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This paper identifies and evaluates rationales for team participation
and for the effects of team composition on productivity using novel
data from a garment plant that shifted from individual piece rate to
group piece rate production over three years. The adoption of teams
at the plant improved worker productivity by 14 percent on average.
Productivity improvement was greatest for the earliest teams and di-
minished as more workers engaged in team production, providing
support for the view that teams utilize collaborative skills, which are
less valuable in individual production. High-productivity workers
tended to join teams first, despite a loss in earnings in many cases,
suggesting nonpecuniary benefits associated with teamwork. Finally,
more heterogeneous teams were more productive, with average ability
held constant, which is consistent with explanations emphasizing mu-
tual team learning and intrateam bargaining.

During the past 30 years the use of teams has become a mainstay for
the organization of work. Many firms use teams or have implemented
team-type incentive systems for a wide variety of productive activities.
For example, Lazear (1998) argues that forming teams is economically
desirable when they make possible gains from complementarities in
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production among workers, facilitate gains from specialization by allow-
ing each worker to accumulate task-specific human capital, or encourage
gains from knowledge transfer of idiosyncratic information that may be
valuable to other team members. These gains notwithstanding, econ-
omists studying teams, beginning with Alchian and Demsetz (1972),
have focused on the free-rider problem, which arises when actions taken
by team members are not observable. The theoretical literature has
studied under what conditions the first-best outcome will be achieved,
what incentive schemes will achieve the first-best or the second-best
outcome, or what parameters affect the relative efficiency of teamwork
(see, e.g., Holmstrom 1982; Rasmusen 1987; Itoh 1991, 1992; McAfee
and McMillan 1991; Legros and Matthews 1993). Unfortunately, in con-
trast to this extensive theoretical literature on moral hazard problems,
few empirical studies have systematically examined the impact of teams
on output.1 Consequently, relatively little is known about issues such as
the magnitude of team incentive effects. A further weakness of the
theoretical literature is that it provides no implication for the effect of
team composition (i.e., worker heterogeneity) on team productivity or
worker selection for, and participation in, teams.

The lack of empirical studies and the potential for worker hetero-
geneity raise a number of questions about the effect of team incentives
on productivity and participation that go beyond moral hazard issues.
To what extent does the adoption of teams increase or decrease pro-
ductivity? How does team composition affect productivity? Are teams
more productive if the members are homogeneous, or should teams be
formed with a mix of high-ability and low-ability workers? Will high-
ability workers leave the firm when it implements a team production
system?

This paper empirically explores these questions. The objective is to
determine the extent to which observed team behavior is consistent with
a variety of models of worker behavior. Despite obvious concerns about
moral hazard, many firms do in fact introduce teams even when indi-
vidual task assignment is feasible and provide team-based incentives in
the hope of improving productivity.2 This suggests that we need to an-
alyze other behavioral responses to team structure and team incentives
in addition to free-riding predicted by principal-agent models. Our anal-
ysis of the effects of worker heterogeneity on team productivity and

1 Empirical studies of the impact of teams on productivity have tended to focus on law
firms or medical group partnerships (e.g., Leibowitz and Tollison 1980; Gaynor and Gertler
1995; Encinosa, Gaynor, and Rebitzer 2000); others have used experimental data (Nal-
bantian and Schotter 1997). A few studies have looked at manufacturing or service firms,
such as Hansen (1997) and Boning, Ichniowski, and Shaw (2001).

2 For instance, Knez and Simester (2001) describe the implementation of a team in-
centive scheme at Continental Airlines.
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worker participation in teams provides rich implications for other be-
havioral responses.

Worker heterogeneity could shape team productivity by facilitating
mutual learning or by influencing the group production norm. Mutual
learning suggests that more able workers (e.g., those that are more
productive under individual piece rates) may be able to teach the less
able workers to be more productive, thereby enhancing team produc-
tivity. Kandel and Lazear (1992) suggest that free-riding may be miti-
gated by peer pressure to achieve a group norm. Such norms may arise,
we argue, from intrateam bargaining in which worker heterogeneity
affects group norms through different threat points among workers.

In both cases, the effects of worker heterogeneity on productivity
critically depend on worker participation in teams, a decision that has
not been considered in the literature. Workers might join teams on
their own accord for three reasons. First, low-ability workers could expect
that teaming up with higher-ability workers would raise their pay. How-
ever, since high-ability workers would think the opposite way, this creates
an adverse selection problem. Second, teamwork may call on additional
worker abilities (e.g., teamwork may benefit from “collaborative” skills
involving communication and leadership in addition to “technical” abil-
ities used in piece rate production) that expand production possibilities,
thereby increasing surplus and incentives for cooperation. Finally, team-
work may offer compensating differentials due to the nonpecuniary
benefits of less boring work, more social interaction, and income
smoothing (Rosen 1986).

Empirical analysis of the relationship between team incentives, worker
participation, worker heterogeneity, and productivity faces many chal-
lenges. While data at the firm level may be available, comparing firms
utilizing team incentives to those that do not leads to many difficulties.
The most obvious is self-selection. Participation in teams is unlikely to
be exogenous with respect to firm output, implying a biased estimate
of the impact of teams on productivity. Second, estimates may be con-
taminated by the introduction of other human resource and production
practices at the same time teams are implemented. For example, Dunlop
and Weil (1996) find that new information technology was often intro-
duced at the same time as teams in the garment industry. Third, adverse
selection issues may arise. Firms using teams may attract a different
quality workforce than firms that rely on individual production. Con-
sequently, estimates of the impact of teams on output may be biased by
differences in worker quality. Finally, analysis of worker reaction to and
participation in teams requires individual data, which are rarely avail-
able, rather than firm-level data.

Our approach to the empirical analysis of teams follows in the spirit
of Lazear’s (2000) study of the impact of piece rate incentive schemes
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on productivity and turnover at the Safelite Glass Corporation. Our
analysis utilizes the personnel records of workers employed between
1995 and 1997 at a garment factory operated in Napa, California, by
the Koret Company. The facility initially used progressive bundling sys-
tem production, in which sewing is divided into independent tasks and
sewers are paid piece rates. Between 1995 and 1997, the facility changed
the organization of its sewing activity to module production, in which
autonomous work teams of typically six to seven workers receive a group
piece rate and perform all sewing tasks. Because we observe productivity
on a weekly basis in the data set, we are able to compare productivity
under individual and team production for the same worker. Hence, we
are able to account for bias induced by unobserved worker ability across
firms that plagues more aggregated firm-level data. Moreover, between
1995 and 1996, both team and individual production were employed
side by side under the same management and union, sewing essentially
identical garments, mitigating issues of contamination bias. Finally, par-
ticipation in teams was voluntary during much of our observation pe-
riod, thus providing rich information about workers’ participation and
preferences toward teams. Overall, this setting provides a unique lab-
oratory to analyze the relationship between teams and productivity and
participation.

Our findings, which are based on weekly productivity data over the
years 1995–97 for 288 employees at Koret, are surprising and highlight
the degree to which the benefits of teams can be substantial. The in-
troduction of teams at Koret was associated with an 18 percent increase
in productivity, on average. Moreover, panel data estimates suggest that
approximately one-fifth of this effect was due to the fact that high-ability
workers at Koret were more likely to join teams. The remaining 14
percent increase reflects a team effect. Because these results run counter
to simple models arguing that free-riding leads to lower team output
(compared to individual productivity), we examined the choice of work-
ers to join a team. Somewhat surprisingly, teams formed early on at-
tracted relatively high-ability workers, with ability based on individual
productivity under individual piece rate incentives. These early teams
also realized a larger team productivity effect. High-ability workers were
no more likely to leave the firm than low-ability workers after joining a
team, as might be the case if free-riding was of paramount concern. The
participation of high-ability workers on early teams and the larger pro-
ductivity improvement of early teams, as well as the fact that productivity
of three teams exceeded the productivity of their highest-ability worker,
indicate that team production may expand production possibilities by
utilizing collaborative skills. Such skills differ from and are not neces-
sarily perfectly correlated with the more technical ability associated with
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individual piece rate production, in which collaborative skills are likely
to be less valued.

