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Abstract

Can incentive schemes deliver value in the public sector, despite major principal-agent
challenges? We evaluate a reform that introduced individual teacher performance-related
pay and tournaments in public schools in Portugal, despite trade union opposition. We
find evidence that the focus on individual performance decreased student achievement (as
measured by national exams) and increased grade inflation. The results follow from a dif-
ference-in-differences analysis of matched student-school panels and two complementary
control groups (including private schools). Students with a higher proportion of teachers
exposed to tournaments also perform worse. Overall, our results highlight the social costs
of disrupting workers’ cooperation, a possible unintended consequence of public-sector
tournaments.
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1 Introduction

Designing incentives for public-sector teachers is a major challenge (Lazear, 2003). While
several studies confirm that good teachers significantly impact students’ achievement
(Chetty et al., 2014; Rivkin et al., 2005), it has proved difficult to understand the drivers of
teaching quality (Aaronson et al., 2007). This study provides novel evidence on how poli-
cies regarding teacher incentives can shape students’ success. Our results may also inform
incentive reforms regarding the functioning of government agencies (Burgess et al., 2017,
Dixit, 2002).
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Public Choice

The potential mismatch between private and social objectives across the public sector
— and how to address said mismatch — are key questions in public choice and the econom-
ics of bureaucracy (Niskanen, 1968, 1971)." Without profit and loss market signals, public
employees have few incentives to minimize costs or use their inputs efficiently (Wyckoft,
1990). In this context, performance-based incentives can easily backfire (Dixit, 2002),
although they can be effective in some contexts (Burgess et al., 2017). For instance, in
centralized bureaucracies facing high monitoring costs, performance-based incentives risk
leading to further distortions by inducing public employees to focus on the tasks most eas-
ily observable.

In that spirit, the contracting perspective as in Shleifer (1998) highlights several limita-
tions faced by public schools. These include weaker pressures for cost reduction and inno-
vation, especially when competition for students (or resources) is limited. (See Andrabi
et al. (2017), Camargo et al. (2018), and Coelli and Foster (2024) for recent analyses of
the responses to competitive pressure and accountability mechanisms in public and private
schools.) Moreover, governments or school districts may place more weight on teachers’
(and teacher trade unions’) welfare than on student outcomes when allocating school budg-
ets. In such a context, teachers may engage in rent-seeking activities (Cook et al., 2021).
Consequently, Shleifer argues that “the case for near-monopoly government provision [of
education] in an advanced democracy is indefensible” (p. 135) and advocates an increased
use of school vouchers. In practice, policymakers have preferred performance-based incen-
tive schemes as an alternative means to improve the quality of public schooling.”

Theoretically, teacher incentives may improve student achievement if they align the pub-
lic’s (the principal’s) goals with teacher goals. In this case, a combination of incentive and
composition effects will increase student performance (Lazear, 2000, 2003). Yet output-
based rewards are fraught with difficulties, which may explain the popularity of simpler,
input-based pay schemes (Kane & Staiger, 2002). For instance, setting specific measurable
outputs may lead to ‘teaching to the test’ despite this approach’s lack of educational value.
In addition, individual incentives may disrupt collaborative work (Fehr & Schmidt, 1999),
while collective incentives can generate free riding.

The empirical literature on the effects of teacher incentives remains inconclusive (Pham
et al., 2021), reflecting their theoretical ambiguity. Randomized or quasi-natural experi-
ments seem to support the potential of collective and individual incentives (Dee & Wyck-
off, 2015; Lavy, 2002, 2009). Similarly, Sojourner et al. (2014) find positive effects from
pay-for-performance schemes in Minnesota, especially amongst less experienced teachers,
while Eren (2019) obtains similar results in Louisiana. On the other hand, Fryer (2013),
Goodman and Turner (2013), Imberman and Lovenheim (2015), and Leone (2024) analyse

! Indeed, the public choice literature has long examined the behaviour of education policymakers (Gal-

lagher, 1993), school board members (Rada, 1988), and voters and taxpayers (Kenny, 2005), with a particu-
lar but non-exclusive focus on school choice. See also Leeson and Thompson (2023) for a recent analysis
focusing on the intersection between public choice and public health; their concerns related to the role of
private interests in shaping policies and the allocation of budgets are also relevant to the study of govern-
ment provision of education.

2 The principal-agent problem that arises from the potential mismatch between the goals of school boards or
principals and those of teachers raises questions about the adequate design of incentives in public schools, par-
ticularly in a context of limited or expensive opportunities for monitoring. A distinct but related concern is that
the profiles of teachers (or workers more broadly) that self-select into the private or public sectors may be differ-
ent. For instance, if the latter are less incentivized by extrinsic (financial or career progression-related) motives,
then the effectiveness of public sector merit pay schemes could be diminished. Therefore, existing evidence on
incentives from the private sector is not necessarily generalizable.
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school-level or group-based teacher incentive systems, finding no or modest effects of such
compensation schemes, particularly when incentives to free ride are stronger and when stu-
dents are assessed in low-stakes exams.? Finally, in a behavioural field experiment in Illi-
nois, Fryer et al. (2022) find that financial incentives for teachers may indeed be effective
if their design induces loss aversion. Several other studies focus on the cases of developing
countries and find conflicting evidence.*

While the literature above generally focuses on regional pilot projects, we examine the
effects of the introduction of individual teacher incentives in all public schools in Portugal.
This reform was motivated by the country’s poor results in international comparisons of
student achievement. It involved breaking up in two the teachers’ pay scale, with a tour-
nament-like progression structure between the lower and upper scales. Before the reform,
progression (and wage growth) depended almost only on tenure, while the new incentives
placed considerable emphasis on students’ school-level and national-exam results. How-
ever, as progressions between the two pay scales could not exceed a given number of upper-
scale teacher vacancies per school determined centrally by the Ministry of Education, the
incentive structure amounted to a form of tournament (Lazear & Rosen, 1981). Overall,
these changes established a clear contrast with the incentives faced by public-school teach-
ers before the reform, as those relied on inputs (hours and years of work) instead of indi-
vidual outputs (the grades of each teacher’s students).

Our study explores this reform’s effects on students’ school-level and national-exam
results. Specifically, we draw on matched student-school data covering the population of
secondary school students who took national exams from 2002 to 2011. We then conduct a
difference- in-differences (DID) analysis based on two complementary control groups. The
first control group considers public schools in two insular autonomous regions (Azores and
Madeira). These regions were exposed to lighter versions of the reform than the rest of the
country, as their pay scale remained unchanged and teacher progression was less restricted.
The second control group considers private schools. The students in these schools are sub-
ject to the same national exams as the treatment group. However, the reform did not affect
their teachers as pay and incentives remained freely set by each private school, subject only
to wage floors determined by collective bargaining. Our results are robust to many specifi-
cations and data subsamples, and our estimates are incredibly stable even when including

3 See Jones (2013) for an analysis that considers additional outcomes such as teacher work hours and turn-
over. See also Figlio and Kenny (2007) for an early study of the US based on cross-sectional data, Atkinson
et al. (2009) for an analysis of the introduction of performance-related pay for teachers in England, and
Brehm et al. (2017) for an evaluation of an individual merit pay tournament in Houston, where performance
was measured by teacher value added. Bergman and Hill (2018) considers a related approach of making
teachers’ value-added ratings available to the public. See also Barlevy and Neal (2012) for a theoretical
analysis focusing on collective teacher incentives.

