
channels. The number of employees comprises four firm size classes: “1–9 employees” (reference group), “10–49 em-
ployees,” “50–249 employees,” and “250 and more employees.” The employee shares by skill level comprise three
groups: unskilled workers, skilled workers with vocational training, and skilled workers with university degree. De-
tailed results on the further control variables are available from the authors upon request.
source: IAB Vacancy Survey 2012–2016.

presented in Table 6. Table 10 summarizes the results of specifications based on the data sam-
ple that includes all recruitment cases, successful and unsuccessful. Each of the columns refers
to a specification with a selected search strategy as an explanatory variable and the “placebo
search intensity index” of the other four search strategies as a dependent variable. For ex-
ample, column (2) reports the results of the specification with “search with advertisements in
newspapers and journals” as an explanatory variable and the “placebo search intensity index”
constructed from the remaining four search strategies (referrals, firm’s web page, search with
Internet job databases, or search with employment agency).

Column (1) repeats the results from the specification in column (5) of Table 6. We see that
the coefficient (measured as odds ratio) is smaller than 1, which implies a negative relation-
ship between the probability of using referrals and the formal search index. Each of columns
(2)–(5) show a coefficient larger than 1 revealing a positive relationship between the probabil-
ity of using the selected search strategy and the compound index of the remaining strategies.
Therefore, this placebo test shows that only referrals are negatively correlated with the pooled
index of the formal strategies; moreover, this substitution is not mechanical, rather it is spe-
cific to referral hiring and is not observed for any other formal search strategy of firms. Thus,
we cannot reject the finding that referrals and formal strategies are substitutes.

5.2. An Alternative Measure for the Formal Search Indicator. Our data offer an alternative
measure for the intensity of search via the formal channel; this measure is based on the addi-
tional recruitment costs (in EUR) reported by firms for successful recruitment cases. This in-
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formation is only available for two consecutive years 2014 and 2015, so the number of obser-
vations for this variable is much smaller than our main sample. Yet, it is sufficient, so we take
these costs as another proxy for the intensity of formal search and use it for the robustness
check under the assumption that these monetary costs are fully attributed to formal search
strategies instead of referrals. In the sample of successful recruitment cases, 11,207 firms re-
ported these additional costs and the other relevant information for our analysis.17

Table 11 shows average additional recruiting costs by the intensity of formal search, the
(successful) recruitment channel, firm size classes, and skill requirements. We see that the re-
cruitment costs increase with the formal search intensity. Particularly, firms reported very low
recruitment costs (48.53 Euros) in the case when they used only referrals.18 This shows that
additional recruitment costs are positively associated with the formal search intensity and sup-
ports the idea of using it as another proxy for the formal search effort. We can also see that
additional recruitment costs increase with the firm size and with the skill requirement of the
position. These observations are in line with our theoretical expectations.

Table 12 presents our results for alternative specifications with additional recruitment costs
as a dependent variable and Table 13 presents the results for alternative specifications with
additional recruitment costs as an explanatory variable.

Column (1) of Table 12 shows that the results are qualitatively similar to the results in col-
umn (6) of Table 4: recruitment costs increase with the firm size and with higher skill require-
ments of the position. The same is true for column (2) of Table 12 that refers to the specifi-
cation in column (6) of Table 5. Thus, these results support our findings regarding hypotheses
H1, H2, and H3 from the previous section. Column (3) of Table 12 confirms the results of Ta-
ble 6 (see column (7)) that the use of referrals is negatively correlated with recruitment costs.
Thus, this result supports our findings regarding hypothesis H4 from the previous section.

Columns (1) and (2) of Table 13 show that additional recruitment costs are negatively cor-
related with the probability of referral hiring—this confirms the qualitative result of the nega-
tive correlation between the formal search effort and the probability of referral placement as
it was shown in Table 7. In columns (3) and (4), where the specifications are based on a sam-
ple that is restricted to recruitments of former unemployed, like in Table 8, the same coeffi-
cient is lower but the standard errors are much larger. The magnitude of the firm size coef-
ficients is similar to the equivalent specifications in Tables 7 and 8. The firm size coefficients
are also only partly significant and a comparison of the standard errors suggests that the lower
number of observations leads to the loss of precision. But all in all, the results rather support
our findings regarding hypothesis H5 from the previous section.

Columns (5)–(8) of Table 13 show that the coefficients on additional recruitment costs are
insignificant at the 5% level; even though the point estimates suggest a positive correlation
with the number of applicants per vacancy and search duration. The specifications in columns
(2), (4), (6), and (8) of Table 13 additionally contain the formal search index. We included this
variable to see how the coefficient estimates change in the case when both proxies of search
effort are used as explanatory variables. We see a weaker impact of additional recruitment
costs after including the formal search index, whereas the influence of the formal search index
remains robust and positive.

All in all, using additional recruitment costs as an alternative proxy for the formal search
effort does not contradict our results in the main analysis. However, our regression models
based on the additional recruitment costs suffer from a smaller number of observations, and

17 In detail, the survey asked for additional recruitment costs in 2014 and 2015. In 2015, 5,647 firms reported ad-
ditional costs. To make these values comparable with the costs reported by 5,560 firms in 2014, we deflated the
values in 2015 considering a change of consumer prices of +0.3% from 2014 to 2015, compare with the press release
018 by the Federal Statistical Office from 19th January 2016 (https://www.destatis.de/EN/PressServices/Press/pr/2016/
01/PE16_018_611.html).