We also find that some workers joined teams despite an absolute
decrease in pay, suggesting that teams offer nonpecuniary benefits to
workers. Koret thus reaped the benefit of decreased turnover and higher
average productivity when teams were introduced. Our final set of results
indicates that the composition of the team has a strong impact on its
productivity. Not surprisingly, teams with high-ability members, on av-
erage, are more productive. More notably, teams with a greater spread
in ability (with the average held constant) also are more productive. It
is also the case that the most able team member has a stronger impact
on team productivity than the least able member. The last two results
are consistent with a bargaining explanation for team behavior, in which
high-ability workers are able to impose a higher team norm level of
output. The findings also are consistent with the predictions of a mutual
learning model in which more able workers teach their less able col-
leagues to be more productive.

I. Theoretical Background

Several formal economic models have explored the productivity impli-
cations of teams and focused on the extent to which free-riding and
measurement problems inhibit first-best outcomes. The free-rider prob-
lem can be attenuated when team members can effectively monitor and
punish their peers. There are two theoretical approaches to explain how
the problem is mitigated. One approach is to use an explicit threat of
discontinuing cooperation in dynamic settings (see, e.g., Radner 1986).
As the folk theorem suggests, if the gain from cooperative team pro-
duction is large enough for members, none of them will deviate to
maximize his or her one-shot payoff and induce a less efficient Nash
equilibrium outcome or prescribed punishment in the subsequent
periods.

The other approach is less formal and uses the notions of external
peer pressure and internal pressure. Kandel and Lazear (1992) establish
a framework to analyze the effectiveness of peer pressure while distin-
guishing internal pressure3 (guilt) from external pressure (shame and
social punishment). In their model, peer pressure arises when individ-
uals depart from the team norm and other workers impose disutility on

3 Rotemberg (1994) modeled the internal pressure for cooperative behavior as altruism.
In his model, workers can choose to become altruistic and commit to the level of altruism
they have chosen. As long as workers’ inputs are complements and workers can observe
the others’ choice of preference, altruism arises endogenously as a rational choice of
workers. Since employers benefit from high levels of altruism, they also have an incentive
to pay for socialization among the workers.
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them for the extent of their departures. Peer pressure may take the
form of mental or physical harassment in the case of external pressure,
and the equilibrium effort is higher than it would be without peer
pressure. Since the peer pressure function is exogenously given in their
model, however, it is not clear how individuals develop preferences
incorporating peer pressure and how “norms” will be established.

With either a credible threat or peer pressure, the requirement of
mutual monitoring to induce cooperative behavior implies that the dis-
tance between workers in production sites and the similarity of tasks
affect the teams’ ability to police free-riding. Hence, free-riding will be
less serious in smaller teams or when workers engage in closely related
activities. Cross training also helps to reduce free-riding by improving
the workers’ ability to monitor each other.

Models of free-riding typically view teamwork as the sum of individual
worker efforts; this may not be correct. For instance, teamwork may call
on additional worker abilities that expand production possibilities,
thereby increasing surplus and incentives for cooperation. Consider the
case in which separable and individual production may rely on technical
ability, commitment, energy, manual dexterity, and a willingness to tol-
erate boring repetition (hereafter referred to in sum as technical ability)
in exchange for monetary rewards, whereas team production may ad-
ditionally rely on collaborative abilities that involve communication and
leadership abilities as well as the flexibility to rotate through multiple
jobs.4 If so, then team production can benefit from both technical and
collaborative ability whereas separable production can benefit only from
technical skills. Such collaborative skills may not only improve coordi-
nation but also facilitate the discovery of ways to assign, organize, and
perhaps alter tasks to produce more efficiently.5 Such efficiency gains
from teamwork might offset the negative impact of free-riding.

While the past literature has done much to establish the relationship
between free-riding and team production, it offers few insights into how
heterogeneity of worker ability affects team productivity. One possible
benefit of heterogeneity derives from mutual learning. For instance, if
workers possess technical abilities, more skillful workers might be able
to teach the less skillful how to execute tasks better and more quickly.
This mutual learning explanation is consistent with the results of Berg
et al. (1996), who find that informal training by other team members
is almost universal in teams in garment facilities. If the mutual learning

4 In a different context, Lommerud (1987) suggests that an employee’s productivity may
depend on both “technical” and “social” ability, where social ability refers to adapting to
a firm’s external network of contacts and to extracting information, business proposals,
etc. from this network.

5 We thank an anonymous referee for recommending a discussion of technical and
collaborative abilities.
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effect, which equates to knowledge transfer among workers, is signifi-
cant, teams that are initially more heterogeneous in ability will perform
better because high-ability workers pull up the productivity of low-ability
workers.6 Also, such mutual learning may benefit when workers on the
team possess collaborative skills that facilitate learning.

A relationship between worker heterogeneity and team performance
also could be the result of forming a team norm, which we conceptualize
as intrateam bargaining.7 Suppose that the outside options of workers
depend on their ability and high-ability workers have better outside
options. The formation of a team norm is the bargaining process in
which workers negotiate over the common work pace.8 Assume that side
payments are not allowed9 and that there is a significant efficiency gain
by teams or nonpecuniary benefits from joining teams to make sure
that agreement is feasible for many teams. Although we do not base
our entire discussion on a particular bargaining model, the following
features of this bargaining structure give us reasons to believe that skill
heterogeneity will significantly affect the bargaining outcome.10 First,
for each proposed work norm, the worker whose payoff is lower than
his outside option can credibly threat to opt out, or the worker whose
payoff is closer to his outside option is more likely to reject the proposal.
This implies that, in the process of forming a team norm, the highest-
ability or the lowest-ability workers should gain relatively stronger bar-
gaining power because only their outside options genuinely constrain
the set of feasible bargaining outcomes.11 Second, the possibility of co-
alition formation implies that the highest-ability worker should have a
larger impact on the team output than the lowest-ability worker because
other workers are typically better off by forming a coalition with higher-
ability workers. As the dispersion in ability increases, either the highest-

6 Mutual learning or information sharing should make the workers’ initial skills more
substitutable as discussed in Owan (2001). With additional assumptions, we can prove
that, when skills are substitutes, assigning heterogeneous workers into teams is optimal.
A similar mechanism can be found in Kremer (1993) and Prat (1998). Kremer shows that
firms will match together workers of similar skills when they have an O-ring production
function, which makes workers’ skills complements; whereas Prat argues that a team should
be composed of workers with heterogeneous information structures when their actions
are substitutes in the production function.

7 Although workers’ tenure (and thus perhaps their social status in the workplace) and
racial and cultural backgrounds could affect the possible norm formed in a given team,
our primary interest is the influence of diversity of worker ability.

8 Working at the same pace seems desirable and expected in the factory under analysis
because work-in-process inventory has to be kept low in teams.

9 Therefore, we assume bargaining in a nontransferable utility game.
10 In order to develop a formal model that is best suited for our analysis, we would need

to consider n-person coalitional bargaining in nontransferable utility games, where workers
can opt out during bargaining. This is beyond the scope of our paper.

11 A proposed work pace may be too slow for the most able worker or too fast for the
least able worker to accept.
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ability or the lowest-ability team member might threat to opt out. If it
is the former, the rest of the workers will accept a higher team norm
(i.e., faster work pace) in order to retain her up to the point at which
the participation constraint binds for another worker. On the contrary,
if it is the latter, the other members may simply let him leave and accept
a new worker as long as this replacement is costless.

The bargaining story also offers a number of other implications. If
replacement of a team member is not costly, bargaining over the team
norm breaks down when dispersion in productivity among team mem-
bers is too large, leading to turnover in teams that should narrow dis-
persion. Also, disutility will be imposed on low-ability workers in the
form of a personal cost of efforts to keep up with the high team norm.12

Although our discussion of the bargaining process is quite informal,
it suggests some relationship between skill distribution among team
members and team output and the possibility that the most able worker
has the largest influence over the output norm. The actual relationship
is an empirical question rather than a theoretical one.

Central to both free-riding and the effect of worker heterogeneity on
productivity is whether or not workers join teams; however, the worker’s
decision to join a team has not been considered in the literature. Con-
sider the participation incentives for high-ability (referring to technical
skill) workers. Whether there is mutual learning or bargaining for team
norm formation, the productivity level achieved by the team is limited
by the productivity of the highest-ability worker on the team, and this
worker will not join a team without an additional source of surplus from
team production. Indeed, if there is little efficiency gain or nonpecu-
niary benefit from teamwork, high-ability workers will not participate
even in the absence of free-riding because their incomes will be averaged
out and almost surely be lower under team incentive pay. Owing to this
adverse selection problem, no one may want to join teams in
equilibrium.

