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Abstract

When implementing a pay for performance (P4P) scheme, designers must
decide to whom the financial incentive for performance should be directed.
This paper compares department level hospital reported performance on the
Danish Case Management Scheme at hospitals that did and did not redis-
tribute performance payments to the department level. Across a range of
models we find that hospital reported performance at departments that op-
erate under a direct financial incentive is about 5 percentage points higher
than performance at departments at hospital where performance payments
are not directly redistributed to the department level. This result is in line
with the theoretical expectations but due to the non-experimental design of
the study, our results only have a causal interpretation under certain assump-
tions discussed in the paper.
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1. Introduction

Pay for performance (P4P) schemes that link a proportion of health care
providers’ income to their performance on quality indicators are becoming
the preferred instrument for third-party payers wishing to incentivise higher
quality of health care. Although P4P has a high face validity, the evidence of
the effectiveness of such schemes in improving quality remains mixed (Rosen-
thal and Frank, 2006; Mehrotra et al., 2009; Eijkenaar et al.). Designers of
P4P schemes face a multitude of design choices (Ryan, 2009; Van Herck et al.,
2010; Maynard, 2012; Eijkenaar, 2013) and the key importance of these de-
sign choices in determining the effectiveness of P4P schemes has recently
been emphasised (Epstein, 2012; Roland, 2012). Knowledge of the effect of
these design choices on performance is still limited and more empirical evi-
dence on the impact of specific design choices has been called for (Van Herck
et al., 2010; Maynard, 2012; Epstein, 2012; Eijkenaar, 2013).

This paper is concerned with one of the design issues highlighted by the
literature, namely to which organisational level financial performance incen-
tives should be directed. Although individual-level incentives has a high level
of accountability, due to the joint production nature of health care group-
level incentives are typically preferred in health care where the performance
of individuals may be impossible or prohibitively costly to identify or can
lead to unintended effects (Duckett, 2008; Van Herck et al., 2011; Eijkenaar
et al.). In a hospital setting, hospitals have the choice of keeping performance
payments at the hospital level or redistribute performance payments within
the hospital (Ryan, 2009).

The aim of this paper is to assess whether redistribution of performance
payments to the department level is associated with higher performance than
keeping performance payments at the hospital level with no explicit redis-
tribution to departments. Our performance indicator is hospital reported
performance on the The Danish Case Management Scheme (DCMS) mea-
sured by registrations in the patients’ medical records. Our work is thus
related to Sutton et al.’s (2010) work on ’record rewards’. Sutton et al. in-
vestigated the effect of the financial incentives for recording patient’s risk
factors such as blood pressure and smoking status embedded in the UK P4P
scheme for primary care the Quality and Outcomes Framework. Sutton et al.
found that incentivising the recording of risk factors significantly increased
recording efforts with positive spill overs to unincentivised areas. Focusing
on general practices, Sutton et al. did not consider the effect of paying for
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performance at different organisational levels.
Our work is also related to the literature that has analysed the difference

between rewarding individual physicians and teams. Town et al. (2004) and
Conrad and Christianson (2004) considered the theoretical aspects of the
issue. Newhouse (1973) tested the difference in overhead costs and hours
worked for physicians who did and did not work under a revenue sharing
scheme. He found significantly higher costs but a small and statistically
insignificant decrease in hours worked for physicians in revenue sharing prac-
tices compared to physicians who did not share revenue. Prendergast (1999)
notes that as Newhouse’s study is cross-sectional, selection effects might ex-
plain the revealed pattern. Gaynor and Gertler (1995) found that revenue
sharing in medical groups significantly reduced physician effort. Again, the
conclusions are drawn on the basis of cross-sectional data, and there may be
other explanations for Gaynor and Gertler’s result. Reviewing a large body
of literature, Van Herck et al. (2010) conclude that incentive schemes directed
toward individuals or teams generally have a larger effect than programmes
directed at hospitals. However, this conclusion is derived on the basis of
studies assessing different programmes in different contexts, and other fac-
tors may explain the apparent difference in performance.

