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Abstract

This paper revisits the theory and measurement of monopsony when worker effort re-
sponds to wages. We derive a markdown formula incorporating the effort margin and
show that ignoring it overstates labor market power. Using estimates of the effort-wage
elasticity, we find that implied wage-to-marginal-product gaps in the US fall from roughly
948 percent to 3—-13 percent. The production approach, however, remains valid with
endogenous effort. In a shirking model with imperfect monitoring, stronger monitoring
widens markdowns under standard preferences. Consistent with this prediction, firms

with more intensive monitoring set wider markdowns in the data.
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1 Introduction

How much power do firms have to set wages below the marginal revenue product of labor?
Modern empirical work infers this power from responsiveness of firm employment to wages:
firms can sustain wider markdowns when employment responds weakly. Estimates based on
this logic point to substantial and pervasive labor market power in the United States (Manning,
2011; Webber, 2015; Bassier et al., 2022; Berger et al., 2022). These findings have shaped both
academic debates on wage determination and policy discussions on minimum wages and labor-

market antitrust.

This paper argues that the standard treatment of monopsony omits an important margin of
worker response. Workers respond to wages not only by deciding whether to work for a firm, but
also by adjusting how much effort they supply once employed. A long efficiency-wage literature
provides both theoretical and empirical grounding for such a response: higher wages reduce
shirking, improve morale, and induce reciprocity. If a wage cut causes some workers to leave
and those who stay to work less hard, then the relevant input for the firm is effective labor,
rather than headcount alone. Measuring monopsony power from headcount alone therefore

attributes too much wage-setting power to the firm.

We formalize this idea in a simple monopsony model in which both employment and effort
respond to the wage. The optimal markdown depends on two elasticities: the wage elasticity
of employment, ¢,, and the wage elasticity of effort, ¢.. The standard monopsony formula
is the special case e, = 0. When ¢, > 0, however, the labor supply elasticity captures only
part of the response of effective labor to wages, and the standard formula overstates the size
of the markdown. When the headcount margin becomes arbitrarily inelastic, the firm extracts
essentially all worker surplus in the standard model. With an effort margin, however, workers
who cannot readily leave can still respond to lower wages by supplying less effort, which places

an upper bound on the firm’s wage-setting power.

Our first contribution is to show that existing markdown estimates can be corrected using
only the effort-wage elasticity. Using the mean effort-wage elasticity of 0.72 across the stud-
ies surveyed by Fongoni (2024), we find that the exploitation rates implied by existing U.S.
estimates falls from 0.09-0.48 to approximately 0.03-0.13. Even conservative effort elasticities
imply economically meaningful reductions. Accounting for the effort margin therefore moves

measured labor market power considerably closer to the competitive benchmark.

Our second contribution concerns the production approach to measuring markdowns. Brooks
et al. (2021) and Yeh et al. (2022), adapting the production-based measurement of markup
(De Loecker and Warzynski, 2012; De Loecker et al., 2020), infer markdowns from output

elasticities and factor expenditure shares. We show that the identifying relationship underlying



this approach is robust to endogenous effort. The empirical implementation, however, becomes
more demanding. Usual instruments that address the standard endogeneity of labor with respect
to productivity may still be correlated with unobserved effort. In a tractable benchmark, we
show that this bias causes the production approach to recover the same misspecified markdown
as the elasticity approach. Recovering the true markdown instead requires either controlling

for the determinants of effort or isolating variation in employment that is orthogonal to effort.

We also provide a simpler strategy for applications interested in how markdowns vary across
firms rather than in their levels. The production approach implies that the log labor-to-materials
expenditure ratio equals the log markdown up to a term involving the corresponding output
elasticities. Under the standard assumption that these elasticities are common across firms
within sufficiently narrow industries, that term is absorbed by industry fixed effects. The
labor-to-materials expenditure ratio can therefore be used to study cross-firm differences in
markdowns without estimating the output elasticity of labor and without directly confronting

the omitted-effort problem.

Our third contribution is to show that the effort margin creates a new link between manage-
ment practices and labor market power. We model effort using a Shapiro and Stiglitz (1984)
monitoring framework in which workers can shirk and firms detect shirking only imperfectly.
More intensive monitoring allows the firm to elicit greater effort at a given wage, but it also
changes the wage the firm optimally chooses. The effect on markdowns therefore depends on
how these two forces interact. We derive an exact condition, governed by the curvature of
utility and effort costs, under which monitoring widens the markdown. Under standard CRRA
preferences and isoelastic convex effort costs, this condition is always satisfied, so more intensive

monitoring unambiguously increases labor market power.

We bring this prediction to the management-practice data of Bloom and Van Reenen (2007).
Using the labor-to-materials expenditure ratio to capture within-industry variation in mark-
downs, we find that firms with more intensive performance monitoring pay workers a smaller
share of their marginal revenue product. A one-standard-deviation increase in monitoring is
associated with a decline of roughly 0.15-0.19 log points in markdown. This evidence points to
a role for management practices beyond their well-studied effects on productivity. By shaping
workers’ effort and firms’ wage-setting incentives, management practices can also influence how

the surplus is divided between workers and employers.

Related literature. First, this paper contributes to the growing literature measuring labor
market power. A large strand of this literature infers monopsony power from the elasticity of
labor supply to the firm (Staiger et al., 2010; Falch, 2010; Ransom and Sims, 2010; Webber,
2015; Bassier et al., 2022); Sokolova and Sorensen (2021) provide a meta-analysis of these



estimates. Related work embeds finite firm-specific labor supply elasticities in richer structural
models to quantify wage-setting power and welfare (Berger et al., 2022; Lamadon et al., 2022).
A complementary approach measures markdowns using production data. Brooks et al. (2021)
and Yeh et al. (2022), adapting production-based methods for measuring markups, recover the
markdown from output elasticities and factor expenditure shares. We show how the effort

margin changes the implementation of both approaches to measuring monopsony power.

Second, the paper builds on the efficiency-wage literature, which has long emphasized that
worker effort responds to compensation. Classic theories generate this relationship through
discipline and the threat of job loss (Shapiro and Stiglitz, 1984), gift exchange (Akerlof, 1982),
and concerns about fair wages (Akerlof and Yellen, 1990); see Katz (1986) for an early survey. A
related macroeconomic literature incorporates endogenous effort to study aggregate fluctuations
(Danthine and Donaldson, 1990; Burnside et al., 1993; Basu and Kimball, 1997; Bils and Chang,
2003; Bils et al., 2022; Gali and Van Rens, 2021). Whereas this literature has primarily studied
how the effort margin affects unemployment, productivity, and business cycles, our paper brings

the insight to the study of labor market power.

Third, we relate to the literature on management practices and the organization of work. A
series of papers by Bloom, Van Reenen, and coauthors develops systematic survey measures of
management practices and documents that these practices vary widely across firms and countries
and are strongly associated with productivity and firm performance (Bloom and Van Reenen,
2007, 2010; Bloom et al., 2012, 2014, 2019). A complementary body of work establishes causal
evidence that better management raises productivity (Bloom et al., 2013; Bruhn et al., 2018;
Giorcelli, 2019). Whereas this literature has focused primarily on how management practices
affect productivity, we study how monitoring shapes workers’ effort incentives and, through

them, the firm’s wage-setting power.

Roadmap. Section 2 reviews the mechanisms through which wages affect worker effort, devel-
ops the baseline model, and derives the markdown formula. Section 3 studies the implications
of the effort margin for the elasticity and production approaches to measuring markdowns and
quantifies the resulting correction to existing estimates. Section 4 microfounds effort func-
tion through an explicit monitoring technology, characterizes how monitoring affects wages
and markdowns, and examines this relationship using management-practice data. Section 5

concludes. Appendix IV provides the proofs.