High-ability workers may join a team for two reasons. High-ability
workers may join teams when team production offers productivity gains.
As described above, teamwork benefiting from multiskill abilities (e.g.,
technical and collaborative abilities) is a necessary condition for pro-
ductivity gains, ceteris paribus. Moreover, those workers with high col-
laborative ability may sort themselves into teams (Farrell and Scotchmer
1988), which, under the assumption that the highest collaborative ability
workers join teams first, suggests that teams formed earlier achieve
higher productivity increases.

Alternatively, if socialization within teams turns a boring job into a

12 If peer pressure is the mechanism to enforce the team norm, pressure on low-ability
workers will increase their disutility as well (see Kandel and Lazear 1992).
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more enjoyable one, workers may sacrifice income to join a team. This
differential may be large for team members, especially when given the
choice of participating in teams because workers who highly value so-
cialization and cooperation are more likely to join teams, thus inducing
better matching.13 This compensating differential may be asymmetric
between high- and low-ability workers because it is more likely to be the
high-ability workers who receive respect and joy from leading teams. In
contrast, low-ability team members may experience a lower differential
because of lower respect and lack of a leadership role. However, such
compensating differentials yield no implication for the effect on pro-
ductivity or heterogeneity per se. Nonetheless, workers participating as
a result of compensating differentials or, for that matter, efficiency gains
may still be subject to free-riding, mutual learning, and bargaining.

II. Production at Koret

Our empirical context for analyzing these behavioral responses is weekly
productivity reports from a Koret Corporation garment manufacturing
facility in Napa, California. The facility produces “women’s lowers” in-
cluding pants, skirts, shorts, and so forth. These garments are mid-priced
clothes purchased and distributed by department stores. Along with
many other firms in the garment industry, a major reason for the in-
troduction of team production over the 1995–97 period at Koret is the
demand by retailers that apparel companies make just-in-time deliveries.
As noted by Berg et al. (1996), such demands required more flexible
production systems and pushed manufacturers such as Koret to replace
traditional individual production methods with more flexible teams.
Because module production was expected to decrease costs through
reductions in inventory, manufacturing space, supervisory and service
functions, quality inspections, and rework, many apparel manufacturers
were willing to adopt a team system even if worker productivity fell.

Garment production at the plant is segmented into three stages. First,
cloth is cut into pieces that conform to garment patterns. Finished
garments may contain anywhere between two and 10 individual pieces
including pockets, fronts, backs, waistbands, belt loops, and so forth.
Second, garments are constructed by sewing pieces together. Third,
garments are finished by pressing, packaging, and placing them into a
finished goods inventory, where they await delivery to a storage ware-
house or to customers. Our study focuses on the sewing operation.

13 Enjoyment at work also may reduce the cost of effort or hard work. This is especially
so when teams are empowered and their tasks involve substantial cognition and initiative.
Psychologists have argued that increasing variety and significance of tasks as well as en-
hancing social interaction inherent to the job raises intrinsic motivation (see, e.g., Staw
1980).
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Progressive Bundling System Production

Historically, the plant used a Taylorist progressive bundling system (PBS)
(e.g., Dunlop and Weil 1996) for production. In PBS production, sewing
operations are broken down by management into a number of distinct
and separate operations (usually totaling between 10 and 30) depending
on the complexity of the garment. Management, in consultation with
the union, assigns an expected sewing time or “standard” (in minutes)
for each operation such that the amount of effort required to sew a
standard minute is equivalent across tasks. The standard, which typically
ranges between 0.5 and 2.0 minutes per operation, makes comparison
of productivity across tasks and garments feasible and represents the
central measure against which productivity is evaluated. Workers without
any sewing background require little training (approximately two weeks
of on-the-job training). Sewing stations with one worker sitting at each
station are evenly spaced in a grid on the shop floor, and one sewing
operation is assigned to each station. Two floor supervisors assign sewing
tasks and deliver batches of material (stored on movable carts that hold
between 30 and 50 garments or pieces of cloth) to sewing stations.
Workers take garments from an input cart, execute their single sewing
operation, and restack the garments on an output cart. These carts hold
the work in process (WIP) and remove any possibility of production
externalities.14

Sewers are paid on the basis of individual piece rates according to
the standard set for the operation they undertake. In addition to the
piece rate standard, workers also receive an hourly wage, or variance
pay, when work is interrupted. Variances include the lack of work, ma-
chine breakage, job transfer, extra handling other than specified in the
prescribed method, rework for which the sewer is not responsible, sam-
ple making, and jury duty.15

Quality inspections during sewing occur two times: when the garment
is half completed and again when it is fully completed. Supervisors

14 One exception to this independence is that workers may compete against each other
to gain the favor of their supervisor so that they receive sewing tasks when production is
slack. The supervisor acknowledged that an estimated 25 percent of the workers behave
strategically to ensure a steady supply of work during slow production periods (the su-
pervisor called these interactions “greedy problems”).

15 During these interruptions, the union contract specifies that workers are paid either
the minimum wage or an average wage, which is calculated for each worker on the basis
of his or her take-home wage over the preceding 13 weeks. For the first two variances,
workers receive a minimum wage for the first half hour and average wage thereafter. Job
transfers receive minimum or average wages depending on the situation. Extra handling,
rework, and sample making are paid with an average wage. Jury duty is paid at the minimum
wage less jury pay. Variance wages, on average, are approximately 10–11 percent of the
total garment standard (for a total of 111 percent when the total garment standard is
included). Also, supervision and management account for approximately 5 percent of the
total garment standard (for a total of 116 percent).
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record the sewer’s name for each batch sewn to track the source of such
problems. Quality is evaluated by randomly selecting six out of the 30–50
garments in a bundle. Quality problems include nonuniform stitching,
crooked stitching, and so forth. Reworking garments as a result of one’s
poor quality is a variance that is unpaid: workers must correct their own
quality problems without pay.

During the transition from PBS to module production, the plant
manager used PBS production for garment orders with long lead times
and large production volumes such as those before a selling season
begins, in which quantities of greater than 50,000 units are common.
Production time from receipt of the order is approximately five weeks,
with materials in the sewing operation for approximately two weeks.
Cumulative sewing time per garment is between five and 20 minutes,
depending on garment style. At any time, the sewing operation may
have 10,000 garments in WIP.

Module Production

In the winter of 1994 the plant manager began experimenting with the
use of flexible work teams known in the garment industry as module
production. The general manager handpicked the first team. The man-
ager began to rely on module production in earnest by setting up eight
teams in 1995. However, instead of handpicking teams, he asked for
volunteers. After joining a team, sewers could return to PBS production
if they preferred it or if other team members voted a worker off the
team. This option was available until mid 1996, when the manager de-
cided to convert the entire plant to module production. When initially
interviewed in the fall of 1995, the manager had no plans to convert
the entire plant to module production. Table 2 below summarizes the
dates in which individual teams were initiated between 1995 and 1997.

In module production at Koret, each team typically includes six or
seven team members16 who work in a U-shaped work space approxi-
mately 12 feet by 24 feet. Contiguously located around the partitioned
work space are 10–12 sewing machines mounted on wheels so that the
ordering of machines is easily changed.17 Unlike sewers in floor pro-
duction, module team members sew standing up. Instead of storing WIP
on carts, WIP is held on small dowels jutting out between each work-

16 The manager stated that he experimented with the number of workers on a team.
He believed that 10 workers were too many for the team to effectively make joint decisions
and fewer than five was too few because cooperation broke down.

17 A variety of different sewing machines, which are specialized for different types of
operations, exist.
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station. The dowel acts as a kanban,18 where team members take pieces
from the right and place sewn pieces into the left kanban. By rule,
kanbans may hold no more than three to five garments, depending on
the length of sewing operations (long operation times have smaller
queues and short production times have larger queues). The use of a
kanban introduces a production externality among workers since each
worker’s productivity depends on adjacent workers’ output. The kan-
bans and close proximity of workers and machines reportedly facilitate
team members’ quickly identifying bottleneck operations and changes
in worker productivity. Also, workers are cross-trained on all sewing
machines and receive training on the use of the kanban production
rule.

