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Abstract
An established tenet of the literature is that the use of flexible labor leads to less innovation. Yet, less atten-
tion has been paid to the possibility that it is the decision to innovate that generates the incentive to hire
on a permanent basis. The goal of this paper is to show the existence of interlocking complementarities
between the firm’s technological and hiring strategies. To do so, we develop a simple model where the
workers’ decision to invest in human capital is affected by the type of employment contract (temporary
versus permanent) and by the type of technological investments (routine versus innovative). When the
firm is unable to coordinate its actions across these different domains, two equilibria simultaneously
exist: in the ‘high-road’ equilibrium, firms invest more in innovative projects and hire on a permanent
basis; in the ‘low-road’ equilibrium, they invest more in routine projects and hire on a temporary basis.
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1. Introduction

The ongoing flexibilization of European labor markets has received extensive attention in the literature
(see, e.g. Deakin et al., 2008; Eurofound, 2020; European Commission, 2010). Although early studies
advocate that flexibility promotes job creation through the reduction of firing costs (Houseman, 2001;
Saint-Paul et al., 1996), recent empirical research shows that it also creates an increase in the share of
precarious occupations (Boeri and Garibaldi, 2007), a downward wage pressure on permanent
employees (Bellani and Bosio, 2019) and the polarization of the workers’ occupational chances in
both low- and high-skill jobs (Polavieja, 2005). Moreover, although many see skill-biased technological
change as the main cause of the growth of wage inequality, Kristal and Cohen (2017) show that this is
mostly driven by the mounting worker disempowerment rather than by market forces, at least in the
USA. Complementarily, the agent-based model in Dosi et al. (2020) postulates that the competition
between high-wage firms seeking to raise productivity and low-productivity firms seeking to cut
wages generates the possibility of multiple equilibria. When the ‘low-road’ prevails, a ‘winner-takes-all
economy’ populated by cost-minimizing firms eventually emerge, with negative repercussions on both
productivity and wages. In the opposite long-lasting scenario, the society features a ‘social market
economy’ coupling rewards for the accumulation of firm-specific skills with a more egalitarian
wage structure. Finally, Collins (2006) argues that the sizeable use on temporary contracts calls for
the design of new institutional solutions to ensure the workers’ cooperation with these new forms
of employment, which will otherwise erode both labor productivity and firm competitiveness.
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In addition, the wisdom whereby greater flexibility should trigger entrepreneurship and innovation
has also been challenged. It is now an established fact that innovation and technological change are
key to economic growth, firms’ survival, and international competition (Cefis and Marsili, 2006;
Ganotakis, 2012; Kuhlmann and Edler, 2003; Slaper et al., 2011). Hence, analysis of the determinants
of innovation is a major task for both economists and social scientists, in general. The extant literature
has stressed the importance of firms’ size, sectoral specificities, R&D investments, and R&D personnel
as key drivers of variance in innovation outcomes both at the micro and macro levels. In addition, a
growing body of research has also emphasized that good human resource management practices are
key to successful innovation (e.g. Beugelsdijk, 2008; Bos-Nehles et al., 2017; Haneda and Ito, 2018;
Laursen and Foss, 2003; Shipton et al., 2006). Therefore, empirical analyses have focused on the deter-
minants of innovation in firms, countries, and regions, based, on the one hand, on the well-known
knowledge production function approach (Griliches, 1984; Jaffe, 1989) and, on the other hand, on
the Crépon–Duguet–Mairess model (Crépon et al., 1998).

As concerns the effect of labor market deregulation on innovation, Dilli (2019) argues that flexi-
bility alone is insufficient to foster entrepreneurship, as an entire system of innovation-enhancing
institutions is a prerequisite for successful innovation. Consistently, the literature on the variety of
capitalism (hereafter, VC) has shown that the intensity and the kind of innovation pursued by an
economic system depends on the multiple complementarities defining a country’s institutional
framework (Allen, 2013; Hall and Soskice, 2001). The intuition behind this argument is in line
with early institutionalist contributions that place relative emphasis on the structural components
of the so-called ‘national systems of innovation’ (Lundvall, 1992; Nelson, 1993; OECD, 1997).
Support to such views which emphasize the institutional embeddedness of national innovative cap-
abilities comes from Belloc (2019), who shows that aggregate innovation outcomes are positively
affected by the complementarity between employment protection legislation and employee
representation legislation, and Vatiero (2017), who shows that country-level innovation is spurred
by the complementarity between labor laws and ownership concentration. At a more micro level,
but in line with the above studies, Acharya et al. (2014) find that wrongful discharge laws and
greater employment protection induce both entrepreneurs and employees to increase their
innovative efforts.

More recently, a growing strand of empirical research has shown that the use of flexible labor
ultimately leads to less innovation, irrespectively of the kind of innovation and of the features of
the institutional framework (Altuzarra and Serrano, 2010; Dekker et al., 2011; Franceschini and
Mariani, 2015; Guarascio et al., 2019; Hoxha and Kleinknecht, 2020; Kleinknecht et al., 2014;
Lucidi and Kleinknecht, 2010; Malgarini et al., 2013; Michie and Sheehan, 2003; Wachsen and
Blind, 2016). Although VC theorists predict that greater labor flexibility should increase a country’s
performance in radical innovation at the expense of incremental innovation, the above studies find
that it is conversely associated with less innovation tout court, thereby suggesting a primary and
negative relationship between labor market deregulation and innovation.1

