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1 I N T R O D U C TI O N

Or g a ni z ati o ns ar e i n cr e asi n g t h e a m o u nt a n d fr e q u e n c y of
t h e p erf or m a n c e f e e d b a c k t h e y pr o vi d e t o t h eir e m pl o y e es
( C a p p elli  &  Ta vis, 2 0 1 6, 2 0 1 8 ;  E w e nst ei n et al., 2 0 1 6 ).
T his s ur g e is b as e d o n t h e g e n er ali z e d b eli ef t h at s u p pl yi n g
w or k ers  wit h o n g oi n g f e e d b a c k c a n b o ost t h eir p erf or m a n c e.
A c c or di n gl y, c o m p a ni es ar e r e pl a ci n g t h eir tr a diti o n al p erf or-
m a n c e a p pr ais al pr a cti c es, i n  w hi c h t h e y gi v e p erf or m a n c e
f e e d b a c k o n c e p er y e ar,  wit h o n g oi n g f e e d b a c k s yst e ms
as e x e m plifi e d b y t h e t o u c h p oi nt or c h e c k-i n s yst e ms us e d
b y  G E,  D el oitt e, or  A d o b e 1 ( B al d ass arr e  & Fi n k e n, 2 0 1 5 ;
B u c ki n g h a m  &  G o o d all, 2 0 1 5 ).  T h es e c h a n g es h a v e b e e n
f a cilit at e d b y d e v el o p m e nts i n i nf or m ati o n t e c h n ol o g y s ys-
t e ms t h at h a v e r e d u c e d t h e c osts of tr a c ki n g i n di vi d u al
p erf or m a n c e, c o m p ari n g t h e p erf or m a n c e of diff er e nt  w or k-
ers, a n d s h ari n g t his i nf or m ati o n  wit h e m pl o y e es ( Ar al et al.,
2 0 1 2 ).

T h e i nf or m ati o n t h at e m pl o y e es r e c ei v e a b o ut t h eir o w n
p erf or m a n c e c a n  m oti v at e t h e m t o  w or k b ett er t hr o u g h dif-
f er e nt  m e c h a nis ms.  W h e n i n di vi d u als ar e p ai d a c c or di n g t o
t h eir p erf or m a n c e, f e e d b a c k  m a y t ell t h e m  w h er e t h e y st a n d

A c c e pt e d b y  A nil  Ar y a, aft er t w o r e visi o ns.
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wit hi n t h e i n c e nti v e s c h e m e of t h e or g a ni z ati o n, a n d t h e y  m a y
us e t his i nf or m ati o n t o i m pr o v e t h eir i n di vi d u al p erf or m a n c e.
T h us, f e e d b a c k c a n  w or k as a c o m pl e m e nt t o i n c e nti v e p a y
( L o ur e n ç o, 2 0 1 6 ). I n a d diti o n, r e c ei vi n g r el ati v e p erf or m a n c e
f e e d b a c k c a n aff e ct e m pl o y e es’ s elf- est e e m2 ( K u h n e n  &
T y m ul a, 2 0 1 2 ),  w hi c h c a n als o l e a d t o a c h a n g e i n p erf or-
m a n c e:  As s elf- est e e m is d et er mi n e d b y r el ati v e st a n di n g
a m o n g p e ers, e m pl o y e es  w h o l e ar n t h at t h e y ar e d oi n g p o orl y
r el ati v e t o ot h ers  m a y  w a nt t o i n cr e as e t h eir p erf or m a n c e
t o i m pr o v e t h eir s elf- est e e m. It is als o p ossi bl e t h at,  w h e n
it is diffi c ult f or e m pl o y e es t o t ell  w h et h er a gi v e n l e v el of
p erf or m a n c e is hi g h or l o w, r el ati v e p erf or m a n c e f e e d b a c k
m a y h el p t h e m ass ess t h eir o w n p erf or m a n c e l e v el ( K olst a d,
2 0 1 3 ).  T his  m a y als o l e a d e m pl o y e es t o c h a n g e t h eir b e h a vi or
if t h e y r e ali z e, f or i nst a n c e, t h at t h eir p erf or m a n c e  w as l o w.

H o w e v er, alt h o u g h p erf or m a n c e f e e d b a c k c o ul d t h e or et-
i c all y l e a d t o a n i m pr o v e m e nt i n p erf or m a n c e, e m piri c al
r es e ar c h h as f o u n d  mi x e d eff e cts.  T his h as l e d s c h ol ars
a cr oss diff er e nt dis ci pli n es t o d e v el o p n e w r es e ar c h p er-
s p e cti v es t o u n d erst a n d t h e t h e or eti c al e x pl a n ati o ns b e hi n d
t h e h et er o g e n e o us eff e cts of p erf or m a n c e f e e d b a c k ( Kl u g er
&  D e Nisi, 1 9 9 6 ; S pri n kl e, 2 0 0 0 ; 2 0 0 3 ). F or e x a m pl e, i n
t h e ps y c h ol o g y lit er at ur e,  Kl u g er a n d  D e Nisi (1 9 9 6 ) pr o-
vi d e a c o m pr e h e nsi v e t h e or y t h at e x pl ai ns v ari ati o n i n t h e
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performance consequences of feedback as a function of how a
given feedback intervention shifts attention between the task
and the self. Feedback interventions that shift the locus of
attention toward the task should have stronger effects than
those that shift attention away from it and toward the self.
More recently, accounting scholars have theorized and found
that the performance consequences of feedback vary with the
characteristics of the feedback (e.g., Casas-Arce et al., 2017;
Hannan et al., 2008), the context in which it is given (e.g.,
Hannan et al., 2013; Tafkov, 2013) and the characteristics of
the receiver (e.g., Lourenço et al., 2018). Most closely related
to our paper, researchers have also explored the role played
by the “content” of the information (e.g., Casas-Arce &
Martinez-Jerez, 2009, Kolstad, 2013, Lourenço et al., 2018),
that is, the specific information received by each employee.3

In this study, we contribute to the research on the role of
the content of feedback. We propose a formal moral haz-
ard model in which employees choose the amount of effort
based on their beliefs about their marginal product of effort,
which is not completely known to them. Employees’ beliefs
are based on their own information and on the information
provided by the firm. Thus, when the firm provides feedback,
employees’ beliefs may change, leading to a change in effort.
The model provides two results. First, we show that feed-
back may increase or reduce worker effort. Second, we show
that the size of the change in effort depends on the content
of the feedback. Specifically, a content that indicates that the
marginal benefit of effort is more likely to be high will lead to
a greater increase in effort. Quite importantly, this prediction
does not rely on workers’ prefeedback beliefs and therefore
its empirical test requires knowing which information was
told to the workers but not what workers initially believed.

Our model complements other formal models of feedback,
which have also analyzed how workers’ responses to feed-
back vary according to its content, based on the idea that
workers learn from the feedback and change their behav-
ior according to the new information. Such models have
been proposed in contexts like tournaments (Casas-Arce &
Martínez-Jerez, 2009) and settings in which conformity to
social norms is important (Chen et al., 2010). Our model
instead analyzes responses to feedback when employees
receive individual performance pay and social norms are
not important. There are also models that have analyzed
how much information is worth revealing, that is, what the
optimal amount of feedback is (Azmat & Iriberri, 2010;
Ertac, 2005) and the effects of the quality of the information
(Kolstad, 2013) and the detail and frequency of the feedback
(Casas-Arce et al., 2017) on workers’ reactions. However,
these models do not address the question of why responses to
feedback are heterogeneous across employees who are sub-
ject to the same feedback policy. Our model instead provides
predictions on how effort will vary according to the content
of the feedback, thus providing an explanation for the het-
erogeneous effects of feedback. Our model is most closely
related to Kuhnen and Tymula (2012), whose model also con-
siders how effort changes as workers’ beliefs change. The
main difference with respect to their model is that in Kuhnen

and Tymula (2012), the learning process itself is not modeled,
while in our case, learning is endogenous and constitutes the
central part of the model.

To test the predictions of the model we conducted a field
experiment4 at a warehouse distribution center of a Fortune
500 company. In the experiment we manipulated the type of
feedback given to employees. The feedback could be individ-
ual (i.e., about the worker’s own performance) or relative (i.e.,
including information on performance relative to coworkers).
We used a 2×2 design and randomly assigned each of the four
sections of the facility to one of the following treatments:
individual feedback, relative feedback, both, and a control
group. Because our purpose was to investigate employees’
reactions to different pieces of information, each type of feed-
back treatment was designed in such a way that employees
would receive information that was relevant to learning about
the benefits of increasing performance. The feedback that
each employee received referred to their performance in the
previous week, and the feedback was given privately.

The rest of the paper is organized as follows. In Section 2,
we review the current literature on the heterogeneous effects
of feedback, and in Section 3, we develop our formal model.
In the following two sections, we describe the warehouse
in which we conducted the experiment (Section 4) and the
experiment itself (Section 5). In Section 6, we describe the
data and variables, in Section 7 we describe the econometric
results, and in Section 8, we discuss our findings.

2 RELATED LITERATURE

In recent years scholars have made some progress to under-
stand why the effects of feedback on performance are
heterogeneous, focusing on aspects such as the characteris-
tics of the feedback, the context in which feedback is given,
the receiver of the feedback, and the information content
of the feedback. In this section, we summarize the main
empirical findings of this literature (see Table 1 in the Sup-
porting Information for a summary of the relevant empirical
literature).

Regarding the characteristics of the feedback, researchers
have considered how the effects of feedback vary depend-
ing on its level of detail (Casas-Arce et al., 2017; Hannan
et al., 2008), the frequency with which it is given (Casas-Arce
et al., 2017) and whether it is provided in a private or pub-
lic way (Casas-Arce et al. forthcoming; Hannan et al., 2013;
Tafkov, 2013). Scholars have also explored how the effects of
feedback vary with the context in which it is given. For exam-
ple, the type of pay scheme (Hannan et al., 2008; Tafkov,
2013) and a tournament’s prize structure (Newman & Tafkov,
2014) have been found to be important factors in determin-
ing the effectiveness of feedback. Another contextual factor
that matters is the ability of workers to choose where to
allocate effort in a multitask environment (Hannan et al.,
2013). Some studies have also found that individuals react
differently to feedback because they have unique character-
istics, such as distinct attitudes toward feedback (Lourenço
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V a ri a bl e N M e a n M e di a n St d. d e v. Mi n. M a x.

I n di vi d u al p erf or m a n c e 1 1 0 5 9 5. 8 3 5 9 3. 6 0 2 2 3. 0 6 7 2 2. 3 4 6 1 9 3. 6 1
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et al., 2 0 1 8 ), v ar yi n g l e v els of e x p eri e n c e i n t h e or g a ni z ati o n
( Bl a n es i  Vi d al  &  N oss ol, 2 0 1 1 ), or diff er e nt l e v els of a bilit y
a n d e d u c ati o n ( C as as- Ar c e et al. f ort h c o mi n g).

Of p arti c ul ar r el e v a n c e f or o ur st u d y is t h e gr o wi n g
r es e ar c h t h at h as tri e d t o e x pl ai n t h e h et er o g e n e o us eff e cts of
f e e d b a c k as a f u n cti o n of its c o nt e nt, t h at is, t h e i nf or m ati o n
r e c ei v e d b y e a c h i n di vi d u al  wit h t h e f e e d b a c k i nt er v e nti o n.
H o w  m u c h e m pl o y e es l e ar n fr o m t h e f e e d b a c k  m a y v ar y
a cr oss i n di vi d u als if t h eir pr ef e e d b a c k b eli efs a b o ut t h eir p er-
f or m a n c e ar e t o s o m e e xt e nt bi as e d a n d t h es e bi as es v ar y
a cr oss i n di vi d u als:  T h os e  wit h  m or e bi as e d b eli efs s h o ul d
r e a ct  m or e t o f e e d b a c k. I n p arti c ul ar, i n di vi d u als  m a y r e a ct
diff er e ntl y d e p e n di n g o n  w h et h er t h e y l e ar n t h at t h e y  w er e
o v er esti m ati n g or u n d er esti m ati n g t h eir p erf or m a n c e ( A z m at
et al., 2 0 1 9 ;  C h e n et al., 2 0 1 0 ; J u n g et al., 2 0 2 1 ;  K u h n e n  &
T y m ul a, 2 0 1 2 ;  L o ur e n ç o et al., 2 0 1 8 ).

L e ar ni n g is als o h et er o g e n e o us a cr oss i n di vi d u als b e c a us e
f e e d b a c k pr o vi d es p ers o n ali z e d i nf or m ati o n,  w hi c h v ari es
a cr oss e m pl o y e es.  W h e n t h e y r e c ei v e f e e d b a c k e m pl o y e es
m a y u p d at e t h eir b eli efs a b o ut t h eir  m ar gi n al b e n efit of e x ert-
i n g  m or e eff ort, a n d t h os e  w h o l e ar n t h at t h e  m ar gi n al b e n efit
of eff ort is s m all er t h a n t h e y b eli e v e d  m a y r e a ct b y r e d u ci n g
p erf or m a n c e,  w hil e t h os e  w h o l e ar n t h at t h e  m ar gi n al b e n efit
is hi g h er  m a y r e a ct b y i n cr e asi n g p erf or m a n c e.  A n i m p or-
t a nt d et er mi n a nt of t h e  m ar gi n al b e n efit of eff ort is  w h er e
t h e i n di vi d u al st a n ds i n t er ms of p erf or m a n c e pri or t o r e c ei v-
i n g f e e d b a c k ( C as as- Ar c e  &  M arti n e z-J er e z, 2 0 0 9 ;  E yri n g  &
N ar a y a n a n, 2 0 1 8 ).  T his h as b e e n e x pl or e d i n t h e c o nt e xt of
r el ati v e f e e d b a c k a n d of i n di vi d u al p erf or m a n c e f e e d b a c k.
F or e x a m pl e,  C as as- Ar c e a n d  M arti n e z-J er e z ( 2 0 0 9 ) f o u n d
t h at pr o vi di n g s al es a g e nts  wit h i nt eri m f e e d b a c k a b o ut h o w
t h e y st a n d  wit h r es p e ct t o ot h ers l e d t o d e cr e as e d eff ort f or
t h os e  w h o  w er e a h e a d of t h eir p e ers a n d f or t h os e tr aili n g
b e hi n d  w h o d et er mi n e d t h at t h e y h a d a v er y l ar g e p erf or-
m a n c e g a p. I n a n e x p eri m e nt  wit h a s a m pl e of st u d e nts,
E yri n g a n d  N ar a y a n a n ( 2 0 1 8 ) als o f o u n d t h at hi g h er r ef-
er e n c e p oi nts t h at ar e f art h er a w a y fr o m a n i n di vi d u al’s
p erf or m a n c e (i. e., t o p q u artil e f or l o w p erf or m ers)  m a y l e a d
t o l o w er p erf or m a n c e b e c a us e t h e y off er a l o w er  m ar gi n al
utilit y of eff ort. I n ot h er  w or ds,  w h e n l e ar ni n g a b o ut t h eir
p erf or m a n c e r el ati v e t o t h e t o p q u artil e, p o or p erf or m ers  m a y

h a v e l o w e x p e ct ati o ns of r e a c hi n g s u c h hi g h st a n d ar ds,  w hi c h
m a y dis c o ur a g e t h e m fr o m tr yi n g h ar d er. I n c o ntr ast, usi n g a
q u a ntil e r e gr essi o n a p pr o a c h,  A z m at a n d Iri b erri ( 2 0 1 0 ), i n
a hi g h-s c h o ol c o nt e xt, f o u n d t h at i nf or mi n g st u d e nts a b o ut
t h eir r el ati v e p erf or m a n c e ( a b o v e or b el o w a v er a g e) as  w ell
as t h e dist a n c e fr o m t his a v er a g e r es ult e d i n a n i n cr e as e i n
p erf or m a n c e t hr o u g h o ut t h e  w h ol e p erf or m a n c e distri b uti o n.
L o ur e n ç o et al. ( 2 0 1 8 ) e x pl or e d t h e p erf or m a n c e eff e cts of
gi vi n g i n di vi d u al f e e d b a c k t o p h ysi ci a ns i n t h e c o nt e xt of
n e g ati v e i n c e nti v es (i. e., t er mi n ati o n t hr es h ol d) a n d f o u n d
t h at f e e d b a c k i m pr o v e d eff ort b ot h l ess a n d l at er f or p o or p er-
f or m ers (i. e., t h os e u n d er t er mi n ati o n t hr e at).  H o w e v er, t h e
eff e cts  w er e n ot o bs er v e d f or hi g h p erf or m ers. I n a r el at e d
st u d y, n ot c o nsi d eri n g p erf or m a n c e b ut t h e r e visi o n of t h eir
g o als, Ili es a n d J u d g e ( 2 0 0 5 ) f o u n d t h at t h os e  w h o  w er e p er-
f or mi n g a b o v e t h eir g o als r e a ct e d t o p ositi v e f e e d b a c k b y
e n g a gi n g i n u p w ar d g o al r e visi o n a n d t h os e  w h o  w er e p er-
f or mi n g b el o w t h eir g o als r e a ct e d t o n e g ati v e f e e d b a c k b y
l o w eri n g t h eir g o als — a fi n di n g s u g g esti n g t h at i n di vi d u als
w h o s e e t h e ms el v es f ar fr o m t h eir g o als  m a y st o p tr yi n g.  T h e
c o n cl usi o n of t h es e st u di es is t h at p ers o n ali z e d  m ess a g es t h at
i nf or m i n di vi d u als a b o ut t h e  m ar gi n al b e n efits of i n cr e asi n g
eff ort  m a y l e a d t o h et er o g e n e o us b e h a vi or al r es p o ns es.  O ur
st u d y e xt e n ds t his lit er at ur e a n d pr o p os es a  m o d el t o e x pl ai n
t h e h et er o g e n e o us i m p a ct of f e e d b a c k d e p e n di n g o n t h e
i nf or m ati o n pr o vi d e d a b o ut t h e  m ar gi n al b e n efits of eff ort.