Our estimand of interest is the difference in performance at hospital de-
partments where performance payments are redistirbuted directly to the
department level versus performance at hospitals that do not redistribute
payments to lower organisational level. Using a variety of difference-in-
differences estimators to account for the nature of our data and the non-
experimental introduction of the P4P scheme we find that hospital reported
performance was on average 5 percentage point higher at hospital depart-
ments facing a direct financial performance incentive.

We proceed by briefly describing the setting of our study. We then gener-
ate a working hypothesis on the basis of an analytical framework and discuss
our study design, data and methods used. We then present our results and
end with some concluding remarks and a discussion of the generalisability
and limitations of our findings, especially a discussion of when a causal in-
terpretation of our findings is valid.

2. The Danish Case-Management Scheme

Since 2001, through an agreement between the Danish government and
the Danish Association of Counties (now regions), all inpatients and outpa-
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tients in long-term treatment have had the right to a case manager. The
assigned case manager must be a member of the team of health care profes-
sionals treating the patient and may either be a physician or, more likely,
a nurse. The stated objective of providing all patients with a case manager
is to improve the quality of treatment by improving continuity of care and
increasing patients’ feelings of safety (Ministry of Finance, 2004). It is the
case manager’s task to maintain an overview of the patient’s treatment, se-
cure coordination and continuity and act as a liaison between the hospital
and the patients and their relatives.

Patients self-reporting a case manager also report being more satisfied
with the hospital staff’s level of knowledge on the patient’s course of illness.
These patients experience a more coherent patient course, less unnecessary
waiting time during their admission, and greater satisfaction with their level
of involvement in decision-making than patients who do not report having
a case manager (The Unit of Patient-Perceived Quality, 2009). However,
as suggested by Hasnain-Wynia and Jean-Jacques (2009), more research is
needed into the relationship between patient-centered care and clinical out-
comes.

In 2009, assigning case managers to patients became a legal requirement in
Denmark. In addition, the provision of case managers to patients has become
part of the Danish national health care quality accreditation programme(The
Danish Institute for Quality and Accreditation in Healthcare, 2011).

In 2004, quarterly monitoring of hospital’s performance on the Danish
case management scheme (DCMS) was initiated. Adherence to the perfor-
mance scheme is measured by what is known as the medical record indicator.
This is a process indicator measuring the extent to which, according to a
note in patients’ medical record, hospitals have assigned case managers to
patients. In the following we shall refer to this measure as hospital reported
performance (HRP)

The P4P scheme analysed in this paper was introduced in the region of
Southern Denmark in 2009. This scheme distributes 8m DKK ≈ 1.1m EUR
to the 4 hospitals in the region according to the hospitals’ absolute perfor-
mance on the DCMS. Payments are based on HRP and are disbursed to the
hospitals on the basis of the mean score of the hospital’s first three quar-
terly performance assessments. The maximum attainable amount differs for
each hospital according to the production value as measured by the diagno-
sis related group (DRG) system. Payments are distributed according to the
degree to which hospital performance is above or below certain thresholds
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Table 1: Bonus Allocation Rules in the regional P4P scheme

HRP H 1 H 2 H 3 H 4

Above 97.5 3.607 1.990 1.196 1.206
95.0–97.49 3.006 1.659 0.997 1.005
92.5–94.99 2.605 1.437 0.864 0.804
90.0–92.49 1.804 0.995 0.598 0.603
87.5–89.99 1.202 0.663 0.399 0.536
85.0–87.49 0.601 0.332 0.199 0.469
82.5–84.99 0.000 0.000 0.000 0.402
80.0–82.49 −1.804 −0.995 −0.598 0.335
77.5–79.99 −3.607 −1.990 −1.196 0.268
75.0–77.49 −3.607 −1.990 −1.196 0.201
72.5–74.99 −3.607 −1.990 −1.196 0.134
70.0–72.49 −3.607 −1.990 −1.196 0.067
67.5–69.99 −3.607 −1.990 −1.196 0.000
65.0–67.49 −3.607 −1.990 −1.196 −0.603
Below 65 −3.607 −1.990 −1.196 −1.206