4 Loyalka et al. (2019), for instance, compares ‘pay-for-percentile’ incentives (“which reward teachers
based on the rankings of individual students within appropriately defined comparison sets,” p. 623) with
more frequent approaches, such as those focusing on average class performance or average improvement
in scores throughout a school year. The former design led to better results. A randomized experiment in
Kenya (Glewwe et al., 2010) is not supportive of the role of teacher incentives while a similar study of
India (Muralidharan & Sundararaman, 2011) is. Behrman et al. (2015) finds positive achievement effects in
Mexico schools but mostly when both individual and group incentives are provided to different stakehold-
ers, including students, teachers, and school administrators. Barrera-Osorio and Raju (2017) does not find
achievement effects from a randomized controlled trial of a pilot teacher performance pay programme in
Pakistan. In a recent randomized evaluation in Tanzania, Mbiti et al. (2019) show that a combination of
unconditional grants (i.e., increased spending on school inputs) and pecuniary incentives based on student
performance (for teachers) can be more effective than separate interventions.
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school and school-exam fixed effects. We also leverage the administrative student- and
teacher-school-matched panel dataset to discuss possible compositional effects, namely
on the student bodies of public and private schools. Finally, we compare public schools
depending on the intensity of competition for promotions to the upper pay scale, given the
(more or less advanced) career stage of their tenured teachers.

Our research contributes to the literature on the effects of public sector and teacher
incentive schemes in different ways. First, this is one of the few studies of a full reform
(rather than a local pilot project) in a developed economy. Hence, we are able to address
issues of external validity that arise in experimental settings and that typically receive little
attention due to data constraints, particularly in the empirical (private sector) incentives lit-
erature (Bandiera et al., 2005; Lazear, 2000). Indeed, our population data contrasts with the
studies mentioned above that draw on randomized assignment or quasi-natural experiments
(Dee & Wyckoff, 2015; Glewwe et al., 2010; Lavy, 2002, 2009; Muralidharan & Sundara-
raman, 2011). Second, we pay particular attention to the potential for grade inflation (Jacob
& Levitt, 2003), measured by the gap between external and internal grades of the same
student. Grade inflation may emerge from the fact that the progression criteria are affected
by student results that the teachers themselves largely determine.

Overall, we find evidence of significant unintended consequences as the increased focus
on individual teacher performance caused a significant decline in student achievement.
This decline in achievement is more pronounced in the case of national exams, with an
effect of about one-fifth of a standard deviation. Consistently with the different effects in
terms of internal and external results, our triple-difference evidence documents a signif-
icant increase in grade inflation. In addition, we find no significant differences between
the treatment and control groups’ trends before the introduction of merit pay. The nega-
tive effects on national exams are cumulative following the reform, while compositional
changes among the exam- taking population (with respect to public and private schools)
do not seem to be a concern. We also present evidence that the adverse effects of the
reform were more pronounced in schools where competition for promotions was more
intense. This result is consistent with the hypothesis that performance-based incentives can
decrease cooperation among teachers.’

The structure of the paper is as follows: Section 2 describes the main characteristics of
the education reform studied in the paper and discusses some of its theoretical implica-
tions. Section 3 presents the data used in the paper, a matched school-student panel data
set; Section 4 describes the main results, while Section 5 presents our robustness analyses.
Finally, Section 6 concludes.

2 The teacher incentives reform

A new government that came into office in 2005 decided to respond to the evidence of
poor performance levels in the Portuguese education system (OECD, 2001). Indeed, stu-
dents in Portugal did not fare well when evaluated in international assessments such as
PISA. This was particularly concerning given the relatively high public expenditure levels

5> These robustness analyses add to the earlier finding that teachers in those public schools that exhib-

ited larger falls in performance after the reform were more likely to take (costly) early retirement when it
became available in 2008 (Martins, 2010). This is consistent with the potential negative effects of the incen-
tives/merit pay scheme on cooperation amongst teachers, administrative workload and, in the end, overall
job satisfaction, as suggested by theory.
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in education, of which comparatively high average teacher salaries were an important
component.

A key aspect of the education reform introduced by that government was the breaking
up of the single pay scale for teachers into two separate scales. This and other aspects of
the reform became law in January 2007, after having been subject to public discussion for
several months and approved by the government in November 2006. The breakup of the
pay scale marked an important contrast with the period before the 2006/07 school year
as teachers were no longer assured of virtually automatic, tenure-related progression from
the bottom to the top of the pay scale over their careers. In particular, the gap between the
last point in the lower scale and the first point of the higher scale was particularly large, at
around 25%, from about €2,000 to around €2,500 per month (gross). Teachers in the higher
pay scale were supposed to play a special role in management and pedagogical tasks at
their schools.

Another key aspect of the reform is that the new system conditioned progression from
the lower to the upper pay scale on a number of individual teacher performance variables.
These criteria were virtually nonexistent until then. One such criterion for teacher progres-
sion, which received by far most media attention, was the academic performance of the
students taught by each teacher. The remaining criteria included the teacher’s attendance
record, feedback from students’ parents, attendance at training sessions, management and
pedagogical duties, and involvement in research projects. These criteria were to be assessed
at each school by higher-scale teachers, following detailed assessment sheets made avail-
able by the Ministry of Education. However, even if a teacher did well along these criteria,
progression between the two pay scales was still conditional on a given number of (upper-
scale) teacher vacancies per school, determined centrally every two years by the Ministry
of Education as a function of the number of its students.

We conclude that this reform involved a stark change in teacher assessment and incen-
tives. In particular, the new framework can be characterised not only as (individual) perfor-
mance-related pay but also as a tournament (Lazear & Rosen, 1981). Doing extremely well
may not be enough for a promotion if one’s colleagues do even better and take all promo-
tion opportunities available. Hence, the predicted effects of this reform are theoretically
ambiguous.

On the one hand, the weight placed on performance indicators would presumably induce
teachers to focus their effort on those criteria highlighted in the law. This is expected to
increase student achievement. On the other hand, tournaments are known to be potentially
disruptive to collaborative work between the agents involved in a competition (see Martins
(2008) and the references therein); and collaborative work may be particularly important
in the public sector, especially in education. Fairness concerns may come to the fore and
undermine teacher morale (Fehr & Schmidt, 1999, 2004), given the difficulties in assess-
ing teacher contributions (Jacob & Lefgren, 2008). Moreover, setting broadly measurable
outputs may lead to dysfunctional behaviour such as grade inflation, particularly in internal
(school- level) marks, which are determined by teachers.® Finally, the administrative bur-
den involved in the teacher assessment process may also be considerable. For instance, the

® Tournaments will also generate extra risk in pay which would need to be compensated by higher wages
in competitive markets, but not necessarily in the regulated, public-sector labour market we study here.
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time spent handling the formal application for progression may reduce the effort that teach-
ers put into teaching activities.’

An important additional aspect of this reform is that it only applied to a smaller extent
in the two autonomous regions of Portugal, the Azores and Madeira islands. Indeed,
these two regions have legislative powers in education, and they decided not to follow the
national education reform. Importantly, the Azores and Madeira did not break up their pay
scale, although the two regions also introduced greater emphasis on teacher assessment.
These differences in the intensity of treatment are exploited in our empirical analysis.®

Furthermore, the reform did not apply at all to private schools, which account for almost
one-fifth of all secondary schools in the country. Teachers in private schools are rewarded
independently according to the practices adopted by each school, following wage floors set
by collective bargaining between private-sector school employer associations and national
teacher unions.” In particular, we could not find any evidence of systematic changes to the
personnel policies of private schools over the period considered, or of any effect from the
new public- school teacher incentives upon the functioning of private schools, although
it is difficult to rule out completely potential spillovers from mobility of teachers across
school types.