18 Note that the structure of our data implies that firms exclusively use referrals in the case when they do not use
formal ways for the search of workers. This means that in this case, the additional recruitment costs must be linked
to referrals.

https://www.destatis.de/EN/PressServices/Press/pr/2016/01/PE16_018_611.html
https://www.destatis.de/EN/PressServices/Press/pr/2016/01/PE16_018_611.html
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Table 11
descriptive statistics for additional recruitment costs

Additional Recruitment Costs and Formal Search Intensity

Additional Recruitment Costs (in EUR)
Mean N

Formal search intensity ai
0 48.53 2490
1 427.56 3046
2 839.92 3000
3 1457.22 2004
4 2304.04 667
Total 749.53 11207

Additional Recruitment Costs and Successful Recruitment Channel

Additional Recruitment Costs (in EUR)
Mean N

Recruitment way
Formal way 1081.09 6727
Referrals 251.69 4480
Total 749.53 11207

Additional Recruitment Costs and Firm Size

Additional Recruitment Costs (in EUR)
Mean N

Number of employees(four firm size classes)
1 ≤ ee < 10 258.84 1369
10 ≤ ee < 50 518.12 5797
50 ≤ ee < 250 948.95 2853
250 ≤ ee 1965.28 1188
Total 749.53 11207

Additional Recruitment Costs and Skill Requirements

Additional Recruitment Costs (in EUR)
Mean N

Skill requirements
w/o qualification 176.30 1610
Vocational training 521.98 7559
University degree 2046.40 2038
Total 749.53 11207

Source: IAB Job Vacancy Survey 2012–2016. Own computations.

therefore, a loss of precision. Another implication of the results above is that the formal ef-
fort of human resource managers and their actions is relatively more important in generat-
ing new applicants than additional monetary expenses. Finally, we want to note that monetary
expenses for recruitment depend on prices that could be different across regions, which ren-
ders this variable less suitable for comparing heterogeneous firms. On the contrary, the formal
search index is constructed based on the actions of human resource managers and is better
comparable across firms. However, the identification of further components that fully describe
workers’ and firms’ search effort goes widely beyond this article and we have to leave these
tasks for future research.
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Table 12
robustness checks: ols regression with additional recruitment costs as a proxy for the intensity of formal

search

(1) (2) (3)
Based on a Sample of Firms that Report Only Successful Recruitment

Cases and that Used
Both Referrals and Formal

Strategies
Only Formal Strategies Either Referrals or

Formal Strategies or
both

(si = 1, 1 ≤ ai ≤ 4) (si = 0, 1 ≤ ai ≤ 4) (si ≥ 0, 0 ≤ ai ≤ 4)
OLS OLS OLS

Usage of referrals −437.281***
(64.636)

Number of employees (four firm size classes, reference: 1 ≤ ee < 10)
10 ≤ ee < 50 85.539 280.372*** 171.133***

(89.886) (91.287) (43.631)
50 ≤ ee < 250 352.419*** 601.989*** 448.039***

(107.081) (83.685) (62.188)
250 ≤ ee 868.658*** 1169.397*** 1053.971***

(144.390) (189.562) (169.134)
Skill requirements, reference: w/o qualification
Vocational training 20.871 91.032 37.242

(74.616) (70.799) (33.126)
University degree 1237.275*** 1523.811*** 1199.763***

(286.989) (201.437) (170.540)
Further control variables
Employee shares by skill level x x x
Additional skill requirements x x x
Observations 3589 5128 11207
R2 0.099 0.135 0.111

Federal states cluster robust standard errors in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.
Notes: The specification and the sample restriction for column (1) refer to the specification and the sample restriction
in column (6) of Table 4. The specification and the sample restriction for column (2) refer to the specification and the
sample restriction in column (6) of Table 5. The specification and the sample restriction for column (3) refer to the
specification and the sample restriction in column (7) of table of Table 6. All specifications include a constant, year
dummies, dummies for the federal states where the firms are located, industrial sectors, and a dummy that indicates
firms reporting both the last case of a successful and an unsuccessful recruitment case. Firms size class based on all
employees, regardless whether employees are subject to social security contributions or not. Employee shares by skill
level comprise three groups: unskilled workers, skilled workers with vocational training, and skilled workers with uni-
versity degree. Additional skill requirements are a set of dummy variables that denote whether the vacancy requires
leadership ability, experience, further skills from training outside formal qualification, foreign languages, and/or social
skills. Detailed results on the further control variables are presented in the Appendix A.7, Table A10.
Source: IAB Job Vacancy Survey 2012–2016. Own computations.

6. conclusions

This study explores the relationship between firms’ characteristics and their recruitment
strategies. These strategies include a formal search channel that consists of advertisements in
newspapers and magazines, Internet postings as well as employment agencies, and an informal
search channel, that is, referrals by incumbent employees. The formal search channel and the
referral search induce different costs in terms of money and time; generally, the formal chan-
nel is more expensive than the informal channel. More productive firms have stronger incen-
tives to fill their positions and they also have larger human, financial, and material resources,
relative to less productive firms. Therefore, more productive firms invest more effort and can
spend more resources on formal search to attract job applicants. This implies that firm charac-
teristics are important for understanding firms’ choices of recruiting channels.

We propose a model based on a search and matching framework with two search channels:
the formal and the informal channel. In contrast to previous studies, there is a continuum of
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heterogeneous vacancies in our model where every firm with an open vacancy chooses opti-
mal search effort to attract job candidates. Workers send simultaneous applications to open
positions. Similar to the previous studies, we prove that firm size and productivity are posi-
tively correlated. This finding is important for our empirical assessment because there is a lack
of (representative) data with valid information on individual firm productivity and recruit-
ment strategies.

We derive seven hypotheses based on the model: (0) Larger firms use both search channels,
whereas small firms rely exclusively on referral hiring; (1) larger firms invest more effort into
formal search activities; (2) firms invest more formal search effort in labor markets for more
educated workers; (3) the positive relationship between the firm size and formal search inten-
sity should be observed even for firms that do not use referrals; (4) firms that use referrals as a
search channel invest less into formal search compared to firms that do not use referrals (sub-
stitution); (5) larger firms are less likely to hire an applicant by referral than smaller firms; and
(6) more intensive search effort leads to a larger number of applications.

We assess these hypotheses by using the Job Vacancy Survey of the Institute for Employ-
ment Research (IAB JVS). The IAB JVS is a representative survey among human resource
managers and managing directors in German firms reporting information about their search
strategies with detailed answers about the most recent successful and the most recent unsuc-
cessful recruitment case. Since most firms are observed only once, our sample is a repeated
cross section of firms and includes more than 39,500 observations over the period 2012–2016.