2 Theory

Our baseline analysis takes the effort function e(w) as a primitive. Efficiency-wage theories
imply that wages raise the effort of employed workers through discipline, gift exchange, and
fair-wage concerns. In the shirking model (Shapiro and Stiglitz, 1984), higher wages increase the
loss from dismissal and so makes effort more attractive. In sociological models that emphasize
reciprocity (Akerlof, 1982; Akerlof and Yellen, 1990) and effort withheld when pay falls below
a reference wage. All imply that effort increases in wage. We ask how this response affects a
firm choosing wages along an upward-sloping labor supply curve. The main results are agnostic
about the microfoundation. Section 4 adopts the shirking model to derive comparative statics

for monitoring intensity.

2.1 Baseline Model

We set up a baseline framework to study labor market power where worker effort responds to
the wage. A single firm employs a continuum of workers in a static, partial-equilibrium setting.
The firm faces an upward-sloping labor supply curve n(w) and an effort function e(w), both
increasing in the wage, so total effective labor is n(w) - e(w). A revenue function R(-) maps
effective labor into output, and the firm chooses the wage to maximize profit:
max R(n(w)e(w)) — wn(w).

We assume R(-) is increasing and strictly concave, that n(-) and e(-) are positive, increasing,
and continuously differentiable, and that profit is strictly quasiconcave in w with an interior
maximizer w*. These conditions guarantee that the first-order condition characterizes the op-

timum.
Define the markdown v as the ratio of the effective wage to the marginal revenue product of
w/e(w)
R <n(w)e(w)>

This coincides with the standard definition of the markdown as the wage divided by the marginal

effective labor:

v

revenue product of a worker, w/(dR/dn).! Values of v below one are wage markdowns, with

lower v a wider markdown.

Labor supply responds to the wage along two margins: a headcount margin, the number of

workers willing to work for the firm, and an effort margin, the level of effort each supplies. Write
we’ (w)
e(w) *

the wage elasticity of headcount as €, = w:('s;;) and the wage elasticity of effort as ¢, =

1Since revenue depends on total effective labor ne, dR/dn = R'(ne) - e, so w/(dR/dn) = w/[R'(ne) - e] = v.

4



Proposition 1. The optimal markdown satisfies

_ entee
Cl4e,’

where all elasticities are evaluated at w*.
The formula admits a transparent reading. Let ¢ = n(w)e(w) denote the effective labor
supply, and €, = &,, + €, the elasticity of effective labor supply. Then

€
1+¢,

v= ,
the ratio of the elasticity of effective labor supply to the elasticity of the wage bill wn(w) with
respect to the wage. Effort enters the numerator as a higher wage raises output per worker,
but not the denominator, since effort does not add to the wage bill directly. This asymmetry

drives the three results we now draw out.

Effort responses attenuate labor market power. Decomposing,

€n Ee ~ Ee

V= + =vU+ ,
1+e, 1+¢, 1+-¢,

where 7 = ¢,,/(1 + ¢,) is the standard monopsony markdown that obtains when effort is unre-
sponsive to the wage (¢, = 0). Whenever €, > 0 the true markdown v strictly exceeds 7, so the
wedge between the wage and the marginal revenue product is narrower than the standard for-
mula implies. A researcher who applies the standard formula recovers  and thereby overstates
the firm’s labor market power by e./(1 + &,), the bias we quantify and correct in Section 3.
The mechanism is that a wage cut costs the firm not only workers who leave but also effort
from those who stay, raising the effective cost of wage suppression. Figure 1 illustrates. In the
standard monopsony model the firm faces a downward-sloping marginal revenue product curve
(MRP) and an upward-sloping curve S giving the number of workers supplied at each wage.
Because hiring an additional worker requires raising the wage for all inframarginal workers, the
marginal cost curve (MC) lies above S. Equating MRP with MC yields the standard monop-
sony outcome at (n,s, wys) below the competitive benchmark (ng, we). With effort responses,
a wage increase also raises output per incumbent worker, so the effort-adjusted marginal cost
MC¥ lies between MC and S, and the optimum shifts to (ng,wg) with ny, < ng < ne and

Wy < wWg < We.

Unit-elastic effort eliminates labor market power. As e, — 1, the markdown converges to

one regardless of the headcount elasticity: (e, + 1)/(1 4+ ¢,) = 1. The intuition is that when



Figure 1: Monopsony with Effort Responses
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Notes: S is the number of workers supplied at each wage and MRP the marginal revenue product.
MC is the marginal cost curve in the standard monopsony model; MC¥ is the effort-adjusted marginal
cost curve.

effort rises proportionally with the wage, the effective cost per worker w/e(w) is constant, so
the firm faces perfectly elastic supply of effective labor and prices competitively. In Figure 1,
MCPF rotates down toward S as e, — 1, collapsing the monopsony wedge even for a workforce
that is highly inelastic on the headcount margin. The same formula shows that effort responses
can in principle more than offset monopsony power: for €, > 1 the firm sets v > 1, paying
labor above its effective marginal revenue product because the wage’s role in eliciting effort

dominates its role in clearing the headcount margin.

Effort bounds the markdown even with an inelastic headcount. The effort margin limits
how wide the markdown can become. As the headcount margin becomes completely inelastic
(e, — 0), the markdown converges to e, rather than to zero. This is because even when no
rival can lure a worker away, each retains the ability to supply or withhold effort in response to
the wage. The elasticity of effective labor supply, €,, + €., is therefore bounded below by €, > 0,

so the firm cannot drive the effective wage arbitrarily far below the marginal revenue product.

3 Measuring Markdowns

Two broad approaches dominate the empirical measurement of markdowns. The elasticity
approach infers markdowns from estimates of firm-specific labor supply elasticities. The pro-
duction approach recovers the markdown from firms’ optimality condition and an estimate of

the production function. We show that the response of effort to wages makes the elasticity



formula misspecified but leaves the production identity valid.

3.1 The Elasticity Approach

The elasticity approach estimates firm-specific labor supply elasticities (Staiger et al., 2010;
Falch, 2010; Ransom and Sims, 2010)? and plugs them into the standard markdown formula

This is the firm’s first-order condition under the assumption that effort does not respond to
wages, and it is the special case of Proposition 1 with e, = 0. We call v the misspecified

markdown.

Proposition 2. The true markdown satisfies

l—-v=_1-¢)1—-7).

Whenever ¢, > 0, the true markdown v strictly exceeds . The complement of the markdown

1 — v, which we refer to as the exploitation rate, is scaled down by (1 — &,).

Correction. Elasticity-approach studies for the United States imply misspecified exploitation
rates 1 — 7 ranging from roughly 0.09 to 0.48.3 Correcting an elasticity-approach estimate
requires only one input, i.e., the effort—-wage elasticity .. Fongoni (2024) surveys empirical
estimates of the effort—wage elasticity across three approaches: production-function methods
using firm- or industry-level data yield a mean of 0.51 (5 studies), field experiments a mean of
0.45 (6 studies), and laboratory experiments a mean of 1.21 (6 studies). Averaging across all

17 studies yields an overall mean elasticity of 0.72.

The three approaches recover the effort—wage elasticity with differing fidelity. Field exper-
iments that randomize pay measure the causal response of effort to an own-wage change, the
closest empirical counterpart to the model object. Production-function estimates relate output
per worker to wages in observational data and may conflate the effort response with shifts in

workforce composition or selection. Laboratory estimates are the largest; we treat them as

2These papers appear in the April 2010 issue of Journal of Labor Economics, “Modern Models of Monopsony
in Labor Markets: Tests and Estimates,” which helped establish the modern empirical monopsony literature.

3Equivalently, these studies report inverse-markdown estimates from about 1.10 to 1.93 under the older
convention. We restrict attention to elasticity-approach markdown estimates for the United States, anchored
by Webber (2015), Bassier et al. (2022), Berger et al. (2022), Lamadon et al. (2022), Kroft et al. (2025), and
Roussille and Scuderi (2025); Webber (2015) sets the upper bound through an average firm-level labor supply
elasticity of 1.08. Some studies for other countries find wider markdowns; see, e.g., Hirsch et al. (2010).



an upper bound, since the absence of an outside labor market and the salience of the wage

manipulation are likely to amplify measured reciprocity.

