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Abstract

The optimal design of incentive contracts depends on the complemen-

tarity or substitutability of tasks performed by agents, of which empirical

evidence is scant. We develop a novel empirical strategy, that can be applied

even when there is no contract variation across agents, as long as the incen-

tive contract is piece-wise linear. We apply it to data on the management of

chronic diseases by UK family doctors, finding that some tasks are comple-

ments and that none of them are substitutes. These complementarities may

help explain the widespread use of incentive contracts in health care.
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1 Introduction

Principal-agent relationships are widespread in economics. Since decades ago,

it is well-known that agents might shirk if the effort is not verifiable, and that

economic incentives might be needed to achieve the second-best (Stiglitz, 1974;

Harris and Raviv, 1979; Hölmstrom, 1979; Harris and Raviv, 1979). However,

there are also important potential limitations to the use of economic incentives

such as crowding-out of intrinsic motivation (Deci and Ryan, 1985; Gneezy and

Rustichini, 2000; Fehr and Falk, 2002; Bénabou and Tirole, 2003, 2006), imperfect

knowledge of the production function by either the principal or agent (Prendergast,

2002; Mohanan et al., 2021) and the fact that many agents work on more than one

task, the so-called "multitasking" problem (Hölmstrom and Milgrom, 1991). Our

understanding of the practical importance of these possible limitations in real-life

settings lags well behind the theoretical advances to knowledge.

Our paper addresses the "multitasking" problem, which extends beyond the

common depiction of rewarding one task when another goes unrewarded. The

issue is more general: if increasing effort on one task raises the marginal cost of ef-

fort on other tasks ("substitute tasks"), incentive schemes can become very costly

when principals reward multiple tasks, potentially making it optimal for princi-

pals to forgo incentives altogether (Hölmstrom and Milgrom, 1991). Conversely, if

tasks are "complements" (where increasing effort in one task reduces the marginal

cost of other tasks), rewarding just one or a few tasks can increase output across

all complementary tasks. Often overlooked in the literature, whether tasks are

complements or substitutes also affects job design, as it is efficient to assign com-

plementary tasks to the same agents (Hölmstrom and Milgrom, 1991)
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The objective of this paper is to develop an empirical strategy to estimate

whether tasks are complements or substitutes when agents face a piece-wise lin-

ear contract, essentially a contract with two or more different piece-rate levels.

Our identification strategy combines the kinks embedded in these piece-wise lin-

ear contracts, with changes over time to such contracts. When agents face such

contracts, some agents will be at the kink and others not. The effort choices

of those at the kink are insensitive to small changes in the marginal benefit or

marginal cost. This creates a "less-sensitive" group, which we exploit to identify

the substitution/complementary pattern across tasks.

Our proposed strategy has three desirable features. First, we do not require

variation in the contracts across the cross-section of agents. Although we require

contract changes over time, these changes can be the same for the entire population

of agents. Second, we are not restricted to assessing substitution patterns between

rewarded and unrewarded tasks but can also estimate such patterns amongst re-

warded tasks, and third, we do not require data on agents’ performance before the

introduction of the incentive contract. In turn, this allows us to assess the com-

plementary/substitution pattern well after the programme has been implemented,

allowing for capital and labour to adjust, and hence recovering steady-state es-

timates. This is potentially important because short-term capacity constraints

could render tasks to be substitutes, but they might be complements once these

constraints are relaxed.1

We apply our proposed strategy to identify whether different tasks that family

doctors perform are complements or substitutes in their cost function. Examples
1Similarly, the introduction of incentive schemes might be accompanied by the introduction

of new information systems leading to a change in the way agents’ output is recorded.(Handel
et al., 2020)
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of the tasks that we analyse include carrying out certain tests on diabetic pa-

tients, recording smoking history among at-risk patients, or reviewing asthmatic

patients with some minimum frequency, among others. We exploit the Quality

Outcomes Framework (QOF), the largest primary care pay-for-performance pro-

gramme worldwide (Roland and Olesen, 2016), established in 2004 that remuner-

ates all Primary Health Centres (PHCs) in England according to their performance

in a battery of tasks (tests on diabetic patients, etc.) The programme was rolled

out simultaneously across England, and any subsequent changes to the remunera-

tion schedule also took effect simultaenously on all PHCs of the country.2

In 2011 we find that several tasks are complements and none are substitutes.

It is important to note that we are measuring the effects seven years after QOF

was implemented, and hence capital and labour have already adjusted, leading to

the relaxation of short-term capacity constraints. Indeed, the number of nurses

working on PHCs increased steadily until 2009, and then stabilised. This high-

lights the advantage of estimating the substitution patterns long after the pay-for-

performance scheme was first implemented, and once the steady state has probably

been reached.

Our paper contributes to the literature on empirical contract theory, "bunch-

ing", and health care. We contribute to the empirical contract theory litera-

ture (see Chiappori and Salanié (2003); Chiappori (2000); Chiappori and Salanié

(1997)) by proposing an empirical strategy that will expand the settings in which it
2The programme has been studied previously by comparing incentivised and unincentivised

tasks before and after the introduction of the programme. Sutton et al. (2010) and Doran
et al. (2011) found improvements in both incentivized and unincentivized tasks (which points in
the direction of complementarities), which were higher for incentivized ones. Compared to this
standard approach, ours takes advantage of the kinks in the incentive contracts, and hence we
do not need to rely on any assumption of common trends across tasks, and we can estimate the
effects long after the introduction of the programme.
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is possible to estimate the complementary/substitution patterns (i.e. neither cross-

section variation in the contracts nor pre-programme data are necessary), helping

us to close the gap between the theoretical advances on contract theory and the

available empirical evidence,3 and indirectly contributing to our understanding on

why we observe incentives schemes in some settings and not others.

Our paper also makes a contribution to the "bunching" literature (Saez, 2010;

Kleven, 2016), which has used kinks in the payment function to measure the effect

of economic incentives, especially in public finance. Although we use the agents

"bunched" at the kinks in a different way to the bunching literature, we borrow

from this literature the procedures required to test for bunching at the kinks.

We also contribute to the health care literature, and specifically to the optimal

design of incentive contracts in health care, for which the pattern of complemen-

tary or substitution across tasks is of first order importance. Pay-for-performance

schemes are ubiquitous in the health care system of high-income countries (i.e.

Australia, Canada, Germany, Israel, New Zealand, Spain, Taiwan, United King-

dom, United States) and are increasingly implemented in low and middle-income

countries (Chalkley et al., 2016; Eijkenaar, 2012).

We proceed as follows. Section 2 presents our theoretical model which links the

complementarity/substitution between tasks to how output responds to changes in

the incentives that agents face. Section 3 explains how we combine the kinks of the
3Besides studies on an educational setting (see Brickley and Zimmerman (2001); Jacob (2005);

Atkinson et al. (2009); Neal (2011); De Philippis (2015)) most of the evidence comes from ex-
amining a very particular type of multitasking: the quality-quantity trade-off, which most of the
evidence fails to find (Al-Ubaydli et al., 2015; Lazear, 2000; Paarsch and Shearer, 2000; Shearer,
2004; Kosfeld and Neckermann, 2011; Johnson et al., 2015; Bradler et al., 2016; Hong et al.,
2018; Englmaier et al., 2016). Although the results are mixed (Finan et al., 2017), the extent of
the evidence is broader in developing countries thanks to the proliferation of experiments that
randomize agents across rewarded and unrewarded tasks (e.g. Glewwe et al. (2010); Sylvia et al.
(2013); Olken et al. (2014); Celhay et al. (2019)).
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piece-wise linear contract with changes over time to such contract to estimate the

complementarity/substitution patterns between tasks. Section 4 describes how we

tailor our empirical strategy to the QOF. Section 5 reports our results, and their

implications are discussed in section 6. Section 7 concludes. Several appendixes

provide proofs, further details on QOF, and additional results.

2 Model

We present a stylised model where agents have been hired to exert effort on two

tasks: e1 and e2. The agent’s cost function, C(e1,e2; z), is characterised by an

efficiency parameter z. Agents are identical, except for the efficiency parameter z,

which is distributed in the population following a pdf g(⋅), with CDF G(⋅). Hence

we assume that @C
@z < 0, as well as other standard assumptions on the cost function:

@C
@ei
= Ci > 0, @2C

@e2ii
= Cii > 0 (i ∈ 1,2), and C11C22 −C2

12 < 0.
Concerning the cross-derivative C12 = @2C

@e1@e2
, we assume that its sign (positive

or negative) is the same for all agents, independently of their value of z. The tasks

are substitutes (complements) if increasing effort in one task, increases (reduces)

the marginal cost of exerting effort on the other task. Our main goal in this paper

is to estimate the sign C12 to ascertain whether the tasks are complements or

substitutes (Hölmstrom and Milgrom, 1991).

The principal benefits increasingly from the output of the two tasks (x1, x2),
where x1 = e1 + "1 and x2 = e2 + "2, and both "1 and "2 are independent random

variables with zero mean and finite variance. The agent, with increasing and

concave utility function U(⋅), is paid according to the contract P (x1, x2), which

is taken as given, and chooses effort levels e1 and e2 to maximises his expected
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utility, that is:

max
e1,e2

E"1,"2 [U (P (x1, x2)) −C(e1, e2; z)] (1)

s.t. xi = ei + "i, i = 1,2

2.1 Model without uncertainty

To derive the intuition behind our empirical strategy, we start by making a series of

simplifying assumptions: (1) task 1 is paid according to a two-part linear contract,

but task 2 is paid with respect to a linear contract, (2) effort is increasing in

productivity @e1
@z > 0, and (3) there is no uncertainty in either of the tasks (x1 = e1

and x2 = e2), which leads us to assume that U(⋅) is linear.4 Hence, the agent is

paid according to:

P (e1, e2;aR1 , aL1 , a2, UL) =
�������������
a2e2 + aL1 ∗ e1, if e1 < UL

a2e2 + aR1 ∗ e1 + (aL1 − aR1 ) ∗UL, if e1 ≥ UL

(2)

which is depicted in Figure 1.

Proposition 1. If there is no uncertainty, and if effort on task 2 is remuner-

ated linearly at rate a2, the agent’s optimal choice (e∗1, e∗2) will satisfy one of the
4 The first and third assumptions will be relaxed later. For the second one, note that this is a

very natural assumption: if the agent becomes more efficient and its costs decrease, she will exert
more effort. It is indeed guaranteed for the case of complements as we already know that costs
are decreasing on z. For the case of substitutes, one possible scenario is that at some value of z
the optimal strategy becomes to increase e2 and decrease e1. Its main implication would be that
unless other parameters vary, there should be a maximum value for e1. For ease of exposition,
we abstract for this case.
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following:

(i) C1(e∗1, e∗2; z) = aL1 and C2(e∗1, e∗2; z) = a2 if e∗1 < UL,

(ii) aR1 < C1(e∗1, e∗2; z) < aL1 and C2(e∗1, e∗2; z) = a2 if e∗1 = UL,

(iii) C1(e∗1, e∗2; z) = aR1 and C2(e∗1, e∗2; z) = a2 if e∗1 > UL.

For the cases (i) and (iii), in which the optimal e∗1 is not at the kink, the optima

are given by equating marginal costs to marginal benefits, which are given by the

corresponding piece rate aR1 or aL1 , and a2. As expected, whenever e∗1 < UL or

e∗1 > UL, more efficient agents (as indexed by larger values of z), choose larger

values of e∗1: C1(e∗1, e∗2) is decreasing in z so to satisfy (i) or (iii) a larger value of

e∗1 is needed for larger values of z. This is shown in Figure 2 by the corresponding

increasing solid response functions.

Case (ii) is also represented in Figure 2 by those agents for whom the optimal

choice of task 1 effort is UL. These are agents that, at the piece-rate of aL1 , are

efficient enough to produce at least UL, but given the lower piece-rate, aR1 , do not

find optimal to produce more than UL. Note that aR1 = C1(e1 = UL, e∗2; z̄) < C1(e1 =
UL, e∗2; z̃) < C1(e1 = UL, e∗2; z) = aL1 . At e1 = UL (point B in Figure 2) the agent

with productivity z̃ would decrease profits if she increased e1 because its marginal

cost, C1(e1 = UL, e∗2; z̃), is larger than the marginal benefit (aR1 ). Similarly, she

would decrease profits if she decreased e1 because its marginal cost is smaller than

the marginal benefit, aL1 . Hence, the optimal choice for the agent with productivity

z̃ is UL. The same argument can be repeated for any agent whose productivity

lies in the [z, z̄] interval. This positive mass of agents whose efficiency parameter

lies within (z, z̄) are for whom case (ii) in Proposition 1 applies, and they are the

ones that constitute the bunching mass, which takes us to Proposition 2. �
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Proposition 2. Without uncertainty, the presence of a kink at e1 = UL generates

bunching on the distribution of effort on task one, H(e1).
Proof: see Appendix A.

Figure 3 extends the previous example in Figure 2 and considers a uniform

density g(z) and how it transforms into h(e1). For z < z, the kink makes no

difference at all: h(e1) = hL(e1). However, for those z ∈ [z, z̄] the presence of

the kink becomes binding. Without the kink, such provider would have exerted

e1 ∈ [UL,UL + �e], between points A and D in the figure, which would have

followed the density hL(e1). Because of the kink, AD became AC and the entire

area b is now collapsed into a unique spike at e1 = UL. Finally, for z > z̄ we have

that optimal effort is given by eR1 (z), which is reflected by density hR(e1). 5

Having established the existence of bunching, we now focus on analysing how

task 1 optimal effort, e∗1, changes when the piece rate of task 2, a2, changes. The

following proposition establishes the key insight from the theoretical model, which

will constitute the building block of our identification strategy: that the optimal

task 1 effort, e∗1, of agents who are bunched at e1 = UL is less sensitive to changes

in a2 than those who are not bunched.

Proposition 3. If there is no uncertainty, and if effort on task 2 is remunerated

linearly at rate a2:

(i) if e∗1 ≠ UL then de1
da2
= − C12

C11C22−C2
12

, and the sign of de1
da2

is opposite to the sign

of C12.
5Notice that it is required that 1 −HL(UL) = 1 −HR(UL) + b, so the final H(e1) is a valid

CDF. This is reflected in the fact that all observations that would have covered e1 ∈ [UL+�e,∞),
are now spread into e1 ∈ [UL,∞). For the uniform example in Figure 3, this means that the
maximum value of e1 will fall, but the density at any point will be larger (HR(e1) >HL(e1) for
e1 ∈ [UL, e

R
1 (zmax)]).
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(a) If the tasks are substitutes (C12 > 0), we will have that de1
da2
< 0.

(b) If the tasks are complements (C12 < 0) then de1
da2
> 0;

(ii) if e∗1 = UL, then de1
da2
= 0

Proof: see Appendix A.

2.2 Uncertainty and risk aversion

The model above provides the basic intuition for understanding the implications of

the two-parts contract on the agent’s effort in one task to marginal changes in the

financial reward of another task. Here, we discuss the implications of introducing

uncertainty in the relation between effort and output (i.e. output, xi, is a noisy

measure of effort: xi = ei + ").6
Figure 4 presents a simulation exercise illustrating the optimal effort choice and

the distribution of output under two scenarios: no uncertainty (the benchmark

case) and uncertainty with risk-averse agents. In the benchmark case, there is

bunching of e∗1 exactly at UL. Under uncertainty with risk-averse agents, bunching

occurs not only at UL but also in its neighbourhood, asymmetrically towards

higher values of e1.

Figure 5 is useful to explain the implication of introducing uncertainty on @e∗1
@a2

.

Focusing on the top left panel (substitute tasks): at a2 = 3.1, the agent with z = 2
is bunched at the kink (e∗1 = UL) whilst the agent with z = 1.3 chooses to exert

less effort (e∗1 < UL). Mirroring what happens in the case without uncertainty, the

optimal effort, e∗1, of the agent below the kink (e∗1 < UL, z = 1.3) is more sensitive
6We focus on the implications of uncertainty in a multitask setting across heterogeneous

agents. See Zhou and Swan (2003), Oxholm (2016) and Oxholm et al. (2018) for the analysis of
two-part contracts for one task.
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to changes in a2 (larger | @e
∗
1

@a2
|) than that of the bunched agent (e∗1 = UL, z = 2). As

shown in the bottom left panel, @e∗1
@a2
� −0.02 at a2 = 3.1 for the agent whose e1 is

below the kink (e∗1 < UL, z = 1.3) whilst it is @e∗1
@a2
� −0.01 for the agent at the kink

(e∗1 = UL,z = 2).
From the above discussion, it is clear that proposition 3 does not strictly hold

with uncertainty, the derivative @e∗1
@a2

is not null, however the qualitative conclusion

remains that the absolute value of @e∗1
@a2

is smaller for the agent at the kink than that

for agents located below the kink. The same happens for the case of complements

(right panel of Figure 5). The crux of our empirical strategy is that the effort of

agents who are bunched at the kink is less sensitive to changes in a2 than that of

agents who are not bunched.

2.3 Non-linear payment function in x2

So far, we have only considered a non-linear payment function in task e1 but not

in task e2. If there is kink at x2 = UL2, there is an interval (z, ¯̄z) in which there is

bunching in the distribution of x2 at UL2 (or slightly above under uncertainty and

risk aversion). The presence of bunching in the distribution task 1 is not affected

(propositions 1 and 2). With respect to proposition 3, de1
da2

would not only be null

for those which e1 = UL, but also for those for which e2 = UL2.

3 Empirical Strategy

In this section, we describe how to use the insights of the theoretical model de-

scribed above to estimate whether tasks are complement or substitutes when in-

centive contracts are piece-wise linear.
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3.1 Identification Strategy

In this subsection, we describe the main idea behind our identification strategy.

In the basic set-up, we assume that there are only two tasks, although this can

be generalised (as we do in our application). The contract of one task remains

constant, whilst the contract of the other task changes from one period to the

next (but changes are the same across all agents). We also assume that there

is panel data available containing the output of each task and time period for a

sample of agents of the population.