To obtain an empirical proxy for the intensity of formal job search, we define an ordinal
variable equal to the number of formal search activities used by the firm. The list of such
activities includes: placed ads in newspapers or magazines, posted vacancy in the Internet,
posted vacancy on the firm’s own Web site, and contacted the federal employment agency.

Our empirical results confirm hypotheses (1)–(6) derived from our model. More generally,
we show that firm characteristics and requirements of posted vacancies, like skill require-
ments, are central to understanding firms’ choice of search channels. For example, we find that
firms are less likely to use formal search if they need an applicant with leadership abilities or
large experience. In addition, our analysis reveals that unemployed workers are more likely to
enter employment through the formal channel, whereas employed workers changing jobs are
more likely to be hired by referrals. Regarding hypothesis H0, we do find that larger firms are
more likely to use the formal channel in addition to referral hiring but it is not the case that
small firms do not use the formal channel at all. To account for this data property, the theo-
retical model can be adjusted with an idiosyncratic cost component, such that even small firms
sometimes take formal actions to fill their positions if their idiosyncratic cost realization is suf-
ficiently small. We leave this extension for future research.

There are two further issues that we consider important for future research. First, our theo-
retical model does not consider the intensity of referral search. Second, as we can see from the
data, there is more than one formal activity that firms undertake to find new workers. In our
model, we merge these activities into one formal channel; measuring the efficiency of each of
these single activities remains also a task for further research.

appendix

A.1 Proof of Proposition 1. Opening the square bracket in Equation (5) yields:

0.5c0q2(θ )(1 − β)2

(r + δ)2 r2V 2(y) − V (y)

[
0.5c0q2(θ )(1 − β)2

(r + δ)2 2ry + qN (u)(1 − β)
r + δ

r + r + φ

]

+ 0.5c0q2(θ )(1 − β)2

(r + δ)2 y2 + qN (u)(1 − β)
r + δ

y − c = 0.
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Using the definition of variables A(θ ) and B(u), this equation can be rewritten as:

A(θ )r2V 2(y) − V (y)[A(θ )2ry + B(u)r + r + φ] + A(θ )y2 + B(u)y − c = 0.

The discriminant of this quadratic equation is given by:

D = [A(θ )2ry + B(u)r + r + φ]2 − 4A(θ )r2[A(θ )y2 + B(u)y − c]

= 4A2(θ )r2y2 + 4A(θ )ry(B(u)r + r + φ) + (B(u)r + r + φ)2 + 4A(θ )r2c

− 4A2(θ )r2y2 − 4A(θ )r2B(u)y = (B(u)r + r + φ)2 + 4A(θ )r[y(r + φ) + rc].

This equation has two roots; however, the upper root exceeds y/r and cannot be the equilib-
rium solution. So, we get:

V (y) =
A(θ )2ry + B(u)r + r + φ −

√
(B(u)r + r + φ)2 + 4A(θ )r[y(r + φ) + rc]

2A(θ )r2

so that rV(y) is given by:

rV(y) = y − 1
2A(θ )r

[√
(B(u)r + r + φ)2 + 4A(θ )r[y(r + φ) + rc] − (B(u)r + r + φ)

]
< y.

Differentiating rV(p) with respect to y(p), we obtain:

∂rV (y)
∂y

= 1 − 4rA(θ )(r + φ)

4rA(θ )
√

(B(u)r + r + φ)2 + 4A(θ )r[y(p)(r + φ) + rc]

> 1 − (r + φ)√
(B(u)r + r + φ)2

= rB(u)
r + φ + rB(u)

> 0.

Differentiating rV (y) with respect to A(θ ), we obtain:

∂rV (y)
∂A(θ )

= 1
2rA2(θ )

[√
(B(u)r + r + φ)2 + 4A(θ )r[y(r + φ) + rc] − (B(u)r + r + φ)

]

− 4r[y(r + φ) + rc]

4rA(θ )
√

(B(u)r + r + φ)2 + 4A(θ )r[y(r + φ) + rc]

= (B(u)r + r + φ)2 + 4A(θ )r[y(r + φ) + rc] − 2rA(θ )[y(r + φ) + rc]

2rA2(θ )
√

(B(u)r + r + φ)2 + 4A(θ )r[y(r + φ) + rc]

− (B(u)r + r + φ)
√

(B(u)r + r + φ)2 + 4A(θ )r[y(r + φ) + rc]

2rA2(θ )
√

(B(u)r + r + φ)2 + 4A(θ )r[y(r + φ) + rc]
.

The denominator of this expression is positive, so we focus on the analysis of the numerator,
which is given by:

− (B(u)r + r + φ)
√

(B(u)r + r + φ)2 + 4A(θ )r[y(r + φ) + rc] + (B(u)r + r + φ)2

+ 2A(θ )r[y(r + φ) + rc]

= −
√

(B(u)r + r + φ)4 + 4A(θ )r[y(r + φ) + rc](B(u)r + r + φ)2 ± [2rA(θ )[y(r + φ) + rc]]2
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+ (B(u)r + r + φ)2 + 2A(θ )r[y(r + φ) + rc]

= −
√

[(B(u)r + r + φ)2 + 2rA(θ )[y(r + φ) + rc]]2 − [2rA(θ )[y(r + φ) + rc]]2

+ (B(u)r + r + φ)2 + 2A(θ )r[y(r + φ) + rc] > 0,

which means that ∂rV (y)/∂A(θ ) > 0. Next, we consider the derivative of rV (y) with respect
to B(u):

∂rV (y)
∂B(u)

= 1
2rA(θ )

(
r − 2r(rB(u) + r + φ)

2
√

(B(u)r + r + φ)2 + 4A(θ )r[y(r + φ) + rc]

)

= 1
2A(θ )

√
(B(u)r + r + φ)2 + 4A(θ )r[y(r + φ) + rc] − (B(u)r + r + φ)√

(B(u)r + r + φ)2 + 4A(θ )r[y(r + φ) + rc]
> 0.