Table 1 reports the corrected exploitation rates at both ends of the misspecified range
[0.09, 0.48] under each set of estimates. Applying the cross-study mean e, = 0.72 compresses
this range to [0.03,0.13], substantially closer to competitive pricing than the misspecified esti-
mates suggest. Even the most conservative correction, using field-experiment estimates alone
(. = 0.45), roughly halves the upper bound from 1 — 7 = 0.48 to 1 — v = 0.26. The laboratory
column illustrates the boundary case of Section 2: with e, = 1.21 > 1 the correction returns

1 —v <0, a wage markup on effective labor.

Table 1: Estimated Values of 1 — v Under Alternative Effort—Wage Elasticities

No adjustment Adjusted e, estimates:

(. =0) All studies Prod. function Field exp.  Lab exp.
(c.=0.72)  (e.=051) (c.=045) (e, =1.21)

1—v  [0.09,048]  [0.03,0.13]  [0.04,024]  [0.05,0.26] [-0.10,-0.02]

Notes: Misspecified exploitation rates 1 — 7 € [0.09, 0.48] are from U.S. elasticity-approach estimates.
Corrected values follow from Proposition 2 as 1 —v = (1 —&.)(1 — 7). Effort-wage elasticity estimates
are from Fongoni (2024): overall mean 0.72 (17 studies), production-function 0.51 (5 studies), field
experiments 0.45 (6 studies), laboratory experiments 1.21 (6 studies).

3.2 The Production Approach

We now turn to the production approach. Developed in Brooks et al. (2021) and Yeh et
al. (2022) building on De Loecker and Warzynski (2012) and De Loecker et al. (2020), this
approach recovers the labor markdown by combining optimality conditions implied by the firm’s
cost minimization with an estimate of the output elasticity with respect to labor. We extend
this approach to allow worker effort to respond to wages and find that the production-based

markdown formula remains valid in the presence of an effort margin.

Suppose the firm produces according to a production function Y = F(k, m,ne(w)), where k
denotes capital, m material inputs, n headcount and e(w) effort per worker so that n e(w) is the
effective labor input. Material inputs are flexible and purchased competitively at a price the
firm takes as given. Capital may be quasi-fixed and subject to adjustment costs; the production
approach requires only that the firm uses at least one competitively priced flexible input. Labor,
by contrast, is supplied to the firm along an upward-sloping curve, giving the firm monopsony
power. On the output side, the firm faces a potentially downward-sloping demand curve and

charges a product-market markup p. The competitively priced flexible input identifies this



markup because its first-order condition equates its output elasticity to its revenue share scaled

by u, and contains no input-market wedge of its own.

The firm chooses its inputs and wages, internalizing that the wage affects both the number
of workers it employs and the effort supplied by each worker. Let 6,, = 01ln F(k,m,ne)/0Inn
denote the output elasticity with respect to headcount and «,, the revenue share of labor. The
following proposition shows that the standard production-based markdown formula continues

to recover the true markdown v even when effort responds to wages.
Proposition 3. The markdown v satisfies

1
Vo=l

On

regardless of whether effort responds to wages.

Proof. Since Y = F(k,m,ne) and effective labor is ¢ = ne, the marginal product of an addi-

tional worker on the headcount margin is

oYy

o = Fy(k,m, ne) - e,

where F, denotes the marginal product of effective labor. Taking the inverse markdown and
multiplying and dividing by n/(PY):
., Ry Ry Z.n PY

% = — = — & . —

w P Y wn

We evaluate the three factors in turn. Since the firm’s first-order condition for output equates
marginal revenue to marginal cost, Ry = MC, we have Ry /P = MC/P = p~!, the inverse of

the product-market markup. The second factor is output elasticity with respect to headcount

-1

0., by definition. The third factor is the inverse revenue share of labor, PY/(wn) = «;'.

Combining these three factors yields v=! = u=16, !, or equivalently v = p o, 6,1 O

Endogenous effort changes the optimal markdown but not the accounting identity on which
the production approach rests. The intuition is as follows. The production approach applied to
effective labor gives v = pay 0[1, where ay is the revenue share of effective labor ¢ and 6, the
output elasticity with respect to . Two facts make this coincide with the headcount version.
First, the revenue shares agree (oy = «,) because total wage payment to effective labor and to
workers are both wn. Second, the output elasticities agree (6, = 6,,) because headcount and
effort enter production multiplicatively and hence a one-percent increase in headcount holding
effort per worker fixed raises effective labor by one percent. Effort affects the level of effective

labor without changing the identity.



Empirical implementation. The practical challenge is to estimate the partial elasticity 6,,.
Suppose the production function is Cobb—Douglas. If effort responds to wages but is unobserved

by the econometrician, the estimating equation is

InY; =0,Ink;; +6,,Inm;; + 0, Inn;; + 0, Ine; + wy ,
—_———

composite residual

where w;; denotes true productivity shocks. Because wages and employment are jointly deter-
mined, the omitted effort component 6, Ine;; will generally be correlated with headcount. An
estimator that addresses only the correlation between headcount and productivity is therefore
insufficient. Consistent estimation requires the variation identifying 6, to be orthogonal to
the entire composite residual, including both w; and 6, Ine;;. This additional orthogonality

condition is the central empirical difficulty introduced by the effort margin.

Suppose one does not confront this additional empirical difficulty. To characterize the re-
sulting bias, consider a tractable benchmark in which headcount and effort are isoelastic in the
wage, Inn;; = €, Inw; and Ine;; = €. Inw;;, each up to an additive constant. Eliminating the

wage gives Ine; = (e./e,) Inny, so the estimating equation reduces to
In Y;t = Hk In kit + 9m In e + én In Nt + Wit ,

where

é :e.gn‘i‘ﬁe
n = Un e .

so the headcount coefficient is inflated by the factor (g, + €.)/e, > 1 and collapses to 6, only
when effort is unresponsive to the wage (¢, = 0). Substituting 9~n for 6,, in the markdown
formula in Proposition 3 yields

= En En + Ee En En -

a0t = an 071 = . = =D
a " (,u ”)sn—{—se 1+¢e, &,+ee 1+¢,

This is precisely the misspecified markdown obtained from the elasticity approach that ignores
the effort margin. Thus, although the production approach is theoretically robust to endogenous
effort, an implementation based on an output elasticity that ignores the effort margin reproduces

the same bias as the elasticity approach.

There are two routes to identifying #,,. The first is to isolate variation in headcount that is
orthogonal to both productivity and effort. Beyond the exclusion restriction ordinarily imposed
in production-function estimation that the instrument be uncorrelated with the productivity
shock, a valid instrument here must also leave worker effort unaffected. This is more demanding,

because effort responds to the wage and, through the worker’s outside option, to conditions in

10



the wider labor market. What is required instead is variation that moves the number of workers
a firm hires through its recruiting technology while leaving the wage and the outside option
unchanged, for instance, a shock to the firm’s recruiting reach. The second route is to control
directly for the determinants of effort. Suppose effort can be written as e; = e(w;, x;;), where
includes other observed determinants of effort, such as monitoring intensity or workers’ outside
options. Including a sufficiently flexible function of (wy,x;) absorbs the effort component of
the residual. The remaining endogeneity of headcount with respect to productivity can then
be addressed using standard production-function methods. In Section 4 we offer an alternative

that sidesteps the estimation of 6,, altogether.