Modules are compensated with a group piece rate: the team receives
a piece rate for the entire garment as opposed to a piece rate for each
operation. The team’s net receipts are divided equally. Group piece
rates for modules have two additional differences from individual piece
rates. First, each worker on the floor must unbundle and bundle the
stack of garments when it arrives and leaves the workstation. Bundling
and unbundling time accounts, on average, for 5 percent of the standard
time for sewing an entire garment and is included in the PBS standard.
With the module’s kanban system, bundling and unbundling are not
needed between operations—only when raw material bundles first arrive
and finished goods bundles finally leave the work area. Thus the stan-
dard for an entire garment is five percentage points lower for modules
because of the elimination of intermediate unbundling and bundling
steps, which means that teams should be able to increase garment pro-
duction by 5 percent, ceteris paribus. However, worker productivity of
PBS and module production is measured in comparison to standard
minutes, not garments, which means that worker productivity measures
for each are directly comparable. Second, whereas floor workers receive
variance wages averaging approximately 10–12 percent of standard,
module team members receive no such variance wages. Instead, team
members receive piece rate wages approximately 11 percent above the
module-adjusted standard, which provides a small increase in incentive
intensity. Quality, which the plant manager stated was at least as good
as and perhaps better than quality provided by PBS production, is mon-
itored on completion of the garment using the same inspection method
found in PBS production.

Initially, module production was used in response to three trigger
events: small order quantities or the need to replenish inventories, spe-

18 Kanban is a Japanese production concept whereby a queue between workstations is
kept low by rule. In the limit in which only one item is allowed in the queue, the upstream
worker is not to perform her task and place WIP in the queue until it is empty.
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cial short-term deliveries for customers, or small volumes. The charac-
teristics of these orders are that they have very short lead times and
small volumes ranging between 100 and 10,000 garments, with an av-
erage of approximately 2,000 garments. The manager asserted that an
important advantage of module production is that it can sew a batch
of 300 garments within eight hours, whereas conventional production
would in the best scenario require at least two days of sewing and the
efforts of up to two dozen workers to sew the same number of garments.
The plant manager also stated that just-in-time stocking by retailers had
been a trend that had increased the need for small production runs
with little forewarning.

While modules essentially use the same labor, capital, and material
inputs as PBS production, modules differ in that the team is empowered
to make an array of production decisions. Workers from one team de-
scribed some of these decisions as well as the advantages and disadvan-
tages of module production. Workers reported that they could produce
faster with higher quality in modules. They claimed that they learned
all production tasks, had more information about production tasks, and
were able to shift tasks, share tasks, and “figure out easier ways to sew”
garments. They stated that they found working in a team to be more
interesting and fun, they enjoyed the friendships they developed in the
team, and they preferred standing to sitting because it avoided back-
aches. They reportedly pushed each other to work hard, which often
involved joking around. They also stated that other team members
quickly caught quality problems, which allowed the team to quickly
identify and correct the source of quality problems. Team members
claimed that the biggest difficulty of module production is that workers
hold a “variety of attitudes,” which can lead to “communication prob-
lems and misunderstandings.” The manager added that workers were
more aggressive than management at disciplining team members.

III. The Koret Data

This paper utilizes a novel data set constructed from the personnel
records of employees at Koret over the time period covering January 1,
1995, until December 31, 1997. The data consist of weekly information
on worker productivity, pay, hours worked, and team membership for
all individuals employed at Koret over this period. In addition, the birth
date of each worker also was obtained, although further data on edu-
cation, training, and so forth were not available to us. The productivity
variable is measured as efficiency relative to the standard described
above, with values greater than 100 indicating performance above the
standard level.

Figure 1 plots median weekly productivity at the plant from the first
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Fig. 1.—Median worker productivity and team participation

week of 1995 (week 0) to the last week in 1997 (week 156). In addition,
the fraction of plant workers engaged in team production is also pre-
sented. The figure shows that median productivity at Koret increases
after the bulk of Koret workers are working in teams after week 70.
However, the plot also shows substantial cyclical variation in productivity,
which is accounted for by the inclusion of month and year dummies in
the subsequent regression analysis. Table 1 presents summary statistics
for the person-week data, both overall and by team membership status.19

Consistent with figure 1, columns 2 and 3 indicate that productivity was
actually higher under team production rather than lower, as would be
predicted if free-riding concerns were dominant. This higher produc-
tivity also translates into higher earnings when in teams, although team
members also worked more hours.20

Table 2 reports average weekly worker productivity for individuals
prior to joining the team and team productivity after joining the team

19 When workers are in teams, individuals are assigned the team productivity level.
Because this is a standardized measure, it is comparable across the PBS and team pro-
duction regimes.

20 The distribution of weekly earnings at Koret shown in table 1 appears to be roughly
comparable to the pay of similar workers in the local labor market during this period.
For example, when data are used from the outgoing rotation groups in the Current
Population Survey for the San Francisco Bay Area and neighboring environs, the median
earnings of female immigrant workers with 12 years of education or less was $277 per
week, with the lower and upper quartiles being $200 and $372, respectively. Similarly, the
earnings of Hispanic women with a high school diploma or less were $200, $278, and
$400 at the twenty-fifth, fiftieth, and seventy-fifth percentiles, respectively. Thus Koret does
not appear to be a particularly highly paying employer in the local labor market.
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TABLE 1
Summary Statistics, Overall and by Team Status

Variable
Overall

(1)
Not inTeam

(2)
Team Member

(3)

Productivity:
25% 80.12 71.55 87.58
50% 99.33 86.80 105.45
75% 118.30 108.50 120.38

Weekly earnings:
25% $197.52 $159.64 $226.66
50% $274.02 $221.77 $301.03
75% $350.26 $291.51 $369.06

Hours/week:
25% 28.52 24.00 30.01
50% 34.40 32.00 35.72
75% 38.80 38.33 38.86

Age:
25% 30.0 30.9 30.1
50% 37.0 39.7 35.9
75% 45.4 48.0 44.3

Observations 20,626 6,688 13,938

for each of the teams formed at Koret over this period.21 Productivity
increases in 14 of the 23 teams for which we have valid pre- and postteam
data. Moreover, teams formed in 1995 are the most likely to show an
increase in productivity whereas teams formed in August 1996 and later
(when team participation was less voluntary) experience declines. It may
be the case that workers with greater collaborative skills joined the early
teams.22

Of course, the relationship between teams and productivity observed
in tables 1 and 2 might also reflect cyclical factors or other character-
istics. We now explore the team productivity relationship in more detail.

IV. Empirical Analysis

In this section, we investigate the three related sets of issues raised
earlier. First, did the use of teams lead to higher productivity, contrary
to what might be predicted by simple models with free-riding? The

21 Team membership sometimes changed over the course of the sample period. In most
cases, this represented vacations taken at various dates by individual team members. How-
ever, all teams experienced at least one major change in composition. The preteam average
individual productivity value in col. 2 is constructed by weighting individuals by the length
of time they spent on the team.

22 Table 2 shows that team 21, which consisted primarily of new hires with no Koret
experience, was highly productive. We suspect that this team was “handpicked” by man-
agement, since it consisted of young workers in their early twenties from a range of ethnic
backgrounds (as judged by the workers’ names). Because no preteam productivity data
are available, team 21 is excluded from the team regressions reported in table 7 below.
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TABLE 2
Dates of Team Formation and Average Weekly Productivity before and after

Team Formation

Team

Date of Team
Formation

(1)

Average Weekly Productivity

Individuals Prior to
Joining Team*

(2)

Team (for
Weeks 21�)†

(3)

1 March 12, 1994 97.8 114.3
2 January 7, 1995 82.9 122.6
3 January 28, 1995 79.4 97.6
4 January 28, 1995 94.0 106.0
5 January 28, 1995 117.8 118.9
6 January 28, 1995 89.4 88.3
7 April 29, 1995 89.6 107.8
8 October 7, 1995 122.6 115.6
9 October 28, 1995 127.4 131.3
10 April 13, 1996 85.6 83.6
11 March 30, 1996 100.4 111.8
12 April 13, 1996 87.3 109.3
13 April 13, 1996 94.6 106.1
14 April 13, 1996 85.6 91.2
15 May 18, 1996 78.3 76.8
16 June 22, 1996 81.1 82.6
17 July 20, 1996 81.7 122.9
18 April 13, 1996 92.6 95.5
19 April 13, 1996 86.1 79.7
20 August 10, 1996 127.5 114.4
21 December 7, 1996 …‡ 139.1
22 January 18, 1997 94.0 80.0
23 February 1, 1997 89.2 70.9
24 March 15, 1997 92.1 61.2
25 September 6, 1997 76.9 …

* Entries in col. 2 are calculated by averaging the individual person-week productivity values of workers who sub-
sequently join the particular team (individuals are weighted by the length of time they spent on the team).