The main idea behind our identification strategy is shown in Figure 6, which

shows the piecewise linear contracts for two tasks: 1 and 2. The effort levels for

each task, e1 and e2, are shown in the horizontal axis and the monetary reward in

the vertical one. For the sake of the argument, consider two agents: A and B. In

time t, the effort levels are (eA1 , eA2 ) and (eB1 , eB2 ) for agent A and B respectively,

whilst they are (eA′1 , eA
′

2 ) and (eB′1 , eB
′

2 ) in time t + 1.
Without loss of generality, assume that the incentive contract is the same at

time t and t + 1 for task 1, but task 2 becomes less lucrative in time t + 1 (for

task 2, the solid line represents the incentive contract in time t, and the dashed

line for time t + 1). Because task 2 becomes less lucrative, both agents exert less

effort in t+1 than in t (eB′2 < eB2 ) and (eA′2 < eA2 ). The consequence of this decrease

in effort in task 2 will be different for task 1 depending on whether task 1 and

2 are complements or substitutes. Assume that they are complements (C12 < 0),
hence the decrease in e2 for agent A leads to increase the marginal cost of e1, and

consequently a decrease in e1, (eA′1 < eA1 ). However, agent B is at the kink for task

1, and hence if the change in the contract of task 2 is small enough, such agent
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B will continue to be at the same kink in t + 1 (note de1
da2
= 0 from proposition 3).

This is because if eB1 is at the kink, then aR1 < CB
1 (eB1 , eB2 ) < aL1 , which will continue

to hold if the change in eB2 is small enough. This insensitivity of agent B’s task 1

effort to small enough changes in the task 2 contract implies that it can be used

as if he had been "unexposed" or at least "less-exposed" to the changes in the

task 2 contract, and be useful to control for common shocks that happen after

the effort choice, and hence be the basis for a difference-in-differences estimator

(DiD), which we develop more formally below.

3.2 Empirical model

Assume that we have available a random sample of N agents, observed consecu-

tively for two time periods (t = 1,2). For each agent and time period, we observe

their task 1 output in both periods, that is, {x1i,t}N,2
i=1,t=1, which has been produced

exerting effort e1 by agent i in period t. Assume that the payment function for

output x1 is exactly as (2) and is the same in the two periods. Regarding the

contract, assume that the piece rate for task 2 output is different in t = 1 than in

t = 2: a2,t=a
′
2 if t = 1; and a2,t=a

′′
2 if t = 2. Without loss of generality, we assume

that a
′′
2<a

′
2.

Building on the argument explained at the end of subsection 3.1, we propose

the following DiD regression:7

7As there is no staggered implementation of a policy and as controls do not play a central
role in the design, more complex estimation strategies are not needed for this analysis.
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x1it = ↵1 {x1i,t=1 < UL} + ↵2 (t = 2) + ↵3 {x1i,t=1 < UL} ⋅ {t = 2} + vi,t,
for t = 1,2 and i ∈ {j ∶ x1j,t=1 ≤ UL} (3)

where vi,t is a randomly distributed error term, ↵1 absorbs the idiosyncratic

difference between the "sensitive group" (those agents i below the kink, i ∈ {j ∶
x1j,t=1 < UL}) and the "insensitive"/"less-sensitive" group (those agents i at the

kink, i ∈ {j ∶ x1j,t=1 = UL}), ↵2 absorbs aggregate shocks that take place after

effort levels have been chosen, and ↵3 estimates the change in x1i2 due to the

change in task 2 incentives that took place in t = 2, that is, de1
da2

(which has the

opposite sign to that of C12). The above strategy implicitly assumes that x1 is

highly autocorrelated in the absence of changes to the contracts so that, those

who are below the kink in t = 1 would also be below the kink in t = 2 should the

contract have remained the same.

If there is an additional period available, the estimation can be made robust

to reference-point effect (Fehr et al., 2009; Abeler et al., 2011), whereas those who

produce below the kink at period t − 1 try to improve in period t, even if the

contracts have not changed.8 To take this into account, assume that there are

three years of data (t = 1,2,3) and that the incentive contract is the same in the

first two years, and it is only in the third when a2 changes. In this case, the

first-difference regression
8This reference-point effect is outside our model, and might or not exist. This strategy is

agnostic and simply allows for it. In our particular application, we tend to find a robust positive
effect, indicating that those who just fell short of the kink, increase their output in the following
period, even if incentives remain the same between the two time periods.
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�x1i,t = ↵1 {x1i,t−1 < UL} + ↵2 {t = 3} + ↵3 {x1i,t−1 < UL} ⋅ {t = 3} + vi,t
for t = 2,3 and i ∈ {j ∶ x1j,t=2 ≤ UL} (4)

would absorb the reference-point effect through ↵1, ↵3 will capture the change

in x13 that is due to the change in task 2 piece-wise rate, a2, net of the reference-

point effects. Note that, unlike regression (3), the dependent variable in regression

(4) is in differences.

Concerning what we mention in subsection 2.3, the regression above can be

adjusted to exclude from the sensitive group, {x1i,t−1 < UL}, those agents which

are bunched in x2 due to the non-linearity of the payment function of x2.

3.3 Detection of Bunching

The above discussion assumes that there is bunching of e1 at UL. As a preliminary

step to apply the DiD estimator, we need to test for such bunching. To do this, we

fit a parametric model on the observed distribution excluding an interval around

UL and compare it with the observed distribution (as developed by Kleven (2016)).

We fit restricted cubic splines on the histogram excluding the interval [ULj, ULj +L].9
This strategy essentially splits the domain into segments defined by K knots (joint

9We use splines instead of polynomials as the latter can produce poor approximations in
certain cases (Harrell, 2015, Chap 2.4.2). Spline interpolation is a parametric approach that is
as easy to implement as a polynomial, without several of its limitations. For this purpose, we
define bins on achievement following McCrary (2008) procedure (x̃h) and count the number of
agents in each bin (nhj). More precisely,

njh = N�
i=1

� x̃h − x̃h−1
2

≤ xij < x̃h+1 − x̃h

2
� , x̃h ∈ {0.5,1,1.5, ...,99.5}
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points) in order to fit the histogram (nhj) of indicator j with a piece-wise cubic

polynomial in the middle segments, and a linear function in the first and last ones.

It requires the transformation of the domain variable (the midpoint of the bins, x̃h)

into K − 1 constructed variables �X(k)jh � that ensure that the resulting function’s

first and second derivatives are the same.10 Such variables are included in the

linear expression presented in regression (5) which also considers dummy variables

that indicate the presence of an excluded bin ( {x̃h = l} , ∀l ∈ [ULj, ULj +L]).
The error term, ujh, is assumed to be i.i.d. and normally distributed. This error

should not be ’too’ large, otherwise it would not be possible to detect the bunching

even if the kink was present.11 Thus, the equation to estimate becomes:

njh = K�
k=1

!kX
(k)
jh + UL+L�

l=UL

�l {x̃h = l} + ujh (5)

After the vector of parameters {!,�} is estimated, the counterfactual density

is the predicted value of this regression without the dummies for the excluded

range’s contribution: n̂jh = ∑K
k=1 !̂kX

(k)
jh . Then, the excess number of observations

that bunch above UL relative to the calculated counterfactual is the difference

between the observed and counterfactual histograms in the excluded range. This
10The procedure was implemented in STATA 13 using mkspline command, using 5 to 7 knots

determined by percentiles recommended in Harrell (2015, Chap 2.4.6).
11Appendix G presents simulations intended to show how estimates from both the bunching

and DiD steps are modified with increasing variance. If the variance is large, not only it is
not possible to detect bunching, but also the DiD results are unreliable. Theoretically, a large
variance would also render the scheme less effective, as it means that the agent has little control
over the outcome of his actions.
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is equivalent to the sum of the omitted dummies �:

b̃j = UL+L�
l=UL

�̂l = UL+L�
l=UL

(njh − n̂jh)

Following Chetty et al. (2009), we compare the amount of excess bunching with

the average density per 1 pp. in the excluded range:12

bj = b̃j

1
L+1 ∑UL+L

l=UL n̂jh

To determine whether or not there is bunching, we perform a joint significance

test of the omitted dummies from regression (5):

H0 ∶ UL+L�
l=UL

�̂l = 0 (6)

4 An application: The Quality and Outcomes Frame-

work

4.1 Background

The incentive contracts and data that we exploit come from the Quality and Out-

comes Framework (QOF), a performance reward programme which was introduced

in England in 2004 to improve quality of health care. The programme financially
12In case there is bunching, the estimated bj overestimates the amount of it because it does not

consider that some of the bunched observations in the interval [ULj , ULj +L] should be above
ULj+L in the counterfactual distribution, as predicted by the model. Chetty et al. (2009) correct
for this using an iterative procedure in which the area above ULj +L is artificially increased in
such a way that the area under both the observed and counterfactual densities is the same. Given
that we only want to know if bj is different from zero, this correction is not necessary for our
procedure.
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rewards performance in a set of administrative and clinical tasks. The QOF was

introduced as part of a broader reform of the contract that governed the relation-

ship between the Department of Health and the PHCs (known as GP practices),

which gave PHCs more flexibility on treating their patients and organising their

staff: they can hire additional staff (even salaried doctors who are not partners

of the PHC) and offer additional services in exchange for extra resources (NAO,

2008). The role of complementarities and substitution of tasks were a central con-

cern since the introduction of the programme (Sutton et al., 2010; Doran et al.,

2011).

We apply our proposed test to the tasks carried out by PHCs in 2009, 2010, and

2011. In these years, there were around 8,000 PHCs covering 7,000 patients on

average. They are staffed by General Practitioners (family doctors), nurses as well

as administrative staff. The PHCs are independent businesses contracted by the

Department of Health to provide primary care to the patients enrolled with them.

The PHCs are funded by capitation transfers from the Department of Health and

performance pay income that we describe below.

Possibly to deal with the added workload that the QOF scheme incentivized,

the number of nurses working in PHCs grew strongly until 2009 when it stabilised

as shown in Figure 7 (HSCIC, 2012). This highlights the advantage of our pro-

posed test, which can estimate longer-term responses after capital and labour have

adjusted.
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4.2 Incentive contract

We are concerned with the QOF clinical indicators, which are related to the quality

in the management and prevention of chronic diseases: coronary heart disease,

heart failure, diabetes, and provision of advice for smoking cessation, obesity, etc.

(see Appendix C for a detailed description of the indicators).13 Clinical indicators

are all based on proportions, in which the numerator is the number of patients

who fulfilled the indicator, and the denominator is the number who should have

fulfilled it. For instance, indicators THYROI02 and COPD13 are defined as:

Indicator THYROI02: The percentage of patients with hypothy-

roidism with a thyroid function tests recorded in the previous 15 months.

Indicator COPD13: The percentage of patients with chronic ob-

structive pulmonary disease (COPD) who have had a review under-

taken by a healthcare professional, including an assessment of breath-

lessness using the MRC dyspnea score in the preceding 15 months.14

PHCs are given points for each indicator. Crucially for us, the mapping between

the value of the indicator (the percentage) and the points is piece-wise linear as

in the top panel of Figure 8, where the horizontal axis presents the percentage

(achievement) and the vertical axis presents the number of points. The points are

then translated into income after adjusting for the number of patients enrolled in
13In addition to the clinical indicators, there are administrative indicators (organisational, pa-

tient experience and provision of additional services). We focus on the clinical indicators because
they are the ones most dependent on clinicians’ efforts and because they are the most important
in terms of the size of the reward. In 2009 and 2010, GPs could obtain up to 1000 points: 697 for
the clinical domain, 167.5 for the organisational domain, 91.5 for patient experience, and 44 for
additional services. In 2011, the clinical domain was reduced to 661 points, patient experience
to 33, and 262 points were reallocated to organisational indicators.

14Dyspnea refers to a breathing complication.
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the PHC and the prevalence of the health condition in the PHC’s population (see

Appendix B for further details.) All the piece-wise linear contracts of all indicators

follow the same pattern: If achievement is below a lower limit (LLj) zero points

are awarded, and if it is above the upper limit (ULj) the maximum amount of

available points for indicator j are awarded.

There are two differences to note between the piece-wise linear contract outlined

in Figure 8 and the simpler one in Figure 1 that we used in our theoretical section.

In Figure 8, there is a flat line below the lower limit (LLj) which does not feature

in Figure 1. However, this is of little relevance in practice because, as the bottom

panel of Figure 8 shows, the mass of PHCs at low values of the horizontal axis is

negligible (and this is the case for all QOF indicators).

The second difference between Figures 1 and 8 is that for high values of the

horizontal axis, the mapping in Figure 8 is flat whilst it is increasing in Figure

1. To reconcile both, we will appeal to health care providers’ altruism, which is a

standard assumption in the health economics literature.15 Hence, the piece-rates

(aR and aL) include both the monetary component and the intrinsic motivation.16

The bottom panel of Figure 8 also shows the presence of bunching around

the upper kink (UL), as our Proposition 2 predicted, as it is typical of situations

with kinks in budget constraints (Saez, 2010; Kleven, 2016). The bunching is very

clear for the COPD13 indicator: there is a sudden increase in the density just

above the upper kink point. As we will see later on, this happens with the vast

majority of QOF indicators, but there are some exceptions as THYROI02. As our
15Kolstad (2013); Chalkley and Malcomson (1998); Ellis and McGuire (1986); Godager and

Wiesen (2013); Makris and Siciliani (2013); Olivella and Siciliani (2017).
16The assumption of a linear benefit to patients’ welfare is relaxed by Kaarboe and Siciliani

(2011). In such a scenario, the relevant function is not C(⋅) but B(⋅) − C(⋅), hence our results
will signal complementarity or substitutability of this function.
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model section indicated, substantial uncertainty will smooth out the bunching.17

Measurement error, which is another typical reason for not detecting bunching

(Kleven, 2016) is probably of not much concern in our case as the QOF data are

based on administrative records for a large number of PHCs.

4.3 The 2011 changes

We use data from 2009, 2010, and 2011. There main reason is that there were

no changes in the contracts between 2009 and 2010, which allow us to take into

account reference-point effects as we explained in subsection 3.2. From 2010 to

2011, out of the 68 clinical indicators with piece-wise contracts, 41 of them (worth

383 points) remained completely unchanged. The remaining were either removed,

modified or replaced by new ones.

Table 1 summarises the changes in the clinical indicators that took place in

2011 in three broad categories: reward reduction, ambiguous changes, and increase

reward. The top panel of Table 1 summarises the changes that we interpret as a

reduction in a2: (i) eight tasks were no longer rewarded in 2011 (32 points), (ii)

two tasks were still rewarded, but Primary Health Centres could get a maximum

of 22 points for them in 2011 instead of 26 in 2009/10, (iii) the UL was increased

on two tasks responsible for a total of 22 points,(iv) the description associated to 4

tasks became stricter or had to be fulfilled in a shorter time-frame (18 points), and

(v) for two tasks not only there was a decrease in the maximum number of points
17For instance, the staff of the PHC might have complete control in keeping records of stan-

dard tests or lab results. However, patients attending a specialised assessment, as required by
some indicators, might depend on patients’ willingness to attend the assessments as well as the
availability of suitable time slots in nearby clinics. Indeed, Fichera et al. (2014) present a game
in which physicians and doctors interact using their available tools, prescriptions and lifestyle,
in response to QOF incentives.
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that could be obtained, but also the updated task description became stricter. A

more detailed explanation of these changes is presented in Tables C1 and C3 of

Appendix C.

The second category (ambiguous change) covers several amendments that are

not straightforward to classify as an increase or decrease of a2. In these cases,

typically, the task description became stricter but it is accompanied by additional

points in compensation. There are four indicators in this category for which the

total number of points increased from 51 to 59, but the difficulty in accomplishing

them also increased.

The third category (increase in a2) includes one indicator in which the number

of points remained the same (17 points) but the 2011 task description became

more lenient than the 2009/10 one as well as three new indicators, covering 12

points, which refer to three tasks that were neither financially rewarded in 2009

nor in 2010.

As summarised in Table 1, the total amount of points (as well as indicators)

associated with a decrease in a2 are far more than those associated with an increase,

even if we consider all ambiguous changes as increases. Hence, we interpret the

overall changes in 2011 as an overall reduction of a2.18

18Apart from clinical indicators, administrative (non-clinincal) ones also changed in 2011. Two-
thirds of the patient experience domain were removed in favour of the new quality and productivity
indicators. PHCs had to agree with the local commissioning body on a plan with three main
goals: prescribing (28 points), outpatient referrals (21 points) and emergency admissions (47.5
points). The exact indicator definition and its upper threshold were defined at the local level.
The objective of these changes was to reduce the costs of the local commissioning body by
improving the cost-efficiency of prescribing and by treating more patients at the primary care
level, reducing both referrals and emergency admission rates. They were offset by the withdrawal
of four non-clinical indicators totalling 60.5 points.
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5 Results

Figure 9 reports a heatmap of the achievement values of the clinical indicators

(relative to UL) in 2009 and 2010 when there were no changes in the incentive

contracts. As was the case in Figure 8, most of the mass is to the right of UL,

which corresponds to 0 in Figure 9. It also shows that there is far less mass in the

left tail of achievement each year. A very important point to note is the high degree

of autocorrelation, as most observations are in the 45-degree diagonal or very close

to it. Appendix D presents a more detailed analysis of the high autocorrelation of

the indicators.

5.1 Basic specification

To implement the empirical strategy outlined in section 3.1, we divide the QOF

clinical indicators with piece-wise linear rewards between those 41 for which there

was no change in the contract between 2010 and 2011, x1, and those 26 for which

there was a change (including three completely new ones), x2.

The results are presented in two steps. First, we assess which of the x1 indica-

tors feature bunching at the upper kink point (UL), as we discussed in subsection

3.3. Second, we estimate the response of each x1 indicator to the changes that

occurred in the x2 indicators. Note that because 26 indicators changed simultane-

ously, we can only estimate how each x1 reacted to the aggregate changes to the

x2, rather than pairwise. As concluded at the end of subsection 4.3, we interpret

the changes in the x2 contracts as an overall reduction in a2.

For each x1 indicator, we assess the existence of bunching by pooling data

from 2009 and 2010 and set a 10 pp estimation window below and above UL.
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We also discard the bins corresponding to 100%, where achievement is naturally

truncated whenever the window covers this value. Figure 10 reports the amount

of excess bunching for two example indicators (THYROI02 and COPD13). The

figure presents the fitted model, including dummies � covering [UL,UL + 3pp.]
(orange line) and excluding them from the prediction (black line). For COPD13,

the difference between the histogram and the counterfactual difference is 28.4% of

the average density in the interval [UL − 10pp., UL + 10pp.); and for THYROI02

it is 2.7% only. Whilst we reject that the bunching estimate of COPD13 is zero

at the 95% level, we do not for THYROI02. Therefore, our empirical strategy

will be informative about the former indicator but not the latter. In total, we

find evidence of bunching for 25 out of the 41 x1 indicators, see Appendix E for a

detailed description of the bunching results.