The implementation in Yeh et al. (2022) instruments current inputs with lagged inputs,
including lagged headcount. Such instruments need not satisfy the additional exclusion restric-
tion created by endogenous effort. If wage-setting is persistent, lagged headcount may predict
current headcount partly through persistent wages and may therefore remain correlated with
current effort. In that case, the estimated coefficient on headcount can incorporate the effort
response and identify én rather than the partial elasticity 6,,. Because 9~n > 6,, when ¢, > 0, the
estimated markdown gy, /6, is biased downward. Yeh et al. (2022) estimate an average ratio
of marginal revenue product to wages of 1.53, implying an average markdown of 1/1.53 = 0.65.
The unobserved-effort margin implies that the implied markdown v may be biased downward

so that the labor market power may be overstated.

4 Monitoring and Labor Market Power

This section extends the baseline model by microfounding the effort function through an explicit
monitoring technology in the spirit of Shapiro and Stiglitz (1984). The framework allows us to

study how wages and markdowns respond to monitoring when workers choose effort optimally.

4.1 Model Setup

Worker’s Problem. The firm offers a contract specifying a wage w and a required effort level

e. A worker who complies with the contract receives utility
U(U)) - h’(e)7

where u(-) is increasing and concave, and h(-) is increasing and convex in effort, with 2(0) = 0.

Effort is not costlessly observed. Instead, the firm monitors workers through a stochastic

monitoring technology. A worker who supplies less than the contractual effort requirement is

11



detected with probability ¢ and undetected with probability 1 — ¢q. A worker caught shirking
is dismissed and receives the outside utility u(b), where b > 0 is the consumption-equivalent
value of the worker’s outside option. This outside option may represent home production,
unemployment benefits, or employment at another firm. The parameter ¢ indexes the intensity
of the monitoring technology and is the object whose effect on the markdown we characterize
below. Because every effort level below e leads to the same punishment when detected, a worker

who shirks optimally supplies zero effort. Her expected utility from shirking is therefore

qu(b) + (1 — q) u(w).
The worker complies if and only if:
w(w) = h(e) = qu(b) + (1 —q)u(w).
Equivalently, the incentive constraint (IC) requires h(e) < g[u(w) — u(b)].
Firm’s Problem. Since the firm’s revenue is increasing in effort, the firm therefore implements

the highest effort level consistent with the worker’s incentive constraint at a given (w, q). The

binding IC yields the induced effort function:

e(w, q) = ™" (qlu(w) — u(b)]). (1)
A positive effort level requires u(w) > u(b). Implicit differentiation of (1) gives

o _ quw o _ ulw) — u)
ow  h(e) >0, dq n(e) = 0.

Higher wages increase the payoff lost upon dismissal and therefore raise effort through an
efficiency-wage channel. More intensive monitoring also raises implementable effort by increas-

ing the probability that shirking is detected and punished.

Let n(w, ¢) denote the number of workers willing to accept employment at the firm under the
contract induced by (w, ¢), with On(w, q)/0w > 0. The firm takes the induced effort function
e(w, q) and the extensive-margin labor-supply function n(w, q) as given and chooses its wage w

to maximize profits:

max R(n(w, q) e(w, q)) —wn(w,q), (2)

where R(-) denotes revenue as a function of effective labor, with other inputs suppressed. The

firm’s wage choice internalizes the effect of wages on both the headcount margin and the effort

12



margin.

4.2 Comparative Statics

Monitoring affects the markdown directly through effort and indirectly through the optimal
wage. At a given wage, stronger monitoring raises effort and widens the markdown. The wage
effect is, however, ambiguous. Monitoring may substitute for wages by making detection more
likely, or complement wages by increasing the penalty from dismissal. The markdown widens

only when wages rise by less than effort.

To isolate the effort channel, we impose two simplifying assumptions. First, revenue is linear
in effective labor: R(ne) = zne, where z > 0 denotes productivity.® Second, extensive-margin
labor supply depends only on the wage, n = n(w) with n/(w) > 0. Monitoring therefore affects
the firm through worker effort but not directly through the number of workers willing to join

it. Under these assumptions, the firm’s problem becomes
max (ze(w, q) — w) n(w),
w

and the markdown at the optimum is v = w/(ze).

Let w(q) denote the firm’s optimal wage, and evaluate all effort derivatives at (w(q),q).

Totally differentiating the markdown with respect to monitoring gives

dv v de v

pR— - (1= . / . 3
dq T (3)
direct effort effect wage effect

where e, = dloge/dlogw is the wage elasticity of effort. The direct effort effect is always
negative: holding the wage fixed, stronger monitoring raises effort and therefore lowers . The
wage effect captures both the change in pay and the effort response induced by that change. At
an interior optimum with positive profits, v < 1, which is equivalent to e, < 1.° Consequently,
an increase in the optimal wage raises v and offsets the direct effort effect, whereas a decrease in
the optimal wage reinforces it. If w'(¢) < 0, monitoring unambiguously widens the markdown.
If w'(q) > 0, the sign of dv/dg depends on whether the wage increase is large enough to offset

the direct increase in effort.

4This linear revenue specification arises when the firm is a price taker in the product market and operates a
constant-returns-to-scale technology in which all inputs can be adjusted frictionlessly. The firm can then scale
effective labor and the other inputs proportionally while preserving the optimal input mix, causing output, and
hence revenue, to scale proportionally with effective labor.

SUnder constant returns, positive profits require ze > w, or v < 1. By Proposition 1, this condition is
equivalent to €. < 1. The constant-returns case therefore rules out £, > 1, which remains possible under the
strictly concave revenue function in Section 2.
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The direction and magnitude of the wage response depend on the shapes of the worker’s
utility and effort-cost functions. To state the relevant condition, define the employment utility
surplus s(w) = u(w) — u(b), the firm’s profit Il(w, q) = (ze(w, ¢) — w)n(w), and the following

elasticities:

eh'(e)
h(e)

€h(€)

S
=
—~
@
SN~—
Il
<
~—~
@
~—
A
—
S
N~—
I
|

Here, ¢, is the elasticity of total effort cost and pj, is the elasticity of marginal effort cost. On
the utility side, R, is the coefficient of relative risk aversion and ¢, is the wage elasticity of the

worker’s utility surplus from employment.

Proposition 4. Suppose the firm-specific labor supply is isoelastic and q € (0,1). Let w* > 0
denote an optimal wage satisfying ., (w*, q) < 0, and let e* = e(w*, q) denote the induced effort
level. Monitoring strictly widens the markdown, d(1 — v)/dq > 0 (equivalently dv/dq < 0), if
and only if

Ru(w*) + es(w*) > ep(e”) — pn(e”).

The proposition combines the direct and wage effects into a comparison between the curvature
of utility and the curvature of effort costs. A larger R, raises the left-hand side and therefore
favors a widening of the markdown. On the cost side, what matters is the curvature of marginal
effort cost relative to the elasticity of total effort cost: a larger p;, relative to €5, lowers the right-
hand side and also favors widening. Under isoelastic extensive-margin labor supply, its elasticity
affects the level of the markdown but drops out of the condition determining the sign of its

response to monitoring.%

A useful benchmark is the isoelastic effort-cost function h(e) = €7/ with v > 1. In this case,
e, = v and pp, = v — 1, so that ¢, — p, = 1 regardless of v. The condition in Proposition 4
therefore reduces to R, + €5 > 1. This inequality holds for CRRA preferences whenever the
outside option is strictly positive and below the wage. We formalize this result in the following

corollary.

Corollary 1. Suppose the conditions of Proposition 4 hold. Suppose further that utility is CRRA
with coefficient o > 0,

-0 -1
S o £,
u(w) = l-o
log w, o=1,

and that the effort cost is isoelastic and convez, h(e) = €¥/v with v > 1. Then monitoring
strictly widens the markdown: d(1 — v)/dq > 0.