Finally, we consider the limiting case when θ → 0, which means that q(θ ) → ∞ and A(θ ) →
∞. We get:

lim
A(θ )→∞

rV (y) = y − lim
A(θ )→∞

1
2r

[√
(B(u)r + r + φ)2

A2(θ )
+ 4r[y(r + φ) + rc]

A(θ )
− (B(u)r + r + φ)

A(θ )

]
= y,

which completes the proof of Proposition 1.

A.2 Proof of Proposition 2. Insert V (p) into the equation for a(p) to get:

a(y) = c0q(θ )(J(y) − V (y)) = c0q(θ )(1 − β)
r + δ

(y − rV(y)) =

= c0q(θ )(1 − β)
(r + δ)2rA(θ )

[√
(B(u)r + r + φ)2 + 4A(θ )r[y(r + φ) + rc] − (B(u)r + r + φ)

]

= (r + δ)
rq(θ )(1 − β)

[√
(B(u)r + r + φ)2 + 4A(θ )r[y(r + φ) + rc] − (B(u)r + r + φ)

]

= (r + δ)
r(1 − β)

⎡
⎣
√√√√ (B(u)r + r + φ)2

q2(θ )
+ 2r[y(r + φ) + rc]c0(1 − β)2

(r + δ)2 − (B(u)r + r + φ)
q(θ )

⎤
⎦ .

Let X = (B(u)r + r + φ)/q(θ ); obviously, X is increasing in B(u) but decreasing in q(θ ).
Search intensity a(y) can then be rewritten as:

a(y) = (r + δ)
r(1 − β)

⎡
⎣
√√√√X 2 + 2r[y(r + φ) + rc]c0(1 − β)2

(r + δ)2 − X

⎤
⎦ .

Differentiating a(y) with respect to X , we get:

∂a(y)
∂X

= (r + δ)
r(1 − β)

⎛
⎜⎜⎝ 2X

2
√

X 2 + 2r[y(r+φ)+rc]c0(1−β)2

(r+δ)2

− 1

⎞
⎟⎟⎠
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= (r + δ)
r(1 − β)

⎛
⎜⎜⎝

X −
√

X 2 + 2r[y(r+φ)+rc]c0(1−β)2

(r+δ)2√
X 2 + 2r[y(r+φ)+rc]c0(1−β)2

(r+δ)2

⎞
⎟⎟⎠ < 0.

This means that ∂a(y)/∂B(u) < 0 and ∂a(y)/∂q(θ ) > 0.

A.3 Proof of Proposition 3. Rewrite equation for y0 as follows:

A(θ )y2
0 − y0(2rKA(θ ) − B(u)) + A(θ )r2K2 − K(rB + r + φ) − c = 0.

The discriminant of this quadratic equation is:

D = (2rKA(θ ) − B(u))2 − 4A(θ )(A(θ )r2K2 − K(rB(u) + r + φ) − c)

= 4r2K2A2(θ ) − 4rKA(θ )B(u) + B2(u) − 4A2(θ )r2K2 + 4A(θ )KrB(u)

+ 4A(θ )K(r + φ) + 4A(θ )c = B2(u) + 4A(θ )K(r + φ) + 4A(θ )c.

This equation has two roots; however, the lower root is less than rK that cannot be an equilib-
rium outcome. This yields:

yII
0 = 2rKA(θ ) − B(u) +

√
B2(u) + 4A(θ )[K(r + φ) + c]
2A(θ )

= rK + 1
2A(θ )

(√
B2(u) + 4A(θ )[K(r + φ) + c] − B(u)

)

= rK + (r + δ)2

c0q2(θ )(1 − β)2

⎛
⎝
√√√√ (qN (u))2(1 − β)2

(r + δ)2 + 4A(θ )[K(r + φ) + c] − qN (u)(1 − β)
r + δ

⎞
⎠

= rK + r + δ

c0q2(θ )(1 − β)

(√
qN (u)2 + 2c0q2(θ )[K(r + φ) + c] − qN (u)

)
.

Differentiating yII
0 with respect to A(θ ), we get:

∂yII
0

∂A(θ )
= −

√
B2(u) + 4A(θ )[K(r + φ) + c] − B(u)

2A2(θ )
+ 1

2A(θ )
4[K(r + φ) + c]

2
√

B2(u) + 4A(θ )[K(r + φ) + c]

= −(B2(u) + 4A(θ )[K(r + φ) + c]) + B(u)
√

B2(u) + 4A(θ )[K(r + φ) + c] + 2A(θ )[K(r + φ) + c]

2A(θ2)
√

B2(u) + 4A(θ )]K(r + φ) + c]
.

Since the denominator is positive, we continue analyzing the sign of the numerator:

√
B4(u) + 4A(θ )[K(r + φ) + c]B2(u) − (B2(u) + 2A(θ )[K(r + φ) + c])

=
√

B4(u) + 4A(θ )[K(r + φ) + c]B2(u) ± (2A(θ )[K(r + φ) + c])2 − (B2(u) + 2A(θ )[K(r + φ) + c])

=
√

(B2(u) + 2A(θ )[K(r + φ) + c])2 − (2A(θ )[K(r + φ) + c])2 − (B2(u) + 2A(θ )[K(r + φ) + c]) < 0.

This means that ∂yII
0 /∂A(θ ) < 0. Next, we differentiate yII

0 with respect to B(u):

∂yII
0

∂B(u)
= 1

2A(θ )

(
2B(u)

2
√

B2(u) + 4A(θ )[K(r + φ) + c]
− 1

)
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= 1
2A(θ )

(
B(u) −

√
B2(u) + 4A(θ )[K(r + φ) + c]√

B2(u) + 4A(θ )[K(r + φ) + c]

)
< 0.

And finally, we consider the limiting case when θ → 0:

lim
θ→0

yII
0 = lim

A(θ )→∞
yII

0 = rK + 1
2

⎛
⎝
√(

B(u)
A(θ )

)2

+ 4[K(r + φ) + c]
A(θ )

− B(u)
A(θ )

⎞
⎠ = rK.