The main goal of this paper is to provide with novel theoretical insights into the relationship
between temporary workers and innovation. Since the extant literature has showed that the use of
flexible labor is detrimental to all kinds of innovation (irrespectively of the distinction between process
versus product or radical versus incremental), we develop a framework where a firm must decide
whether to invest in ‘routinary’ projects that involve no innovative effort, or in ‘innovative’ activities
that capture the broadest array of possible innovations. However, despite our preferred interpretation
of the proposed terminology is quite radical, we believe that more moderate readings could also be
applied, with ‘routinary’ activities capturing, for instance, incremental innovation and ‘innovative’

1Incidentally, this is in line with Herrmann’s (2008) critique to the VC approach to innovation, which shows that firms
overcome comparative institutional disadvantages by relying on functionally equivalent institutions, such as open inter-
national labor markets and atypical contracts. In this view, the VC approach to innovation is ‘too deterministic’, as it over-
looks the Schumpeterian role of entrepreneurs as independent creators.
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activities capturing radical innovation. In addition, we deem this dichotomy as being highly compat-
ible with March’s (1991) classical distinction between ‘exploitation’ and ‘exploration’, as the former
involve ‘routinary’ activities such as refinement, efficiency, selection, implementation, and execution,
whereas the latter involves ‘innovative’ activities such as search, variation, risk taking, experimentation,
and discovery.2

More specifically, we analyze a particular kind of complementarity arising between the firms’ hiring
and innovation strategy. Although we do not deny the role of macro institutional constraints in the
firms’ innovation performance, we are interested in showing that other and more micro-founded insti-
tutional bonds also exist within the single organization. Indeed, although previous studies emphasized
a direction of causality going from temporary workers to innovation – see, e.g. Kleinknecht et al.
(2014) – our key contention is that that there is no reason to exclude that it is the decision to invest
in innovative projects that conversely generates the incentives to hire on a permanent basis. Expanding
on the growing literature on organizational equilibria and institutional complementarities (Earle et al.,
2006; Gürpinar, 2016; Landini, 2013; Nicita and Pagano, 2016; Pagano, 2011; 1993; Pagano and Rossi,
2004; Pagano and Rowthorn, 1994), we thus show that these two directions of causality are not mutu-
ally exclusive, but rather, they reinforce and sustain each other.

The remainder of the paper is organized as follows. Section 2 discusses the theoretical background
that is relevant for our study. In sections 3 and 4, we develop and analyze our theoretical model.
Section 5 comments and concludes.

2. Background

Organizational equilibria

Coordinating decisions at the corporate level is a multidimensional task. Hence, organizational
changes require transformations in multiple domains of the firm’s strategy that are not always easy
to coordinate throughout. As corporations grow in both complexity and size, in fact, they face an
increasing trade-off between adaptivity and coordination (Dessein and Santos, 2006), as the greater
autonomy of the individual operating units implies that each selects its strategy taking the others’
as given. Hence, what appears to be a network of independent choices, is, in reality, a self-reinforcing
system characterized by path-dependency and irreversibility. In this framework, an organizational
equilibrium is defined as a set of interlocking elements that are kept together by the uncoordinated
actions of the different decision-makers in the organization, who best-respond to each other’s strategy
taking the latter as given. The upshot is that when the optimal arrangement is not unique, the selection
of the efficient organizational mode cannot be taken for granted.

Before the development of the literature on organizational equilibria, different strands of research
put relative emphasis on elements that were supposed to be somewhat predominant in the organiza-
tion of firms. Neo-institutionalists following the seminal studies of Coase (1937) and Williamson
(1985), for instance, explained the emergence of efficient institutions within a world of exogenous
technology. Radical political economists inspired by authors such as Marglin (1974), Braverman
(1974), and Bowles (1985), in turn, claimed that it is the initial allocation of property rights over
the assets used in production that chiefly determines the form and organization of firms. However,
as Pagano and Rowthorn (1994) argued in their seminal contribution, both views are unsatisfactory,
as organizations are not technological units that operate in an institutional vacuum, and neither, they
are ‘nexuses of contracts and organizational rules’ that produce free of technological constraints. When
both technology and institutions constitute endogenous and independent domains of choice, in fact,
one cannot overlook the influence they exert over each other.

The idea that there are complementarities among the elements of firms’ strategy was first
introduced by Milgrom and Roberts (1990) and later conceptualized in terms of institutional

2To some extent, the classical distinction between general-purpose (routinary) and transaction-specific (innovative) may
also apply. Since our focus, however, is on innovation, we believe that the proposed terminology is more clear-cut.
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complementarities by Aoki (1994).3 In the same year, Pagano and Rowthorn (1994) showed the exist-
ence of a two-way relation between technology and property rights. Thereafter, a growing body of
research applied the notion of organizational equilibrium to a variety of different domains, identifying
interlocking complementarities within the domain of information production (Landini, 2013), between
technology and finance (Nicita and Pagano, 2016), intellectual property rights and cognitive labor
(Gürpinar, 2016), unionization and job-automation (Belloc et al., 2020) and, at a higher level of the econ-
omy, between ownership concentration and the emergence of systems of worker representation (Landini
and Pagano, 2018a, 2018b). The notion of organizational equilibrium has proven insightful to explain the
emergence and persistence of different organizational forms that endure over time in spite of their inef-
ficiency, and thus, that it can be used as a valid tool to formulate policy recommendations.