Table 2 presents the second part of the analysis in which we estimate regression

(4) within the sample range UL−10 ≤ x1,t=2 ≤ UL+3, where x1 refers to one of the

25 indicators whose contract remained unchanged throughout the three years that

we consider (2009-2011) and for which we found evidence of bunching. 19 For each

indicator (rows), Columns (1) and (2) report the number of observations used to

estimate regression (4): Column (1) refers to the number of observations in the

[UL − 10, UL) interval and Column (2) in the [UL,UL+ 3] interval. Columns (3)

to (5) of the Table present the estimates for ↵1, ↵2, and ↵3 of regression (4).

The estimate of ↵3 corresponds to the change in the x1 indicator, dx1, which

is due to the change in the incentive contracts of the x2 indicators, which overall
19Regression (4) was define for x1,t=2 ≤ UL, in which x1,t=2 = UL corresponds to the insensitive

group. In practice, the PHCs with exactly x1,t=2 = UL is very small so we expand the definition
of the insensitive group to [UL,UL + 3]. We also restrict the sample UL − 10 ≤ x1,t=2 to keep
some homogeneity amongst the PHCs compared. In Tables 4 and 5, we show that our results
are robust to alternative thresholds.
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was a net reduction in the marginal revenue, da2 < 0, as explained in subsection

4.3. Hence, a negative sign of ↵̂3, dx1 < 0, would indicate that the positive cross-

derivative is positive �dx1
da2
> 0�, consistent with the x1 indicator being a complement

to the x2 indicators. This would not mean that the corresponding x1 indicator is a

complement to all the x2 indicators, but that overall, the net response is equivalent

to complements. 20

Table 2 reports negative and statistically significant estimates of ↵3 associated

to x1 indicators AF03, AF04, ASTHMA06, CKD06, and DM13, consistent with

them being overall complements of the x2 indicators: effort exerted on these x1

indicators was reduced in response to the overall reduction in the piece-rate of the

x2 indicators.

Table 3 shows the robustness of the results to different specifications of the

estimation window. The first four columns report the estimates of ↵3 for the sample

included in [UL−l, UL+k], for different values of l and k. In the last four columns, a

doughnut specification is considered, in which PHCs with achievement within 1 pp.

of UL are removed. This table is restricted to those cases in which the hypothesis

↵3 = 0 is rejected with a 10% significance in at least one of the specified estimation

windows: this is the case for the five indicators from the benchmark specification

as well as for ASTHMA08, COPD13, DEM02, SMOKE04 and STROKE10. Note

that the first column, (l = 10, k = 3), of Table 3 corresponds to the benchmark

results (column (5) of Table 2). Estimates for AF03, AF04, CKD06, and DM13

are generally stable across the different estimation windows used.

Our empirical strategy can also be implemented by estimating jointly the re-
20Another possibility is that the task is a substitute only of those tasks for which the marginal

reward was increased instead of reduced. This seems unlikely as only four indicators had their
reward increased whilst 18 had their reward decreased.
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gressions of the indicators of the same disease group using seemingly unrelated

regressions (SUR), and adjusting the p-values for multiple hypothesis testing at

the disease group level using (Romano and Wolf, 2016, 2005a,b), see Appendix F

for details.21 The results are qualitatively very similar to those of Table 2, except

that DM13 and ASTHMA06 marginally lose statistical significance with adjusted

p-values of 0.11 and 0.14 respectively.

21P-values adjusted for multiple hypothesis testing were computed using 1000 bootstrap rep-
etitions, using a routine modified from Clarke (2016) STATA rwolf module.
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5.2 Bunching in several indicators

As we saw in subsection 2.3, even if agent i is not at the kink for indicator j, (i.e.

xij < ULj), xij might still be insensitive to the 2011 contract changes because agent

i is at the kink in an indicator other than j. To test this prediction of our model,

Table 4 reports how the effect of the changes in the reward schemes in 2011 varied

with the number of indicators that PHCs had at the kink, [UL,UL + 3], in 2010

(Figure 11 shows that there is significant variation across PHCs in the number

of indicators that they had at the kink). Although the estimates of the last two

columns are less precise, in general the results are in line with our prediction: the

estimates are larger (in absolute value) for those PHCs which have fewer indicators

at the bunching window (column 4), which are the PHCs that our model predicts

should be more sensitive. Indeed, for these PHCs, we find the size of the effect

can be quite large, with reductions of up to 14.7 percentage points.

5.3 Rationale of the findings

Why was the effort on the indicators AF03, AF04, CKD06, and DM13 reduced

if the incentive contract for these indicators did not change in 2011? Why did a

reduction in the marginal benefit of the x2 indicators lead to a reduction in the

effort exerted on these four x1 indicators? Below, we explain why these indicators

are complements of other indicators whose marginal benefit was reduced in 2011.

The reduction in DM13 (percentage of patients with diabetes who have a record

of micro-albuminuria testing in the previous 15 months) might be explained by

the reduction in the marginal benefit of other indicators related to diabetes mel-
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litus.22 In particular, the financial rewards for keeping records of plasma glucose

concentration, blood pressure, and cholesterol (DM5, DM11, DM16) for diabetic

patients were removed. This probably led to a decrease in the levels of these tasks,

increasing the marginal cost to measure microalbuminuria and fulfil DM13: the

marginal cost of measuring micro-albuminuria (DM13) is smaller if plasma glucose

concentration, blood pressure, and cholesterol are also being measured (they are

complements in the cost function).23

We have also documented a decrease in indicators related to patients with

atrial fibrillation (a rapid and irregular heartbeat), in particular in the percent-

age of patients with atrial fibrillation who are being treated with anticoagulant

drug therapy (AF03), and in the percentage of atrial fibrillation patients who had

their diagnosis confirmed by a specialist or with a specialised test (AF04). Atrial

fibrillation is more common amongst diabetic patients,24 and hence the marginal

cost of fulfilling AF03 and AF04 is higher if diabetic patients visit the PHC less

often because their plasma glucose concentration, blood pressure, cholesterol, and

micro-albuminuria are being measured less often. This is particularly so because

such costs include the ones related to identifying and contacting patients, and ar-

ranging for them to visit the PHC or hospital for consultations and tests. The

marginal costs would be smaller if the patient is attending the consultations for

other reasons, such as measuring of plasma glucose concentration, blood pressure,

cholesterol, and micro-albuminuria.
22Micro-albuminuria is a small increase in the level of albumin in the urine compared to normal.

It can be an early sign of kidney disease, which often occurs as a complication of diabetes, high
blood pressure, and heart failure.

23The data does not contain information on indicators that were removed or changed, so we
cannot fully ascertain that there was a decrease in DM5, DM11, DM16.

24See, for instance, Ahmadi et al. (2020) and https://www.nhs.uk/conditions/atrial-
fibrillation/causes/.
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A similar reason can explain the decrease in the CKD06 indicator: the percent-

age of patients on the chronic kidney disease register whose notes have a record

of albumin-creatinine ratio value in the previous 15 months. Diabetes is a leading

cause of chronic kidney disease, so a high percentage of patients in the chronic

kidney disease register will also be diabetic. The marginal cost of measuring the

value of the albumin-creatinine ratio for these patients would be higher if they are

not attending the PHC to have their plasma glucose concentration, blood pressure,

and cholesterol measured.

6 Discussion

As a case study, we have analysed the Quality and Outcomes Framework, a pay-

for-performance scheme for family doctors in the UK, and amongst the largest

primary care pay-for-performance schemes worldwide. We do find evidence of

complementarities among the tasks that we consider, and no evidence of substitu-

tion, which might be due to increases in PHC staff that have taken place since the

introduction of the pay-for-performance scheme in 2004.

Programmes aiming to align incentives between insurers and health care providers,

like QOF, are becoming common around the world. In the US, the Affordable

Care Act (ACA) includes numerous measures to incentivise the quality (or value)

of care, rather than the volume of care, including Accountable Care Organisations,

as well as Merit-Based Incentive Payment Systems, bundled payments, and pay-

ment jumps for long-term care hospitals implemented under the Medicare, and it

is expected that their importance will only grow (Bhattacharya, 2018).25

25See for instance Cheng et al. (2020); Colla and Fisher (2014); Doran et al. (2017); Greene et al.
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Piece-wise healthcare pay for performance programmes similar to QOF are

found elsewhere. The rémunération sur objectifs de santé publique (Rosp), was

introduced in France in 2011, with similar concerns about the potential issues

associated with the (potential) substitution of tasks (Dormont, 2013). Piece-wise

schemes have also been implemented in middle-income countries, like the ‘Meta

Asistencial’ in Uruguay.

The success of these pay-for-performance initiatives depends crucially on whether

the different activities that providers undertake are complements or substitutes.

Despite the importance of incentive schemes in health care, little is known on

whether tasks are complements or substitutes. Recent cluster randomised tri-

als from high-income countries have failed to examine this question (Asch et al.,

2015; Bardach et al., 2013). Dumont et al. (2008) found Canadian physicians who

voluntary signed up to a contract which decreased the marginal revenue of a con-

sultation, decreased the number of consultations and increased the average time

per consultation (an indicator of quality) as well as other activities unremunerated

at the margin (i.e. teaching).26 Assuming common trends between incentivised

and unincentivised tasks, Sutton et al. (2010) exploits the introduction of QOF to

(2015); Hussey et al. (2017); Lin et al. (2017); Song (2014); Einav et al. (2021, 2020, 2018). Other
public initiatives such as the Primary Care Information Project of the New York Department of
Health, as well as commercial insurers, have implemented payment schemes that reward quality
of care (Bardach et al., 2013; Forward, 2016). The ACA also established initiatives that linked
remuneration to performance in a hospital setting, such as the Hospital Readmission Reduction
Program, the Hospital-Acquired Condition Reduction Program, and the Hospital Value-Based
Purchasing Program. Since 2008, hospital quality in the UK has been incentivised through
the Advancing Quality programme, which was modelled after the Hospital Quality Incentive
Demonstration of the US (Sutton et al., 2012).

26Mullen et al. (2010) examine performance reports of physician medical groups contracting
with a large network HMO and compare clinical quality before and after the implementation
of a pay-for-performance scheme, relative to a control group. Although they do not find much
evidence that quality on unrewarded tasks deteriorated, they do not find much improvement in
rewarded tasks either, probably because the size/salience of the reward was too small.
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find evidence that the tasks under consideration are complements.27

Building on Hölmstrom and Milgrom (1991)’s original insight that jobs should

group together tasks that are complements, our finding that tasks involved in

managing chronic diseases are complements suggests that health systems relying

more heavily on primary care, where the same health center initially handles a

patient’s various illnesses, might be more efficient. This efficiency arises because

effort exerted in one task reduces the marginal cost of other tasks.28

Our findings are very relevant given that the number of co-morbidities per in-

dividual increases with population ageing (MacMahon, 2018), and the number of

chronic conditions per individual is already very sizeable in developed economies

and it is increasing rapidly in lower income countries.29 Common clusters of dis-

eases involve conditions associated with cardiovascular disease (diabetes, hyper-

tension, coronary artery disease), mental health conditions (mainly depression),

or osteoarthritis (Violan et al., 2014). Therefore, increasing resources to serve pa-

tients with certain conditions might lead to the detection and/or proper control

of other conditions that the same patient suffers from.

The presence of complementarities in primary care supports the use of financial

incentives and the pooling of health care activities within family doctors. Our

results provide evidence in favour of health care systems in which primary care
27There are a number of important differences with our paper: (1) our result does not rely on

the assumption of common trends across tasks, (2) we can also study complementary/substitution
patterns amongst rewarded tasks, and not only compare rewarded and unrewarded, (3) our results
are after six years of programme implementation, which allows capital and labour to adjust.

28In line with our findings, using records from the Veterans Health Administration, (Currie
and Zhang, 2021) find that healthcare providers who are more effective at treating one condition
are also more effective at treating other conditions, consistent with the complementarities we
identified.

29At least 60% of adult Americans had at least one chronic condition, and 42% suffer from
multimorbidity (Buttorff et al., 2017).
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centers play an important role, where the family doctor is, in the first instance,

responsible for managing the patient’s care across all health conditions, potentially

exploiting the complementarities that we have found. Such complementarities

could also partially explain the massive consolidation that has taken place among

primary care physicians in the US during the last two decades, as well as the

reductions on healthcare spending associated with such consolidation (Muhlestein

and Smith, 2016; Zhang et al., 2021).

7 Conclusion

Whether tasks are complements or substitutes is crucial to understanding how

best to split tasks amongst agents (job design), as well as the optimal design and

ultimate success of any pay-for-performance scheme (Hölmstrom and Milgrom,

1991). We propose an empirical strategy to identify whether tasks are complements

or substitutes in a setting when there is a two-part linear contract. The test,

which requires variation of the pay-for-performance contract over time, works by

considering as an “insensitive/less-sensitive” group those agents who are bunched

at the “kink” of the reward scheme.

Our test has three advantages: (1) it does not require variation of contracts

across agents, and hence it can be used if all agents in the population face the

same contracts as long as there is some variation across time in the contract of

at least one of the tasks, (2) it is not restricted to assess substitution patters be-

tween rewarded and unrewarded tasks, but can also estimate such patters amongst

rewarded tasks, (3) it does not require data on agents’ performance before the in-

troduction of the incentive contracts, which allows obtaining the estimates after
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the incentives contracts have been implemented for several years, and hence to

recover steady-state responses after capital and labor have adjusted. We hope

that our proposed empirical strategy will contribute to closing the gap between

the assumptions made in principal-agent models and the empirical relevance of

such assumptions.

We apply our empirical strategy to the Quality Outcomes Framework (QOF),

a nationwide pay for performance programme which was rolled out simultaneously

across England in 2004. We find that several tasks are complements and none are

substitutes. In interpreting the results, it is important to note that we are measur-

ing the effects six years after QOF was implemented, and hence capital and labour

have already adjusted, leading to the relaxation of short-term capacity constraints.

The finding that tasks are complements might help explain the widespread use of

pay for performance programmes in health care.
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Figure 1: Two-part contract for task 1
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Figure 2: Agents’ efficiency and task 1 optimal effort choice
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Figure 3: The effect on the density of e1 of a kink on the payment function at
e1 = UL
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Figure 4: Implications of Uncertainty and Risk Aversion

Notes: The simulations above use a CRRA utility function (risk aversion given by ⌘) for the provider using a

quadratic cost function defined by parameters c1, c2 and �. In the first scenario (black), there is no uncertainty

(� = 0). In the second (gold), uncertainty is allowed for achievement in task 1 where "1 ∼ N(0,�). The agent’s

problem (see below) was solved numerically using a Gauss-Legendre approximation restricted to "1 ∈ [−10�,10�].
For the purpose of the graph, 10.000 values for z were drawn from a uniform distribution between 0 and 2 and

the resulting response functions e∗1(z) are plotted on the left, and its distribution on the right. The histogram

was made over e1 ∈ [0,0.98] and its x-axis censored at 0.07 for exposition purposes only. The threshold UL = 0.5
is used for the non-linearity of the problem:

max
e1,e2∈[0,1]U = E"1 �u �P (x1, x2;a

R
1 , aL1 , a2, UL)� −C(e1, e2; z)�

s.t. u(c) = (c + 1)1−⌘
1 − ⌘

x1 = e1 + "1
x2 = e2
C(e1, e2; z) = 1

z
⋅ 1
2
⋅ �c1 ⋅ e21 + c2 ⋅ e22� + � ⋅ e1 ⋅ e2

Parameters in the simulation: � = 1, c1 = 2, c2 = 7, aR1 = 1, aL1 = 1.9, a2 = 1, ⌘ = 0.65
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Figure 5: Simulation exercise: e∗1 as a function of a2

Notes: The simulations above use a CRRA utility function (risk aversion given by ⌘) for the provider using a

quadratic cost function defined by parameters c1, c2 and �. Uncertainty is allowed for achievement in task 1 where

"1 ∼ N(0,�). Two scenarios are considered: substitute tasks on the left, and complementary tasks on the right.

In both cases, we allowed for two levels of z. The upper panels present the response function, and the lower ones

its corresponding derivative. The vertical black lines (fixed value of a2) are given as a reference for discussion.

max
e1,e2∈[0,1]U = E"1 �u �P (x1, x2;a

R
1 , aL1 , a2, UL)� −C(e1, e2; z)�

s.t. u(c) = (c + 1)1−⌘
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x1 = e1 + "1
x2 = e2
C(e1, e2; z) = 1
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49



Figure 6: The identification strategy: the case of complements
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Notes: There are two tasks: 1 and 2. e1 and e2 represent the effort levels for tasks 1 and 2
respectively. There are two agents: A and B. In time t, the effort levels are (eA1 , eA2 ) and (eB1 , eB2 )
for agent A and B respectively, whilst they are (eA′1 , e

A′
2 ) and (eB′1 , e

B′
2 ) in time t + 1. For task

1, the incentive contract is the same at time t and t + 1. For task 2, the solid line (dashed line)
represents the incentive contract in time t (t + 1).
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Figure 7: Primary health centres workforce
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Figure 8: Points reward function and achievement density for THYROI02 and
COPD13 for the 2010/11 financial year (t = 2 )
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Notes: Own calculations based on QOF data archived at NHS Digital.
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Figure 9: Heat map at indicator - Primary Health Centre level

Notes: Own calculations based on QOF data archived at NHS Digital and computed using
hexbin package for R (Carr and Pebesma, 2019). This two-dimensional histogram classifies
the transitions of all clinical indicators per Primary Health Centre according to their relative
performance against the upper-limit threshold of the payment function (UL). The x-axis presents
achievement in 2009, and the y-axis the 2010 result. Each cell counts how many indicator-PHCs
follow the specified transition, and the result is classified following the categories on the right of
the graph, where the lighter colour represents a higher frequency.
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Figure 10: Testing for bunching: THYROI02 and COPD13
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Note: The empirical density is fitted with a restricted cubic spline based on 5 knots. Domain
was restricted to a 10 pp. window around UL, and the excluded range is [ULj , ULj + 3pp.]
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Figure 11: Distribution of PHCs according to the number of indicators at the
bunching window [UL,UL+3]
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Table 1: Changes in QOF 2011 with respect to 2009-2010

Change in Status Description Total Number
rewards
(points) Points Indicators

Reduction
(143 to 87)

Withdrawn I No longer rewarded tasks 32 8
Points
reduced

Number of assigned points per
indicator was reduced.

