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Abstract

The paper examines whether meeting performance targets in tests at school has
an effect on students’ subsequent achievement in education and the take-up by schools
of financial support from the government for students. We build a theoretical model
to describe the channels through which students’ belief of their ability, as proxied by
previous performance in tests, affect their current effort in preparing for a test, and
how previous performance affects the effort in teaching by a school. We find that an
increase in the performance target in the first test has an ambiguous effect on the effort
exerted for the second test. A higher performance target in the current test increases
the effort of low-ability students and teaching effort for low ability students, while it has
an ambiguous effect on high ability ones. Finally, an increase in government funding per

student increases the effort by students.
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1 Introduction

This paper investigates how performance targets in education affect students’ behaviour and
subsequent actions by schools. Performance targets are popular in several dimensions of an
individual’s life, such as education and the labour market. Targets are important in helping
individuals to build human capital or signal ability in education and at work. For example, a
student may not be motivated to study if she knew that performing above average at school
would not lead her to find a better job.

However, performance targets may have unintended consequences. For example, rewarding
individuals only if they perform above the average level may increase the average performance
in a school or a firm, although it may change individuals’ beliefs about their ability by over-
stating true ability for those meeting a target, and viceversa for those missing the target. In
addition, high ability individuals may exert little effort, as the payoff is not proportional to
one’s performance or effort. Potentially low motivation or performance may lead to an inter-
vention, for example, by parents and teachers to help students. Failing this, policy decisions

may help to rectify incentives and performance.

The effect of performance targets in employment contracts has been widely explored[] Instead
little is known about performance targets as incentives for students, and also for schools. If a
student fails to meet an important target in test scores, this may decrease the motivation for
studying. Alternatively, the student may be more motivated to study than before, obtain a
high test score in the future, and perhaps choose to study a university degree. In addition, a
school may exert additional effort to help the students improving their performance in future
tests, and it may also obtain additional financial support by the government for each student
with special education needs in a school. Conversely, a school may pay little attention to

underperforming students, if this leads to no adverse consequences for the institution.

The recent increase in interest by policy-makers in the role of education in influencing students’
subsequent behaviour confirms the pressing need for additional knowledge of the impact of
performance target today on students’ future performance and choices in education, to inform
policy decisionsP| Hence, research on the impact of incentives for students on their future be-
haviour and choices is of interest to policy-makers who deal with education and public policies
for young individuals. The reason is that most policy research has focused on such determi-

nants of children’s education outcomes as parents’ education and incomef] In contrast, little

1See [Prendergast| (1999) for a review of incentives and performance targets in employer-employee contracts.

2In 2001 the Department for Education in the USA funded “No Child Left Behind 7 (NCLB) (See
[Child Left Behind”jn http://www.ncpublicschools.org/nclb/). This is a multi-billion dollar policy initiative
to study the determinants of test score gaps among students of schooling age, and prevent adverse effects in
adulthood for those left behind at school. It helps to address such policy issues as low employment and wage
profiles over time, as well as health problems that lagging behind at school may lead to in adulthood. Since
2003 the Department for Education in the UK has funded " Every child matters”, which is a similar policy
initiative to NCLB, but it puts additional emphasis on well-being and fostering positive behaviour in children
(see ”Every child matters”| in http://www.everychildmatters.gov.uk.)

3Acemoglu and Pischke (2001) and |Currie and Moretti (2003)) offer evidence on the effect of parents’
socio-economic background on children’s education in the USA while |Chevalier and Lanot| (2002)) offer similar
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is known about the effect of targets in education on future behaviour and choices by students

and teaching strategies by schools.

We build a theoretical model to describe the channels through which changes in the perfor-
mance target influence students’ behaviour and actions by schools. In the model, students do
not know their ability levelE] They obtain a belief about it by taking a pre-school test, and
then attend school. Before completing education, they decide whether or not to exert effort
in the final test. As per the school, it decides the teaching effort to exert for each student. We
study the equilibrium between students and schools and the resulting test score that interac-

tion among them leads to.