† Team averages in col. 3 are calculated after excluding the first 20 weeks the team is in operation.
‡ Team 21 consisted of almost all new hires, and so preteam productivity data are not available.

second issue relates to the types of workers who joined teams at Koret.
The problem of free-riding suggests that there may be adverse selection
into teams. High-ability workers will not join teams because they are
likely to face a reduction in pay. Alternatively, one of the main moti-
vations behind the introduction of teams is that they utilize collaborative
skills, not utilized in PBS production, which expand production possi-
bilities. Also, workers may want to join teams despite a loss in pay in
order to experience the nonpecuniary benefits of working together and
making work less repetitive and more fun. Finally, little is known about
the impact of team composition on team productivity. The discussion
in Section I suggests that high-ability team members may have greater
bargaining power that allows them to enforce a high-productivity team
norm. In addition, mutual learning may cause low-ability teammates to
be more productive. We now address each of these issues in turn.



team incentives 481

What Is the Impact of Teams on Productivity at Koret?

A particular advantage of the Koret data is that we are able to observe
individual productivity prior to team membership for many workers.
Consequently, in contrast to other studies of teams that rely on firm-
level data that are subject to selection and contamination bias, we can
use panel data of individuals to assess the impact of teams on produc-
tivity. To begin, let yit be the natural logarithm of the productivity of
worker i in week t at Koret. A worker’s weekly productivity is modeled
as

y p X b � aTEAM � e , (1)it it it it

where the indicator variable TEAMit equals one if worker i is a member
of a team in week t, and zero otherwise. The covariate vector Xit consists
of the age of individual i in week t and its square, as well as a constant.
In addition, output at Koret exhibited considerable cyclical variation.
To account for this factor, we obtained monthly data on U.S. women’s
retail apparel sales over the period from the Bureau of Economic Anal-
ysis. We include period t retail sales as well as sales up to six months in
the future as regressors in the Xit vector, since such future sales may
translate into current-period demand for Koret output. Because the
retail sales variable is seasonally adjusted, month dummies are also in-
corporated into to account for cyclical factors.X it

Column 1 of panel A in table 3 presents the estimate of the impact
of teams on productivity when equation (1) is estimated via ordinary
least squares (OLS) using the person-week data. Contrary to the pre-
dictions of moral hazard models that emphasize the importance of free-
riding, the estimate implies that the use of teams at Koret led to a
productivity increase of approximately 18 percent, on average, after we
account for a worker’s age and other cyclical factors.23 Because outliers
may influence this estimate, column 2 provides an estimate of the con-
ditional median impact of teams on output obtained using quantile
regression methods. The median estimate is close to that obtained by
OLS, indicating that teams increase productivity by roughly 21 percent.

The estimates in panel A potentially reflect two factors. First, for any
particular individual, joining a team may lead to increased productivity.

23 Because all members of a team are assigned the team productivity level, there may
be concerns about heteroscedasticity in the regression results presented in table 3. While
robust standard errors that account for clustering by worker and team are reported in
the table, we also reestimated the OLS and OLS fixed-effect models allowing the variance
to be a multiplicative function of team status. The estimates from these multiplicative
heteroscedasticity models were virtually identical to those reported in table 3. For example,
the TEAM coefficient from the specification corresponding to that in panel A, col. 1, was
0.174, whereas the TEAM coefficient from the OLS fixed-effects model analogous to that
in col. 3 was 0.154. Results from the multiplicative heteroscedasticity specification for each
model in table 3 are available from the authors on request.
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TABLE 3
Relationship between Teams and Productivity

Dependent Variable: ln (Productivity )it

Variable

No Individual Dummies Fixed Effects

OLS
(1)

Median
(2)

OLS
(3)

Median
(4)

A. All Teams Grouped Together

TEAM .178
(.053)

.211
(.044)

.136
(.035)

.116
(.032)

B. Teams Grouped by Year of Formation

TEAM95 .221
(.052)

.234
(.048)

.177
(.034)

.169
(.038)

TEAM96 .060
(.070)

.092
(.061)

.088
(.044)

.072
(.038)

TEAM97 �.090
(.120)

�.094
(.186)

�.072
(.065)

�.082
(.068)

C. Team Effects by Year of Formation and Team Tenure

TEAM95:
Weeks 1–10 .394

(.183)
.221

(.175)
.310

(.161)
.110

(.095)
Weeks 11–20 .331

(.071)
.286

(.055)
.241

(.074)
.167

(.055)
Weeks 21� .201

(.050)
.237

(.043)
.183

(.046)
.204

(.039)
TEAM96:

Weeks 1–10 �.087
(.118)

�.073
(.118)

�.046
(.081)

�.081
(.060)

Weeks 11–20 �.019
(.084)

.057
(.074)

�.023
(.065)

.039
(.040)

Weeks 21� .079
(.063)

.118
(.059)

.150
(.048)

.131
(.047)

TEAM97:
Weeks 1–10 �.365

(.092)
�.235
(.169)

�.277
(.102)

�.180
(.144)

Weeks 11–20 .064
(.086)

.128
(.357)

.101
(.121)

.161
(.190)

Weeks 21� �.034
(.166)

�.165
(.270)

.002
(.075)

�.043
(.102)

Note.—Number of observations is 20,627 person-weeks. Standard errors are in parentheses. Standard errors for OLS
regressions account for intraperson and intrateam correlation. Standard errors for median regressions are block boot-
strapped using 500 replications. Each regression also includes a constant, age of the worker and its square, dummies
for each month, and cyclical variables measuring women’s retail garment sales.

Second, high-ability workers may systematically choose to join teams. In
order to distinguish between these competing explanations, suppose
that the disturbance term eit in equation (1) may be specified as

e p v � h , (2)it i it

where vi represents the unobserved characteristics that influence the
productivity of worker i under both individual and team production,
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such as technical ability. Estimation of equation (1), incorporating spec-
ification (2) for the disturbance term, produces estimates of the impact
of teams on output identified by the “within” effect of teams on pro-
ductivity for each worker.

Column 3 of panel A in table 3 presents the fixed-effects estimates
of the mean impact of teams on output. On average, a particular
worker’s productivity increases roughly 14 percent after joining a team.
Comparison of columns 1 and 3 thus implies that of the 18 percent
increase in productivity associated with teams at Koret, approximately
one-fifth reflects the systematic selection of high-ability workers under
the PBS system into teams, with the remaining amount reflecting a team
effect. A similar pattern is observed for the median regression estimates.
The median estimate of the impact of teams on productivity falls from
21 percent to 12 percent after worker fixed effects are introduced. Over-
all, the finding in panel A of table 3 that productivity increased after
the implementation of teams is consistent with the predictions of not
only the utilization of collaborative skills but also the bargaining and
mutual learning models, which appear to more than offset any possible
free-riding.

The estimates in panel A treat the teams formed at Koret over the
1995–97 period as homogeneous in their impact on productivity. How-
ever, one might expect that early teams at Koret were more productive
since workers with higher collaborative skills might be the first to choose
to participate on teams. In addition, bargaining power for high-ability
team members of the early teams was likely to be higher since threats
to leave the team and move back to individual piecework were more
credible. On the other hand, workers on teams formed after mid 1996
had virtually no nonteam options within Koret. In order to avoid working
on a team, they would have been forced to leave the firm.

Panel B of table 3 presents the coefficient estimates of the team dum-
mies for those teams formed in 1995, 1996, and 1997, denoted TEAM95,
TEAM96, and TEAM97, respectively (team 1 was formed in 1994 and
was omitted). Both the OLS and fixed-effects estimates indicate sub-
stantial heterogeneity across teams in their impact on output. For ex-
ample, column 3 shows that workers on teams formed in 1995 had
approximately double the impact on productivity compared to those
formed in 1996, after worker fixed effects were accounted for. Moreover,
the last set of teams created at Koret in 1997 had a negative effect,
although the coefficient is not statistically significant.