26 to
22

2

Upper Limit
Increased

Increase on UL 22 2

Replacement
I

New wording with a more strict
definition of a goal or a reduced
time-frame for accomplishing it

18 4

Replacement
II

The decrease in points and new
wording is more detailed

45 to
25

2

Ambiguous
(51 to 59) Replacement

III
Harder to accomplish or more
detailed goals but compensated with
extra points

51 to
59

4

Increase
(29)

Replacement
IV

More lenient task description 17 1

New New tasks to be rewarded 12 3
NA

(486)
Replacement

V
Similar or same wording, but
expressed in new units or highlight
recent changes on diagnostic
procedures.

29 4

Replacement
V

As above, but these are fixed-payment
indicators

3 1

Unchanged No change on points, thresholds or
wording

383 41

Unchanged As above, but these are fixed-payment
indicators

71 17

Note: Authors’ interpretation based on NHS Employers public documents. There are 68 clinical indicators with

a non-linear payment scheme in 2009 and 2010. In 2011, 3 indicators were added, 8 were removed, 19 were

modified and 41 were unchanged.
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Table 2: Estimates of regression (4) on the QOF dataset

(1) (2) (3) (4) (5)
N Observations Estim. Regression Coefficients Classif.

Indicator UL [UL − 10, UL) [UL,UL + 3] BELOW AFTER INTER
Below Above ↵1 ↵2 ↵3

AF03 90% 544 2455 0.026∗∗∗ 0.001 −0.007∗∗ Comp(0.002) (0.001) (0.003)
AF04 90% 284 799 0.033∗∗∗ −0.002 −0.016∗∗∗ Comp(0.004) (0.002) (0.006)
ASTHMA03 80% 248 737 0.025∗∗∗ −0.004 −0.007(0.007) (0.004) (0.010)
ASTHMA06 70% 421 1116 0.032∗∗∗ −0.011∗∗∗ −0.012∗ Comp(0.004) (0.002) (0.007)
ASTHMA08 80% 325 1067 0.030∗∗∗ −0.007∗∗ −0.011(0.005) (0.003) (0.008)
CANCER03 90% 897 970 0.022∗∗∗ −0.001 −0.009(0.005) (0.003) (0.007)
CHD09 90% 528 2275 0.011∗∗∗ −0.000 0.002(0.003) (0.001) (0.003)
CHD10 60% 175 542 0.015∗ 0.005 −0.006(0.009) (0.004) (0.011)
CHD12 90% 1240 2795 0.020∗∗∗ −0.002∗ −0.000(0.002) (0.001) (0.003)
COPD13 90% 1019 2516 0.023∗∗∗ 0.000 −0.007(0.003) (0.001) (0.004)
CKD03 70% 1498 1428 0.017∗∗∗ 0.011∗∗∗ −0.001(0.002) (0.002) (0.003)
CKD06 80% 1167 1064 0.031∗∗∗ −0.017∗∗∗ −0.018∗∗∗ Comp(0.004) (0.003) (0.005)
DEM02 60% 102 300 0.050∗∗ 0.021∗∗ −0.049(0.024) (0.010) (0.035)
DM13 90% 2151 2327 0.015∗∗∗ −0.001 −0.006∗∗ Comp(0.002) (0.001) (0.002)
DM15 80% 326 585 0.019∗∗∗ 0.001 −0.007(0.007) (0.005) (0.009)
DM21 90% 1585 2397 0.014∗∗∗ −0.002∗ 0.002(0.002) (0.001) (0.003)
EPILEP08 70% 1139 976 0.012∗∗∗ 0.007∗ −0.002(0.004) (0.004) (0.006)
HF02 90% 463 966 0.020∗∗∗ −0.003 0.004(0.004) (0.002) (0.006)

Continued on next page
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Table 2: Estimates of regression (4) on the QoF dataset (Continued)

(1) (2) (3) (4) (5)
N Observations Estim. Regression Coefficients Classif.

Indicator UL [UL − 10, UL) [UL,UL + 3] BELOW AFTER INTER
Below Above ↵1 ↵2 ↵3

HF03 80% 186 606 0.019∗∗ 0.002 0.007(0.009) (0.004) (0.011)
SMOKE04 90% 950 2722 0.022∗∗∗ 0.000 −0.003(0.002) (0.001) (0.003)
STROKE07 90% 1550 2322 0.012∗∗∗ −0.003∗∗ 0.002(0.002) (0.001) (0.003)
STROKE08 60% 210 203 0.019∗ −0.006 0.006(0.010) (0.009) (0.015)
STROKE10 85% 904 1497 0.015∗∗∗ 0.001 0.007(0.003) (0.002) (0.005)
STROKE12 90% 580 1927 0.020∗∗∗ 0.000 −0.003(0.003) (0.001) (0.004)
STROKE13 80% 191 569 0.022∗∗ −0.004 −0.010(0.010) (0.005) (0.013)
Notes: Own calculations based on QOF data. Sample defined over the interval: [UL - 10 pp.,UL
+ 3 pp.]. BELOW: To have attained below the respective upper threshold UL in the first year of
the variation: 2009 for 2009-2010 and 2010 for 2010-2011 ( {x1i,t−1 < UL}). AFTER: 2010 to 2011
variation ( {t = 3}). INTER: Interaction between BELOW and AFTER. All regressions include
the number of items in which the PHC was in the bunching area [UL,UL + 3] in the previous year
as a control variable. Clustered at PHC-level standard errors in parenthesis. † PHCs’ descriptive
statistics are presented according to 2010 achievement, within the 3 points window around UL .
Significance: * 1%, ** 5%, *** 1%.
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Table 3: Estimates of the interaction term in regression (4) on the QOF dataset.
Multiple windows

Estimate of ↵3 under the sample in [UL − l, UL + k]
Presents only indicators for which ↵3 = 0 is rejected in at least one specification.

Entire interval Removing [UL − 1, UL + 1]
k=3 pp. above UL k=2 pp. above UL k=3 pp. above UL k=2 pp. above UL

Indicator l=10 l=5 l=10 l=5 l=10 l=5 l=10 l=5

AF03 (UL=90) −0.007∗∗ −0.001 −0.007∗∗ −0.002 −0.009∗ −0.000 −0.009∗∗ −0.001(0.003) (0.003) (0.004) (0.003) (0.005) (0.005) (0.005) (0.005)
AF04 (UL=90) −0.016∗∗∗ −0.015∗∗∗ −0.016∗∗ −0.015∗∗∗ −0.023∗∗ −0.027∗∗∗ −0.021∗∗ −0.025∗∗∗(0.006) (0.005) (0.006) (0.005) (0.009) (0.009) (0.010) (0.009)
ASTHMA06
(UL=70) −0.012∗ −0.004 −0.009 −0.001 −0.016∗∗ −0.005 −0.013 −0.002

(0.007) (0.007) (0.007) (0.007) (0.008) (0.009) (0.009) (0.010)
ASTHMA08
(UL=80) −0.011 −0.003 −0.011 −0.002 −0.016∗ −0.006 −0.016∗ −0.007

(0.008) (0.008) (0.008) (0.009) (0.009) (0.010) (0.010) (0.011)
COPD13 (UL=90) −0.007 −0.009∗ −0.006 −0.009∗ −0.006 −0.008 −0.005 −0.008(0.004) (0.005) (0.005) (0.005) (0.005) (0.007) (0.006) (0.007)
CKD06 (UL=80) −0.018∗∗∗ −0.015∗∗ −0.013∗∗ −0.010 −0.017∗∗∗ −0.014∗∗ −0.008 −0.006(0.005) (0.006) (0.006) (0.007) (0.006) (0.007) (0.007) (0.008)
DEM02 (UL=60) −0.049 −0.005 −0.056 −0.012 −0.058 −0.011 −0.074∗ −0.026(0.035) (0.036) (0.036) (0.037) (0.038) (0.043) (0.040) (0.045)
DM13 (UL=90) −0.006∗∗ −0.005∗ −0.004∗ −0.004 −0.007∗∗∗ −0.005∗ −0.007∗∗ −0.005(0.002) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
SMOKE04
(UL=90) −0.003 −0.004 −0.003 −0.005 −0.004 −0.007∗ −0.005 −0.008∗

(0.003) (0.003) (0.003) (0.003) (0.004) (0.004) (0.004) (0.004)
STROKE10
(UL=85) 0.007 0.004 0.008 0.005 0.008 0.003 0.011∗ 0.007

(0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.006) (0.006)
Notes: Own calculations based on QOF data. Indicators presented in the table are those which were significant
at the 90% level in at least one specification. All regressions include the number of items in which the PHC was
in the bunching area [UL,UL + 3] in the previous year as a control. Clustered at PHC-level standard errors in
parenthesis. Significance: * 10%, ** 5%, *** 1%.
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Table 4: Estimates of ↵3. Heterogeneity according to the number of indicators
that PHCs have at the bunching window [UL,UL + 3].

(1) (2) (3) (4)
Indicator Main At the bunching region [UL,UL + 3] in at most

20
indicators

14
indicators

10
indicators

AF03 −0.007∗∗ −0.010∗∗ −0.013∗ −0.013(0.003) (0.004) (0.007) (0.012)
AF04 −0.016∗∗∗ −0.019∗∗∗ −0.023∗∗ 0.005(0.006) (0.007) (0.010) (0.023)
ASTHMA06 −0.012∗ −0.014∗ −0.013 −0.012(0.007) (0.008) (0.013) (0.027)
ASTHMA08 −0.011 −0.017∗ −0.009 −0.054∗(0.008) (0.009) (0.015) (0.030)
COPD13 −0.007 −0.009∗ −0.002 0.009(0.004) (0.005) (0.009) (0.017)
CKD06 −0.018∗∗∗ −0.019∗∗∗ −0.020∗ −0.042∗(0.005) (0.006) (0.011) (0.023)
DEM02 −0.049 −0.078∗∗ −0.103∗ −0.147∗(0.035) (0.038) (0.054) (0.085)
DM13 −0.006∗∗ −0.006∗∗ −0.011∗∗ −0.014(0.002) (0.003) (0.005) (0.009)
SMOKE04 −0.003 −0.001 −0.004 0.011(0.003) (0.004) (0.006) (0.012)
STROKE10 0.007 0.001 −0.014 −0.021(0.005) (0.006) (0.010) (0.019)
Notes: Own calculations based on QOF data. Estimates obtained using re-
gression (4), but with interactions between the covariates and the dummy
variable {PBi ≥ s} that indicates whether PHC i has at least s indicators
in the bunching region, [UL,UL + 3], in 2010. Columns (2), (3), (4) report
the estimates of ↵3, without the interaction with {PBi ≥ s}, hence the coeffi-
cient corresponding to the PHCs with fewer than s indicators in the bunching
window. All regressions include the number of indicators in which the PHC
was in the bunching area [UL,UL + 3] in t − 1 as a control. Standard errors,
reported in parenthesis, are clustered at PHC level. Significance: * 10%, **
5%, *** 1%.
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A Proofs

Proof Proposition 2:

Following similar steps to those of Saez’s (2010) proof in a taxation context,1 we define the Cu-

mulative Distribution Function (CDF) H(ẽ1) = Pr [e⇤1(z, a1, a2)  ẽ1] = Pr
⇥
z  e

⇤�1
1 (ẽ1; a1, a2)

⇤
=

G
⇥
e
⇤�1
1 (ẽ1; a1, a2)

⇤
, where e

⇤�1
1 (·) is the inverse function of e⇤1(z). This CDF, H(ẽ1), has a corre-

sponding probability density function h(ẽ1).

As explained above, the optimal task 1 effort, e
⇤
1(z), is piecewise-defined, and consequently

H(ẽ1) also is. On the segment below UL, we have H
L(ẽ1) = G

⇥
e
⇤�1
1

�
ẽ1; aL1 , a2

�⇤
, and above it,

the relevant function is H
R(ẽ1) = G

⇥
e
⇤�1
1

�
ẽ1; aR1 , a2

�⇤
. Given that all providers with a z̃ 2 [z, z̄]

choose e
⇤
1 = UL, an entire mass that would have exerted an effort e

L
1 (z̃) > UL if there where no

kink, is now collapsed at that single point and has a value of b = h(UL) = H
L(eL1 (z̄))�H

L(UL).

Above z̄, the distribution follows h
R(e1).

Proof Proposition 3:

To prove (i), differentiate the First Order Conditions (Proposition 1, case (i) or case (iii)), while

imposing da1 = 0. This leads to C11de1 + C12de2 = 0 and C12de1 + C22de2 � da2 = 0. Using both

equations we find that

de1

da2
=� C12

C11C22 � C
2
12

, (1)

where the sign of de1
da2

is the contrary to that of C12, because the denominator is positive (for

the Second Order Conditions of the maximization problem (1) to hold).

To prove (ii), the proof of case (ii) of Proposition 1 noted that for agents with productivity

z̃ 2 [z, z̄], the optimal choice is e
⇤
1 = UL because a

R
1 < C1(e⇤1, e

⇤
2) < a

L
1 . A small enough change

in a2, will also lead to a small change in C1(e⇤1, e
⇤
2) but C1(e⇤1, e

⇤
2) will still be within the (aR1 , a

L
1 )

interval (provided the change in a2 is small enough), and hence the optimal choice of task 1 effort
1See Kleven (2016) for an intuitive explanation of why bunching arises at income distribution as a result of the

presence of kinks on income tax schedules.
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will still be e
⇤
1 = UL.

B QOF Payment

This Appendix describes how the number of points that a PHC obtains in each QOF indicator

translated into income for the PHC.

The formulae below describes how the income for indicator j is computed for PHC i. The

achievement of PHC i on indicator j is measured by the ratio xij , whose numerator is the number

of enrollees in PHC i whose clinical management fulfils the definition of indicator j, and the de-

nominator is the number of enrollees who should fullfil it. The achievement ratio, xij , is translated

into points, Pointsij , using the non-linear scheme (2), which we also described in section 4.2 of the

main text: zero points are awarded if xij is below the lower limit (LLj), the maximum number of

available points is awarded if xij goes above the upper limit (ULj), and a linear scheme is used

between the lower and the upper limit.

The number of points that the PHC i obtains from indicator j, Pointsij , is then adjusted by

two scaling factors: Sizei and RelPrevij . The former takes into account the relative size of the

PHC and it is computed as the number of enrollees in the PHC divided by 5891, which was the

average number of enrollees per PHC in 2003.2 The scaling factor RelPrevij measures the relative

prevalence in PHC i with respect to the national prevalence of the illness to which indicator j refers

to. The income that PHC i obtains from indicator j, Paymentij , is then computed multiplying the

number of points, Pointsij (scaled by Sizei and RelPrevij) by a monetary value per point, which

is constant across indicators and PHCs.
2Since 2013 this figure has been updated annually. More details are available from BMA (2013).
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xij =
Enrollees in PHC i whose clinical management fulfils the definition of indicator j

Enrollees in PHC i whose clinical management should fulfil the definition of indicator j

Pointsij =

8
>>>>>><

>>>>>>:

0 if xij  LLj

(xij � LLj) · Max. Avail. Pointsj
ULj�LLj

if LLj < xij < ULj

Max. Avail. Pointsj if xij � ULj

(2)

Sizei =
Enrollees in PHC i

5891

RelPrevij =
Prevalence in PHC i of the illness to which indicator j refers to
National Prevalence of the illness to which indicator j refers to

Paymentij = (Value per point in £) · Pointsij · Sizei ·RelPrevij (3)
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C Definition of all indicators and its changes

Table C1 of this Appendix describes the summary of the changes to the 2011 QOF clinical indicators,

with respect to the 2010 and 2009 ones. Table C2 provides the detailed definition of the QOF

indicators that did not change, and Table C3 provides the definition of the indicators that changed

and a detailed description of how they changed.
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Table C1: Changes in QOF 2011 clinical indicators with respect to 2009-2010

Change Description Indicators Equivalent

Effect on

the Piece

Rate

Maximum

Available

Points

Withdrawn These tasks are not rewarded anymore. Clinical indicators are about having a

recent record of certain physical measures, or reviews.

CHD5, CHD7,

DM5, DM11,

DM16,

EPILEPSY7,

MH7,

STROKE5

Reduction 32

Points

reduced

The number of assigned points per indicator was reduced.† BP4, DEP1 Reduction 26 to 22

Upper Limit

Increased

Small increase from 70% to 71%. � CHD6,

STROKE6

Reduction 22

Replacement

I

For indicators PP01, MH04, MH05, the time for accomplishing a given goal

was reduced. For CHD2, the optional specialist referral was made compulsory.

PP01, MH04,

MH05, CHD2

Reduction 18

Replacement

II

Decrease in points and new wording is more precise and requires actions at

the moment of diagnosis instead of treatment starting point.

DEP2, DEP3 Reduction 45 to 25

Replacement

III

Most of these indicators were replaced by versions which are harder to

accomplish. In a few of them this was compensated with extra points, but in

some others there was a reduction as well:

• For CHD11/CHD14 there is an increase from 7 to 10 points in exchange

for prescribing aspirin and statins on top of an ACE inhibitor or

alternative blood pressure treatments.

• Requirements for DM9 were increased from checking peripheral pulses

to a more comprehensive foot examination. It was also increased from 3

to 4 points.

• Indicator DM12 was split into DM30 and DM31, keeping the same

number of points. It asked for a percentage of patients below a given

blood pressure target (145/85). It was replaced by two targets, one

slightly below the original (140/80), and one notoriously above (150/90).

• Indicator MH09 was split into MH11, MH12, MH13, MH14, MH15 and

MH16. It moved from 23 to 27 points. The original indicator was

general and imprecise (“routine health promotion and prevention advice

appropriate to their age and health status”), while the replacements ask

for specific measurements depending on age and gender.

CHD11/CHD14,

DM9, DM12

(DM30,DM31),

MH09 (MH11,

MH12, MH13,

MH14, MH15

and MH16)

Ambiguous 51 to 59

Continued on next page
6



Table C1: Detailed Changes in QOF 2011 clinical indicators with respect to 2009-2010 (Continued)

Change Description Indicators Equivalent

Effect on

the Piece

Rate

Maximum

Available

Points

Replacement

IV

The cutoff was relaxed from last HbA1C to be 7% or less, to HbA1C to be

7.5% or less

DM23/DM26 Increase 17

Replacement

V

Similar or the same wording, but the recoding was done in order to highlight

recent changes in diagnostic procedures. For diabetes indicators the wording

is explicit about new measurement standards.

COPD1/COPD14,

COPD12/COPD15,

MH6/MH10,

DM24/DM27,

DM25/DM28

- 32

New These are tasks that were not considered before. Three new clinical

indicators, on dementia, epilepsy and learning disabilities.

DEM3,

EPILEPSY 9,

LD2

Increase 12

Unchanged No change on points, thresholds or wording - 454

Note: This corresponds to our interpretation based on NHS Employers public documents.