6With non-isoelastic extensive-margin supply, an additional term appears with the same sign as &/, (w*). If
the labor supply elasticity is non-increasing in the wage, this term also pushes toward a wider markdown, so
the condition in the proposition remains sufficient.
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Proof. Since the isoelastic effort-cost function implies €, — p, = 1, it suffices to show that the

utility side of the condition always exceeds one. CRRA utility implies R, = ¢ and, for o # 1,

w ' (w) _1-0
ww) —u(d) 1—2a’

es(w) = = (b/w) 7,

we have

Ru—f—ss—l:(l—a)(ll —1):(1—0) ’

—x 11—z
When o < 1, we have 1 — o > 0 and =z € (0,1), so /(1 —z) > 0; when o > 1, we have
l—o <0and z > 1,s0z/(1—x) < 0. The product is strictly positive in both cases. For o = 1,
Ru+es =14+1/In(w/b) > 1 directly. Hence R, (w)+e4(w) > 1 for all 0 < b < w. The condition

in Proposition 4 is therefore satisfied, and monitoring strictly widens the markdown. O

This indicates that the condition in Proposition 4 is only weakly restrictive, making the
proposition’s prediction correspondingly strong. For monitoring instead to narrow the mark-
down, preferences would need to be sufficiently close to risk neutrality and the elasticity of
effort costs would need to decline sufficiently rapidly with effort, a configuration not generated

by standard parametric families.

4.3 Empirical Evidence

The monitoring model predicts that monitoring intensity affects the markdown a firm sets.
Under standard parametric specifications, more intensive monitoring widens the markdown.
We take this prediction to the data and ask whether more intensive monitoring is associated
with wider markdowns. We use the management-practice survey of Bloom and Van Reenen
(2007). Our measure of markdowns is based on the production approach, but the exercise
does not require us to estimate the output elasticity with respect to headcount. Instead, we
exploit within-industry variation in markdowns rather than their levels. Under the standard
assumption in production-function estimation that the output elasticities are common to firms
within an industry, these industry-level output elasticities are differenced out by industry fixed
effects. This sidesteps the estimation challenge that unobserved effort poses for the production
approach in Section 3.2. To our knowledge, this provides the first empirical evidence on how

monitoring intensity affects the markdown a firm sets on labor.

Data. The Bloom and Van Reenen (2007) survey measures management practices among
732 medium-sized manufacturing firms in the United States, the United Kingdom, France,
and Germany. The management scores were collected in 2004. Each firm receives separate

scores for several dimensions of management, including performance monitoring, incentives,
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and target setting. Appendix V describes the construction of these scores. The monitoring
score is the closest empirical counterpart to the monitoring technology ¢ in the model: it
measures how systematically the firm tracks, records, and reviews worker performance. We
standardize the score so that a one unit change corresponds to a one standard deviation change.
These management scores are merged with accounting data from Compustat and Amadeus,
covering the period 1994-2004. We keep firm-year observations for which the variables needed
to implement the production-function approach are available, in particular wages, employment,

and materials. The resulting panel contains 2,774 firm-year observations for 433 firms.

Specification. The goal is to estimate
Inv;; = 8 Monitoring; + ' Xy + 0; + At + Ke + Wi,

where Monitoring; is the standardized monitoring score, d;, A, and k. denote industry, year,
and country fixed effects, and Xj;; is a vector of controls that varies across specifications. In
all specifications, X;; includes the standardized incentives and target-setting scores. We then
add firm-age fixed effects, log employment, and a measure of product-market competition. The
coefficient 3, our object of interest, is the conditional semi-elasticity of the markdown with

respect to monitoring.

The main empirical challenge is that the markdown v;; is not directly observed. Under the

assumptions of Section 3.2, Proposition 3 and the first-order condition for materials m;; imply

Wit Tt m,it

+In

Mg n,it

Inyvy; =1In

Substituting this expression into the estimating equation above gives

Wi Tt m,it

In

= [ Monitoring; + 7' Xy + 0; + A + k. — In

+ Uit
Mg 9n,it

We assume that the output-elasticity ratio can be decomposed into industry, year, and country
components. The term In(6,,/0,:) is then absorbed by the industry, year, and country
fixed effects. This follows the standard production-function assumption that firms within an
estimation sample share common technology coefficients, but allows the relevant elasticity ratio
to vary systematically across industries, years, and countries (Olley and Pakes, 1996; Levinsohn
and Petrin, 2003; Ackerberg et al., 2015). We can therefore use the log ratio of the wage bill
to material expenditure, In(wyn;/m;), as the dependent variable. After residualizing by these
fixed effects, variation in this cost-share ratio coincides one-for-one with variation in the log

markdown. A lower value therefore corresponds to a lower v and hence a wider markdown. This
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approach does not recover the level of any firm’s markdown. Its advantage is that it also does
not require estimating 6, ;; from production data and the unobserved-effort problem discussed

in Section 3.2 is therefore avoided.

Results. Table 2 reports the estimates. The coefficient on monitoring is negative and sta-
tistically significant in every specification. A one-standard-deviation increase in monitoring is
associated with a decline of 0.15 to 0.19 log points in the labor-to-materials cost ratio. Under
the maintained assumption that firms within an industry share common output elasticities, this
translates one-for-one into wider markdowns. Firms with more intensive monitoring therefore
pay workers a smaller fraction of their marginal revenue product, consistent with the model’s
prediction that monitoring widens the markdown under standard specifications. The associ-
ation is not simply a generic management-quality relationship: Appendix VI shows that the

coefficient on incentives is close to zero, while targets enter with the opposite sign.

Table 2: Markdowns and Monitoring Technology

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

Monitoring score -0.15** —-0.19" —-0.19" —-0.17"
(0.07) (0.09) (0.09)  (0.09)
Industry, year, and country FE v v v v
Firm age FE v v v
Log employees v v
Competition FE v
N 2,774 2,770 2,770 2,770

Notes: The dependent variable is the log ratio of the wage bill to materials expenditure. The monitor-
ing score is standardized to have unit standard deviation. All specifications control for the incentives
and targets management scores. Standard errors clustered at the firm level are reported in parenthe-
ses. Data are from Bloom and Van Reenen (2007). *p < 0.1, **p < 0.05, ***p < 0.01.

5 Conclusion

Workers respond to wages through both employment and effort. This effort margin is largely
absent from standard models of monopsony power that focus on the employment margin. Con-
ventional markdown measures based on firm-specific labor supply elasticities alone overstate
labor market power. Our correction incorporates the effort—wage elasticity and substantially

narrows existing markdown estimates.

The identity underlying the production approach remains valid with endogenous effort, but

unobserved effort complicates estimation of the output elasticity of labor. Conventional in-
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struments used in production-function estimation may be correlated with effort, causing the
resulting markdown estimate to inherit this bias. Researchers must therefore either control
for the determinants of effort or isolate variation in employment that is orthogonal to effort.
For applications concerned with variation in markdowns rather than their levels, we provide
a simpler strategy that controls for industry fixed effects to sidestep the production-function

estimation.

Finally, the monitoring model links management practices to labor market power. Monitoring
limits workers’ ability to shirk and changes the firm’s optimal tradeoff between wages and
effort. Under standard preferences, stronger monitoring widens markdowns. Consistent with
this result, firms with more intensive monitoring in Bloom and Van Reenen (2007) pay workers
a smaller fraction of their marginal revenue product. The result points to a broader role
for management practices in shaping the division of surplus, beyond the productivity effects

emphasized in the existing literature.

