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Abstract. What are the long-term consequences of compensation changes? Using data
from an inbound sales call center, we study employee responses to a compensation change
that ultimately reduced take-home pay by 7% for the average affected worker. The change
caused a significant increase in the turnover rate of the firm’s most productive employees,
but the response was relatively muted for less productive workers. On-the-job performance
changes were minimal among workers who remained at the firm. We quantify the cost of
losing highly productive employees and find that their heightened sensitivity to changes in
compensation limits managers’ ability to adjust incentives. Our results speak to a driver of
compensation rigidity and the difficulty managers face when setting compensation.
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1. Introduction
How will full-time employees respond to unantici-
pated, adverse compensation changes? Will highly
productive workers respond differently than their
less productive peers? Can employee responses im-
pact firm performance? When tasked with adjusting
compensation, managers balance incentive and re-
tention effects with expense reductions, all while
limiting the damage they cause to implicit relational
contracts with their employees. Given this difficulty
and the uncertain responses of workers, managers
largely avoid imposing adverse compensation changes.

The literature has surfacedmyriad negativeworker
responses to explain managers’ reluctance to reduce
compensation. Behavioral reasons focus on fairness
concerns (Fehr et al. 2009, Cohn et al. 2014a) or social
preferences such as warm glow and social norms
(DellaVigna et al. 2016). Other work documents in-
creases in theft and antisocial behavior after unan-
ticipated pay cuts (Greenberg 1990, Giacalone and
Greenberg 1997). The research most related to ours
emphasizes the importance of compensation practices
that retain top talent. For example, Zenger (1992) finds
that disproportionately rewarding high performers
contributes to their retention, suggesting that man-
agers’ ability to revise compensation depends critically
on their most productive employees’ responsiveness.

The need to retain high performers clearly influ-
ences compensation structure, but experiments with
compensation in real employment relationships are
rare, and an open question is how compensation-
retention sensitivity varies over the distribution of
worker performance. The underlying issue is that
within-firm performance differences across workers
can be significant (Lazear 2000,Mas andMoretti 2009,
Lazear et al. 2015, Sandvik et al. 2020). If the most
productive workers are also the most responsive to
adverse compensation changes, then average turn-
over rates do not adequately capture the full impact
on firm performance because of the loss of excep-
tional talent. This is consistent with Bewley (1998,
p. 476), who conducted more than 300 interviews to
understand why firms were reluctant to cut pay, even
in the face of falling customer demand. Bewley states:
“[turnover] among the better workers is especially
feared, because they are more valuable and can find
new jobs more easily.”
We show that the cited concerns of managers are

consistent with the responses of an organization’s
highly productive workers; they quit in response to a
reduction in take-home pay. Our empirical setting is a
U.S.-based inbound sales call center. The president
of one of the six divisions (henceforth Division 1)
independently decided to rebalance the division’s
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commission schedule,which led to an 18%decrease in
expected commission pay and a 7% reduction in total
take-home pay. The realized pay reductions closely
matched these expectations. Three months after these
changes, the president of a second division enacted
similar changes, which led to a decrease in average
take-home pay of more than 14%.

To studyheterogeneous responses across the employee
performance distribution, we use worker-level output
data, given to us by the firm, to estimate individual
workers’ sales productivity before the compensation
changes. Individual productivity is widely dispersed,
for example, workers at the 75th percentile of the
distribution sell about 50% more on a given call than
those at the 25th percentile. This large dispersion moti-
vates our investigation of the turnover and effort re-
sponses across the worker productivity distribution.

We use three empirical approaches to estimate
worker responses. First, we begin with a traditional
difference-in-differences estimation, where we com-
pare workers in Division 1, before and after the com-
pensation changes, to workers in untreated control
divisions. Importantly, about two months before the
compensation changes, Division 1 and the control di-
visions satisfied the difference-in-differences common-
trends assumption. Our second empirical strategy
mitigates concerns about long-term trend differences
across divisions by focusing on heterogeneous re-
sponses for agents of different productivity levels
within the same division. Our third approach uses
survey responses to complement ourmain results and
surface potential mechanisms.

Our main findings point to the importance of the
most productiveworkers’ heightened responsiveness
to pay changes, as the turnover rate of highly pro-
ductive agents in Division 1 increased significantly
after the compensation changes. Specifically, workers
with pre-treatment productivity that was one standard
deviation above the mean had between a 40% and 56%
increase in attrition, relative to the baseline turnover rate.
The average attrition rate of workers in Division 1 did
not change, however, as less productive workers de-
creased their propensity to leave the firm. The loss of
human capital from highly productive workers—who
contribute significantly more to revenue than their
colleagues—had significant consequences for overall
profitability. Despite initial savings on compensa-
tion expenses, the loss of highly productive agents
reduced the firm’s operating performance and led to a
negative estimated net present value of the changes.
The second compensation change, which occurred
in Division 2, validates these results. Division 2 con-
tained only veteran, highly productive workers, and
after their compensation was adjusted, the turnover
rates of these extremely productive workers increased
substantially relative to other divisions.

Turnover is rarely instantaneous. When examining
Division 1, it took a little over four months for the
cumulative loss in sales to outweigh the savings
from the reduction in commission payments that
resulted from the changes. Of equal importance, we
observed virtually no abnormal attrition in the six
weeks immediately after the compensation changes—
highlighting the fact that workers did not respond to
the announcement of the compensation changes by
quitting immediately. This delay in the onset of turn-
over allows us to understand how job performance
was impacted by the compensation changes, including
for those workers who ultimately left the firm.
We findminimal evidence that agents responded to

the compensation changes by adjusting their effort. If
anything, Division 1 agentsmay have tried to increase
their effort to offset some of the income lost because of
the changes in their commission schedule. At first
glance, this finding appears inconsistent with basic
agency theory in static settings (Jensen and Meckling
1976, Hölmstrom 1979) and with more recent be-
havioral theories. However, in long-term employ-
ment relationships, workers’ responses are impacted
by income effects, where the desire to offset a portion
of lost earnings may offset the desire to reduce effort
in response to lower-powered incentives (Ashenfelter
and Heckman 1974, Stafford 2015).
Our results underscore the importance of how

compensation policy and performance heterogeneity
interact in long-term employment relationships. We
find that high performers have the greatest turnover
sensitivity to compensation reductions, likely because
of their superior outside options. High performers’
responsiveness to compensation changes is consis-
tent with managers’ stated reasons for the rigidity of
compensation contracts observed in aggregate data.
Our results predict that managers will have more flex-
ibility under labor market institutions that allow com-
pensation policy to be tailored to individual workers.

2. Related Literature and
Potential Mechanisms

The two most relevant strands of literature for un-
derstanding the relationship between compensation
and employee effort and retention are behavioral
theories and neoclassical economic foundations. Be-
havioral theories tend to be tested in short-term
settings and focus on effort or output changes in re-
sponse to compensation changes. Different theories
emphasize (wage) fairness (Fehr et al. 2009), social
comparisons (Larkin et al. 2012, Cohn et al. 2014b,
Obloj and Zenger 2017), and negative reciprocity
(Fehr and Falk 1999, Dickson and Fongoni 2019).
There is some empirical support for these mecha-
nisms in field experiments, showing that wage re-
ductions reduce output (Kube et al. 2013) or cause
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attrition from short-term contractual work (Chen and
Horton 2016).

By contrast, we find minimal changes in output or
effort. The responses we do document, especially on
the turnover margin, appear consistent with workers’
optimizing their decisions according to their eco-
nomic interests. We believe there are two main dif-
ferences between our results and past studies. First,
we focus on a long-term employment relationship
where the overall change in incentives did not just
alter the marginal return to effort but also affected
workers’ overall income levels. Despite this, past
work on long-term employment relationships does
show evidence of shirking or reduced production
quality in response to perceived insufficient pay
raises or unfair compensation (Krueger andMas 2004,
Mas 2006). A key difference in our setting is the
presence of performance pay, where workers have an
incentive to try and make up lost income with higher
effort. Indeed, prior work has shown that piece rate
contracts, or contracts with commissions, may have
different incentive effects than adjustments to fixed
wages (Esteves-Sorenson 2018).

Our work also contributes to a growing literature
on how compensation influences employee reten-
tion. The increased turnover rate of highly productive
agents in our setting aligns with findings in Krueger
and Friebel (2018), who study a reduction in incentive
pay at a personnel search firm. They also document
changes in output, but the firm they studied increased
fixed wages to offset part of the reduction in incen-
tive pay, potentially alleviating income effects and
giving rise to effort reductions. Several other studies
have considered the ability to attract or retain workers
through compensation policy, many of which focus
on the effects of stock options (Oyer 2004, Oyer and
Schaefer 2005, Aldatmaz et al. 2018). Larkin and
Leider (2012) examine how different menus of in-
centive schemes lead to the selection of sales workers
based on their confidence, suggesting convexity in
pay helps select highlymotivated employees. Campbell
et al. (2012) show that high performing lawyers (as
measured by their earnings) are less likely to turn-
over, and Carnahan et al. (2012) show firms that tilt
compensation toward high performers show lower
turnover at the top of the distribution. We comple-
ment these papers by studying employee behavior
under different compensation regimes.

