Autonomy and Monitoring®

Marco A. Barrenechea-Méndez, PhD.
Universitat Pompeu Fabra
Edifici Roger de Lluria (campus de la Ciutadellankn Trias Fargas, 25-27 08005
Barcelona
E-mail: Marco.barrenechea@upf.edu
Telephone number: 0034699617540
Pedro Ortin-Angel, PhD.
Universitat Autonoma de Barcelona
Fac. CC. Economiques i Empresarials - Edifici Bugnsitat Autonoma de Barcelona
08193 Bellaterra (Cerdanyola del Valles)
E-mail: Pere.ortin@uab.es
Telephone number: 0034935811209
Eduardo C. Rodes, PhD.
Universitat Autonoma de Barcelona
Fac. CC. Economiques i Empresarials - Edifici Bugnsitat Autonoma de Barcelona
08193 Bellaterra (Cerdanyola del Valles)
E-mail: Eduardo.rodes@uab.es

Telephone number: 0034935811209

OThe authors acknowledge financial support fromS3panish Ministry of Education, ECO 2013-48496-
C4-4-R. We are grateful for the helpful commentsvided by two anonymous referees and by Matthew
Ellman, Tor Eriksson, Vicente Salas-Fumas and @pénts at various conferences and workshops.



Abstract

This paper provides a theoretical and empiricallysma of an under-explored
consequence of granting autonomy to workers: maongoln the principal-agent model
that we develop, granting autonomy allows workersarry out innovative tasks in the
workplace. Given that innovative tasks are moréatilt to monitor, the model predicts
a positive relationship between autonomy and mango Relying on information about
blue-collar workers coming from a dataset of Sgamslustrial plants, we provide strong

support for this prediction.
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1. Introduction

Aghion and Tirole (1997) set out the theoreticalrfdations of a growing body of
economic literature on authority in organizatiohsvorker’s real authority, or autonomy,
is understood as being the capability of the wotketecide on the task to be performed.
The bulk of this literature (see Bolton and Dewadrnt 2012 for a summary) focuses on
the effects of autonomy on workers’ efforts to eotlinformation in order to be able to
select the task to be performed. The present gapdributes to this literature by stressing
another effect of granting autonomy: its conseqgasrmmn the effort that workers exert on
the execution of the task that is finally implenezhtMore specifically, we are interested
in the relationship between autonomy and two meshaof the job design needed to
elicit this productive effort: monitoring and commsation. When we talk of monitoring,
we refer to efforts made by the firm (e.g. supamssperformance appraisal) to gather
information about the way workers carry out produectasks (inputs and/or outpuits)

Several case studies, such as those by Nordstradhole Foods Market or the bulk
of those presented by Kaplan and Norton (2001)wshoclear interaction between
autonomy, monitoring and compensation. Nordstroma igery successful firm in the
apparel industry that gives sales clerks a lotisdrétion in the way they carry out their
work. Sarcastically, they call “the employee hamaljoto a single five-by-eight-inch
card, where the only rule states: “...use your gamgjinent in all situations. There will
be no additional rules”Collins and Porras 1994, 117). This sound philosophy is
reinforced by the point of view expressed by theOCEmM Nordstrom: “You can do

anything you need to at Nordstrom, just so lonya@s live up to our basic values or

LIt has been argued that autonomy and monitoriegaatonymous terms (Neal 1993), related to the
workers’ degree of empowerment to make a certatisa. Note that we use the teamtonomyto refer

to the degree of empowerment for thelection of the tasko be performed, while we use the term
monitoringto refer to the degree of empowerment foragkecution of the task
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standards” Collins and Porras 199¢, 138). At the same time, they usaes pehour

for monitoring purposes, calling®itthe heart of Nordstrom’s distinctive management
strategy”. This information influences pay, the itatality of better hours and days and
career opportunities.

In the supermarket chain Whole Foods Market, “Snesipowered work groups are
responsible for all key operating decisions, inglgdoricing, ordering, staffing, and in-
store promotion. While associates are highly empedie they are also highly
accountable. Every four weeks, Whole Foods Mar&ktutates th@rofit per labor hour
for every team in every stor€éeams that exceed a certain threshold get a barthgir
next paycheck...” (Hamel and Breen 2009, p.5)

Thus, it is not surprising that the managerial andounting literature suggests that
the innovations resulting from workers’ empowermevitl imply changes in the

monitoring and compensation systems. The follovetagement underscores this idea.

“(Employees) may innovate and find new and unexukeetays to
achieve high-level strategic objectives or identifgriations in the
strategy that open up new growth opportunities3@h)"Companies
have been attempting to implement change for decadéy do we
advocate that change initiatives now be accompalyea change in the
measurement system to the Balanced Scorecard? iAdaphe
organization’s measurement system to the changedagie critical for
success.(p.343) “The final linkage from high-lesghtegy to day-to-
day actions occurs when companies link individuat€entive and
reward programs to the Balanced Scorecard” (p.253).

R.S. Kaplan and D.P. Norton, 2001, The StrategydBed Organization

This anecdotal literature does not address thetiqussof why and how such
decisions are interrelated. The way in which them@bles of the job design interact is

not straightforward. It might be plausible to calesi different combinations. For

2 See p. 7 of the case study: Nordstrom: Disserisidche Ranks (A), Harvard Business School (9-191-
002), 1999.



example, are monitoring and compensation goingetbigher (or lower) in contexts in
which workers are empowered? Are firms going tovg® less autonomy when
monitoring costs and compensation levels are hijbeser)?

This paper sets up a principal-agent model thatiges insights into these questions.
The firm (principal) decides whether to grant waoskégents) rights that allow then to
make decisions on selecting the task needed tmrpertheir job, and establish the
monitoring and compensation levels that are coetihgn this decision. The worker
decides whether or not to implement a new task whenis possible, and the effort
exerted in performing such a task.

The main contribution of the model is to emphasigeeffects of autonomy on the
monitoring and compensation levels. Our explanasdrased on the assumption that the
firm has a comparative advantage in monitoringsiamary task vis-a-vis an innovative
task, i.e. the same quality of information can tamed in the first case at a lower
monitoring cost. The anecdotal literature citedvadbsuggests that the nature of the task,
whether customary or innovative, may determinesdgiit monitoring and compensation
arrangements. Examples of monitoring arrangemergsttee ones suggested by the
managerial accounting literature and associated th# implementation of monitoring
systems, such as budgeting control, activity-bassts or the balanced scorecard. Some
monitoring effort will entail sunk costs, for exalagraining supervisors to understand
the information to be gathered and the procedustgbkshed for gathering it. The
comparative advantage in monitoring the customasy thay come, for example, from
not incurring such sunk costs again.

The remaining assumptions are in common use inlitd@ture onauthority in
organizationgBolton and Dewatripont 2012) tne provision of incentives in firnfsr

a summary see Prendergast 1999). Authority is lysiuated to the assumption that both



firms and workers have private benefits relateditferent tasks. We depart from most
of this literature by assuming that only firms abtpositive private benefits when an
innovative task is implemented. Following Prendstd2002), we assume that workers
acquire private information on the best way to gaut the job when a firm places them
in their jobs. This information cannot be commutedato management without cost.
Therefore only the workers can decide if an innwais introduced or not.

In addition to the differences in monitoring tasésy model differs from Prendergast
(2002) in that the firms’ benefits are private, amorkers do not obtain private benefits
from selecting a given task. These last assumptonsnade for the sake of expositional
simplicity, not based on their realism. The assuomst avoid any other conflict of
interests other than the one that the paper wishdsghlight. Autonomy allows the
worker to introduce innovations whenever it is plolss When the increase in monitoring
costs and wages does not compensate for the assb@avate benefits, the firm
centralises decisions.