3 Data

Our data cover the population of high-school national exams in Portugal over ten school
years, from 2001/02 to 2010/11. (We exclude national exams data from 2012 because a
public sector pay (and promotions) freeze was in effect, thereby suspending individual
teacher incentives.) The data are made available by the National Exams Committee (JNE,
Jiiri Nacional de Exames), an agency of the Ministry of Education. Upper-secondary
school national exams were then required for the award of the (academic-track) high-school
diploma and to apply for university admission (European Commission, 2007).

The data include information about the internal grades obtained by students in each
module (a specific subject of study, such as Portuguese or Maths) from their schools, which
are based on test scores and other criteria adopted by each teacher. There is also informa-
tion about students’ final results in each module, after taking into account each student’s
internal and national-exam grades (with weights of 70% and 30%, respectively). Internal

7 Indeed, teachers and other stakeholders complained frequently about this aspect of the reform. For

instance, a national parents’ association expressed publicly its concern about the negative effects of the
reform in terms of student learning, as observed by their members. See ‘Teachers’ evaluation compromises
students’ learning, parents say’, in newspaper Piiblico, 7 Nov 2008. There were also hundreds of Inter-
net blog posts written by aggrieved teachers complaining about the increased administrative workload and
diminished collegiality in their schools. Finally, the reform generated heated debate and opposition from
teacher trade unions, including two national strikes. This apparent lack of susceptibility to special interest
groups’ demands may have followed from the belief that the political benefits from modernising the educa-
tion sector would trump the political costs of antagonising trade unions.

8 The relevant legal documents are Laws (Decretos-Lei) 17/2007, of January 19" and 200/2007, of May
22" and Regional Laws (Decretos Legislativos Regionais) 28/2006/A, of August 8™; 21/2007/A, of August
30%; and 6/2008/M, of February 25%. The significant distance between these two regions and the mainland
(about 1600km and 950km, respectively) also minimises any possible spillover effects from the treated to
the control groups (e.g., teacher mobility).

® Only about one-fourth of these private schools are religious. See Neal (1997) for an analysis of these
schools in the US context and Martins (2023) for an analysis of pay in private schools in Portugal.
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grades are truncated below the passing threshold, 10 (in a scale of 0 to 20), in which case
the student cannot sit the national exam, except in special circumstances. '?

Each observation concerns a unique student-module-school-year combination. Typi-
cally, there will be several observations for each student but it will not be possible to match
them across years as the data do not include any time-invariant student identifier. How-
ever, all schools and all modules are identified by name and unique time-invariant codes.
Importantly, there is also information on the school’s location at the concelho level (308
geographical areas) and the school’s public or private status.!!

We create our main sample of analysis by drawing on all student-exam pairs that meet
the following four conditions: a first sit in the first call'> of a student that is applying to
university and is also enrolled (in the module of the exam) at the school where they are sit-
ting the exam. These criteria are similar to those adopted by most media when compiling
school rankings. Our criteria are also imposed in order to ensure that the effects in terms of
internal and external grades are based on the same sample and thus are strictly comparable.
The resulting 2,025,402 observations are distributed across 682 schools, of which 504 are
public schools in the mainland and therefore subject to the reforms described in the previ-
ous section.'?

Table 1 presents descriptive statistics based on school (top panel) or student-exam (bot-
tom panel) data. Amongst other results, we find that the mean internal grade is larger than
13 while the mean external exam result is lower than 11, both at the school- and student-
module- level, in a scale of 0 to 20. This leads to an average gap between the two marks
of more than 2, which is suggestive of considerable grade inflation or simply of different
standards between school and external national assessment. We also find that, on average,
there are 332 exams per year per school.

10 All data used in the paper were at some point freely available from the Education Department/JNE web-
site; currently, only datasets from 2008 onwards are published online. Link: https://www.dge.mec.pt/relat
oriosestatisticas-0 (in Portuguese; last accessed 10 May 2024). The data were originally released openly
so that the media could compile school rankings. For other analyses using these datasets, see Nunes et al.
(2015) and Pereira dos Santos et al. (2021), for instance.

' There are several variables for each student-module-school-year combination: if the exam is a resit (either

because the student failed before or because the student wants to improve their grade), if the student is applying
for admission to university, and if the student is sitting the exam but is not enrolled in the school. The data also
include the student’s gender and age, but only for the last six years (2005/06-2010/11); and the student’s school
year when taking the module (typically 12", which is the last of secondary education in Portugal, but also the
11", as some modules are subject to national exams at that stage).

12 Upper-secondary national exams are held in two ‘calls’ at the end of the school year, the first in June
and the second in July. In general, all enrolled students sit the first call; only those who failed to pass the
respective module in their first try, missed the June call, or those who wish to improve their grades tend to
sit the second call. We refer to a student’s first attempt at passing the exam as her ‘first sit.”

13 The original size of the data is 4,242,233. 28.93% of these observations refer to second calls; 31.68%
are not enrolled in the school; 7.47% are not applying for university admission; and 27.64% are resitting the
exam. Of course, these exclusion categories overlap for many observations. (Extensive robustness analysis
was conducted and the results presented below in Section 4 are not sensitive to different sample defini-
tions as discussed in Section 5.) No school switches between public and private status. High-school exams
(fulfilling the four conditions set out above) were sat in 140 private schools in mainland Portugal and in 36
public schools in the Azores and Madeira. 562 schools (468 public, of which 439 in the mainland and 29 in
the insular regions, and 93 private in continental Portugal), comprising up to 97% of the student-module-
school-year observations in the preferred analysis sample, were always present in the data throughout the
ten school years we considered. We restrict the analysis sample to these “always present” schools when
estimating models with school or school-exam fixed effects; the inclusion of the other schools does not
qualitatively affect our results.
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About 12% of the exams pertain to private schools and about 5% are from schools in the
Azores and Madeira regions. Moreover, there is a downward trend in the number of exams
in the period covered, which is consistent with the declining number of students enrolled
in secondary school as indicated by national statistics. An exception to the trend is 2006,
when new exams were introduced while some of the older exams were still sat by students.

Given that our DID estimates rely on variation over time across different groups of stu-
dents, we present in Figure 1 the mean internal and external grades in each year from 2002
to 2011 at the three groups of schools we consider in our analysis: public schools in con-
tinental Portugal, public schools in the Azores and Madeira, and private schools (in the
continent). We find that internal grades are very stable over the period in public schools
(either in the continent or in the islands), while private schools exhibit an upward trend
in the second half of the period covered. On the other hand, external marks are not only
considerably lower, as documented before, but also exhibit greater fluctuation over time,
including a pronounced increase across the three groups of schools from 2007 to 2008.'*
However, the increase in external marks is more pronounced in the cases of private and
public/islands schools. In particular, it can be seen in Figure 1 that while the gap between
internal and external marks was higher for private schools than for continent public schools
in 2002-2006, this is reversed by 2007.

For additional information, Figure A1 presents the distributions of internal and external
grades, focusing on the mainland and islands subsets, in 2005 (two years before the reform)
and 2009 (two years after the reform). Results for other years are similar. We find that these
distributions do not change in a pronounced way over the period, except perhaps for some
evidence of relatively fewer very low pass internal marks. Moreover, the distributions for
private schools (not reported) are again very similar except that internal grades tend to fol-
low a more uniform distribution in those schools.