Temporary workers and innovation

Evolutionary economics stresses the importance of organizational learning and tacit knowledge for the
introduction of change in firms and sectors (Nelson and Winter, 1982). In line with the resource-
based view of the firm, on-the-job learning is deemed to be a necessary requirement for the generation
of tacit knowledge, that, in turn, stands as an antecedent for the emergence of new organizational and
technical knowledge (Foss, 1997; Penrose, 1959). In this framework, innovation depends on the com-
bination of formalized R&D and unformalized on-the-job learning. Grinza and Quatraro (2019: 7)
find support to this hypothesis by showing that workers’ replacements have a negative effect on the
number of patent applications, consistently with the idea that ‘when workers leave, they take with
them firm-specific knowledge about competencies and routines, as well as about the potential for
resource combination for the creation of novelty’.

Hence, since human capital accumulation requires long-lasting processes of organizational learning
that involve a two-way exchange between the organization and its personnel (Schneider et al., 2010),
or, to put it differently, between routines and individual skills, it comes as no surprise that the available
evidence is almost unanimous in claiming that the use of temporary workers is detrimental to innov-
ation – see, e.g. Hoxha and Kleinknecht, (2020); Guarascio et al. (2019); Wachsen and Blind (2016);
Franceschini and Mariani (2015); Kleinknecht et al. (2014); Malgarini et al. (2013); Dekker et al.
(2011); Lucidi and Kleinknecht (2010); and Michie and Sheehan (2003). Opposite predictions, how-
ever, come from Arvanitis (2005), whereas Altuzarra and Serrano (2010) find a non-monotonic rela-
tionship between labor flexibility and innovation. In their study, the firms employing only permanent
workers have the lowest propensity to innovate, but the probability of filing a successful innovation
decreases as the rate of fixed-term workers increases beyond the innovation-compatible threshold.

Given the above, it must be the case that some kind of mechanism is at play when it comes to the
effect of labor contracts on worker learning. The starting point is that a key but often forgotten
requirement for workers to invest in human capital is their willingness to learn. As rightfully recalled
by Kräkel (2016: 627), in fact,

traditional human capital theory assumes that a worker has no choice whether to acquire knowl-
edge or not. When a firm decides to invest in human capital, a worker is considered more like a
robot to be programmed rather than a human being who is free to learn or not. Often, however,
such programming is not possible.

Once we acknowledge this strategic dimension of learning, we must also recognize its pivotal role
around which to design the work incentives to spur innovation. Although principal–agent models
have been mainly studying the innovation-motivating contract that directly induce agents to innovate
(see, e.g. Manso, 2011), our point is more subtle, as we are interested in understanding how different
labor contracts may lead to different patterns of skill accumulation and learning dynamics, that, in

3For more general appraisals of the role of institutional complementarities in economic systems, see Aoki (2001) and
Pagano and Vatiero (2015).
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turn, indirectly affect the firms’ decision to innovate. The starting point is that innovation is mostly
firm-specific, and so are the skills required to carry it through. Hence, since temporary workers are
not interested in acquiring capabilities that do not increase their employability on the job market
(Belot et al., 2007), flexible labor contracts match poorly with investments in firm-specific human
capital, and thus, by extension, with innovation.

Given this strategic dimension of learning, two routes can be identified to explain the evidence
whereby firms relying heavily of temporary contracts innovate less. The first avenue suggests that it
is the use of flexible labor that ultimately leads to less innovation. This is the view that received the
greatest attention by the extant literature (see, e.g. Kleinknecht et al., 2014). In this framework, the
firms that decide to cut on labor costs or to increase the share of easily dismissible workers, end up
innovating less because of their workers’ unwillingness to invest in human capital, although this is
simply a byproduct of their ‘low-road’ human resource management strategy. This is also consistent
with the ‘efficiency-wage’ theory, according to which employees’ effort, including the innovative one, is
a positive function of wages (Akerlof and Yellen, 1986; Antonelli and Quatraro, 2013; Shapiro and
Stiglitz, 1984).

The opposite view postulates that it is the decision to invest in innovative projects that conversely
generates the incentives to hire on a permanent basis. Anticipating that workers will acquire firm-
specific skills only if offered a permanent contract, firms may find it rational to recruit on a permanent
basis to provide greater learning incentives as to improve their innovation performance. In the first
case, a prominent direction of causality going from institutions to technology, that is, from labor con-
tracts to innovation, is identified, whereas the second argument puts relative emphasis on the role of
innovation in the firm’s decision to hire on a permanent basis. When both causations simultaneously
exist, however, not only they are not mutually exclusive, but they sustain and reinforce each other, thus
generating the possibility of multiple equilibria in the firm’s strategy.

Labor contracts

‘Institutions – according to North’s (1990: 3–4) classical definition – are the rules of the game in a
society or, more formally, are the humanly devised constraints that shape human interaction […]
institutions define and limit the set of choices of individuals’. Labor law, in this respect, is no different:
it defines the rules that govern the labor market. In doing so, it creates macro institutional bonds that
constrain the behavior of all types of employers and employees, as well as a menu of micro-
institutional solutions that provide organizations with some freedom in choosing the arrangement
which is best fitting with their needs. In this framework, the different types of contracts envisaged
by a nation’s labor law can be viewed as micro-institutional arrangements that impose an array of spe-
cific conditions on a given employment relationship. In doing so, not only they formally define the set
of jural relations bonding together employers and employees, but they also informally affect the work-
ers’ behavior. According to the viewpoint of industrial psychologists and sociologists, in fact, there
exists an implicit psychological contract between principal and agents (see, e.g. Ribeaux and
Poppleton, 1978; and Beer et al., 1984). In this view, permanent contracts can be seen as a signal
of trust that promotes long-term commitment and human capital accumulation (Lorenz, 1999;
Michie and Sheehan, 2001, 2003; Svensson, 2011).