The model also relies on several assumptions nmattesiliterature othe provision
of incentives in firmdor linking monitoring and compensation. Speciigamodels
usually assume that in order to elicit effort fromorkers, firms must link their
compensation to the (imperfect) information proddsy the monitoring system about
the effort exerted. We have designed the optimalitaong system relying on Demougin
and Fluet (1998, 2001). These authors show thatrder to obtain a certain level of
worker’s effort in a context of moral hazard, risgutrality and limited liability, the
features of the monitoring system can be summamngedust one parameter: the quality
of information. We have borrowed this result in erdo make our model more

manageable.



The main prediction of the model is that monitgrmill be higher in those firms that
provide autonomy. Typically, the information neededtest this hypothesis, i.e. the
measures for monitoring and autonomy in the sartssdg is not availableA distinctive
characteristic of our data is that it specificaiygasures those variables. We rely on a
database of Spanish industrial plants providing@rim@ation about work organization
practices for blue-collar workers. The data strgrsgipports the relationship predicted by
the model. The model also suggests that in firrasghy above the market, higher levels
of monitoring imply less rent to their workers. $hprediction also receives strong
support.

The remainder of the paper is organized as folldwsSection 2, we develop the
model and state its empirical implications. In 88t8, we present the empirical strategy,
the data and the results of the estimations. tti&@e4, we conclude with the theoretical

and empirical implications of the paper.

2. The model

2.1. Model structure and main assumptions

We use a principal-agent model with moral hazardiclv considers a risk neutral
firm and a risk neutral worker protected by limitebility. In what follows, our efforts
will focus on setting out the job design within tt@ntingent contract that the firm offers
to the worker at the beginning of the contracteldtronship. The model assumes that the

optimal contract has to take into account the aggons between autonomy, monitoring

3For instance, we have not found such informatiosuirveys such as the European Company Survey 2008
of the European Foundation, th& Buropean Survey on Working Conditions (2010) @ Morkplace
Employment Relations Study 2011



and compensation. Figure 1 shows the states ofenagalized and the different decisions

made from the offering of the contract until iteetion.

--Figure 1--

Stage0. For the sake of simplicity, we summarize thesge ways in which a job can
be performed, reducing them to just two tasksctisomary task, denoted dy= 0, and
the innovative task, denoted dy1. In this stage, it is common knowledge that¢hs a
certain positive probability, > 0, that an innovative task will be feasible wile&worker
is appointed to the workplace. Given its experietioe firm could have an insight into the
potential a given worker might have to introduceiramovation. In addition, the worker
could have a good idea of their abilities and tfeeszan insight into their potential to
introduce an innovation. We assume that the intttdn of an innovationd = 1) implies
a reduction in production co$tsf B. This cost reduction is observable by the worker a
the firm but not by third parties, consequently,agsume that it is non-contractible.

Stage 1.The firm offers a contract afteandB are known. Following Demougin and
Fluet (1998, 2001), we assume that the firm is msktral and its problem is to design a
contract that minimizes the expected costs for mmguhat the worker executes a task
with a certain level of effor€. The contract is designed in order to be accepyethe
agent. The firm offers a contingent contract wififedent levels of autonomy, monitoring
and wages. We assume that the worker is risk fduitgrotected by limited liabiliy

The maximum fine that she can receiv& i80. This can also be interpreted in terms of

“4In a seminal book, Landau and Rosemberg (1986} afferies of contexts in which the introduction of
innovations result in cost reduction.

SLimited liability is a common justification for thase of efficiency wages or the existence of rasts
incentive devices (see, for example the extendiemture presented by Saint-Paul 1996).
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the agent’s ability to post a bond as it is donéhm agency model (Holmstrém 1979).
Additionally, the reservation utility for the empiee is zero.

Hence, the worker’s expected utility is definedtasexpected wagg(w) minus the
cost of the effort to execute the task, represemyddnctionC(e) , which is definedve €

[0,e], so the domain is a closed interval of effortshwtie lowest value of 0 and the
highest value ot, whereé < e. The cost of effort function has the usual regular
properties,C(0)=0, C'(e) >0, C"(€)>0, C(e) = andC'(0)=0. We restrict our
analysis to bonus-based compensation contractsevaimty two (high and low) possible
wages will be considered. Under the assumptionsepi&dn (1997) shows that bonus-
based contracts can reproduce all the first-bessiple solutions obtained with other
contractual forms, for example linear incentivetcacts (Holmstrom 1979). Finally, the

worker can always leave the firm at any of thedwihg stages.

Stage 2:If the worker accepts the contract, she is placethe job and observes
whether the innovative task can be introduced. draroented before, the existence of a
positive probability that the worker may implemantinnovation is common knowledge,
nevertheless, in this stage this state of natyser®rmed and observed exclusively by the
worker. The availability of an innovation once therker has taken up the job is private
information. With this information, the worker ddes whether to innovatd € 1) or not
(d = 0). When the innovative task is not availablesréhis no choice,d(= 0). The
introduction of an innovative task is observabld aantractible.

There is a certain amount of literature assumingverifiability of innovations (see
for example Aghion and Tirole 1997). This is natrigical point in our model. The results

would be maintained if innovations were non-vehfea but produced changes in the



monitoring systems that can be observed. The akigoint in our model is that changes
in the monitoring systems are verifiable and cartiite.

The worker’s private information is about the attteasibility of the innovation.
Therefore the contract - which is offered in Sthageannot stipulate something like “if an
innovation is feasible it must be adopted”. Howetee contract can forbid innovatiéns
for example by dismissing the worker if an innowatis introduced. In that case, the
worker will not receive any compensation and the fwill not incur monitoring costs.
Since it is never in the interest of the workerintroduce an innovation when it is
forbidden, this case does not deserve further tattenWe therefore consider two
situations: centralization with no innovations, aattonomy where innovations can be
introduced. Whether the firm provides autonomy (L) or centralizesa(= 0) is something
that has to be specified in the contract. The datiabout the provision of autonomy
determines a set of monitoring/compensation contioing from among which the worker
can select.

Note that instead of granting decision rights te thorker, we could model this
interaction as a game of communication (Desseir2R0fhen the worker observes the
state of nature in Stage 2, “if an innovation esfble” she sends a message recommending
the innovative task, and in a truth-telling equilifon, the firm orders the worker to
undertake the recommended task. These two sceramgoplausible. We may assume
costly communication, errors and credibility/commént issues to favour our
interpretation, using autonomy to implement thétrigsk instead of the truthful revelation
game.

Stage 3The principal invests in monitoring the task wittensitym. Firms can invest

in  monitoring mechanisms (e.g. absenteeism consgstems or productivity

%Beside benefits, innovations also imply costs.



measurements) to collect public and contractiblermation about the effort exerted by
the worker in performing the task. In the case afils-based contracts, Demougin and

Fluet (1998) show that it is optimal for the firmsummarize all the information available

about the worker’s performance (input, output ahpén a binary statistie= {H, L} .

This binary information system is imperfectly céated to the effort level, so there is
a positive probability of obtaining signéd for a certain level of effore, monitoring
intensitym and the task selectet] which is represented by the probability funcfion
P(H /e,m,d) . Let us assume that the probability function isiceéacontinuously
differentiable with respect tg P'>0, soH can be interpreted as favourable information

about the worker’s effort, arl®l'< 0.

éP'(H/ém,d)

Demougin and Fluet (1998, 2001) show that, for éiglalues of= P emd)

,itis
possible to implement the level of effa¥with lower (or at least the same) expected
wages. Therefore, for the firm’s purposes, theuiest of a monitoring system for a

concrete task can be summarizeddwhich is interpreted as a measurement of thatgual

(or precision) of the information provided by themtoring system1[0,1]).