Table C2 below provides the exact definition of all QOF indicators that did not change between

2009 and 2011. The indicators with a valid entry in the LL and UL columns are those which follow

the non-linear reward scheme which we explain in subsection 4.2 of the text, as well as Appendix

A. The LL and UL entries refer to the lower and upper limit (in points) of the non-linear reward

scheme respectively. The indicators without valid entries in the LL and UL columns are bonus type

indicators for which either the full amount of points is awarded or none.
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Table C2: Indicators without changes from 2009 to 2011 (1/5)

Indicator

Domain

Description Max.

Avail.

Points

LL UL

CLINICAL AF 1: The PHC can produce a register of patients with Atrial Fibrillation 5 - -

CLINICAL AF 3: The percentage of patients with atrial fibrillation who are currently treated with anti-coagulant drug

therapy or an anti-platelet drug therapy

12 40 90

CLINICAL AF 4: The percentage of patients with atrial fibrillation diagnosed after 1st April 2008 with ECG or specialist

confirmed diagnosis

10 40 90

CLINICAL ASTHMA 1: The PHC can produce a register of patients with asthma, excluding patients with asthma who

have been prescribed no asthma-related drugs in the previous twelve months

4 - -

CLINICAL ASTHMA 3: The percentage of patients with asthma between the ages of 14 and 19 in whom there is a record of

smoking status in the previous 15 months

6 40 80

CLINICAL ASTHMA 6: The percentage of patients with asthma who have had an asthma review in the previous 15 months 20 40 70

CLINICAL ASTHMA 8: The percentage of patients aged eight and over diagnosed as having asthma from 1st April 2007

with measures of variability or reversibility

15 40 80

CLINICAL BP 1: The PHC can produce a register of patients with established hypertension 6 - -

CLINICAL BP 5: The percentage of patients with hypertension in whom the last blood pressure (measured in the previous 9

months) is 150/90 or less

57 40 70

CLINICAL CANCER 1: The PHC can produce a register of all cancer patients defined as a ’register of patients with a

diagnosis of cancer excluding non-melanotic skin cancers from 1 April 2003’

5 - -

CLINICAL CANCER 3: The percentage of patients with cancer, diagnosed within the last 18 months, who have a patient

review recorded as occurring at 6 months after the PHC has received confirmation of the diagnosis

6 40 90

CLINICAL CHD 1: The PHC can produce a register of patients with coronary heart disease 4 - -

CLINICAL CHD 8: The percentage of patients with coronary heart disease whose last measured total cholesterol (measured

in the previous 15 months) is 5 mmol/l or less

17 40 70

CLINICAL CHD 9: The percentage of patients with coronary heart disease with a record in the previous 15 months that

aspirin, an alternative anti-platelet therapy, or an anti-coagulant is being taken (unless a contraindication or

side-effects are recorded)

7 40 90

CLINICAL CHD 10: The percentage of patients with coronary heart disease who are currently treated with a beta blocker

(unless a contraindication or side-effects are recorded)

7 40 60

CLINICAL CHD 12: The percentage of patients with coronary heart disease who have a record of influenza immunisation in

the preceding 1 September to 31 March

7 40 90

CLINICAL CKD 1: The PHC can produce a register of patients aged 18 years and over with ChKD. (US National Kidney

Foundation: Stage 3-5 CKD)

6 - -

CLINICAL CKD 2: The percentage of patients on the CKD register whose notes have a record of blood pressure in the

previous 15 months

6 40 90

CLINICAL CKD 3: The percentage of patients on the CKD register in whom the last blood pressure reading, measured in

the previous 15 months, is 140/85 or less

11 40 70

CLINICAL CKD 5: The percentage of patients on the CKD register with hypertension and proteinuraa who are treated with

an angiotensin converting enzyme inhibitor (ACE-I) or angiotensin receptor blocker (ARB) (unless a

contraindication or side effects are recorded)

9 40 80

CLINICAL CKD 6: The percentage of patients on the CKD register whose notes have a record of an albumin:creatinine ratio

(or protein:creatinine ratio) value in the previous 15 months

6 40 80

CLINICAL CVD 2: The percentage of people diagnosed with hypertension diagnosed after 1 April 2009 who are given

lifestyle advice in the last 15 months for: increasing physical activity, smoking cessation, safe alcohol consumption

and healthy diet

5 40 70

CLINICAL COPD 8: The percentage of patients with COPD who have had influenza immunisation in the preceding 1

September to 31 March

6 40 85

Continued on next page8



Table C2: Indicators without changes from 2009 to 2011 (2/5)

Indicator

Domain

Description Max.

Avail.

Points

LL UL

CLINICAL COPD 10: The percentage of patients with COPD with a record of FeV1 in the previous 15 months 7 40 70

CLINICAL COPD 13: The percentage of patients with COPD who have had a review, undertaken by a healthcare

professional, including an assessment of breathlessness using the MRC dyspnoea score in the preceding 15 months

9 50 90

CLINICAL DEM 1: The PHC can produce a register of patients diagnosed with dementia 5 - -

CLINICAL DEM 2: The percentage of patients diagnosed with dementia whose care has been reviewed in the previous 15

months

15 25 60

CLINICAL DM 2: The percentage of patients with diabetes whose notes record BMI in the previous 15 months 3 40 90

CLINICAL DM 10: The percentage of patients with diabetes with a record of neuropathy testing in the previous 15 months 3 40 90

CLINICAL DM 13: The percentage of patients with diabetes who have a record of micro-albuminuria testing in the previous

15 months (exception reporting for patients with proteinuria)

3 40 90

CLINICAL DM 15: The percentage of patients with diabetes with proteinuria or micro-albuminuria who are treated with

ACE inhibitors (or A2 antagonists)

3 40 80

CLINICAL DM 17: The percentage of patients with diabetes whose last measured total cholesterol within the previous 15

months is 5mmol/l or less

6 40 70

CLINICAL DM 18: The percentage of patients with diabetes who have had influenza immunisation in the preceding 1

September to 31 March

3 40 85

CLINICAL DM 19: The PHC can produce a register of all patients aged 17 years and over with diabetes mellitus, which

specifies whether the patient has Type 1 or Type 2 diabetes

6 - -

CLINICAL DM 21: The percentage of patients with diabetes who have a record of retinal screening in the previous 15 months 5 40 90

CLINICAL DM 22: The percentage of patients with diabetes who have a record of estimated glomerular filtration rate

(eGFR) or serum creatinine testing in the previous 15 months

3 40 90

CLINICAL EPILEPSY 5: The PHC can produce a register of patients aged 18 years and over receiving drug treatment for

epilepsy

1 - -

CLINICAL EPILEPSY 6: The percentage of patients aged 18 years and over on drug treatment for epilepsy who have a

record of seizure frequency in the previous 15 months

4 40 90

CLINICAL EPILEPSY 8: The percentage of patients aged 18 years and over on drug treatment for epilepsy who have been

seizure free for the last 12 months recorded in the previous 15 months

6 40 70

CLINICAL HF 1: The PHC can produce a register of patients with heart failure 4 - -

CLINICAL HF 2: The percentage of patients with a diagnosis of heart failure (diagnosed after the 1st April 2006) which has

been confirmed by an echocardiogram or by specialist assessment

6 40 90

CLINICAL HF 3: The percentage of patients with a current diagnosis of heart failure due to LVD who are currently treated

with an ACE inhibitor or Angiotensin Receptor Blocker (unless a contraindication or side effects are recorded)

10 40 80

CLINICAL HF 4: The percentage of patients with a current diagnosis of heart failure due to LVD who are currently treated

with an ACE inhibitor or Angiotensin Receptor Blocker, who are additionally treated with a beta-blocker licensed

for heart failure, or recorded as intolerant to or having a contraindication to beta-blockers

9 40 60

CLINICAL LD 1: The PHC can produce a register of patients with learning disabilities 4 - -

CLINICAL MH 8: The PHC can produce a register of people with schizophrenia, bipolar affective disorder and other

psychoses

4 - -

CLINICAL OB 1: The PHC can produce a register of patients aged 16 years and over with a BMI greater than or equal to 30

in the last 15 months

8 - -

CLINICAL PC 2: The PHC has regular (at least 3 monthly) multidisciplinary case review meetings where all patients on the

palliative care register are discussed

3 - -

CLINICAL PC 3: The PHC has a complete register of all patients in need of palliative/supportive irrespective of age 3 - -

Continued on next page
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Table C2: Indicators without changes from 2009 to 2011 (3/5)

Indicator

Domain

Description Max.

Avail.

Points

LL UL

CLINICAL SMOKING 3: The percentage of patients with any or any combination of the following conditions: coronary

heart disease, stroke or TIA, hypertension, diabetes, COPD, CKD, asthma, schizophrenia, bipolar affective

disorder or other psychoses whose notes record smoking status in the previous 15 months (except those who have

never smoked where smoking status need only be recorded once since diagnosis)

30 40 90

CLINICAL SMOKING 4: The percentage of patients with any or any combination of the following conditions: coronary

heart disease, stroke or TIA, hypertension, diabetes, COPD, CKD, asthma, schizophrenia, bipolar affective

disorder or other psychoses who smoke whose notes contain a record that smoking cessation advice or referral to a

specialist service, where available, has been offered within the previous 15 months

30 40 90

CLINICAL STROKE 1: The PHC can produce a register of patients with Stroke or TIA 2 - -

CLINICAL STROKE 7: The percentage of patients with TIA or stroke who have a record of total cholesterol in the previous

15 months

2 40 90

CLINICAL STROKE 8: The percentage of patients with TIA or stroke whose last measured total cholesterol (measured in

the previous 15 months) is 5 mmol/l or less

5 40 60

CLINICAL STROKE 10: The percentage of patients with TIA or stroke who have had influenza immunisation in the

preceding 1 September to 31 March

2 40 85

CLINICAL STROKE 12: The percentage of patients with a stroke shown to be non-haemorrhagic, or a history of TIA, who

have a record that an anti-platelet agent (aspirin, clopidogrel, dipyridamole or a combination), or an

anti-coagulant is being taken (unless a contraindication or side-effects are recorded)

4 40 90

CLINICAL STROKE 13: The percentage of new patients with a stroke or TIA who have been referred for further

investigation

2 40 80

CLINICAL THYROID 1: The PHC can produce a register of patients with hypothyroidism 1 - -

CLINICAL THYROID 2: The percentage of patients with hypothyroidism with thyroid function tests recorded in the

previous 15 months

6 40 90

SERVICES CHS 1: Child development checks are offered at intervals that are consistent with national guidelines and policy 6 - -

SERVICES CS 1: The percentage of patients aged from 25 to 64 (in Scotland from 21 to 60) whose notes record that a

cervical smear has been performed in the last five years Standard 40 - 80%

11 40 80

SERVICES CS 5: The PHC has a system for informing all women of the results of cervical smears 2 - -

SERVICES CS 6: The PHC has a policy for auditing its cervical screening service, and performs an audit of inadequate

cervical smears in relation to individual smear takers at least every two years

2 - -

SERVICES CS 7: The PHC has a protocol that is in line with national guidance and PHC for the management of cervical

screening, which includes staff training, management of patient call/recall, exception reporting and the regular

monitoring of inadequate smear rates

7 - -

SERVICES MAT 1: Ante-natal care and screening are offered according to current local guidelines 6 - -

SERVICES SH 1: The PHC can produce a register of women who have been prescribed any method of contraception at least

once in the last year

4 - -

SERVICES SH 2: The percentage of women prescribed an oral or patch contraceptive method in the last year who have

received information from the PHC about long acting reversible methods of contraception in the previous 15

months

3 40 90

SERVICES SH 3: The percentage of women prescribed emergency hormonal contraception at least once in the year by the

PHC who have received information from the PHC about long acting reversible methods of contraception at the

time of, or within one month or, the prescription

3 40 90

Continued on next page

10



Table C2: Indicators without changes from 2009 to 2011 (4/5)

Indicator

Domain

Description Max.

Avail.

Points

LL UL

ORGANISATIONAL INFORMATION 5: The PHC supports smokers in stopping smoking by a strategy, which includes providing

literature and offering appropriate therapy

2 - -

ORGANISATIONAL EDUCATION 1: There is a record of all PHC-employed clinical staff having attended training/ updating in

basic life-support skills in the preceding 18 months

4 - -

ORGANISATIONAL EDUCATION 5: There is a record of all PHC-employed staff having attended training/ updating in basic life

support skills in the preceding 36 months

3 - -

ORGANISATIONAL EDUCATION 6: The PHC conducts an annual review of patient complaints and suggestions to ascertain

general learning points which are shared with the team

3 - -

ORGANISATIONAL EDUCATION 7: The PHC has undertaken a minimum of twelve significant event reviews in the past 3 years

which could include: Any death occurring on the PHC premises; New cancer diagnoses; Deaths where terminal

care has taken place at home; Any suicides; Sections under the Mental Health Act; Child protection cases;

Medication errors; A significant event occuring when a patient may have been subjected to harm, had the

circumstance/outcome been different (near miss)

4 - -

ORGANISATIONAL EDUCATION 8: All PHC-employed nurses have personal learning plans which have been reviewed at annual

appraisal

5 - -

ORGANISATIONAL EDUCATION 9: All PHC-employed non-clinical team members have an annual appraisal 3 - -

ORGANISATIONAL EDUCATION 10: The PHC has undertaken a minimum of three significant event reviews within the last year 6 - -

ORGANISATIONAL MANAGEMENT 1: Individual healthcare professionals have access to information on local procedures relating

to child protection

1 - -

ORGANISATIONAL MANAGEMENT 2: There are clearly defined arrangements for backing up computer data, back-up

verification, safe storage of back-up tapes and authorisation for loading programmes where a computer is used

1 - -

ORGANISATIONAL MANAGEMENT 3: The Hepatitis B status of all doctors and relevant PHC employed staff is recorded and

immunisation recommended if required in accordance with national guidance

0.5 - -

ORGANISATIONAL MANAGEMENT 5: The PHC offers a range of appointment times to patients which as a minimum should

include morning and afternoon appointments five mornings and four afternoons per week except where agreed

with the PCO

3 - -

ORGANISATIONAL MANAGEMENT 7: The PHC has systems in place to ensure regular and appropriate inspection, calibration,

maintenance and replacement of equipment including: a defined responsible person; clear recording; systematic

pre-planned schedules; reporting of faults

3 - -

ORGANISATIONAL MANAGEMENT 9: The PHC has a protocol for the identification of carers and a mechanism for the referral of

carers for social services assessment

3 - -

ORGANISATIONAL MANAGEMENT 10: There is a written procedure manual that includes staff employment policies including

equal opportunities, bullying and harassment and sickness absence (including illegal drugs, alcohol and stress) to

which staff have access

2 - -

ORGANISATIONAL MEDICINES 2: The PHC possesses the equipment and up-to-date emergency drugs to treat anaphylaxis 2 - -

ORGANISATIONAL MEDICINES 3: There is a system for checking expiry dates of emergency drugs at least on an annual basis 2 - -

ORGANISATIONAL MEDICINES 4: The number of hours from requesting a prescription to availability for collection by the patient

is 72 hours or less (excluding weekends and bank/local holidays)

3 - -

ORGANISATIONAL MEDICINES 6: The PHC meets with the PCO prescribing adviser at least annually and agrees up to three

actions related to prescribing

4 - -

ORGANISATIONAL MEDICINES 8: The number of hours from requesting a prescription to availability for collection by the patient

is 48 hours or less (excluding weekends and bank/local holidays)

6 - -

ORGANISATIONAL MEDICINES 10: The PHC meets with the PCO prescribing adviser at least annually, has agreed up to three

actions related to prescribing and subsequently provided evidence of change

4 - -

Continued on next page
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Table C2: Indicators without changes from 2009 to 2011 (5/5)

Indicator

Domain

Description Max.

Avail.

Points

LL UL

ORGANISATIONAL MEDICINES 11: A medication review is recorded in the notes in the preceding 15 months for all patients being

prescribed four or more repeat medicines Standard 80%

7 - -

ORGANISATIONAL MEDICINES 12: A medication review is recorded in the notes in the preceding 15 months for all patients being

prescribed repeat medicines Standard 80%

8 - -

ORGANISATIONAL RECORDS 3: The PHC has a system for transferring and acting on information about patients seen by other

doctors out of hours

1 - -

ORGANISATIONAL RECORDS 8: There is a designated place for the recording of drug allergies and adverse reactions in the notes

and these are clearly recorded

1 - -

ORGANISATIONAL RECORDS 9: For repeat medicines, an indication for the drug can be identified in the records (for drugs added

to repeat prescription with effect from 1st April 2004). Minimum standard 80 per cent

4 - -

ORGANISATIONAL RECORDS 11: The blood pressure of patients aged 45 and over is recorded in the preceding 5 years for at least

65% of patients

10 - -

ORGANISATIONAL RECORDS 13: There is a system to alert the out-of-hours service or duty doctor to patients dying at home 2 - -

ORGANISATIONAL RECORDS 15: The PHC has up-to-date clinical summaries in at least 60 per cent of patient records 25 - -

ORGANISATIONAL RECORDS 17: The blood pressure of patients aged 45 and over is recorded in the preceding 5 years for at least

80% of patients

5 - -

ORGANISATIONAL RECORDS 18: The PHC has up-to-date clinical summaries in at least 80 per cent of patient records 8 - -

ORGANISATIONAL RECORDS 19: 80 per cent of newly registered patients have had their notes summarised within eight weeks of

receipt by the PHC

7 - -

ORGANISATIONAL RECORDS 20: The PHC has up-to-date clinical summaries in at least 70% of patient records 12 - -

ORGANISATIONAL RECORDS 23: The percentage of patients aged over 15 whose notes record smoking status in the past 27 months 11 40 90

PATIENT

EXPERIENCE

PE 1: The length of routine booked appointments with the doctors in the PHC is not less than 10 minutes. [If

the PHC routinely sees extras during booked surgeries, then the average booked consultation length should allow

for the average number of extras seen in a surgery session. If the extras are seen at the end, then it is not

necessary to make this adjustment.] For PHCs with only an open surgery system, the average face to face time

spent by the GP with the patient is at least 8 minutes. For PHCs that routinely operate a mixed economy of

booked and open surgeries should report on both criteria.