W hil e t h e i d e a t h at t h e c o nt e nt of f e e d b a c k aff e cts p erf or-
m a n c e h as a p p e al e d t o s e v er al r es e ar c h ers, o nl y a f e w st u di es
h a v e pr o vi d e d e m piri c al esti m at es of t h e c o nt e nt p er s e, t h at
is, h a v e i n cl u d e d i n t h eir esti m ati o ns t h e a ct u al c o nt e nt of
t h e i nf or m ati o n gi v e n (i. e., t h e v al u es of t h e v ari a bl es t h at
c o nstit ut e t h e f e e d b a c k gi v e n t o e a c h e m pl o y e e). F or e x a m-
pl e, i n a l a b or at or y e x p eri m e nt,  Gill et al. ( 2 0 1 9 ) pr o vi d e d
a n esti m at e of h o w t h e a ct u al c o nt e nt of t h e r a n k (i. e., t h e
r a n k- or d er f e e d b a c k) i m p a ct e d t h e eff ort pr o visi o n of t h e
i n di vi d u als  w h o r e c ei v e d t h e i nf or m ati o n.  C as as- Ar c e a n d
M arti n e z-J er e z ( 2 0 0 9 ) pr o vi d e d esti m at es of t h e eff e cts of
t h e a ct u al l e a di n g a n d tr aili n g dist a n c es b et w e e n t h e r a n ki n gs
of t h e pl a y ers i n t h e c o nt est.  K olst a d ( 2 0 1 3 ) esti m at e d t h e
eff e ct of t h e a m o u nt of n e w i nf or m ati o n gi v e n b y t h e f e e d-
b a c k as t h e dist a n c e b et w e e n t h e a dj ust e d ris k p erf or m a n c e
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P E R F O R M A N C E F E E D B A C K  A N D P R O D U C TI VI T Y:  E VI D E N C E F R O M  A FI E L D  E X P E RI M E N T 1 0 1
P r o d u cti o n a n d  O p e r ati o ns  M a n a g e m e nt

a n d t h e e x p e ct e d p erf or m a n c e of t h e s ur g e o n pri or t o t h e f e e d-
b a c k.  Ot h er st u di es cl assifi e d t h e c o nt e nt of t h e f e e d b a c k as
eit h er “ p ositi v e ” or “ n e g ati v e ” b as e d o n  w h et h er t h e f e e d b a c k
i m pli e d t h at e m pl o y e e p erf or m a n c e  w as hi g h or l o w, r es p e c-
ti v el y, a n d esti m at e d t w o tr e at m e nt eff e cts of f e e d b a c k, o n e
f or e m pl o y e es  w h o r e c ei v e d p ositi v e f e e d b a c k a n d a n ot h er
f or t h os e  w h o r e c ei v e d n e g ati v e f e e d b a c k ( e. g.,  C as as- Ar c e
et al., 2 0 1 7 ;  C h e n et al., 2 0 1 0 ).

O ur p a p er c o ntri b ut es t o t his lit er at ur e o n f e e d b a c k c o n-
t e nt. I n o ur st u d y,  w e h y p ot h esi z e t h at a p ossi bl e r e as o n
w h y f e e d b a c k c o nt e nt  m att ers is t h at e m pl o y e es  m a y us e t h e
i nf or m ati o n t h at t h e y r e c ei v e t o u p d at e t h eir b eli efs a b o ut
t h e  m ar gi n al b e n efit of e x erti n g eff ort.  T h us,  w e pr o p os e a
s p e cifi c  m e c h a nis m t o e x pl ai n  w h y e m pl o y e es  w h o r e c ei v e
diff er e nt i nf or m ati o n  m a y r e a ct diff er e ntl y t o t h e f e e d b a c k.
Fr o m a t h e or eti c al st a n d p oi nt, o ur  m ai n c o ntri b uti o n is t o
pr o vi d e a f or m al  m o d el of h o w c h a n g es i n c o nt e nt i nfl u-
e n c e c h a n g es i n b eli efs,  w hi c h i n t ur n i nfl u e n c e  w or k er eff ort.
O ur  m o d el e xt e n ds t h e  w or k of  K u h n e n a n d  T y m ul a ( 2 0 1 2 ),
w h os e  m o d el c o nsi d ers c h a n g es i n  w or k ers’ b eli efs as e x o g e-
n o us.  O ur  m o d el i nst e a d c o nsi d ers h o w c h a n g es i n b eli efs
ar e dri v e n b y c h a n g es i n f e e d b a c k c o nt e nt.  A n ot h er i m p ort a nt
c o ntri b uti o n of o ur  m o d el is t o pr o vi d e a t est a bl e i m pli c ati o n
t h at d o es n ot r e q uir e k n o wi n g  w or k ers’ b eli efs,  w hi c h  m a k es
e m piri c al t esti n g e asi er.  O ur e m piri c al a n al ys es ar e b as e d o n
a fi el d e x p eri m e nt c o n d u ct e d i n a n e- c o m m er c e  w ar e h o us e
i n  w hi c h  w e g a v e e m pl o y e es e x pli cit f e e d b a c k a b o ut t h e
m ar gi n al b e n efit of e x erti n g  m or e eff ort.  As s h o w n i n  Ta bl e 1
i n t h e S u p p orti n g I nf or m ati o n t o t h e p a p er, f e w st u di es h a v e
esti m at e d t h e eff e ct of f e e d b a c k c o nt e nt (s e e c ol u m n 2), a n d
n o n e of t h es e st u di es h as s p e cifi c all y l o o k e d at h o w f e e d b a c k
r e c ei v ers r e a ct t o i nf or m ati o n a b o ut  m ar gi n al b e n efits (s e e
c ol u m n 3).  T h e i d e a t h at r e a cti o ns t o f e e d b a c k ar e h et er o g e-
n e o us als o s u g g ests t h at f e e d b a c k  m a y c h a n g e t h e distri b uti o n
of p erf or m a n c e  wit hi n a fir m. S u c h distri b uti o n al eff e cts h a v e
b e e n st u di e d b y a n u m b er of p a p ers (s e e c ol u m n 4), a n d
o ur  m ai n c o ntri b uti o n is t o r el at e t h es e distri b uti o n al eff e cts
t o t h e c o nt e nt of t h e f e e d b a c k a n d t o pr o vi d e q u a ntil e esti-
m at es,  w hi c h h a v e b e e n r el ati v el y r ar e i n t h e lit er at ur e (s e e
c ol u m n 5).

3 A N A L Y TI C A L  M O D E L

S u p p os e N e m pl o y e es  w or k at a fir m a n d f or a gi v e n
e m pl o y e e i pr o d u cti vit y is gi v e n b y

x i

(
𝜌 i, a i

)
= 𝜌 ia i, ( 1)

w h er e a i i s t h e e m pl o y e e’s  w or k eff ort a n d ρ i i s t h e  m ar gi n al
pr o d u ct of eff ort.  We  will ass u m e t h at t his  m ar gi n al pr o d u ct
is n ot p erf e ctl y k n o w n t o t h e  w or k er. S p e cifi c all y, a  w or k er’s
b eli efs a b o ut his or h er o w n  m ar gi n al pr o d u ct  will d e p e n d o n
t h e i nf or m ati o n t h at h e or s h e h as,  w hi c h c a n b e of t w o t y p es.
First, t h e  w or k er  m a y h a v e i nf or m ati o n b as e d o n his or h er
o w n o bs er v ati o ns,  w hi c h  w e  will d e n ot e b y y i. S e c o n d, t h e

w or k er  m a y als o r e c ei v e f e e d b a c k fr o m t h e fir m, t h at is, h e or
s h e  m a y h a v e a c c ess t o i nf or m ati o n t h at h e or s h e  w o ul d n ot
b e a bl e t o ot h er wis e o bs er v e.  We  will us e z i t o d e n ot e s u c h
f e e d b a c k.

S u p p os e e m pl o y e e b eli efs ar e gi v e n b y a j oi nt d e nsit y
fi(ρ i, y i, z i),  w hi c h  m a y b e diff er e nt f or e a c h e m pl o y e e.  T his
i m pli es t h at diff er e nt e m pl o y e es  m a y h a v e diff er e nt pri or
b eli efs a n d  m a y u p d at e t h eir b eli efs i n diff er e nt  w a ys: S p e cif-
i c all y, if  w or k er i h as o bs er v e d y i a n d h as r e c ei v e d f e e d b a c k
z i, his or h er b eli efs a b o ut ρ i ar e gi v e n b y t h e c o n diti o n al d e n-
sit y fi(ρ i | yi, z i).  We  will ass u m e t h at t h e f e e d b a c k v ari a bl e z i

i s  m e as ur e d i n s u c h a  w a y t h at a n i n cr e as e i n its v al u e s hifts
t h e c o n diti o n al distri b uti o n of t h e  m ar gi n al r et ur n a c c or di n g
t o t h e  m o n ot o n e li k eli h o o d r ati o pr o p ert y. I n ot h er  w or ds, a
gr e at er v al u e of z i m e a ns  m or e “ p ositi v e ” f e e d b a c k, i n t h e
s e ns e t h at  w h e n r e c ei vi n g t his f e e d b a c k, t h e  w or k er b eli e v es
t h at a hi g h er  m ar gi n al r et ur n is r el ati v el y  m or e li k el y.  O n e
p arti c ul ar c as e  w o ul d b e t h at i n  w hi c h t h e f e e d b a c k is t h e
w or k er’s pr o d u cti vit y.

Ass u m e t h at t h e utilit y of t h e  w or k er is gi v e n b y

u i

(
a i; 𝜌 i

)
= B

(
a i; 𝜌 i

)
− c i (a i) , ( 2)

w h er e B is t h e gr oss b e n efit a n d c i i s t h e c ost of eff ort a n d is
i n cr e asi n g i n a i. I n t his s etti n g, t h e  w or k er  will c h o os e a i t o
m a xi mi z e:

∫
u i

(
a i; 𝜌 i

)
fi(𝜌 i|y i, z i)d 𝜌 i. ( 3)

We  will us e a i* (y i, zi) t o d e n ot e t h e l e v el of eff ort t h at
m a xi mi z es t his f u n cti o n.  T his eff ort  will d e p e n d o n t h e i nf or-
m ati o n a v ail a bl e t o t h e  w or k er,  w hi c h i n cl u d es t h e f e e d b a c k
r e c ei v e d.

T h e  m ai n q u esti o n  w e ar e i nt er est e d i n is h o w  w or k er eff ort
a i* (y i, zi)  will v ar y  wit h f e e d b a c k z i.  As a pr eli mi n ar y st e p,
c o nsi d er t h e  w or k er’s pr o bl e m i n t h e a bs e n c e of f e e d b a c k.
I n t h at c as e, eff ort is c h os e n t o  m a xi mi z e e x p e ct e d utilit y
c o n diti o n al o n his or h er o w n i nf or m ati o n:

∫
u i

(
a i; 𝜌 i

)
fi(𝜌 i|y i)d 𝜌 i. ( 4)

L et a i* (y i) b e s u c h l e v el of eff ort.  A c c or di n g t o t h e  m o d el,
if t h e  w or k er r e c ei v e d f e e d b a c k z i, his or h er eff ort  w o ul d b e
gi v e n b y a i* (y i, zi); t h er ef or e, t h e eff e ct of f e e d b a c k is a i* (y i,
z i) − a i* (y i). It is cl e ar t h at t his diff er e n c e  will d e p e n d u p o n
t h e diff er e n c e i n b eli efs b et w e e n t h e c as e i n  w hi c h t h e a g e nt
d o es n ot r e c ei v e a n y f e e d b a c k a n d t h e c as e i n  w hi c h h e or
s h e r e c ei v es it. Si n c e t his diff er e n c e i n b eli efs  will d e p e n d
o n t h e v al u e of t h e f e e d b a c k v ari a bl e z i,  w e c a n c o n cl u d e t h at
a i* (y i, zi)  m a y i n g e n er al b e gr e at er or l o w er t h a n a i* (y i).  T his
is c o nsist e nt  wit h t h e  mi x e d e m piri c al e vi d e n c e o n t h e li n k
b et w e e n f e e d b a c k a n d e m pl o y e e p erf or m a n c e, as d es cri b e d
i n t h e pr e vi o us s e cti o n.

T o f urt h er a n al y z e t h e eff e ct of f e e d b a c k,  w e  m a k e  m or e
s p e cifi c ass u m pti o ns a b o ut  w or k ers’ utilit y f u n cti o ns.  We
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1 0 2 A W A Y S H E H E T  A L .
P r o d u cti o n a n d  O p e r ati o ns  M a n a g e m e nt

all o w f or t w o t y p es of  w or k er pr ef er e n c es, o n e i n  w hi c h
w or k ers r es p o n d t o  m o n et ar y i n c e nti v es a n d a n ot h er o n e,
w hi c h h as als o b e e n c o nsi d er e d i n t h e lit er at ur e o n f e e d b a c k
( e. g.  A z m at  & Iri b erri, 2 0 1 0 ;  C as as- Ar c e  &  M arti n e z-J er e z,
2 0 0 9 ;  E yri n g  &  N ar a y a n a n, 2 0 1 8 ;  Gill et al., 2 0 1 9 ;  K u h n e n  &
T y m ul a, 2 0 1 2 ;  Taf k o v, 2 0 1 3 ), i n  w hi c h e m pl o y e es c ar e a b o ut
t h eir p erf or m a n c e r el ati v e t o c o w or k ers.

F or e x p ositi o n al p ur p os es,  w e  will first s e p ar at e t h e t w o
t y p es of pr ef er e n c es.  B e gi n ni n g  wit h t h e pr ef er e n c es b as e d
o n  m o n et ar y i n c e nti v es,  w e ass u m e t h at t h e fir m p a ys a fi x e d
h o url y  w a g e a n d a n h o url y b o n us b as e d o n t h e  w or k er’s
pr o d u cti vit y. I n  m a n y fir ms, s u c h as t h e o n e  w e a n al y z e i n
t his p a p er, it is c o m m o n f or h o url y b o n us es t o i n cr e as e  wit h
w or k er pr o d u cti vit y. I n ot h er  w or ds,  w or k ers’ h o url y p a y
i n cr e as es  wit h p erf or m a n c e.  T o  m o d el t his,  w e ass u m e t h at
t h e  w or k er’s gr oss b e n efit is gi v e n b y:

B
(
a i; 𝜌 i

)
= w (x i) ≡

(
𝜌 + 𝜌 x i

)
h i =

(
𝜌  +  𝜌 𝜌 ia i

)
h i, ( 5)

w h er e h i i s t h e n u m b er of h o urs  w or k e d a n d t h e t er m i n
p ar e nt h es es is h o url y p a y,  w hi c h i n cl u d es b as e p a y α a n d
a b o n us β x i t h at i n cr e as es  wit h pr o d u cti vit y. F or si m pli cit y,
w e ass u m e t h e n u m b er of h o urs  w or k e d is e x o g e n o us a n d
n or m ali z e it t o o n e ( h i = 1).

Gi v e n t h es e  w or k er pr ef er e n c es, t h e f oll o wi n g r es ult c a n
b e d eri v e d:

P r o p ositi o n 1. If  B( ai;ρ i) = w( x i),  w or k er eff ort ai*  will b e
i n cr e asi n g i n zi.

Pr o of.  T o pr o v e t his r es ult,  w e us e s u p er m o d ul arit y t h e-
or y ( T o p kis, 1 9 7 8 ).  As s h o w n i n  At h e y (2 0 0 2 ,  T h e or e m 1 ), if
w (x i) is l o g-s u p er m o d ul ar i n (ρ i, ai) a n d fi(ρ i | yi, zi) is l o g-
s u p er m o d ul ar i n ( ρ i, zi), t h e n a i* is i n cr e asi n g i n z i.  T o s h o w
t h at w (.) is l o g-s u p er m o d ul ar, c o nsi d er t w o l e v els of eff ort a H

a n d a L s u c h t h at a H > a L .  L o g-s u p er m o d ul arit y is s atisfi e d if
t h e r ati o

(
𝜌  +  𝜌 𝜌 ia H

)
h i

(
𝜌  +  𝛽 𝜌 ia L

)
h i

( 6)

is n o n d e cr e asi n g i n ρ i f or a n y v al u es of eff ort.  T his
c o n diti o n is s atisfi e d i n t his c as e, a n d t h er ef or e w (.) is
l o g-s u p er m o d ul ar.  M or e o v er, if t h e d e nsit y fi(ρ i | yi, zi) is
s u c h t h at z i s hifts t h e distri b uti o n a c c or di n g t o t h e  m o n o-
t o n e li k eli h o o d r ati o, t h e n t h e d e nsit y is l o g-s u p er m o d ul ar
( At h e y, 2 0 0 2 ;  L e h m a n n, 1 9 5 5 ). Si n c e t h e t w o f u n cti o ns ar e
l o g-s u p er m o d ul ar, a i* will b e i n cr e asi n g i n z i.