Note: Bonus/penalty in DKK (100DKK≈)13.4 EUR) per hospi-
tal(H) for different performance levels. Payments were redistributed
to the department level at hospital 2 and 4

(see Table 1). These performance goals was set by the region.
Three of the hospitals in the region receive payments if the HRP score

is above 82.5-84.9 percent. For performance below this level the hospitals
must pay a fine of up to the same amount as the hospital maximum reward.
Each step is equal to a 2.5 percentage point performance increase. The
maximum payment is received for performance of 97.5 percent or above.
For the largest hospital, this amounts to 3.6m DKK ≈ 0.5m EUR. One
hospital (H4) which scored significantly lower on the MRI in 2008, has a
special allocation rule with a lower performance payment threshold at 67.5-
69.9 percent. The potential performance payments make up a only a tiny
fraction of the hospital budget (the average hospital budget size in the region
was 3bn DKK in 2010) and is given to the hospitals without restrictions on
use. Hospitals are for example free to redistribute performance payments to
the department level. Two of the four hospitals in the region chose to do
so. The decision was hospital wide and thus exogenous to the department

5



Figure 1: Measured performance by hospital and redistribution scheme
Quaterly mean department level performance for hospital derpartments to which per-
formance payments are and are not redistributed. The red vertical line indicates the
introduction of the P4P scheme. The lines are connected through a data breakage (due to
a hospital worker strike) in the second quarter of 2008
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level which is our unit of analysis. However, as we are unable to observe
the basis on which hospitals chose to redistribute performance payments to
the department level, our results will potentially suffer from endogeneity bias.
We return to this issue later. The performance payments could be used at the
hospital departments discretion but was not used as salary/bonus payments
to individual members of staff.

Figure 1 displays HRP on the case management scheme for hospital de-
partments in the region under study from 2007-2010. The blue dashed line
displays the mean performance at the two hospitals where hospital depart-
ments were given a direct financial incentive when the P4P scheme was estab-
lished. The red dot-dashed line represents departments at hospitals where the
performance payments were maintained at hospital level. HRP follow sim-
ilar trends in both types of hospitals before the introduction of the scheme
and goal attainment has increased over time. After the introduction of the
scheme (indicated by the vertical line) the increase in performance appears
to be stronger in the group that received payments at the department level.
The group that did not receive direct incentive payments was closer to max-
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imum performance at the outset. Thus, additional performance increases
may have been more difficult.

The goal of the rest of this paper is to establish whether differences in
the organisational level of payment in the P4P scheme is associated with
differences in hospital reported performance on the DCMS

3. Analytical framework

A framework for our analysis may be found in the agency literature on
team production. Alchian and Demsetz (1972) pioneered this literature by
describing the problem of joint production as one in which the outcome is
non-separable; that is, the individual’s marginal contribution to the outcome
cannot be identified or is prohibitively costly to identify. Holmström (1982)
described the problem as one of free-riding, when risk-averse agents to whom
effort is costly exert insufficient effort when individual performance is not
monitored, and output is shared equally among the agents. For that reason,
the problem has also been described as the 1

N
problem (Prendergast, 1999).

In the DCMS, performance is measured at an aggregated level—either
the hospital or the department level. The total output can be seen as the
performance payments to the level at which performance is measured.

In the illuminating presentation of the 1
N

-problem by Kandel and Lazear
(1992) the total output is seen as a function of the indivdual effort of N
identical hospital employees, ei ≥ 0, denoted f(e) which is assumed non-
separable in ei and where e is an N -dimensional vector of each employee’s
effort. The output is assumed distributed equally between the employees so
that each employee wishes to maximise

max
ei

f(e)

N
− C(ei) (1)

where C(ei) is the cost of effort assumed to be increasing in ei at an
increasing rate with first and second order derivatives: Cei > 0 and Ce2i > 0.