A.4 Proof of Proposition 5. Consider, at first, first equilibrium I and differentiate V (θ, u)
with respect to θ :

rb
γ

∂V (θ, u)
∂θ

= ∂yc(θ, u)
∂θ

(V 0(yc(θ, u), u) − K)

− ∂yc(θ, u)
∂θ

(V (yc(θ, u), θ, u) − K) +
∫ b−w̄

yc(θ,u)

∂V (y, θ, u)
∂θ

dy < 0,

because V 0(yc) = V (yc) and ∂V (y, θ, u)/∂θ < 0. This proves that V (θ, u) is a decreasing func-
tion of θ in equilibrium I. Next, we differentiate V (θ, u) with respect to u:

rb
γ

∂V (θ, u)
∂u

= −∂yI
0(u)
∂u

(V 0(yI
0(u), u) − K) + ∂yc(θ, u)

∂u
(V 0(yc(θ, u), u) − K)

− ∂yc(θ, u)
∂u

(V (yc(θ, u), θ, u) − K) +
∫ yc(θ,u)

yI
0(u)

∂V 0(y, u)
∂u

+
∫ b−w̄

yc(θ,u)

∂V (y, θ, u)
∂u

dy > 0,

because V 0(yI
0) = K, V 0(yc) = V (yc), ∂V 0(y, u)/∂u > 0, and ∂V (y, θ, u)/∂u > 0. This proves

that equation K = V (θ, u) implies ∂θ/∂u > 0 in equilibrium I. Next consider equilibrium II
and differentiate V (θ, u) with respect to θ :

rb
γ

∂V (θ, u)
∂θ

= −∂yII
0 (θ, u)
∂θ

(V (yII
0 (θ, u), θ, u) − K) +

∫ b−w̄

yII
0 (θ,u)

∂V (y, θ, u)
∂θ

dy < 0,

because V (yII
0 ) = K and ∂V (y, θ, u)/∂θ < 0. This proves that V (θ, u) is a decreasing function

of θ in equilibrium II. Next, we differentiate V (θ, u) with respect to u:

rb
γ

∂V (θ, u)
∂u

= −∂yII
0 (θ, u)
∂u

(V (yII
0 (θ, u), θ, u) − K) +

∫ b−w̄

yII
0 (θ,u)

∂V (y, θ, u)
∂u

dy > 0,

because V (yII
0 ) = K and ∂V (y, θ, u)/∂u > 0. This proves that equation K = V (θ, u) implies

∂θ/∂u > 0 in equilibrium II.

A.5 Equilibrium Unemployment and Business Cycle Properties. Proposition 5 in Sec-
tion 2.5 indicates that the threshold output values can be expressed as functions of unem-
ployment, for example, y∗

c (u) = yc(u, θ∗(u)). This shows that yc is increasing stronger with
unemployment when the market tightness is endogenously derived from the free-entry con-
dition rather than the market tightness is kept exogenous. On the one hand, higher unem-
ployment makes referral hiring more attractive, so more firms decide to use referral hiring
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as the only search channel. This is the direct effect of unemployment. In addition, if referral
hiring becomes more attractive, more firms enter the market and open vacancies. Therefore,
the number of vacancies increases, which makes competition in formal advertising tougher.
This indirect effect via the market tightness implies that even less firms decide to advertise.
What about the intensity of advertising? Here, we get a∗(y, u) = a(y, θ∗(u), u). We can see
that both effects—direct and indirect via the market tightness—reduce the amount of time
and resources that firms invest into formal advertising when the unemployment rate increases.
Formally, we can summarize these results in the following way:

dy∗
c (u)
du

= ∂yc(u, θ∗(u))
∂u

+ ∂yc(u, θ∗(u))
∂θ

∂θ∗(u)
∂u

> 0,

da∗(y, u)
du

= ∂a(y, θ∗(u), u)
∂u

+ ∂a(y, θ∗(u), u)
∂θ

∂θ∗(u)
∂u

< 0.

In addition, note that the fraction of nonadvertising firms in equilibrium I is given by:

N(u) = 1 − b − w̄ − y∗
c (u)

b − w̄ − yI
0(u)

⇒ ∂N(u)
∂u

> 0.

We can conclude for recessions with high unemployment rates: more firms rely on referral
hiring as the only search channel (∂N(u)/∂u > 0), the number of advertising firms 1 − N(u)
is lower and those firms that advertise their vacancies invest less effort (∂a∗(y, u)/∂u < 0).
This also means that there are more applicants hired via referrals and the average number of
search channels used by firms is lower in recessions. Testing business cycle properties of the
model is beyond the scope of this article, but we can still compare these theoretical findings
with the empirical results found in other studies. For example, Granovetter (1995) finds that
“in recessions, word-of-mouth recruitment increases” (p. 159). This result based on the U.S.
data is confirmed by Behtoui (2008) who reports a very high negative value of the Pearson
correlation coefficient (−0.933) between the employment ratio and the use of informal search
methods in the Swedish labor market. These results are in line with our theoretical conclu-
sions. In addition, Shimer (2004) finds that in recessions when finding jobs is difficult for work-
ers, they search more intensively and use a larger number of search channels to find jobs. We
do not have workers’ search in our model but one can expect the opposite result for firms, be-
cause finding applicants in recessions is an easy task for firms. So, firms should reduce their
search intensity and use a lower number of search channels. Our results so far are consistent
with this view even though they should be taken with care because unemployment itself is en-
dogenous and there are several other indicators for the business cycle used in the literature
such as technological progress, matching efficiency, and job destruction. For example, Gale-
otti and Merlino (2003) find a nonlinear relationship between the job-destruction rate and the
fraction of referral hires in the British labor market. At this point, we leave a deeper inves-
tigation of the issue for future research since a proper model of search intensity and referral
hiring over the business cycle should include endogenous choices of workers which we do not
have in our model.