33 - -

Table C3 below provides the definition of the QOF indicators which changed between 2011

and 2010-2009, as well as a detailed description of the change indicator per indicator. For those

indicators which were replaced, we categorise them in Replacement I, Replacement II, etc. as we did

in Table C1 of this Appendix, which summarised the changes. As in Table C2 of this Appendix, the

indicators with a valid entry in the LL and UL columns are those which follow the non-linear reward

scheme which we explain in subsection 4.2 of the text, as well as Appendix A. The LL and UL

entries refer to the lower and upper limit (in points) of the non-linear reward scheme respectively.

The indicators without valid entries in the LL and UL columns are bonus type indicators for which

12



either the full amount of points is awarded or none.

Table C3: Indicators with changes from 2010 to 2011 (1/5)

Change Indicator

Domain

Description Max.

Avail.

Points

LL UL

Withdrawn CLINICAL CHD 5: The percentage of patients with coronary heart disease whose notes have

a record of blood pressure in the previous 15 months

7 40 90

Withdrawn CLINICAL CHD 7: The percentage of patients with coronary heart disease whose notes have

a record of total cholesterol in the previous 15 months

7 40 90

Withdrawn CLINICAL DM 5: The percentage of patients with diabetes who have a record of HbA1c or

equivalent in the previous 15 months

3 40 90

Withdrawn CLINICAL DM 11: The percentage of patients with diabetes who have a record of the blood

pressure in the previous 15 months

3 40 90

Withdrawn CLINICAL DM 16: The percentage of patients with diabetes who have a record of total

cholesterol in the previous 15 months

3 40 90

Withdrawn CLINICAL EPILEPSY 7: The percentage of patients aged 18 years and over on drug

treatment for epilepsy who have a record of medication review involving the patient

or carer in the previous 15 months

4 40 90

Withdrawn CLINICAL MH 7: The percentage of patients with schizophrenia, bipolar affective disorder

and other psychoses who do not attend the PHC for their annual review who are

identified and followed up by PHC team within 14 days of non attendance

3 40 90

Withdrawn CLINICAL STROKE 5: The percentage of patients with TIA or stroke who have a record of

blood pressure in the notes in the preceding 15 months

2 40 90

Reduced

Points

CLINICAL BP 4: The percentage of patients with hypertension in whom there is a record of

the blood pressure in the previous 9 months

18 ! 16 40 90

Reduced

Points

CLINICAL DEP 1: The percentage of patients with diabetes and/or heart disease for whom

case finding for depression has been undertaken on one occasion during the previous

15 months using the two standard screening questions

8 ! 6 40 90

Increased UL CLINICAL CHD 6: The percentage of patients with coronary heart disease in whom the last

blood pressure reading (measured in the previous 15 months) is 150/90 or less

17 40 70 ! 71

Increased UL CLINICAL STROKE 6: The percentage of patients with a history of TIA or stroke in whom

the last blood pressure reading (measured in the previous 15 months) is 150/90 or

less

5 40 70 ! 71

New CLINICAL DEM 3: The percentage of patient with a new diagnosis of dementia from April

2011 to have FBC, calcium, glucose, renal and liver function, thyroid function tests,

serum vitamin B12 and folate levels recorded 6 months before or after entering on

to the register

6 40 80

New CLINICAL EPILEPSY 9: The percentage of women under the age of 55 years who are taking

antiepileptic drugs who have a record of information and counselling about

contraception, conception and pregnancy in the preceding 15 months

3 40 90

New CLINICAL LD 2: Percentage of patients on the Learning Disability register with DownâĂŹs

Syndrome aged 18 years and over who have a record of blood TSH in the preceding

15 months (excluding those who are on the thyroid disease register)

3 40 70

Continued on next page
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Table C3: Indicators with changes from 2010 to 2011 (2/5)

Change Indicator

Domain

Description Max.

Avail.

Points

LL UL

Replacement I CLINICAL CVD 1:

OLD: In those patients with a new diagnosis of hypertension (excluding those with

pre-existing CHD, diabetes, stroke and/or TIA) recorded between the preceding 1 April to

31 March: the percentage of patients who have had a face to face cardiovascular risk

assessment at the outset of diagnosis using an agreed risk assessment treatment tool

NEW:In those patients with a new diagnosis of hypertension (excluding those with

pre-existing CHD, diabetes, stroke and/or TIA) recorded between the preceding 1 April to

31 March: the percentage of patients aged 30 to 74 years who have had a face to face

cardiovascular risk assessment at the outset of diagnosis (within 3 months of the initial

diagnosis) using an agreed risk assessment tool

8 40 70

Replacement I CLINICAL CHD 2 ! CHD 13:

OLD: The percentage of patients with newly diagnosed angina (diagnosed after 1 April

2003) who are referred for exercise testing and/or specialist assessment

NEW:For patients with newly diagnosed angina (diagnosed after 1 April 2011), the

percentage who are referred for specialist assessment

7 40 90

Replacement I CLINICAL MH 4 ! MH 17:

OLD: The percentage of patients on lithium therapy with a record of serum creatinine and

TSH in the previous 15 months

NEW:The percentage of patients on lithium therapy with a record of serum creatinine and

TSH in the preceding 9 months

1 40 90

Replacement I CLINICAL MH 5 ! MH 18:

OLD: The percentage of patients on lithium therapy with a record of lithium levels in a

therapeutic range within the previous 6 months

NEW:The percentage of patients on lithium therapy with a record of lithium levels in the

therapeutic range within the preceding 4 months

2 40 90

Replacement II CLINICAL DEP 2 ! DEP 4:

OLD: In those patients with a new diagnosis of depression, recorded between the preceeding

1 April and 31st March, the percentage of patients who have had an assessment of severity

at the outset of treatment using an assessment tool validated for use in primary care

NEW:In those patients with a new diagnosis of depression, recorded between the preceding

1 April to 31 March, the percentage of patients who have had an assessment of severity at

the time of diagnosis using an assessment tool validated for use in primary care

25 ! 17 40 90

Replacement II CLINICAL DEP 3 ! DEP 5:

OLD: In those patients with a new diagnosis of depression and assessment of severity

recorded between the preceding 1 April to 31 March, the percentage of patients who have

had a further assessment of severity 5-12 weeks (inclusive) after the initial recording of the

assessment of severity. Both assessments should be completed using an assessment tool

validated for use in primary care

NEW:In those patients with a new diagnosis of depression and assessment of severity

recorded between the preceding 1 April to 31 March, the percentage of patients who have

had a further assessment of severity 4-12 weeks (inclusive) after the initial recording of the

assessment of severity. Both assessments should be completed using an assessment tool

validated for use in primary care

20 ! 8 40 90 ! 80

Continued on next page
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Table C3: Indicators with changes from 2010 to 2011 (3/5)

Change Indicator

Domain

Description Max.

Avail.

Points

LL UL

Replacement

III

CLINICAL CHD 11 ! CHD 14:

OLD: The percentage of patients with a history of myocardial infarction (diagnosed

after 1 April 2003) who are currently treated with an ACE inhibitor or angiotensin

II antagonist

NEW:The percentage of patients with a history of myocardial infarction (from 1

April 2011) currently treated with an ACE inhibitor (or ARB if ACE intolerant),

aspirin or an alternative anti-platelet therapy, beta blocker and statin (unless a

contraindication or side effects are recorded)

7 ! 10 40 80

Replacement

III

CLINICAL DM 9 ! DM 29:

OLD: The percentage of patients with diabetes with a record of the presence or

absence of peripheral pulses in the previous 15 months

NEW:The percentage of patients with diabetes with a record of a foot examination

and risk classification: 1) low risk (normal sensation, palpable pulses), 2) increased

risk (neuropathy or absent pulses), 3) high risk (neuropathy or absent pulses plus

deformity or skin changes or previous ulcer) or 4) ulcerated foot within the

preceding 15 months

3 ! 4 40 90

Replacement

III

CLINICAL DM 12 (withdrawn): The percentage of patients with diabetes in whom the last

blood pressure is 145/85 or less

18 40 60

Replacement

III

CLINICAL DM 12 ! DM 30: The percentage of patients with diabetes in whom the last

blood pressure is 150/90 or less in the preceding 15 months

8 40 71

Replacement

III

CLINICAL DM 12 ! DM 31: The percentage of patients with diabetes in whom the last

blood pressure is 140/80 or less in the preceding 15 months

10 40 60

Replacement

III

CLINICAL MH 9 (withdrawn): The percentage of patients with schizophrenia and bipolar

affective disorder and other psychoses with a review recorded in the previous 15

months. In the review there is evidence that the patient has participated in routine

health promotion and prevention advice appropriate to their age and health status

23 40 90

Replacement

III

CLINICAL MH 9 ! MH 11: The percentage of patients with schizophrenia, bipolar affective

disorder and other psychoses who have a record of alcohol consumption in the

preceding 15 months

4 40 90

Replacement

III

CLINICAL MH 9 ! MH 12: The percentage of patients with schizophrenia, bipolar affective

disorder and other psychoses who have a record of BMI in the preceding 15 months

4 40 90

Replacement

III

CLINICAL MH 9 ! MH 13: The percentage of patients with schizophrenia, bipolar affective

disorder and other psychoses who have a record of blood pressure in the preceding

15 months

4 40 90

Replacement

III

CLINICAL MH 9 ! MH 14: The percentage of patients aged 40 years and over with

schizophrenia, bipolar affective disorder and other psychoses who have a record of

total cholesterol:hdl ratio in the preceding 15 months

5 40 80

Replacement

III

CLINICAL MH 9 ! MH 15: The percentage of patients aged 40 years and over with

schizophrenia, bipolar affective disorder and other psychoses who have a record of

blood glucose level in the preceding 15 months

5 40 80

Replacement

III

CLINICAL MH 9 ! MH 16: The percentage of patients (aged from 25 to 64 in England and

Northern Ireland, from 20 to 60 in Scotland and from 20 to 64 in Wales) with

schizophrenia, bipolar affective disorder and other psychoses whose notes record

that a cervical screening test has been performed in the preceding 5 years

5 40 80

Continued on next page
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Table C3: Indicators with changes from 2010 to 2011 (4/5)

Change Indicator

Domain

Description Max.

Avail.

Points

LL UL

Replacement

IV

CLINICAL DM 23 ! DM 26:

OLD: The percentage of patients with diabetes in whom the last HbA1C is 7 or less (or

equivalent test/reference range depending on local laboratory) in the previous 15 months

NEW:The percentage of patients with diabetes in whom the last IFCC-HbA1c is 59

mmol/mol (equivalent to HbA1c of 7.5% in DCCT values) or less (or equivalent

test/reference range depending on local laboratory) in the preceding 15 months

17 40 50

"Replacement

V

CLINICAL COPD 1 ! COPD 14:

OLD: The PHC can produce a register of patients with COPD

NEW:The PHC can produce a register of patients with COPD. Note: OPD1 was been

renumbered to COPD14 following a change in the diagnostic threshold as per the updated

NICE guideline.

3 - -

"

"Replacement

V

CLINICAL COPD 12 ! COPD 15:

OLD: The percentage of all patients with COPD diagnosed after 1st April 2008 in whom

the diagnosis has been confirmed by post bronchodilator spirometry

NEW:The percentage of all patients with COPD diagnosed after 1st April 2011 in whom

the diagnosis has been confirmed by post bronchodilator spirometry Note: COPD12 was

been renumbered to COPD15 in recognition of a coding change to include new codes for

post bronchodilator spirometry and the removal of the reversibility testing codes.

5 40 80

"

"Replacement

V

CLINICAL MH 6 ! MH 10:

OLD: The percentage of patients on the register who have a comprehensive care plan

documented in the records agreed between individuals, their family and/or carers as

appropriate

NEW:The percentage of patients on the register who have a comprehensive care plan

documented in the records agreed between individuals, their family and/or carers as

appropriate Note: The MH6 business rules logic was updated in recognition of the

’unbundled’ care review indicator (previously MH9) and the inclusion of the ’remission

exclusion’ codes, to ensure that the care plan is still reviewed annually and updated

following a patient’s relapse from remission.

6 25 50

" Replacement

V

CLINICAL DM 24 ! DM 27:

OLD: The percentage of patients with diabetes in whom the last HbA1C is 8 or less (or

equivalent test/reference range depending on local laboratory) in the previous 15 months

NEW:The percentage of patients with diabetes in whom the last IFCC-HbA1c is 64

mmol/mol (equivalent to HbA1c of 8% in DCCT values) or less (or equivalent

test/reference range depending on local laboratory) in the preceding 15 months

8 40 70

Replacement V CLINICAL DM 25 ! DM 28:

OLD: The percentage of patients with diabetes in whom the last HbA1C is 9 or less (or

equivalent test/reference range depending on local laboratory) in the previous 15 months

NEW:The percentage of patients with diabetes in whom the last IFCC-HbA1c is 75

mmol/mol (equivalent to HbA1c of 9% in DCCT values) or less (or equivalent

test/reference range depending on local laboratory) in the preceding 15 months

10 40 90

Continued on next page
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Table C3: Indicators with changes from 2010 to 2011 (5/5)

Change Indicator

Domain

Description Max.

Avail.

Points

LL UL

Withdrawn ORGANISATIONAL INFORMATION 4: If a patient is removed from a PHC’s list, the PHC provides an explanation

of the reasons in writing to the patient and information on how to find a new PHC, unless it is

perceived such an action would result in a violent response by the patient

1 - -

Withdrawn ORGANISATIONAL RECORDS 21: Ethnic origin is recorded for 100% of new registrations from 1st April 2006 1 - -

Withdrawn PATIENT

EXPERIENCE

PE 7: The percentage of patients who, using an approved survey, indicate that they were able to

obtain a consultation with an appropriate health care professional within 2 working days

23.5 70 90

Withdrawn PATIENT

EXPERIENCE

PE 8: The percentage of patients who, using an approved survey, indicate that they were able to

book an appointment with a GP more than 2 days ahead

35 60 90

New ORGANISATIONAL QP 1: The PHC conducts an internal review of their prescribing to assess whether it is clinically

appropriate and cost effective, agrees with the PCO three areas for improvement and produces a

draft plan for each area no later than 30 June 2011

6 - -

New ORGANISATIONAL QP 2: The PHC participates in an external peer review of prescribing with a group of PHCs and

agrees plans for three prescribing areas for improvement firstly with the group and then with the

PCO no later than 30 September 2011

7 - -

New ORGANISATIONAL QP 3: The percentage of prescriptions complying with the agreed plan for the first improvement

area as a percentage of all prescriptions in that improvement area during the period 1 January

2012 to 31 March 2012 - (Payment stages to be determined locally according to the method set out

in the indicator guidance with 20 percentage points between upper and lower thresholds)

5 - -

New ORGANISATIONAL QP 4: The percentage of prescriptions complying with the agreed plan for the second improvement

area as a percentage of all prescriptions in that improvement area during the period 1 January

2012 to 31 March 2012.- (Payment stages to be determined locally according to the method set out

in the indicator guidance with 20 percentage points between upper and lower thresholds)

5 - -

New ORGANISATIONAL QP 5: The percentage of prescriptions complying with the agreed plan for the third improvement

area as a percentage of all prescriptions in that improvement area during the period 1 January

2012 to 31 March 2012 - (Payment stages to be determined locally according to the method set out

in the indicator guidance with 20 percentage points between upper and lower thresholds)

5 - -

New ORGANISATIONAL QP 6: The PHC meets internally to review the data on secondary care outpatient referrals

provided by the PCO

5 - -

New ORGANISATIONAL QP 7: The PHC participates in an external peer review with a group of PHCs to compare its

secondary care outpatient referral data either with PHCs in the group of PHCs or with PHCs in

the PCO area and proposes areas for commissioning or service design improvements to the PCO

5 - -

New ORGANISATIONAL QP 8: The PHC engages with the development of and follows three agreed care pathways for

improving the management of patients in the primary care setting (unless in individual cases they

justify clinical reasons for not doing this) to avoid inappropriate outpatient referrals and produces

a report of the action taken to the PCO no later than 31 March 2012

11 - -

New ORGANISATIONAL QP 9: The PHC meets internally to review the data on emergency admissions provided by the

PCO

5 - -

New ORGANISATIONAL QP 10: The PHC participates in an external peer review with a group of PHCs to compare its

data on emergency admissions either with PHCs in the group of PHCs or PHCs in the PCO area

and proposes areas for commissioning or service design improvements to the PCO

15 - -

New ORGANISATIONAL QP 11: The PHC engages with the development of and follows three agreed care pathways (unless

in individual cases they justify clinical reasons for not doing this) in the management and

treatment of patients in aiming to avoid emergency admissions and produces a report of the action

taken to the PCO no later than 31 March 2012

27.5 - -
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D Autocorrelation of QOF Achievement Measures

As we explained in subsection 3.2, our empirical strategy relies on a high degree of autocorrelation

on the performance measures (QOF indicators) in the absence of changes to the reward schemes.

Table D1 below provides descriptive statistics on the QOF achievement indicators, with emphasis

on showing the high degree of autocorrelation, thus complementing Figure 9. As in Figure 9, we

use the QOF data of 2009 and 2010 for which there were no changes neither in the definition of the

indicators nor in the reward schemes.

Column 4 of Table D1 of this Appendix shows that, for most indicators, the autocorrelation

coefficients is above 0.4. Moreover, we can observe high persistence along the 45 degrees diagonal

(column 5): for most indicators the percentage of PHCs whose achievement was within 5 points of

the previous year is above 70%. In average, PHCs which are below the upper limit, UL, increase

their performance in the following year (column 6), while those which are above this threshold tend

to hardly change their performance (column 7).