Compare this to the hospital’s or department’s maximisation problem
focusing on total output:

max
e1,e2,...,eN

f(e) −
N∑
i=1

C(ei) (2)
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The classical free-riding problem arises because performance is measured
at the organisational level and the total performance payment is not dis-
tributed according to individual effort, but shared equally among the em-
ployees. Each worker bears the full costs of his own effort, but receives only
a fraction of the performance payments.

Barua et al. (1995) show that the effort level that solves the organisation’s
maximisation problem e∗i must be greater than the effort level that solves the
individual’s maximisation problem e

′
i under the assumption that fei(e) > 0

and fe2i (e) > 0 when Ce2i > 0.
Adams (2002) point out, that whether worker i’s effort level decreases in

N depends on whether fei is constant in N . For example, effort levels would
decrease in N if the production function is additive. If, on the other hand,
the employee’s effort levels are complementary, then the opposite might be
true. In the case of recording case managers in patients’ medical records,
we find additivity a reasonable property to assume about the production
function, as worker i’s recording of case managers is an activity that should
be independent on the effort levels of other workers. For that reason we
expect the risk of free-riding to increase with team size.

Kandel and Lazear suggest peer pressure as a remedy for the free-riding
problem. Knowing that their expected output depends on the effort of their
colleagues, employees may monitor their co-workers to secure that they put
in a sufficient level of effort.

Kandel and Lazear define the expected penalty of being caught shirking
by a coworker a function of the effort agent i puts forward, and the monitoring
level of his co-workers. Thus, peer pressure adds a costsly monitoring effort
into agent i’s cost function.

Kandel and Lazear conclude that whether effort decreases or increases
in N depends on the actual shapes of the production function and the peer
pressure function. In their subsequent discussion, Kandel and Lazear also
suggest that the possibility of being caught shirking in a company is likely to
decrease in N. However, as pointed out by Backes-Gellner et al. (2004), this
does not follow directly from the Kandel-Lazear model. Backes-Gellner et
al.’s extension analyses the relationship between peer pressure and team size
with the goal of investigating the joint effect of free-riding and peer pressure
given a specific team-size. Under the assumptions that the probability of
being caught shirking increases in N because monitoring increases effort but
at a decreasing rate and the individual cost function is independent of N , an
effort function that is concave in N , and the existence of an optimal N that
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maximises effort level, they suggest that the peer pressure effect dominates
the free riding effect for small team sizes. In their model, for team sizes above
the optimal size, N∗, the free riding effect will dominate the peer pressure
effect, and effort will decrease in N for N > N∗.

3.1. Hypothesis

The team production literature proposes that when agents receive only a
fraction of a jointly produced output and individual performance is thus not
rewarded, there is a risk of free riding. Under assumptions that adequately
describe the DCMS, the problem is likely to increase with team size. Al-
though peer monitoring has been suggested as a remedy, the effectiveness of
this tool might decrease as team size increases, because the free-riding effect
will dominate the effect of peer pressure for teams above a certain size.

Against this background we hypothesise that redistribution financial in-
centive for performance to the department level is associated with higher
performance than keeping performance payments at the hospital as an or-
ganisational unit. Even if the achievable reward faced by each agent is the
same in the big N and the small N case, we expect higher performance in
the small N case, as the ability for each agent to monitor the effort levels of
the other agents is larger in the case of smaller teams.

4. Data

Our dataset is an unbalanced panel of 94 hospital departments from the
four hospitals in the region of Southern Denmark. We have quarterly ob-
servations of HRP, our dependent variable, at the department level from
2007-2010. The mean numbers of departments that submitted quarterly
performance data at each of the four hospitals were 32, 21, 17 and 12.

At the department level, the basis for each observation of HRP is a mini-
mum of 15 randomly drawn medical records from the patient administrative
systems in each hospital department. The variable is defined as

HRPit =
yit = 1

nit
, (3)

where yit = 1 denotes medical records where the assignment of a case
manager has been recorded, and nit is the number of random draws from
department i at time t.
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Table 2: Mean performance on the case management scheme by hospital and year
Mean performance in pct. at the 4 hospitals. P4P was introduced from 2009. Hospital 2
and 4 redistributed performance payments to the department level

Year
Hospital 2007 2008 2009 2010 Total

Hospital 1 78 85 87 92 86
Hospital 2 65 83 84 93 81
Hospital 3 78 87 92 97 89
Hospital 4 50 73 82 92 75
Total 71 83 87 93 84

Table 2 below displays the mean performance aggregated at the hospital
level over time and the number of observations per hospital per year. It can
be seen that the number of observations is lower for all hospitals in 2008.
This is due to a nation wide strike among hospital employees, which means
that there are no observations for the second quarter of 2008.