In this respect, ‘the liberalisation of temporary contracts […] has been the main labour market
reform in continental Europe during the last decades’ (Berton and Garibaldi, 2012: F125), as it pro-
vided employers with a new institutional tool designed to satisfy the growing need for adaptivity cre-
ated by an increasingly turbulent economic environment (see, e.g. Deakin et al., 2008; Eurofound,
2020; European Commission, 2010). The distinctive trait of temporary contracts, as it is well-known,
is that of providing firms with greater flexibility in downsizing, which is something that can be crucial
in the case of unanticipated changes in the outside economic conditions. Advocates of the ‘flexibility
argument’ have widely insisted on the idea that adaptivity is a key requirement to improve organiza-
tional performance (Bassanini and Ernst, 2002; Scarpetta and Tressel, 2004). The step from flexibility
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to precariousness, however, can be short. Indeed, although countries like Holland and Denmark have
been proven successful in coupling the liberalization of temporary contracts with flexicurity systems
that provide workers with income support during unemployment spells (OECD, 1997), countries
like Italy have been proven less virtuous in this regard (Berton et al., 2012).

The institutional trade-off we study in this paper is simple, although strictly related to the above
discussion. In the theoretical model developed in section 3, we assume that temporary contracts
can be broken at no cost upon the arrival of an adverse (and exogenous) productivity shock. In add-
ition, we show that there exist situations where permanent contracts generate incentives for workers to
invest in human capital that are absent in the case of temporary contracts. In this framework, a high-
road/low-road tale endogenously emerges, since firms may either decide to increase their flexibility
and rely on temporary contracts or seize the gains from human capital by recruiting on a permanent
basis.

3. The model

Timing and setup

In this section, we develop a two-stage game where a project (P) and a human resource manager (H )
hire a set of additional employees (individually indicate as E) to run their business. Workers are
assumed to be ex-ante identical in terms of capabilities, bargaining power, and outside option.
Hence, they receive a uniform wage w > 0 which does not vary across the different labor contracts,
which however provide different levels of employment protection. We assume that w satisfies the
workers’ participation and incentive compatibility constraint, so that all workers find it rational to
enter the labor market and exert the required level of effort. The timing of a typical period is as follows.

At stage 1, P and H make separate choices taking each other’s as given. In this framework, com-
plementarities may arise because of the managers’ inability to coordinate their actions.4,5 In the
technological domain, P selects a project portfolio comprising an optimal mix of ‘routinary’ (R)
and ‘innovative’ (I ) activities, whereas, in the institutional domain, H chooses between temporary
(T ) and open-ended (O) contracts. All projects last for one period, at the end of which, wages are
paid, and profits are collected.

At the beginning of stage 2, workers decide how intensively to invest in human capital, depending
on its portability latter and on the size of learning costs. After that, all employees exert effort, revenues
are collected, and the game ends. During the production phase, the economy experiences an adverse
productivity shock with exogenous probability 0 < s < 1. In this case, all projects are aborted and yield
zero payoff.6

To model the idea that labor flexibility allows firms to adjust easily to the outside economic envir-
onment, we assume that temporary workers can be dismissed at no cost, whereas permanent workers
must be compensated with a severance payment that is exogenously set by the labor law. To keep
things simple, we assume that this indemnity is large enough so that firms find it rational not to dis-
miss their permanent workers upon the arrival of the productivity shock. This admittedly limiting
assumption allows us to focus on a trade-off that is quite common in contemporary labor markets:
although permanent contracts may promote organizational performance in several ways (in our

4This is a key assumption of the model. In the absence of such coordination problem, in fact, the two managers would
select the combination of project and labor contracts that maximizes their joint profits. In this case, our model would still
allow for different equilibrium outcomes, despite all resulting equilibria would be unique.

5In principle, there are no reasons to exclude that a similar coordination problem may also exist between independent
contractors. Imagine a value chain where an upstream producer (call her A) takes charge of the early phases of a productive
project (concept, R&D, branding, and designing) and outsources its implementation to a downstream organization (call her
B). In this case, A may find it rational to invest in the refinement of an existing product rather than in the development of a
new one when observe that B recruits on a temporary basis, as the overall success of the joint production depends on the
relative efficiency of both A and B.

6The assumption of stochastic productivity shocks is common in labor market models dealing with temporary and per-
manent contracts – see, for instance, Berton and Garibaldi (2012).
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case, by inducing workers to invest in human capital), flexible tenures allow firms to adapt to unantici-
pated changes in the outside economic environment. The game is solved by backward induction. Since
employees are identical, we will analyze the workers’ human capital investment by referring to a rep-
resentative employee E (she).

Stage 2: human capital investments

E lives for two periods, t1 and t2. In each period, she works on a single project chosen by P. Our work-
ing assumption is that the different types of projects require different skill-sets. More specifically, we
assume that R-projects require only general skills, whereas I-projects require a mix of general and
firm-specific skills. The underlying idea is that routinary activities are similar across firms, whereas
innovation is more specific. To keep things simple, we assume that workers cannot invest differentially
in the skills composing each set, but can only fine-tune the intensity with which they acquire the entire
module of human capital.