4 Methodology and results
4.1 Islands control group

We estimate the effects of the introduction of performance-related pay from DID models of
student-grade equations. Our identification assumption is that there is no effect on scores
specific to (continent) public schools with respect to the control group, from the 2006/07
school year onward, other than from the education reform. Specifically, in the case of our
first control group (Azores and Madeira), we estimate equations as follows:

Yiir = By + By Continent; + ,After, + B;Continent; X After, + uy, (1)

14 Starting around 2004/05, the rapid roll-out of vocational education (VET) courses in public upper-sec-
ondary schools may have changed the composition of the academic track (i.e., the group of students who
have to sit national exams in order to graduate). We believe that this potential problem is mitigated for two
reasons: first, the ‘islands’ control group would have also been affected by this change, and yet the results
we obtain in that analysis are broadly in line with those for the ‘private’ comparison group; second, a sig-
nificant proportion of early VET students were at a high risk of dropping out of school in the absence of
a nonacademic track — in other words, the introduction of public-school VET did not induce a one-to-one
displacement effect from the academic track (Ferreira & Martins, 2023).
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Depending on the specification, y;, denotes the (internal or external) grade of the stu-
dent- exam pair i in school j in year ¢. Alternatively, the dependent variable is a measure
of grade inflation, namely the difference between the internal and external marks of each
student- exam pair (a triple-differences specification). Our analysis of grade inflation also
serves a useful robustness purpose. Indeed, this triple-differences specification is based on
a weaker identifying assumption: it simply requires that there be no shocks that affect the
relative outcomes of the treatment group in the same years as the education reform.

In all cases, Continent; is a dummy variable with value one if school j is located in
mainland (or continental) Portugal: this variable will pick up permanent differences in the
dependent variable between schools located in the continent or in the Azores or Madeira.
After, is another dummy variable, with value one if year ¢ is 2007 (i.e., school year
2006/07) or later, the period when the incentives reform was in force: this variable will
pick up across-the- board differences between the periods before and after the intervention.
This is particularly important in the case of national exam grades given that testing stand-
ards have varied over time, as shown in Pereira dos Santos et al. (2021).

Finally, Continent; X After, is the product of the two previous dummy variables; its asso-
ciated parameter, f;, is the object of interest in this paper. The estimate will pick up the
effect of the incentives reform on student achievement or grade inflation, i.e., any addi-
tional difference between the two groups that emerges after the intervention.

From the benchmark specification in equation 1, we consider three extended versions
with different additional controls. The first version includes controls for school size (the
total number of exams taken each year). The second specification includes school size and
school fixed effects. Finally, the third additional specification includes school-exam fixed
effects. Because the structure of exams changes over the period, we focus on five topics
covered in all years in these national tests: Portuguese, Maths, History, Biology & Geol-
ogy, and Physics & Chemistry. Importantly, all models are estimated with robust standard
errors, allowing for clustering at the school level.'?

The first set of results, based on internal grades, are presented in Table 2 (top panel).
These results draw on the student-level data described in Table 1, except that private
schools are dropped. Across all four specifications, we find negative estimates for 5, indi-
cating that student achievement in mainland public schools fell compared to public schools
in the Azores and Madeira after the introduction of the incentives reform. The magnitude
of the estimates is similar across specifications, but small and statistically insignificant,
ranging from —.009 to —.112. These values compare with a standard deviation of the
dependent variable of about 2.6 marks (in a scale of 0 to 20).

However, our estimates range from —.296 to —.702 marks when we test for effects on
external grades (Table 3, top panel). These correspond to as much as one-fourth of a stand-
ard deviation of the dependent variable (or one-half of the standard deviation of the aver-
age exam score across schools). In addition to their economically meaningful size, all esti-
mates are also significant at the 5% level.'®

The contrast between the internal and external results suggests that grade inflation in
mainland public schools is another unintended consequence of the reform. Indeed, our tri-
ple- difference estimates — see Table 4 (top panel) — indicate that the average gap between

15 We exclude data from the 2006 ‘transition’ school year from these estimations. In later year-by-year
analyses, we show that our conclusions are robust to the inclusion of the 2006 cohort in our sample.

16 Results are qualitatively similar both when the dependent variable is standardized (Table B1, top panel)
and when the analysis sample is expanded to include student-module-year observations that do not fulfill
the four conditions set out in Section 3 (Table B2, top panel). However, in both cases, only the estimates
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Table 1 Descriptive statistics

Variable Mean Std. Dev Min Max Obs

School-level data

Internal score 13.291 0.729 10.5 18.167 6101
External score 10.418 1.332 2.7 16.224 6101
Internal—External score 2.694 1.065 —3.286 9 6101
Public 0.806 0.395 0 1 6101
Continent 0.943 0.233 0 1 6058
No. Exams 331.979 264.196 1 2386 6101
School w/ exams every year 0913 0.281 0 1 6101
Exam-level data

Internal score 13.366 2.594 10 20 2,025,402
External score 10.682 3.973 0 20 2,025,401
Internal—External score 2.502 3.1 -10 19 2,025,401
Public 0.881 0.324 0 1 2,025,402
Continent 0.948 0.222 0 1 2,019,083
No. Exams 542.198 327.644 1 2386 2,025,402
School w/ exams every year 0.968 0.177 0 1 2,025,402
2002 0.134 0.34 0 1 2,025,402
2003 0.124 0.33 0 1 2,025,402
2004 0.087 0.281 0 1 2,025,402
2005 0.097 0.296 0 1 2,025,402
2006 0.117 0.321 0 1 2,025,402
2007 0.08 0.272 0 1 2,025,402
2008 0.083 0.276 0 1 2,025,402
2009 0.094 0.292 0 1 2,025,402
2010 0.092 0.289 0 1 2,025,402
2011 0.092 0.289 0 1 2,025,402
Maths (12) 0.147 0.354 0 1 2,025,402
Portuguese (12) 0.148 0.355 0 1 2,025,402
History (12) 0.047 0.211 0 1 2,025,402
Biology & Geology (11) 0.137 0.343 0 1 2,025,402
Physics & Chemistry (11) 0.133 0.34 0 1 2,025,402

Authors’ calculations based on Jiiri Nacional de Exames data. The internal (external) score refers to the
mark obtained by each student in each module at the school (national exam) level. ‘Public’ and ‘Continent’
are dummy variables which are equal to one for students in public schools or schools located in mainland
Portugal, respectively. There are 682 schools, of which 562 are observed in all ten years (‘School w/ exams
every year’), resulting in 6,101 school-year observations and 2,025,402 exam-level observations

internal and external marks increases by .299 to .599 (or about one-third of a standard devi-
ation of the average gap) in public schools in the continent with respect to their counterparts
in the Azores and Madeira. In all cases, the coefficients are significant at the 1% level.

Footnote 16 (continued)

from specifications that account for school or school-exam fixed effects remain statistically significant at the
usual levels. We also find, in both Table 2 and Table 3, that the isolated After coefficients are always signifi-
cantly positive, suggesting a trend towards higher marks, particularly in national exams.
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Fig. 1 Internal and external grades across groups and time, Source: Authors’ calculations based on JNE
data. Mean internal and external marks of students by year and type of school (public schools in continental
Portugal — ‘Treated’; public schools in the Azores and Madeira — ‘Islands’; and private schools in continen-
tal Portugal — ‘Private’). The vertical line indicates the introduction of the teacher incentives reform

Even though our results are from DID models, which do not require that treated and
control units be strictly comparable ex ante, we note that exam scores were substantially
lower in insular regions than in the mainland before the reform. In fact, public and pri-
vate school students in the mainland had much closer national exam results. Nevertheless,
the islands control group is useful for two main reasons. First, the geographical distance
between the mainland and the islands reduces the likelihood of spillover or compositional
effects following the reform that could bias the results. Second, the unobserved socio-eco-
nomic characteristics of students and their families that drive selection into public or pri-
vate schools are not a concern in this comparison, as all students attended public schools.