We depart from Demougin and Fluet by assuming ttiequality of the information
about the worker’s performance will depend on tiieoduction of innovationgdf and on
the monitoring intensityng) in the following way:4d) = y(1- d) + m. In other words, given
the level of efforté, the probability of obtaining signél only depends on the quality of

the informatiorP(H /6(d)) .

7 One function with all the properties describedobeis P(H / e m d) = e/ d*M = e? definedve €
[0,e =1].
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We assume thadd) is public information. The parameteis positive and reflects the
cost advantage for the firm of monitoring the cushoy task vis-a-vis the innovative task.
The additive functional form adfimplies that the informational advantage independent
of the level of monitoring intensity. Another asqutian is made simply to simplify and
eliminate the trivial solution that there is no dde invest in monitoring the customary
task: the informational advantage of the custornesk ¢ = 0) to elicit efforté is positive

ec'(é)

but sufficiently smallo< y < ———"—.
Ce+F

Let us defineM as the minimum level of investment needed to abtaonitoring
intensitym. Both variablesn andM are contractible and relate to each other accoriding

the following function:M =M(m). The functionM (.) satisfies the usual properties,
M (0) = 0, is twice differentiable and continuously increasingn, M '(.) >0, M"(.) >0

Stage 4 After the task is chosen (together with the assedianonitoring intensity),
the worker exerts productive effagtin performing such a task. As in standard agency
models (Holmstrém 1979, Shavel 1979), there is asginc information about the level

of this variable. Thus, in order to elicit the opéil level of effort, the compensation of the

worker will be based on statistie {H , L} , Wwherew,, is the wage paid when a high level

of performance has been observed andhe wage paid when a low level of performance

has been observed.

2.2.The firm’s cost minimization problem

In this section we set out the firm’s problem folypaThe firm has to design the

contract taking into account the fact that the workas discretion in selecting the job
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task (verifiable and contractible) and the levelin¥erifiable effort. The first decision to
be made is about the provision of autonomy. Thelle¥ monitoring and wages will

depend on the fact that an innovation has beendated d = 1) or not @ = 0). This fact
Is reflected by the following notatiom(d), w,, (d) andw (d).

We then define the expected coS€(d)) of inducing a level of effoé of a certain

task () as the sum of the expected wages and monitoastsc

TC(d) = E(W(d)) + M(m(d))= P(H/6(d)) (W (d) - W (d)) + W (d) +M(m(d))

The firm solves the minimization of the cost fupnatD:

Min = O=a(A(TC() - B) + (1-A)TC(O) + - a)TC()

am(d),wy (d),w (d

s.L.

é=argmin(E(w(d))-C(e)) 0Od=01 1)
aAE[w@)] + @ - ) E[w©)]] + - a)E[w(0)] -C(& =0 Ta=01 2)
Elwd)-dg=0a od=01 (3)
w, (d)+F =0 andw, (d)+F=0  Od=01 (4)
E(w®) = EW(0)) (5)

Restrictions (1) and (2) are the standard incentmmpatibility and participation
constraints. Restriction (3) is the interim pagation constraint which guarantees that it
is in the best interest of the worker to continuéhie firm after the private information is

revealed but before exerting effort. Restriction & the limited liability constraint.
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Restriction (5) guarantees that it is in the bagtrest of the worker to introduce an

innovation whenever possible. Remember alsacXtagy(1-d) + m.

2.3. Solution of the model

The objective function of the firm can be rewriti@s

O = al(TC() -TC(0) - B) + TC(0) = al(A - B) + TC(0)

WhereA= TC(1) - TC(0) is the firm’s cost difference between introdwgior not
introducing an innovation. Note that wheneBeA> 0, autonomy will be providea€ 1
minimizes the objective function). Whatever the isien of the worker regarding the
introduction of innovationsd=0 or d=1, the minimization of the objective function
implies minimizing the cost functio@C(d) subject to Restrictions 1 to 4. Next, a

proposition summarises the results, and Appenglisotides the proofs.

Proposition 1: An optimal contract to implemeneadl of effortéis determined by

the following conditions:

a) The optimal information level about performance is:

0* (d) = Min{6;(d),E,x} , whered,(d) Dargmin{ég(lé? +M(6(d) - y@L-d)}

o =219 iherem(c) =6 (&) - y(1- ) > 0 andyz m() - m(0) >0.
C(&+F

b) The optimal wages contingent on the monitoring&id {H,L} are:

13



W *(d) = F

W, *(d) =C'(§)/P(é) -F

WhereP* () = P(H /6* (d)). When 8 *{d )= 6,, the worker does not obtain rents.

The expected Wagegc—(e) will be equal to the costs of effort. In the othmase,
NR

6*(d) =6;(d) , the worker obtains rentéeC—(G)ZC(é) .

6. (d)

c) The optimal level of autonomy is:

1 ifB-A" > |

0 otherwise.

Where & =TC (1)-TC (0)=a /(6" (1))+M (m'(1)-a/(6°(0)+M (m'(0) and «

aC'(®.

The contract establishes the consequences of sditge contingencies at the outset.
In this sense, first autonomy is either provideth® worker, or not, based on the firm’s
and the worker’s features. After autonomy has Ipgewvided, the state of nature regarding
the feasibility of the innovation is revealed. Shidine innovation prove feasible, and the
worker has autonomy, it is always in her interastirttroduce an innovation. The
monitoring levels in the contract will be contingea the fact that autonomy has been

provided and the innovation is feasible. The finmk establish compensations based on
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the signal, whether low or high, that is finallyngeated about the worker’s effort.
Compensation differences between one case and eanaili be contingent to the
provision of autonomy, the feasibility of the inmn and monitoring levels. In
equilibrium the contract can display four differenitcomes, no rent with no autonomy,

no rent with autonomy, rent with no autonomy ant with autonomy.

2.4. Empirical implications

In actual fact, the contract can be understood &ayaof reproducing the series of
decisions that will be made by the worker and tha faccording to their expectations
about the future at any particular stage. In thpigoal applications, we will observe the
decisions that are finally made and not a writt@ntiact about the level of autononay)(
monitoring () and rentsr() established by the firm This rationale justifies the joint
analysis of these key variables of the organiz&idasign.

Furthermore, in accordance with the model, thesesims are made in the following
sequence. First, autonomy is provided (or not), titke firm invests in monitoring, and
finally the compensation system is establishedh@lgh not modelled, shocks will
presumably appear between these decisions. Thesk&sshffect future decisions, but
previous decisions cannot be reverted.

Consequently, monitoringn§ ) will be established on the basis of previousblired
variables, such as autonomg Y and other observedj(a set of J control variablgss 1
,...J described in the next section) or unobservethias (random variables,; ).

Therefore, the following equation can be estimétec sample of firms:

15



J
m=na +3¢,x; +&, (6),
=1

where they and /s are the parameters to be estimated.
Furthermore, at the time compensatiar) (s determined, autonomy and monitoring
have already been implemented. The structure aaretical model thus suggests the

estimation of a recursive system of equations goméid by (6) and the following

equation:
J

n=p0a+Bm+3&X e (7),
j=1

wheref ’s and{&’s are parameters to be estimated. Note thatgumEon (7), the variable
monitoring is endogenou&(s, ; / m)=g(m)#0) whenever the correlation of the error

terms of the equationg is not null. Previous literature analyzing theatenship

between rents and monitoring (reviewed in the segtion) did not take into account that
autonomy (the selection of the task to be execwtdbaffect monitoring (the investment
to monitor how much effort has been exerted inekecution of the task) and, based on
that, compensation will be established. Most ofwgables affecting one decision will

thus affect the subsequent ones.