At stage 2, E works under a given labor contract (temporary versus permanent) chosen by H at
stage 1. When the contract is open-ended, E remains with H in both t1 and t2. Conversely, temporary
contracts last for one period, so that E enters the unemployment pool at the beginning of t2. In this
case, she finds another job with probability 0 < a < 1. When unemployed, she receives her outside
option, which we normalize to zero. In addition, recall that temporary workers have a probability
0 < s < 1 of being separated from their jobs due to the arrival of an adverse productivity shock. In
this case, they remain unemployed for the period and lose their human capital investments. For
the sake of simplicity, we assume that E has no incentive to leave H along the entire duration of
the labor contract.

At the beginning of t1, E decides how intensively to invest in human capital depending on the
learning incentives generated by different combinations of projects and labor contracts. More specif-
ically, we borrow from the field of educational psychology (Marton and Säljö, 1976) and assume that E
chooses between two learning strategies, ‘deep’ (λ = 1) and ‘surface’ (λ = 0) learning. In the first mode,
she adopts an affirmative learning attitude to understand the meaning of her assignment and acquire
the skill-set in full. The second mode involves a learning performance of a minimally acceptable sort.
The underlying assumption, in this case, is that deep-learning is costlier than surface-learning.

As in Kräkel (2016), we assume that learning reduces the cost of effort when E works for H. In
addition – and always in line with Kräkel (2016) – we assume that E may be able to recover some
of her human capital investments in t2, depending on the degree of portability (or generality) of
the acquired skills.7 Formally, we assume that the cost of effort is defined over an interval [eL, eH].
For future reference, define eH− eL = e > 0. Given this, a temporary worker chooses λ∈ {0, 1} to
maximize:

UJ
T(l) = (1− s)[w− eH + (eH − eL)l]+ r(1− s)a[w− eH + pJ(eH − eL)l]− cl (1)

where the superscript J∈ {I, R} denotes the type of project and the subscript T the type of labor con-
tract, whereas 0 < r < 1 is the discount rate. The terms in the first square (resp., second) brackets on the
right-hand side of equation (1) measure E’s payoff in t1 (resp., t2). c≥ 0, in turn, is the cost of
deep-learning. For simplicity, the cost of surface-learning is normalized to zero. Finally, 0≤ pJ≤ 1,
J∈ {I, R} captures the portability of the skill-set associated with the different projects. To model the
idea, the skills acquired in ‘innovative’ projects are less portable than those acquired in ‘routinary’ pro-
jects, we assume that 0≤ pI≤ pR≤ 1.

Our first assumption, that learning reduces the cost of effort when E works for H, is captured by the
term −(1− s)[eH− (eH− eL)λ], where the cost of effort in t1 is specified as a decreasing function of λ.

7We rule the possibility that E is intrinsically motivated to learn. In that case, workers assigned to innovative projects may
have extra incentives to invest in human capital, as getting involved in innovation could be intrinsically more rewarding than
perform a routinary activity. Even if this channel is taken into account, however, our results remain unchanged.
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Our second assumption, that the skills acquired in a given project may be portable outside the firm, is
captured by the term −r(1− s)a[eH− pJ(eH− eL)λ], where the expected cost of effort in t2 is specified
as a decreasing function of λ and pJ. Similarly, a permanent worker chooses λ∈ {0, 1} to maximize:

UJ
O(l) = [w− eH + (eH − eL)l]+ r[w− eH + (eH − eL)l]− cl (2)

The interpretation of equation (2) is analogous to equation (1). For a summary of the parameters’
interpretation, see Table 1.

Given the above, it should be clear that the incentives to invest in human capital crucially depends
on the size of the learning cost c, on the portability of the acquired skills pJ and on the job-acquisition
rate a, as put forward by the following lemma8:

Lemma 1. A temporary worker assigned to an innovative project invests in deep-learning if c≤ e(1 +
arpI). In addition, a temporary worker assigned to a routinary project invests in deep-learning if c≤
e(1 + arpR). Finally, a permanent worker invests in deep-learning if c≤ e(1 + r), regardless of the type
of project.

Observe that the critical threshold e(1 + r) is the greatest among the three derived in Lemma 1,
which implies that the range of learning costs that allows workers with an open-ended contract to
invest in deep-learning is always larger than that of temporary workers. In simple words – thought
somewhat imprecisely – it could be said that it is ‘more likely’ that permanent worker invests in
deep-learning. This is due to the fact that all types of skills are assumed to be entirely portable
when remaining within the firm and thus, that permanent workers benefit from their human capital
investments along the entire duration of their occupational life (t1 + t2). In addition, given the assump-
tion that the skill-set involved in innovative projects is not easily portable outside the firm ( pI < pR),
the range of learning costs that makes deep-learning viable for temporary workers is always larger
when they are assigned to routinary projects. As before, this implies that is ‘more likely’ that a perman-
ent worker invests in deep-learning when working on a routinary project.

Figure 1 visualizes the results of Lemma 1 and makes clear that the decision to invest in
deep-learning crucially depends on the value of c. There are several mechanisms which may affect

Table 1. Worker’s payoffs

Parameter Interpretation

0≤ s≤ 1 Arrival rate of productivity shocks

0 < r < 1 Workers’ discount rate

0 < a < 1 Job-acquisition rate

w > 0 Uniform wage

[eL, eH] Effort cost

c≥ 0 Learning cost

pI≤ pR≤ 1 Portability of the skills involved in routinary projects

0≤ pI≤ pR Portability of the skills involved in innovative projects

λ∈ {0, 1}
E’s decision variable l = 1 in case of deep learning

0 in case of surface learning

{

8All proofs are collected in the Appendix, which is available from the authors upon request.
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the cost of learning. For instance, c could increase with task complexity or decrease with the workers’
intrinsic motivation to learn.