Our results show that an increase in the performance target in the first test has an ambiguous
effect on the effort that is exerted in the second test. In particular, it increases the effort in
the second test for the students who passed the first test, while it may decrease the effort in
the second test for those who failed the first one. Moreover, an increase in the performance
target in the second test increases the effort of low-ability students and the effort by schools to
teach low ability students, while it has an ambiguous effect on high ability students. Finally,
an increase in government funding per student increases the current effort by students. In the
analysis of test scores, our result show that an increase in government funding per student
increases the current test scores if the performance target is low and decreases it if the target
is high.

Bandiera et al. (2009) and |Azmat and Iriberri (2009) show evidence of a positive effect of
disclosure of performance in tests at school on future performance, thus suggesting the policy-
relevance of gaining additional knowledge of performance targets in education. Sartarelli
(2011)) offers a similar test for the behaviour of students, such as the probability of a police
warning, and the evidence shows negative effects on behaviour, although small and little sig-
nificant, of meeting performance target in test scores. |Crawford and Vignoles (2010) show
evidence of a negative effect of government support programs in education on achievement
in the UK, while Figlio and Getzler| (2002) show evidence of gaming by schools to obtain a
similar type support in the USA. In related research, Cullen and Reback] (2006) show evidence

of actions by schools to game accountability systems in the USA.

The paper contributes to the literature on incentives for students and teachers in schools, e.g.
test-based accountability, by suggesting that the implementation of programs that promote
accountability may lead to effects that were unintended by a policy-maker at the design stage
of a policy. This suggests that a government faces a tradeoff in the design of education policies
between the richness of the outputs that an articulated policy may deliver, and the difficulties

in implementing such a policy, whose unintended outcomes may or may not be desirable.

The structure of the rest of the paper is as follows. Section [2| outlines the model. Section

evidence in the UK.
4Gary-Bobo and Trannoy| (2008)) study the efficient university tuition fees where both universities and
students have a noisy signal of the students’ ability by assuming that students are not aware of their ability.



describes the results and Section [ concludes.

2 The model

Consider students in compulsory education in a country and normalise their number to one.
Students can have high (H) or low (L) ability, and they do not know their ability level. We
denote as A € [0, 1] the number of high-ability students.

Students take a test before starting school, they attend school and finally, before leaving
school, they take a second test, which are are to be thought as national test{’] Students may
either exert effort or shirk in any test, that has only two possible outcomes: the student may
pass (P) or fail (F£'). We denote the probability of passing one of the two tests as v;;, where
i € {H, L} indicates a student’s ability and j € {1,2} indicates whether a test is the first or

the second one that a student sits, according to the following mechanism:

1 if H exerts effort
B (1 —77Hj) if H shirks

Vij = (1 — 77Lj) if L exerts effort
0 if L shirks

If the student has high ability and exerts effort, she will pass with probability 1. If the student
has high ability but shirks, she will pass with probability (1 — ng;), nu; € (0, 1), If the student
has low ability and exerts effort, she will pass with probability (1 — nz;), n.; € (0,1). Finally,
if the student has low ability and shirks, she will pass with probability zero.

We interpret ng; and 7r; as measures of performance targets, increasing which makes passing
the test harder. The implicit assumption is that the performances either of a student with
high ability who exerts effort or with low-ability who does not exert effort are affected only
marginally by targets. This simplifies the analysis and allows us to focus on the group of

students’ population that is mostly affected by teaching strategies.

2.1 First test

We interpret the first test as one that assesses the proficiency, for example in English and
Maths, of a cohort of students starting school. The test score of the first test depends on (i)
the student’s ability, and (ii) her effort in preparing the test.

Exerting effort for the first test is denoted by e; € [0,1]. For the sake of simplicity, we take
both the score in the first test and the effort exerted in it as exogenous. The result of the first

test determines the belief that students have about their ability when they decide whether to

5An example of such tests are the “Scholastic Assessment Test” in United States and the “National
Curriculum Assessment” in United Kingdom. These tests are managed by the “Educational Testing Service”
(Rourke and F.[(1991))).



exert effort in the second test. This is denoted by 7 (i | A, e;,¢.), where g,z € {P, F'} is the

score in the first test.