T his r es ult i m pli es t h at  w hil e t h e diff er e n c e a i* (y i, zi) –
a i* (y i)  m a y b e p ositi v e or n e g ati v e, it  will u n a m bi g u o usl y
i n cr e as e i n z i.  T his  m e a ns t h at  m or e “ p ositi v e ” f e e d b a c k  will
h a v e a  m or e p ositi v e eff e ct o n  w or k er eff ort t h a n l ess p os-
iti v e f e e d b a c k.  N ot e t h at t his r es ult d o es n ot r e q uir e b eli efs
t o f oll o w o n e p arti c ul ar distri b uti o n, f or e x a m pl e, n or m al.
N eit h er d o es it r e q uir e t h at all  w or k ers i n t h e fir m h a v e t h e
s a m e pri or b eli efs: I n a fir m  wit h  m a n y e m pl o y e es, e a c h o n e

m a y h a v e diff er e nt b eli efs a b o ut his or h er  m ar gi n al pr o d u ct
a n d  will c o ns e q u e ntl y r e a ct diff er e ntl y t o t h e f e e d b a c k, b ut
t h e r es ult  will still h ol d f or e a c h of t h e m, irr es p e cti v e of t h eir
pri or b eli efs.

L et us n o w t ur n t o t h e c as e i n  w hi c h t h e  w or k er’s util-
it y d e p e n ds o n his or h er pr o d u cti vit y r el ati v e t o t h e ot h er
w or k ers i n t h e fir m.  L et x -i b e t h e v e ct or of all t h e  w or k-
ers’ pr o d u cti viti es e x c e pt t h at of  w or k er i, a n d l et  m a x {x -i}
b e t h e  m a xi m u m of t h es e pr o d u cti viti es.  T o  m o d el t h e f a ct
t h at t h e  w or k er c ar es a b o ut his or h er r el ati v e st a n di n g i n t h e
fir m,  w e  will ass u m e t h at  w or k er i’s utilit y d e p e n ds o n t h e
diff er e n c e b et w e e n his or h er pr o d u cti vit y a n d t h e  m a xi m u m
pr o d u cti vit y a m o n g c o w or k ers:

B (a i; 𝜃 i) = v (x i; x − i) ≡ v 0 + x i − m a x { x − i}

= v 0 + 𝜌 ia i − m a x { x − i} , ( 7)

w h er e v 0 > 0 is a c o nst a nt.  T h e ass u m pti o n t h at a  w or k er
t a k es  m a xi m u m p erf or m a n c e as a r ef er e n c e p oi nt is c o nsis-
t e nt  wit h e m piri c al e vi d e n c e o n s o ci al c o m p aris o ns. I n d e e d,
e m piri c al st u di es h a v e f o u n d t h at s o ci al c o m p aris o ns t e n d t o
b e u p w ar d r at h er t h a n d o w n w ar d, t h at is, i n di vi d u als c o m p ar e
t h e ms el v es t o t h os e  w h o ar e “ b ett er ” t h a n t h e m: s e e  G er b er
et al. ( 2 0 1 8 ) f or a  m et a- a n al ysis of o v er 6 0 y e ars of r es e ar c h.5

W h e n  w or k er pr ef er e n c es d e p e n d o n r el ati v e pr o d u cti vit y,
t h e f oll o wi n g r es ult c a n b e f o u n d:

P r o p ositi o n 2. If  B( ai;θ i) = v( x i; x -i),  w or k er eff ort ai*  will
b e i n cr e asi n g i n z i.

Pr o of.  T h e pr o of is si mil ar t o t h at of Pr o p ositi o n 1 . Si n c e
t h e d e nsit y is l o g-s u p er m o d ul ar, it s uffi c es t o s h o w t h at
v (.) is als o l o g-s u p er m o d ul ar.  We c o nsi d er t w o l e v els of
eff ort, a H a n d a L , s u c h t h at a H > a L , a n d t o s h o w t h at
l o g-s u p er m o d ul arit y is s atisfi e d,  w e c h e c k t h at t h e r ati o

v 0 + 𝜌 ia H − m a x { x − i}

v 0 + 𝜌 ia L − m a x { x − i}
( 8)

is n o n d e cr e asi n g i n ρ i. Si n c e t h e r ati o is i n cr e asi n g i n ρ i,  w or k
eff ort a i* will b e i n cr e asi n g i n z i.

Alt h o u g h f or e x p ositi o n al p ur p os es  w e h a v e c o nsi d er e d t h e
t w o utilit y f u n cti o ns s e p ar at el y,  w e  m a y als o ass u m e t h at t h e
w or k er’s pr ef er e n c es i n cl u d e b ot h f e at ur es, t h at is, t h at h e or
s h e c ar es a b o ut his or h er  m o n et ar y c o m p e ns ati o n a n d a b o ut
his or h er r el ati v e st a n di n g i n t er ms of pr o d u cti vit y.  T h us,
s u p p os e t h e gr oss b e n efit f u n cti o n is gi v e n b y B (a i;ρ i) =
w (x i) + ν (x i; x-i); t h er ef or e, t h e t w o pr e vi o us pr o p ositi o ns of
eff ort a i* will als o b e i n cr e asi n g i n z i.

I n s u m m ar y, t h e  m o d el pr o vi d es t h e f oll o wi n g i nsi g hts.
First, f e e d b a c k  m a y h a v e a p ositi v e or n e g ati v e eff e ct o n eff ort
b e c a us e t h e eff e ct  will d e p e n d o n h o w f e e d b a c k c h a n g es
w or k ers’ b eli efs a b o ut t h eir  m ar gi n al p erf or m a n c e. S e c o n d,
t h e  m o d el u n d ers c or es t h e i m p ort a n c e of t h e c o nt e nt of
t h e f e e d b a c k. If e m pl o y e es us e t h e i nf or m ati o n pr o vi d e d t o
t h e m t o  m a k e i nf er e n c es a b o ut t h e  m ar gi n al r et ur n of t h eir
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effort, their reactions to feedback will vary according to such
information. This will lead to heterogeneous responses to
feedback: For instance, if the firm gives all employees infor-
mation about the marginal benefits of their effort, even though
all employees receive the same type of feedback, each one
receives a different piece of information, that is, the “content”
of the feedback varies across individuals, and consequently
each employee will react differently to the feedback. This
implies that an empirical researcher interested in estimating
the effect of feedback, for example, on worker productiv-
ity, has to study how the information provided to workers
correlates with their postfeedback productivity. This requires
data not only about which employees received feedback
and when but also which specific information was given to
them.

We think this model provides a useful theoretical frame-
work to understand the heterogeneous effects of feedback,
but it relies on several simplifying assumptions that are worth
highlighting. We shall focus on three of them that are par-
ticularly relevant to the setting in which we conduct our
empirical study and to the interpretation of our empirical
results. The first one has to do with the information structure
of the model. We assume that workers know the effort they
choose but have incorrect information about how such effort
translates into performance and pay. This is consistent with
our empirical setting, where employees choose effort but do
not directly observe performance. In other empirical settings,
this assumption may be unrealistic: For instance, salespersons
may have more accurate information about their sales (perfor-
mance) than about the amount of effort that they dedicated to
each client.

The second assumption is related to workers’ preferences.
We assume that employees care about their relative perfor-
mance and this preference is “behavioral” in the sense that
relative performance enters the utility function directly. How-
ever, their reactions to feedback are driven by how they learn
from the feedback they receive, that is, they react to relative
performance feedback “rationally” in the sense that they use
this information to update their beliefs about the marginal
benefit of effort.

The third assumption is the linearity of the bonus with
respect to productivity. In our empirical setting the bonus
also increases with productivity, but it follows a step func-
tion, with discrete jumps at six different productivity levels.
These jumps can give rise to interesting effects that are not
considered in the model. In particular, workers may choose
to exert a particular effort to reach the following bonus step
but also to avoid falling back to the previous step. This would
have implications for their reactions to feedback, which we
discuss in the empirical part of our study. Specifically, an
employee who is further away from the following bonus step
would have a lower incentive to increase effort because the
cost of reaching the higher bonus is greater, but being fur-
ther away from the following step implies being closer to the
previous step, which may create an incentive to avoid falling
back to the lower bonus level.

4 INSTITUTIONAL SETTING

We conducted the experiment at the warehouse distribu-
tion center of a Fortune 500 company located in the U.S.
Midwest.6 We refer to the site as Midwestern Warehouse
(MWW). MWW had over 1,000,000 square feet of space and
was responsible for handling 80,000 different stock-keeping
units (SKUs). There were approximately 130 hourly employ-
ees who worked at the site over three shifts. On a daily basis,
MWW shipped an average of 8000 orders comprising approx-
imately 100,000 total items. The facility was divided into
four sections that were physically separated from one another.
The sections handled different SKUs and were separated for
product grouping purposes, but the tasks of the workers were
identical in all sections. Each employee was hired for a spe-
cific section when the section needed a worker and remained
in the same section thereafter. Each section was divided into
approximately 40 work areas referred to as stations. The tech-
nology used at MWW was industry standard, that is, what
is typically present in warehouses that pick, pack, and ship
products to customers. Facilities of this type have become
increasingly common with the growth of e-commerce, as
firms stock products centrally and then ship them across a
region, country, or globally. According to the Bureau of Labor
Statistics, this industry employs over 1.8 million people in the
United States (Bureau of Labor Statistics, 2022).

Once an order came into the warehouse, a specialized
Warehouse Management System (WMS) routed plastic tote
bins via a conveyer belt to the appropriate stations so that
employees could select the items needed for the order.
Employees would move to the stations where there were bins
to fill the orders from those stations and would know which
stations to go to since that information was displayed on large
screens. At each station, the employee would scan the bin
and an electronic board would indicate the items that he or
she should pick from the station and place in the bin. The
employee would then walk within the station, select the cor-
rect items and quantities, scan them, and place them in the
plastic bin. The employee carried out the entire order from
the station. After all the items from the station had been
selected, the bin would then move to either another station
or to the packing area via the conveyer belt, where items
were placed into a box, and the box was labeled for ship-
ping. In the picking stations of the facility, the workload of
each worker was independent of the work done by others, and
there were no spillover effects from the work of one worker to
another.

The WMS also collected performance data. When the sys-
tem was installed, engineers calculated how long it should
take to prepare each order, taking into account the number
of items required and their location. These standard times
were used thereafter to calculate individual performance:
Every day, the WMS collected data on the total time each
worker actually took to prepare each order, and the ratio
of standard time to actual time was then used as a mea-
sure of performance.7 Typically, a job task lasted between
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I n di vi d u al p erf or m a n c e

H o url y b o n us Fr e q u e n c y

F I G U R E  1 S a m pl e distri b uti o n of i n di vi d u al p erf or m a n c e [ C ol or
fi g ur e c a n b e vi e w e d at  wil e y o nli n eli br ar y. c o m]

2 0 s a n d 3  mi n, d e p e n di n g o n t h e n u m b er of it e ms i n
t h e or d er a n d t h e l o c ati o n of t h e it e ms  wit hi n t h e st ati o n.
T h e  W M S c al c ul at e d a r olli n g p erf or m a n c e  m etri c f or e v er y
e m pl o y e e.

We e kl y p a y  w as e q u al t o h o url y p a y ti m es t h e n u m b er of
h o urs  w or k e d d uri n g t h e  w e e k, a n d h o url y p a y  w as e q u al
t o b as e p a y pl us a n h o url y b o n us b as e d o n  w e e kl y p erf or-
m a n c e.  T h e h o url y b o n us i n cr e as e d  wit h p erf or m a n c e, as
s h o w n i n Fi g ur e 1 , a n d i n c e nti v e p a y c o ul d a c c o u nt f or o v er
3 0 % of c o m p e ns ati o n.  At t h e b e gi n ni n g of t h e  w e e k, e m pl o y-
e es r e c ei v e d a p a yr oll sli p t h at i n di c at e d h o w  m u c h  w o ul d b e
d e p osit e d i nt o t h eir a c c o u nt f or t h e h o urs  w or k e d t h e pr e vi-
o us  M o n d a y t hr o u g h S u n d a y.  T h e p a yr oll sli p dis pl a y e d t h e
gr oss p a y, t a x es a n d ot h er d e d u cti o ns, n et p a y, a n d t ot al h o urs
w or k e d, b ut di d n ot c o nt ai n e x pli cit i nf or m ati o n a b o ut t h eir
p erf or m a n c e or a b o ut t h e s plit b et w e e n fi xe d a n d v ari a bl e
p a y.

D uri n g t h e s hift, e m pl o y e es c o ul d fi n d t h eir p erf or m a n c e
dis pl a y e d at s p e ci al  m o nit ors t hr o u g h o ut t h e  w ar e h o us e.
M o nit ors dis pl a y e d t h e e m pl o y e e’s n a m e, c urr e nt st ati o n,
a n d i n di vi d u al p erf or m a n c e o n t h e s hift i n r e al ti m e.  H o w-
e v er, it  w as c ostl y f or e m pl o y e es t o c orr e ctl y esti m at e t h e
b e n efit of  w or ki n g h ar d er f or t w o r e as o ns. First, s o m e i nf or-
m ati o n  w as n ot a v ail a bl e t o t h e m.  T his  w as t h e c as e f or
r el ati v e p erf or m a n c e,  w hi c h  w as n ot dis pl a y e d o n t h e  m o n-
it ors. S e c o n d, t h e i nf or m ati o n s h o w n o n t h e s cr e e ns  w as
off er e d i n r e al ti m e b ut o nl y f or t h at d a y.  At t h e e n d of
t h e s hift, t h at i nf or m ati o n  w as c h a n g e d f or t h e p e o pl e i n
t h e n e xt s hift. If a n e m pl o y e e  w a nt e d t o us e t h e a v ail a bl e
i nf or m ati o n t o esti m at e t h e b e n efits of his or h er eff ort, s u b-
st a nti al c osts  w o ul d b e i n v ol v e d:  H e or s h e  w o ul d h a v e t o
r e c or d t his i nf or m ati o n e v er y d a y at t h e e n d of t h e s hift, c o m-
p ut e t h e  w e e kl y  w ei g ht e d a v er a g e of p erf or m a n c e, i ntr o d u c e
t his i nf or m ati o n i nt o t h e n o nli n e ar b o n us f or m ul a gi v e n b y
t h e c o m p a n y, a n d a n al y z e t h e p ot e nti al b e n efits of  w or ki n g
h ar d er.

M ost  w or k ers e nt er e d t h e f a cilit y as t e m p or ar y  w or k-
ers ( hir e d t hr o u g h a t e m p or ar y h el p a g e n c y), a n d aft er a
3- m o nt h pr o b ati o n p eri o d b e c a m e p er m a n e nt e m pl o y e es.
W or k ers c o ul d als o e nt er dir e ctl y as p er m a n e nt e m pl o y-

e es, b ut t his r e q uir e d a l o n g er  w aiti n g p eri o d d u e t o
a d mi nistr ati v e p a p er w or k.  M W W d efi n e d p o or- p erf or mi n g
e m pl o y e es as t h os e  w h o c o nsist e ntl y p erf or m e d b el o w 7 0 %
r el ati v e t o t h e st a n d ar d ti m e t hr o u g h o ut t h e  w e e k. P o or-
p erf or mi n g e m pl o y e es h a d t o g o t hr o u g h tr ai ni n g f or a
w e e k. If t h e y c o nti n u e d t o p erf or m p o orl y, t h e y  w er e off er e d
c o a c hi n g a n d j o b s h a d o wi n g f or a s e c o n d  w e e k, 8 a n d if
t h at di d n ot r es ult i n i m pr o v e d p erf or m a n c e, t h e y  w er e
dis miss e d.

5 E X P E RI M E N T A L  D E SI G N

At t h e b e gi n ni n g of e a c h s hift o n  M o n d a ys,  m a n a g ers  m et
wit h all t h e e m pl o y e es i n a gi v e n s e cti o n.  T w o  w e e ks pri or t o
t h e e x p eri m e nt, a n o v er vi e w of t h e pr oj e ct  w as pr es e nt e d t o
all t h e e m pl o y e es of t h e s hift a n d s e cti o n d uri n g t h at  m e et-
i n g.  T h e sit e  m a n a g er i ntr o d u c e d o n e of t h e r es e ar c h ers,  w h o
e x pl ai n e d t h at t h e t e a m  w as i n d e p e n d e nt of s e ni or  m a n a g e-
m e nt a n d t h at it c o m pris e d b usi n ess s c h o ol pr of ess ors  w h o
w a nt e d t o b ett er u n d erst a n d t h e f a cilit y’s o p er ati o ns. 9 T h e
r es e ar c h er i nf or m e d t h e m t h at e a c h e m pl o y e e  w o ul d r e c ei v e
a s h e et of p a p er e v er y  M o n d a y at t h eir  w e e kl y  m e eti n g.  H e
as k e d t h at all e m pl o y e es r e a d t his pi e c e of p a p er b ef or e b e gi n-
ni n g t h eir  w or k f or t h e  w e e k.  We us e d t h at  m e eti n g t o as k
t h e m t o si g n a f or m gi vi n g us c o ns e nt t o r e c ei v e t h e s h e et of
p a p er e v er y  M o n d a y ( as r e q uir e d b y t h e i nstit uti o n al r e vi e w
b o ar d [I R B]).