Our results on turnover have implications for un-
derstanding the link between changes in compensa-
tion and monopsony power. The fact that the average
worker often does not respond to compensation ad-
justments is thought to indicate monopsony in the
labor market (Manning 2003, Dube et al. 2018). Al-
though the average turnover response to a significant
compensation change is negligible in our setting, the

increased turnover of highly productive employees
caused the change to be net present value (NPV)
negative. Accordingly, average turnover rates alone are
insufficient to infer whether a firm benefits from exer-
cising labor market power. The remainder of the paper
details the settingandour empirical strategyandprovides
further discussion of results and limitations.

3. Firm Setting and the
Compensation Changes

The compensation changes that we study occurred in
aU.S.-domiciled, inbound sales call center. It employed
more than 2,000 sales agents over the course of our
sample period in two main offices and a third smaller
office. The agents are organized into six divisions,
based on the goods and services (henceforth, products)
they sell. The presidents of two different divisions,
Division 1 and Division 2, drastically changed the
commission schedules of the agents in their divisions,
which ultimately led to significant decreases in the av-
erage commission and take-home pay of their workers.
We briefly provide context here and relegate further
details to Online Appendix A.

3.1. Firm Setting

The firm contracts directly with national television,
phone, and internet providers to market and sell
their products. The different sales divisions are
uniquely characterized by the products their agents
sell. These divisions are overall similar, with the
exception of Division 2, as these agents respond to
inquiries from small businesses rather than resi-
dential customers. Thefirmreserves space inDivision2
for its most productive and experienced agents because
of the higher profitability associated with small business
customers. Division 1 andDivision 2 employed 20% and
7% of the firm’s sales force, respectively.
An agent’s task is to respond to customer needs and

to upsell high profit margin products, when appro-
priate. Sales opportunities are randomly assigned to
agents within a division through a queue that assigns
agents to calls, making it possible to estimate indi-
vidual agent productivity after observing a large
number of calls for each agent.

3.2. Agent Compensation

Agent pay is made up of a fixed hourly wage, com-
missions, and occasional small bonuses. New agents
have a base hourly wage of approximately 150% of
minimumwage,which increases by about $1 per hour
annually. Commissions are a significant part of an
agent’s total compensation. During the eight weeks
before the compensation changes occurred, the av-
erage Division 1 agent earned $318 per week in
commissions, and the average control division agent
earned $201. These amounts constituted approximately
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30%–40% of agents’ overall take-home pay. The presi-
dent of each division has sole discretion to adjust their
sales agents’ commission schedules.

The mapping of products sold by an agent to the
commission pay received by the agent—that is, the
commission schedule—is determined as follows. Each
product has a transfer price assigned to it by the di-
vision president, which the firm refers to as revenues.
These revenue amounts approximate the actual top-line
revenue generated for the firm through the sale of the
product. For instance, a low-end cable television
packagemay be assigned a revenue of $50, whereas a
high-end package may be assigned a revenue of
$200. These amounts form the basis for which agents
receive commissions, and division presidents set them
in a way that (1) rewards agents for each sale they
make and (2) provides greater rewards for selling
high profit margin products.1 Throughout the week,
agentsgenerate revenue througheachsale theymake.At the
end of the week, these revenue amounts are summed and
multiplied by the an agent’s commission rate, which is a
function of the agent’s audited call quality and selling
efficiency relative to other agents.2 The product of an
agent’s weekly revenue and commission rate deter-
mines the weekly commission payment.

3.3. Changes to the Commission Schedule

In November 2016, the president of Division 1 radi-
cally recalibrated their agents’ commission schedule
by changing the transfer prices for the products sold
by agents. The commission rate function was not
changed, meaning that agents still made the same
percentage of revenue on any sale as determined by
their relative selling efficiency and call quality, but
the revenue amount itself was altered. Prices for cus-
tomers remained unchanged, as did the per-product
top-line accounting revenues realized by the firm.
Figure 1 gives an example of changes in the com-
mission schedule for two different types of inter-
net packages.
The Division 1 president tilted the revenue sched-

ule toward high profit margin products—suggesting
that agents could earn more by selling these pro-
ducts—but acknowledged that the changes would
lead to an overall decrease in commissions. Although
management framed the changes as an opportunity
for the workers to earn more, survey evidence in
Section 3.6 indicates that the agents were aware that
they were likely to take home significantly less pay
because of the changes. We estimate that the commis-
sion schedule changes would reduce the commission

Figure 1. (Color online) Revenue Transfer Price Changes Within the Commission Schedule

Notes. Example of changes in the commission schedule for two different types of internet packages. The pre- and post-treatment revenue transfer
prices for the basic package are displayed in the left branch. The pre- and post-treatment revenue transfer prices for the better package are
displayed in the right branch. A basic package is easier to sell than a better package, captured by the higher quantity of sales per agent-week: 3
versus 1.5. The agent’s commission rate, C, is multiplied by the product of the revenue transfer price and quantity sold to determine the amount
of commission pay the agent receives for selling a particular package.
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pay of the average Division 1 agent by 18%, holding
fixed the pre-treatment period mix of products sold.

According to the firm’s management, the changes
to the commission schedule were intended to de-
crease the relatively high commission pay levels that
Division 1 agents were earning in the months before
the changes. These relatively high commissions were
caused by the addition of new territories from which
Division 1 agents fielded calls. The inclusion of these
new territories (henceforth, the territory shock) sig-
nificantly increased the average commissions of Di-
vision 1 agents. Figure 2(a) shows the evolution of
average commissions by division before and after
the commission schedule changes. The pre-treatment
period, Week −26 to Week 0 (with Week 0 denoting
the week before the commission schedule changes), is
separated into three periods around the territory
shock. The weeks beforeWeek −16 constitute the pre-
territory-shock period. The territory shock period
runs from Week −16 to Week −8, representing the
period of increasing commission levels for Division 1
agents. The period fromWeek −8 toWeek 0 makes up
the post-territory-shock period. Division 1 agents’
average commission levels increased from $157 in the
pre-territory-shock period to $318 at the beginning of
the post-territory-shock period. The effects of the
territory shock stabilized in the eightweeks before the
commission schedule changes.

Because we learned of the impending commission
schedule changes before they were announced, we
followed the insider econometrics approach advocated
by Bartel et al. (2004) and interviewed presidents

and managers at the firm to assess their predictions
for agent reactions. The president and managers in
Division 1 believed an agent’s responses to the changes
would be muted. Other leaders within the firm,
however, expressed concern about increased turn-
over among affected agents. Few sales managers
mentioned changes in effort, because, although the
strength of incentives would fall, high-powered in-
centive pay would remain a significant component
of agents’ total compensation.
Despite managers’ lack of focus on effort, agents

did have discretion to meaningfully influence their
sales. For example, managers reported that agents
would often need to try several different approaches
before successfully upselling a customer. A plausible
way for agents to reduce their effort is by trying
fewer approaches for selling high profit margin prod-
ucts and instead simply fulfilling orders for easier to
sell products. Earlier attempts to increase sales with
short-term incentives suggest—and subsequent aca-
demic experiments confirm—the ability for agents in
this firm to adjust their effort (Sandvik et al. 2020).
Another example of possible effort adjustment is
reducing adherence to one’s work schedule by taking
more and longer breaks.3

Three months after the commission schedule changes
occurred in Division 1, the president of Division 2
implemented similar changes.

3.4. Personnel and Productivity Data

We identify the consequences of the commission
schedule changes using highly detailed commission,

Figure 2. (Color online) Commissions in Division 1 and the Control Divisions

Notes. (a) Average weekly commission pay levels for agents in Division 1 and the control divisions. The solid vertical line corresponds to the
week immediately before the week of the commission schedule changes in Division 1. (b) Difference-in-differences coefficients that capture
differential trends in commission pay levels and total call volume betweenDivision 1 and the control divisions in the post-territory-shock period.
We fail to reject the null hypothesis that the coefficients in Weeks −8 to 0 jointly equal zero (p = 0.82).
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personnel, and productivity data provided by the
firm. Division 1 and the control divisions all have
consistent data beginning in April 2016. The sample is
organized by agent-week and runs through June of
2017. This data set covers 2,033 unique sales agents
across 61 weeks, for a total of 39,944 agent-week
observations. This data set includes proxies of worker
effort—for example, adherence, conversion rate, phone
hours, average revenue-per-call (RPC), total revenue
generated per week, demographic details—for ex-
ample, age, race, tenure, gender, marital status, and
commission pay data. We refer to this as the imme-
diate sample because it has detailed productivity
and commission data in the immediate period sur-
rounding the changes in Division 1. A larger sample,
used to study turnover, contains data beginning in
July 2015, but it lacks information on sales produc-
tivity. We refer to this larger sample as the extended

sample. Online Appendix B contains additional de-
tails about variable definitions and these samples.
Table 1 displays pre- and post-treatment period

summary statistics for the control divisions (Divi-
sions 3–6) in columns 1 and 4, Division 1 in columns 2
and 5, and Division 2 in columns 3 and 6. The pre-
treatment period is restricted to the post-territory-shock
period (Weeks −8 to 0) to highlight the division-level
characteristics immediately before the commission
schedule changes occurred. We fail to reject the null
at the 1% level that Division 1 and control division
agents are similar in tenure (p = 0.758), age (p = 0.336),
race (p = 0.887), and gender (p= 0.496). During the pre-
treatment period, agents in the control divisions
and Division 1 were predominately male (70%–73%).
The average agent was 25–26 years old and had been
working at the firm for about a year. We do find that
agents in the control divisions are significantly more