Several directions for future research follow naturally. First, this paper uses monitoring as
one concrete organizational force shaping the effort margin, but the effort-wage elasticity varies
across firms for many other reasons, such as workplace culture. Second, our framework is
deliberately stylized. Incorporating the effort channel into a quantitative general-equilibrium
model of labor market power would allow its aggregate and distributional consequences to
be reassessed, including implications for wages, employment, welfare, and inequality. Finally,
because the effort-wage elasticity is the key sufficient statistic in our correction, improving its
measurement is itself an important agenda. More credible estimates across workers, firms,
and markets would sharpen both the assessment of monopsony power and the quantitative

importance of the effort margin.
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APPENDICES FOR ONLINE PUBLICATION

I Background on Efficiency Wage

Our baseline analysis takes the effort function e(w) as a primitive of the firm’s problem. This
subsection situates that choice within the efficiency-wage literature, which has advanced several
distinct mechanisms through which wages raise worker effort. The efficiency-wage idea origi-
nates in models of low-income economies, where higher wages improve nutrition and health and
thereby raise productive capacity (Leibenstein, 1957; Stiglitz, 1976). The modern literature,
surveyed by Yellen (1984) and Katz (1986), identifies channels relevant to industrialized labor
markets. We focus on the two that act on the effort of employed workers and therefore map

directly onto our reduced-form e(w): the incentive channel and the sociological channel.”

Incentive channel. The most influential mechanism is the shirking model of Shapiro and
Stiglitz (1984), in which firms cannot continuously observe effort and detected shirking is pun-
ished only by dismissal. Workers weigh the utility of supplying effort against the expected
utility of shirking and being caught; a higher wage raises the cost of dismissal and so makes
compliance with the firm’s required effort level more attractive. The labor-turnover model of
Salop (1979) is formally analogous: when separations are costly to the firm, a higher wage
reduces quits and conserves hiring and training expenditure, preserving firm-specific human

capital.

Sociological channel. A second line of work links wages to effort through social and relational
considerations. Akerlof (1982) models the employment relationship as a partial gift exchange in
which workers reciprocate wages paid above their reservation level with effort above the contrac-
tual minimum, while firms anticipate this reciprocity when setting wages. Akerlof and Yellen
(1990) formalize a closely related “fair wage-effort hypothesis” under which workers withhold
effort in proportion to the gap between their actual wage and a reference fair wage. Survey
evidence on workplace morale is consistent with firms internalizing such norms (Bewley, 1999).
Fehr et al. (1993) provide experimental support, documenting systematic effort responses to

wage offers in bilateral exchange games.

These mechanisms share a common reduced-form implication: effort, defined as output per

worker conditional on hours, is increasing in the own wage. The foundational models establish

"We set aside the adverse-selection channel of Weiss (1980), in which a higher posted wage draws applicants
of higher unobserved ability and so raises average labor quality. Although it too implies that output per worker
rises with the wage, it operates on the composition of hires rather than on the effort of an employed worker.
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this relationship for competitive labor markets, in which firms face perfectly elastic labor supply
and pay above market-clearing to elicit effort rather than to exploit any market power. Our
contribution is to ask what the same positive response implies once the firm sets wages along
an upward-sloping labor supply curve, and in particular how it biases conventional estimates

of labor-market power.

II Productivity and Markdowns

This appendix studies how changes in a firm’s productivity affect its optimal markdown. We
introduce a multiplicative productivity shifter z > 0 into the revenue function. Technically, z is
the productivity of the only firm in the economy. However, we hold the workers’” outside option
b and the extensive-margin labor supply function n(-) fixed, so the exercise is best interpreted
as a single firm experiencing an idiosyncratic productivity improvement while the rest of the

economy remains unaffected. The firm’s problem (2) becomes
max zR(n(w, q) e(w, q)) —wn(w,q). (A1)

Since the markdown v = (g, + &.)/(1 + €,) depends on z only through the optimal wage
w*(z)—the elasticities €, and ¢, are themselves functions of w—productivity affects markdowns
entirely through the wage it induces. We therefore begin by characterizing the direction of that

wage response.

Lemma 1. An increase in productivity z raises the optimal wage: dw*/dz > 0.

The proof is in Appendix I'V. The intuition is straightforward: a more productive firm obtains
a higher return from each unit of effective labor, making it more valuable to attract workers
and induce effort, which raises the wage. To state when this positive wage response translates
into wider markdowns, recall the coefficient of relative risk aversion R, (w) = —wu"(w)/u'(w)
and the effort-cost elasticity e,,(e) = eh’(e)/h(e) defined in Section 4.

Proposition 5. Let the utility function satisfy R.(w) > 1 over the relevant wage range, the
effort cost function exhibit non-decreasing effort-cost elasticity €5, and the extensive-margin
labor supply function exhibit non-increasing wage elasticity. Then, at any optimum with v < 1,

productivity strictly widens markdowns: d(1 — v)/dz > 0, or equivalently dv/dz < 0.

The proof is in Appendix IV. By Lemma 1, higher productivity raises the optimal wage,
and that wage increase reshapes markdowns through both the extensive- and intensive-margin

elasticities. Under the proposition’s assumptions, the two channels point in the same direction.
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A non-increasing ¢,, already widens markdowns as wages rise, a direction consistent with the
empirical pattern of wider markdowns at more productive firms documented in Seegmiller
(2025). A common assumption in the literature is to take the extensive-margin labor supply
to be isoelastic; in that case the extensive-margin contribution drops out entirely, and the

markdown’s response to productivity is driven exclusively by the intensive margin.

Under the proposition’s assumptions, the effort-wage elasticity e, is strictly decreasing in the
wage. Since v = (g, + &.)/(1 + &) is increasing in &, a fall in €, lowers v and widens the
markdown. To understand why ¢, falls with the wage, we differentiate the binding incentive

constraint with respect to w and rearrange, which yields the decomposition

e (w) = 21C)

 enle(w))’

where e4(w) = wu'(w)/[u(w) — u(b)] is the surplus elasticity and e, the effort-cost elasticity,
both defined in Section 4. The proposition’s conditions on R, and &, each discipline one
piece of this ratio: the relative-risk-aversion condition makes ¢, strictly decreasing in the wage,
while non-decreasing ¢, keeps the denominator of ¢, from falling as effort rises with the wage.
Economically, diminishing marginal utility of income means each additional dollar of wages
purchases proportionally less utility surplus, while a non-decreasing elasticity of effort costs

makes translating that surplus into effort increasingly expensive in proportional terms.

The relative-risk-aversion condition is stronger than needed. A more general sufficient con-
dition for e, to be decreasing in the wage is —wu”(w)/u'(w) > 1 —wu'(w)/[u(w) — u(b)], i.e.,
Ru(w)+es(w) > 1, which is satisfied by any CRRA utility with a positive outside option, even
when the coefficient of relative risk aversion is below one. The result therefore extends well

beyond the parametric class implied by R, > 1.

In this isoelastic benchmark, our model delivers 1 —v = [1 —e.(w)]/(1+¢&), strictly increasing
in z because ¢, falls as w rises. A model that abstracts from the effort margin sets e, = 0 and
yields 1 — v = 1/(1 + &), a markdown entirely invariant to productivity. The intensive margin
is therefore essential for generating a positive relationship between productivity and wider

markdowns in this benchmark case.

These results deliver a clear economic message: a more productive firm does not only attract
more workers by offering higher wages, growing on the extensive margin. It also extracts greater
rents from each worker it employs, as higher wages weaken the effort-wage incentive and allow
the firm to widen the wedge between productivity and pay. Productivity thus amplifies labor
market power through both margins simultaneously, a dual effect entirely absent from the
standard isoelastic benchmark where markdowns are invariant to z and productivity affects

only employment, not rent extraction.
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III Monitoring and Profits

This appendix records how a firm’s profits respond to its monitoring technology, under the
two assumptions maintained in Section 4.2: constant returns, R(ne) = zne, and an extensive
margin that depends on the wage alone, n = n(w). The second assumption is what makes
the exercise clean. Because monitoring cannot alter the number of workers willing to join the
firm, it reaches profits only by raising the effort of those already employed, an unambiguously
beneficial change. The more realistic case, in which more intensive monitoring also deters some
workers from joining, would set this effort gain against a loss of headcount; we leave that richer

problem aside and report only the effort-channel benchmark.