One interpretation of these results is that they reflect team tenure
effects, since the observations for teams formed in 1997 are concen-
trated in the early period immediately after team formation. To account
for growth in team productivity, panel C presents estimates for teams
formed in each of the three years, where team tenure is categorized by
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the first 10 weeks the team is together, the second 10 weeks, and 21
weeks or more.24 The results indicate that the findings of panel B do
not simply reflect tenure effects. Most notably, productivity of the teams
was highest for those formed in 1995 and was markedly lower for those
created in both 1996 and 1997. In addition, the 1996 teams showed a
growth in productivity as the team grew more experienced after week
20. By contrast, the three teams formed in 1997, a year in which team
members were required to join teams to remain at Koret, experienced
a decline in productivity even after week 20, although this finding is
not statistically significant. Overall, the estimates in table 3 suggest that
the introduction of teams led to higher productivity for teams formed
in the first year and that the productivity impact declined as more work-
ers in the firm engaged in modular production. These findings are
consistent with the view that workers with higher levels of collaborative
skills that were productive in a team setting tended to participate in
teams first.

Who Joins a Team?

The results in table 3 suggest that self-selection occurred in team for-
mation at Koret, although it appears that more productive workers un-
der the PBS system, rather than less productive workers, were the first
to join teams. We now examine this issue more closely. As noted above,
standard incentive models suggest that low-ability workers should want
to join teams, whereas one might expect turnover at Koret to fall if
teams expand production possibilities or provide a more stimulating
work environment and workers thus receive greater nonpecuniary ben-
efits under the modular system. We first investigate the type of worker
that joins a team and then assess the impact of teams on turnover at
Koret.

To investigate the question of self-selection into teams at Koret, we
estimate a “preprogram” regression for the cross section of the 151
nonteam workers employed at the firm in the first week (week 0) of
January 1995. This regression takes the form

y p X b � gFTEAM � e , (3)i0 i0 i0 i0

where is the ln(productivity) of worker i in the first week of Januaryyi0

1995 (week 0), and the indicator variable equals one if workerFTEAMi0

i joins a team by mid 1996 and zero if she does not. The excluded
category is thus individuals leaving the firm before joining a team, or

24 Other breakdowns of team tenure were used, such as five-week intervals and poly-
nomials, and gave similar results. The 10-week intervals are utilized for ease of
interpretation.
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TABLE 4
The Impact of Future Team Participation on January 1995 Individual

Productivity
Dependent Variable: ln(Productivity )i0

Variable
OLS
(1)

Median
(2)

A. All Future Teams Pooled

FTEAM (joins team in future) .156
(.070)

.145
(.129)

B. Future Teams Formed in 1995 and 1996

FTEAM95 (joins team in 1995) .206
(.078)

.154
(.131)

FTEAM96 (joins team in 1996) .061
(.093)

�.015
(.186)

Note.—Number of observations is 151. Standard errors are in parentheses (robust standard errors for OLS). Standard
errors for the median regressions are bootstrapped using 500 replications. All regressions include a constant and age
and its square.

those individuals forced to join a team after mid 1996 when virtually
all workers became team members. Approximately 60 percent of the
151 workers joined a team by mid 1996, with many (41 percent) joining
by the end of 1995. Because future team membership cannot affect
current productivity, the coefficient g measures the selection into teams.

Panel A of table 4 indicates that workers who joined teams in the
future were approximately 15–16 percent more productive in nonteam
work in January 1995, although the difference is not significant in the
median regression model. In panel B, the FTEAM variable is decom-
posed into two dummy variables, one indicating whether the worker
first joined a team in 1995 (FTEAM95) and the second indicating
whether the worker first joined a team during the period from January
to May 1996 (FTEAM96). The estimates show that the early teams at-
tracted relatively high-productivity workers. In contrast, little selection
on this observable measure of ability was observed for teams that formed
later. These findings provide little support for the view that relatively
low-productivity workers would be sorted into teams because of the
adverse selection problem discussed earlier. Just the opposite occurs. In
fact, it appears that either technical ability is at least somewhat positively
correlated with collaborative skills or teams may offer nonpecuniary
benefits that are disproportionately large for high-ability workers, since
these individuals were the first to join a team. In addition, it may be
the case that the disutility imposed by the team norm on low-productivity
workers was large enough to discourage many of them from joining
teams at the beginning.25

25 A similar adverse selection issue is discussed in Landers, Rebitzer, and Taylor (1996),
which analyzes law firms in which the partnership structure could attract associates with
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Fig. 2.—Preteam and postteam median income: a, hourly; b, weekly

One of the major puzzles of the Koret data is that high-productivity
workers join teams despite the fact that they take earnings losses in
doing so. Figure 2 plots the percentage difference in postteam versus
preteam pay for individuals working under both systems against their

a propensity to work short hours. The authors argue that legal partners screen out such
associates by establishing stringent work norms through the use of associates’ record of
billable hours in promotion decisions. In our setting of a garment factory, social inter-
actions in teams alone seem to have solved adverse selection.
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TABLE 5
Impact of Teams on Hourly and Weekly Pay

Variable
OLS
(1)

Quantile

.05
(2)

.25
(3)

.50
(4)

.75
(5)

.95
(6)

A. Dependent Variable: ln(Hourly Pay)

TEAM .158
(.035)

.101
(.044)

.233
(.038)

.222
(.045)

.148
(.046)

�.083
(.039)

B. Dependent Variable: ln(Weekly Pay)

TEAM .260
(.039)

.285
(.076)

.348
(.042)

.312
(.041)

.240
(.039)

.026
(.063)

Note.—The number of observations is 20,193. Standard errors are in parentheses (robust standard errors for OLS
regressions). Standard errors for OLS regressions account for intraperson and intrateam correlation. Standard errors
for median regressions are block bootstrapped using 500 replications. Each regression also includes a constant, age of
the worker and its square, dummies for each month, and cyclical variables measuring women’s retail garment sales.

preteam median hourly (2a) and weekly (2b) earnings.26 While it is the
case that most workers experienced a pay increase after joining a team,
since overall productivity increased, some Koret employees actually ex-
perienced a decline in hourly pay, particularly those who were high
earners under the PBS production regime.27 Regressions of the log of
hourly pay on team membership (controlling for demographic and cy-
clical factors) presented in panel A of table 5 show that while average
pay increased after the introduction of teams at Koret, workers at the
top end of the pay distribution actually experienced an 8 percent re-
duction in hourly pay under teams.28 The results for weekly pay, shown
in panel B, are very similar. In this case, workers at the top end see
virtually no change in pay because they are working more hours. Both
the figures and the pay regressions suggest that nonpecuniary benefits
of team membership, such as more control over the work environment
and less repetition, appear to be important for many workers.29 While
the 20 percent or more decline in hourly or weekly pay for some in-
dividuals shown in figure 2 may seem surprising, studies of self-employed

26 The horizontal axis of fig. 2a reports the percentage change in median hourly pay
for 125 workers employed under both the PBS and team regimes. Similarly, the horizontal
axis of fig. 2b reports the percentage change in median weekly pay for 95 workers employed
under both the PBS and team regimes. The figures exclude workers who received sub-
stantial variance pay or whose hours worked deviated substantially from the mean.

27 Koret did not give bonuses or rewards to high-productivity workers who were “pun-
ished” by the team payment scheme.

28 Earnings information was missing for 433 of the 20,626 person-weeks of data.
29 It may be argued that the outside wage for high-performing workers is even less than

what they received under team production, implying a smaller role for nonpecuniary
factors. However, table 4 shows that highly productive (and hence highly paid) PBS workers
tended to be the first to join teams rather than the last if nonpecuniary factors were not
important. In addition, n. 20 shows that the pay distribution at Koret was similar to that
available outside the firm.
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workers also show that many individuals are willing to accept a 35 per-
cent or more decline in earnings in exchange for the opportunity to
“be their own boss” (Hamilton 2000). Of course, it may be the case that
these high-ability workers participated in a team only for a few periods
and then quit the firm when they learned that their pay was unlikely
to exceed its preteam level.