Innovative versus routinary projects

At stage 2, P composes a project portfolio by selecting the optimal quantity of innovative and routinary
activities, denoted, respectively, as I > 0 and R > 0. We assume that the technological costs of investing
in innovative and routinary projects are described by the convex cost function K(I, R), where K(0, 0) =
0, ∂K/∂J > 0, and ∂2K/∂2J > 0, J∈ {I, R}. All projects last for one period, require a single unit of labor,
and can be more or less successful, depending on the workers’ investment at stage 2. To keep things
simple and focus on the relationship between human capital and productivity, we assume that both
types of projects are fully successful when workers invest in deep-learning, whereas they yield a trun-
cated return when workers invest in surface-learning.9 More specifically, we assume that I-projects
yield a payoff equal to A > 0 when λ = 1, and a payoff equal to D > 0 when λ = 0. Similarly,
R-projects yield a payoff equal to B > 0 when λ = 1, and a payoff equal to C > 0 when λ = 0. To
model the idea that I-projects are riskier but potentially more profitable than R-projects, we follow
Acharya et al. (2014) and assume that 0 <D < C < B <A. Finally, recall that in the case of a productivity
shock, all projects are aborted and yield zero payoffs. Hence, each activity can be in three states: a ‘high-
state’ occurring with probability (1− s)λ, a ‘middle-state’ occurring with probability (1− s)(1− λ), and a
‘low-state’ occurring with probability s.

To ensure the viability of open-ended contracts, we assume that H finds it rational to recruit on a
permanent basis when open-ended contracts provide workers with learning incentives that are not
generated by temporary contracts. This amounts to assuming that when permanent contracts yield
λ = 1 and temporary contracts yield λ = 0, permanent contracts yield higher payoffs in both routinary
and innovative activities. Hence, we formulate the following assumption:

Assumption 1. The probability of adverse productivity shocks is not so high to make permanent con-
tracts irrational. Parametrically, this corresponds to s ≤ (B− C)/(B− C + w) ; ŝ.

4. Results

Profit functions and decision rules

Assume that H and P split the operating profit 50:50. In this case, the managers’ profits are given by:

PO(R, I) = 1
2
{(1− s)[lA+ (1− l)D]I + (1− s)[lB+ (1− l)C]R− (I + R)w− K(I, R)} (3)

PT(R, I) = 1
2
{(1− s)[lA+ (1− l)D− w]I + (1− s)[lB+ (1− l)C − w]R− K(I, R)} (4)

Figure 1. Learning incentives.

9Alternatively, we may assume that E produces valuable output with probability y(λ) and zero output with probability 1− y(λ),
where E’s learning decision affects positively the success probability so that 1 > y(1) > y(0) > 0. Despite more realistic, this specifi-
cation adds little to our results.
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Given the assumption that temporary workers can be dismissed at no cost upon the arrival of a
productivity shock, the wage payments in equation (4) are paid with probability 1− s, whereas
those in equation (3) are paid with probability =1, since they are independent from the economy’s
exogenous state. The decision rules that define the managers’ equilibrium strategy are as follows.
When H hires on a permanent basis, P maximizes equation (3) with respect to I and R. Denote IO
and RO as the arguments that maximize ΠO. Conversely, when H hires on a temporary basis, P max-
imizes equation (4) with respect to I and R. Denote IT and RT as the arguments that maximize ΠT.
Whether Ii will be higher or lower than Ij, of course, depends on the employees’ decision at stage
1, i∈ {I, R} and i≠ j.

H, in turn, takes P’s decision as given and chooses the type of labor contract that provides the
higher returns. Hence, applying a tie-breaking rule whereby H chooses to hire on a permanent
basis when s/he is indifferent between the two types of labor contract, s/he plays O when ΠO(IO,
RO)≥ΠT(IT, RT) and plays T when ΠT(IT, RT) >ΠO(IO, RO).

Organizational equilibria

When H recruits on a permanent basis, P maximizes equation (3) with respect to I and R. In this case,
the first-order conditions for optimal profit are given by:

∂PO

∂I
= (1− s)[lA+ (1− l)D]− w− ∂K(I, R)

∂I
= 0 (5)

∂PO

∂R
= (1− s)[lB+ (1− l)C]− w− ∂K(I, R)

∂R
= 0 (6)

where (IO, RO) describes the firm’s technology when H hires on a permanent basis. For future refer-
ence, define the firm’s technology as TO≡ IO/RO.

Similarly, when H recruits on a temporary basis, P maximizes equation (4) with respect to I and R.
In this case, the first-order conditions for optimal profit are given by:

∂PT

∂I
= (1− s)[lA+ (1− l)D− w]− ∂K(I, R)

∂I
= 0 (7)

∂PT

∂R
= (1− s)[lA+ (1− l)D− w]− ∂K(I, R)

∂R
= 0 (8)

where (IT, RT) describes the firm’s technology when H hires on a temporary basis. As before, define
TT≡ IT/RT. The larger (resp., smaller) is Ti, i = T, O, the more ‘innovative’ (resp., ‘routinary’) is the
project portfolio.

To characterize the equilibrium outcomes of the game, we will proceed in two steps. Proposition 1
analyzes the case where the manager’s choices are independent from one another; Proposition 2 those
characterized by interlocking complementarities and multiple equilibria.