Finally, it is important to recall that the Azores and Madeira also implemented lighter
versions of the reform at the time. Therefore, since the islands control group was at least
partially treated, we could expect the estimated effects to be downward biased — and
lower than those obtained when taking the evolution of private school students as the
counterfactual.

4.2 Private schools

We now turn to our second and complementary control group. Although private schools
tend to exhibit better results on average when compared to public schools, our DID
approach will control for permanent differences in students’ achievement between the two
types of schools.
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Table 2 Effects on internal grades

(¢))

@

3

“

A. Islands control group

After 0.118 (0.110) 0.181 (0.098)* 0.186 (0.107)* 0.178 (0.094)*
Continent 0.045 (0.078) 0.072 (0.091)
Continent-After —0.009 (0.111) —0.032 (0.100) —0.083 (0.107) —0.112 (0.096)
Obs 1,573,914 1,573,914 1,535,967 920,577
Mean dep. var 13.275 13.275 13.278 13.170
Mean dep. var. 13.237 13.237 13.258 13.149
(Islands)
R? 0.000 0.004 0.024 0.048
B. Private control group
After 0.552 (0.091)*** 0.634 (0.103)*** 0.501 (0.095)*** 0.552
(0.118)***
Public —0.430 (0.141)***  —0.521 (0.149)***
Public-After —0.443 (0.093)***  —0.482 (0.103)*** —0.411 (0.100)***  —0.487
(0.119)%**
Obs 1,695,840 1,695,840 1,641,336 989,489
Mean dep. var 13.358 13.358 13.357 13.260
Mean dep. var. (Pri- 13.933 13.933 13.957 13.920
vate)
R? 0.009 0.012 0.045 0.073
Log No. Exams No Yes Yes No
School FE No No Yes No
School-Exam FE No No No Yes

Dependent variable is the school-level grade of each student in each exam in each year. Dummy After is one
for 2007-2011 only. Data used: 2002 to 2011, except for 2006. Columns 2-3 include a control for the (log
of the) number of exams taken in each school in each year. Column 3 controls for school fixed effects; and
column 4 controls for school-subject fixed effects (the 5 main subjects are considered in this column: Portu-
guese, Maths, History, Biology & Geology, and Physics & Chemistry). Robust standard errors, allowing for
clustering at the school level. Significance levels: *: 0.1; **: 0.05; ***: 0.01.

We estimate the following DID specification:
Vi = By + ﬂ;Publicj + ByAfter, + ﬁéPublicj X After, + uy, )

All variables take the same interpretation as before; Public; is a dummy variable with
'value one if school j is a state school; and f3; is now the parameter of interest. All models in
this section are estimated with the full set of student-level data described in Table 1, except
that schools located in the Azores and Madeira islands (public or private) are dropped.

Table 2 (bottom panel) presents the results for internal grades. As before, we find evi-
dence that the introduction of individual teacher incentives had a detrimental effect on stu-
dent achievement. However, in the present case, the coefficients display a substantially larger
magnitude than in the equivalent specifications under the first control group — they range from
—.411 to —.487 — and are always statistically significant, even at the 1% level.

In terms of external grades, we find that achievement in public schools, when compared
to private schools, falls between —.705 and —.889 marks after the reform (Table 3, bot-
tom panel). The magnitude of these effects corresponds to about one-fourth of a standard
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Table 3 Effects on external grades

@ @ 3 “
A. Islands control group
After 0.188 (0.131) 0.346 (0.115)***  0.258 (0.128)** 0.934 (0.148)***
Continent 0.957 (0.148)***  1.024 (0.147)%**
Continent-After —0.296 (0.135)**  —0.355 (0.120)*** —0.447 (0.130)*** —0.702 (0.152)***
Obs 1,573,913 1,573,913 1,535,966 920,576
Mean dep. var 10.661 10.661 10.674 10.233
Mean dep. var. 9.897 9.897 9.946 9.358
(Islands)
R? 0.002 0.011 0.046 0.090
B. Private control group
After 0.696 (0.122)***  0.876 (0.148)***  0.501 (0.132)***  1.098 (0.182)***
Public —0.232 (0.158) —0.431 (0.183)**
Public-After —0.804 (0.126)*** —0.889 (0.151)*** —0.705 (0.137)*** —0.866 (0.185)***
Obs 1,695,839 1,695,839 1,641,335 989,488
Mean dep. var 10.785 10.785 10.794 10.378
Mean dep. var. (Pri- 11.345 11.345 11.402 11.081
vate)
R? 0.004 0.012 0.057 0.103
Log No. Exams No Yes Yes No
School FE No No Yes No
School-Exam FE No No No Yes

Dependent variable is the the national exam grade of each student in each exam in each year. Dummy After
is one for 2007-2011 only. Data used: 2002 to 2011, except for 2006. Columns 2-3 include a control for the
(log of the) number of exams taken in each school in each year. Column 3 controls for school fixed effects;
and column 4 controls for school-subject fixed effects (the 5 main subjects are considered in this column:
Portuguese, Maths, History, Biology & Geology, and Physics & Chemistry). Robust standard errors, allow-
ing for clustering at the school level. Significance levels: *: 0.1; **: 0.05; **%*: 0.01.

deviation of exam scores. The increase in the magnitude of these coefficients, when com-
pared to the results based on public schools in the islands, is consistent with the intermedi-
ate intensity level of treatment in those regions. Results are robust to the standardization of
the dependent variable (Table B1, bottom panel) and also quantitatively similar when we
follow a less restrictive definition of the analysis sample (Table B2, bottom panel). In these
robustness analyses, all estimates are again significant at the 1% level.

Finally, the surge of grade inflation (as suggested by the stronger effects on external
grades when compared to internal grades) is once again corroborated by our triple-differ-
ence results. In Table 4 (bottom panel), we find that grade inflation increases between .299
and .410 marks across the four specifications; all of these estimates are significant at the
1% level. This is reassuring, as it is evidence against interaction effects between the evolv-
ing difficulty level of the national exams and any ability differences between students in the
treatment and control groups. If, for instance, national exams get easier when the reform
is introduced (as suggested by the raw data) and high-ability private-school students also
respond better to presumably easier exams, then this could generate misleading evidence
of relatively lower achievement in public schools. However, the results presented above are
evidence of increasing grade inflation across the board, not only for high-ability students.

@ Springer



Public Choice

Table 4 Effects on grade inflation

@ @ 3 “
A. Islands control group
After —0.062 —0.158 —0.065 —0.753
(0.102) (0.109) (0.114) (0.135)%**
Continent —0.941 (0.124)***  —0.982 (0.109)***
Continent-After 0.299 (0.106)%*** 0.335 (0.112)%** 0.376 (0.118)*** 0.599 (0.139)***
Obs 1,573,913 1,573,913 1,535,966 920,576
Mean dep. var 2.430 2.430 2.420 2.757
Mean dep. var. (Islands)  3.178 3.178 3.149 3.628
R? 0.005 0.010 0.046 0.136
B. Private control group
After —0.126 (0.090) —0.225 (0.093)**  0.015 (0.083) -0.536
(0.114)%**
Public —0.196 (0.121) —0.086 (0.148)
Public-After 0.364 (0.095)*** 0.410 (0.099)*3#* 0.299 (0.087)***  0.381 (0.119)*%**
Obs 1,695,839 1,695,839 1,641,335 989,488
Mean dep. var 2.388 2.388 2.377 2.701
Mean dep. var. (Private) 2.399 2.399 2.366 2.654
R? 0.001 0.005 0.048 0.137
Log No. Exams No Yes Yes No
School FE No No Yes No
School-Exam FE No No No Yes

Dependent variable is the difference between the internal (school) grade and the external (national exam)
grade of each student in each exam in each year. Dummy After is one for 2007-2011 only. Data used: 2002
to 2011, except for 2006. Columns 2-3 include a control for the (log of the) number of exams taken in each
school in each year. Column 3 controls for school fixed effects; and column 4 controls for school-subject
fixed effects (the 5 main subjects are considered in this column: Portuguese, Maths, History, Biology &
Geology, and Physics & Chemistry). Robust standard errors, allowing for clustering at the school level. Sig-
nificance levels: *: 0.1; **: 0.05; ***: 0.01.