Sources of firm’s heterogeneity are needed in dal@®armulate predictions about the
parameters to be estimated. To focus the discuss@rare going to assume that firms
differ only in terms of two types of shocks (thestref the exogenous variables in the

model are the same for all the firms). One typshaick affects the private benefdand

16



occurs just before the autonomy decision has tomiaele. This shock introduces
differences in private benefits across firms. Aosetshock affects the monitoring cost
functions of firms and may occur after autonomy haen granted but before the
monitoring is implemented. This shock introducef$edences in the marginal costs of
monitoring among firms and autonomy (or centrai@gt cannot be reverted after the
shock is producetl In Appendix 2 we extend this assumption more fdlynand
incorporate it into the model. For the sake of diaity, we present the simplified version
of this model in the text.

The first kind of shock, changes By only has consequences in Proposition 1c,
implying that different firms provide different lels of autonomy. For those firms not
providing autonomyB< A*), according to Proposition 1a, the monitoringdegm* (0))
will never be higher than the level implementediyse firms providing autonomy. A
percentage (1) of the firms that have provided autonon/%A*) will not introduce
innovations ¢=0), so they will have the same levels of monitgrim* (0)). The
remaining {) percentage of cases will introduce innovatiaslj, and therefore have
higher levels of monitoringn*(1) - m*(0) >0. If we cannot control for the fact that an
innovation has been introduced in the workplacenttihe expected monitoring level in
firms that provide autonomy (( m* (1) - m* (0)) +m* (0)) will be higher than in firms
without autonomym* (0). The model then predicts that the higher slieonomy for
selecting the task developed, the higher the invest devoted to monitoring the

execution of this task. The following hypothesisnsnarizes this relationship.

8 A complete contract could be written contingenthie shock, but the task has to be selected béfere
shock and it is extremely costly to change the &dtde the shock.
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Hypothesis 1: The level of monitoring will be highrethose firms that have provided

autonomy(#7 >0).

Observe that monitoring refers to the level ofesivnent in monitoring, and not
to the output of such investments: the qualityrddimation. The cost-disadvantage of
monitoring new tasks implies that the quality a# thformation finally obtained by those
firms that delegate decision-making will not be estipr to that obtained by other firms
(from Proposition 1ag*(1) - 8*(0)= m*(1) - m*(0) -y < 0), even if they invest more in
monitoring.

Note that the differences in monitoring will alwdys higher than the differences in
the quality of informationrg*(1) - m*(0) — (8*(0) - *(1)) = y > 0). Indeed, there will
only be differences in the quality of informatiorh@n workers obtain rents when an
innovation is introduced (Propositions 1a and IbYthese cases, an inferior quality of
information and higher expected rents and monitplavels is predicted than in those
firms that continue with the customary tasks. Tfaee in these particular cases (in which
workers obtain rents when innovation tasks arectsdg, the shocks in private profits
also imply a positive correlation between rents amahitoring. As monitoring is also
positively correlated to autonomy, it also impléegositive correlation between rents and

autonomy.

These relationships, however, are not clear onditiadal shocks in monitoring costs
arise after a task has been chosen. We are nosontext similar to Demougin and Fluet
(2001). Such costs imply that firms, even thoséhwhie same level of autonomy, will
have different monitoring levels. From Propositidnwe expect that, having selected a

task ), in firms with lower levels of monitoring (

18



mg(d)=6,(d) + yL—d) sm(d) =6+ y1-d)) workers will obtain rents (and these
rents will decrease with monitoring levels) whereaken the monitoring levels are
sufficiently high (mR(d)>mNR(d)), workers will not obtain rents. The hypothesitole

summarizes the preceding discussion, assumingtiigaimonitoring shocks are the

predominant source to explain the relationship betwents and the remaining variables.

Hypothesis 2: Workers’ rent will be higher in thdgens that have lower levels of

monitoring( 5, <0).

Take note that, if there are only the two shockscdbed above, the differences in
workers’ rents across firms are completely explaitgy differences in monitoring

investment. Therefore, after controlling for monibg, we will not expect any
relationship between rents and autononfly € 0). This is trivial in contracts displaying

no worker’s rents in equilibrium. When rents exikgir variations are driven by shocks
in the monitoring costs.

We do not have clear predictions for the correfatietween the error termg | of

the equations above. One could argue that a sincogasing the monitoring investment

also increases the probability of obtaining a geigdal and receiving high compensation.
As the observed rents\, orw, ) will be different to the expected rents in thedslp one

could suggest a positive correlation between tha éerms of the equations above.

2.5. Related evidence and control variables
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The evidence from the empirical analysis of theedsinants of wages is
overwhelming. The literature provides several exaspf efforts attempting to provide
empirical evidence of the negative relationshipveein compensation and monitofing
which has typically been interpreted as evidencthefefficiency wage model (Shapiro
and Stiglitz 1984).

Using this theoretical benchmark, Gordon (1994) @edrgiadis (2013) analyse the
determinants of monitoring, of which there is mle$s extensive evidence (Neal 1993,
Osterman 1994). Furthermore, some studies havepreted monitoring as being the
opposite concept to autonomy (Neal 1993), and tireiselationship between monitoring
and autonomy remains unexplored.

The model developed helps to clarify these concépthe model, autonomy refers
to the decision of selecting a task, and monitoranidne supervision of the task execution.
The model makes predictions about the expectetiaeship between them. Furthermore,
the theoretical benchmark developed suggests thd far a simultaneous empirical
analysis of the determinants of workers’ monitoramgl compensation in order to control
for omitted variables that could affect both demsi at the same time. As far as we know,
this simultaneous analysis is restricted to Geadligig2013), who uses it to analyse the
introduction of the national minimum wage legistation wages and supervision, and
where autonomy does not play any role.

In order to provide this analysis we are goingdatool for variables related to the
characteristics of the workforce and the job plalaor relations and company
environment. The cited empirical literature has bagized that those variables could be
related to workers’ monitoring and compensatiorelgvlt is far from our purposes to

provide a complete description of the variablesdugeeviously. The justification of

% Leonard (1987), Groshen and Krueger (1989), KE393), Rebitzer (1995), Arai (2003), Ewing and
Wunnava (2004).
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control variables set out below focuses on thosabies on which we have collected
information.

With regard to the workforce, we have collecteadinfation on the way it fits in
with the job and the organization (Sekiguchi 2004).proxy the concept of person-job
fit, the literature has used variables such a$ =duirements (Adams 2002), educational
level (Neal 1993, Nagar 2002), experience (NealB1@9 training (Rebitzer 1995). On
the other hand, following the personnel psycholbggrature, the concept of person-
organization fit can be proxied by the soft skdquirements (Schneider et al. 1995,
Kristof 1996). The literature suggests a negatssmaiation between the fitting levels and
monitoring, in fact there is evidence of this relaship between levels of skills
(Osterman 1994), experience and education (Ne&3)1&9d monitoring. Furthermore,
earlier scholarly works suggests a positive astiocidetween the level of skills (Earle
2009), schooling (Arai 2003), experience (AltomidaShatokvo 1987, Arai 2003) and
training (Rebitzer 1995) and the level of wagesipaithe workers.