5. Empirical strategy

To assess the difference in performance associated with redistributing
performance payments directly to the department level we begin with a dif-
ference in differences model.

Our dependent variable is the hospital reported performance on the DCMS
HRPit (defined in the previous section) in department i in quarter t. A
dummy variable D1

jt takes a value of 1 for hospital departments at hospitals
that redistribute performance payments to the department level from 2009,
and another dummy variable D2

jt indicates whether an observation is from
this period. We further include hospital fixed effects (uh) and year fixed
effects (vy):

HRPit = α + τD1
jtD

2
jt + uh + vy + εjt. (4)

Our primary interest is in the estimate of τ which is the difference in
mean HRP at departments with and without a direct financial incentive for
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performance after the P4P scheme was introduced.

5.1. Estimation issues

5.1.1. Fractional dependent variable

Because 0 < HRPit < 1, the effects of any explanatory variable cannot be
constant across all values. In addition, OLS on an untransformed dependent
variable may lead to predictions of MRI outside of the [0,1] interval. For this
reason, we assume a logistic distribution so that

HRPit = Λit(x
′
itβ) + εit = πit + εit. (5)

This can be estimated with OLS after performing a logit transformation,
taking the log of odds:

ln

(
HRPit

1 −HRPit

)
= x′itβ. (6)

A non-trivial proportion of the observations display a goal attainment of
0 or 100 percent. In that case, (6) does not hold because the natural loga-
rithms for 0 and 1 are undefined. A possible solution, advocated by Greene
(2000), is to modify the dependent variable by subtracting/adding 0.001 to
the HRP to make logit transformation possible and avoid losing observations.
Alternatively, Papke and Wooldridge (1993, 1996, 2008) suggest estimating a
quasi maximum likelihood model using the generalised linear model (GLM)
framework instead.

We apply the generalised linear model (Nelder and Wedderburn, 1972;
McCullagh and Nelder, 1989; Hardin and Hilbe, 2007) and follow Papke and
Wooldridge’s suggestion for estimating proportions by assuming a binomial
distribution and a logit link function. This approach ensures that the pre-
dictions are within the [0,1] range and has the additional benefit of allowing
for the inclusion of observations in which MRI takes the value 0 percent or
100 percent without any manipulation of data.

5.1.2. Heteroscedastic error term

The variance of the error term is heteroscedastic because it depends on
the denominator of the proportions, n:

Var[εit] =
1

nitHRPit(1 −HRPit)
. (7)
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To address this issue we apply Berkson’s minimum chi-square estimator
through weighted least squares. In the first step, we estimate the ˆHRPit as

ˆMRIit =
exp(x′itβ̂)

1 + exp(x′itβ̂)
(8)

In the second step we perform the regression again, but this time, we use
analytical weights, defined as

nit ˆHRPit(1 − ˆHRPit). (9)

5.1.3. Unobserved heterogeneity

The panel nature of our data allow us to control for unobserved department-
specific heterogeneity. In a fixed effects (FE) model, the department level
effects are allowed to be correlated with the explanatory variables. The model
is less efficient than the random effects (RE) model which is as consistent
as the FE model if the stricter assumption of no correlation between the
department level effects and the explanatory variables holds. As we have
no reason to suspect correlation between the department level effect and the
explanatory variables we use a Hausman test to guide our choice between a
fixed and random effects and use the more efficient RE model as this was not
rejected by the Hausman test.