We als o  m a d e it v er y cl e ar t o t h e m t h at t h e st a n d ar ds t o
w hi c h t h e y  w er e s u bj e ct  w o ul d n ot b e c h a n g e d a n d t h at t h er e
w o ul d b e n o r e pr o gr a m mi n g of t h e  w a y  w or k  w as d o n e i n
t h e u nit.  We di d t his  wit h t h e ai m of a v oi di n g t h e s o- c all e d
r at c h et eff e ct ( Fr ei x as et al., 1 9 8 5 ;  L e o n e  &  R o c k, 2 0 0 2 ;
Weit z m a n, 1 9 8 0 ), t h at is, q u ot a r estri cti o n b e h a vi ors t h at
o c c ur  w h e n  w or k ers ar e afr ai d of b ei n g s u bj e ct e d t o t o u g h er
g o als if t h e y i m pr o v e pr o d u cti vit y.  T his als o  m e a ns t h at r el-
ati v e c o n c er ns, if f o u n d,  w er e l ess li k el y t o b e c a us e d b y
t h e f e ar of b ei n g ostr a ci z e d b y ot h er  w or k ers. I n t his  w ar e-
h o us e,  w or k ers’ t as ks  w er e i n d e p e n d e nt fr o m o n e a n ot h er,
t h e l a y o ut  w as fi x e d b y  m a n a g e m e nt a n d t h e pr o c ess  w as
hi g hl y s yst e m ati z e d.  T h us, t h er e  w as a s m all ris k t h at  w or k ers
w o ul d t a k e a cti o ns t o u n d er mi n e ot h ers’ p erf or m a n c e ( e. g.,
b y l e a vi n g t hi n gs i n t h e  wr o n g pl a c e or gi vi n g ot h er  w or k-
ers  wr o n g i nstr u cti o ns) i n or d er t o i m pr o v e t h eir o w n r el ati v e
st a n di n g.

We a p pli e d t w o f e e d b a c k tr e at m e nts —i n di vi d u al a n d r el a-
ti v e f e e d b a c k —t h at  w er e d esi g n e d t o a p p e al t o e a c h t y p e of
pr ef er e n c es c o nsi d er e d i n t h e  m o d el a n d  w e als o a p pli e d a
t hir d f e e d b a c k tr e at m e nt — “f ull f e e d b a c k ” — w hi c h pr o vi d e d
all pi e c es of i nf or m ati o n at t h e s a m e ti m e.  We e m pl o y e d a
2 × 2 d esi g n, assi g ni n g t h es e t hr e e tr e at m e nts of f e e d b a c k a n d
t h e c o ntr ol a cr oss t h e f o ur diff er e nt s e cti o ns of t h e f a ct or y.
E a c h of t h e f o ur s e cti o ns  w as i niti all y r a n d o ml y assi g n e d t o
o n e of t h e f o ur diff er e nt o pti o ns: i n di vi d u al f e e d b a c k, r el a-
ti v e f e e d b a c k, f ull f e e d b a c k, or c o ntr ol.  Aft er 2  w e e ks, e a c h
gr o u p  w as t h e n r ot at e d.  T h e e x p eri m e nt  w as r u n f or a t ot al
of 8  w e e ks, a n d e v er y s e cti o n of t h e f a cilit y s p e nt 2  w e e ks
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in each of the four different options. Thus, all the sections
in our unit were subject to all the conditions at some point
during the exercise.

For the individual feedback treatment, we told employ-
ees how close they were to the next level of performance
(i.e., the level that would entitle them to earn the next higher
bonus)10 and how much additional income they would have
earned at the next bonus level. We also informed them about
their previous week’s performance. For the relative feed-
back treatment, employees were told about their own level of
performance, their performance ranking relative to everyone
working in their section of the factory (i.e., the percent-
age of employees with lower performance), and the level of
performance of the top performer. The full feedback treat-
ment included both the individual and the relative feedback
messages. Giving all the information together allowed us to
explore the effect of each type of feedback while control-
ling for the other type and thus to control for the extent
to which the effects of giving individual (relative) informa-
tion could be driven in part by guesses about their relative
standing (monetary gains). In all cases, the measure of per-
formance that we used was weekly performance as defined by
the firm. Employees in the control group received a standard
message about safety that was written throughout the facility
and always discussed at every weekly meeting. The standard
templates that were used to create the messages given to each
individual employee, as well as the description of the order of
the treatments are shown in the Supporting Information of the
paper. On Sunday nights, we downloaded the data from the
WMS, made the calculations to produce feedback to deliver,
and printed the message on a piece of paper. This was then
distributed to each employee on Monday before they began
their shift. After the 8-week experimental period, workers
stopped receiving feedback through weekly pieces of paper.

The layout of the four sections reduced the risk of con-
tamination across the different treatments because workers
assigned to a section did not see or interact with workers
in other sections while working. Each of the four sections
had different parking lots, lunch locations, break areas, and
bathroom areas, as well as different lunch break schedules.
In our field observation and qualitative interviews with the
management of the warehouse, we realized that nobody was
going from one area to another to see friends. Before run-
ning the experiment, we tested for differences among the
four sections, and although we found no significant difference
in terms of average performance, we did find some differ-
ences regarding other relevant characteristics (please see the
Supporting Information for a full description of these tests).

Rotating the treatments across sections allowed us to
observe every individual under the different treatments,
which given the evidence of some heterogeneity across sec-
tions would help us ensure that results are not driven by
differences between sections. This enabled us to control for
extraneous unobserved characteristics of participants and sec-
tions that could be influencing the results (Charness et al.,
2012; List et al., 2011). Furthermore, given the relatively
small number of employees per section, the within-individual

design allowed us to have more statistical power as more peo-
ple were exposed to each treatment. However, the experiment
could lead to the wrong conclusions if there were reasons to
suspect that the order of the treatments could affect the results
(i.e., if there is no independence of the multiple exposures).
To address these concerns, we designed the rotation of the
treatments to ensure that different individuals received dif-
ferent types of feedback in different orders (as shown in the
Supporting Information of the paper).11 We also explore the
potential existence of order effects in the analyses section.

6 DATA AND VARIABLES

We focus on permanent workers to obtain a more homoge-
nous sample since these workers have already passed the
screening process. Permanent workers also provide a more
comparable sample since many of the temporary workers did
not intend to stay there for a long time.12 The number of
permanent workers varied per section (see Table 2A for the
number of permanent employees in the week immediately
before the experiment).13 The final data set includes 1105
employee–week observations. In addition to the 8 weeks
of the experiment, we collected data in the six consecutive
weeks that immediately preceded the experiment and in the
eight consecutive weeks that immediately followed it. (See
the Supporting Information for a full description of the vari-
ables per section as well as for the final composition of the
sample.)

The left-hand side variable in all the regressions is the
logarithm of individual performance, as defined by the com-
pany. In Figure 1, we plotted a histogram of performance
(for the 6 weeks prior to the experiment) and the step func-
tion that represents the incentive scheme, that is, the hourly
bonus that an employee is entitled to as a function of perfor-
mance. Performance is concentrated in the interval for which
the bonus function is increasing, which suggests that earning
the bonus was neither too “easy” (in which case most obser-
vations would cluster around the flat portion of the bonus
scheme corresponding to above 130% performance) nor too
“difficult” (in which case performance would cluster below
80%).

Since we are interested in the performance effect of feed-
back content, the main right-hand side variables are measures
of the information given to the workers. To operationalize the
feedback information given to each employee, we construct
several variables, hereby referred to as “information vari-
ables,” that take the value of the specific information provided
and zero if that information was not provided. We use two
alternative approaches to define the information variables.

In the first approach, we define four information vari-
ables that do not treat information differently depending on
whether it was given independently or together with the
other type of feedback. For individual feedback, we con-
struct two information variables: “distance to next level” and
“bonus increase,” which take the value of the specific infor-
mation given regarding distance and bonus when individual
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1 0 6 A W A Y S H E H E T  A L .
P r o d u cti o n a n d  O p e r ati o ns  M a n a g e m e nt

f e e d b a c k  w as gi v e n a n d z er o  w h e n it  w as n ot gi v e n.  We
us e t h es e t w o v ari a bl es as pr o xi es f or t h e  m ar gi n al  m o n et ar y
b e n efit of eff ort.  A gr e at er v al u e of  Dist a n c e t o n e xt l e v el i n di-
c at es t h at a gi v e n a m o u nt of a d diti o n al eff ort  will yi el d l ess
b e n efits, si n c e t h e n e xt l e v el of b o n us is  m or e dist a nt.  T h er e-
f or e, a n i n cr e as e i n t his v ari a bl e is a pr o x y f or a r e d u cti o n i n
t h e  m ar gi n al b e n efit of eff ort.1 4 F or  B o n us i n cr e as e, a gr e at er
v al u e of t his v ari a bl e i n di c at es t h at a gi v e n i n cr e as e i n  w or k
eff ort yi el ds a gr e at er  m o n et ar y p a y off.  H e n c e, a n i n cr e as e i n
t his v ari a bl e is a pr o x y f or a n i n cr e as e i n t h e  m ar gi n al b e n-
efit of eff ort.  C o ns e q u e ntl y, a l o w er  Dist a n c e t o n e xt l e v el
a n d a hi g h er  B o n us i n cr e as e s h o ul d b e ass o ci at e d  wit h gr e at er
eff ort.

Si mil arl y,  w e c o nstr u ct t w o i nf or m ati o n v ari a bl es f or r el a-
ti v e f e e d b a c k t h at t a k e t h e v al u e of t h e r el ati v e f e e d b a c k  w h e n
it  w as gi v e n a n d z er o  w h e n it  w as n ot gi v e n.  T h es e v ari a bl es
ar e “ P erf or m a n c e q u a ntil e ” ( p er c e nt a g e of e m pl o y e es i n his
or h er gr o u p t h at t h e f o c al e m pl o y e e h as o ut p erf or m e d) a n d
“ Dist a n c e t o  m a xi m u m p erf or m a n c e ” ( diff er e n c e b et w e e n t h e
p erf or m a n c e of t h e b est p erf or m er a n d t h e f o c al e m pl o y e e’s
p erf or m a n c e).  Gi v e n t h e eff ort t h at t h e e m pl o y e e h as  m a d e
i n t h e pr e vi o us  w e e k, a hi g h er P erf or m a n c e q u a ntil e s h o ul d
l e a d t h e  w or k er t o b eli e v e t h at t h eir  m ar gi n al pr o d u ct of
eff ort is hi g h er t h a n it  w o ul d b e if t his v ari a bl e  w er e
l o w er.  Li k e wis e, a s m all er  Dist a n c e t o  m a xi m u m p erf or-
m a n c e  m ust l e a d t o t h e b eli ef t h at t h e  m ar gi n al pr o d u ct is
hi g h er t h a n it  w o ul d b e if t h e dist a n c e  w as gr e at er.  C o ns e-
q u e ntl y, a hi g h er P erf or m a n c e q u a ntil e a n d a l o w er  Dist a n c e
t o  m a xi m u m p erf or m a n c e s h o ul d b e ass o ci at e d  wit h gr e at er
eff ort.

As a n alt er n ati v e,  w e us e a s e c o n d a p pr o a c h,  w hi c h is t o
c o nstr u ct t h e i nf or m ati o n v ari a bl es i n a  w a y t h at all o ws t h e
i nf or m ati o n t o h a v e a diff er e nt eff e ct d e p e n di n g o n  w h et h er
it  w as gi v e n s e p ar at el y or t o g et h er  wit h t h e ot h er t y p e of
f e e d b a c k. F or e x a m pl e, f or i n di vi d u al f e e d b a c k,  w e cr e-
at e t w o “ dist a n c e t o n e xt l e v el ” v ari a bl es, o n e t h at t a k es
t h e v al u e of t h e dist a n c e i nf or m ati o n gi v e n if it  w as c o m-
m u ni c at e d i n d e p e n d e ntl y a n d z er o ot h er wis e ( Dist a n c e t o
n e xt l e v el [I F]) a n d a n ot h er t h at t a k es t h e v al u e of t h e dis-
t a n c e i nf or m ati o n gi v e n if it  w as c o m m u ni c at e d t o g et h er
wit h r el ati v e f e e d b a c k a n d z er o ot h er wis e ( Dist a n c e t o n e xt
l e v el [ F F]).  We a p pl y t h e s a m e pr o c e d ur e f or t h e ot h er
i nf or m ati o n v ari a bl es a n d o bt ai n e d ei g ht alt er n ati v e i nf or m a-
ti o n v ari a bl es ( Dist a n c e t o n e xt l e v el [I F],  B o n us i n cr e as e
[I F], P erf or m a n c e q u artil e [ R F],  Dist a n c e t o  m a x p erf or-
m a n c e [ R F],  Dist a n c e t o n e xt l e v el [ F F],  B o n us i n cr e as e
[ F F], P erf or m a n c e q u a ntil e [ F F], a n d  Dist a n c e t o  m a x
p erf or m a n c e [ F F]).

Fi n all y,  w e i n cl u d e a s et of c o ntr ol v ari a bl es. First,  w e
c o ntr ol f or t h e p erf or m a n c e of i n di vi d u als b ef or e a n d aft er
t h e e x p eri m e nt  w e e k, i n cl u di n g t w o i n di c at or v ari a bl es: pr e-
e x p eri m e nt  w e e k a n d p ost e x p eri m e nt  w e e k ,  w hi c h t a k e t h e
v al u e of 1 if t h e i n di vi d u al- w e e k o bs er v ati o n c orr es p o n ds
t o t h e  w e e ks b ef or e a n d aft er t h e e x p eri m e nt, r es p e cti v el y,
a n d z er o ot h er wis e. S e c o n d, si n c e t h e i nf or m ati o n v ari a bl es
t a k e t h e v al u e of z er o i n t w o diff er e nt c as es —( 1)  w h e n t h e
i nf or m ati o n is n ot gi v e n or ( 2)  w h e n t h e i nf or m ati o n is gi v e n

b ut t h e  m ar gi n al b e n efit of eff ort is z er o — w e i n cl u d e t w o
a d diti o n al c o ntr ol v ari a bl es: I n di vi d u al P erf or m a n c e  M a x,
w hi c h t a k es t h e v al u e of 1 if t h e y h a d r e a c h e d t h e  m a xi-
m u m l e v el of b o n us i n t h e pr e vi o us  w e e k, a n d z er o ot h er wis e,
a n d  R el ati v e P erf or m a n c e  M a x,  w hi c h t a k es t h e v al u e of
1 if t h e i n di vi d u al  w as t h e t o p p erf or m er i n h er u nit i n
t h e pr e vi o us  w e e k a n d z er o ot h er wis e.1 5 S e e t h e S u p p ort-
i n g I nf or m ati o n f or a d et ail e d d es cri pti o n of h o w t h e  m ai n
e m piri c al v ari a bl es r el at e t o t h e t h e or eti c al v ari a bl es as  w ell
as t h e d efi niti o n of t h e v ari a bl es us e d i n t h e  m ai n e m piri c al
a n al ys es.

We esti m at e all o ur r e gr essi o ns usi n g e m pl o y e e fi xe d
eff e cts t o c o ntr ol f or a n y u n o bs er v e d fi x e d  w or k er c h ar a c-
t eristi cs.  We cl ust er t h e st a n d ar d err ors b y  w or k er t o t a k e
a ut o c orr el ati o n i nt o a c c o u nt.  Ta bl e 1 s h o ws s u m m ar y st atis-
ti cs f or t h e  m ai n d e p e n d e nt v ari a bl e a n d t h e i nf or m ati o n
v ari a bl es.