In equilibrium II, the situation is ambiguous. With endogenous market tightness, the reser-
vation cutoff value is given by y∗

0(u) = yII
0 (θ∗(u), u). This expression shows that the direct and

the indirect effects tend to neutralize each other. On the one hand, higher unemployment
makes referral hiring more attractive, so more firms want to enter the market, but on the
other hand, stronger competition in formal advertising makes new entry less attractive.

Finally, we determine the equilibrium values of unemployment and vacancies. Considering
networks, every open position is filled at rate qN (u) = s(1 − (1 − u)l+1), which implies that
the total number of matches via the network is given by sv(1 − (1 − u)l+1) in every period
of time. The total number of matches via the formal channel is equal to m(u, ṽ) = um(1, θ ).
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So, the total number of individuals finding jobs in a given period of time is a sum: um(1, θ ) +
sv(1 − (1 − u)l+1). At the same time, jobs can be destroyed at rate δ, so that δ(1 − u) is an av-
erage number of workers losing jobs. In the steady state, it should be that the inflow of work-
ers into unemployment is equal to the outflow (u̇ = 0):

um(1, θ ) + sv(1 − (1 − u)l+1) = δ(1 − u).

Inserting θ∗(u) from above, we obtain a modified version of the Beveridge curve that de-
scribes a negative relationship between unemployment u and vacancies v:

v = δ(1 − u) − um(1, θ∗(u))

s(1 − (1 − u)l+1)
⇒ ∂v

∂u
< 0.(A.1)

Next recall that v(y) = γ v0/φ, so another way of counting total vacancies v that should also
hold in the equilibrium is given by:

v =
∫ b−w̄

y0(u)
v(y)dy = γ v0

φ
(b − w̄ − y0(u)) ⇒ v(y)

v
= 1

(b − w̄ − y0(u))
,

where y0(u) is given by yI
0(u) in equilibrium I and by y∗

0(u) in equilibrium II. In the first case,
the definition of the market tightness θ implies:

θ = ṽ

u
= 1

u

∫ b−w̄

y∗
c (u)

a∗(y, u)v(y)dy = v

u

∫ b−w̄

y∗
c (u)

a∗(y, u)
b − w̄ − yI

0(u)
dy = v

u
ā(u).(A.2)

Here, ā(u) is the average formal search intensity in the market, it can be expressed as a frac-
tion of firms using formal advertising (b − w̄ − y∗

c (u))/(b − w̄ − yI
0(u)) multiplied by the av-

erage search intensity of advertising firms plus the fraction of nonadvertising firms multiplied
with 0:

ā(u) =
∫ b−w̄

y∗
c (u)

a∗(y, u)
b − w̄ − yI

0(u)
dy = b − w̄ − y∗

c (u)
b − w̄ − yI

0(u)
·
∫ b−w̄

y∗
c (u)

a∗(y, u)
b − w̄ − y∗

c (u)
dy ⇒ ∂ ā(u)

∂u
< 0.

We already know from above that in equilibrium I, the fraction of advertising firms (b − w̄ −
y∗

c (u))/(b − w̄ − yI
0(u)) is decreasing with higher unemployment and those firms that continue

advertising invest less resources. All of these effects imply that the average search intensity in
the market ā(u) is a decreasing function of u, which means that equation v = θ∗(u)u/ā(u) is
strictly increasing in u. In the second equilibrium, we know that all participating firms are ad-
vertising their positions, so the average search intensity in the market is given by:

ā(u) =
∫ b−w̄

y∗
0 (u)

a∗(y, u)
b − w̄ − y∗

0(u)
dy.

Here, the effect of u on the average search intensity is ambiguous because we do not know
the exact change in the reservation productivity y∗

0(u). Nevertheless, from Proposition 5, we
know that variable y∗

0(u) is likely to be not very sensitive to the unemployment rate u. So, if
changes in y∗

0(u) are not very pronounced and all participating firms reduce their search in-
tensity a∗(y, u), we would again expect that the average search intensity ā(u) is decreasing in
u. Therefore, if γ > 2r2bK/(b − w̄ − rK)2, the equilibrium unemployment rate is uniquely de-
termined at the intersection between the decreasing Beveridge curve and the increasing curve
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v = uθ∗(u)/ā(u) (Equations (A.1) and (A.2)).

δ(1 − u) − um(1, θ (u))

s(1 − (1 − u)l+1)
= θ∗(u)u

ā(u)
.

Here, γ > 2r2bK/(b − w̄ − rK)2 is a necessary condition for the equilibrium existence identi-
fied in Proposition 5 and equivalent to K < V̄ . It means that productivity draws should arrive
sufficiently often to firms, so that firms can recover their ex ante entry cost K.

A.6 Firm Size and Wages. Referring to our theoretical findings about the relationship
between firm size and wages (see end of Section 2.6), we use information from the BHP to
explore this relationship for Germany. The BHP is a cross-sectional data set collected since
1975 for West Germany and since 1992 for East Germany. Every wave contains all the estab-
lishments in Germany, which are covered by the IAB Employment History (BeH) on June
30th. These are all establishments with at least one employee liable to social security on the
reference date. Establishments with no employee subject to social security but with at least
one marginal part-time employee are included since 1999. Annual waves can be combined
to form a panel. The BHP contains information about the branch of industry and the loca-
tion of an establishment. Furthermore, the BHP reports median and average daily wages, the
numbers of employees liable to social security, and marginal part-time employees, both in to-
tal and broken down by gender, age, occupational status, qualification, and nationality. Addi-
tional data providing information about foundations and closures of establishments are also
available (for details, see also https://fdz.iab.de/en/FDZ_Establishment_Data/Establishment_
History_Panel.aspx, Hethey and Schmieder, 2010; Schmucker et al., 2018).

In a first step, we conducted an ordinary least square (OLS) regression to test the relation-
ship between median daily wages for full-time employees and firm size for all firms in Ger-
many that are listed in BHP between 1993 and 2016; we restricted the analysis to this obser-
vation period because valid data for East Germany are not available for 1993. We also gen-
erally restricted the analysis to full-time employees because we do not have exact informa-
tion about part time hours, and therefore, cannot adequately control for working time in our
sample.