With regard to the workplace, we collected inforimiaton the complexity of the
job position, the size of the plant, whether thenfis a single-plant or multi-plant, and
the plant’s technological intensity. Job complex#ya variable that has attracted the
attention of scholars in the last few years astardenant of the organizational design
(Ben-Ner at al. 2012). The inclusion of variablelaited to the size of the firm or business
unit is standard in the literature because of tle#iects on all organizational design
choices (Nagar 2002). Overall, the literature paesievidence of a negative correlation
between size and monitoring (Osterman 1994, Ewmg\WWunnava 2004). On the other
hand, most empirical studies provide evidence pdsitive association between the size
of the firm and the level of wages (Brown and Méd@&85, Rebitzer 1995, Arai 2003,

Ewing and Wunnava 2004). We also control for tikestence of additional plants
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belonging to the same headquarters because trearecielated to organizational design
might be made by them instead of by the plant marsad-oss and Laursen 2005). Lastly,
controlling for industry is also a common practicehe literature (DeVaro and Kurtulus
2010, Ben-Ner et al. 2012) because each induspey Iyas particular characteristics in
terms of technology or capital intensity (Foss bhadrsen 2005), with possible effects on
the variables in the organizations design.

In reference to labor relations, we collected infation about the presence of
unions, collective bargaining agreements and jabildly policies. Similar variables have
been considered in many studies dealing with wigesl the intensity of monitoring
(Neal, 1993 and Gordon, 1994). In most casesitbrature provides mixed results. There
seems to be only a certain consensus on a negativelation between the degree to
which firms monitor workers and job stability (Gord1994, Osterman 1994, Neal 1993).

Regarding the environment in which firms operate plitained information about
the degree of market competition and the uncestahthe environment. The empirical
literature provides evidence of a negative associdtetween the level of wages and
competition in the product market (Dickens and K387, Krueger and Summers 1987,
Nickell, Vainomiaki and Wadhwani 1993). There hae a huge debate with mixed
evidence on the role of uncertainty on wages (seadergrast, 2002). Recent research
(Ben-Ner et al. 2012) has postulated that unceyt&ias effects on other variables of the
organizational design. We therefore consider tiwd tould also be the case for

monitoring.

3. Empirical approach

10 Groshen and Krueger (1990), Osterman (1994), Aleoxd Williams (1997), Arai (2003).
22



3.1. Data

The data for testing the hypotheses is taken frosuraey! designed to obtain
information on the human resources and work orgaioiz practices of Spanish industrial
establishments. The original questionnaire was-timed with a pre-test sample of 15
plant directors. The use of subjective assessnigritse interviewee on various scales is
a common practice in the empirical literature coned with the analysis of human
resources and work organization practices. Thisaggh allows for the possibility of
obtaining information on certain concepts everbieative information is not available.

The target group was a collection of manufactustablishments in mainlatid
Spain with 50 or more workers and whose econontigigcwas included in one of the
13 manufacturer sectors of the NACE classificafam199312 The unit of observation
is the establishment, not the firm as a whole. Jdraple of firms or manufacturing plants
was identified in CAMERDATA (the database for tHeamber of commerce of Spain)
and consisted of 3,000 plants. A stratified randample, guaranteeing stratums by size
and industrial sector, based on 402 interviews5%3of the target group) was finally
achieved. A questionnaire form was filled in foclkeastablishment between December
2007 and April 2008, using personal interviews agpnately 60 minutes long carried

out by a specialized firm, in most cases with tineatiors or with the production or human

11 The survey was jointly designed by a group ofaestgers from the Universitat Autonoma de Barcelona,
Universitat llles Balears, Universidad Publica deviirra, and Universidad de Zaragoza. The questi@na
can be provided on request.

12 Due to budget restrictions, the Canary and Baitdalands as well as the two smallest (in termpeof
capita GDP) Autonomous Communities, Castilla La bfenand Extremadura, were excluded from the
sample.

13 The European Community statistical classificatibeconomic activities.
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resources managers of the pl&nSince some questionnaires were incompfetae
ended up with 358 observations. Table 1 compaeesiitribution of the plants by size
and economic sector among the population of Spammhufacturing establishmetfts
and the sample. As we can see, overall the pegestar quotes for each category are
very close, indicating no sampling selection biesbfems, at least by the variables for

which we can control.

-Insert Table 1-

3.2. Variables

The first column of Table 2 shows the original dies from which we define the
variables used in the estimations. As Neal (1988yests, monitoring can be interpreted
as the opposite concept to autonomy. In the thieatetection two decisions have to be
monitored and delegated, the selection and theteffdahe execution of a task. We use
the word autonomy when we refer to sgedectionof the task and the word monitoring
when we refer to thexecutionof the task. The definition of the variables frahe
guestionnaire suggests that this is also the seintbee questions used to measure these
two variables. Furthermore, monitoring refers te dfforts made by the firm to monitor
its workers (respondents assess whethgverforming their job, workers are extensively

supervisell and not to the results of such efforts or infatiora quality. With the

Ynterviewer status was required by the questioen&@pecifically, there are 9 possibilities: singlener

(1% of the sample), partner or co-owner (3.4 %hefsample), chairperson (2% of the sample), direxto
general manager (13.8% of the sample), sole dirett limited liability company (11.6% of the sale]p
plant manager (9% of the sample), production man@dde5% of the sample), human resources manager
(17.8% of the sample) and others (32% of the sample

15 The missing values are spread throughout therdiifevariables of the sample.

16 The population data are taken from the Centrak®arate of Companies (Directorio Central de
Empresas--DIRCE) of the Spanish National Statitisstute (Instituto Nacional de Estadistica dpdfta-
-INE).
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exception of a continuous variable, pl&kte and three binary answers, the industrial
sector, the presence @follective agreemers&ind whether the firm has Multi-plant

structure, the variables have been constructeti®bdsis of the degree of agreement of
the interviewed on certain assertions. The degragreement is measured using a Likert

scale from 1 to 5.

--Insert table 2 about here—

The dependent variables in Equations 6 andahitoring andRents are originally
measured as ordinal variables. For the cas®eotsthere are no answers for category 5,
so we will consider just four categories. Furthgiormation about the distribution of
these variables is provided in Table 3. The comtmglistribution of these variables
according to the level of autonomy provided byfima suggests a positive relationship
between autonomy and monitoring (Hypothesis 1)andgative one between rents and

autonomy.

--Insert table 3 about here—

Working with ordinal variables when they are ussdndependent variables causes
problems in empirical applications. The proper aisthose variables as explanatory ones
implies including four dummies related with eaamitin the estimations. A problem with
this procedure is that some of the categories lave few observations, causing co-
linearity in the estimations. In order to avoid Isugroblems, and for the sake of
expositional simplicity, we proceed to construceaummy for each ordinal variable.

This requires the selection of a category cut-8fime studies (e.g. Foss and Laursen
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2005) have used the original medium category (valureour case) for this purpose. The
application of this procedure in our data providegly skewed distributions for certain
variables. We therefore followed an alternativecpaure, which is some form of
standardization: the cut-off will be the categoligsest to representing the median for the
distribution of the variable. We thus proceededroup the adjacent original categories
with the aim of finally obtaining two categoriestiwvithe most egalitarian distribution
possible for the observations. Following this methae create the binary variables:
Autonomy Union influence, Market competition, Job stabilifygchnological intensity
and Soft skill requirements

A challenge is presented when more than 50 peroknihe observations were
concentrated in the original medium category (v&@8uédn those cases, we consider three
categories (two dummy variables), but only if eeg$ulting category comprises at least
10 percent of the observations. This is the cagsetlie variablesQualification
requirements, UncertaintgndTraining.