Definition 1 A student’s beliefs about her own ability which are consistent with Bayes’ rule

are

e
m(H |\ gp,e=1)= )\eH—l-(l—)\)}eIL(l—??Ll)’

W(H | A79P76i:0>:1)

_ _ _ (=Ner(d-n11)
& (L | )\’gp’ei - 1) - >\6H+(1—§)€L(717L—177L1)’

7 (L |\ gp,ei=0)=0,

if the student passed the first test, and

m(H |\ gr,e;=1)=0,

) - Al—en)
™(H A gr e =0) = s ra-vi—ey

(L |\ gr,ei=1)=1,

_0) = (=N (1-er)
T (LA g€ =0) = s a-aa—e

if she did not pass it.

According to the test mechanism, a student who shirks and passes the first test has high ability
with probability one. Also, a student who exerts effort but does not pass it has low ability
with probability one. In those cases students know their own type after the first test. This

does not happen in the other two cases (exerting effort and passing/shirking and failing).

The game starts at this point. At the first stage, the school decides the amount of teaching
effort for each student. At the second stage, the student decides the amount of effort in order

to study for the second test.

2.2 Teaching effort

Once students took the first test, they start school, irrespective of the score that they obtained.
For simplicity we focus on a single school to assume away competition between schools. The
school decides whether or not to exert effort in teaching them, that is denoted by ¢, € [0, 1],
and it knows students’ scores in the first tests. The school also pays for each student it teaches
a cost ¢ > 0, which we interpret as the monetary cost of hiring teachers, arranging cultural

trips and offering extra courses.

If a student passes the second test, the school obtains a benefit i, because students’ attainment
increases their chances of pursuing further education or finding a job, and indirectly the
reputation by the school for the placement of its students. A school can increase its reputation
in different ways: it may derive more benefit from an increase in the job opportunities of its
most able pupils, or, vice versa, of the least able ones. To depict the interaction with students

in the most general way we abstract from these differences.



If a student does not pass the second test, the school may ask the government for financial
support in order to increase the support for students in a later cohort.ﬁ For each student
receiving the government support w, the student a lower benefit than if the student obtained

a high score in a test, w < pu. Hence the expected payoff by the school is denoted by
I=Np+(1—N)w—Tg,

where N € [0, 1] denotes the amount of students passing the second test and 7" € [0, 1] denotes

the number of students receiving teaching.

2.3 Second test

The score in the second test depends on (i) the student’s ability, (ii) her belief on her type,
(iii) her effort in preparing the test and (iv) the school’s teaching effort. The effort exerted
for the second test will depend on both ability and the score in the first test. We will denote
it as e;, € [0, 1].

If the student passes the second test she obtains a benefit y > 0 with a probability given by
the teaching effort t;., while exerting effort for the second test determines a utility cost ¢ < y.
The fact that the effort into teaching influences directly the student’s benefit implies that, in
the hypothetical case where the student does not receive any teaching, exerting effort with no

help from school will lead to a negative expected payoft.

If the student fails the second test, her benefit is normalised to zero. Hence the student’s

expected payoff is given by:

S=mx (Z | A €, gz) €iz (Uijtizy - C) .

3 Results

We study the perfect Bayesian equilibrium of the game, which is a combination of school and
students’ strategies and beliefs such that both agents maximise their payoff. For simplicity, we
rule out pure strategies from the analysis. On the one hand, it is little realistic that a school
will deprive a student from teaching. On the other hand, scarcity in educational resources may
lead the school to devote a different level of effort to students with different characteristics. It
is also realistic to assume that that a student’s effort e; is strictly between the no effort level

at 0, and the maximum level at 1.