Moreover, our findings of lower achievement and higher inflation also arise when focusing
on public schools in the islands, where the ability interaction argument does not apply.

Overall, the results indicate that the introduction of individual teacher incentives led
to a decrease in student achievement (as measured by national exams) and an increase in
grade inflation. According to our theoretical discussion, these empirical results are consist-
ent with incentives-related disruption to collaborative work once teachers start facing tour-
naments for promotions, and as internal (teacher-determined) results carry a considerable
weight in final marks, thus enhancing a teacher’s chances of promotion.
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5 Robustness
5.1 Common trends

An important test for the causal interpretation of DID estimates concerns common trends.
Indeed, if there are no interactions between treatment and other variables, as assumed for
identification purposes, one would expect parallel pre-reform movement between the treat-
ment and control groups. We conduct this test by considering more flexible versions of
Egs. 1 and 2. Specifically, we allow the difference in outcomes between both groups to
vary during the period prior to the intervention. If our earlier estimates are indeed cap-
turing a causal effect, then we expect that there will be no statistically significant differ-
ences in trends between the two groups until the occurrence of the treatment. Moreover, we
also allow the effect of the education reform to vary over the After period. This serves as
another robustness test, as it allows us to investigate any cumulative effects of the reform.
In this context, the first equation we estimate is as follows:

2011 2011
Yiir = &g + a;Continent; + Z 6k1(year[ = k) + Z vy Continent; X I(year, = k) + uyp.
k=2002 k=2002

3)

All variables have the same meaning as before; and /() is the indicator function. The
parameters of interest are now the y, (k=2002, ..., 2005, 2007, ..., 2011), which will indi-
cate any differences in the yearly effects for the treatment group with respect to the bench-
mark year (2006). As before, we consider specifications without any controls (column 1) or
with school or school-exam fixed effects (columns 2 and 3, respectively).

Table B3 (left panel) presents results based on considering internal grades as the
dependent variable. We find that, across all specifications, there are no differences in trends
between public schools in the islands and those in the mainland apart from one coefficient
in our most restrictive specification (column 3). We also find that there are significant treat-
ment effects in 2007, but not later. In terms of external results — Table B4 (left panel) —,
we find again no evidence of different trends between the two types of schools in the base-
line and school fixed effects specifications; however, two pre-reform estimates in the third
column are statistically different from zero. When external grades are considered as the
dependent variable, we find significant negative impacts of the incentives on public schools
in the continent throughout the post-reform period.!” These results are also displayed in
Figure 2 (left panel). When a standardized external score is the regressand, we find no evi-
dence of systematic differences in trends between both groups of students (see Table BS,
left panel).

The analysis of grade inflation is again consistent with the earlier findings. Table B6
(left panel) indicates no systematic differences between the two types of schools until 2008
(except for two pre-reform years in the third specification), when grade inflation effects
jump in magnitude and become statistically significant in all cases. Before that, in 2007,
point estimates are already typically higher than before. In any case, grade inflation jumps

17" Here we also find examples of pre-reform years in which national exams exhibit significantly different
means (compared to 2006) but without correspondence in terms of a differential effect between continent
and islands schools. This is further evidence against a spurious relationship driven by interactions between
student ability and exam difficulty.
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even further in 2009, and especially in 2011, when all effects are significant at the 1% level
(see the right panel in Figure 2).

Overall, we regard these results — particularly those of the baseline DID model and of
that which controls for school fixed effects — as supportive of a causal interpretation for our
main findings. Furthermore, the cumulative nature of the effects is also consistent with the
cumulative nature of the reform, in the sense that the cohorts that sit their exams later (in
2008 rather than in 2007, for instance) are also typically cohorts that have been exposed to
the treatment for a longer period.

We also test the common trends assumption (and the cumulativeness of the effects) in
terms of the public versus private schools comparison:

2011 2011
Vi = o + a; Public; + 2 8l (year, = k) + Z v,Public; X I(year, = k) + u;,.
k22002 k=2002

“

With the exception of the earliest years (2002 and 2003) in the period considered, we
generally find little evidence of statistically significant differences during the ‘before’
period for the four variables considered and across the three specifications estimated for
each variable — see the right panels of Tables B3, B4, and B5 for the results on internal and
external marks, the latter both in levels and standardized, and of Table B6 for the results
on grade inflation. The only exception to this pattern is some evidence of higher infla-
tion in 2004 and 2005, but not earlier. However, those point estimates are generally quite
smaller than their 2007-2011 counterparts. Moreover, without exception, all point esti-
mates in 2008 or later are bigger (in absolute terms) than in 2007 (even if their differences
are frequently not statistically significant), which we take as further evidence of cumulative
effects of the reform. Figure 3 displays the main findings of this analysis.

The relative consistency of the effects on external marks over the ‘after’ period — in
both control groups — is also evidence against any possible one-off disruption across public
schools or amongst their teachers that coincided with exam time, even if we are unaware of
any example of such an event.

5.2 Competition for promotions

According to our theoretical discussion in Sect. 2, the negative effects on different meas-
ures of student achievement documented above would be driven by a combination of
decreased cooperation amongst teachers and increased administrative workload, both of
which would shift resources away from teaching, with a potentially detrimental effect upon
student learning. This subsection offers some indirect evidence about the importance of
these mechanisms.

Since we do not have access to information about teachers’ engagement in non-teaching
school activities or other direct proxies for their collaborative work and bureaucratic work-
load, we focus on a testable implication of the reform. In particular, we test whether a
higher intensity of competition for promotions under the reform’s tournament component
was associated with larger effects (in absolute terms) on student outcomes.

We exploit the Ministry of Education’s longitudinal administrative student-teacher-
school matched dataset, MISI, to identify the tenured teachers in each continent public

@ Springer



Public Choice

school who were immediately exposed to the tournament, due to their advanced rank in
the old pay scale.'® These are the teachers for whom this aspect of the reform was perhaps
most salient. Hence, we would expect them to have adjusted their behaviour (e.g., collabo-
rative approach, engagement in non-teaching activities) more strongly as a response to the
new incentives scheme. Specifically, we use the teacher-school matched panel to identify
the teachers that were, in 2006/07, assigned to one of the three higher ranks (out of 10) of
the old pay scale; these teachers were immediately eligible to apply for the upper pay scale
and professor titular status upon approval of the reform. We also identify those teachers
who were eventually appointed to fifular status. Then, we compute the fraction of tenured
(i.e., permanent contract) teachers in each school who were eligible for (and who managed
to achieve) the upper pay scale; and merge this information with the student-exam dataset
used in the remainder of this paper. Finally, we estimate equations of the form:

Vig = )+ ﬂ;’lntensityj + B After, + ﬁ;’lntensiryj X After, + uy,. 5)

Results are shown in Table B7. We focus on external grades (left panel) and grade infla-
tion (right panel) as dependent variables. Intensity; is a measure of the intensity of competi-
tion for promotions in each public school j — either the share of ‘senior’ teachers (i.e., those
directly exposed to the tournament), in the top panel, or the difference between the pro-
portions of ‘senior’ and ‘promoted’ teachers (i.e., the difference between those who were
potentially eligible for professor titular status and those who were indeed assigned to the
upper pay scale), in the bottom panel. The latter is, in practice, the fraction of senior teach-
ers who did not manage to be assigned to the upper pay scale, in school j, in the 2006/07
school year.