Proposition 6. Firm profits are strictly increasing in monitoring technology q.

The proof is in Appendix IV and applies the envelope theorem: better monitoring raises effort
at any given wage, generating a direct profit gain, while the firm’s optimal wage adjustment in

response has only a second-order effect and does not offset it.

IV Proofs

Proposition 1. The optimal markdown satisfies

_5n+56
C1l+4e,]

where all elasticities are evaluated at w*.

Proof. For ease of exposition, we omit the arguments of all functions. The first-order condition

with respect to w is:
d

T [R(ne) —wn| = 0.
Applying the product rule:

R'(n'e + ne') —n —wn’ = 0.

Dividing through by n:
n' n'
R (e——i—e') —1—w— =0.

n n

Let &, = w%/ (the wage elasticity of headcount) and e, = w% (the wage elasticity of effort).

!/
Then & = &2 gnd ' = &=,
n w w

Substituting:

R’(eg—n—f—gee)—l—enzo.
w w
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Simplifying:

En T Ee
R’eL =1+¢,.
w
Solving for R'e:
e w(l+e,)
€n+ e
The markdown is defined as v = w/;(,w), which can be rewritten as v = &-. Substituting the
expression for R'e:
- w _ Ep T éEe
entee

Proposition 2. The true markdown satisfies
l-v=_1-e)1-7).

Proof. The misspecified markdown 7 is obtained by setting ¢, = 0 in the optimal markdown

formula of Proposition 1:
En

1+e¢e,

v =

Solving for &, gives &, = /(1 — ). Substituting into v = (g, + €¢) /(1 + &,):

v
5
V:_V—i}:ﬂ‘i‘é‘e(l—ﬁ).
1
+ 1—-v
Rearranging, 1 —v = (1 —e.)(1 — »). O

Lemma 1. An increase in productivity z raises the optimal wage: dw*/dz > 0.
Proof. The first-order condition for (A1) is
F(w, z) = zR(n(w,q) e(w, q)) (nw(w, ) e(w, q) + n(w, q) ew(w,q)) — n(w,q) — wn,(w,q) =0,
where n,, = On/0w. Differentiating with respect to z:
F. = R'(ne) (nwe + new) > 0,

since R > 0, n, >0,e>0,n >0, and ¢, > 0. The second-order condition requires F,, < 0.
By the implicit function theorem, dw*/dz = —F.,/F,, > 0. [

Define R, (w) = —wu”"(w) /v (w), en(e) = eh'(e)/h(e), pn(e) = eh’(e)/h'(e), and e4(w)
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wu'(w)/u(w) — u(b)].

Proposition 5. Let the utility function satisfy R,(w) > 1 over the relevant wage range, the
effort cost function exhibit non-decreasing effort-cost elasticity 5, and the extensive-margin
labor supply function exhibit non-increasing wage elasticity. Then, at any optimum with v < 1,

productivity strictly widens markdowns: d(1 —v)/dz > 0, or equivalently dv/dz < 0.

Proof. Since dw*/dz > 0 by Lemma 1, we have sign(dv/dz) = sign(dv/dw), where

dv e (1—e.)+ (1+en)el

dw (1+4¢,)? ’

with &/, = de,,/dw and €, = de./dw.

We first establish that €/ (w) < 0. Differentiating the binding IC (1) with respect to w and
rearranging yields ()
es(w
ee(w) = o (e(@)’
where e4(w) = wu'(w)/[u(w) — u(b)] is the elasticity of the net utility surplus and ej(e) =
eh/(e)/h(e) is the elasticity of the effort cost function. The effort-cost-elasticity assumption
implies ep,(e(w)) is non-decreasing in w, since e(w) is increasing. It remains to show that £ is

strictly decreasing. Its log derivative satisfies

dloges(w) wu" (w) wu'(w)
dlogw u'(w)  w(w) —u(b) L= Rufw) = &s(w),
where R, (w) = —wu”(w)/u'(w) is relative risk aversion. Since R,(w) > 1 and e4(w) > 0,

this derivative is strictly negative. Thus &, is strictly decreasing in w, while &, (e(w)) is non-

decreasing, so €. (w) < 0.

With €/ < 0, the second term satisfies (1 + &,)e., < 0. At any optimum with v < 1, the
markdown formula implies €. < 1, so 1 —¢, > 0 and the first term satisfies €/,(1 —.) < 0 when
e/’ < 0. Both terms are then non-positive and the second is strictly negative, so dv/dw < 0.
Since dw*/dz > 0, it follows that dv/dz < 0 and d(1 — v)/dz > 0. O

Proposition 6. Firm profits are strictly increasing in monitoring technology q.

Proof. Let 11*(q) = (ze(w*(q),q) — w*(q))n(w*(q)) denote maximized profits. By the envelope

theorem:

dIT*
dgq

~ o eew,q) — wn(w) = 25 n(w'(q)) >0,

w=u*(q)
since de/0q = (u(w) — u(b))/h'(e) > 0 (workers prefer employment to the outside option) and
n > 0. O]
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Proof of Proposition 4

Proposition 4. Suppose the firm-specific labor supply is isoelastic and q € (0,1). Let w* > 0
denote an optimal wage satisfying ., (w*, q) < 0, and let e* = e(w*, q) denote the induced effort
level. Monitoring strictly widens the markdown, d(1 — v)/dq > 0 (equivalently dv/dq < 0), if
and only if

Ru(w*) + es(w*) > ep(e”) — pn(e”).

The proof proceeds in three lemmas. Lemma 2 derives the elasticities of the effort function
with respect to the wage and to monitoring from the binding incentive constraint. Lemma 3
computes how the surplus elasticity €5 and the effort-cost elasticity €, respond to their argu-
ments, and with them how the effort-wage elasticity €, moves with the wage and with monitor-
ing. Lemma 4 applies the implicit function theorem to the firm’s first-order condition to obtain
the response of the optimal wage to monitoring. The proof of the proposition then combines
the three lemmas in the identity dInv/dIng = (1 —¢&.)n — 1/ep, where 7 is the elasticity of the
optimal wage with respect to monitoring, and signs the result.

Throughout, the revenue function exhibits constant returns, R(ne) = z ne, and the extensive-
margin labor supply is isoelastic, n(w) = nw, so profits are Il(w,q) = (ze(w, q) — w) n(w)
with e(w, ¢) given by the binding incentive constraint (1). All elasticities are evaluated at the
optimum, and we suppress function arguments where convenient. Multiplying the first-order

condition II,, = 0 by w/n puts it in elasticity form:
F(w,q) = ze(w, q) [ee(w, q) + &,] —w(l +&,) =0, (A2)
where g, = we,, /e.

Lemma 2. The effort function defined by the binding incentive constraint (1) satisfies

Jlne .  es(w) dlme 1
TET00  Olg ae)

Proof. Differentiating h(e) = ¢ [u(w) — u(b)] with respect to w and ¢ gives
h'(e) ey, = qu'(w), h'(e) e, = u(w) — u(b).

For the first claim, solve the first equation for e,,, multiply by w/e, and then multiply and
divide by u(w) — u(b):

Olne  wey, _ wqu'(w) _ wu'(w) g u(w) — u(b)] = eu(w)- h(e) _ £s(w)
Olnw e eh'(e) u(w) — u(b) eh'(e) ° eh'(e) enle)’

=es(w)
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where the fourth equality substitutes the incentive constraint ¢ [u(w) — u(b)] = h(e) and the
last uses the definition €, = eh’/h. For the second claim, solve the second equation for e,
multiply by ¢/e, and substitute the incentive constraint again:

dlne  qe,  qlu(w) — u(b)] h(e) 1

Thg- o = oWl enld e .