Proposition 1 There is a unique mized-strategies equilibrium in the school-students game

In the UK, English as Additional Language (EAL) or Special Educational Needs (SEN) programs offer
additional support at school to students who meet a number of eligibility criteria that are assessed by teach-
ers and psychologists. (DfE[ (2010)). Achievement in tests by a cohort of students is correlated with their
assignment to these programs, as well as to the assignment by subsequent cohorts (Sartarelli and Tampieri
(2011)).



where the school strateqy is:

¢
tup =tun = )
Ynm2
tp=t ¢
p=tin=——"""-,
y (1 —mnr2)

and the student’s strateqy is:

(I =nm (I —en)) (a2 — 1) (p —w) +q

T A (L —en) e (h—w)
oo A —en) (L= nm2)nm (p —w) —4q
o (err — D) nmaties (p —w)
S q
=) (T —nra) enn (n— w)’
e _ q
T = ) (- w)

Proof. See Appendix m

Note that the school teaching strategy changes according to the student’s ability but not

according to scores in the first test.

3.1 Analysis of equilibrium

We turn now to study the properties of the equilibrium, by examining how performance targets

influence the students’effort in equilibrium.

Corollary 1 (i)First-test performance target. As the first-test performance target in-
creases, egp and erp increases, ey decreases and ern 1s not affected.

(i1)Second-test performance target. If

ft—w—gq
L—eq)(p—w)

Ng1 >
(

then the effort egp increases as the second-test performance target increases. If

q
1—ep)(p—w)

N <
(

then the effort eyn increases as the second-test performance target increases. As the second-
test performance target increases, both epp and ern increases, typ and tyy decrease while typ

and try increase.

Proof. Differentiation of eyp with respect to ng; and ngs yields

0 q(1—en)

eHp = >0
O (1—(1—epn) nm)’ N2 (0 — w)




and
0 (1-(—em)nm)(p—w)—q

€ = )
Oy (1— (1= eu)nm)’ nea (4 — w)

which is positive iif ng1 > (p —w —¢q) / (1 — ey) (0 — w). Differentiation of ey with respect

to ny1 and Ny yields:

0 q <0
eHN = —
. (1 —ew) minnm2 (1 — w)
and
9 (I =ey)nm (p—w)—q
eHN — 2 9
0N (1 —ex) ninnme (1 — w)
which is positive iif ny; < ¢/ (1 — ey) (p — w). Differentiation of ey with respect to ny; and
N2 yields:
0 q
e = — <0
O (L —en) ninma (1 — w)
and
0 (O —em)nm(p—w)—q
eHN — 2 )
Onma (L —em) nfrnm (1 — w)
which is positive iif ng1 < ¢/ (1 — eg) (1 — w). Differentiation of ey p with respect to 1., and
Nr2 yields:
0 q
onr er (1 —nu1)? (1 —np2) (1 — w)
and P

Onr2 L er (1 —mnr1) (1 — 77L2>2 (1 —w)

Differentiating ey y with respect to 11 and 7o yields:

4 e q >0
LN =
onra (1-— 77L2)2 (n—w)
and 9
=0.
onra LN
n

Corollary 1 shows that, given the same student’s ability, a change in the current performance
target influences the future students’ effort according to whether student passes the test today.
In addition, a change in the current performance target has a different effect on the current
effort level for students with a different score in the previous test. A higher current performance
target increases the current teaching effort by the school for low-ability students, as proxied
by the score in the first test, while it decreases the teaching effort for high-ability ones. We

then analyse how an increase in government funding may affect the students’ effort.

Corollary 2 An increase in government funding per student increases the current studying
effort.