7 R E S U L T S

7. 1 F e e d b a c k eff e cts o n p e rf o r m a n c e i n t h e
w o r k pl a c e:  D es c ri pti v e r es ults

We first pl ot t h e k er n el distri b uti o n of p erf or m a n c e f or
t h e  w or k ers b ef or e t h e tr e at m e nt (t h e 6  w e e ks pri or t o
t h e tr e at m e nt) a n d d uri n g t h e 8  w e e ks of t h e tr e at m e nt:
S e e Fi g ur e 2 ,  w hi c h s h o ws f o ur gr a p hs. Fi g ur e 2 a s h o ws
t h e distri b uti o n of p erf or m a n c e f or all t h e s e cti o ns b ef or e t h e
tr e at m e nt, as  w ell as t h e p erf or m a n c e f or all t h e s e cti o ns t h at
w er e aff e ct e d b y a f e e d b a c k tr e at m e nt d uri n g t h e  w e e ks of t h e
tr e at m e nt (i. e., e x cl u di n g t h e p erf or m a n c e of t h e s e cti o ns t h at
r e c ei v e d o nl y t h e s af et y  m ess a g e).  We o bs er v e t h at t h e p er-
f or m a n c e distri b uti o n d o es n ot s e e m t o  m o v e t o t h e ri g ht or
l eft, b ut t h at t h e tr e at m e nts s e e m t o c o m pr ess t h e p erf or m a n c e
distri b uti o n. Fi g ur e 2 b – d s h o w t h e p erf or m a n c e distri b uti o n
f or e a c h tr e at m e nt s e p ar at el y. F or c o m p aris o n p ur p os es,  w e
pl ot o nl y p erf or m a n c e f or t h e first 2  w e e ks of e a c h tr e at m e nt,
w hi c h, b e c a us e of t h e  w a y  w e c o n d u ct e d o ur e x p eri m e nt, c or-
r es p o n ds t o p erf or m a n c e i n o nl y o n e s e cti o n, t o g et h er  wit h
t h e p erf or m a n c e distri b uti o n i n t h at p arti c ul ar s e cti o n pr e-
tr e at m e nt.  We d o n ot o bs er v e a n o v er all eff e ct o n t h e a v er a g e
p erf or m a n c e, b ut  w e s e e t h at t h e tr e at m e nts aff e ct t h e s h a p e
of t h e distri b uti o n; p arti c ul arl y  w h e n  w e pr o vi d e i n di vi d u al
f e e d b a c k a n d r el ati v e f e e d b a c k s e p ar at el y, t h e distri b uti o n
s e e ms t o b e c o m e  m or e c o n c e ntr at e d.

We als o e x pl or e  w h et h er t h er e is a n a v er a g e tr e at m e nt
eff e ct of e a c h of t h e t hr e e tr e at m e nt c o n diti o ns (I F,  R F, a n d
F F) i n a  m or e s yst e m ati c  w a y.  T o d o t his,  w e us e or di-
n ar y l e ast s q u ar es ( O L S) r e gr essi o n  wit h  w or k er fi xe d eff e cts
i n cl u di n g t hr e e di c h ot o m o us v ari a bl es, o n e f or e a c h tr e at-
m e nt.  Esti m at es, dis pl a y e d i n  M o d el 1 of  Ta bl e 2 , s h o w t h at
n o n e of t h e tr e at m e nt v ari a bl es h as a si g nifi c a nt eff e ct o n p er-
f or m a n c e.  T his is als o c o nsist e nt  wit h  w h at  w e o bs er v e d i n
t h e p erf or m a n c e distri b uti o n fi g ur es a n d i n t h e d es cri pti v e
st atisti cs:  T h e f e e d b a c k p oli c y d o es n ot s e e m t o  m att er f or
c h a n gi n g a v er a g e p erf or m a n c e.  We n e xt t ur n t o e x pl or e o ur
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F I G U R E  2 P erf or m a n c e distri b uti o n pr etr e at m e nt a n d d uri n g tr e at m e nt [ C ol or fi g ur e c a n b e vi e w e d at  wil e y o nli n eli br ar y. c o m]

m ai n h y p ot h esi z e d eff e cts, t h os e r e g ar di n g t h e pr o visi o n of
i nf or m ati o n a b o ut t h e  m ar gi n al b e n efits of eff ort. ( A d diti o n al
a n al ys es c o m p ari n g t h e a v er a g e p erf or m a n c e eff e cts of t h e
tr e at m e nts ar e pr es e nt e d i n t h e S u p p orti n g I nf or m ati o n of t h e
p a p er.)

7. 2 C o nt e nt f e e d b a c k eff e cts o n a v e r a g e
p e rf o r m a n c e i n t h e  w o r k pl a c e:  Li n e a r
esti m ati o n r es ults

Ta bl e 2 s h o ws t h e r es ults of o ur  m o d el esti m ati o ns, usi n g t h e
f o ur i nf or m ati o n v ari a bl es ( M o d el 2,  Ta bl e 2 ), or all o wi n g t h e
eff e ct t o b e diff er e nt i n e a c h c as e, usi n g t h e ei g ht i nf or m ati o n
v ari a bl es ( M o d el 3,  Ta bl e 2 ).  T h e i n di vi d u al f e e d b a c k i nf or-
m ati o n v ari a bl es s h o w a si g nifi c a nt eff e ct o n p erf or m a n c e.
S p e cifi c all y, t h e p erf or m a n c e dist a n c e t o t h e n e xt l e v el h as
a n e g ati v e eff e ct i n b ot h  M o d els 2 a n d 3 ( al b eit o nl y  w h e n
gi v e n t o g et h er  wit h r el ati v e f e e d b a c k).  Usi n g t h e c o effi ci e nt
esti m at e d i n  M o d el 3 ( Dist a n c e t o n e xt l e v el F F),  w e fi n d t h at
i nf or mi n g i n di vi d u als t h at t h e y ar e 9 p oi nts a w a y fr o m t h e
n e xt l e v el v ers us i nf or mi n g t h e m t h at t h e y ar e 1 p oi nt a w a y
fr o m t h e n e xt l e v el l e a ds t o a r e d u cti o n i n p erf or m a n c e of
1. 5 4 %.  T h e b o n us diff er e n c e, o n t h e ot h er h a n d, h as a p osi-
ti v e eff e ct o n p erf or m a n c e i n b ot h s p e cifi c ati o ns, al b eit o nl y
at a 1 0 % l e v el i n  M o d el 3.  Usi n g t h e esti m at es fr o m  M o d el 3
( B o n us i n cr e as e I F),  w e fi n d t h at t elli n g i n di vi d u als t h at t h e y

c o ul d  m a k e $ 0. 7 5  m or e i n b o n us (t h e  m a xi m u m i n cr e as e) v er-
s us $ 0. 2 5  m or e i n b o n us (t h e  mi ni m u m i n cr e as e) l e a ds t o a
p erf or m a n c e i n cr e as e of a p pr o xi m at el y 1 %.

B ot h eff e cts h a v e t h e pr e di ct e d si g n. First, if dist a n c e t o t h e
n e xt l e v el is gr e at er, t his  m e a ns t h at t h e  m ar gi n al b e n efit of
eff ort is l o w er: F or e m pl o y e es  w h o ar e v er y cl os e t o t h e n e xt
l e v el, a s m all i n cr e as e i n p erf or m a n c e s uffi c es t o i n cr e as e
t h e b o n us, b ut f or e m pl o y e es  w h o ar e f ar fr o m t h e n e xt
l e v el, a s m all i n cr e as e i n p erf or m a n c e  m a y n ot b e e n o u g h
t o e ar n a l ar g er b o n us, s o t h at t h e  m ar gi n al b e n efit  w o ul d
b e z er o. Si n c e a gr e at er dist a n c e i m pli es a l o w er  m ar gi n al
b e n efit,  w e e x p e ct a n e g ati v e eff e ct of dist a n c e o n  w or k er
p erf or m a n c e. S e c o n d, if t h e b o n us diff er e n c e is gr e at er,
t h e n t h e  m ar gi n al b e n efit of eff ort is gr e at er,  w hi c h i m pli es
t h at t h e b o n us diff er e n c e s h o ul d h a v e a p ositi v e eff e ct o n
i n di vi d u al p erf or m a n c e.  Wit h r e g ar d t o t h e r el ati v e f e e d b a c k
i nf or m ati o n, t h e eff e cts als o h a v e t h e pr e di ct e d si g n, b ut t h e
l e v els of si g nifi c a n c e ar e l o w er:  We fi n d t h at t h e p erf or m a n c e
q u a ntil e h as a si g nifi c a nt, p ositi v e eff e ct i n  M o d el 2 a n d i n
M o d el 3 ( al b eit o nl y i n t h e tr e at m e nt gr o u p t h at r e c ei v es
b ot h t y p es of f e e d b a c k), b ut  Dist a n c e t o  m a xi m u m p erf or-
m a n c e d o es n ot h a v e a si g nifi c a nt eff e ct i n eit h er  m o d el.
Fi n di n g t h at t h e p erf or m a n c e q u a ntil e h as a si g nifi c a nt eff e ct
u n d er t h e f ull f e e d b a c k c o n diti o n s u g g ests t h at i n di vi d u als
h a v e b e h a vi or al pr ef er e n c es f or a hi g h er st a n di n g p ositi o n.
Usi n g t h e esti m at es fr o m  M o d el 3 ( P erf or m a n c e q u a ntil e
R F),  w e fi n d t h at t elli n g i n di vi d u als t h at t h eir p erf or m a n c e
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1 0 8 A W A Y S H E H E T  A L .
P r o d u cti o n a n d  O p e r ati o ns  M a n a g e m e nt

T A B L E  2 Tr e at m e nt eff e cts

M o d el 1 M o d el 2 M o d el 3

L o g ( P e rf o r m a n c e) L o g ( P e rf o r m a n c e) L o g ( P e rf o r m a n c e)

P a n el  A

I F 0. 0 1 7 7 ( 0. 0 2 0 9)

R F 0. 0 3 3 7 ( 0. 0 2 2 0)

F F 0. 0 2 1 8 ( 0. 0 2 0 4)

Dist a n c e t o n e xt l e v el − 0. 0 0 6 5 * * ( 0. 0 0 3 0)

B o n us i n cr e as e 0. 0 8 8 8 * * ( 0. 0 3 4 5)

P erf or m a n c e q u a ntil e 0. 0 0 0 5 * ( 0. 0 0 0 2)

Dist a n c e t o  m a x p erf or m a n c e − 0. 0 0 0 3 ( 0. 0 0 0 3)

Pr e e x p eri m e nt  w e e k 0. 0 6 8 8 * * ( 0. 0 3 3 5) 0. 0 5 7 2 * ( 0. 0 2 8 6) 0. 0 6 2 4 * ( 0. 0 3 2 3)

P ost e x p eri m e nt  w e e k 0. 0 2 5 2 ( 0. 0 2 0 3) − 0. 0 3 5 4 * ( 0. 0 1 8 3) − 0. 0 3 0 6 ( 0. 0 1 9 8)

I n di vi d u al p erf or m a n c e  m a x 0. 0 6 9 4 ( 0. 0 6 1 7) 0. 0 6 0 2 ( 0. 0 5 3 8) 0. 0 4 6 6 ( 0. 0 5 0 7)

R el ati v e p erf or m a n c e  m a x 0. 0 0 0 2 ( 0. 0 1 4 3) − 0. 0 2 9 2 ( 0. 0 2 6 5) − 0. 0 3 1 3 ( 0. 0 2 7 5)

Dist a n c e t o n e xt l e v el (I F) − 0. 0 0 5 0 ( 0. 0 0 4 1)

B o n us i n cr e as e (I F) 0. 0 9 3 2 * ( 0. 0 5 3 1)

P erf or m a n c e q u a ntil e ( R F) 0. 0 0 0 4 ( 0. 0 0 0 3)

Dist a n c e t o  m a x p erf or m a n c e ( R F) 0. 0 0 0 0 1 ( 0. 0 0 0 4)

Dist a n c e t o n e xt l e v el ( F F) − 0. 0 0 9 2 * * ( 0. 0 0 4 4)

B o n us i n cr e as e ( F F) 0. 0 6 3 9 ( 0. 0 6 3 7)

P erf or m a n c e q u a ntil e ( F F) 0. 0 0 0 7 * ( 0. 0 0 0 4)

Dist a n c e t o  m a x p erf or m a n c e ( F F) − 0. 0 0 0 1 ( 0. 0 0 0 4)

C o nst a nt 4. 5 1 4 0 * * * ( 0. 0 1 8 5) 4. 5 2 5 0 * * * ( 0. 0 1 4 0) 4. 5 2 0 0 * * * ( 0. 0 1 7 5)

N 1 1 0 5 1 1 0 5 1 1 0 5

p - v al u e of j oi nt si g nifi c a n c e F -t est 0. 4 9 9 0. 0 0 0 0. 0 0 0

P a n el  B

p - v al u es u n d e r r a n d o mi z ati o n t esti n g

I F 0. 3 9 2

R F 0. 1 3 5

F F 0. 2 9 9

Dist a n c e t o n e xt l e v el 0. 0 3 6

B o n us i n cr e as e 0. 0 1 1

P erf or m a n c e q u a ntil e 0. 0 5 2

Dist a n c e t o  m a x p erf or m a n c e 0. 3 6 4

Dist a n c e t o n e xt l e v el (I F) 0. 2 5 2

B o n us i n cr e as e (I F) 0. 0 6 3

P erf or m a n c e q u a ntil e ( R F) 0. 1 9 9

Dist a n c e t o  m a x p erf or m a n c e ( R F) 0. 9 8 2

N ot e .  Li n e ar r e gr essi o ns  wit h  w or k er fi xe d eff e cts a n d cl ust er e d st a n d ar d err ors b y  w or k er. P a n el  A of t h e t a bl e s h o ws esti m at e d c o effi ci e nts a n d (i n p ar e nt h es es) st a n d ar d err ors.

P a n el  B of t h e t a bl e s h o ws t h e c o m p ut e d r a n d o mi z e d i nf er e n c e p - v al u es.

L e v els of si g nifi c a n c e: * 1 0 %, * * 5 %, * * * 1 %.

w a s i n t h e 7 5t h p er c e ntil e i n t h eir s e cti o n v ers us t h e 2 5t h
p er c e ntil e r es ults i n a p erf or m a n c e i n cr e as e of a p pr o xi m at el y
0. 8 8 %.

A n ot h er r el e v a nt fi n di n g fr o m  M o d el 3 of  Ta bl e 2 is t h at
t h e c o effi ci e nts of t h e i nf or m ati o n v ari a bl es i n t h e i n di vi d u al
or r el ati v e f e e d b a c k c as es ar e n ot si g nifi c a ntl y diff er e nt fr o m
t h eir f ull f e e d b a c k c o u nt er p arts.  T his s u g g ests t h at e m pl o y-

e es d o n ot us e t h e i nf or m ati o n  w e gi v e t h e m r el ati v e t o t h e
m ar gi n al b e n efit i n t er ms of  m o n et ar y g ai ns t o  m a k e g u ess es
a b o ut t h e  m ar gi n al b e n efit i n t er ms of r el ati v e st a n di n g g ai ns
a n d vi c e v ers a .  R e g ar di n g t h e c o ntr ols, t h e pr e e x p eri m e nt
p eri o d s h o ws a p ositi v e a n d si g nifi c a nt c o effi ci e nt a n d t h e
p ost e x p eri m e nt p eri o d s h o ws a n e g ati v e a n d si g nifi c a nt c o ef-
fi ci e nt.  T o i nt er pr et t h es e esti m at es,  w e  m ust k e e p i n  mi n d
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P E R F O R M A N C E F E E D B A C K  A N D P R O D U C TI VI T Y:  E VI D E N C E F R O M  A FI E L D  E X P E RI M E N T 1 0 9
P r o d u cti o n a n d  O p e r ati o ns  M a n a g e m e nt

t h at t h e o mitt e d d u m m y is f or b ei n g i n t h e c o ntr ol gr o u p,
w hi c h  m e a ns n ot r e c ei vi n g a n y f e e d b a c k  w hil e ot h er  w or k-
ers ar e r e c ei vi n g s o m e.  We fi n d t h at a bs e n c e of f e e d b a c k is
ass o ci at e d  wit h l o w er p erf or m a n c e  w h e n e m pl o y e es  w h o d o
n ot r e c ei v e f e e d b a c k k n o w t h at ot h ers ar e r e c ei vi n g f e e d b a c k
or  w h e n f e e d b a c k  w as gi v e n t o t h e m at s o m e p oi nt b ut is n o
l o n g er gi v e n.

B e c a us e  w e ar e c o n d u cti n g h y p ot h esis t esti n g f or  m ulti-
pl e tr e at m e nt gr o u ps,  w e n e e d t o a c c o u nt f or t h e f a ct t h at
w e  m a y r ej e ct  m or e n ull h y p ot h es es t h a n  w e s h o ul d ( Fl o y d
&  List, 2 0 1 6 ;  Yo u n g, 2 0 1 9 ).  T o a d dr ess t his p ot e nti al c o n-
c er n,  w e f oll o w pr e vi o us  w or k ( C as as- Ar c e et al., 2 0 1 7 ) a n d
first t est t h e j oi nt si g nifi c a n c e of t h e t hr e e tr e at m e nt c o effi-
ci e nts usi n g a n F t est.  T h e r es ults ar e r e p ort e d at t h e b ott o m
of  Ta bl e 2 a n d r e v e al t h at t h e  m ai n tr e at m e nt v ari a bl es ar e
j oi ntl y st atisti c all y si g nifi c a nt at a 1 0 % l e v el i n  M o d el 2, b ut
n ot i n  M o d el 3.  We als o us e r a n d o mi z ati o n t esti n g t o t est t h e
n ull h y p ot h esis of n o tr e at m e nt eff e cts:  Usi n g 1 0 0 0 r a n d o m
dr a ws fr o m t h e tr e at m e nt v e ct or,  w e us e t h e distri b uti o n of t h e
c o effi ci e nts of t h e r a n d o mi z e d r e gr essi o ns t o t est t h e st atisti-
c al si g nifi c a n c e of t h e esti m at e d tr e at m e nt c o effi ci e nts.  T h e
p - v al u es c o m p ut e d u n d er t his r a n d o mi z ati o n t esti n g c o nfir m
t h e c o n cl usi o ns r e a c h e d  w h e n l o o ki n g at t h e p - v al u es t h at
r es ult  wit h o ut r a n d o mi z ati o n t esti n g. Fi n all y,  w e als o t est f or
j oi nt si g nifi c a n c e of all tr e at m e nts, c o m p uti n g a n e w p - v al u e
f or t h e  Wal d st atisti c of t h e ori gi n al r e gr essi o n usi n g t h e dis-
tri b uti o n of t h e  Wal d st atisti cs of j oi nt si g nifi c a n c e of e a c h of
t h e r e gr essi o ns  wit h t h e si m ul at e d tr e at m e nt c o effi ci e nts.  We
a g ai n fi n d t h at t h e tr e at m e nt i nf or m ati o n v ari a bl es of  M o d el
2 ar e j oi ntl y si g nifi c a nt at t h e 1 0 % l e v el.