Lemma 3. Define op(e) = dlnep(e)/dlne, the elasticity of the effort-cost elasticity. Then

dIneg(w)

e - 1 — Ru(w) —es(w), on(e) = 14 pu(e) —enle),
and the effort-wage elasticity . = es(w)/ep(e(w, q)) satisfies

Olne,
Olnw

Jlne, o
- 1_Ru_ s) — e =
( c ) one ahlq Eh

Proof. Taking logs of the definition of the surplus elasticity, Ines(w) = Inw + Inu/(w) —
In [u(w) — u(b)], and differentiating with respect to Inw term by term:
dlneg wu” (w) wu'(w)

dnw = ) ) -y R )

Likewise, Ine(e) =Ine +1Inh'(e) — Inh(e), so

_dlneg, eh(e) eh/(e)
~ dlne We) — hie)

onle) — 1+ pule) — enle).
For the effort—wage elasticity, Lemma 2 gives Ine, = Ines(w) — Inep(e(w, q)), where the second
term depends on w and ¢ only through e(w, q). Differentiating with respect to Inw, the chain

rule and Lemma 2 give

81I18€ dlnes 31ne B
Olnw o dlnw _Uhalnw - (1 _Ru _85) — Op Ee.

Since €4(w) does not depend on ¢, only the effort-cost term responds to monitoring:

Olne, Jlne oh
:—O’h = ——, D
dlng Jlng €n

Lemma 4. Define
D=(ce+en)(ee—1)+e (1 =R, —es—0opnee).
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Then D < 0, and the elasticity of the optimal wage with respect to monitoring is

dlnw* _EetEn—onee

= dlng en D

Proof. Write F, = F/dInx for x € {w, ¢}, with F defined in (A2).

The monitoring derivative. In F, only e and e, depend on ¢. Using de/dlng = e -
dlne/0Ing = e/ey, from Lemma 2 and 0e./0Inq = €.-d1ne./0In g = —0y, & /ep, from Lemma 3,

A 8 886 €e+€n 66
Fq:Zal—Ii](€e+5n)+Z€ zze[ h 1=E(€e+en—ah€e).

dlng €n €n €n

The wage derivative. Differentiating F' with respect to Inw term by term,

D=2 De (e +en) + ze Oce
Y T 9lnw Fe T En Olnw

—w(l+¢e,).

The first term equals zee.(e. + £,) by Lemma 2; the second equals zee, (1 — R, — €5 — op &)
by Lemma 3; and in the third, the first-order condition (A2) gives w(1l + &,) = ze(e. + &,).
Hence

A

F,=zelec(ecten) e (1 —Ry—es—0onee) — (e +€n)] = ze D,

where the last equality groups the first and third terms inside the brackets as (e, +¢,)(e. — 1).

The sign of D. Since F' = (w/n)Il,, and II,, = 0 at the optimum, 0F/0w = (w/n),, <0
there by the second-order condition. Hence F,, = wdF /0w < 0, and since ze > 0, it follows
that D < 0.

The wage response. Applying the implicit function theorem to F'(w*(q),q) = 0,

_ Fy (z¢fen) (Eeten—onE) €t En—OnEe -
= Fw_ ze D - en D :

Proof of Proposition 4. Along the optimal path, Inv = Inw* —In z —In e(w*, q), so by Lemma 2

dlnv . +i —(1-2) 1
dlnq—n 677 Eh - e €h7

which is the elasticity form of (3). Substituting  from Lemma 4 and collecting terms over the
common denominator €, D,
dlnv N

= — N=(1-=¢.) (e, n— B D.
ng - (1 —¢¢)(ee+en—onee) +
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Expanding N using the definition of D in Lemma 4,

N=(1—-¢c)(ecten)+(cten)ee—1) = (1 —ec)onee + (1 =Ry —€s) —ahgz.

- i

[e=]

The second term expands to —ay, €. + 07, €2, whose quadratic part cancels against the last term,

leaving
N=c.(1—0,—Ry—c¢s)=ccllen—pn) — (Ruy +¢5)],

where the last equality uses 1 — o), = ¢, — pp, from Lemma 3. Therefore

dlnv €e

dll’lq - _ghD th_ph) - (Ru+<€s)]

Since ¢, > 0 and ¢, > 0, and D < 0 by Lemma 4, the factor —e./(e,D) is strictly positive,
so dv/dq has the sign of (¢, — pn) — (Ry + €5). In particular, dv/dg < 0 if and only if
Ru(w*) 4+ es(w*) > ep(e*) — pn(e®). O

V Construction of the Management Scores

The monitoring, targets, and incentives scores are taken from the management-practice survey
of Bloom and Van Reenen (2007). The survey scores eighteen management practices, each from
one (worst practice) to five (best practice), grouped into four areas: operations, monitoring,
targets, and incentives. We use the latter three. Scores are assigned through open-ended,
double-blind telephone interviews with plant managers: managers are not told that they are
being scored, and interviewers are not told the firm’s performance, so each score reflects the
firm’s actual practices rather than its aspirations. Each practice is standardized across firms,
and our monitoring, targets, and incentives scores are the averages of the standardized practices

in their respective areas.

Monitoring. Five practices capturing how the firm tracks performance and acts on it:

Performance tracking: whether key performance indicators are collected, how frequently,

and who sees them.

Performance review: how those indicators are reviewed and communicated.

Performance dialogue: the structure and quality of review meetings.

e Consequence management: what follows when agreed results or actions are not delivered.
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e Performance clarity and comparability: whether workers know their own targets and can

compare their performance with that of others.

Targets. Five practices capturing whether goals are well designed:

e Target breadth: whether goals are purely financial or also operational and broader.

Target interconnection: how goals cascade and link across levels of the organization.

Target time horizon: the balance between short- and long-run goals.

Target stretch: how demanding, yet still attainable, the targets are.

Developing talent: whether senior managers actively attract and develop talented people.

Incentives. Five practices capturing how the firm rewards and manages people:

Rewarding high performance: how appraisals, bonuses, and nonfinancial rewards operate.

e Removing poor performers: how underperformance is addressed and how long it is toler-
ated.

Promoting high performers: whether promotion rests on performance or on tenure.

Attracting talent: what makes the firm distinctive to work for.

Retaining talent: what the firm does to keep its star performers.

Scoring. Each practice is scored from one to five on the basis of open questions about actual
practices and concrete examples, with the discussion continuing until the interviewer can make
an accurate assessment. Performance tracking, for instance, scores one when tracking is ad hoc
and does not reveal whether business objectives are being met, three when most indicators are
tracked formally and overseen by senior management, and five when performance is tracked
continuously and communicated to all staff. The eighteen practices are then standardized and

averaged within each area to form the scores used in the text.

VI Additional Empirical Results

This appendix reports the coefficients on all three management-practice scores in the markdown

regression of Table 2. Table A-1 includes the monitoring, incentives, and targets scores jointly
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in every specification, while adding the same controls across columns as in the main table. The

pattern differs across management practices: monitoring enters negatively, consistent with wider

markdowns; incentives is close to zero throughout; and targets enters positively, indicating a

narrower markdown.

Table A-1: Markdowns and Other Management Practices

(1)

(2)

(3)

(4)

Monitoring score -0.15** —-0.19" —-0.19" —-0.17"
(0.07) (0.09) (0.09)  (0.09)
Incentives score 0.02 —0.05 —0.02 0.01
(0.11) (0.12) (0.12)  (0.12)
Targets score 0.13 0.20™ 0.19* 0.16*
(0.08) (0.08) (0.08)  (0.09)
Industry, year, and country FE v v v v
Firm age FE v v v
Log employees v v
Competition FE v
N 2,774 2,770 2,770 2,770

Notes: The dependent variable is the log labor-to-materials cost ratio, In(wage bill) — In(materials), as in

Table 2; a negative coefficient indicates a wider markdown. Management scores are standardized. Standard

errors clustered at the firm level are reported in parentheses. Data are from Bloom and Van Reenen (2007).

*p < 0.1, **p < 0.05, ***p < 0.01.
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