Table 1. Summary Statistics Pre- and Post-Treatment

Eight weeks pre-treatment All weeks post-treatment

Variables

Control
divisions

(1)

Treated
Division 1

(2)

Treated
Division 2

(3)

Control
divisions

(4)

Treated
Division 1

(5)

Treated
Division 2

(6)

Commission 200.91 318.39 502.68 206.92 249.71 308.56
(184.79) (283.59) (333.35) (189.57) (230.30) (226.25)

Adherence 0.80 0.83 0.79 0.81 0.82 0.80
(0.11) (0.11) (0.15) (0.12) (0.12) (0.14)

Conversion 0.26 0.33 0.29 0.25 0.32 0.29
(0.10) (0.09) (0.12) (0.09) (0.10) (0.13)

Log RPCOld 4.11 4.19 4.14 4.09
(0.47) (0.51) (0.49) (0.52)

Log RPCNew 4.11 3.96 4.14 3.90
(0.47) (0.50) (0.49) (0.50)

Phone hours 19.89 20.71 17.41 20.41 20.18 15.92
(7.59) (7.32) (6.25) (8.38) (7.88) (7.26)

Total calls 62.35 71.13 49.19 64.58 69.88 45.30
(26.79) (27.76) (19.52) (28.99) (29.50) (21.31)

Tenure (days) 356.56 369.02 672.98 450.36 399.81 608.06
(419.52) (389.51) (558.98) (505.66) (411.39) (594.50)

Age 25.84 25.18 29.71 26.20 25.99 28.33
(7.15) (6.50) (8.64) (7.32) (7.75) (7.98)

Single 0.52 0.68 0.44 0.38 0.44 0.33
(0.50) (0.47) (0.50) (0.49) (0.50) (0.47)

White 0.71 0.72 0.60 0.68 0.66 0.62
(0.45) (0.45) (0.49) (0.47) (0.48) (0.49)

Male 0.70 0.73 0.70 0.73 0.73 0.64
(0.46) (0.44) (0.46) (0.44) (0.44) (0.48)

Agent-weeks 4,024 867 357 13,817 3,474 950
Agents 632 138 51 874 234 89

Notes. This table presents summary statistics for the control divisions, Division 1, and Division 2. The Commission measure is average weekly
commissions; Adherence is a measure of schedule adherence, which captures the amount of time an agent is available to take calls; Conversion is
the probability of having positive sales revenue on a given call; Log RPCOld measures an agent’s revenue-per-call (RPC) if the commission
schedule had not changed; Log RPCNew measures an agent’s revenue-per-call (RPC) if the commission schedule had always been at the new
levels. Phone Hours capture the amount a time an agent spends talking with customers; and Total Calls is the number of calls fielded by
an agent each week. Data limitations prevent us frommeasuring Log RPCOld and Log RPCNew for Division 2. Standard deviations are reported
in parentheses.
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likely to be married (p = 0.001). Division 1 agents have
higher adherence (p< 0.001), but both groups are at or
above the firm’s mandatory level of 80%. Both groups
spend a similar number of hours talking to customers
each week (p = 0.132), although Division 1 agents
realize higher commissions and greater revenue-per-
call (p < 0.001), largely because of the territory shock
experienced two months before the compensation
changes occurred.

Agents in Division 2 earn much more in commis-
sions (p < 0.001) because they sell to small businesses
rather than residential customers. For expositional
ease and because we do not have the full range of
performance variables for Division 2, we focus our
analysis on estimating the changes in Division 1
relative to control divisions.4We discuss the effects of
commission changes for Division 2 in Section 5.5.

3.5. Estimating Baseline Agent Productivity

A central test of theories around heterogeneous turn-
over, emphasized in the adverse selection discussions
in Campbell and Kamlani (1997) and Bewley (1998),
concerns how agents of different productivity levels
respond to a change in their compensation or em-
ployment contract. To identify these heterogeneous
responses, we begin by estimating agents’ produc-
tivity (fixed effects) before the commission schedule
changes. To do this, we use a fixed effects regres-
sion for individual agents, controlling for tenure and
division-by-time fixed effects. We extract the indi-
vidual agent fixed effects and adjust them using a
shrinkage procedure designed to limit the influence of
measurement error, as in Lazear et al. (2015). These
adjusted fixed effects are what we use for the pre-
treatmentmeasures of agent productivity. Additional
details are provided in Online Appendix B.

Worker fixed effects from the per-period display
wide baseline performance variability. For example,
average revenue-per-call for Division 1 agents in the
top tercile of agent fixed effects was more than 50%
higher than the revenue-per-call produced by agents
in the bottom tercile. Table A.1 provides additional
summary statistics for Division 1 in the pre-treatment
period by splits of the sample into terciles of pre-
treatment productivity. Agents in the top tercile have
higher tenure, in line with the firm retaining highly
productive workers. Demographic characteristics also
vary across the adjusted worker fixed effects terciles;
namely, workers in the highest tercile are older and
less likely to be single.

The interpretation of our upcoming analysis would
be muddled if the commission schedule changes af-
fected high and low performers differently, due to
their selling of different product mixes. We test for
this possible confounding factor in Online Appendix
B.2 and find that the expected percentage change in

commissions was equal across agents in the three
terciles of fixed effects in Division 1.

3.6. Surveys of Sentiment and Reactions

to the Changes

We conducted a firm-wide survey before the an-
nouncement of the changes to gather information
regarding agents’ sentiment toward the firm. We
asked sales agents from all divisions the following
three questions. (1) “How likely are you to agree with
the following statement: [the firm’s] policies, for ex-
ample on adherence, compensation, and promotion,
are justified and fair?” (2) “Suppose your friend is
looking for a job, how likely are you to recommend
them to apply at [the firm]?” (3) “Do you think you
will be promoted in the future?” In addition, we
conducted a follow-up survey among agents in Di-
vision 1 after the announcement of the changes and
before these agents received their first paycheck un-
der the new commission schedule.We asked the same
three initial questions and several additional ques-
tions related to their perceptions of the commission
changes. Additional details of these surveys are pro-
vided in Online Appendix B.3.
Responses to the follow-up survey conducted after

the announcement reveal that the average agent in
Division 1 expected their commission pay to decrease
by 13% (Figure 3(a)), which approximates our esti-
mate of an 18% decline in commissions. The average
agent reported that they would need to work 11%
harder in response to the changes to maintain their
usual commission pay (Figure 3(b)). Agents then
reported that they would, on average, increase their
effort by 7% in response to the changes (Figure 3(c)).
Agents’ own responses to these last two questions
suggest that effort may have actually increased, pos-
sibly because of income effects or the desire tomaintain
their prior earnings.
Several other questions on the follow-up survey

asked agents about themotivation for the commission
schedule changes. More than 75% of the agents felt
the motivation for the changes was clearly commu-
nicated by management at the time of the announce-
ment. When asked why the changes occurred, 42%
responded with ”[management thought] sales reps
were overpaid,” and 40% responded with “[The firm]
needs to make cutbacks to stay in business.” The
follow-up survey also provides evidence that the
changes were unanticipated by the sales agents, be-
cause only 2% of the agents say they knew the details
of the changes before they were announced.

4. Identifying Assumptions and
Common Trends

We are interested in how the commission schedule
changes impacted the turnover and effort of the
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affected agents. The presence of unaffected divisions
motivates the use of a difference-in-differences esti-
mation. Difference-in-differences relies on the as-
sumption that treated and untreated groups follow a
common trend in outcomes in the absence of the
commission change. To assess the suitability of using
other divisions as a control group, we consider trends
across several variables. First, we provide evidence of
common trends in the attrition rates of agents in Di-
vision 1 and the control divisions over many months
leading up to the commission schedule changes. We
then show common trends in several output measures,
which proxy for effort. Finally, we show that agents in

Division 1 and the control divisions follow common
trends in commission pay after the territory shock and
before the commission schedule changes.
To bolster confidence that the common trends as-

sumption is satisfied, we show that there is no di-
vergence in proxies for effort supply (adherence and
conversion rates) or effort demand (call volume and
phone hours) either before or after the commission
change in Division 1. Given that these auxiliary
productivity measures do not deviate across divi-
sions suggests that the commission changes in Di-
vision 1 were not motivated by future knowledge of
call volume changes or other coincident issues that

Figure 3. (Color online) Reported Changes in Commissions and Effort

Notes. (a) Survey responses to a question asking agents what their expected change in commissions would be because of the commission
schedule changes. (b) Responses to a question asking how much agents’ effort would need to change to maintain their normal level of
earnings. (c) Responses to a question of what changes in effort workers actually planned to make. See Section 3.6 for more details.
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would confound our analysis. That is, the smooth
evolution of these measures across treated and con-
trol divisions suggests that potentially problematic
trend divergence is unlikely in our setting.