7. 3 C o nt e nt f e e d b a c k eff e cts a d d r essi n g
p ot e nti al o r d e r eff e cts

As  m e nti o n e d b ef or e, t h e d esi g n of t h e e x p eri m e nt
c o ul d l e a d t o t h e  wr o n g c o n cl usi o ns if or d er eff e cts ar e
pr es e nt: f or e x a m pl e, if i n di vi d u als r e a ct t o t h e i nf or m ati o n
v ari a bl es t h at pr o vi d e i n di vi d u al f e e d b a c k diff er e ntl y d e p e n d-
i n g o n  w h et h er t h e y h a d r e c ei v e d r el ati v e f e e d b a c k v ers us
t h e c o ntr ol i nf or m ati o n  m ess a g e b ef or e.  We c o n d u ct a s eri es
of a d diti o n al r e gr essi o n a n al ys es t o e x pl or e p ot e nti al or d er
eff e cts.

First,  w e p erf or m a n a n al ysis usi n g o nl y i nf or m ati o n fr o m
t h e first 2  w e e ks of t h e e x p eri m e nt al p eri o d.  T his is e q ui v al e nt
t o a b et w e e n-i n di vi d u al d esi g n, as d uri n g t his first 2- w e e k
p eri o d i n di vi d u als i n e a c h s e cti o n  w er e o nl y r e c ei vi n g o n e
t y p e of tr e at m e nt (i n di vi d u al, r el ati v e, f ull, or c o ntr ol)  wit h-
o ut a diff er e nt pr e c e di n g tr e at m e nt.  T h us, or d er eff e cts s h o ul d
n ot b e a n iss u e i n t his c as e.  L o o ki n g o nl y at t h e first 2  w e e ks
als o c o ntr ols f or p ot e nti al “ e x p eri m e nt er d e m a n ds ” t h at c o ul d
h a p p e n if p arti ci p a nts r e ali z e d t h at t h e g o al of t h e st u d y  w as
t h e f e e d b a c k s yst e m a n d  m a ni p ul at e d t h eir p erf or m a n c e t o b e
b est d uri n g t h e f e e d b a c k s yst e m t h e y pr ef err e d.  T h es e r es ults
ar e s h o w n i n  Ta bl e 3 ( M o d els 1 a n d 2) a n d r e v e al s o m e
si mil ariti es a n d s o m e diff er e n c es  wit h r es p e ct t o t h e a n al y-
s es t h at us e t h e s a m pl e fr o m all t h e e x p eri m e nt al  w e e ks. I n

t er ms of si mil ariti es,  B o n us i n cr e as e a n d P erf or m a n c e q u a n-
til e s h o w a p ositi v e a n d si g nifi c a nt c o effi ci e nt. I n t er ms of
diff er e n c es, t h e v ari a bl es r el at e d t o dist a n c e d o n ot s h o w a
n e g ati v e or si g nifi c a nt eff e ct, a n d i n d e e d,  Dist a n c e t o  m a x-
i m u m p erf or m a n c e s h o ws a p ositi v e a n d si g nifi c a nt eff e ct.
S e cti o n 2 (t h e s e cti o n t h at r e c ei v e d r el ati v e i nf or m ati o n f e e d-
b a c k i n d e p e n d e ntl y i n t h e first 2  w e e ks) s h o ws a si g nifi c a ntl y
s m all er a v er a g e dist a n c e  wit h r es p e ct t o t h e  m a xi m u m p er-
f or m a n c e i n t h e  w e e ks pri or t o t h e e x p eri m e nt c o m p ar e d t o
t h e r est of t h e s e cti o ns ( 4 1. 1 2 vs. 5 4. 6 1, p = 0. 0 0 0). 1 6 T h us,
o n e r e as o n f or t his p ositi v e c o effi ci e nt c o ul d b e t h at f or r el-
ati v el y s m all er dist a n c es, i n di vi d u als ar e e n c o ur a g e d t o e x ert
m or e eff ort  w h e n t h e y l e ar n t h eir dist a n c e t o t h e  m a xi m u m
p erf or m a n c e.

N e xt,  w e c o ntr ol i n t h e  m o d els f or t h e or d er i n  w hi c h t h e
diff er e nt pi e c es of i nf or m ati o n  w er e gi v e n. F or e a c h i nf or m a-
ti o n  m ess a g e gi v e n (i. e., I F,  R F, F F,  C o ntr ol),  w e c o nstr u ct
a c o u nt v ari a bl e t h at t a k es t h e v al u e of 1 if t h e i nf or m ati o n
w as gi v e n i n t h e first 2  w e e ks, 2 if it  w as gi v e n i n  w e e ks 3
a n d 4, 3 if it  w as gi v e n i n  w e e ks 5 a n d 6, a n d 4 if it  w as
gi v e n i n  w e e ks 7 a n d 8.  T h es e f o ur or di n al v ari a bl es ( Or d er
I F,  Or d er  R F,  Or d er F F,  Or d er c o ntr ol) ar e i nt e n d e d t o c a p-
t ur e a n as p e ct of l e ar ni n g eff e cts: If i n di vi d u als h a v e r e c ei v e d
ot h er i nf or m ati o n b ef or e, f or e x a m pl e, t h os e  w h o r e c ei v e d I F
aft er h a vi n g r e c ei v e d all ot h er t y p es of tr e at m e nts,  m a y l e ar n
l ess a b o ut t h eir  m ar gi n al b e n efit of eff ort a n d t h er ef or e r e a ct
l ess t o t h e n e w i nf or m ati o n pr o vi d e d.  T h us, if or d er eff e cts
ar e pr es e nt,  w e s h o ul d e x p e ct a n e g ati v e c o effi ci e nt of t h es e
or d er v ari a bl es  w h e n i n cl u di n g t h e m i n t h e  m o d el.  W h e n  w e
i ntr o d u c e t h es e f o ur v ari a bl es as c o ntr ols i n t h e  m o d el,  w e
fi n d s o m e e vi d e n c e of or d er eff e cts ( M o d els 3 a n d 4,  Ta bl e 3 ).
S p e cifi c all y, t h e c o effi ci e nt of  Or d er F F is n e g ati v e a n d si g-
nifi c a nt i n b ot h  m o d els,  w hi c h s u g g ests t h at t h e eff e ct of t h e
f e e d b a c k gi v e n u n d er t h e F F c o n diti o n is l ar g er t h e first ti m e
i n di vi d u als r e c ei v e t h e f e e d b a c k (t h e eff e ct of t h e F F i nf or-
m ati o n v ari a bl es d e cr e as es  w h e n f e e d b a c k is pr o vi d e d i n l at er
w e e ks).  T h e r es ults r e g ar di n g t h e i nf or m ati o n v ari a bl es c o n-
ti n u e t o b e c o nsist e nt  wit h t h e  m o d el’s pr e di cti o ns, alt h o u g h
w e l os e si g nifi c a n c e i n s o m e of t h e c o effi ci e nts.

As a fi n al t est,  w e als o esti m at e a  m o d el all o wi n g f or t h e
eff e cts of e a c h of t h e pi e c es of i nf or m ati o n f e e d b a c k, i n cl u d-
i n g t h e c o ntr ol i nf or m ati o n, t o v ar y d e p e n di n g o n t h e  w e e k
p eri o d i n  w hi c h t h e i nf or m ati o n  w as pr o vi d e d ( a n al ys es a v ail-
a bl e u p o n r e q u est).  T h us, f or e a c h i nf or m ati o n v ari a bl e  w e
c o nstr u ct f o ur v ari a bl es. F or e x a m pl e, f or  B o n us I n cr e as e (I F)
t h e f o ur v ari a bl es ar e c all e d  B o n us I n cr e as e (I F)  w e e ks 1 & 2,
B o n us I n cr e as e (I F)  w e e ks 3 & 4,  B o n us I n cr e as e (I F)  w e e ks
5 & 6, a n d  B o n us I n cr e as e (I F)  w e e ks 7 & 8, a n d ar e d efi n e d
as f oll o ws.  B o n us I n cr e as e (I F)  w e e ks t&( t+ 1) (f or t = 1,
3, 5, 7) t a k es t h e v al u e of t h e i nf or m ati o n gi v e n r e g ar di n g
t h e b o n us i n cr e as e b ut o nl y if t h e i nf or m ati o n  w as gi v e n i n
w e e ks t a n d t+ 1 of t h e e x p eri m e nt, a n d 0 ot h er wis e.  We a p pl y
t h e s a m e pr o c e d ur e f or e a c h i nf or m ati o n c o nt e nt gi v e n:  Dis-
t a n c e t o n e xt l e v el (I F), P erf or m a n c e  Q u a ntil e ( R F),  Dist a n c e
t o  m a xi m u m p erf or m a n c e ( R F),  B o n us I n cr e as e ( F F),  Dis-
t a n c e t o n e xt l e v el ( F F), P erf or m a n c e  Q u a ntil e ( R F),  Dist a n c e
t o  M a xi m u m P erf or m a n c e ( R F), a n d t h e c o ntr ol i nf or m ati o n.
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1 1 0 A W A Y S H E H E T  A L .
P r o d u cti o n a n d  O p e r ati o ns  M a n a g e m e nt

T A B L E  3 Tr e at m e nt eff e cts a d dr essi n g or d er eff e cts

M o d el 1 M o d el 2 M o d el 3 M o d el 4

Fi rst 2  w e e ks Fi rst 2  w e e ks

L o g ( P e rf o r m a n c e)  L o g ( P e rf o r m a n c e)  L o g ( P e rf o r m a n c e)  L o g ( P e rf o r m a n c e)

Dist a n c e t o n e xt l e v el 0. 0 0 2 7 ( 0. 0 0 3 5) − 0. 0 0 5 4 ( 0. 0 0 3 5)

B o n us i n cr e as e 0. 1 8 9 0 * * * ( 0. 0 5 7 7) 0. 1 0 3 0 * * ( 0. 0 5 1 1)

P erf or m a n c e q u a ntil e 0. 0 0 1 1 * * ( 0. 0 0 0 5) 0. 0 0 1 1 * * ( 0. 0 0 0 5)

Dist a n c e t o  m a x p erf or m a n c e 0. 0 0 1 0 * * ( 0. 0 0 0 4) 0. 0 0 0 4 ( 0. 0 0 0 3)

Dist a n c e t o n e xt l e v el (I F) 0. 0 0 2 8 ( 0. 0 0 3 6) − 0. 0 0 4 9 ( 0. 0 0 4 4)

B o n us i n cr e as e (I F) 0. 2 1 4 0 * * ( 0. 0 9 7 5) 0. 0 9 0 9 ( 0. 0 8 0 5)

P erf or m a n c e q u a ntil e ( R F) 0. 0 0 1 1 ( 0. 0 0 0 7) 0. 0 0 0 8 ( 0. 0 0 0 6)

Dist a n c e t o  m a x p erf or m a n c e ( R F) 0. 0 0 1 5 * * ( 0. 0 0 0 7) 0. 0 0 0 3 ( 0. 0 0 0 5)

Dist a n c e t o n e xt l e v el ( F F) 0. 0 0 3 1 ( 0. 0 0 9 6) − 0. 0 0 6 6 ( 0. 0 0 4 3)

B o n us i n cr e as e ( F F) 0. 1 7 6 0 ( 0. 1 3 2 0) 0. 0 4 0 6 ( 0. 0 6 6 3)

P erf or m a n c e q u a ntil e ( F F) 0. 0 0 1 6 * ( 0. 0 0 0 8) 0. 0 0 1 7 * * * ( 0. 0 0 0 6)

Dist a n c e t o  m a x p erf or m a n c e ( F F) 0. 0 0 0 4 ( 0. 0 0 1 1) 0. 0 0 0 7 ( 0. 0 0 0 5)

I n di vi d u al p erf or m a n c e  m a x 0. 1 6 3 0 * * ( 0. 0 6 5 7) 0. 1 6 3 0 * ( 0. 0 8 3 2) 0. 0 8 6 5 ( 0. 0 6 3 7) 0. 0 5 9 4 ( 0. 0 6 1 1)

R el ati v e p erf or m a n c e  m a x − 0. 0 6 6 6 ( 0. 0 7 6 8) − 0. 0 7 2 4 ( 0. 0 9 2 0) − 0. 0 2 5 5 ( 0. 0 2 7 1) − 0. 0 3 1 3 ( 0. 0 3 0 7)

Pr e e x p eri m e nt  w e e k 0. 1 5 7 0 * * ( 0. 0 5 9 4) 0. 1 6 5 0 * * ( 0. 0 7 4 9) 0. 0 8 8 9 ( 0. 0 5 5 0) 0. 0 8 2 7 ( 0. 0 5 9 0)

P ost e x p eri m e nt  w e e k 0. 0 6 7 3 ( 0. 0 4 5 5) 0. 0 7 5 0 ( 0. 0 6 0 7) − 0. 0 0 3 9 ( 0. 0 4 3 7) − 0. 0 1 0 2 ( 0. 0 4 6 9)

Or d er I F 0. 0 0 9 9 ( 0. 0 1 0 6) 0. 0 0 8 9 ( 0. 0 1 1 0)

Or d er  R F − 0. 0 1 7 6 ( 0. 0 1 1 0) − 0. 0 1 1 0 ( 0. 0 1 3 6)

Or d er F F − 0. 0 2 8 0 * * ( 0. 0 1 2 0) − 0. 0 3 6 3 * * * ( 0. 0 1 1 4)

Or d er c o ntr ol 0. 0 1 0 1 ( 0. 0 1 4 2) 0. 0 0 8 2 ( 0. 0 1 4 9)

C o nst a nt 4. 4 2 2 0 * * * ( 0. 0 4 8 2) 4. 4 1 4 0 * * * ( 0. 0 6 4 0) 4. 4 9 3 0 * * * ( 0. 0 4 4 7) 4. 4 9 9 * * * ( 0. 0 4 8 0)

N 7 9 7 7 9 7 1 1 0 5 1 1 0 5

p - v al u e of j oi nt si g nifi c a n c e F -t est 0. 0 0 7 0. 0 0 6 0. 0 2 5 0. 0 1 3

N ot e .  Li n e ar r e gr essi o ns  wit h  w or k er fi xe d eff e cts a n d cl ust er e d st a n d ar d err ors b y  w or k er.

L e v els of si g nifi c a n c e: * 1 0 %, * * 5 %, * * * 1 %.

T his l e a ds t o a t ot al of 3 6 i nf or m ati o n v ari a bl es.  We i ntr o-
d u c e t h es e n e w i nf or m ati o n v ari a bl es i n t h e  m o d el (i nst e a d of
t h e i nf or m ati o n v ari a bl es of t h e  m ai n a n al ys es i n  Ta bl e 3 ) a n d
p erf or m  Wal d t ests t o c h e c k f or diff er e n c es i n t h e c o effi ci e nts
of e a c h i nf or m ati o n v ari a bl e a cr oss t h e f o ur p eri o ds ( e. g., dif-
f er e n c es a cr oss t h e c o effi ci e nts f or  B o n us I n cr e as e [I F]  w e e ks
1 & 2,  B o n us I n cr e as e [I F]  w e e ks 3 & 4,  B o n us I n cr e as e [I F]
w e e ks 5 & 6, a n d  B o n us I n cr e as e [I F]  w e e ks 7 & 8). I n t h e pr es-
e n c e of or d er eff e cts,  w e s h o ul d s e e st atisti c al diff er e n c es
a m o n g t h e c o effi ci e nts.  We f o u n d o nl y t w o i nst a n c es i n  w hi c h
t h er e  w er e si g nifi c a nt diff er e n c es a cr oss  w e e ks:  Dist a n c e t o
n e xt l e v el (I F) a n d  Dist a n c e t o n e xt l e v el ( F F). I n c o n cl usi o n,
alt h o u g h  w e fi n d s o m e e vi d e n c e of or d er eff e cts, o ur r es ults
ar e i n g e n er al r o b ust t o c o ntr olli n g f or t h e or d er eff e cts.