Table D1: QOF indicators descriptives for t =2010/11 financial year (t = 2)

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

Indicator UL E[xt] SD[xt] P[xt < UL] ⇢(xt) E[ {|xt � xt�1| E[xt � xt�1 E[xt � xt�1

 5} ⇤ 100] |xt�1 < UL] |xt�1 > UL]

AF03 90% 93.82 7.92 7.14 0.50 83.10 9.88 -0.55

AF04 90% 95.28 12.11 6.43 0.51 74.64 26.20 -1.39

ASTHMA03 80% 90.00 10.77 4.69 0.41 52.00 18.64 -0.76

ASTHMA06 70% 79.58 8.31 5.29 0.54 62.43 11.03 -0.19

ASTHMA08 80% 87.89 9.06 6.37 0.46 53.61 15.63 -0.98

BP5 70% 79.68 6.57 5.17 0.64 78.87 5.87 -0.09

CANCER03 90% 92.75 15.77 17.84 0.34 61.84 18.18 -2.69

CHD08 70% 81.90 7.64 3.51 0.56 74.25 11.30 -0.41

CHD09 90% 93.58 5.67 7.56 0.46 92.31 4.30 -0.66

CHD10 60% 74.91 10.95 2.60 0.67 65.06 13.30 -0.70

CHD12 90% 92.73 6.78 16.53 0.48 78.59 5.17 -0.31

COPD08 85% 93.52 7.38 4.12 0.47 73.14 13.30 -0.10

COPD10 70% 88.48 10.99 3.60 0.51 57.78 25.17 -0.75

COPD13 90% 91.17 10.77 17.95 0.47 69.90 13.54 -1.31

Continued on next page
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Table D1: (Continued)

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

Indicator UL E[xt] SD[xt] P[xt < UL] ⇢(xt) E[ {(xt � xt�1) E[xt � xt�1 E[xt � xt�1

 5}] |xt�1 < UL] |xt�1 > UL]

CKD02 90% 97.26 6.97 1.29 0.41 95.33 26.83 -0.37

CKD03 70% 74.86 10.41 21.73 0.52 60.55 5.58 -1.72

CKD05 80% 90.78 17.96 6.03 0.46 61.61 40.20 -2.70

CKD06 80% 82.35 13.05 24.29 0.53 48.00 14.80 -1.33

CVD02 70% 82.61 14.05 7.94 0.37 32.02 34.13 -5.68

DEM02 60% 80.54 16.22 3.04 0.42 36.60 36.15 -0.92

DM2 90% 94.87 4.49 7.00 0.54 90.67 4.47 -0.36

DM10 90% 91.39 7.57 22.84 0.58 77.87 4.93 -0.69

DM13 90% 88.80 9.05 37.48 0.65 74.51 3.38 -1.38

DM15 80% 89.28 13.53 8.07 0.53 64.75 20.31 -1.66

DM17 70% 82.73 6.52 2.43 0.60 78.13 8.70 -0.55

DM18 85% 91.19 6.30 9.76 0.47 75.85 5.99 -0.17

DM21 90% 91.08 7.54 24.33 0.52 74.24 5.46 -0.97

DM22 90% 96.95 3.75 2.44 0.44 94.54 7.78 -0.02

EPILEP06 90% 95.62 7.40 6.95 0.27 73.54 13.07 -0.64

EPILEP08 70% 73.96 15.26 26.14 0.56 43.38 7.72 -3.09

HF02 90% 95.46 11.25 8.02 0.51 74.46 17.25 -1.03

HF03 80% 90.26 12.20 4.24 0.46 61.26 27.42 -1.10

HF04 60% 83.15 17.97 3.26 0.47 44.45 41.65 -1.39

SMOKE03 90% 95.61 2.85 2.66 0.52 95.25 5.69 0.00

SMOKE04 90% 93.07 5.11 12.48 0.44 79.02 4.98 -0.72

STROKE07 90% 91.49 7.81 23.91 0.43 73.96 5.01 -1.08

STROKE08 60% 77.18 10.02 3.07 0.50 58.70 20.72 -0.57

STROKE10 85% 90.09 8.63 13.45 0.40 64.69 8.97 -0.49

STROKE12 90% 93.79 8.41 8.98 0.45 82.43 9.97 -0.93

STROKE13 80% 88.90 15.87 7.51 0.58 55.50 25.92 -1.87

THYROI02 90% 95.81 4.33 3.24 0.41 91.02 10.46 -0.11

Notes: Own calculations based on QOF data of 2009 and 2010, when there was no change in neither the definition of the indicators

nor the reward schemes. Number of PHCS is 8245. E[xt] : Average achievement per indicator. P[xt < UL] : Proportion of PHCs

with an achievement below the upper limit of the non-linear reward scheme, UL. ⇢(xt) : Correlation between 2010 and 2009

achievement. E[ {(xt �xt�1)  5}]x100 : Percentage of PHCs with achievement difference between 2009 and 2010 of 5 percentage

points. E[xt � xt�1|xt�1 < UL] : Difference on achievement between 2010 and 2009, conditional on achievement below UL in

2009. E[xt �xt�1|xt�1 > UL] : Difference on achievement between 2010 and 2009, conditional on achievement above UL in 2009.
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E Bunching Results

Table E1 of this Appendix reports the estimates of the excess bunching at UL for the indicators

that did not change between 2009-2010 and 2011 (we refer to these indicators as x1 in the main

text), assuming a bunching region of 2 (second column) or 3 (third column). We keep constant

the estimation window w and the bin-size b = 1. The coefficients in the second and third columns

corresponds to the estimate of excess bunching (B) at [UL,UL+h] relative to the total number of

PHCs included in [UL-w,UL+w ]. Column 4 of the Table classifies indicators as bunched only if the

estimate of the bunching is statistically significant at the 95% level under both h = 2 and h = 3. In

total, 25 out of 41 indicators present evidence of bunching. Below, Table E2 reports similar results

under different values of the estimation window and bunching region. Table E3, also below, reports

the bunching graphs, equivalent to those of Figure 10 of the main text, but for all the QOF clinical

indicators whose reward scheme remained unchanged between 2009 and 2011.

Table E1: Results of QOF indicators bunching test

(1) (2) (3) (4) (5) (6) (7) (8)

Indicator UL

w=10,

h=2,

b=1

w=10,

h=3,

b=1

Bunched Indicator UL

w=10,

h=2,

b=1

w=10,

h=3,

b=1

Bunched

AF03 90 13.4 ⇤⇤ 23.5 ⇤⇤⇤ Yes DM13 90 8.7 ⇤⇤ 17.2 ⇤⇤⇤ Yes

[ 2.93] [ 9.40] [ 2.26] [ 6.40]

AF04 90 11.1 ⇤⇤⇤ 14.8 ⇤⇤⇤ Yes DM15 80 13.0 ⇤⇤⇤ 9.8 ⇤⇤⇤ Yes

[ 4.35] [ 5.01] [ 7.37] [ 3.17]

ASTHMA03 80 9.4 ⇤⇤⇤ 7.3 ⇤⇤⇤ Yes DM17 70 0.3 2.1 ⇤⇤⇤

[ 7.28] [ 3.13] [ 0.31] [ 3.57]

ASTHMA06 70 3.6 ⇤⇤ 6.9 ⇤⇤⇤ Yes DM18 85 1.7 ⇤⇤ 1.0

[ 2.20] [ 7.57] [ 2.93] [ 0.91]

ASTHMA08 80 12.1 ⇤⇤⇤ 15.4 ⇤⇤⇤ Yes DM21 90 12.3 ⇤⇤⇤ 20.7 ⇤⇤⇤ Yes

[ 6.51] [ 9.86] [ 3.44] [11.49]

BP5 70 0.8 1.9 ⇤⇤⇤ DM22 90 0.9 2.6 ⇤⇤

[ 1.26] [ 5.10] [ 0.97] [ 2.39]

CANCER03 90 15.3 ⇤⇤ 27.0 ⇤⇤⇤ Yes EPILEP06 90 3.9 ⇤⇤ 4.2

[ 2.30] [ 4.55] [ 2.79] [ 1.39]

CHD08 70 1.1 ⇤⇤ 2.0 EPILEP08 70 10.5 ⇤⇤⇤ 15.6 ⇤⇤⇤ Yes

[ 2.93] [ 1.68] [ 4.52] [ 3.90]

Continued on next page
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Table E1: (Continued)

(1) (2) (3) (4) (5) (6) (7) (8)

Indicator UL

w=10,

h=2,

b=1

w=10,

h=3,

b=1

Bunched Indicator UL

w=10,

h=2,

b=1

w=10,

h=3,

b=1

Bunched

CHD09 90 7.6 ⇤⇤⇤ 11.9 ⇤⇤⇤ Yes HF02 90 17.0 ⇤⇤⇤ 24.5 ⇤⇤⇤ Yes

[ 3.23] [ 6.97] [ 4.35] [ 7.56]

CHD10 60 4.7 ⇤⇤⇤ 6.2 ⇤⇤⇤ Yes HF03 80 14.9 ⇤⇤⇤ 10.9 ⇤⇤⇤ Yes

[ 4.39] [ 5.93] [ 7.61] [ 3.86]

CHD12 90 13.0 ⇤⇤⇤ 21.2 ⇤⇤⇤ Yes HF04 60 15.4 ⇤⇤⇤ 18.0 ⇤

[ 3.56] [10.56] [ 5.97] [ 1.99]

COPD08 85 1.5 ⇤⇤ 1.5 SMOKE03 90 0.5 5.4

[ 2.91] [ 1.14] [-0.21] [-1.41]

COPD10 70 3.2 ⇤⇤⇤ 3.2 SMOKE04 90 15.2 ⇤⇤ 28.5 ⇤⇤⇤ Yes

[ 5.94] [ 1.19] [ 2.79] [ 6.94]

COPD13 90 16.9 ⇤⇤⇤ 28.4 ⇤⇤⇤ Yes STROKE07 90 8.4 ⇤⇤ 15.9 ⇤⇤⇤ Yes

[ 3.41] [ 8.70] [ 2.44] [ 7.95]

CKD02 90 1.3 3.7 ⇤⇤ STROKE08 60 3.5 ⇤⇤⇤ 5.3 ⇤⇤⇤ Yes

[ 1.05] [ 2.46] [ 3.28] [ 4.83]

CKD03 70 7.4 ⇤⇤⇤ 10.8 ⇤⇤⇤ Yes STROKE10 85 4.7 ⇤⇤⇤ 6.6 ⇤⇤⇤ Yes

[ 5.24] [ 9.84] [ 5.26] [ 5.74]

CKD05 80 21.0 ⇤⇤⇤ 11.1 STROKE12 90 8.0 ⇤⇤ 13.5 ⇤⇤⇤ Yes

[ 4.53] [ 1.67] [ 2.68] [ 5.54]

CKD06 80 4.8 ⇤⇤⇤ 6.1 ⇤⇤⇤ Yes STROKE13 80 18.0 ⇤⇤⇤ 14.2 ⇤⇤⇤ Yes

[ 4.16] [ 4.57] [ 8.45] [ 3.52]

CVD02 70 4.6 ⇤⇤⇤ 5.3 THYROI02 90 1.1 2.7

[ 5.23] [ 1.74] [-1.07] [-1.54]

DEM02 60 12.7 ⇤⇤⇤ 12.7 ⇤⇤ Yes

[ 9.36] [ 2.74]

DM2 90 0.2 2.6

[-0.11] [-1.04]

DM10 90 4.3 ⇤ 8.5 ⇤⇤⇤

[ 1.95] [ 4.95]

Notes: Own calculations based on QOF data. In each column, a spline with 5 knots is estimated over the histogram

of the indicator in the interval [UL-w,UL+w ]. The regressor includes dummies �k for each bin of size b located in

[UL,UL+h]. Each coefficient in the table corresponds to the estimate of excess density (B) at [UL,UL+h] relative to the

total number of PHCs included in [UL-w,UL+w ]. The z-stats in brackets corresponds to H0:
P

k �k = 0. Significance:

** 5%, *** 1%.
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Table E2: Results of QOF indicators bunching test: additional specifications

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

Indicator UL

w=10,

h=2,

b=1

w=10,

h=3,

b=1

w=12,

h=2,

b=1

w=12,

h=3,

b=1

w=10,

h=4,

b=1

AF03 90 13.4 ⇤⇤ 23.5 ⇤⇤⇤ 19.4 ⇤ 41.5 ⇤⇤⇤ 27.2 ⇤⇤⇤

[ 2.93] [ 9.40] [ 1.96] [ 5.10] [10.13]

AF04 90 11.1 ⇤⇤⇤ 14.8 ⇤⇤⇤ 15.4 ⇤⇤⇤ 25.3 ⇤⇤⇤ 11.4 ⇤

[ 4.35] [ 5.01] [ 3.21] [ 7.41] [ 2.01]

ASTHMA03 80 9.4 ⇤⇤⇤ 7.3 ⇤⇤⇤ 7.1 ⇤⇤⇤ 6.8 ⇤⇤⇤ 8.8

[ 7.28] [ 3.13] [ 5.55] [ 3.18] [ 1.74]

ASTHMA06 70 3.6 ⇤⇤ 6.9 ⇤⇤⇤ 3.0 7.1 ⇤⇤⇤ 9.1 ⇤⇤⇤

[ 2.20] [ 7.57] [ 1.35] [ 3.76] [30.53]

ASTHMA08 80 12.1 ⇤⇤⇤ 15.4 ⇤⇤⇤ 9.8 ⇤⇤⇤ 13.8 ⇤⇤⇤ 15.6 ⇤⇤⇤

[ 6.51] [ 9.86] [ 4.59] [ 7.22] [ 6.66]

BP5 70 0.8 1.9 ⇤⇤⇤ 0.8 ⇤ 1.4 ⇤⇤⇤ 1.8 ⇤

[ 1.26] [ 5.10] [ 1.96] [ 3.01] [ 1.85]

CANCER03 90 15.3 ⇤⇤ 27.0 ⇤⇤⇤ 21.6 ⇤⇤ 37.6 ⇤⇤⇤ 28.0 ⇤⇤⇤

[ 2.30] [ 4.55] [ 2.66] [ 5.07] [ 3.64]

CHD08 70 1.1 ⇤⇤ 2.0 0.8 ⇤⇤ 1.2 ⇤ 1.7

[ 2.93] [ 1.68] [ 2.66] [ 1.79] [ 0.45]

CHD09 90 7.6 ⇤⇤⇤ 11.9 ⇤⇤⇤ 9.5 20.5 ⇤⇤⇤ 14.6 ⇤⇤⇤

[ 3.23] [ 6.97] [ 1.56] [ 3.23] [10.05]

CHD10 60 4.7 ⇤⇤⇤ 6.2 ⇤⇤⇤ 3.8 ⇤⇤⇤ 5.5 ⇤⇤⇤ 6.2 ⇤⇤⇤

[ 4.39] [ 5.93] [ 3.48] [ 5.77] [ 4.18]

CHD12 90 13.0 ⇤⇤⇤ 21.2 ⇤⇤⇤ 14.5 ⇤⇤⇤ 24.8 ⇤⇤⇤ 25.3 ⇤⇤⇤

[ 3.56] [10.56] [ 3.17] [ 7.14] [16.39]

COPD08 85 1.5 ⇤⇤ 1.5 1.2 0.6 1.1

[ 2.91] [ 1.14] [ 1.65] [ 0.44] [ 0.31]

COPD10 70 3.2 ⇤⇤⇤ 3.2 1.7 ⇤⇤⇤ 2.9 ⇤⇤ 1.6

[ 5.94] [ 1.19] [ 3.48] [ 2.16] [ 0.20]

COPD13 90 16.9 ⇤⇤⇤ 28.4 ⇤⇤⇤ 21.0 ⇤⇤⇤ 36.8 ⇤⇤⇤ 36.3 ⇤⇤⇤

[ 3.41] [ 8.70] [ 3.04] [ 6.35] [18.56]

CKD02 90 1.3 3.7 ⇤⇤ 0.5 ⇤⇤⇤ 0.5 ⇤⇤ 7.2 ⇤⇤⇤

[ 1.05] [ 2.46] [ 3.95] [ 2.78] [ 3.30]

CKD03 70 7.4 ⇤⇤⇤ 10.8 ⇤⇤⇤ 6.6 ⇤⇤⇤ 10.5 ⇤⇤⇤ 12.2 ⇤⇤⇤

[ 5.24] [ 9.84] [ 3.90] [ 7.99] [ 6.08]

CKD05 80 21.0 ⇤⇤⇤ 11.1 14.6 ⇤⇤⇤ 9.6 23.8 ⇤

[ 4.53] [ 1.67] [ 4.14] [ 1.67] [ 1.93]

Continued on next page
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Table E2: (Continued)

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

Indicator UL

w=10,

h=2,

b=1

w=10,

h=3,

b=1

w=12,

h=2,

b=1

w=12,

h=3,

b=1

w=10,

h=4,

b=1

CKD06 80 4.8 ⇤⇤⇤ 6.1 ⇤⇤⇤ 4.0 ⇤⇤⇤ 6.0 ⇤⇤⇤ 6.8 ⇤⇤

[ 4.16] [ 4.57] [ 3.03] [ 4.39] [ 2.89]

CVD02 70 4.6 ⇤⇤⇤ 5.3 3.6 ⇤⇤⇤ 5.2 ⇤⇤⇤ 3.2

[ 5.23] [ 1.74] [ 3.73] [ 3.13] [ 0.36]

DEM02 60 12.7 ⇤⇤⇤ 12.7 ⇤⇤ 10.5 ⇤⇤⇤ 12.5 ⇤⇤⇤ 9.1

[ 9.36] [ 2.74] [ 6.86] [ 6.28] [ 0.60]

DM2 90 0.2 2.6 0.4 0.2 7.7 ⇤

[-0.11] [-1.04] [ 0.60] [-0.23] [-1.90]

DM10 90 4.3 ⇤ 8.5 ⇤⇤⇤ 4.9 13.9 ⇤⇤ 11.8 ⇤⇤⇤

[ 1.95] [ 4.95] [ 0.95] [ 2.61] [11.23]

DM13 90 8.7 ⇤⇤ 17.2 ⇤⇤⇤ 10.5 ⇤ 21.6 ⇤⇤⇤ 23.9 ⇤⇤⇤

[ 2.26] [ 6.40] [ 2.08] [ 5.01] [22.44]

DM15 80 13.0 ⇤⇤⇤ 9.8 ⇤⇤⇤ 9.5 ⇤⇤⇤ 8.4 ⇤⇤⇤ 12.4 ⇤

[ 7.37] [ 3.17] [ 6.73] [ 3.31] [ 1.81]

DM17 70 0.3 2.1 ⇤⇤⇤ 0.2 1.0 ⇤ 1.8

[ 0.31] [ 3.57] [ 0.44] [ 1.99] [ 1.41]

DM18 85 1.7 ⇤⇤ 1.0 1.5 ⇤⇤⇤ 1.2 1.0

[ 2.93] [ 0.91] [ 3.03] [ 1.45] [-0.58]

DM21 90 12.3 ⇤⇤⇤ 20.7 ⇤⇤⇤ 14.5 ⇤⇤ 27.4 ⇤⇤⇤ 24.7 ⇤⇤⇤

[ 3.44] [11.49] [ 2.38] [ 5.80] [14.95]

DM22 90 0.9 2.6 ⇤⇤ 0.4 ⇤⇤ 0.5 ⇤ 5.0 ⇤⇤

[ 0.97] [ 2.39] [ 2.40] [ 1.98] [ 2.88]

EPILEP06 90 3.9 ⇤⇤ 4.2 5.2 ⇤⇤ 8.3 ⇤⇤⇤ 0.9

[ 2.79] [ 1.39] [ 2.84] [ 4.57] [-0.15]