The questionnaire contains 6 statements relatedetpee of complexity in the
production process (see the definitions in Tablér2particular, these statements refer to
the number of products produced, to the modificetionade to the products, and to
product turnover, which presumably increase thebrmof activities performed by the
worker and therefore resemble the concept of caxtgleonsidered by Prendergast
(2002). We applied the principal component fact@lgsis to summarize this information.
The application of this technique resulted in oaetdr with a Cronbach alpha of 0.75.
This index will be considered in the analysis as measure oflob complexity By
construction this variable has a mean of zero #mtbard deviation of 1. A summary of

the variables defined in this section can be faartte last columns of Table 2.
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3.3. Econometric models

In accordance with the original questiotise variabledMonitoring and Rentsare

ordinal with five and four categories, respectivalrerefore, the model to be estimated

is as follows:
J
m* =na +> ¢, X; +&, (6)
=
J
r* =Ba+Bm+3¢&Xx; +&, (7)
=

Wherem andr,” are latent variables. If we assume that the eeang of both
equations are uncorrelateg € 0), then we can estimate two independent ordaipr
models (Model 1). Note, however, that the estinmatibthe effect of monitoring on rents
--Equation (7)-- will suffer from endogeneity prebis if the error terms are correlated (
p# 0). As far as we know, this recursive model (e.¢pivariate model) in which both

dependent and independent variables are ordinahdtaseen previously estimated (see

Greene 2012, p.833).

The closest model already estimated is the seng@rdnigariate probit model (Greene
and Hensher 2009). To estimate this model, thalkMonitoring has to be transformed
into a binary variable, which is included as thpetedent variable in Equation (6) and as
an independent variable in Equation (7). The esomaf the relationship between rents

and monitoring that this methodology provides fisleinformation instrumental variable
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(Hausman, 1975), in the sense that it takes intowat the possible correlation between
disturbances and regressors, and between theldistes of the two equations. The semi-
order bivariate model (Model 2) also provides atinestion of the correlation between
the error terms of both equations and allows yetéorm an exogeneity test. If we cannot
reject the null hypothesis that the error terms w@areorrelated, we cannot reject the
assumption that monitoring is exogenous (Monfardind Radice, 2008) and our
preferred model would be Model 1 (otherwise it vebloé Model 2).

In the next section, we present the estimatiobath models using robust standard
errors. In Equation (7)Monitoring is always a dummy variable created using the same
procedures applied for the rest of the independanébles. This is also the dependent
variable in Equation (6) when we estimate Modddu,in Model 1 we use it in an ordinal

form.

3.4. Results

Table 4 shows the estimations of Models 1 and 2héf percent level, the likelihood
ratio rejects the null hypothesis that all the arpltory variables are zero in both models.
The correlation coefficient estimated in Model 2 pssitive but not statistically
significant, so the Wald test of independency betwequations (6) and (7) cannot reject
the null hypothesis that the error terms are urtated (o = 0).

Thus, we will focus first on the results obtaineahf the estimation of our preferred
specification, Model 1. The estimation of Equati6nprovides strong support for
Hypothesis 1. The coefficient of the variabdaitonomyis positive and statistically

different from zero at the 1 percent level. In te®imation, there are four additional
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variables that play a role in determining the ektdrworkers’ monitoring. The variable
Soft skill requirementsas a positive and statistically significant eff@tt2 percent level)
on Monitoring. Technological intensity, Collective agreements dold stabilityhave a
negative and statistically significant effect (aB4and 4 percent levels, respectively) on
Monitoring.

The second column of Model 1 shows the resulte@estimation oRents Equation
(7). Hypothesis 2 also receives support. The adefit of the variabléMonitoring is
negative and statistically significantly differdrdm zero at the four percent level. From
the remaining coefficients, there is an array ofaldes playing a role in determining the
level of Rents. The coefficient of the varialBt# complexitys negative and statistically
significantly different from zero at the 9% lev&he variablesMedium training High
training, Multiplant, Unions influence and Colleati agreementsre positive and

statistically significant at 7, 1, 7, 1 and 9 perdevel, respectively.

-Insert Table 4 about here-

The main difference between the coefficients edhan Models 1 and 2 is the
magnitude of the effect dflonitoring on Rents It seems that if there were endogeneity
problems in the estimations of Model 1, we wouldubderestimating the negative effect
of Monitoring on Rentsin Equation (7), due to the positive correlati@tvizeen the error
terms of both equations (although not statisticsigyificant).

Furthermore, in Model 2 some of the variables thate statistically significant in
Model 1 lose their significance. This is the cageJob complexityand Collective

agreemenin Equation (7) andechnological intensitin Equation (6).
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We have estimated other models (not reported in tehe), modifying the
categorization of the dependent and independerdhblas, and the main conclusions

regarding Hypotheses 1 and 2 are maintained.

4. Conclusion and discussion

This paper suggests that providing autonomy to whekforce implies higher
investments in monitoring the new tasks that walayuld introduce in the workplace
as a consequence of their discretion. A theoreticadel is developed for understanding
the implications of this assumption for the waywhich autonomy, monitoring and
compensation policies of firms interact. The papeovides empirical evidence
supporting the main predictions of the model.

The theoretical model has important managerial itapibns for those firms that
would like to provide autonomy to their workersoirder to take advantage of their better
knowledge of the workplace. Autonomy creates roonworkers to introduce innovative
tasks into the workplace. These innovative taskgiire higher investments in the
monitoring systems aimed at collecting informatadrout the workers’ performance. In
order to provide incentives to workers, firms nmiugt wages to the information collected
about their performance.

In more formal terms, new tasks will imply higheonitoring levels in order to induce
the same level of effort from workers as in custogmasks. Therefore, given this higher
cost, it could be perfectly possible that some digantralize decisions even if autonomy
generates private profits to the firm. Once firnasdr decided on the level of autonomy
to be provided, shocks in the monitoring costs d@ause firms with the same levels of

autonomy to provide different monitoring and reatmbinations. Monitoring and rents
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are substitutes in the production of effort, whiletplies a negative association between
current levels of monitoring and rents.

Some of these arguments have already been discusbedually in the theoretical
literature. For example, Prendergrast (2002) suggdkat firms can take advantage of the
workers’ better information about the workplace fnpviding them with autonomy.
Demougin and Fluet (1998, 2001) make an effortnenstand the relationship between
investment decisions on monitoring and the wageyol

Bolton and Dewatripont (2012) summarizes a bodytefature analyzing autonomy
as a mechanism for enhancing the effort to proundermation to aid the taking of
decisions. Our contribution is to introduce inte @nalysis of organizations the inter-
relationship between monitoring the execution eftdsk and autonomy for selecting the
task to be executed. This connection allows ustdyae the way in which three key
variables of the job design, autonomy, monitoring aompensation, are related. To the
best of our knowledge, this modelling has not be@me before.

The model is inspired by the anecdotal evidenceitatie relationship between the
variables of the job design analyzed here. It gaesrseveral empirical implications. If
firms behave according to the model, they will decthe level of autonomy by taking
into account the predictions of the future levdlsnonitoring and wages. However, the
final level of monitoring will be contingent to tHevel of autonomy granted and the
random shocks that might affect monitoring costs.fé& as we are aware, there is no
empirical analysis of this relationship. In a senilvay, wages are established based on
optimal monitoring levels. The theoretical modejgests that exogenous variables will
affect monitoring and rents at the same time; foegeit is important to test the presence

of endogeneity problems affecting the estimatiothefimpact of monitoring on rents.
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To test the empirical implications of the model, use a sample of 358 Spanish
industrial plants. The results confirm the main ¢tyy@ses of the model, monitoring is
positively related to autonomy and rents are negbti related to monitoring.
Furthermore, there is no relation between autonandyrents in the estimations reported
in the paper. Although there is extensive evidemtéhe negative relationship between
monitoring and rents (Leonard 1987, Groshen ance¢@u 1989, Neal 1993, Rebitzer
1995), Arai (2003), Ewing and Wunnava (2004), Gord®94, Georgiadis 2012), the
other pieces of evidence are new to the literature.