We find that, after the reform, a 10 percentage points increase in the proportion of ‘sen-
ior’ teachers was associated with a .043 to .089 marks reduction in external exam scores
and a .061 to .105 marks increase in grade inflation. All estimates are statistically signifi-
cant at least at the 5% level. We obtain similar point estimates in most specifications using
our second measure of intensity of competition for promotions, as reflected in the bottom
panel of Table B7. However, these are not statistically significant. On the other hand, con-
sidering the standardized external score leads to negative and statistically significant point
estimates using both proxies for intensity of competition.

Overall, our results suggest that the negative effects of the reform on achievement were
larger (in absolute terms) in schools where the teaching staff was particularly exposed to
the tournament. This is consistent with a disruption in collaborative work due to competi-
tion for promotions among colleagues, and perhaps with higher administrative workload,
given that teachers in the upper pay scale were expected to contribute to a whole range of
non-teaching duties (including the evaluation of their lower-ranked peers)."’

18 See Ferreira and Martins (2023) for a recent study that leverages this dataset for an analysis of upper-
secondary education outcomes. Note that private schools and public schools in the island regions do not
report these data to the Ministry of Education.

19 Martins (2010), exploiting a 2008 law that allowed public-sector early retirements while imposing
a hefty penalty per year of early retirement, finds that teachers’ take-up of this option was higher in the
schools that experienced a larger post-incentives-reform decline in student achievement. This is suggestive
evidence of, or at least consistent with, decreased job satisfaction as a result of the new teacher incentives
scheme. See Green and Heywood (2008) for a study of the correlation between performance pay and job
satisfaction.
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Fig.2 Event study estimates (Islands control group). Authors’ estimates based on JNE data and reported in
more detail in Column 1 of Tables B4 and B6. 95% confidence intervals are reported
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more detail in Column 4 of Tables B4 and B6. 95% confidence intervals are reported
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5.3 Teacher mobility

As the analysis above has shown, decreased cooperation among teachers in each school
is a plausible consequence of the tournament scheme and a likely mechanism behind our
results. However, the incentives reform may have also affected teacher sorting (Lazear,
2000) — for instance, some teachers could have tried to change schools if they believed that
would improve their chances of promotion; others might have moved to the private sector
or have left the profession altogether. Hence, there could be an additional ‘teacher selec-
tion’ effect of the reform, with unclear consequences on student achievement. We argue
that this is unlikely for institutional reasons, a claim corroborated by the teacher mobility
patterns observed using the Ministry of Education’s teacher-school matched panel.

Teacher hiring and assignment are highly centralized in Portugal. This is associated with
high job instability, particularly at the beginning of teachers’ careers: for instance, nonten-
ured public school teachers frequently change schools, as they are hired to fill temporary
vacancies that may not even last for the entire academic year. However, after securing a
permanent contract, teachers become notably less likely to move: first, they are assigned to
a ‘pedagogical zone’ (a geographical area composed of several school districts); later, they
may become tenured at a particular school. Teachers who become tenured at a given school
are not allowed to apply for a different assignment every year, unlike their peers, which
further restricts their movement between schools (Nunes et al., 2022). Specifically, during
the period we analyse with MISI data, these teachers were only able to apply to a differ-
ent school in 2009; their next chance at doing so would only come in 2013. (This infor-
mation was common knowledge in 2009.) Therefore, the assignment system is such that
those (senior) teachers who were more affected by the reform — i.e., those exposed to the
tournament — were the least likely to be able to change schools. Indeed, teachers without a
permanent contract — i.e., those who were not directly affected by the incentives scheme in
any way — had the highest ability to move. Thus, the potential for ‘teacher selection’ effects
in this context is severely minimized by institutional factors.?’

Table B8 presents descriptive statistics regarding teacher mobility within the mainland
public school system (left panel) and exit from said system (right panel) among teach-
ers with a permanent contract. Using MISI data from 2006/07 to 2011/12, we find that
teacher mobility was generally low (at about 4% per year) among tenured teachers,”' and
even lower among senior teachers (below 2% in most years). Moreover, we also document
the share of teachers who ceased to be observed in the database in each year; these may
have retired, moved to a private or islands school, or chosen a different occupation. We
find that such share peaks in 2009 — an increase mainly driven by the most senior teachers,

20" Incidentally, this rigidity in the teacher labour market may strengthen further the challenges in innova-
tion adoption highlighted in Shleifer (1998), as it may impede the dissemination of good teaching and man-
agement practices.

2l The exception is 2009, for the reason stated above. While 2009 was associated with a large increase
in turnover, the share of school changes is not exceedingly high when compared to later periods when all
teachers were allowed to apply to different schools (see Nunes et al. (2022) for more information about
teacher turnover in Portuguese public schools from this period onwards). This is important in the sense
that the incentives reform had been suspended in those later periods, so the school changes then observed
should not be in any way connected to the incentives scheme. Moreover, excluding the 2010 and 2011 exam
cohorts from our analysis — those potentially affected by the 2009 increase in turnover — yields qualitatively
similar results.
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which would be consistent with growing (early) retirements (Martins, 2010) — declining
afterwards.

Overall, we do not find evidence of a significant and persistent increase in the rate of
school changes of teachers during and after the reform, at least for public schools in main-
land Portugal, while exit rates increased somewhat. Unfortunately, we do not have similar
data for private and islands schools. However, since our identification strategy relies on the
comparability between public and private (or mainland and islands) schools over time in a
DID framework, the fact that ‘treated” schools do not experience a surge in turnover when
the reform was implemented is reassuring.

5.4 Compositional effects

Due to the nature of our analysis, we rely on repeated cross-sectional data for our differ-
ence- in-difference estimations. Hence, if the reform had induced changes in the compo-
sition of the treatment and control groups (e.g., differential drop out rates amongst these
groups and on account of certain unobserved characteristics), then our estimates could be
biased. In this subsection, we leverage MISI data — in particular, its student-school matched
panel — to address this possibility; test the robustness of our results to different definitions
of our analysis sample; and discuss how a contemporaneous upper-secondary curriculum
reform might have changed the composition of academic track cohorts in public schools.

The MISI student-school matched panel is available from 2006/07 (the school year dur-
ing which the reform was approved) onward. It includes comprehensive individualized
information regarding the demographic, socio-economic, and educational characteristics
of the student population. Figure A2 allows for a graphical cohort-by-cohort comparison
of public and private school students, enrolled in 11" or 12" grades, with respect to key
variables with virtually no missing values: gender, age, and status as (partial or full) school
welfare support beneficiary. We find that the proportion of female students in the potential
sample falls year- on-year for both types of schools (with the exception of 2009, for private
schools). Between 2006 and 2011, girls went from 59.4% to 57.1% of the 11" and 12"
public-school student population (54.7% to 52.9% in private schools).

Meanwhile, the average age of enrolled students (17.86 years, SD = .841) was virtu-
ally unchanged for both types of school — falling .061 and .107 years, respectively, in the
public and private sectors. This variation was essentially driven by a negligible decline in
the proportion of 12" grade students in our population of interest. This result is impor-
tant, in the sense that it suggests there seems to have been no systematic change in grade
retention practices throughout the period that could affect the composition of the potential
sample during and after the reform. Finally, the share of students who were full or partial
beneficiaries of school welfare support increased over the period in both types of school.??
Considering that receiving school welfare support provides a common proxy for student or
household socio-economic status, the similar variation observed for both groups is reassur-
ing for our analysis.