4.1. Common Trends in Turnover

Our first outcome of interest is the turnover response
of Division 1 agents. We graphically assess the pre-
treatment trends in agent turnover between Division 1
and the control divisions. We use the Kaplan-Meier
survival rate estimator, which plots retention rates
over time, because it allows visualization of the cu-
mulative nature of turnover. The survival rate esti-
mator considers a starting point and then, from that
time, displays the fraction of agents who remain at the
firm. This allows us to detect when retention rates
diverge and what fraction of the total beginning
workforce is affected.

Figure 4 plots the survival rates for agents in Di-
vision 1 and the control divisions. To focus on hetero-
geneous turnover responses, we separately plot the
survival rates of high and low performers. Figure 4(a)
shows that highly productive workers in both Divi-
sion 1 and the control divisions follow a similar trend
in retention fromMonth −5 toMonth 0. Similarly, low
performers in Division 1 have survival rates that
closely track those of low performers in the control
divisions. The similarity of these survival rate trends
suggests that agents in the control divisions provide a
valid comparison group to estimate the turnover re-
sponses of agents in Division 1.

4.2. Common Trends in Effort

To evaluate the credibility of the assumption of com-
mon trends in effort, we estimate time-period differ-
ences between Division 1 and control divisions in an
event study design and then plot the coefficients and
confidence intervals (Fowlie et al. 2018, Cengiz et al.
2019). The functional form is

yi,t �
∑

t

δi,tI time � t( ) ×Div1i + βiDiv1i

+
∑

t

λtI time � t( ) + Xi,tΓ +
∑

j

γjDivj + εi,t. (1)

Themain coefficients of interest are δi,t, which capture
differences in baseline time effects for agents in Di-
vision 1 relative to the common time effects for the
control divisions, λt. Themodel also includes controls
for location and agent characteristics in Xi,t and di-
vision fixed effects, Divj.
We find support for common trends in output-

based proxies of effort. We discuss the main results
here, but for formal detail on statistical tests and the
graphical representations of these estimations, we
refer interested readers to Figure 5. When examining
adherence and conversion, which are two measures
of effort supply, we fail to reject the null hypothesis
of divergent trends in the pre-treatment period. We
also cannot detect pre-treatment trend differences in
call volume and phone hours, which are two mea-
sures of demand for worker effort.
One might worry that trends in effort demand

might deviate after the commission changes if the

Figure 4. (Color online) Survival Rates by Productivity

Notes. These figures plot Kaplan-Meier survival rates over time. The survival rate estimator considers a starting point and then, from that time,
displays the fraction of agents that remain at the firm. Because turnover can be lumpy, with multiple exits in some weeks and no exits in others,
we aggregate survival rates to themonthly level. The sample is split by high and low performers based onwhether agents’ adjustedworker fixed
effects are above or below the median within their division.
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treatment is correlated with managements’ forecasts
of how the environment might evolve. This does not
appear to be the case. To show that call volumes and
the amount of time spent working with customers
do not change coincidentally with the commission
schedule changes, we test that the point estimates are
jointly equal to zero in the eight weeks after the effective
date of the change.We cannot detect any divergence in
call-based measures of effort demand that occurred
simultaneously with the commission changes in Di-
vision 1. Thus, any change in worker output that we
observe is not likely because of reduced call volumes or
time spent talking to customers. This suggests the
effects of the territory shock, which had previously
shifted demand, were permanent and had stabilized

in the two months preceding the commission sched-
ule changes.

4.3. Common Trends in Commissions

Figure 2(a) shows that commission pay in Division 1
and the control divisions follows a common trend
before the territory shock, despite differences in levels.
The commission levels of Division 1 agents deviate
from this common trend during the territory shock
period, but they appear to level off in the post-territory-
shock period and again track the commission trends
of agents in the control divisions. The implementation
of the commission schedule changes again shocks
the trend of Division 1 commission levels afterWeek 0,
but the two groups appear to follow similar trends

Figure 5. (Color online) Trends in Proxies for Effort Supply and Effort Demand

Notes. The coefficients in these figures are estimates of δi,t from Equation (1), using different outcome variables of interest. Adherence and
conversion are the two proxies for an agent’s supply of effort. Call volume and phone hours are the proxies for customers’ demand for worker
effort. To improve the readability of these figures, we aggregate data into biweekly bins. The p-values of tests that the Week −8 to Week 0 point
estimates are jointly equal to zero are 0.45, 0.70, 0.36, and 0.76 for adherence, conversion, call volume, and phone hours, respectively. The
p-values of tests that the Week 0 to Week 8 point estimates are jointly zero are 0.98 and 0.76 for call volume and phone hours, respectively.
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from Week 4 through at least Week 16. There is rela-
tively little movement in the control divisions in the
immediate aftermath of the Division 1 compensation
changes, suggesting that the changes had limited
spillover effects into other divisions. We further dis-
cuss tests that show limited spillovers to the control
divisions in Online Appendix C.

In our setting, we expect common trends in com-
mission pay levels after the territory shock. We focus
on this eight-week period immediately prior to the
commission schedule changes because we know that
trends differed during the territory shock period.
Figure 2(b) plots the coefficients, δi,t, estimated using
Equation (1), just as was done to assess the common
trends in effort. We find evidence of common trends
in commission levels when we plot the coefficients
across time. The point estimates inWeeks −8 to −2 are
all close to zero, and zero always existswithin the 95%
confidence intervals around these points. Further-
more, we fail to reject the null hypothesis that the
coefficients jointly equal zero (p = 0.82). This result
suggests that Division 1 and the control divisions
followed common trends in commission pay levels in
the two months before the commission schedule
changes occurred. We overlay a plot of differences in
brand-level call volume to show that the observed
differences in commission levels after the commission
schedule changes are not driven by brand-specific
variations in call volume. Managers of the firm con-
firm that, in the absence of the commission schedule
changes, agents in Division 1 would have continued
to realize the high commission levels they enjoyed in
the post-territory-shock period.

The analysis suggests that trends in commission
levels caused by the territory shock in Division 1 are
not a major concern for our empirical approach. In-
stead, the most likely issue for interpreting estimates
in light of the territory shock is the loss of balance
between Division 1 and other divisions because the
territory shock potentially changed agents’ reference
points or caused the job to become relatively more
attractive than it had been beforehand. Because our
counterfactual compares agents with better jobs and
higher earnings to the control agents, our estimates of
turnover and effort responses are likely lower bounds
for the consequences that managers would otherwise
anticipate when adjusting pay.

5. Results and Exploration of Mechanisms
This section details Division 1 agents’ turnover and
effort responses to the changes in their commission
schedule.We also estimate the firm-level effects of the
observedworker responses.We then consider the role
of sentiment for our findings and discuss the turnover
effects of Division 2 agents. Our empirical analysis is
motivated by a theoretical model, which, for brevity,

we discuss in Online Appendix D. The model pro-
vides context for our estimates by showing that
whether a compensation change is profitable depends
on (1) the cost changes that affect the firm’s wage
bill, (2) changes in workers’ effort, and (3) changes in
the composition of the workforce, due to asymmetric
turnover based on agent productivity.

5.1. Turnover Responses

In Section 4.1, we introduced Figure 4(a) to show the
common trends in attrition between agents in Divi-
sion 1 and control divisions in the months before the
commission schedule changes. This figure also shows
that the survival rates of highly productive agents in
Division 1 break from those of highly productive
agents in the control divisions in the post-treatment
period. This figure conditions on agents who were
present at the firm several months before the com-
mission schedule changes, which is useful as a di-
agnostic tool for pretrends. Figure 4(b), on the other
hand, considers survival rates relative to the sample
of agents present in each group in what is labeled
Month 0 (October 2016), the calendar month imme-
diately before the changes occurred. After the com-
mission schedule changes, the survival rate of high
performers in Division 1 decreases, relative to that
of high performers in the control divisions, whereas
the survival rate of low performers appears to in-
crease. This is preliminary evidence of a heteroge-
neous turnover effect, wherein highly productive
agents in Division 1 aremore likely to leave the firm in
response to the commission schedule changes.
Figure 6 presents how this differential turnover

influences the composition of agents who remain by
plotting the average z-score of adjusted worker fixed
effects for Division 1 and the control divisions. As in
many sales firms, there is positive selection byworker
quality over time, captured by the upward trend in
average adjusted worker fixed effects in all divisions
in the pre-treatment period (represented by points to
the left of the vertical line). There is then clear evi-
dence that average worker quality begins to deteri-
orate inDivision 1 severalweeks after the commission
schedule changes. By 24 weeks after the change, the
averagefixed effects forDivision 1 fall bymore than 0.3
standard deviations relative to control divisions. This
divergence in adjusted worker fixed effects provides
graphical evidence that, in response to the commission
schedule changes, agents with high pre-treatment pro-
ductivity exited the firm at a higher rate than did
agents with low pre-treatment productivity.
With this evidence in hand, we formally examine

turnover by using a difference-in-differences esti-
mator. These estimations use the extended sample,
which includes additional data predating the im-
mediate sample by at least a full calendar year for each
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division. Our goal is to identify how turnover was
affected when agents’ commission schedule changed
and how the turnover probability differs based on
agent productivity. In an analysis of turnover, it is
necessary to account for how the baseline probability
of leaving thefirm changeswithworker tenure (Bartel
and Borjas 1981). We use a very flexible specification
for how the usual probability of leaving the firm
changes with tenure by including a flexible function,
g(Tenure), in the model. We specify this function as a
fifth-order polynomial, providing enough flexibility
to capture the possibility that workers with longer
tenures are less likely to leave and that the relation-
ship between attrition and tenure has several inflec-
tion points.5 This function is distinct from time fixed
effects, which are meant to capture calendar time
shocks, like seasonality, that affect all workers. We
then include combinations of division and time fixed
effects to capture permanent heterogeneity across
divisions and seasonal shocks that may be correlated
with treatment. The model we estimate is