Moreover, we also report a strong positive relaiop between training and the
importance of unions on rents, which are very intaly appealing. Other results also
show that contractual arrangements, such as tsemqre of Collective agreements or Job
Stability, are associated with lower levels of ntonng. On the other hand, job
requirements, such as Soft skills, enhance the fogedonitoring.

Obviously the paper is not free of shortcomings thiure research could overcome.
For example, new methodological developments wtillus to control for endogeneity
problems in recursive models with an order dependen independent variable.
Although we do not have clear arguments suggestiaigthe empirical evidence comes
from a very special context, only further eviderma® show whether our results are
replicated (or not) in other countries and periotisme. There is room for improvement
in the measurement of different theoretical congejpformation on innovations in the
work place, the cost cuts that such innovation iesphnd detailed information on
monitoring investments will help to improve thettee®f the model and enrich the

theoretical debate.
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Table 1

Distribution of the Plants by Size and Economict8ec

Variable Category % %
Sample | Population

Size From 50 to 99 employees 47.49 55.07
From 100 to 199 employees 33.52 24.39
From 200 to 499 employees 13.97 15.22
More than 500 employees 5.03 5.32
Total 100 100

Industry Food, drink and tobacco 16.48§ 16.05
Textile industry, dressmaking, leather and footwear| 8.66 6.39
Wood, cork, paper and graphic arts 10.06 10.96
Furniture and various manufacturing industries 419 5.36
Rubber, plastic materials and non-metallic mineral | 19.83 16.21
products
Machinery and metal equipment 12.01L 16.98
Chemical industry 3.07 5.54
Mechanical equipment and machinery 8.38 8.71
Electric equipment 3.07 3.86
Motor vehicle and transport supply 8.94 4.63
Electronic, medical, optical and computer equipment 2.79 2.78
Pharmaceutical industry 1.96 2.01
Aeronautical industry .56 .48
Total 100 100

The population of Spanish establishments is tat@n the Central Directorate of Companies. In theda
the variable size is continuous but in the poparathe information about the size appears in caiego
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Table 2.
Definition and mean of the variables.

Original questions Variable Type Mean
Measures the salaries of the blue-collar workers
compared to the salaries of the blue-collar | Rents Likert 2.3436
workers of the direct competitors (Likert scale)
Measures to what extent workers are supervisddonitoring Likert 3.2961
when performing their job (Likert scale)
Measures the level of autonomy (when, how gndutonomy Dummy 0.6089
in what order a task has to be implemented) that
the blue-collar worker has on performing their
job (Likert scale)
1) A large number of products are made in youdob complexity Continuous: 0
plant, 2) The products made in the plant are very Factorial
different from each other, 3) The mixture of analysis
products made in the plant can easily be changed,
4) Many new products are introduced each year,
5) The new products are usually very different
from the existing ones, 6) The products we
produce undergo continuous modifications
The level of qualification required for the plantjsMedium Skill Dummy 0.6229
blue-collar workers to perform the job (Likert| requirements
scale)
High Skill requirements | Dummy 0.1788
Evaluates investment in human capital in terms bfedium training Dummy 0.5587
both hours and money (Likert scale)
High training Dummy 0.2933
Plant’s selection criterion takes into considematjdSoft skill requirements | Dummy 0.7458
workers’ learning capabilities, interpersonal
abilities, cultural adjustment, attitudes, and even
the personalities (Likert scale)
Number of workers Size Continuous 205
The firm has plants in addition to the one beingMulti-plant Dummy 0.5587
interviewed, either in Spain or abroad (Binary
answer)
Author’s sector classification Technological intensity | Dummy 0.6034
Assess unions’ degree of influence on blue-collatnions influence Dummy 0.3268
workers
There is a specific collective agreement that Collective agreement Dummy 0.5865
regulates the labor conditions of blue-collar
workers (Binary answer)
Solid commitment to maintaining employment Job stability Dummy 0.5168
relationship with blue collar-workers indefinitely
(Likert scale)
Evaluate degree of market competition faced piarket Competition Dummy 0.3520
the plants (Likert scale)
Evaluate variability magnitude in demand from Medium Uncertainty Dummy 0.5726
year to year (Likert scale)
High Uncertainty Dummy 0.2821

Note: Number of observations: 358. The standardatien in the case of size is 531.
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Table 3.

Distribution of rents and monitoring conditionaldatonomy.

1 2 3 4 5
Total Disagreement| Neither agreement Agreement Total
disagreement nor disagreement Agreement
Rents 9 224 118 7 0
2.51% 62.57% 32.96% 1.50% 0%
Rents conditional to Autonomy =1 4 154 54 6 0
1.83% 70.64% 24.77% 2.75% 0%
Rents conditional to Autonomy =0 5 70 64 1 0
3.57% 50.00% 45.71% 0.71% 0%
Monitoring 10 63 116 149 20
2.79% 17.60% 32.40% 41.62% 5.59%
Monitoring conditional to Autonomy =1 2 23 65 119 9
9.17% 10.6% 29.8% 54.6% 4.1%
Monitoring conditional to Autonomy =0 8 40 51 30 11
5.7% 28.6% 36.4% 21.4% 7.9%
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Table 4
Model 1. Indepent®rdered Probits | Model 2. Semi-Ordered Probit

Dependent Monitoring Rents Monitoring Rents
variables Eq (6) Eq (7) Eq (6) Eq (7)
Independent Estimates p- Estimates p- Estimates p- Estimates p-
Variables values values values values
Monitoring - 29** .04 -1.27* .02
Autonomy A4 .00 -22 .20 S5 .00 .004 .98
Job complexity .04 .55 -11* .09 .04 .57 -.09 A7
Medium Skill .20 .26 .01 .96 21 .30 .08 .64
requirements

High Skill .07 .76 -.09 73 -14 .57 -.10 .65
requirements

Medium -.26 14 40* .07 -22 31 .28 .14
training

High training -.28 19 Q7+ .00 -.16 .52 79 .00
Soft skill .35** .02 -.03 .83 N R 2 12 .51
requirements

Size -.00003 .64 -.0001 .52 -.0003 .14 -.0001 31
Multi-plant .01 91 .25* .07 .04 .76 .24* .08
Technological -.25%* .04 .05 71 -.03 .84 -.03 .83
intensity

Unions .03 .82 .38*** .00 -.10 .52 31+ .04
influence

Collective =27 .03 .25* .09 -.29* .05 A1 .52
agreement

Job stability -.25%* .04 .09 .52 -.26* .08 -.01 .93
Market .01 .92 -.02 91 .03 .83 -.01 .95
Competition

Medium -21 21 14 48 -21 31 .06 76
Uncertainty

High -.01 .96 A2 .62 .03 .88 A2 .56
Uncertainty

Cutl -2.23 -1.38 -1.63

Cut2 -1.01 1.19 .63

Cut3 -.02 3.07 2.28

Cut4 1.57 17

Chi2 50.84*** .00 60.33*** .00 73.27*** .00
Pseudo R2 .06 .09

Log likelihood | -438.72 -270.40 -491.11

rho (p) .62 .38

N 358 358 358
*Statistically significant at the 10% level, ** #ie 5% level, *** at the 1% level

The models have been estimated using robust sthedanrs
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Appendix 1. The model solution demonstration (Propsition 1).