To investigate this hypothesis, we analyzed the impact of teams on
the turnover behavior at Koret. We first constructed job spells for each
of the 288 workers employed by Koret at some point over the 1995–97
period. Note that some workers left the firm and were subsequently
rehired. To investigate the impact of teams on turnover, we use the data
on 402 job spells to estimate a Cox proportional hazard model for the
duration of an employment spell at Koret. The job exit hazard is a
function of age at the beginning of the spell and its square, as well as
a time-varying covariate indicating the individual’s team membership
status.30 Column 1 of table 6 shows that exit hazards were significantly
lower after workers joined teams at Koret, indicating that turnover de-
clined after the introduction of teams.

It may not be surprising that turnover was lower for team members
since most of these individuals earned higher pay under this regime.
However, one might expect that in the absence of nonpecuniary benefits
of teamwork, the most highly paid workers under the individual incen-
tive regime should be the most likely to leave Koret after the introduc-
tion of teams, since figure 2 showed that many of these workers actually
experienced a reduction in their pay. To investigate this hypothesis using
a consistent sample of individuals with preteam pay data, we analyze
the turnover behavior of the 151 individuals working at Koret as of the
first week of January 1995. The exit hazard is modeled as a function of
age (as of January 1, 1995) and its square, earnings for the first week
in January 1995 (PAY0), and the time-varying team membership variable
(TEAM). Column 2 of table 6 shows that the exit hazard declines when
workers join teams, and highly paid employees in the first week of
January 1995 are also significantly less likely to leave Koret over the next
three years. Column 3 includes an interaction between initial pay and
team status, and shows that more highly paid individual workers are no
more likely to exit Koret once they join teams than lower-paid workers.
The most highly paid workers in January 1995 might be the most likely
to leave after joining a team. Therefore, we constructed indicator var-
iables for the quintile of the PAY0 distribution (PAY0 Q1 indicates the
lowest quintile, and PAY0 Q5 indicates the highest). Column 4 shows
that workers in the top 20 percent of the pay distribution in January

30 The hazard model accounts for the left-censoring of employment spells of individuals
working at Koret as of the first week of the sample period.
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TABLE 6
Cox Proportional Hazard Estimates of the Probability of Leaving Koret

Variable

All Employment
Spells at Koret

(288 Workers,
402 Employment Spells)

(1)

Workers Employed at Koret on
January 1, 1995 (First Spell

Only) (151 Workers, 151
Employment Spells)

(2) (3) (4)

TEAM �2.221
(.183)

�2.700
(.419)

�2.974
(.644)

�2.835
(.586)

PAY0 �.009
(.003)

�.009
(.003)

TEAM#PAY0 .003
(.006)

PAY0 Q2 �.609
(.375)

PAY0 Q3 �.703
(.368)

PAY0 Q4 �.329
(.316)

PAY0 Q5 �1.151
(.437)

TEAM#PAY0 Q2 .501
(.720)

TEAM#PAY0 Q3 .139
(.861)

TEAM#PAY0 Q4 .200
(.681)

TEAM#PAY0 Q5 �.443
(1.154)

Log likelihood �884.34 �398.81 �398.68 �397.55

Note.—Standard errors are in parentheses. All models include age (at the beginning of the employment spell) and
its square. Separate baseline hazards are estimated for left-censored observations in col. 1.

1995 were no more likely to leave Koret after joining a team than in-
dividuals in the bottom 20 percent. Overall, the results of this subsection
indicate that high-ability workers tended to join teams first, despite a
loss in earnings in some cases. These workers were no more likely to
subsequently leave the firm after joining a team than lesser paid indi-
viduals. It appears that teams provide nonpecuniary benefits to workers
at Koret and aid in reducing turnover.

How Does Team Composition Affect Team Productivity?

The final step of our empirical analysis investigates how team compo-
sition affects team productivity. While it seems straightforward that teams
with high-ability members, on average, will be more productive, should
teams be homogeneous or will greater heterogeneity in member tech-
nical ability lead to higher output? Recall that the bargaining model
sketched out in Section I implies that more technically able workers
may be able to impose a higher team norm output level, especially when
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Fig. 3.—Minimum and maximum preteam worker productivity and median team
productivity.

there are nonteam jobs available at the plant. Similarly, the mutual
learning model suggests that heterogeneity might be preferred if more
able workers can teach their less able teammates to be more productive.

In order to describe the ability composition of teams, we first con-
structed the average level of productivity for each individual under the
PBS system, prior to their joining a team. The average ability of the
team is then measured by the mean of these individual productivity
levels.31 The heterogeneity in ability on the team is measured by the
ratio of the maximum to the minimum average individual productivity
levels of the team members.32 Figure 3 presents box plots representing
the maximum and minimum individual productivity of team members,
as well as plots of the median weekly productivity of each team.33 The
figure shows that the spread in the individual productivity levels of team
members varies markedly from team to team. Team productivity exceeds

31 In a few cases, teams had members who had not worked at Koret under the individual
production scheme, so that we were unable to construct an ability measure for these
individuals. Average team productivity is then calculated using the remaining team mem-
bers with nonmissing individual data. A dummy variable (NEWHIRE) is included in the
regression to indicate that at least one team member had not previously worked at Koret.

32 We also estimated the model using the standard deviation of average individual pro-
ductivity levels of team members to measure the heterogeneity in the ability of the team
members. The results were virtually identical to those presented in table 7 below and are
available on request.

33 We calculate median team productivity in fig. 3 after removing the first 20 weeks in
which the team is in operation, so that the value of team productivity is not contaminated
by potential learning-by-doing effects. Team 25 operated for fewer than 20 weeks by the
end of the sample period, so it is not included in the figure. Team 21 consisted primarily
of new hires who had not worked at Koret before, so it is also excluded.



team incentives 491

the productivity level of the highest-ability team member in only three
of the 23 teams pictured. Recall that team output may exceed the in-
dividual productivity level of every team member if the team is able to
expand production possibilities. Figure 3 thus suggests that while col-
laborative skills may be a factor in expanding such possibilities, it cannot
be distinguished from other explanations for the rise in productivity
following the introduction of teams except for these three teams.

To examine the impact of team composition on team productivity,
let yjt be the natural logarithm of the productivity of team j in week t
at Koret. A team’s weekly productivity is modeled as

y p M p � X d � e , (4)jt jt jt jt

where the vector Mjt consists of measures of the productivity of team j’s
members in week t, such as the average individual productivity level and
the spread in individual abilities. The vector Xjt includes variables
thought in the literature to affect team productivity, such as team size
(SIZE), the length of time the team has been in operation (TENURE)
and its square, and whether the team includes a new hire with no pre-
vious Koret experience (NEWHIRE). To account for possible selection
effects, indicator variables for the year of team formation are also in-
cluded (TEAM96 and TEAM97), as are variables to account for cyclical
factors.34

Columns 1–3 of table 7 present regression estimates of equation (4)
in which Mjt includes the mean individual productivity of the members
of the team and the ratio of the maximum to the minimum individual
ability on the team. The results exhibit four notable features. First,
increases in team size are not associated with decreases in productivity,
which indicates that free-riding is not problematic in this setting. Sec-
ond, as seen in table 3, teams formed in 1996 and 1997 were less pro-
ductive even after we accounted for the observed productivity of their
members, perhaps because of the sorting of workers with high collab-
orative skills onto the early teams. Third, teams with more productive
members under the PBS system, on average, have significantly higher
levels of productivity. This result holds in both the OLS (col. 1) and
median regression (col. 2) models. More able workers make teams more
productive. Finally, the estimates show that more heterogeneous teams
are more productive, with average ability held constant, since the co-
efficient on the ratio of the maximum to the minimum individual pro-
ductivity of team members is positive and significant. Column 3 shows
that these results are significant even after we account for unobserved

34 Month dummies and monthly women’s retail apparel sales are included to account
for cyclical factors. Team 1 was excluded because of missing data on productivity and team
membership after the first 10 weeks of 1994.
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TABLE 7
Effect of Team Composition on Team Productivity

Dependent Variable: ln for Team in Each Week(Productivity )jt

Variable

Model 1:
Team Heterogeneity
Measured by Average

Productivity and Ratio of
Max/Min Productivity

Model 2:
Team Heterogeneity

Measured by Max and
Min Productivity

OLS
(1)

Median
(2)

Fixed
Effects

(3)
OLS
(4)

Median
(5)

Fixed
Effects

(6)

Average
productivity

.006
(.0016)

.005
(.0014)

.004
(.001)