Turnoveri,t � Divj + δ1 Treatedi × Postt( )

+ δ2 Treatedi × Postt × Prodi( )

+ β1 Prodi( ) + β2 Treatedi × Prodi( )

+ β3 Postt × Prodi( ) + TimeControls

+ g Tenure( ) + β4Xi,t + εi,t. (2)

The dependent variable, Turnoveri,t, is an indicator
that the week in question is worker i’s last week in

thefirm.After theworker leaves, he or she is no longer
included in the sample. The dependent variable is
thus the instantaneous turnover probability, or haz-
ard, given that the worker was at the firm in the week
in question. The parameter δ1 captures the average
change in turnover probability of agents inDivision 1,
conditional on tenure and time controls, after the
commission schedule changes occurred. This is in-
dicated by Postt, the post-treatment indicator, being
interacted with Treatedi. We include division fixed
effects,Divj, to control for division-level differences in
attrition. The matrix Xi,t has a third-order polynomial
in age, along with fixed effects for ethnicity, gender,
call center location, and marital status. The separate
tenure splines and age polynomials allow the effects
of experience within the firm and total labor market
experience to differ. We include baseline measures
of worker productivity, captured by Prodi, and its
interaction with postevent indicators. To identify
differences in productivity, we use the standardized
z-score of adjusted worker fixed effects in the pre-
treatment period. We use z-scores to standardize the
adjustedfixed effects acrossDivision 1 and the control
divisions. This approach also facilitates the inter-
pretation of the parameters, as a unit change in the
z-score, Prodi, corresponds to a standard deviation of
the underlying productivity measure.
Table 2 displays the turnover responses of agents in

Division 1, relative to those in the control divisions.
The different columns correspond to different com-
binations of TimeControls to account for a variety of
possible temporal differences across divisions. Across
all specifications, highly productive workers in Di-
vision 1 became more likely to leave after the com-
mission schedule changes. The point estimates on
Treated × Post × Prod across columns 1–3 indicate that
Division 1 agents with pre-treatment productivity
one standard deviation above the mean had turnover
rates that increased by 1.5–2.1 percentage points in a
given week, compared with Division 1 agents with
average pre-treatment productivity. This turnover
increase is relative to an overall sample mean of about
3.7%, indicating that agents one standard deviation
above the mean had between a 40% and 56% increase
in attrition from the sample average.
These turnover effects are precisely estimated when

clustering by the identity of a worker’s manager. If we
instead cluster standard errors at the division level,
which was the level of the treatment, our standard
errors are similar. However, we do not report these
standard errors, because test statistics based on them
are misleading because of having few divisions and
only one treated group. Instead we conduct robust
statistical tests using a combined randomization in-
ference and wild bootstrap procedure designed to
estimate critical regions under clustering with few

Figure 6. (Color online) Adjusted Worker Fixed Effects
Before and After the Compensation Changes

Notes. Average adjusted worker fixed effects for Division 1 and the
control divisions after taking a z-score transformation. Because the
fixed effects are calculated before the commission changes, the data
are limited to agents who were at the firm before the commission
changes. Adjusted worker fixed effects are calculated from a re-
gression of log commissions on worker dummy variables, division-
by-week dummy variables, and a cubic spline in tenure. We then
correct for sampling variation using the method in Lazear et al.
(2015). The series are normalized to correspond at the announcement
date, which is depicted by the vertical line.
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treated clusters (MacKinnon and Webb 2018).6 The
p-values from these tests are displayed in the bottom
rows of Table 2 for δ1 and δ2.

Table 2 also includes placebo tests to assesswhether
the observed attrition patterns would have occurred
at a different time. The most natural prior time to test
is the exact date in the prior calendar year, and the
specification in column 1 includes placebo indicators
that are dummies for the period one year before the
announcement week. This tests whether the observed
turnover effect is because of the commission schedule
changes or annual patterns in turnover. The zero
coefficients on Treated × Placebo × Prod and Treated ×

Placebo indicate that the turnover patterns overall and
by agent productivity level did not diverge between
Division 1 and the control divisions at the same time
in the past.

Columns 2 and 3 show that the estimates are robust
to the inclusion of different combinations of time,
week-of-year, and division fixed effects. The division
by week-of-year fixed effects in column 2 compares
division-level turnover rates across calendar years,
which captures possible seasonality by division and

guards against the possibility that Division 1 had a
similar seasonal change in turnover in the prior year.
The point estimate of 0.015 suggests that workers ±1
standard deviation around the mean had post-
treatment turnover rates of 5.2% and 2.2%, respec-
tively. This difference provides strong evidence of a
heterogeneous turnover response across the distri-
bution of worker productivity. Column 3 includes
division-by-time fixed effects, which only allows us to
identify heterogeneous turnover by productivity. The
advantage of these estimates is that we do not need to
rely on common trends by division but only common
trends in turnover by different productivity groups.7

The similarity of the overall estimates in columns 1
and 2 and those that do not depend on common trends
at the division level (column 3) add credibility to
the identifying assumptions. This heterogeneous ef-
fect also holds when we restrict the sample to begin
eight weeks before the commission schedule changes
occurred (columns 4 and 5), which removes the
weeks before and during the territory shock period.
The results are also robust to whether workers’ pro-
ductivity fixed effects include or omit their tenure.

Table 2. Linear Probability Model Estimates of Turnover Responses

Last week in firm

(1) (2) (3) (4) (5)

Treated × Post × Prod 0.021** 0.015** 0.016* 0.013** 0.012*
(0.007) (0.005) (0.007) (0.005) (0.005)

Treated × Post −0.006 −0.006 −0.002
(0.004) (0.007) (0.010)

Treated × Placebo × Prod −0.006 −0.002
(0.004) (0.004)

Treated × Placebo 0.000
(0.004)

Week fixed effects 3 3 3

Division × Week-of-Year fixed effects 3

Week × Division fixed effects 3 3

Post-territory-shock period 3 3

Observations 51,497 51,497 51,497 19,689 19,689
Mean turnover probability in Division 1 0.037
p-value on Treated × Post × Prod 0.017 0.081 0.096 0.036 0.040
p-value on Treated × Post 0.482 0.316 0.133

Notes. The dependent variable is an indicator that equals one if it is the worker’s last week at the firm.
The sample includes all current employees in Division 1 and the control divisions with nonmissing data.
Estimates come from a linear probability model that captures changes in the turnover probability for the
existing workforce. Each model includes a fifth-order polynomial for workers’ tenure to account for a
potentially arbitrary baseline relationship between tenure and turnover. Prod refers an agent’s sales
z-score, which is the standardized measure of an agent’s pre-treatment productivity estimated as their
adjusted worker fixed effect according to the procedure in Lazear et al. (2015). For additional details, see
Section 3.5 and Online Appendix B. The specification in column 2 includes division by week-of-year
fixed effects to account for seasonality. The specification in column 3 includes week by division fixed
effects. Columns 4 and 5 use a shortened pre-treatment period that only includes the weeks of data after
the territory shock period. Placebo is an indicator for the date 52 weeks before the treatment date.
Standard errors are clustered by manager (in parentheses). The p-values in the bottom two lines are
computed after clustering by division and applying the wild cluster bootstrap randomization inference
procedure in MacKinnon and Webb (2018). We use the t-statistic version of the procedure that imposes
the null hypothesis.

*p < 0.1; **p < 0.05; ***p < 0.01.
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Taken together, this evidence suggests that highly
productive agents in Division 1 were more likely to
leave the firm in response to the commission schedule
changes, as predicted by managers in the prior lit-
erature (Campbell and Kamlani 1997, Bewley 1998).

We note that, although high performers were more
likely to leave the firm following the change, the
average turnover rate was unchanged. The point
estimates on Treated× Post are not precisely estimated
in any of the specifications. The inability to reject that
the main effects are zero for Division 1 indicates that
overall turnover did not increase among these agents.
Instead, only agents who were highly productive in
the pre-treatment period increased their likelihood
of leaving. This is consistent with the trends in sur-
vival rates, depicted in Figure 4(b). This figure shows
that high performers have an increased likelihood of
quitting (i.e., a decreased survival rate), whereas low
performers have a decreased likelihood of quitting. The
departure of high performers potentially increased
the placement of low performing agents in the selling
efficiency quintiles used to determine commission
rates. Consequently, the implicit contract improved
for low performers with the attrition of high per-
formers, increasing their incentive to stay in the firm.
These offsetting effects provide intuition as towhywe
do not observe a significant average turnover effect
among agents in Division 1.