Proposition 1b)

The minimization of the objective function impli@sinimizing the cost function
TC(d) subject to Restrictions 1 tow,, *(d) -w, *(d) = C'(€)/ P*'(€) guarantees that
the Incentive compatibility constraint (1) is fllid at the lower expected wages. The

W, that guarantees the Interim participation constré8) and the Limited liability
constraint (4) at the minimum expected wage isitagimum of C(é) - @C'(é)/ﬁ and
—F. Take note tha€(&)-&C'(6)/ G= —F.w, (d) =C(&)-&C'(€)/6 implies that the
expected wage is equal to the effort cost 8nd>6,, . Values ofd greater than
6. increase the monitoring costs without reducing #éxpected wages. The
optimal values o are then restricted to the cases where<d,; . Inthese cases

w, *(d) = -F guarantees the Interim participation constraint §8d the Limited

liability constraint (4). Note that whenever theeinm participation constraint (3) is
fulfilled, it will also be the Participation conaint (2).

Proposition 1b) Q.E.D.

We follow Theorem 5 in Demougin and Fluet (200X)Rooposition 1 a)

Given the results above, the cost function TC(dhimization problem can be

rewritten as:

Min TC(d) = E(W(d)) + M (6(d) - y (L~ d))=&C(&)/ 6(d) + M (8(d) - y 1~ d)),

s.t.é(d) =mty(1l-d) <6,
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6:(d)d argmin{égc ©

d) +M(8(d) - y(L-d)} will be an interior solution to this
problem whend; (d) < 6,4

When&,(d) > 6, and given that T is continuously decreasing with respect
to 6(d) whiled(d) <6b;(d) the optimal solution will be&?* (d) = 6,4

Proposition 1 a) Q.E.D.
We follow Theorems 1 and 6 in Demougin and Flued@ for Proposition 1 c).

Propositions 1a, 1b and* (1) >m* (0) imply that if innovations are introduced, the
firm will pay at least the same expected wageswhdpend more on monitoring. We
should then expect an increase in the firm’s todat of inducing the optimal level of

effort:
A=TC@Q)-TC(@O) =a/(m@)+M(m@)-a/(y + m0))—M(m(0)) >0
Wherea =eC'(® .

Thus the net benefit of introducing an innovatiBr), may not always be positive. In
the cases in which it is negative, it will be opinto forbid innovations by not
providing autonomyg = 0). Otherwise, autonomy will be provided< 1), because it

Is expected a priori that innovations will takegdawith probabilityA> 0. Next, we
provide a demonstration af (1) >m* (0) which also guarantees that Restriction 5 is

fulfilled.
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Proposition 1c (reformulated): The monitoring levsl higher when there are

innovationsm* (1) >m* (0) > 0.

Let us to definens (d) asme (d)=6k(d)-y(1- d)
The optimal monitoring intensityr (d) >0 fulfils the first order condition (for

m) of the minimization problem:

. _ a
Mn!n TC(d) = —y(l—d) o + M (m)

F.O.C.- a +M'(m,(d)) =0

(v(1-d) +mg(d))*

Given the assumptions about the monitoring costtfan, the second order
conditions for a minimum are satisfied. The firel@r condition equation could
have different solutions for the optimaldepending oml. Let us define n =
m, (d =1 - m, (d =0) as the difference in the solution when an innovatias
been introduced and when this is not the casefifidt@rder condition implies
that:

M*(m; (d = 0)(y + Mz (d = 0))* = a = M'(m,(d =1))(mg(d =1))°.

(y+rme(d=0)-n)" _ M'(me(d =)
Consequently, (m.(d :1))2 M (m.(d =D -n)

Given thatx"'() >0, when n=y,

(rmy@=9-n* _  _ M(my(d=D)
(my(d =Dy M (m(d=2)-n)

whereas when n= (}/+nk(d =) >1= M'(m.(d=1) .
(My(d=D)* M'(m;(d=1)-n)

Consequently, 0< ng
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Given thaték(d)=y(1- d) + mr(d) , the results above imply th&#0) >6k(1). Thus we
can find three possible situations:

Situation 1:6,, 26k(0) >6k(1). The worker obtains rents. The optimal level of

monitoring conditional to the introduction of amaovation will bem*(d) = mr (d).
The expected wage of the worker /(@ -F) is higher when an innovation is introduced
(d=1) than otherwisedE0), therefore Restriction 5 is fulfilled with ineglity. When
it is possible to introduce an innovation, it isthre best interest of the worker to

introduce it.

Situation 2:6:(0) >6k(1) >6, . The worker does not obtain rents. The optimatlle

of monitoring conditional to the introduction of amovation will bem*(d) = &r-
y(1- d). By definition &nr>0 and by assumptiofnr>Y, SO m*(1) - y= m*(0) >O0.
Restriction 5 is fulfilled with equality. An innotian will be introduced whenever it
is possible, although in this case the worker dsfiarent about whether to introduce
an innovation or not.

Situation 3:6k(0) >6,,=6k(1). The worker would not obtain rents when an iratmn

is not introducedd=0) and would obtain rents when an innovation isontuced

(d=1). The optimal level of monitoring conditional tihe introduction of an
innovation will bem*(0) =mr (0)= &k(0) y> 6, -y and m*(1) = r=6k(1) = mr(1)

. Thusy>m*(1)-m*(0) 2mr (1)- mr (0) >0. Restriction 5 is fulfilled with inequality
when there is no innovation, and fulfilled with edity when an innovation is
produced.

In all the situations Restriction 5 is fulfilled édge=m*(1)-m*(0) >0 andmn*(0) >0.

Proposition 1 ¢) Q.E.D.
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Appendix 2. A model extension

Let us assume that at Stage O neither the firmtmomworker knows exactly how the
monitoring cost function will be at Stage 3. At &0 it is common knowledge that the

monitoring costs function is1 = kM(m), wherek is a random variable with a maximum

and minimum valuek = k>k >0, and a probability density functidd(k). The task
decision (Stage 2) is irrevocable, since it is higiostly to change once one has been
adopted. The value &fis realized in Stage 3, before the monitoring ley@hplemented.
The valuek is observed by all the parties and is contractible
Proposition 1.A: An optimal contract to implemenlesel of effortéis determined
by the following conditions:
a) The optimal information level for performance is:

6* (d,k) = Min{ 8, (d,k), 8.} , where

. eC'( o
HR(d,k)Dargmln{m+M(H(d,k) y@-d)}
O = é?l(é ;

CH+F

wherem*(d,k)=6* (d,K) - y(1- d) > 0 theny = m*(1 k) - m*(0 k) >O0.

b) The optimal wages contingent on the monitoring alidj= {H,L} are:

W *(d,K =-F

W, *(d,Q =C'(&/P" (@) -F

WhereP* (&Kk) = P(H /6* (d,k)).
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c) The optimal level of autonomy is:

1 ifB-—A"> |
0 otherwise.

Whereh*= jkk (TC* (Lk) -TC* (0,k))K (K)dk

The model in the main text can be considered agleeparticular cas&((k=1) = 1) for
this general setting. The main difference is tlma optimal level of monitoring (and
consequently wages) will be conditional to the nralgmonitoring costs functiok, by
following in each of the cases all the conditioesatibed in Proposition 1a and 1b.

By replacing these values in the function TC, we defineTC*(1,k) andTC*(0,k).

Proposition 1c follows as stated, with the differethat:
A= J'kk (TC*@Lk)-TC* (0,k))K(k)dk

The decision on autonomy is now based on expentafabout the level of monitoring.
Those firms that provide autonomy will expect higlevels of monitoring (Hypothesis
1). The optimal information levef* (d,k), on accordance with Propositions 1A a and
b will have the following properties:

06*(d,k)/0 k<0 for k<knr(d) whered* (d,k)=0 nr.
6* (d,k) =6 nr for k 2 knr(d).

Given a certain level of autonomy, wh&g, >k = k , the optimal information level will

bednr and the workers will not obtain rents. Whiee k > k., the optimal information

level (monitoring) will be lower and the workerslvabtain rents (Hypothesis 2).
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