EPILEP08 70 10.5 ⇤⇤⇤ 15.6 ⇤⇤⇤ 9.2 ⇤⇤⇤ 15.0 ⇤⇤⇤ 18.2

[ 4.52] [ 3.90] [ 3.39] [ 4.63] [ 1.62]

HF02 90 17.0 ⇤⇤⇤ 24.5 ⇤⇤⇤ 33.3 ⇤⇤⇤ 58.9 ⇤⇤⇤ 22.3 ⇤⇤⇤

[ 4.35] [ 7.56] [ 3.11] [ 7.53] [ 3.81]

HF03 80 14.9 ⇤⇤⇤ 10.9 ⇤⇤⇤ 10.7 ⇤⇤⇤ 9.1 ⇤⇤⇤ 12.2 ⇤

[ 7.61] [ 3.86] [ 7.66] [ 3.89] [ 1.80]

HF04 60 15.4 ⇤⇤⇤ 18.0 ⇤ 13.9 ⇤⇤⇤ 18.2 ⇤⇤⇤ 7.7

[ 5.97] [ 1.99] [ 4.41] [ 4.45] [ 0.28]

SMOKE03 90 0.5 5.4 0.9 2.0 12.4

[-0.21] [-1.41] [ 0.40] [-0.73] [-1.66]

SMOKE04 90 15.2 ⇤⇤ 28.5 ⇤⇤⇤ 16.1 ⇤ 33.9 ⇤⇤⇤ 40.5 ⇤⇤⇤

Continued on next page

23



Table E2: (Continued)

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

Indicator UL

w=10,

h=2,

b=1

w=10,

h=3,

b=1

w=12,

h=2,

b=1

w=12,

h=3,

b=1

w=10,

h=4,

b=1

[ 2.79] [ 6.94] [ 1.94] [ 4.41] [15.62]

STROKE07 90 8.4 ⇤⇤ 15.9 ⇤⇤⇤ 10.9 25.4 ⇤⇤⇤ 20.3 ⇤⇤⇤

[ 2.44] [ 7.95] [ 1.60] [ 4.38] [18.12]

STROKE08 60 3.5 ⇤⇤⇤ 5.3 ⇤⇤⇤ 3.0 ⇤⇤⇤ 3.9 ⇤⇤⇤ 5.3 ⇤⇤

[ 3.28] [ 4.83] [ 4.30] [ 6.41] [ 2.32]

STROKE10 85 4.7 ⇤⇤⇤ 6.6 ⇤⇤⇤ 4.0 ⇤⇤⇤ 6.7 ⇤⇤⇤ 7.1 ⇤⇤

[ 5.26] [ 5.74] [ 2.94] [ 5.43] [ 2.24]

STROKE12 90 8.0 ⇤⇤ 13.5 ⇤⇤⇤ 12.2 26.6 ⇤⇤⇤ 14.8 ⇤⇤⇤

[ 2.68] [ 5.54] [ 1.66] [ 4.03] [ 3.94]

STROKE13 80 18.0 ⇤⇤⇤ 14.2 ⇤⇤⇤ 13.1 ⇤⇤⇤ 11.9 ⇤⇤⇤ 20.2 ⇤⇤

[ 8.45] [ 3.52] [ 6.74] [ 3.37] [ 2.48]

THYROI02 90 1.1 2.7 0.4 0.8 5.9

[-1.07] [-1.54] [-0.91] [-0.99] [-1.80]
Notes: Own calculations based on QOF data. In each column, a spline with 5 knots is

estimated over the histogram of the indicator in the interval [UL-w,UL+w ]. The regressor

includes dummies �k for each bin of size b located in [UL,UL+h]. Each coefficient in the

table corresponds to the estimate of excess density (B) at [UL,UL+h] relative to the total

number of PHCs included in [UL-w,UL+w ]. The z-stats in brackets corresponds to H0:
P

k �k = 0. Significance: ** 5%, *** 1%.
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Table E3: Bunching graphs of QOF clinical indicators which did not change between 2009-2010
and 2011

AF03: The percentage of patients with atrial

fibrillation who are currently treated with

anti-coagulant drug therapy or an anti-platelet

drug therapy

12 points. LL=40, UL=90.

AF04: The percentage of patients with atrial

fibrillation diagnosed after 1st April 2008 with

ECG or specialist confirmed diagnosis

10 points. LL=40, UL=90.

ASTHMA03: The percentage of patients with

asthma between the ages of 14 and 19 in whom

there is a record of smoking status in the

previous 15 months

6 points. LL=40 UL=80.

ASTHMA06: The percentage of patients with

asthma who have had an asthma review in the

previous 15 months

20 points. LL=40 UL=70.
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Table E3: Bunching graphs of QOF clinical indicators which did not change between 2009-2010
and 2011 (Continued)

ASTHMA08: The percentage of patients aged

eight and over diagnosed as having asthma from

1st April 2007 with measures of variability or

reversibility

15 points. LL=40 UL=80.

BP05: The percentage of patients with

hypertension in whom the last blood pressure

(measured in the previous 9 months) is 150/90

or less

57 points. LL=40 UL=70.

CANCER03: The percentage of patients with

cancer, diagnosed within the last 18 months,

who have a patient review recorded as occurring

at 6 months after the practice (PHC) has

received confirmation of the diagnosis

6 points. LL=40 UL=90.

CHD08: The percentage of patients with

coronary heart disease whose last measured total

cholesterol (measured in the previous 15 months)

is 5 mmol/l or less

17 points. LL=40 UL=70.
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Table E3: Bunching graphs of QOF clinical indicators which did not change between 2009-2010
and 2011 (Continued)

CHD09: The percentage of patients with

coronary heart disease with a record in the

previous 15 months that aspirin, an alternative

anti-platelet therapy, or an anti-coagulant is

being taken (unless a contraindication or

side-effects are recorded)

7 points. LL=40 UL=90.

CHD10: The percentage of patients with

coronary heart disease who are currently treated

with a beta blocker (unless a contraindication or

side-effects are recorded)

7 points. LL=40 UL=60.

CHD12: The percentage of patients with

coronary heart disease who have a record of

influenza immunisation in the preceding 1

September to 31 March

7 points. LL=40 UL=90.

CKD02: The percentage of patients on the

CKD register whose notes have a record of blood

pressure in the previous 15 months 6 points.

LL=40 UL=90.
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Table E3: Bunching graphs of QOF clinical indicators which did not change between 2009-2010
and 2011 (Continued)

CKD03: The percentage of patients on the

CKD register in whom the last blood pressure

reading, measured in the previous 15 months, is

140/85 or less

11 points. LL=40 UL=70.

CKD05: The percentage of patients on the

CKD register with hypertension and proteinuraa

who are treated with an angiotensin converting

enzyme inhibitor (ACE-I) or angiotensin

receptor blocker (ARB) (unless a

contraindication or side effects are recorded)

9 points. LL=40 UL=80.

CKD06: The percentage of patients on the

CKD register whose notes have a record of an

albumin:creatinine ratio (or protein:creatinine

ratio) value in the previous 15 months

6 points. LL=40 UL=80.

PP02: The percentage of people diagnosed with

hypertension diagnosed after 1 April 2009 who

are given lifestyle advice in the last 15 months

for: increasing physical activity, smoking

cessation, safe alcohol consumption and healthy

diet 5 points. LL=40 UL=70.
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Table E3: Bunching graphs of QOF clinical indicators which did not change between 2009-2010
and 2011 (Continued)

COPD08: The percentage of patients with

COPD who have had influenza immunisation in

the preceding 1 September to 31 March

6 points. LL=40 UL=85.

COPD10: The percentage of patients with

COPD with a record of FeV1 in the previous 15

months

7 points. LL=40 UL=70.

COPD13: The percentage of patients with

COPD who have had a review, undertaken by a

healthcare professional, including an assessment

of breathlessness using the MRC dyspnoea score

in the preceding 15 months

9 points. LL=50 UL=90.

DEM02: The percentage of patients diagnosed

with dementia whose care has been reviewed in

the previous 15 months 15 points. LL=25

UL=60.
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Table E3: Bunching graphs of QOF clinical indicators which did not change between 2009-2010
and 2011 (Continued)

DM02: The percentage of patients with

diabetes whose notes record BMI in the previous

15 months

3 points. LL=40 UL=90.

DM10: The percentage of patients with

diabetes with a record of neuropathy testing in

the previous 15 months

3 points. LL=40 UL=90.

DM13: The percentage of patients with

diabetes who have a record of micro-albuminuria

testing in the previous 15 months (exception

reporting for patients with proteinuria)

3 points. LL=40 UL=90.

DM15: The percentage of patients with

diabetes with proteinuria or micro-albuminuria

who are treated with ACE inhibitors (or A2

antagonists) 3 points. LL=40 UL=80.
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Table E3: Bunching graphs of QOF clinical indicators which did not change between 2009-2010
and 2011 (Continued)

DM17: The percentage of patients with

diabetes whose last measured total cholesterol

within the previous 15 months is 5mmol/l or less

6 points. LL=40 UL=70.

DM18: The percentage of patients with

diabetes who have had influenza immunisation in

the preceding 1 September to 31 March

3 points. LL=40 UL=85.

DM21: The percentage of patients with

diabetes who have a record of retinal screening

in the previous 15 months

5 points. LL=40 UL=90.

DM22: The percentage of patients with

diabetes who have a record of estimated

glomerular filtration rate (eGFR) or serum

creatinine testing in the previous 15 months

3 points. LL=40 UL=90.
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Table E3: Bunching graphs of QOF clinical indicators which did not change between 2009-2010
and 2011 (Continued)

EPILEP06: The percentage of patients aged 18

years and over on drug treatment for epilepsy

who have a record of seizure frequency in the

previous 15 months

4 points. LL=40 UL=90.

EPILEP08: The percentage of patients aged 18

years and over on drug treatment for epilepsy

who have been seizure free for the last 12 months

recorded in the previous 15 months

6 points. LL=40 UL=70.

HF02: The percentage of patients with a

diagnosis of heart failure (diagnosed after the 1st

April 2006) which has been confirmed by an

echocardiogram or by specialist assessment

6 points. LL=40 UL=90.

HF03: The percentage of patients with a

current diagnosis of heart failure due to LVD

who are currently treated with an ACE inhibitor

or Angiotensin Receptor Blocker (unless a

contraindication or side effects are recorded)

10 points. LL=40 UL=80.
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Table E3: Bunching graphs of QOF clinical indicators which did not change between 2009-2010
and 2011 (Continued)

HF04: The percentage of patients with a

current diagnosis of heart failure due to LVD

who are currently treated with an ACE inhibitor

or Angiotensin Receptor Blocker, who are

additionally treated with a beta-blocker licensed

for heart failure, or recorded as intolerant to or

having a contraindication to beta-blockers

9 points. LL=40 UL=60.

SMOKE03: The percentage of patients with

any or any combination of the following

conditions: coronary heart disease, stroke or

TIA, hypertension, diabetes, COPD, CKD,

asthma, schizophrenia, bipolar affective disorder

or other psychoses whose notes record smoking

status in the previous 15 months (except those

who have never smoked where smoking status

need only be recorded once since diagnosis)

30 points. LL=40 UL=90.

SMOKE04: The percentage of patients with

any or any combination of the following

conditions: coronary heart disease, stroke or

TIA, hypertension, diabetes, COPD, CKD,

asthma, schizophrenia, bipolar affective disorder

or other psychoses who smoke whose notes

contain a record that smoking cessation advice

or referral to a specialist service, where available,

has been offered within the previous 15 months

30 points. LL=40 UL=90.
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Table E3: Bunching graphs of QOF clinical indicators which did not change between 2009-2010
and 2011 (Continued)

STROKE07: The percentage of patients with

TIA or stroke who have a record of total

cholesterol in the previous 15 months

2 points. LL=40 UL=90.

STROKE08: The percentage of patients with

TIA or stroke whose last measured total

cholesterol (measured in the previous 15 months)

is 5 mmol/l or less

5 points. LL=40 UL=60.

STROKE10: The percentage of patients with

TIA or stroke who have had influenza

immunisation in the preceding 1 September to

31 March

2 points. LL=40 UL=85.

STROKE12: The percentage of patients with a

stroke shown to be non-haemorrhagic, or a

history of TIA, who have a record that an

anti-platelet agent (aspirin, clopidogrel,

dipyridamole or a combination), or an

anti-coagulant is being taken (unless a

contraindication or side-effects are recorded) 4

points. LL=40 UL=90.34



Table E3: Bunching graphs of QOF clinical indicators which did not change between 2009-2010
and 2011 (Continued)

STROKE13: The percentage of new patients

with a stroke or TIA who have been referred for

further investigation

2 points. LL=40 UL=80.

THYROI02: The percentage of patients with

hypothyroidism with thyroid function tests

recorded in the previous 15 months

6 points. LL=40 UL=90.

"
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F Correlated unobservables and multiple hypothesis testing

The QOF clinical indicators are grouped by specific diseases (e.g. diabetes, chronic heart disease).

Our difference-in-differences regressions can be modified to include in a system the regressions of all

the indicators which are part of the same disease group, potentially improving efficiency by taking

advantage of the correlation amongst unobservables of the indicators of the same disease group. We

allow for correlation on unobservable characteristics across indicators by implementing a seemingly

unrelated regression (SUR) per disease group. In order to do so, we augment the econometric model

specified in regression (5) of the main text to cover the entire domain of xj : from 0 to 100. The

augmented model becomes:

xjit � xjit�1 = ↵1j {xjit�1 2 [ULj � 10, ULj)} + ↵2j {t = 3} + ↵3j {xjit�1 2 [ULj � 10, ULj)} · {t = 3}

+↵4j {xjit�1 2 [0, ULj � 10)} + ↵5j {xjit�1 2 [0, ULj � 10)} · {t = 3}

+↵6j {xjit�1 2 (ULj + 3, 100]} + ↵7j {xjit�1 2 (ULj + 3, 100]} · {t = 3}

+↵0j + vjit. (4)

The parameter ↵3 is still the main parameter of interest as the comparison of interest is the

difference between the set of sensitive PHCs, {xjit�1 2 [ULj � 10, ULj)}, and the set of insensitive

ones, {xjit�1 2 [ULj , ULj + 3]}, in 2011 once such difference in 2010 has been netted out. The

terms {xjit�1 2 [0, ULj � 10)} and {xjit�1 2 (ULj + 3, 100]} which do not appear when we do

the regressions indicator by indicator -regression (5) of the main text- are included because there are

PHCs which are located close to the kink for some indicators but not for others. These additional

terms allows us to estimate the system for all the indicators of a disease group without restricting

the sample to those PHCs which are close to the kink for all the indicators.

An additional concern is the possibility of false positives because of multiple hypothesis testing

due to the number of indicators. In order to take it into account, we implemented a Romano-Wolf

correction over the p-values of the main specification. In this scenario, we consider each illness group

separately. This reduces the chances to reject the null hypothesis on illness groups which include

several indicators such as asthma (3 indicators), diabetes (3 indicators) and stroke (5 indicators).
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(Romano and Wolf, 2016, 2005a,b).3

3P-values were derived after 1000 bootstrap repetitions, from a routine modified from Clarke (2016) STATA rwolf
module.
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G The role of the variance on the estimated results

The variance of the shocks impact the test ability to identify whether tasks are complements or

substitutes. In this appendix we show, with simple simulations, how the estimates in both steps

are affected when the variance increases. Simulations are based on the following scenario. This

is the case of two tasks with a unique kink in the linear reward function for the first one. The

optimization problem is:

max
e1,e22[0,1]

U = E"1

⇥
(aL1 · x1)⇥ (x1 < UL) + (aR1 ⇤ x1 + (aL1 � a

R
1 ) ⇤ UL)⇥ (x1 � UL) + a2x2

⇤

s.t.

x1 = e1 + "1

x2 = e2

C(e1, e2; z) =
1

z
· 1
2
·
�
c1 · e21 + c2 · e22

�
+ � · e1 · e2

where xi corresponds to the realized achievement for task i 2 {1, 2}, given an underlying effort ei.

For task 1, there is uncertainty on the achievement as it depends as well on a normally distributed

random shock "1 ⇠ N(0,�2). We consider a risk-neutral utility function for the provider using a

quadratic cost function defined by parameters c1, c2 and �. The optimization uses the SUBPLEX

derivative-free algorithm implemented in NLOpt (similar results with other algorithms) (Johnson,

2007; Rowan, 1990).

Step 1. We compute decision rules (policy functions) on e1 and e2, given the value of z and the

vector of parameters (UL, c1, c2, �, a
R
1 , a

L
1 , a2,�). A Gauss-Legendre numerical integration with 40

nodes approximates the objective function expectation, assuming a domain for the shock between

�10� and 10�.

Step 2. We draw 10.000 observations of z from a uniform distribution between 0.1 and 4.98. For

each, we compute the values of e1, x1, x2 using the policy rules, considering three periods. Periods 1

and 2 with the same parameters, different shocks ", but for period 3, there is a drop in the payment

38



for task 2: a
t=3
2 < a

t=1,2
2 .

Step 3. Given the simulated dataset, we run the two empirical strategy steps: (I) detection of

bunching and (ii) detection of the relative response to the change in incentives for task 2 on choices

about effort 1.

We consider UL = 0.5 and bound our analysis for values of x1 2 (0, 1), dropping all other units.

As a base scenario, we consider a
L
1 = 2.2, a

R
1 = 1.2, a

(t=1,2)
2 = 1.3, a

(t=3)
2 = 1. For the case of

complements, cost parameters are c1 = 2, c2 = 2, � = �1, and for substitutes c1 = 8, c2 = 8, � = 1.

We look for bunching in the interval x1 2 [0.45, 0.55] in the first step. For the second step, our

reference group (insensible units at the kink) is composed of units exactly at x1 = 0.5 in the second

year; the ’treated’ group (sensitive units) units are located in the range x1 2 [20, 40].

Figure G1 shows two graphs resulting from the simulations where we vary the size of the shock

variance along the interval � 2 [0.01, 0.1]. In panel A, the estimated bunching size declines with

a larger shock variance for both substitutes and complements. Panel B shows that the coefficient

that indicates whether tasks are substitutes or complements also declines with variance. Hence,

once bunching is not detected in Step 1, the coefficient in Step 2 is no longer informative about the

type substitutability or complementarity of tasks.
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Figure G1: Estimates of steps 1 and 2 with respect to the variance of the shocks on achievement.
Evidence from simulations

Panel A. Step 1. Detection of bunching

Panel B. Step 2. Identification of the sign of �
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