Columns (1)–(4) of Table A1 report the results of specifications with various groups of ex-
planatory variables to explain the median daily wages for full-time employees in real terms19.
The specification in column (5) uses the median daily wages in Euros for full-time employees
in nominal terms as variable to be explained as it is reported in the BHP. All specifications
control for year fixed effects and federal states. We calculate Huber/White robust standard er-
rors.

Column (1) refers to the specification that contains firm size classes with the smallest size
class as reference. We see that, as expected and according to the theoretical model, the daily
wage increases with the firm size class. Column (2) refers to a specification that, beside the
firm size classes, additionally includes the employees’ skill level, the share of female full-
time employees, the average age, and the squared average age of all full-time employees. The
coefficients of the firm size class are getting smaller but the positive pattern remains. The
daily wages also increase with the skill level and decrease with the share of female employ-
ees. Furthermore, the daily wages increase with the average age and (slightly) decrease with
the squared average age implying a concave functional relationship between average age and
daily wage. Column (3) includes firm size classes, the firm age, and the squared firm age in
month. Again, the daily wage increases with the firm size and, again, with even smaller coef-
ficients than in columns (1) and (2), implying that further controls have empirical relevance.

19 We deflated the reported nominal daily wages in Euros by consumer price indices provided by the Statis-
tisches Bundesamt, see https://www.destatis.de/DE/Themen/Wirtschaft/Preise/Verbraucherpreisindex/_inhalt.
html#sprg238918.

https://fdz.iab.de/en/FDZ_Establishment_Data/Establishment_History_Panel.aspx
https://fdz.iab.de/en/FDZ_Establishment_Data/Establishment_History_Panel.aspx
https://www.destatis.de/DE/Themen/Wirtschaft/Preise/Verbraucherpreisindex/_inhalt.html#sprg238918
https://www.destatis.de/DE/Themen/Wirtschaft/Preise/Verbraucherpreisindex/_inhalt.html#sprg238918
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The firm age has a positive significant impact and the squared firm age has a very small but
significant negative impact. Column (4) includes the results of a specification with all explana-
tory variables. Generally, the coefficients change only slightly compared with the previous
specifications and the main findings are not altered. Column (5) includes the results of a spec-
ification with median daily wages for full-time employees in nominal terms (Euros). The mag-
nitude of the coefficients slightly increases and the results do not alter our main findings.

Further, we restrict the full sample to firms observed in the IAB Job Vacancy Survey and
reduce the observation period to 2012–2016 to match the data we used for the empirical anal-
ysis. First, we restrict the BHP sample to firms with their full observed employment histories
and that are observed in at least one year in the observation period between 2012 and 2016.
Columns (1)–(5) from Table A2 report results from specifications analogous to the previous
table. We generally find that the magnitude of the coefficients and the size of the standard er-
rors only slightly change;20 thus, our main findings remain robust.

Second, we take a sample from the BHP with only those firms that were included in the
IAB-JVS from 2012 to 2016, and, again, we observe their full reported employment histories.
Columns (6)–(10) report the estimates that are based on this sample. The number of obser-
vations is much smaller now, resulting in higher standard errors compared with the previous
results. The coefficients on the firm size classes “10 ≤ ee < 50” and “50 ≤ ee < 250” are also
smaller; but the qualitative result that the wage increases with the firm size class is not altered.
Vice versa the magnitudes of the coefficients on the skill level shares (“Share of full-time ee
with vocational training,” “Share of full-time ee with university degree”) and the average age
of the employees are larger but the qualitative findings that the wage increases with the skill
level and the age are corroborated. The coefficient on firm age is smaller compared with pre-
vious results, but it remains significantly positive.

Third, we reconducted our analysis based on a sample with BHP information but only for
those years when the observed firms were included in the IAB-JVS, thus in one of the years
from 2012 to 2016. Note that, systematically, most of the firms are now observed for only one
year (compare with the data section in the main article); therefore, all specifications based on
this sample do not include dummy variables for the observation periods. Results are reported
in columns (11)–(15) and, regarding the magnitudes of coefficients, do reveal only small differ-
ences to the results in columns (5) to (10). As a consequence of the further reduced number
of observation, the estimates are less precise. This is reflected in larger standard errors. This is
also the reason why the coefficient on firm age in the full specification reported in column (9)
is not significant, though its magnitude and sign are the same as in column (14).

We conclude that there is a positive relationship between wages, firm size, and firm age in
Germany as it is predicted by our theoretical model. Our results are robust to alternative sam-
ple restrictions and the choice of the dependent variable in terms of the daily wage for full-
time employees either in real or nominal terms.

A.7 Tables with Detailed Results.

A.8 Alternative Specification for the Model Based on the Negative Binomial II Distribu-
tion That Explains the Number of Applicants Per Vacancy and Search Duration (see Section 4).
Another negative binomial distribution is the so-called negative binomial I with the expecta-
tion and variance given by (Cameron and Trivedi, 2005, p. 676):

E[y|μ, δ] = μ Var[y|μ, δ] = (1 + δ)μ(A.3)

20 Regarding the ladder, this is the case although the number of observations decreased, see at the bottom of Ta-
bles A1 and A2.
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Table A11
detailed empirical results of columns (1)–(4) of table 13: probability to recruit with referrals as a dependent

variable (yS
i )

(1) (2) (3) (4)
logit logit logit logit

Number of employees (four firm size classes, reference: 1 ≤ ee < 10)
10 ≤ ee < 50 0.837 0.872 0.696 0.740

(0.102) (0.0982) (0.187) (0.197)
50 ≤ ee < 250 0.618*** 0.681** 0.757 0.861

(0.100) (0.107) (0.206) (0.240)
250 ≤ ee 0.366*** 0.413*** 0.358** 0.404*

(0.0965) (0.108) (0.166) (0.188)
Recruitment effort (Additional costs in 1000 Euros) 0.909*** 0.947** 0.864 0.903

(0.0286) (0.0207) (0.119) (0.0874)
Formal search index 0.674*** 0.779***

(0.0242) (0.0592)
Skill requirements, reference: w/o qualification
Vocational training 0.937 0.999 0.884 0.888