Ratio of max/
min
productivity

.050
(.023)

.049
(.024)

.028
(.014)

Maximum
productivity

.003
(.001)

.003
(.0008)

.0003
(.0008)

Minimum
productivity

.0006
(.0019)

�.0005
(.002)

.0002
(.0009)

TENURE �.0002
(.0022)

.0009
(.0019)

�.001
(.001)

.00003
(.002)

.0008
(.002)

�.001
(.001)

TENURE2 �.00006
(.00015)

�.00009
(.00014)

�.00005
(.0001)

�.00003
(.00015)

�.00007
(.00015)

�.00001
(.0001)

SIZE �.033
(.020)

�.026
(.018)

�.017
(.014)

�.025
(.021)

�.017
(.018)

�.006
(.015)

NEWHIRE �.013
(.052)

.004
(.045)

.015
(.038)

�.003
(.051)

.024
(.042)

.009
(.038)

TEAM96 �.097
(.049)

�.106
(.056)

�.105
(.046)

�.077
(.053)

TEAM97 �.316
(.129)

�.293
(.206)

�.294
(.141)

�.285
(.239)

Note.—The number of observations is 2,027. Standard errors are in parentheses (robust standard errors for OLS
and fixed-effect regressions). The OLS standard errors account for intrateam correlation. Standard errors for median
regressions are block bootstrapped with 500 replications. Each regression also includes a constant, dummies for each
month, and cyclical variables measuring women’s retail garment sales.

fixed team effects; the coefficients are identified by within-team changes
in team composition. When one is forming a team, it appears to be
better to have a mix of high-ability and low-ability workers rather than
a set of workers with identical technical abilities. This finding is consis-
tent with both the bargaining and learning explanations outlined in
Section I. It may be that high-ability workers are able to enforce a higher
team norm by exerting their bargaining leverage. On the other hand,
the results may reflect mutual learning, in which more able workers are
able to teach their less able teammates to be more productive.35

35 It may be argued that the less productive workers joining the early teams had excep-
tionally great collaborative skills, relative to the other workers joining early teams. Con-
sequently, the significant impact of team heterogeneity may reflect the high level of col-
laborative skill for these early teams. While some of this effect should be captured by the
year of team formation indicators, we further investigated this hypothesis by allowing the
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A further issue relates to the importance of high-ability versus low-
ability workers on the team. Suppose that the firm is attempting to
improve team productivity by replacing one team member with a more
productive individual. From columns 1–3, such an increase in average
ability should lead to an increase in team output. Consider two alter-
native replacement schemes. In the first, the most able team member
is replaced by an even higher-ability individual, whereas in the second,
the least able team member is replaced by a more able individual. Is
team productivity higher if the team’s most able or least able member
is replaced by someone better?

The estimates in columns 4–6 of table 7 suggest that an increase in
the productivity of the most able team member has a significantly larger
impact on team productivity than an equivalent improvement in the
ability of the least able member (although the estimates in the fixed
team–effect model [col. 6] are not statistically significant). High-ability
workers appear to improve team productivity more than low-ability work-
ers do. This finding is again consistent with both the bargaining and
mutual learning models. High-ability workers may have more bargaining
power to increase team output than low-ability workers and may also
be able to teach more productive techniques.

V. Discussion and Conclusion

Our empirical analysis can be summarized by four key findings. First,
the adoption of teams at Koret improved worker productivity by 14
percent on average, even after we accounted for the self-selection of
high-productivity workers under the PBS production system onto teams.
Second, this productivity improvement was greatest for the teams that
formed earliest and diminished as more workers in the firm engaged
in modular production. Third, high-ability workers not only tended to
join teams first, despite a loss in earnings in some cases, but also were
no more likely to subsequently leave the firm after joining a team than
low-ability workers. Finally, the estimates show that more heterogeneous
teams are more productive, when average ability is held constant. More-
over, high-ability workers appear to improve team productivity more
than low-ability workers do.

Our results beg the question as to why the adoption of group piece
rate incentives achieved higher productivity than individual piece rate
incentives. Our results indicate that free-riding does not appear to be
the dominant behavioral response at Koret. The lack of a strong free-

impact of team heterogeneity to vary by year of team formation. We found no significant
difference in the estimated effect of the ratio of maximum to minimum productivity on
team performance between teams formed in 1995 and 1996, suggesting that the team
heterogeneity effect is more likely to reflect mutual learning or bargaining.
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riding effect may not be entirely surprising given the ease of peer mon-
itoring within teams at Koret. However, while mutual monitoring may
explain why productivity did not fall after the introduction of teams, it
cannot explain why productivity increased significantly.

Our results are consistent with the view that workers may have both
technical and collaborative skills (such as communication and leader-
ship skills and flexibility), the latter of which were not utilized under
PBS production. The participation of high-ability workers on early
teams, the larger productivity improvement of early teams, the fact that
the productivity of three teams exceeded the productivity of their high-
est-ability workers, and the fact that high-ability workers were no more
likely to leave the teams or firm than low-ability workers indicate that
team production may have expanded production possibilities by util-
izing collaborative skills.

We cannot escape the conclusion that workers received some non-
pecuniary benefit by participating on teams: some high-ability workers
joined teams despite an absolute decrease in pay. Teams offer more
varied and less repetitive work and also reduced variation in weekly pay.
It could also be the case that high-ability workers may acquire a higher
social status in teams because of their stronger bargaining power or
receive appreciation for remaining and helping other workers in teams.
Moreover, if additional decision authority given to workers increases
worker satisfaction, then more able workers may want to join teams first
because these individuals are likely to take the initiative in making team
decisions.

Our results also are consistent with the predictions of bargaining and
mutual learning models for teams. More heterogeneous teams are more
productive, and “stars” are influential in raising team productivity. It
thus appears that teams benefit from a high-ability worker because hav-
ing one leads to a higher-productivity social norm attained from a bar-
gaining outcome or because superior skills get transmitted to the mem-
bers of the team through mutual learning. These two models may be
complementary to our view that collaborative skills play an important
role in team production because social skills presumably facilitate mu-
tual learning and prevent bargaining breakdown by facilitating
communication.

An alternative explanation for the rise in productivity at Koret after
the introduction of teams is the increase in incentive intensity. Teams
were paid an 11 percent higher piece rate, although variance pay (es-
sentially a salary constituting roughly 11 percent of a PBS worker’s earn-
ings) was eliminated. Given the strong mutual monitoring that mitigated
free-riding, productivity may have increased after the introduction of
teams because of this higher piece rate. However, it is unclear how an
increase in incentive intensity can explain why some high-ability workers
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took a pay cut to be on teams, why more heterogeneous teams are more
productive, and why teams that formed early experience greater pro-
ductivity gains. Thus nonpecuniary benefits and bargaining or mutual
learning remain important factors in explaining team productivity at
Koret even if we credit team productivity gains to the minor increase
in incentive intensity.

A complementary explanation for the rise in productivity is that teams
are effective when a firm adopts a set of complementary practices in-
cluding employment security, flexible job assignments, skills training,
and communication procedures. For instance, several studies (e.g.,
Womack et al. 1990; MacDuffie 1995; Ichniowski, Shaw, and Prennushi
1997; Boning et al. 2001) indicate that productivity improvements come
about only when high-performance employment practices are adopted
together. In the case of Koret, an important institutional feature may
be the fact that the plant was unionized and operating with a three-
year union contract. Union representation at Koret may have provided
an effective safeguard against management’s ratcheting the standard as
well as to safeguard the option of team workers to return to PBS pro-
duction. Thus group piece rates may not have delivered the same pro-
ductivity improvements if the plant was nonunion. This argument is
consistent with Black and Lynch’s (2001) empirical findings from a
representative sample of U.S. businesses that unionized establishments
that adopted industrial relations practices that promote joint decision
making coupled with incentive-based compensation have higher pro-
ductivity than other similar nonunion plants. Those unionized busi-
nesses that maintained more traditional labor-management relations
had lower productivity.

Overall, our arguments suggest that it may be feasible for a firm to
reduce turnover and increase production by introducing team produc-
tion, even if some workers earn lower pay after joining the team. More-
over, our analysis suggests the team production is a complex behavioral
phenomenon that presents a challenge to theoreticians because it is
likely to involve multiple mechanisms that go beyond free-riding and
that these mechanisms may interact.
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