Furthermore, while upper-secondary school enrollments were fairly constant through-
out the post-reform period (see Figure A3), it is still possible that the reform and/or an

22 There is a large increase in school welfare support take-up after 2009 as a result of a reform to its provi-
sion. Private school students may receive welfare support provided their schools receive public funding to
admit a given number of classes free of charge (Contratos de Associagdo; similar to charter schools). Full
welfare support entitles students to, for instance, free school meals and textbooks.
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unrelated simultaneous event might have changed students’ decisions in a way that would
exclude them from our preferred sample (e.g., the share of students who decide not to apply
for university admission even before sitting national exams may have changed through-
out the period). To account for that, we conducted a series of robustness analyses using
different subsets of our original student-exam data. First, we extended the range of data
examined from first-call results (which account for over 70% of the total number of exams)
to first- and second-calls. Then, we extended the range of data considered even further,
thereby also including resit students and those not applying for university entry. Ultimately,
our estimated effects on external scores were robust to the consideration of all available
student-exam observations (see Table B2).

Finally, the introduction and rapid expansion of upper-secondary vocational (or VET)
courses in public schools from 2004 onward, both in the mainland and the islands, led
to substantial change — contemporaneous with the incentives reform — for Portugal’s edu-
cation system. Just between 2006 and 2010, the proportion of upper-secondary education
students who were enrolled in VET courses increased from 13.1% to 31.4%. Although
many of these early VET students would have been likely to drop out in the absence of a
nonacademic track,? the introduction of VET courses in public schools also led to ‘dis-
placement’ from the academic track (Ferreira & Martins, 2023). Notice that VET students
are not required to sit national exams in order to graduate, so they are absent from our
preferred analysis sample. Therefore, important unobserved features of the exam-taking
population (in public schools) might have changed throughout the period considered in our
analysis, which would cast doubt upon our DID estimates using the private schools com-
parison group.

However, all evidence suggests that the VET track appealed mostly to students from
less-privileged socio-economic and educational backgrounds, and with worse prior aca-
demic achievement (measured either by their results in earlier national exams or previous
experiences of grade retention). Therefore, the apparent displacement of academically-
weaker public- school students from the academic track should have increased its students’
results relative to private schools, particularly in the later years of the period under study.
Nevertheless, we find the opposite: our estimated effects of the reform appear to be cumu-
lative and stronger for later cohorts. Hence, on these grounds, our results are more likely
conservative, attenuated estimates of the reform’s effects than the opposite.

5.5 Other control variables and tests

Student achievement is affected by many variables other than those related to teacher merit
pay. In particular, socio-economic variables may matter greatly. Given the non-experimen-
tal setting of our analysis, it is not impossible (even if unlikely, given the evidence pro-
duced so far) that the different types of schools that we contrast experience different trends
in such socio- economic variables which just happen to coincide with the introduction of
the new teacher incentives.

In order to assess this alternative view, we add to our specifications (equations 1 and
2) different characteristics of the local labour market of each school that will proxy for
the socio-economic environment of its students. Specifically, we draw on the Quadros de

2 Before a 2009 reform, with effect in 2012, pupils were only required to stay in school up to the age of 15
(i.e., until the end of 9" grade or lower-secondary school).
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Pessoal (QP) matched employer-employee data set, which reports detailed firm-, establish-
ment-, and worker-level information of all firms in Portugal that employ at least one worker
(see Ferreira and Martins (2023) for more detail about these data). We focus on the estab-
lishment- and worker-level dimensions, as this allows us to compute region-year charac-
teristics at the most detailed level of aggregation available on the JNE data (the concelho
level). The QP variables we add to our student-level equations are the (log) mean monthly
wage, the female ratio, the average schooling attainment, and the (log) total number of
workers. These variables are computed from all workers employed in the same concelho
where the student’s school is located and in the same year to which the student’s results
refer.?* The results again present strong evidence of lower achievement in terms of national
exams and increasing grade inflation, for both control groups (see Table B9).

We have also conducted a number of additional robustness tests. Specifically, we stud-
ied possible differences from the benchmark results alternatively in urban areas, in large
schools, or in core subjects only (see the left panels of Tables B10, B11, B12 and B13
for details about the latter).25 In addition, we controlled for some student characteristics,
namely age, gender, and grade (11" or 12, available in the JNE data, although only from
2006 onward. In all cases, the qualitative results across the different specifications were
unchanged and only relatively minor differences were found in terms of the quantitative
findings.*°

6 Conclusions

Understanding the role of worker incentives in improving public service delivery is a topic
of interest in public choice and the economics of bureaucracy (Niskanen, 1968). This paper
sheds light on this question by examining the introduction of performance-related teacher
pay in all public schools in mainland Portugal. Our empirical approach is based on a dif-
ference-in-differences analysis drawing on upper-secondary national exams microdata and
two control groups. These were either exposed to a lighter version of the intervention (pub-
lic schools in two autonomous regions) or were not exposed at all (private schools).

2% We match QP data of year ¢ to JNE data of year ¢ + 1, given that the JNE data concern academic years
that begin in September of year ¢ to June of year ¢ + 1 and the QP data refers to October of each year.

25 We also re-estimated the models with school or school-exam fixed effects considering the whole pre-
ferred sample (see the right panels of Tables B10, B11, B12 and B13). The specifications with school-exam
fixed effects generally lead to less-precisely estimated coefficients. However, we note that national exams
(and even the course codes provided in the annual JNE datasets) change throughout the period considered,
mainly as a result of curriculum reforms. This justifies our preference for the consideration of only the five
main subjects — available in all years — when estimating school-exam fixed effects models.

26 To address concerns about external validity that have been directed towards case-study or experimental
settings, Martins (2010) sought to understand the dispersion of effect estimates across different treatment
schools. In particular, equations 1 and 2, augmented with school fixed effects and a control for the number
of exams in each school-year, were re-estimated. Each continental public school was separately compared
against either all public/island schools or all private schools. This approach generated as many DID esti-
mates as the number of treatment-group schools, from which measures of their dispersion were computed.
The results suggested a considerable scope for variation of the effects across different schools; for instance,
taking external exam scores as the outcome of interest, the estimated impact of the reform on about one
fourth of continental public schools would have been positive. However, this analysis at a higher level of
aggregation yielded results consistent with the main findings.
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Our results consistently indicate that the increased focus on individual teacher perfor-
mance caused a significant decline in student achievement, as measured by national exams.
However, the decline in achievement is smaller or virtually zero when considering marks
set by teachers. Together, the two results suggest that grade inflation was another conse-
quence of this reform. This view is supported by our triple-difference evidence and is con-
sistent with the emphasis placed on (teacher-set) grades by the new promotion criteria.

Furthermore, we find additional support for a causal interpretation of our results from
our analysis of common trends, and estimates are robust to different control variables and
subsamples. The analysis of ‘competition for promotions’ across public schools also sup-
ports the theoretical mechanisms (and much anecdotal evidence) that predict the empirical
findings, namely disruption of teacher cooperation created by tournaments and increased
administrative workloads, both potentially resulting in worse student outcomes. Moreover,
as we examine a period of five years after the reform was introduced (longer than most
related studies) and find consistently negative achievement effects, our analysis is not pick-
ing up implementation problems that may otherwise erode over time.

While our results are negative regarding the value of the specific reform examined here,
our findings highlight the importance of considering very carefully the design of individual
incentives in the public sector and mitigating unintended consequences. This is particularly
the case when collaborative work among civil service workers is relevant. Due to its dis-
ruptive effect on teacher cooperation at the school level, the tournament component of this
incentives reform may well have been the crucial element in its demise.
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