Proposition 1. When learning costs are either high, low, or medium-high, P’s and H’s choices are inde-
pendent. In this case, a unique equilibrium where H recruits on a temporary basis exists if learning costs
are either high – c > e(1 + r) – or low c < e(1 + rapI). Similarly, a unique equilibrium where H recruits on
a permanent basis exists if learning costs are medium-high – e(1 + rapR ) < c < e(1 + r).

In the first and second scenarios allowed for by Proposition 1, workers choose the same learning
strategy regardless of the type of project and labor contract. Indeed, when c is small (resp., large), all
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workers find it rational to invest in deep-learning (resp., surface-learning). In this case, H chooses the
tenure that provides the greatest flexibility in downsizing, whereas P composes the project
portfolio according to the different returns generated by the workers’ decision.10 In the third
scenario, only permanent workers invest in deep-learning, regardless of the type of project, and
thus, according to Assumption 1, permanent contracts yield higher payoffs than temporary contracts
in both routinary and innovative activities. In this case, H recruits on a permanent basis, whereas P
composes a project portfolio reflecting the fact that workers invest in deep-learning across both
types of activities.

Proposition 2. When learning costs are medium-low – e(1 + rapI) < c < e(1 + rpR) – H’s hiring decisions
and P’s technological choice are characterized by interlocking complementarities. In this case, a unique
‘high-road’ equilibrium where P invests relatively more in innovation and H recruits on a
permanent basis exists if �sw/(A− D−�sw) , TT , where �s = s/(1− s). Conversely, a unique ‘low-road’
equilibrium where P invests relatively more in routinary projects and H recruits on a temporary
basis exists if TO , �sw/(A− D−�sw). Finally, when TT , �sw/(A− D−�sw) , TO, multiple
equilibria may exist. The threshold �sw/(A− D−�sw) is increasing in the probability of adverse probabil-
ity shocks.

When learning costs are medium-low, permanent workers invest in deep-learning regardless of the
type of project, whereas permanent workers invest in deep-learning only when assigned to routinary
projects. In this case, firms relying on atypical contracts perform better in routinary activities, since
they reap the same productivity gains as those recruiting on a permanent basis but downsize more
flexibly in the case of productivity shocks. Conversely, firms relying on permanent contracts have a
comparative advantage in innovative activities, since, according to Assumption 1, the gains from suc-
cessful innovation are large enough to offset the ‘rigidity’ of permanent contracts. Hence, when the
threshold �sw/(A− D−�sw) falls in the interval (TT, TO), H’s and P’s choices are mutually reinforcing.
In this case, initial conditions matter, as both the technological and the institutional architecture of the
firm loom large on the managers’ future decisions. Interestingly, a sort of high-road/low-road story
(Kochan and Osterman, 1994) endogenously emerges, as those who innovate more also recruit on
a permanent basis. However, as the last part of Proposition 2 makes clear, a unique ‘low-road’ equi-
librium is more likely to occur when productivity shocks arrive frequently, since H finds it relatively
more appealing to fine-tune the firm’s adaptivity to the turbulence of the outside economic
environment.

Welfare

To characterize the Pareto-ranking of our multiple equilibria, we need to compare the operating profit of
the firm and the utility of the representative employee across the ‘high-road’ and ‘low-road’ equilibria. To
do so, we need to make specific assumptions on the functional form of K(I, R). To keep things simple, we
assume that K(I, R) = (I2 + R2)/2. Hence, given the employees’ strategy to invest in human capital when
learning cost are medium-low – see Lemma 1 – we can write the firm’s profit as:

PO(R, I) = [(1− s)A− w]I + [(1− s)B− w]R− (I2 + R2)/2 (9)

PT(R, I) = (1− s)(D− w)I + (1− s)(B− w)R− (I2 + R2)/2 (10)

the maximization of which yields the following sets of optimal solutions: (IO, RO) = {(1− s)A−w, (1− s)
B−w} and (IT, RT) = {(1− s)(D−w), (1− s)(B−w)}. Plugging these in equations (9) and (10), we derive

10More specifically, P’s portfolio is more innovative (resp. routinary) when learning costs are low (resp. high). This is due to the
assumption that I-projects (resp. R-projects) are more profitable than R-projects (resp., I-projects) when λ = 1 (resp., λ = 0).
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the firm’s equilibrium profit, which are given by:

PO(R, I) = 1
2
[(1− s)A− w]2 + 1

2
[(1− s)B− w]2 (11)

PT(R, I) = 1
2
(1− s)2(D− w)2 + 1

2
(1− s)2(B− w)2 (12)

Hence, we can put forward the following proposition:

Proposition 3. When multiple equilibria exist, workers are always better off in the ‘high-road’ equilib-
rium. Moreover, the two managers are better off in in the ‘high-road’ equilibrium iff ΠO(R, I )≥ΠT(R,
I ), that is, iff:

[(1− s)A− w]2 + [(1− s)B− w]2 . (1− s)2[(D− w)2 + (B− w)2] (13)

Hence, when condition (13) is satisfied, the high-road equilibrium Pareto-dominates the low-road
equilibrium.

Policy implications and institutional reforms

Proposition 3 makes clear that the ‘high-road’ equilibrium is the only candidate to be Pareto-superior.
Therefore, when condition (13) is satisfied but the system has gravitated toward the ‘low equilibrium’
due to adverse initial conditions or poor equilibrium selection, both the managers and their employees
are stuck in what may be called an ‘organizational poverty trap’.