7. 4 F e e d b a c k eff e cts o n t h e dist ri b uti o n of
p e rf o r m a n c e i n t h e  w o r k pl a c e:  Q u a ntil e
r e g r essi o ns

We n e xt t ur n t o i n v esti g at e t h e distri b uti o n al eff e cts of f e e d-
b a c k b y esti m ati n g q u a ntil e r e gr essi o ns t o e x pl or e  w hi c h p art

of t h e distri b uti o n is  m or e aff e ct e d b y t h e tr e at m e nts. F or si m-
plifi c ati o n p ur p os es, i n  w h at f oll o ws  w e f o c us o n t h e  M o d el 2
s p e cifi c ati o n.1 7 A s s u g g est e d i n  Ta bl e 2 , i n di vi d u al f e e d b a c k
m a y i n cr e as e or r e d u c e p erf or m a n c e, d e p e n di n g o n e m pl o y-
e es’ l e ar ni n g a b o ut t h e  m ar gi n al b e n efit of eff ort. S u c h eff e cts
mi g ht l e a d t o c h a n g es i n t h e distri b uti o n of p erf or m a n c e i n
t h e  w or k pl a c e,  w hi c h  m a y b e c o m e  m or e dis p ers e d or  m or e
c o n c e ntr at e d ar o u n d t h e  m e di a n.  T h e distri b uti o n of p erf or-
m a n c e s h o w n i n Fi g ur e 2 s u g g ests t h at s u c h distri b uti o n al
eff e cts t o o k pl a c e, at l e ast f or s o m e of t h e tr e at m e nts.

Distri b uti o n al eff e cts c a n t a k e pl a c e b e c a us e diff er e n c es
i n p erf or m a n c e c a n b e p artl y d u e t o diff er e n c es i n e m pl o y-
e es’ b eli efs a b o ut t h e  m ar gi n al b e n efit of eff ort.  H e n c e, if
f e e d b a c k c h a n g es  w or k ers’ b eli efs, it  will als o c h a n g e t h e
distri b uti o n of p erf or m a n c e.  As a n e x a m pl e of  w h y f e e d b a c k
m a y h a v e distri b uti o n al eff e cts, s u p p os e t h at all e m pl o y e es
h a v e t h e s a m e c ost f u n cti o n f or eff ort, s u p p os e t h e f u n cti o n is
c o n v e x, a n d ass u m e diff er e n c es i n p erf or m a n c e ar e s ol el y d u e
t o b eli efs, t h at is, l o w p erf or m ers ar e e m pl o y e es  w h o b eli e v e
t h at t h e  m ar gi n al b e n efit of eff ort is l o w a n d hi g h p erf or m-
ers ar e t h os e  w h o b eli e v e t h at it is hi g h. If all r e c ei v e t h e
s a m e pi e c e of i nf or m ati o n o n t h e  m ar gi n al b e n efit, t h e eff e ct
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P E R F O R M A N C E F E E D B A C K  A N D P R O D U C TI VI T Y:  E VI D E N C E F R O M  A FI E L D  E X P E RI M E N T 1 1 1
P r o d u cti o n a n d  O p e r ati o ns  M a n a g e m e nt

T A B L E  4 Q u a ntil e r e gr essi o ns of tr e at m e nt eff e cts

M o d el 1 M o d el 2 M o d el 3

Q 2 5 Q 5 0 Q 7 5

Dist a n c e t o n e xt l e v el − 0. 0 0 7 5 * * * ( 0. 0 0 0 8) − 0. 0 1 0 4 * * * ( 0. 0 0 0 9) − 0. 0 0 4 2 * * * ( 0. 0 0 0 9)

B o n us i n cr e as e 0. 1 1 8 0 * * * ( 0. 0 2 2 4) 0. 1 0 2 * * * ( 0. 0 1 6 0) 0. 0 2 8 1 * * * ( 0. 0 0 7 6)

P erf or m a n c e q u a ntil e 0. 0 0 1 3 * * * ( 0. 0 0 0 1) 0. 0 0 0 5 * * ( 0. 0 0 0 2) 0. 0 0 0 4 ( 0. 0 0 0 6)

Dist a n c e t o  m a x p erf or m a n c e − 0. 0 0 0 5 * * ( 0. 0 0 0 2) − 0. 0 0 0 7 * * * ( 0. 0 0 0 2) − 0. 0 0 0 8 ( 0. 0 0 1 1)

I n di vi d u al p erf or m a n c e  m a x 0. 1 8 2 0 * * ( 0. 0 7 5 4) 0. 1 2 6 0 * * ( 0. 0 6 2 8) 0. 2 9 0 0 * * * ( 0. 0 1 8 5)

R el ati v e p erf or m a n c e  m a x 0. 0 2 9 8 ( 0. 0 6 7 9) 0. 0 0 6 8 ( 0. 1 2 6) 0. 0 8 1 6 * ( 0. 0 4 8 9)

Pr e e x p eri m e nt  w e e k 0. 0 8 9 8 ( 0. 0 7 9 8) 0. 0 0 8 1 ( 0. 0 1 9 9) 0. 0 5 4 4 * * * ( 0. 0 0 8 6)

P ost e x p eri m e nt  w e e k − 0. 0 6 3 3 ( 0. 0 8 3 8) − 0. 2 1 0 0 * * * ( 0. 0 5 7 5) 0. 0 4 1 7 * ( 0. 0 2 4 9)

N 1 1 0 5 1 1 0 5 1 1 0 5

p - v al u e of j oi nt si g nifi c a n c e F -t est 0. 0 0 0 0. 0 0 0 0. 0 0 0

N ot e .  Esti m ati o ns ar e b as e d o n P o w ell’s (f ort h c o mi n g) q u a ntil e r e gr essi o n f or p a n el d at a ( Q R P D)  m et h o d  wit h a d a pti v e  M ar k o v  C h ai n- M o nt e  C arl o o pti mi z ati o n.  T h e t a bl e s h o ws

esti m at e d c o effi ci e nts a n d (i n p ar e nt h es es) st a n d ar d err ors.

L e v els of si g nifi c a n c e: * 1 0 %, * * 5 %, * * * 1 %.

will b e diff er e nt i n e a c h gr o u p:  L o w p erf or m ers  will l e ar n
t h at t h e  m ar gi n al b e n efit is gr e at er t h a n t h e y t h o u g ht a n d  will
i n cr e as e t h eir eff ort,  w hil e hi g h p erf or m ers  will d et er mi n e if
t h e y  w er e o v er esti m ati n g t h e  m ar gi n al b e n efit a n d  will r e d u c e
t h eir eff ort.  We c o ns e q u e ntl y e x p e ct a si mil ar pi e c e of i nf or-
m ati o n t o h a v e a diff er e nt eff e ct o n p erf or m a n c e i n diff er e nt
p arts of t h e distri b uti o n.

T o t est f or distri b uti o n al eff e cts,  w e esti m at e q u a ntil e
r e gr essi o ns usi n g t h e “ q u a ntil e r e gr essi o n f or p a n el d at a ”
m o d el pr o p os e d b y P o w ell (f ort h c o mi n g).  T his a p pr o a c h
all o ws us t o esti m at e tr e at m e nt eff e cts o n t h e q u a ntil es
all o wi n g f or u n o bs er v e d e m pl o y e e fi xe d eff e cts a n d, t o o ur
k n o wl e d g e, h as n ot b e e n us e d i n t h e e arli er lit er at ur e o n
f e e d b a c k.1 8 T h e r es ults, s h o w n i n  Ta bl e 4 ( M o d els 1 t o 3)
i n di c at e t h at al m ost all t h e i nf or m ati o n v ari a bl es h a v e si g nifi-
c a nt eff e cts o n s o m e of t h e q u a ntil es,  w hi c h is c o nsist e nt  wit h
t h e i d e a t h at e m pl o y e es t a k e i nt o a c c o u nt all t h e i nf or m ati o n
dis cl os e d. I n a d diti o n, t h e si g ns of t h e eff e cts t h at ar e st atisti-
c all y si g nifi c a nt ar e t h e s a m e f or t h e diff er e nt q u a ntil es.  T h e
m o d els als o s h o w t h at t h e eff e cts t e n d t o b e str o n g er a n d  m or e
si g nifi c a nt f or t h e 2 5t h a n d 5 0t h q u a ntil es, s u g g esti n g t h at t o p
p erf or m ers t e n d t o r e a ct l ess t o f e e d b a c k i nf or m ati o n. 1 9

7. 5 A d diti o n al a n al ys es

We p erf or m a s eri es of a d diti o n al a n al ys es (s h o w n i n t h e
S u p p orti n g I nf or m ati o n ) t o pr o vi d e s u g g esti v e e vi d e n c e of
o ur  m ai n  m e c h a nis m as  w ell as t o e x pl or e t h e r o b ust n ess of
o ur r es ults t o alt er n ati v e s p e cifi c ati o ns. S p e cifi c all y,  w e s h o w
t h at t h e r el ati o ns hi p b et w e e n pri or p erf or m a n c e a n d p erf or-
m a n c e b e c a m e  w e a k er d uri n g t h e e x p eri m e nt p eri o d,  w hi c h
is c o nsist e nt  wit h t h e h y p ot h esi z e d l e ar ni n g  m e c h a nis m.  We
als o r ul e o ut t h at o ur r es ults ar e o nl y dri v e n b y a  H a wt h or n e
eff e ct, as  w e c o nti n u e t o fi n d si mil ar eff e cts  w h e n  w e r e m o v e
d at a fr o m t h e l ast 2  w e e ks i m m e di at el y b ef or e t h e e x p eri m e nt
st art e d,  w h e n p arti ci p a nts l e ar n e d t h at t h e st u d y  w as g oi n g t o

t a k e pl a c e a n d c o ul d h a v e alr e a d y r e a ct e d t o t h e e x p eri m e nt er
i ntr o d u cti o n.

I n a d diti o n,  w e fi n d t h at o ur r es ults ar e r o b ust t o alt er n ati v e
s p e cifi c ati o ns, i n cl u di n g t h e us e of a n alt er n ati v e o p er ati o n al-
i z ati o n of t h e i nf or m ati o n v ari a bl es (i. e., t a ki n g i nt o a c c o u nt
w h et h er t h e  w or k er  w as i n t h e i n di vi d u al p erf or m a n c e i n c e n-
ti v e z o n e or n ot), e x cl u di n g t h e p ost e x p eri m e nt p erf or m a n c e,
all o wi n g f or t w o- w a y cl ust eri n g ( w or k er a n d s e cti o n) of st a n-
d ar d err ors, a n d r e m o vi n g d at a fr o m  w or k ers  w h o j oi n e d or
l eft o ur s a m pl e d uri n g t h e e x p eri m e nt p eri o d.

8 DI S C U S SI O N

O n t h e  w h ol e, o ur a n al ys es gi v e str o n g s u p p ort t o t h e
t h e or eti c al pr e di cti o ns.  Wit h r e g ar d t o i n di vi d u al f e e d b a c k,
e m pl o y e es r e c ei v e i nf or m ati o n a b o ut t h e e xtr a b o n us t h e y
w o ul d e ar n if t h e y i m pr o v e d t h eir p erf or m a n c e a n d  w h e n t his
b o n us is gr e at er, t h e eff e ct o n p erf or m a n c e is als o gr e at er.
E m pl o y e es als o r e c ei v e i nf or m ati o n a b o ut h o w f ar t h e y ar e
fr o m e ar ni n g a gr e at er b o n us, a n d  w h e n t his dist a n c e is
gr e at er, t h e eff e ct o n p erf or m a n c e is s m all er.  We fi n d t h es e
eff e cts i n b ot h li n e ar a n d q u a ntil e r e gr essi o ns.

R e g ar di n g r el ati v e f e e d b a c k ,  w e als o fi n d t h at t h e eff e cts
ar e c o nsist e nt  wit h t h e t h e or y b ut i n s o m e c as es t h e eff e cts
ar e n ot st atisti c all y si g nifi c a nt. I n t h e e x p eri m e nt, e m pl o y-
e es l e ar n e d t h eir p erf or m a n c e q u a ntil e a n d h o w f ar t h e y  w er e
fr o m b e c o mi n g t h e t o p p erf or m er. I n t h e li n e ar r e gr essi o ns,
t h e p erf or m a n c e q u a ntil e h as a si g nifi c a nt a n d p ositi v e eff e ct
o nl y i n o n e of t h e  m o d els, a n d t h e dist a n c e v ari a bl e is al m ost
al w a ys i nsi g nifi c a nt. I n t h e q u a ntil e r e gr essi o ns, t h e eff e cts
of r el ati v e i nf or m ati o n ar e si g nifi c a nt f or t h e b ott o m a n d
t h e  m e di u m p erf or m ers b ut ar e n ot si g nifi c a nt f or t h e t o p
p erf or m ers.

O ur st u d y h as i m p ort a nt i m pli c ati o ns f or b ot h t h e or y a n d
pr a cti c e.  T h e or eti c all y,  w e pr o vi d e a  m o d el of h o w e m pl o y-
e es us e f e e d b a c k t o u p d at e t h eir b eli efs a n d r e o pti mi z e t h eir
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112 AWAYSHEH ET AL.Production and Operations Management

choice of effort. The model provides testable implications of
how feedback content should influence performance. Such
predictions do not require knowledge of employees’ prior
beliefs and do not rely on assuming that beliefs follow a
specific statistical distribution.

From a practical standpoint, our study has important
implications for the design of information systems in orga-
nizations. Our findings suggest that the same feedback policy
will have different effects depending on the content of the
feedback. For instance, if the policy is to tell employees infor-
mation about their previous week performance, the effect will
differ cross-sectionally (across employees) and longitudinally
because performance varies both cross-sectionally and longi-
tudinally. Our study also suggests that a feedback policy may
have very different effects depending on employees’ beliefs
about how beneficial it is to exert an additional unit of effort.

Our results are of particular relevance to operations man-
agers who need to provide feedback in a warehouse setting,
which is different from a typical assembly line process. In
an assembly line, employees have defined tasks and roles
and these tasks rarely change, employees can be taught how
to perform all the tasks for their station, and evaluating
performance can be straightforward. However, warehouse
operations, and the autonomy they provide the employee to
complete the task, are inherently different from a typical
assembly line facility (Sun et al., 2021): The task itself must
be accomplished, but how each employee goes about accom-
plishing it is not predefined. This adds complexity to the
training, compliance, and improvement process, especially
when employees are physically dispersed (Staats et al., 2016).

Our study suggests that feedback changes employee per-
formance as long as employees learn from feedback, and this
has practical consequences for firms providing feedback on a
regular basis. When feedback is frequent and the work envi-
ronment is relatively stable, employees may eventually reach
a level of knowledge of the relevant parameters (in our case,
the marginal benefit of effort) such that further feedback will
have little impact on performance. When feedback is less
frequent or the work environment is more complex or chang-
ing, the information that employees receive with the feedback
will have a greater learning effect and a greater effect on
performance is to be expected.

Our study is also suggestive of the complementarities that
exist between operations management, information sharing,
and incentive design. The technology that the firm uses for
the efficiency of its operations generates the data that allow
it to implement its incentive system and to provide detailed
feedback. Although the establishment uses state-of-the-art
technology to manage its operations and the incentive sys-
tem is also quite sophisticated, information sharing matters,
suggesting that productivity is not fully driven by technology
or by the incentive system.

Given the effects of feedback on productivity, an interest-
ing question is whether these effects translate into profits.
Employees who learn that their productivities are high may
seek outside job opportunities, which may lead to turnover
or to wage renegotiation and a subsequent increase in costs.

If the firm faces competition from a dominant rival who is
able to pay higher wages, giving employees feedback may
have negative consequences on profits. We would expect this
negative effect to be larger when the feedback is relative,
since information on relative productivity is more valuable
for employees to successfully move to a better paying job.
When feedback is individual, employees learn about their
productivity but they do not know how many coworkers have
similar productivities, which makes it harder for them to eval-
uate their outside job opportunities. This suggests that firms
with less market power would rely more on individual feed-
back than firms with more market power. In this study we
have not analyzed the link between market power and the type
of feedback but we think that this is an interesting question for
future research.

Another question that is worthwhile addressing is whether
there are benefits to disclosing feedback on employee per-
formance to third parties like clients or suppliers. If a client
firm has access to feedback about the employee who is mostly
dealing with it, it may use the information to make inferences
about the value of the service that the employee provides.
Such learning may have greater consequences when the feed-
back is relative than when it is individual. Under relative
feedback, if a client learns that the employee it deals with is a
relatively low performer, the client may infer that the firm is
not doing enough to provide a good service. However, when
the feedback is individual making this type of inference will
be more difficult, since the client may not have an accurate
idea as to whether a given score can be considered high or
low. There may also be differences across clients, as more
experienced ones may have the capacity to extract informa-
tion on relative performance out of individual performance
feedback. We think that these questions are indicative of the
potential for future research of our learning-based model.

Our study has a number of limitations. First, to avoid con-
tamination issues we decided to apply the same treatment to
all the employees within the same section and we used a pre-
defined order of treatments. This limited our ability to explore
potential sequencing effects, that is, effects of the order in
which employees receive feedback. Second, we found that
individual and relative performance feedback changed the
distribution of performance but we were limited in our abil-
ity to investigate the mechanisms that drive these effects.
We observed that the performance of the bottom performers
improved after the receipt of individual and relative feedback
but we do not know whether these effects were due to greater
effort being exerted or effort being exerted in a smarter way.