The results from multiple additional placebo tests
highlight the robustness of our turnover response
estimations. Following Gubler et al. (2018), we per-
form 50 placebo simulations for the turnover response
estimation using randomized treatment groups and
treatment dates over agents. The coefficient for 46 of
the 50 placebos is smaller in size and less statistically
significant than the estimated coefficient. This is ap-
proximately what one would expect from the placebo
tests given the statistical significance of the estimate.
We also repeat this procedure by randomizing treat-
ment over different control divisions. In this setup, our
estimate is larger than all placebo estimates. The re-
sults of these placebo estimates are displayed in Figure
A.2, (a) and (b), respectively.

5.2. Effort Responses

Having found evidence of heterogeneity in the turn-
over of agents in Division 1, we next investigate
whether these agents altered their effort in response
to the commission schedule changes. The first spec-
ifications for estimating the effects of the commission
schedule changes on worker effort are difference-in-
differences regressions with the following form:

yi,t � αi +Divj + Trendj + δ1 Treatedi × Postt( )

+ λt + β1Xi,t + εi,t. (3)

The model includes time (week) fixed effects, λt, and
division fixed effects, Divj. Some specifications in-
clude an individual fixed effect αi, and some include
division-specific time trends, Trendj. To account for
the potential that different trends across divisions
bias the estimates, we check the robustness of our
results by using a propensity score reweighting es-
timator to match control division agents who were
on similar trends as those in Division 1 before the com-
mission schedule changes occurred. This approach
aims to better balance treated and control agents,
based on levels of and changes in compensation over
the entire pre-treatment period.8 In addition, we
verify our results by reducing the sample to a bal-
anced panel of agents who are present in the sample
before July 2016 and after April 2017. This ensures
that we capture variation in agents’ behavior before
and after the commission schedule changes and not
just changes in the composition of workers.9

The results of the difference-in-differences esti-
mations using Equation (3) are contained in col-
umns 1–5 of Table 3.Weuse data from the eightweeks
before and the eight weeks after the commission
schedule changes to estimate agents’ effort responses.
In TableA.3,we show that our results are robust to the
inclusion of all the pre- and post-treatment data.
Panel A of Table 3 contains results for agents’ ad-
herence and shows that, on average, agents in Divi-
sion 1 do not reduce their adherence in response to the
commission schedule changes. We also find negligi-
ble differences in agents’ conversion rates (Panel B).
The null results in Panels A and B are robust to the
inclusion of agent fixed effects (column 2), the in-
clusion of division-specific time trends (column 3),
the use of a reweighting estimator (column 4), and
the use of a balanced panel (column 5). These find-
ings align with the graphical evidence presented in
Figure 5, (a) and (b). They suggest that agents did not
avoid calls nor did they reduce their sales conversion
efforts; that is, we find little evidence of effort ad-
justment after the commission schedule changes.
We further consider changes in agents’ effort by

considering two additional proxies of worker sales
effort, log revenue-per-call if (1) the commission
schedule had not changed (Panel C) and (2) if the
commission schedule had always been at the new
levels (Panel D). In these specifications, we take the
revenue transfer prices as given, based on the respec-
tive commission schedule regime and apply these
pseudo-revenues to the volume of products sold. We
find minimal evidence of changes in log revenue-
per-call at both the old and new revenue levels.10

The positive estimates in Panel D suggest that agents
might have increased effort after the commission
schedule changes, potentially to compensate for income
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they stood to lose. However, this finding is not precisely
estimated in any of the specifications.

We find limited evidence that agents were able to
substantially shift from low- to high-margin prod-
ucts. If workers were substituting to higher margin
products under the new commission structure, we
would have expected to see substantial divergence
between the results using the old and new revenue
schedules in Panels C and D. Instead, both sets of

estimates include 0 in the confidence intervals, sug-
gesting minimal ability to substitute to higher margin
products.11 In some specifications, however, we are
able to reject the null that the coefficients using new or
old prices are the same. Specifically, in columns 1
and 2, we reject equality at the 1% level, and in col-
umn 3, we reject equality at the 10% level. However,
in columns 4 and 5, which use a reweighting proce-
dure and a balanced sample, respectively, we cannot

Table 3. Estimates of Effort Responses

(1) (2) (3) (4) (5) (6) (7)

Panel A: Adherence to schedule

Treated × Post 0.003 0.006 0.025 0.022 0.018 0.029*
(0.009) (0.010) (0.014) (0.019) (0.019) (0.013)

Treated × Post × Prod −0.005 −0.004
(0.005) (0.006)

Observations 8,647 8,647 8,647 7,570 3,979 8,647 8,647

Panel B: Conversion rate

Treated × Post 0.004 0.002 0.010 0.006 0.008 0.016*
(0.007) (0.005) (0.007) (0.008) (0.007) (0.007)

Treated × Post × Prod −0.020*** −0.020***
(0.005) (0.005)

Observations 8,283 8,283 8,283 6,903 3,743 8,283 8,283

Panel C: Log RPC at old prices

Treated × Post −0.025 −0.039 0.005 −0.016 0.005 0.022
(0.031) (0.025) (0.033) (0.036) (0.048) (0.032)

Treated × Post × Prod −0.041 −0.042
(0.024) (0.024)

Observations 9,229 9,229 9,229 7,840 4,126 9,229 9,229

Panel D: Log RPC at new prices

Treated × Post 0.027 0.007 0.027 0.002 0.016 0.046
(0.032) (0.025) (0.036) (0.039) (0.054) (0.035)

Treated × Post × Prod −0.048 −0.049
(0.024) (0.025)

Observations 9,229 9,229 9,229 7,840 4,126 9,229 9,229
Week fixed effects 3 3 3 3 3 3

Agent fixed effects 3 3 3 3 3 3

Division trend controls 3 3 3 3

Week × division fixed effects 3

Reweighted 3

Balanced sample 3

Notes. The sample includes all current employees in Division 1 and the control divisions with
nonmissing data. The models in columns 1–6 include fixed effects for week, division, and office
location. All models include cubic splines for tenure and a cubic polynomial in age. The ordinary
least squares regression in column 1 includes dummies for ethnicity, gender, and marital status. The
specifications in columns 2–7 include individual fixed effects. Columns 3–6 include division-specific
trend controls. The specification in column 4 uses a reweighting estimator based on the propensity score
for being in Division 1 (see Online Appendix C.1). The balanced panel in column 5 restricts to workers
who are present prior to July 2016 and after April 2017. Columns 6 and 7 consider heterogeneous
responses based on worker productivity, and column 7 omits week fixed effects and division-specific
trend controls and instead includes week by division fixed effects. Differing numbers of observations
across panels reflect differences in data availability. The sample used restricts to eight weeks of pre-
treatment data and eight weeks of post-treatment data. The results are similar when all available pre-
and post-treatment data are used (Table A.3). Reported standard errors are clustered by manager.

*p < 0.1; **p < 0.05; ***p < 0.01.
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reject equality at the 10% level. Comparing these
differences, their estimated magnitudes are gener-
ally small.12 Substitution to higher margin products
would have implicitly reduced the magnitude of the
compensation changes experienced by the agents.
As a result, the relationship between the compensa-
tion changes and turnover that we estimate is likely a
lower bound for the turnover that would have ma-
terialized absent product substitution.

A second specification identifies heterogeneous
effort responses across agents, based on their pre-
treatment productivity.13 This specification includes
interactions of productivity pre-treatment Prodi, with
variables in the model in Equation (3):

yi,t � αi + Divj × λt

( )

+ δ1 Treatedi × Postt( )

+ δ2 Treatedi × Postt × Prodi( )

+ β1Prodi + β2 Postt × Prodi( )

+ β3 Treatedi × Prodi( ) + β4Xi,t + εi,t. (4)

Column 6 of Table 3 reports both δ1 and δ2 from
Equation (4), capturing the fact that highly produc-
tive agents may have different effort responses on
some dimensions. Column 7 identifies only the pa-
rameter δ2 by including division-by-time fixed effects
in the model. We do not find a heterogeneous re-
duction in adherence across agents of varying pro-
ductivity levels (Panel A), which suggests that neither
high performers nor low performers responded to the
commission schedule changes by avoiding calls or
disregarding their schedules. In Panel B, we find that
the conversion rates of highly productive agents
decreased, relative to those of less productive agents.
Similarly, the negative coefficients on Treated × Post ×
Prod in Panels C and D suggest that high performers
may have reduced their revenue generation per call,
relative to the average agent, but the effects are not
precisely estimated.