This can be used as a policy argument against the plea for deregulation that has characterized the
public debate over the last couple of decades or so. If our reasoning is correct, in fact, the liberalization
of temporary contracts not only has negative repercussions on worker well-being, which is somewhat
unsurprising, but it also endangers innovation and profitability, conversely to what suggested by the
advocates of the ‘flexibility thesis’ (Bassanini and Ernst, 2002; Houseman, 2001; Saint-Paul et al., 1996;
Scarpetta and Tressel, 2004). Flexicurity systems, in this view, perform no better. Indeed, they can do
little to incentivize the accumulation of firm-specific human capital that promotes innovation (Foss,
1997; Leiponen, 2005; Penrose, 1959), despite they are crucial to protect workers from the otherwise
detrimental effects of deregulation. Despite more protected workers survive better to unemployment
spells, in fact, social security systems have no effect on their decision to acquire firm-specific skills,
which crucially depends on the length of time they remain within a given organization. In this
view vein, we can expect lifelong training programs – that constitute another key pillar of flexicurity
systems – to have little, albeit positive, effects on innovation, as they usually encourage the accumu-
lation of general skills that are insufficient to boost the creation of novelty, provided, of course, that
our reasoning is correct. Since the key determinant of the workers’ decision to accumulate firm-
specific knowledge is the length of time they will remain within the firm, permanent contracts
seem the only institutional arrangement capable of incentivizing human capital formation and innov-
ation. The policy suggestion that can be derived is rather straightforward: institutional reforms aimed
at improving labor market flexibility should be discouraged, even when they are supported by the
design of flexicurity systems that increase social security. In addition, given the interlocking character
of institutional complementarities, interventions in labor market institutions are ineffective unless they
are coupled with the fine-tuning of innovation incentives. As recalled by Moretti and Wilson (2014)
and Chirinko and Wilson (2008), in fact, investment tax incentives and place-based subsidies can be
crucial to spur innovation-based clusters. Hence, providing workers with the right incentives to invest
in human capital can be useless unless firms are given similar incentives to innovate. If either of the
two policies is implemented without the other, the system may remain stuck in an ‘organizational pov-
erty trap’ due to self-reinforcing character of organizational equilibria.
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Of course, when competition is efficient, the selective pressure should be such that the least pro-
ductive firms are driven off the market. However, given the wide evidence that a variety of different
corporate ‘species’ actually co-exists in our contemporary economies (see, e.g. Landini and Pagano,
2018a, 2018b), when market mechanisms work poorly, firms relying heavily on temporary workers
and routinary projects are likely to survive. Hence, despite this paper does not provide explicit insights
concerning the role of market competition in firm survival and organizational diversity, it shows that
interlocking complementarities at the firm level may provide an explanation to the coexistence of dif-
ferent organizational forms. In this view, the paper could be extended to include a ‘competition stage’
that analyzes how market mechanisms may allow the selection of the most efficient form of corporate
governance. We leave this possibility for future research.

5. Conclusions

In this paper, we have shown the existence of interlocking complementarities between the firms’ decision
to innovate and its choice to hire on a permanent basis. By analyzing how different types of labor con-
tracts (temporary versus permanent) and different types of projects (routinary versus innovative) gener-
ate different learning incentives for workers to invest in human capital, we have highlighted a strategic
dimension of learning that has major implications for firm-level innovation. Under given parameteriza-
tions, in fact, we have found that two organizational equilibria simultaneously exist. In the ‘high-road’
equilibrium, the human resource manager finds it rational to hire on a permanent basis given the project
manager’s decision to invest relatively more in innovation. Conversely, in the ‘low-road equilibrium’, the
human resource manager finds it rational to hire on a temporary basis given the project manager’s deci-
sion to invest relatively more in routinary activities. In addition, we have derived conditions under which
the ‘high-road’ equilibrium is Pareto-efficient for both the organization and its personnel, whereas we
have proven that the ‘low-road’ equilibrium is always Pareto-inefficient. The upshot is that the inability
of the two managers to coordinate their strategies may lead the system to gravitate toward what we call
an ‘organizational poverty trap’, with negative repercussions for both profitability and worker well-being.
Given the self-reinforcing character of organizational equilibria, the policy implication is that
regulation-induced changes in labor market institutions have little or no effect on the firms’ innovation
performances unless they are coupled with the fine-tuning of innovation incentives, and vice-versa, that
regulatory interventions aimed at influencing the firms’ technological investment will be useless without
complementary maneuvers in the regulation of labor markets.

The peculiar kind of complementarity analyzed in this paper is just one among the many structural
interdependencies that characterize our economic systems. Indeed, our results pave the way to further
research avenues. First, our framework could be used to investigate the so-called ‘meta institutional
complementarities’ like those analyzed by Landini and Pagano (2018a, 2018b) and bridge together
the results of this paper with those identified by the remainder of the literature on organizational equi-
libria. In the same vein, it would be interesting to analyze how the macro-complementarities identified
by VC theorists (see e.g. Allen, 2013; Hall and Soskice, 2001) interact with the micro-complementarities
analyzed in this paper. Second, we have assumed a uniform wage, irrespectively of the type of labor con-
tract. However, theoretical and empirical literature stresses that one should expect earnings for perman-
ent and temporary workers to be different (see, e.g. Damiani et al., 2020). An extension of the model to
address these wage differentials would be therefore particularly important. Third, although the proposed
dichotomy between routinary and innovative activities has been viewed in a radical perspective (i.e. any
innovation versus no-innovation at all), it would be interesting to apply our reasoning to other and more
subtle dichotomies, such as those between incremental and radical innovation or process and product
innovation. We leave this possibility for future research.
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