In the GLM case, we rely on an extension of the GLM for panel data
using a generalised estimating equations (GEE) estimator which requires the
same assumption of no correlation between the unobserved department effect
and the explanatory variables as the random effects model (Liang and Zeger,
1986; Papke and Wooldridge, 2008).

5.1.4. Potential endogeneity

The decision to redistribute performance payments to the department
level was taken by the hospital. Although exogenous at the department level
(hospitals used the same incentive scheme for all departments, and the de-
partments were not asked about which payment scheme the preferred) there
is a potential risk of biased estimates due to endogeneity. We do not ob-
serve the basis on which the hospitals made their decision, but in an attempt
to address the issue, we include past department-level performance in some
regressions, but only up to the time that the P4P scheme was introduced.
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5.1.5. Interaction terms in non-linear models

Our central estimate of interest τ is the interaction of two dummy vari-
ables (time and group). As highlighted by Ai and Norton (2003), the sign
and statistical significance of an interaction term in a non-linear model can
be different for different values of the explanatory variables. We thus supple-
ment our estimates by calculating the cross-partial derivative of the expected
value of HRP. Following Norton et al. (2004), in the case of two dummy vari-
ables, the cross-partial derivative of the expected value of HRP is the discrete
double difference defined as:

∆2F (u)

∆D1∆D2
=

1

1 + e−(τ+uh+vy+x′β)}−
1

1 + e−(uh+x′β)
− 1

1 + e−(vy+x′β)
+

1

1 + e−(x′β)
,

(10)
where F (u) is the conditional mean of the HRP:

F (u) =
1

1 + e−(τ+uh+vy+x′β)
. (11)

We calculate the statistical significance of this value using the Delta method1,
and plot the size and significance of the department level effect against pre-
dicted performance.

6. Results

6.1. Performance increase in departments subject to a direct financial icen-
tive

The estimation results are shown in Table 3. In all of the models, the sign
of the coefficient measuring the difference in performance between hospital
departments with and without a direct incentive for performance is positive
and statistically significant. We refer to this difference as the incentive effect,
but discuss when this effect should be given a causal interpretation in the
next section.

In all but the first model which uses the untransformed dependent vari-
able, the reported coefficients are the log relative odds. These are non-trivial
to interpret because the coefficients do not simply represent the change in
the MRI for a discrete change in the variable but depend on the values of

1Both implemented using Stata’s nlpredict
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the explanatory variables. For that reason we also present the average par-
tial effects (Greene, 2011; Wooldridge, 2002) which are comparable across
models.

Model 1 uses OLS on the untransformed MRI to estimate the effect of
redistributing performance payments to the department level. According to
this model, the increase in performance resulting from directing incentives
to the department level compared to the hospital level is approximately 7
percentage point.

Because performance on the MRI is bound between 0 percent and 100
percent, we move to a logistic scale from model 2 and onward. Model 2
is also estimated using OLS but it employs the logit transformed dependent
variable. This yields a slightly small estimate of the difference in performance
between departments with and without a direct performance incentive. When
we control for unobserved heterogeneity at the department level using an RE
model in model 3 there is a further decrease in the estimated difference in
performance.

Model 4 represents our attempt to control for potential endogeneity in the
decision to redistribute performance payments to the department level. We
use the same specification as model 2 but add the lagged department-level
performance that takes the values of MRIit−1 before the introduction of the
P4P scheme and 0 afterwards. This inclusion explains the lower number of
observations. The inclusion of lagged performance in Model 4 seems to lead
to lead to biased estimates.

Model 5 is the Berkson minimum chi-square estimator, using a weighted
least squares model to address the heteroscedastic error term arising from the
fact that the dependent variable is a ratio for which the sample size nit varies
between observations. As expected this leads to an increased precision of the
estimates and an estimate of τ within the range of the previously estimated
models.