A potential concern with the estimations of pro-
ductivity changes is the possibility of mean rever-
sion, which may be amplified in short time periods.
Several empirical facts suggest a limited role for
mean reversion in the productivity data we present,
but we acknowledge the possibility. First, it is unlikely
that mean reversion drives these results because
Equation (4) accounts for this through β2(Postt × Prodi).
The parameter δ2 on (Treatedi × Postt × Prodi) thus
captures any deviation from natural agent productivity
mean reversion in the postperiod.14 In addition, mean
reversion would likely bias us toward finding sub-
stantial changes in effort because sales in Division 1
began at a higher level than in the control divisions,
and we would thus expect Division 1 sales to fall
under mean reversion. Given the modest size of the
estimated sales reductions, we expect that mean

reversion is unlikely to be driving these results. Taken
together, the results in Table 3 imply that agents of
all productivity levels had rather muted effort re-
sponses to the commission changes.
Finally, none of these results on effort report the

wild cluster bootstrap randomization p-values and
because of the general insignificance of the findings.
Figure A.4 shows placebo tests where we repeat our
effort estimation procedure using different control
divisions as the chosen treated division. As the figure
shows, we cannot reject the null of zero changes in
effort when control divisions proxy for the treat-
ed division.

5.3. Implications for Profitability

Having estimated both the turnover and effort re-
sponses of agents in Division 1, we next estimate the
overall return on investment stemming from the
compensation changes. Although the firm initially
saved money as the result of paying fewer commis-
sions in Division 1, over time, the lost revenue from
high performing agents who left the firm outweighed
the initial compensation savings.
At the outset, the cost savings from the commission

schedule changes looked attractive, saving the firm
about $0.68 in compensation expense per call. Be-
cause turnover was minimal in the first few weeks
after the changes, there was no offsetting reduction
in revenue. However, about two months after the
changes (eight weeks), the workforce composition
effect reduced average revenue-per-call by $0.58
compared with Week 8 labor cost savings of $0.71.
Over time, the decrease in the average revenue-per-
call grew more quickly than the cost savings. About
four months post-treatment (18 weeks) is the inflec-
tion point where the change became unprofitable. Six
months after the changes, the firm’s grossmargin per-
call fell by more than 1.7 percentage points.
To put these numbers into context, we estimate the

total net present value of the commission schedule
change by multiplying the per-call numbers by the
actual number of calls per week. Using just a six-
month horizon, the present value of the commission
schedule changes totaled negative $75,500. We em-
phasize that this estimate likely understates the im-
pact for the firm because we do not include the costs
of training new hires. Additionally, our analysis does
not consider the spillover effects associated with losing
high performers. Previous work has shown that high-
performing employees are an important resource for
raising the productivity of others (Sandvik et al. 2020),
so the loss of highly productive workers likely had a
deleterious effect on long-term productivity, beyond
the six-month horizon. We provide details behind
these NPV calculations in Online Appendix B.4.
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5.4. Commission Schedule Changes, Worker

Sentiment, and Mechanisms

We now turn to additional evidence on the mecha-
nism behind our results. We investigate three dif-
ferent questions regarding whether agents’ sentiment
toward the firm or perceptions of fairness can explain
our findings. Before the announcement of the com-
mission changes in Division 1, we surveyed agents
from all six divisions about their perceptions of firm
fairness, their willingness to give referrals, and their
future promotion prospects. The exact wording of
these questions is provided in Section 3.6. Shortly
after the commission changes, we again surveyed
agents in Division 1 to see how their answers changed.

How do these responses vary over the performance
distribution? Do the highest performers (who even-
tually leave the firm) also have the most negative
responses regarding whether the firm became less
fair? Whether they would be less likely to refer others
to work at the firm? The first row of Table 4 shows no
significant changes in either high or low performers’
perceptions of the firm’s fairness. Instead, the second
row reports that, across all terciles of pre-treatment
productivity, agents reduced their reported willing-
ness to refer others to work at the firm, but the decline
was greatest among high performers. The 19.8 per-
centage point decline of high performers indicates a
substantial reduction in perceived firm quality and is
much larger than the 5.3 percentage point decline
among the lowest tercile of agent productivity. The
third row shows relatively small changes in agents’
perceptions of their own promotion prospects. Based
on these changes in survey responses, fairness chan-
nels have less support as a mechanism because per-
ceived fairness reductions do not load differentially for
the high-performing agents who ultimately leave the
firm. Instead, high-performing agents have the largest

reduced perception of the quality of their current job,
presumably relative to other employment options.
We also investigate whether agents’ turnover and

effort responses varywith differences in pretreatment
survey responses. We use agents’ pretreatment sur-
vey responses, as we lack data on changes over time
for control divisions. Among Division 1 agents where
we can measure changes, Table A.5 shows that those
who had the most positive responses before the
change generally had the largest reductions after the
change for each of the survey questions. We sepa-
rately interact the treatment indicator with indicators
for high firm fairness perceptions, high referral
likelihood, and a belief that promotion is likely. We
continue to find that highly productive workers in
Division 1 increased their turnover rates after the
commission schedule changes, relative to the average
worker in Division 1. We do not, however, find any
significant heterogeneity in treatment effects across
responses to the three survey questions. The estimates
are close to zero and are not statistically significant, as
reported in Table A.6. A similar analysis for agent
effort in Table A.7 reveals no evidence of statistically
significant heterogeneity. Taken together, these re-
sults fail to find differential turnover and effort effects
that function through ex ante proxies for sentiment.
We caution, however, that these latter tests may be

underpowered for ruling out fairness channels. Al-
though the survey evidence finds a limited role for the
fairness explanation, there are several key limitations.
First, agents may not have internalized the impact of
the change at the time of the follow-up survey, be-
cause this survey occurred before the agents’ first
post-treatment paycheck. Second, the response rate of
the follow-up survey is 30%, possibly inducing se-
lection bias. Third, we cannot use changes in senti-
ment as the interactive variable of interest, as only

Table 4. Sentiment Descriptive Statistics

All

Pre-treatment productivity (z-score)

Difference0%–33% 33%–66% 66%–100%

(1) (2) (3) (4) (4)–(2)

∆Fairness Perceptions −1.43 −2.74 −3.92 2.48 5.22
(2.74) (4.35) (5.12) (4.80) (6.48)

∆Referral Likelihood −12.51*** −5.30 −11.52** −19.77*** −14.46**
(2.90) (3.32) (4.85) (5.93) (7.04)

∆Promotion Prospects −0.17** −0.04 −0.33** −0.14 −0.10
(0.07) (0.10) (0.16) (0.12) (0.16)

Agents 70 23 24 23

Notes. This table documents the changes in the self-reported sentiment levels of Division 1 agents from
before to after the commission schedule changes. We split the data based on terciles of pre-treatment
agent productivity. The results of difference-in-means tests between columns 4 and 2 are reported in the
far right column. Standard errors of means are reported in parentheses.

*p < 0.1; **p < 0.05; ***p < 0.01.
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Division 1 agents took the follow-up survey. Finally,
the survey questions about fairness encompass many
aspects of the job and not just pay considerations.
Thus, although workers’ fairness concerns do not
appear to be driving our results, they cannot be de-
finitively ruled out.

5.5. Effects of the Commission Schedule Changes

in Division 2

For expositional ease, we deferred the discussion of
the commission schedule changes in Division 2 until
now. Division 2 changes allow us to test whether our
main findings generalize. We begin our analysis of
Division 2 by discussing the trends in commission
pay levels for Division 2 agents, relative to control
division agents, before and after their commission
schedule changes. We then report the results from
our difference-in-differences analysis of turnover re-
sponses. Finally, we corroborate these findings with
graphical evidence that Division 2 workers increased
their propensity to quit after the commission schedule
changes. We do not consider the effort responses of
Division 2 workers, as data limitations prevent us from
measuring changes in revenue-per-call for this division.

Figure A.5(a) shows the evolution of average com-
mission levels in Division 2 and the control divisions
before and after the changes. As Division 2 agents sell
products to small businesses, their sales and com-
missions are highly cyclical. Taking the average of
Division 2 commissions before and after the change,
commission pay fell from $392 to $309 per week. In
Figure A.5(b), we again overlay a plot of call volume to
show that the observed drop in commissions is not
driven by a decrease in the number of calls.

The commissions change in Division 2 caused the
average turnover rate to double, from a baseline of
0.83% per week to 2% per week (see Table A.8 with a
coefficient of 0.013). Figure A.6, (a) and (b), corrob-
orates the estimates by showing the Kaplan-Meier
survival rates for agents in Division 2, relative to the
control divisions. We do not detect within-division
heterogeneous turnover responses in Division 2 but
note that these agents are highly productive and
highly compensated relative to the rest of the firm.
Division 2 agents come from the right tail of the firm-
wide productivity distribution, resembling the best
agents in Division 1. Highly productive agents in
Division 1 and all agents in Division 2 would have
had similar outside options and similar incentives to
search for other employment after their commission
schedules changed, effectively reducing their take-
home pay. This may explain why we observe a het-
erogeneous turnover effect in Division 1 and an
overall increase in turnover in Division 2.

Our relatively limited data for Division 2 also
prevent us from performing the same NPV calculation

for Division 2 as we performed for Division 1 in Sec-
tion 5.3. The Division 2 compensation changes were
also likely NPV negative in the long-term given the
results from Division 1 and the large increase in at-
trition of Division 2 workers.