Proof. Differentiating ey p, egn, erp and ery with respect to w yields

0 q
T U (L —en) a0
a%eHN - (1—en) 77H1q77H2 (0 —w)? -
% T (l-m) (1 - Py
i = QT Al

3.2 Analysis of test scores

We now assess the effect of government funding programs on students’ test scores and whether
this differs by performance target thanks to the cross derivatives of test scores with respect to
performance targets ngo, nr2 and government financial support w. We define the test score as
the probability Prob(P) = T'S;, = e;v;;t;, that a student passes the test. Given Proposition

1, the corresponding tests scores are:

c ((1=nm—en)) g2 —1) (1 —w)+q)(1 —nua2)

TSup = ).
e = (= o1 (1= o)) 2 (1 — ) i2)
1—eq)(1— —w) —g)(1 -
78, = (A en) (L= ) nen (p = w) = ¢ = 12) i),
Y2 (eg — 1) nEonm (1 — w)
& qnr2
TSyp = ,
o T =) T =) (=) e (=)
TSy = —© a2 )

y (1 —=mnr2) (1 —n2) (p—w)

Proposition 2 shows how a change in government funding influences test scores.

Proposition 2 An increase in government funding per student increases the current test

scores for low performance target and decrease it for high performance targets.

Proof. Differentiating T'Syp and T'Syy with respect to ngo and w yields

0? cq
—TSHP = - < 0’
020w (1= (1—em)) Ny (n— w)2 Y
o? cq
——TSyny = — < 0,
020w (1—em)ni (p— w)2 Y



Differentiating T'Syp and T'Syy with respect to 12 and w yields

2
1+
0 TS, cq ( 77L2)3 >0,
Onp20w ery (1 —=np1) (1 —nz2)” (. —w)"y

0 _ cq (1 +nr2)
T8y = . ~
20w (I =nw2)” (p—w)"y

Differentiating T'Syp and TSy with respect to ng; and w yields:

> 0,

0? 1-—
+———1'Sup = o €2H1) 7 >0,
OnmOw (1= (1 —eq)nm) nm2 (B —w)"y
0? cq
—TSHN = — < 0,
M 0w (1= em1) n3mue (B —w)’y
Differentiating 'Sy p and T'Spy with respect to ny, and w yields
0? cqnLe
—TSLP = > 0,
Inr1dw e (1=np1)” (1= m2)” (0 — w)*y
82
——TS;ny=0
Onp10w N ’

Proposition 2 shows a positive relationship between government financial support and test

scores.

4 Conclusion

We analysed whether meeting performance targets in education has an effect on students’ sub-
sequent achievement in compulsory education and the take-up by schools of financial support
from the government for students with certain characteristics. We built a theoretical model
to describe how students’ belief of their ability, that is proxied by by previous performance
in tests, affects their current effort to pass a test, and also how targets affect the effort that
schools put in teaching. An increase in the performance target in the first test has an am-
biguous effect on the effort by students in the second test. An increase in the performance
target in the current test increases the effort of low-ability students and teaching effort for low
ability students, while it has an ambiguous effect on high ability ones. Finally, an increase in

government funding per student increases the current effort by students.

In the design of education policies a government sets among other rules those over the content
and the marking of tests for students in schools, and the disclosure of test scores to students
and their parents. It may also wish to encompass incentives for schools and devices that help
policy-makers to learn whether and why students in certain schools obtain higher scores than

students in other schools, such as performance targets in tests. Hence, a government may face

10



a tradeoff. A simple policy that only focuses on the administration of tests is easy to imple-
ment but it may not be helpful to help policy-makers learning more about schools with high
or low performances. Viceversa, a policy that also sets incentives for schools and summarises
the performance by schools may appear to deliver more than a simple policy, but it may also

be difficult to implement.

Promoting incentives in schools, e.g. test-based accountability, may lead to effects that were
unintended by a policy-maker at the design stage of a policy. In education policies performance
targets were designed to influence school choice by students and the allocation of funding to
schools by the government. The paper shows that changes in such targets also modify the
incentives by teachers, who may devote more effort on students with certain characteristics
than on others. Future research assessing the effect of targets in the delivery of services other
than education, such as health or social services, may offer useful evidence for policy-makers’
decisions on contracts and the allocation of resources for teachers, as well as for employees in

other areas in the public sector.

11
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Appendix

Proof of Proposition 1

We solve the mixed strategy by backward induction, we thus start from the second stage where
students decide their effort in order to take the second test.