Finally model 6 and 7 represents our attempt to to deal simultaneously
with the limited dependent variable, potential heteroscedasticity, endogene-
ity and in model 7 also heterogeneity. In model 6 we use a GLM model with
a binomial distribution of the dependent variable and a logit link and model
7 is the estimates from the GLM equivalent of a RE model, the population-
averaged panel data model. Again we find an estimated increase in perfor-
mance from redistributing performance payments directly to the department
level of about 5 percentage points.
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Table 3: Results
(1) (2) (3) (4) (5) (6) (7)

OLS untrnsf. OLS RE OLS Berkson’s MCS GLM Pop. avg. GEE

Dept. Level Incentive (DLI) 0.069∗∗ 0.836∗∗ 0.702∗∗ 2.430∗∗∗ 1.314∗∗∗ 1.139∗∗∗ 0.950∗∗∗

(2.65) (2.70) (2.45) (7.50) (8.90) (5.75) (5.35)

2009-2010 0.110∗∗∗ 1.324∗∗∗ 1.370∗∗∗ 0.359∗∗ 0.378∗∗∗ 0.414∗∗∗ 0.553∗∗∗

(6.85) (6.04) (6.51) (2.57) (3.54) (3.84) (4.67)

Hosp. 1 0.009 0.273 0.0736 −0.0166 −0.123 −0.195 −0.149
(0.33) (0.65) (0.17) (−0.06) (−1.05) (−1.62) (−0.93)

Hosp. 2 −0.0371 −0.455 −0.708∗ −0.293 −0.0784 −0.231 −0.252∗

(−1.24) (−1.15) (−1.75) (−1.12) (−0.58) (−1.61) (−1.71)

Hosp. 4 −0.139∗∗ −1.381∗∗ −1.390∗∗ −0.927∗∗ −0.564∗∗∗ −0.645∗∗∗ −0.655∗∗

(−3.34) (−2.60) (−2.45) (−2.41) (−5.27) (−4.78) (−2.87)

Lag performance 0.566∗∗∗ 0.366∗∗∗ 0.353∗∗∗ 0.261∗∗∗

(14.16) (15.14) (7.93) (6.02)

Constant 0.788∗∗∗ 2.196∗∗∗ 2.426∗∗∗ 1.400∗∗∗ 1.003∗∗∗ 1.029∗∗∗ 1.102∗∗∗

(37.08) (7.96) (8.40) (6.34) (10.96) (9.71) (8.44)

APE (DLI) 0.069∗∗∗ 0.053∗∗ 0.041∗∗ 0.15∗∗∗ 0.075∗∗∗ 0.055∗∗∗ 0.047∗∗∗

R2 0.191 0.143 0.142 0.334 0.448
Adj. R2 0.188 0.139 0.331 0.444
AIC −829.4 5680.1 4471.1 . 7848.7
ρ 0.412
N 1233 1233 1233 1042 759 1042 1042

Note: t/z statistics in parentheses. Estimation on department-quarter data with department cluster robust standard errors. Dep. variable
logit transformed if nothing else stated. APE (DLI) is the average partial effect of the department level incentive. For model 3, a Hausman
test did not reject the use of a random effects model, and the overall R2 is presented.
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.001

6.2. Heterogeneous effect estimates

We now follow the presentational approach suggested by Ai and Norton2

and plot the interaction effect (Figure 2), the interaction effect divided by
predicted performance (Figure 3) and the z-value against the predicted per-
formance (Figure 4). All graphs are based on model 7 in Table 3, but we
have verified the results in the other models, which produce similar results.

Figure 2 displays the interaction effect as a function of predicted per-
formance. It can be seen that for hospital departments with low predicted
performance, redistributing performance payments to the department level
has the lowest absolute impact although it is still positive. The impact in-
creases as predicted performance increases and is the largest for departments
with predicted performance between roughly 70 and 90 percent. The four
”arms” of the prediction arises from our inclusion of hospital fixed effects
and a time dummy. For hospital departments with a predicted performance
between 90 and 100 percent the absolute effect of targeting the financial

2The additional suggestions for analysing interaction effects in non-linear models in
Greene (2010) is more relevant in models with continuous variables and we ignore it in
this paper.
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Figure 2: Department level incentive effect against predicted probability
Estimates from a population averaged GEE model. Department level effect calculated as
suggested by Norton et al. (2004). See the text for details.
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incentive at the department level again decreases.
Figure 3 shows the effect of a direct department-level incentive relative to

predicted performance. This figure shows that relative to predicted perfor-
mance, a direct, department-level incentive has the largest relative effect for
departments with low predicted performance and the relative effect decreases
with predicted performance.