Another important question is whether our findings are
generalizable to other settings, in other words, the exter-
nal validity of our experiment. In our setting, tasks were
simple and productivity was easy to measure. We believe that
our results may apply to settings with similar characteristics,
in particular, to those in which time is a key performance
indicator. We think that when performance is difficult to mea-
sure and includes a subjective judgment from the evaluator,
such as with more complex tasks, the provision of individ-
ual and relative performance feedback may actually have a
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P E R F O R M A N C E F E E D B A C K  A N D P R O D U C TI VI T Y:  E VI D E N C E F R O M  A FI E L D  E X P E RI M E N T 1 1 3
P r o d u cti o n a n d  O p e r ati o ns  M a n a g e m e nt

gr e at er i m p a ct, si n c e  w or k ers’ pri or b eli efs ar e li k el y t o b e
l ess pr e cis e.

A n ot h er f e at ur e of o ur e x p eri m e nt is t h at e m pl o y e es
r e c ei v e d n o nli n e ar i n c e nti v e p a y. I n t his c o nt e xt, f e e d b a c k
a b o ut t h e  m ar gi n al b e n efit of e x erti n g eff ort  m a y b e p ar-
ti c ul arl y v al u a bl e, b ut i n c as es  w h er e t h er e is a li n e ar- p a y
f or m ul a,  w or k ers  m a y alr e a d y h a v e a b ett er s e ns e of t h e
m ar gi n al b e n efits of e x erti n g eff ort.  M or e o v er,  w e  w er e n ot
a bl e t o c h a n g e t h e i n c e nti v e str u ct ur e off er e d t o e m pl o y-
e es.  B ei n g a bl e t o  m a ni p ul at e b ot h f e e d b a c k a n d t h e t y p e
of i n c e nti v es at t h e s a m e ti m e  w o ul d b e us ef ul t o b ett er
u n d erst a n d t h e b o u n d ar y c o n diti o ns of o ur fi n di n gs.  M or e-
o v er, h o w f e e d b a c k is pr o vi d e d  m a y als o aff e ct t h e r es ults.
I n o ur c o nt e xt, f e e d b a c k  w as gi v e n i n a pri v at e  w a y, s o t h e
eff e cts of r el ati v e f e e d b a c k s h o ul d b e d u e t o s elf- est e e m
r at h er t h a n t o ot h er r el ati v e c o n c er n  m e c h a nis ms, a n d i n c o n-
t e xts i n  w hi c h i nf or m ati o n a b o ut r el ati v e st a n di n g is gi v e n i n
a p u bli c  w a y,  w e  m a y e x p e ct e v e n str o n g er eff e cts of gi v-
i n g r el ati v e f e e d b a c k (s e e, e. g.,  H a n n a n et al., 2 0 1 3 ;  Taf k o v,
2 0 1 3 ).

A C K N O W L E D G M E N T S
We t h a n k  A nil  Ar y a, t h e s e ni or e dit or, a n d t w o a n o n y-
m o us r e vi e w ers f or t h eir c o m m e nts a n d s u g g esti o ns.  E arli er
v ersi o ns of t his p a p er  w er e pr es e nt e d at t h e Str at e gi c  M a n-
a g e m e nt S o ci et y a n n u al  m e eti n g ( B erli n, S e pt e m b er 2 0 1 6),
M a dri d  W or k a n d  Or g a ni z ati o ns  W or ks h o p ( M a y 2 0 1 7), a n d
W h art o n P e o pl e a n d  Or g a ni z ati o ns c o nf er e n c e ( P hil a d el p hi a,
P A,  O ct o b er 2 0 1 7), a n d at s e mi n ars at  C U N E F a n d I n di a n a
U ni v ersit y.  We ar e gr at ef ul t o p arti ci p a nts at t h es e c o n-
f er e n c es a n d t o  B e nj a mi n  B ar b er f or t h eir c o m m e nts a n d
s u g g esti o ns.  All r e m ai ni n g err ors ar e o ur o w n. J ai m e  Ort e g a
a c k n o wl e d g es p arti al fi n a n ci al s u p p ort fr o m gr a nt P G C 2 0 1 8-
0 9 8 7 6 7- B- C 2 1 ( M CI/ A EI/ F E D E R,  U E) a n d fr o m t h e  M a dri d
G o v er n m e nt ( C o m u ni d a d d e  M a dri d- S p ai n) u n d er t h e  M ul-
ti a n n u al  A gr e e m e nt  wit h  U C 3 M i n t h e li n e of  E x c ell e n c e
of  U ni v ersit y Pr of ess ors ( E P U C 3 M 1 2), a n d i n t h e c o nt e xt
of t h e  V P RI CI T ( R e gi o n al Pr o gr a m m e of  R es e ar c h a n d
Te c h n ol o gi c al I n n o v ati o n).  R o ci o  B o n et a c k n o wl e d g es p ar-
ti al fi n a n ci al s u p p ort fr o m t h e S p a nis h  Mi nistr y of  E c o n o m y
a n d  C o m p etiti v e n ess ( M CI U), St at e  R es e ar c h  A g e n c y ( A EI),
a n d  E ur o p e a n  R e gi o n al  D e v el o p m e nt F u n d ( E R D F)  Gr a nt
N o. P G C 2 0 1 8- 0 9 8 7 6 7- B- C 2 2.

O R C I D
A mr o u  A w a ys h e h htt ps:// or ci d. or g/ 0 0 0 0- 0 0 0 1- 8 8 0 9- 3 3 7 6

E N D N O T E S
1 htt ps:// w w w 2. d el oitt e. c o m/i nsi g hts/ us/ e n/f o c us/ h u m a n- c a pit al-
tr e n ds/ 2 0 1 5/ p erf or m a n c e- m a n a g e m e nt- r e d esi g n- h u m a n- c a pit al-tr e n ds-
2 0 1 5. ht ml , r etri e v e d o n  M ar c h, 2 4, 2 0 2 1.

2 S elf- est e e m h as b e e n d efi n e d as a n i n di vi d u al’s e v al u ati o n of hi m or h ers elf
(s e e, e. g.,  C o o p ers mit h, 1 9 6 7 , p p. 4 – 5).  A c c or di n g t o t h e s elf- e v al u ati o n
m ai nt e n a n c e ( S E M)  m o d el ( Tess er, 1 9 8 8 ), i n di vi d u als b e h a v e i n or d er t o
m ai nt ai n or i m pr o v e t h eir s elf- e v al u ati o ns,  w hi c h ar e i nfl u e n c e d b y t h e
p erf or m a n c e of “ cl os e ot h ers. ”  A  m or e p ositi v e s elf- e v al u ati o n h as a p os-
iti v e eff e ct o n aff e ct,  w hi c h is c o nsist e nt  wit h t h e utilit y f u n cti o n ass u m e d
h er e.

3 We us e t h e t er m “ c o nt e nt ” t o r ef er t o t h e i nf or m ati o n r e c ei v e d b y e a c h i n di-
vi d u al.  T h us, c o nsi d er a f e e d b a c k p oli c y i n  w hi c h e m pl o y e es ar e t ol d t h eir
pr e vi o us  w e e k p erf or m a n c e.  T h e “ c o nt e nt ”  w o ul d b e t h e s p e cifi c v al u e
of p erf or m a n c e t h at e a c h e m pl o y e e is t ol d.  Alt h o u g h t h e f e e d b a c k p oli c y
is t h e s a m e f or all e m pl o y e es, t h e c o nt e nt of t h e f e e d b a c k v ari es a cr oss
e m pl o y e es b e c a us e t h eir p erf or m a n c e als o v ari es.

4 T h e fiel d e x p eri m e nt  w as a p pr o v e d b y t h e i nstit uti o n al r e vi e w b o ar d of t h e
i nstit uti o n of t h e c o a ut h or  w h o c o n d u ct e d it.

5 I n t h e f e e d b a c k lit er at ur e t h e p a p ers t h at us e f or m al  m o d els h a v e ass u m e d
diff er e nt r ef er e n c e p oi nts, i n cl u di n g t h e  m a xi m u m, a v er a g e, or  m e di a n
p erf or m a n c e.  C as as- Ar c e a n d  M arti n e z-J er e z ( 2 0 1 9 ) us e a t o ur n a m e nt
m o d el a n d t h er ef or e t h e b e n c h m ar k is t h e  m a xi m u m p erf or m a n c e.  A z m at
a n d Iri b erri ( 2 0 1 0 ) ass u m e t h at utilit y d e p e n ds o n t h e diff er e n c e b et w e e n
o w n p erf or m a n c e a n d a v er a g e p erf or m a n c e,  C h e n et al. ( 2 0 1 0 ) ass u m e t h at
it d e p e n ds o n t h e diff er e n c e  wit h r es p e ct t o  m e di a n p erf or m a n c e, a n d  K ol-
st a d ( 2 0 1 3 ) us es a  m or e g e n er al  m o d el i n  w hi c h t h e r ef er e n c e p oi nt is n ot
r estri ct e d t o b ei n g t h e  m a xi m u m, a v er a g e, or  m e di a n.  T h e  m o d el b y  K u h-
n e n a n d  T y m ul a ( 2 0 1 2 ) h as o nl y t w o  w or k ers a n d t h e r ef er e n c e p oi nt is t h e
p erf or m a n c e of t h e ot h er  w or k er.

6 T h e c o m p a n y h as  m a n y distri b uti o n i n t h e  U nit e d St at es a n d t hr o u g h o ut
t h e  w orl d, b ut  w e  w er e gi v e n a c c ess o nl y t o t his o n e.

7 F or i nst a n c e, if a bi n arri v e d at St ati o n 2 5 a n d t h e or d er c all e d f or t hr e e
u nits of It e m  A a n d t w o u nits of It e m  B, t h e  W M S  w o ul d k n o w t h at t h e
or d er s h o ul d t a k e 5 0 s t o c o m pl et e. If a n e m pl o y e e c o m pl et e d t h e t as k
i n 6 0 s, t h e p erf or m a n c e s c or e  w o ul d b e 8 3. 3 % ( 5 0/ 6 0). Si mil arl y, if a n
e m pl o y e e t o o k 4 3 s t o c o m pl et e t h e t as k, t h e p erf or m a n c e  w as 1 1 6. 2 %
( 5 0/ 4 3).

8 We als o e x a mi n e d  w h et h er o ur r es ults h el d  w h e n c o ntr olli n g f or t h e f a ct
t h at s o m e  w or k ers  w h os e p erf or m a n c e  w as u n d er 7 0 %  mi g ht h a v e r e c ei v e d
m or e f e e d b a c k t h a n t h e r est.  O ur r es ults r e m ai n e d u n c h a n g e d.

9 A  m e eti n g  w as c o n d u ct e d f or e a c h of t h e f o ur s e cti o ns, si n c e t h es e s e cti o ns
w er e s e p ar at e d a n d dist a nt fr o m e a c h ot h er.  T his  w as t h e n r e p e at e d f or
e a c h of t h e t hr e e d ail y s hifts.

1 0 T h e i nf or m ati o n  w e g a v e  w as fr a m e d as p ot e nti al g ai ns.  Alt er n ati v el y,
w e c o ul d h a v e fr a m e d it hi g hli g hti n g b ot h p ot e nti al g ai ns a n d l oss es, b ut
b e c a us e e a c h fr a m e c o ul d l e a d t o diff er e nt b e h a vi ors ( K a h n e m a n  &  T v er-
s k y, 1 9 7 9 ) t his c o ul d a d d n ois e t o t h e q u esti o n.  T h er ef or e, f or si m pli cit y
a n d t o sti c k t o a  m or e r e alisti c s etti n g ( hi g hli g hti n g g ai ns is t h e  m ess a g e
t h e c o m p a n y g a v e  w or k ers  w h e n hiri n g t h e m)  w e c h os e t o f o c us o n g ai ns.

1 1 We c o ul d n ot d esi g n o ur e x p eri m e nt t o c o ntr ol f or all p ossi bl e or d er eff e cts
wit h o ut a v oi di n g p ot e nti al c o nt a mi n ati o n, as t his  w o ul d h a v e r e q uir e d at
l e ast 1 6 diff er e nt s e cti o ns.

1 2 A p pr o xi m at el y 8 0 % of t e m p or ar y  w or k ers q uit aft er 2  w e e ks a n d
m a n y q uit aft er 1  w e e k.  M a n a g ers t ol d us it  w as e x p e ct e d t h at 1 5 –
2 0 % of t e m p or ar y  w or k ers  w o ul d n ot r et ur n f or t h e s e c o n d d a y of
w or k.

1 3 T h e n u m b er of p er m a n e nt  w or k ers p er s essi o n  w as n ot c o nst a nt t hr o u g h o ut
t h e  w h ol e p eri o d b ut t h er e  w as v er y littl e v ari ati o n.  W or k ers di d n ot  m o v e
a cr oss s e cti o ns d uri n g o ur st u d y p eri o d.

1 4 Si n c e t h e b o n us s c h e m e is a st e p f u n cti o n, a gr e at er dist a n c e t o t h e n e xt
l e v el als o i m pli es a s m all er dist a n c e t o t h e pr e vi o us l e v el. If e m pl o y e es
u n d erst a n d t h at b ei n g cl os e t o t h e n e xt l e v el als o i m pli es b ei n g f ar fr o m
t h e pr e vi o us l e v el, a n i n cr e as e i n  Dist a n c e t o t h e n e xt l e v el  w o ul d h a v e
t w o eff e cts: a r e d u cti o n i n eff ort b e c a us e it is  m or e diffic ult t o r e a c h
t h e n e xt l e v el of b o n us a n d a n i n cr e as e i n eff ort b e c a us e it is e asi er t o
f all t o t h e pr e vi o us l e v el of b o n us. If t h es e t w o eff e cts ar e t a ki n g pl a c e,
t h e n o ur e m piri c al a n al ys es u n d er esti m at e t h e eff e ct t h at f e e d b a c k  w o ul d
h a v e i n t h e c as e of a li n e ar b o n us s c h e m e. I n o ur e m piri c al a n al ys es  w e
c o nsist e ntl y fi n d a n e g ati v e eff e ct of  Dist a n c e t o n e xt l e v el o n p erf or-
m a n c e, i n di c ati n g t h at t h e eff ort r e d u cti o n eff e ct e x c e e ds t h e “f all- d o w n ”
eff e ct.

1 5 Aft er d el eti n g t h e t e m p or ar y  w or k ers i n o ur s a m pl e, t h er e  w er e n o i n di vi d-
u als f or  w h o m t h e i nf or m ati o n v ari a bl e P erf or m a n c e q u a ntil e t o o k a v al u e
of z er o.

1 6 A v er a g e dist a n c e  w as als o s m all er i n S e cti o n 3 ,  w hi c h r e c ei v e d r el ati v e
a n d i n di vi d u al f e e d b a c k t o g et h er, b ut t h e diff er e n c e  w as n ot st atisti c all y
si g nifi c a nt.
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P r o d u cti o n a n d  O p e r ati o ns  M a n a g e m e nt

1 7 We p erf or m e d all t h e ot h er a n al ys es of t h es e p a p er usi n g als o t h e s p e cifi-
c ati o n pr es e nt e d i n  M o d el 3 a n d r e a c h e d t h e s a m e c o n cl usi o ns pr es e nt e d
h er e.

1 8 A n alt er n ati v e fi xe d- eff e ct esti m ati o n a p pr o a c h is  C a n a y’s ( 2 0 1 1 ) t w o-
st e p pr o c e d ur e.  T h e  m ai n a d v a nt a g e of P o w ell (f ort h c o mi n g) is t h at it
d o es n ot c o nstr ai n u n o bs er v e d h et er o g e n eit y t o b e a d diti v e a n d t h er ef or e
all o ws s u c h h et er o g e n eit y t o h a v e diff er e nt eff e cts o n diff er e nt p arts of t h e
distri b uti o n.

1 9 T o f urt h er e x pl or e  w h et h er s o m e of t h e eff e cts c o ul d b e dri v e n b y
e xtr e m el y l o w p erf or m ers  w h o ar e v er y f ar fr o m r e c ei vi n g a b o n us,  w e
r e m o v e t h e l o w est p erf or mi n g e m pl o y e es a n d li mit t h e s a m pl e t o e m pl o y-
e es  wit h p erf or m a n c e a b o v e 7 0 %.  W h e n  w e d o s o  w e c o nti n u e t o fi n d a
n e g ati v e c o effi ci e nt f or t h e dist a n c e v ari a bl e, alt h o u g h it is n o l o n g er si g-
nifi c a nt, s u g g esti n g t h at t h e eff e ct of dist a n c e is str o n g er f or t h es e l o w
p erf or m ers.
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Ar al, S.,  Br y nj olfss o n,  E.,  &  W u,  L. ( 2 0 1 2).  T hr e e- w a y c o m pl e m e nt ariti es:
P erf or m a n c e p a y, h u m a n r es o ur c e a n al yti cs, a n d i nf or m ati o n t e c h n ol o g y.
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