Students. If the student exerted effort and passed the first test, her expected payoff is:

Xem (ytpp —c) + (1 =N e (1 —nr1) (yte (1 — nr2) — ©)
X + (1= N ep (1= 1) ’

S(@Z‘:]_,einl) =

if the student exerts effort for the second test and:

Xegytup (1 —np2)

i=1len=0)= 7
S (e eir = 0) Xeg + (1= XNep (1 —np1)

if she shirks. The indifference condition is given by:
S(@i:1,61']‘:1):(61':1,61']‘:0). (1)
If the student shirked and failed the first test, her expected payoff is:

A1 —ey)nm (ytup —c) + (1 = A) (1 —ep) (ytrp (1 — nr2) — ©)
)\(1—6H)7]H1+<1—)\><1—6L) ’

S(eizl,eiN:O):

if the student exerts effort and:

A1 —en)nmytap (1 —nu2)

S(egp=0) = A(1_6H>7]H1—|—<1—>\)<1—6L)’

if she shirks. The indifference condition is given by:
S(eizl,eiN:1):5(@1»:17@2.]\,:0), (2)

If the student shirked and passed the first test, she knows that she has high ability. Her
expected payoff is:

S(GH = ]_,GHP = ].) :yth—C,

if the student exerts effort and:
S(exg =1,egp=0)=ytgp (1 —nu2),
if she shirks. The indifference condition is given by:
S(eg=1l,egp=1)=S(eg =1,egp=0). (3)

If the student exerted effort and failed the first test, she knows that she has low ability.

13



Her expected payoff is:

Slep=1eprp=1)=(1—n2)ytup —c,

if the student exerts effort and:
S(exg =1,egp=0) =ytgp (1 —nu2),
if she shirks. The indifference condition is given by:
S(eg =1l,egp=1)=S(eg =1,egp=0). (4)

Solving , , and by tgp, tgr, trp and tpy we obtain the strategy depicted in
Proposition 1.

School. To begin with, note that, in the case that school does not give any teaching to
a student, her expected payoff of exerting effort is always negative, since the cost of studying
without any support from the school is too high and as a consequence shirking is a strictly
dominant strategy fort the student. It follows that the school obtains full government funding
for a student in the case of no teaching at all.

If the student has high ability and passed the first test, the school expected payoff Il (typ = 1)

is
Aen + (1 —en) (L —nm)) (((eap + (L —enp) (L — nu2)) p+ (L — enp) nu2w) — q)
if it exerts teaching effort and
H(tgp =0)=Aeg+ (1 —en) (1 —nm)) w,
if it does not. The indifference condition is given by:
H(tgp=1) =1 (tgp =0).

Solving by ey p, we obtain the result depicted in Proposition 1.
If the student has high ability and failed the first test, the school expected payoff Il (t gy = 1)
is
MM =en)nm) (((enn + (1 —enn) (1 = nu2)) p+ (1 — en) n2w) — q),

if it exerts teaching effort and

I (tan =0) = A((1 — en) nm) w,
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if it does not. The indifference condition is given by:
M(tgy =1) =1l (tyn =0).

Solving by ey, we obtain the result depicted in Proposition 1.
If the student has low ability and passed the first test, the school expected payoff I (t,p = 1)
is
(1 =A) (er (1 =nr1)) (((ecp (1 = mr2)) p+ (epnrz + (1 — erp)) w) — q),
if it exerts teaching effort and
I(tp =0)=(1—=2A)(er (1 —nr1))w,
if it does not. The indifference condition is given by:

H(tLp:1):H(tLp=O>.

Solving by e p, we obtain the result depicted in Proposition 1.
If the student has low ability and failed the first test, the school expected payoff I1 (t,y = 1)
is
(1= A) (ezney + (L= e)) ((exn (1 = ne2)) o+ (ernmrze + (1 — ern)) w) — q) ,

if it exerts teaching effort and
I(try =0)=(1—=A)(ernr1 + (1 —er)) w,
if it does not. The indifference condition is given by:
M(tzy =1) =1 (tzy =0).

Solving by ey, we obtain the result depicted in Proposition 1.
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