Figure 4 displays the z-statistics against predicted performance and demon-
strates that although statistically significant for all departments, the effect of
the department-level incentive is strongest for a hospital departments with
average performance. Again, the multiple series arises from the hospital and
time dummies included in the model.

In summary, the examination of the effect of a department-level incentive
across departments confirms that the effect of targeting incentives directly
at the department level is indeed positive and highly statistically significant
for all departments in all model specifications with the exception of the OLS
model with lagged performance which predicts some statistically insignificant
effects of redistributing performance payments to the department level.
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Figure 3: Department level incentive effect relative to performance
Estimates from a population averaged GEE model. Department level effect calculated as
suggested by Norton et al. (2004). See the text for details.
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Figure 4: z-statistics of the Department level incentive effect
Estimates from a population averaged GEE model. Department level effect calculated as
suggested by Norton et al. (2004). See the text for details.
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6.3. Sensitivity analysis

From Figure 1 it seemed that the difference between the two groups of
hospital departments was especially large in the first 6 months. To inves-
tigate whether this difference affected our results we ran all of the models
estimated without data from the first 6 months of 2007. We also tried ex-
cluding all of the observations from 2007. This test did not significantly alter
our conclusions. Therefore, we do not report the results here. The results
are available from the authors on request.

7. Discussion

In the words of Oliver and Brown (2011, p. 59), health care systems
currently face pressure to deliver the highest possible ”bang” for the ”buck”.
Crafting incentive schemes for quality enhancement is one way to ensure that
this goal is fulfilled.

Internal redistribution of incentives targeted to the hospital level has
been suggested as a possible way of getting the most out of P4P (Ryan,
2009). This potential solution may be desirable because much of health care
is a team effort and therefore incentivising individuals may be impossible
or prohibitively costly, due to the difficulties in distinguishing individual
contributions to the outcome, or undesirable due to the potential unintended
consequences for team collaboration.

The analysis showed that hospital departments with a direct performance
incentives increased HRP by approximately 5 percentage points compared to
departments at hospitals that were also subject to a P4P scheme but did not
redistribute performance payment to the department level. The estimated
effect varies in magnitude when departments are examined individually, but
the result of a positive and statistically significant effect was stable across
the various model specifications.

Our results are in line with the theoretical expectations set out at the
start of the paper. However, we wish to emphasise two limitations to the
generalisability of our results.

Firstly, the choice of redistributing performance payments to the depart-
ment level was not made at random, but by the general hospital management.
The decision to redistribute was not taken by department management and
applies to all departments. The decision is thus exogenous to the department
level which is our unit of analysis. However, if departments at hospitals that
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chose to redistribute performance payments differs systematically from de-
partments at hospitals that did not redistribute payments (for example are
more competitive), our results should not be given a causal interpretation.
However, performance at hospitals that chose to redistribute performance
payments to the department level was from the onset below the performance
of hospitals that did not chose to redistribute payments. On that background
we it unlikely that our results are subject to endogeneity bias although the
risk cannot be ruled out. We attempt to adjust for potential endogeneity
related to previous performance by including the lagged value of HRP in our
regressions and found that this did not alter our conclusion.

Secondly, the performance indicator we studied measures hospitals’ self
reported performance on the DCMS. The indicator essentially measures a
hospital department’s effort in recording case managers’ names in patients’
medical records. This indicator can potentially be manipulated by hospitals
without much effort and does not necessarily translate to an increase in these
patients’ experience of having a case manager. In that sense our indicator
is different from indicators that incentivise processes such as brain imaging
or outcomes such as reductions in mortality rates. Whether similar perfor-
mance differences related to payment level would materialise for processes
that require more effort is thus uncertain, but the theoretical framework put
forward in this paper does indicate that similar effects are likely to occur for
process and outcome indicators as well.
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