6. Concluding Discussion
The strategy and management literature has long
studied the importance of incentive compensation in
attracting and retaining workers, with a focus on top-
talent (Zenger 1992, Campbell et al. 2012, Carnahan
et al. 2012). We extend this literature by showing how
workers of varying ability respond differently to in-
centive compensation changes. Specifically, we study
effort and retention effects associated with a com-
pensation change that reduced overall pay by 7% in
an inbound sales call center.
We find that the most productive workers, those

with pretreatment productivity one standard devia-
tion above the mean, increased their turnover like-
lihood by between 40% and 56%. By contrast, other
employees had minimal responses to the compen-
sation changes. Apart from the attrition of high
performing workers, we find limited changes in ef-
fort, sales revenue, and other on-the-job performance
measures. The increased attrition of the most pro-
ductive employees took several weeks to manifest,
and we find no evidence that ex ante worker senti-
ment about their jobs or the firm drove the increase in
turnover. Instead, highly productive workers likely
left the firm on securing more attractive outside op-
tions, whereas their less productive peers were un-
able, or unwilling, to do so.
We find that the compensation change was ulti-

mately unprofitable over the long-term. The change
allowed the firm to reduce their payroll expenses, but
revenues decreased because of the subsequent de-
parture of highly skilled workers who were replaced
by less experienced and less productive workers.
Given that measured effort and productivity for re-
tained workers did not change—although separation
of highly skilled workers occurred with a lag—analysis
of average turnover rates alone, or looking at a rel-
atively narrow time window, would have incorrectly
concluded that the changes were profitable. Com-
bined, these results highlight the importance of (pa-
tiently) measuring responses across the productiv-
ity distribution when one evaluates the net effects
associated with incentive changes and—more gen-
erally—human resource management changes.
Although our study firm provides an ideal setting

to estimate heterogeneous worker responses to a com-
pensation change, there remain important questions that
we are unable to answer. First, our data are only from
one firm, which limits our ability to determine whether
employees who leave are making optimal decisions.
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This is especially important in light of the firm-specific
comparative advantage that employees would lose by
leaving (Groysberg et al. 2008). Second, there are open
questions about the role of performance pay in lim-
iting employee effort responses. The extant literature
on responses to compensation changes has largely
focused on fixed or hourly wages (Fehr and Falk 1999,
Dickson and Fongoni 2019) and generally finds that
workers reduce output after compensation reduc-
tions. By contrast, workers in our setting incurred an
adverse change to their performance pay, which po-
tentially explains the limited effort response in our set-
ting. We conjecture that the lack of observed effort
changes stems from a combination of income effects,
income targeting, or reference points (Mas 2006). Al-
though we are unable to precisely isolate these mecha-
nisms with the variation available in our setting, better
understanding these mechanisms is important because
of the growing share of workers receiving performance
pay (Lemieux et al. 2009).

Our work also addresses the microfoundations of
downward nominal wage rigidity. By linking com-
pensation changes with heterogeneous worker re-
sponses, our findings validate earlier surveys and
interviews wherein managers report that the fear of
losing top talent constrains them from adjusting
compensation downward (Campbell and Kamlani
1997, Kahn 1997, Bewley 1998).

Prior research has shown that contextual framing
and communication matters for how individuals re-
spond to changes in their environment (Kahneman
et al. 1986, Chen and Horton 2016, Englmaier et al.
2017). Future studies might consider how workers’
responses to externally motivated events might vary
compared with the within-firm motivations exam-
ined here (e.g., pandemics or business cycle shocks, as
examined in Mascarenhas and Aaker 1989). A second
area of future study is to apply our results more
generally to the study of monopsony in the labor
market. Existing studies tend to take the existence of a
limited labor supply elasticity facing an individual
firm as evidence that the firm can exercise labor
market power. Given our results on worker hetero-
geneity, more work is needed to understand the
conditions under which firms may exercise labor
market power, or the contracts they would need to
write with different workers in order to do so.

Our findings have two direct implications for
managers. First, high performing employees are the
most sensitive subgroup to adverse compensation
changes. Therefore, although compensation changes
may reduce payroll costs across all impacted em-
ployees, retention risks—and the subsequent costs—
are greatest among top performers. This finding
suggests insulating the most productive employees
from adverse pay changes may be beneficial, albeit

more research is required to understand the potential
adverse effects of workplace inequality. Second, the
presence of performance pay may limit negative, on-
the-job responses to adverse compensation changes
via income effects, suggesting a potential pathway
to avoid previously observed forms of behavioral
and sentiment-driven reactions to adverse compen-
sation changes.
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Endnotes
1Upstream service providers pay the firm for every sale in accordance
with set contracts, which leads to the top-line revenue generated for
the firm. All use of the term revenue in this paper refers to the transfer
prices the firm uses to incentivize agents.
2Every agent has a fixed number of calls audited each week. If any
conduct violations are identified, the agent’s weekly commission rate
is reduced. Selling efficiency is based on revenue-per-call (RPC) and
revenue-per-hour (RPH). Being in higher quintiles of RPC and RPH
increases an agent’s commission rate.
3Although schedule adherence is tracked by the firm, agents are only
penalized if their adherence level dips below a threshold of 80%, and
the average pre-treatment adherence level among Division 1 agents
was 83%.
4We cannot separate changes in sales from changes in effort in Di-
vision 2 because we lack product-level data with revenue transfer
prices before and after treatment.
5Our results are little changed when using lower order polynomials,
as shown in Table A.2.
6There is now a significant amount of literature that addresses these
issues, and applied papers have generally used some version of the
wild cluster bootstrap to get valid confidence regions. See, for ex-
ample, Lazear et al. (2016). This estimator has been shown to perform
well in simulations and avoids problems of over-rejection that are
often endemic when there are few clusters.
7Heterogeneous responses can be estimated using division-by-time
fixed effects without appealing to common trends across divisions.
Themaintained assumption here is common trends between different
groups within each division. Figure A.1, (a) and (b), plots the evo-
lution of within-division differences in performance by worker pre-
treatment productivity, suggesting the validity of common trends
within division.
8The details of this reweighting procedure are provided in Online
Appendix C.1. Figure A.3, (a) and (b), displays the weighted and
unweighted measures of log commissions-per-call and log com-
missions, respectively.
9Our estimation of changes in worker effort are conditional on the
worker remaining at the firm. As turnover takes time to happen,
however, we observe almost all treated workers with at least some
sales data in the post-treatment period. The inclusion of agent fixed
effects also partially addresses the concern that attrition could af-
fect our measures of employees’ effort responses. Importantly, the
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turnover responses that we discussed in Section 5.1 emerge several
weeks (at least six) after the commission schedule changes occurred.
We would expect effort responses to manifest much earlier, so it is
unlikely that our estimates of effort responses are driven by abnor-
mal attrition.
10Our results are qualitatively unchanged when we measure pro-
ductivity as revenue-per-hour rather than revenue-per-call. The call-
based metric is the firm’s focal measure and is more salient to sales
agents and their direct supervisors, which is why we focus on it. The
time-based metric provides an interesting complement to this mea-
sure. Panels A and B of Table A.4 use the logarithm of revenue-per-
hour as the dependent variable and report similar estimates as those
in Table 3, suggesting a limited time-spent-per-call response to the
compensation changes. This evidence aligns with the fact that agents
have a limited capacity to control the total number of calls received
each week. Panels C and D of Table A.4 use level RPC as the de-
pendent variable.
11 Similarly, we may expect that productivity would immediately
decline as people learn to allocate effort and game new incentive
plans (Obloj and Sengul 2012). In our setting, however, it is difficult to
disentangle learning and other time trends because the compensation
changes impacted all eligible agents simultaneously.
12Therefore, the commission adjustments likely did not alter the
firm’s per-call unit economics, because of a substantial change in the
composition of products sold. Additionally, these results are not
driven by spillovers or reactions by agents in the control division, as
discussed in the Online Appendix C.2.
13The heterogeneous treatment effects are based on standardized
measures, so the average worker will have an effect that is captured
by Treated × Post because the productivity average is zero. The
interpretation for other workers requires multiplying by their pro-
ductivity, which has a mean of zero and standard deviation 1, so the
coefficients on these interactions reflect the effect of a standard de-
viation change around the mean.
14The relative reduction in the conversion of high performers is
unlikely to be driven by mean reversion. Adjusted worker fixed
effects—used to distinguish between high and low performers—are
established using pre-treatment data up to four weeks before the
changes occurred. The average conversion of agents in each of the
three terciles of adjusted worker fixed effects increased from
the weeks before this cutoff to the weeks after, suggesting mean
reversion is not a likely cause of our findings. For example, top tercile
agents in Division 1 had average conversion in September 2016 of
35%. In October, after the adjusted worker fixed effects had already
been measured, this average increased to 37%. Across this same time
horizon, bottom tercile agents maintained an average conversion of
29% andmiddle tercile agents increased their conversion from 32% to
33%. We cannot, however, disentangle whether changes in RPC and
conversion rates are because of decreased effort or because of highly
productive agents losing sales as the result of aggressively trying
to upsell.
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