(0.114) (0.131) (0.188) (0.196)
University degree 0.855 0.914 0.654 0.661

(0.140) (0.158) (0.297) (0.313)
Employee shares by skill level, reference: share of unskilled workers
Share of skilled workers with vocational training 1.338* 1.222 1.682 1.615

(0.230) (0.253) (0.587) (0.549)
Share of skilled workers with university degree 1.246 1.119 3.688** 3.571**

(0.276) (0.292) (2.303) (2.215)
Additional skill requirements
Leadership ability 1.300** 1.329*** 0.465* 0.485*

(0.145) (0.145) (0.185) (0.192)
Experience 1.090 1.085 1.451 1.442

(0.0942) (0.0863) (0.339) (0.329)
Further skills from training outside formal qualification 1.132 1.192* 0.585*** 0.625**

(0.103) (0.115) (0.115) (0.117)
Foreign lang. 0.806* 0.780** 0.401** 0.406**

(0.0972) (0.0977) (0.150) (0.164)
Social skills 0.714*** 0.721*** 1.040 1.039

(0.0701) (0.0761) (0.217) (0.235)
Former employment status, reference: out of labor force
unemployed 0.572*** 0.564***

(0.0597) (0.0694)
employed 0.965 0.982

(0.0608) (0.0726)
Constant 2.679*** 4.937*** 1.600 2.395*

(0.884) (1.952) (0.787) (1.160)
Observations 3589 3589 916 916
Pseudo-R2 0.0449 0.0657 0.0676 0.0749

Federal states cluster robust standard errors in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.
Notes: Coefficients are reported as odds ratios, where the null effect is 1. All specifications include year dummies,
dummies for the federal states where the firms are located, industrial sectors, and a dummy that indicates firms re-
porting both the last case of a successful and an unsuccessful recruitment case. Firms size class based on all employ-
ees, regardless whether employees are subject to social security contributions or not. Firms are considered that used
both referrals and formal ways as search channels (si = 1, 1 ≤ ai ≤ 4). Sample is restricted to successful recruitment
cases. Estimation results of the specification in columns (3) and (4) are based on a sample that is further restricted to
cases with recruitment of former unemployed.
Source: IAB vacancy survey 2014 and 2015.
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Table A12
detailed empirical results of columns (5)–(8) of table 13: number of applicants per vacancy and search

duration as a dependent variable, nb ii model

(5) (6) (7) (8)
Neg. Bin. II Neg. Bin. II Neg. Bin. II Neg. Bin. II

Number of employees (four firm size classes, reference: 1 ≤ ee < 10)
10 ≤ ee < 50 1.482*** 1.359** 0.368*** 0.324**

(0.180) (0.164) (0.129) (0.136)
50 ≤ ee < 250 1.937*** 1.651*** 0.767*** 0.704***

(0.253) (0.222) (0.159) (0.171)
250 ≤ ee 3.162*** 2.545*** 1.460*** 1.362***

(0.330) (0.316) (0.202) (0.203)
Recruitment effort (Additional costs in 1000 Euros) 1.027* 1.012 0.022 0.014

(0.015) (0.014) (0.017) (0.017)
Formal search index 1.290*** 0.163***

(0.045) (0.034)
Skill requirements, reference: w/o qualification
Vocational training 0.788** 0.715*** −0.575*** −0.636***

(0.077) (0.071) (0.148) (0.151)
University degree 0.623*** 0.573*** −1.046*** −1.093***

(0.062) (0.056) (0.241) (0.234)
Employee shares by skill level, reference: share of unskilled workers
Share of skilled workers with vocational training 0.742 0.736 −0.591** −0.567*

(0.175) (0.165) (0.290) (0.290)
Share of skilled workers with university degree 1.159 1.122 0.144 0.144

(0.290) (0.266) (0.256) (0.239)
Additional skill requirements
Leadership ability −0.032 −0.024

(0.150) (0.162)
Experience −0.054 −0.046

(0.113) (0.112)
Further skills from training outside formal qualification −0.361*** −0.370***

(0.065) (0.067)
Foreign lang. 0.276* 0.272*

(0.162) (0.160)
Social skills 0.087 0.074

(0.100) (0.093)
α 1.019*** 0.976*** 1.166*** 1.150***

(0.111) (0.116) (0.132) (0.134)
Number of observations 7761 7761 2619 2619
Pseudo-R2 0.0618 0.0727 0.112 0.115
Log likelihood −7242 −7158 −2287 −2280

Federal states cluster robust standard errors in parentheses.
***p < 0.01, **p < 0.05, *p < 0.1.
Notes: Coefficients are reported as semielasticities, a one-unit change in xi changes the conditional mean, μi, by the
multiplier 1 + βi. All specifications include year dummies, dummies for the federal states where the firms are located,
industrial sectors, and a dummy that indicates firms reporting both the last case of a successful and an unsuccessful
recruitment case. Sample is restricted to successful recruitment cases.
Source: IAB vacancy survey 2014 and 2015.

The variance, Var[.], exceeds the mean in case of δ > 0 and μ > 0. We use this alternative
specification for a further robustness check; again we define:

μi ≡ yi = exp(b0 + b1xi).(A.4)

The maximum likelihood to estimate parameters b0, b1, and the additional parameter δ is
then:


i(b0, b1, δ) = δ−1 exp(b0 + b1xi) log
[

δ−1

δ−1 + 1

]
+ yi log

[
1

δ−1 + 1

]
(A.5)
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+ log
{

�[yi + δ−1 exp(b0 + b1xi)]
�[δ−1 exp(b0 + b1xi)]�(yi + 1)

}
.(A.5)

Table A13 presents the results. Parameter δ is significantly positive as we expected, indicat-
ing overdispersion. The point estimates of the coefficients for the firm size classes are slightly
smaller than the point estimates based on the negative binomial II model, but the differences
are not significant (see Table 9). Thus, these results corroborate our findings regarding hy-
pothesis H6 in Section 4.
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