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of each teacher, our identifying assumption being that new entrants are mainly affected 
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1. Introduction 

There is a widening literature on cross-country comparison on the effectiveness of 
national educational systems, using data from international surveys like PIRLS, TIMMS 
or PISA. In their review of the literature, Hanushek and Woessman (2011) discuss 
institutional differences associated to student curricula (pre-primary education, 
secondary school tracking) and to school management (school autonomy and 
accountability, competition between public and private sector). Most of these studies 
exploit cross-country variations, though the existence of a sufficiently long series of 
surveys allows now the inclusion of temporal variations. In few cases of federal 
countries (like Belgium, Canada and UK), whenever samples were representative at 
state level, within-countries variation has also been exploited. While quantitative input 
measures (typically educational expenditure) explain little of cross country variation, 
several studies show that measures of institutional frameworks and of the quality of the 
teaching input (for example local autonomy in hiring and/or compensating teachers) 
account for significant portions of international differences in level and dispersion of 
student achievements. Since information on teachers and teaching practices is limited, 
the first wave of studies reviewed in their survey leaves teacher policies in the 
background. More specific on teacher compensation were Woessman (2011) and Dolton 
and Marcenaro-Gutierrez (2011), matching OECD aggregate information on teacher 
compensation to student achievements. The first contribution identifies a positive 
relationship between pay-to-performance and mean test scores in reading and numeracy; 
the second one correlates the actual and relative compensation of teachers to student test 
scores, exploiting cross-country and over time variations to identify the impact of the 
former onto the latter variable. In a more recent contribution, Woessman (2016) reviews 
studies exploiting within-country variations to identify the effect of teachers’ 
competences or compensation onto students’ achievements. However, within this 
literature, the contributions more similar to ours are Nagler et al. (2018) and Hanushek 
et al. (2019). In the first paper, Nagler and co-authors exploit the date of entry into the 
teaching profession to show that variation in the outside opportunities induced by 
business cycle fluctuations affect the quality of aspiring teachers, which then induces 
variation in pupil test scores. They use administrative data from Florida schools to 
obtain a precise match between student and teacher characteristics. In the second paper, 
Hanushek and co-authors investigate whether differences in cognitive skills of teachers 
can explain international differences in student performance across countries. They 
exploit between-subject variation in teachers’ skills to identify their effect onto within-
student differences. They also consider the PIAAC sample as pseudo-panel for the 
female labour supply, showing that international differences in women’s opportunities 
to enter (other) high-skill occupations provide part of the explanation for the observed 
variation in teacher cognitive skills across countries. 

In the present paper, we contribute to the literature on the effects of teachers’ quality 
onto student achievements by exploiting the cohort of entry into the profession. Instead 
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of using variations induced by outside labour market conditions (as in Nagler et al., 
2018) and/or by career perspectives (as in Dolton and Marcenaro-Gutierrez, 2011, or 
more recently in Britton and Propper, 2016), we build a novel dataset on national policy 
reforms targeted to selection and compensation of teachers. We match teachers to the 
institutional framework prevailing at the date of entry in the profession and we show 
that whenever governments were actively reforming the hiring procedures in the teacher 
labour market (i.e. when entry in the teaching profession was made more selective), the 
corresponding pupil achievements rises, while the opposite happens whenever more 
favourable working conditions for teachers are negotiated and implemented. We focus 
on primary school where essential competences for future life are formed, and we use 
standardized test score at fourth grades from the four available waves of PIRLS; in these 
surveys, classes and their prevailing teacher are jointly surveyed every five years from 
2001 to 2016. The development of reading, writing and numerical abilities in primary 
school is fundamental for one’s intellectual capabilities in future life. Their deficiency 
makes any investment in skill formation in the subsequent stages of a student’s 
educational process costlier and less effective. Indeed, any significant human capital 
accumulation requires solid foundations built in the early stages of the learning process. 
The peculiar nature of the surveys allows exploiting the within-country between-
school/classes variation of teacher seniority into the profession to identify the impact of 
government actions onto teachers’ quality. For each survey year, IEA (the managing 
agency for PIRLS) also provides detailed information on cross-country differences in 
teacher recruitment procedures, and we briefly review this as motivating evidence. 
However, we ignore under which rules the teachers in our sample were selected, and 
similarly we ignore what are their effective compensations. For these reasons, we resort 
to a juridical database (‘Database of National Labour, Social Security and Related 
Human Rights Legislation’ (NATLEX) by the International Labor Office-ILO’s 
International Labour Standards Department) to reconstruct the reforming activities of 
government in four areas of the teacher labour contracts (selection, working conditions, 
compensation, and retirement). We do not have detailed information on the content of 
these reforms, and therefore our constructed variables can be considered as proxies of 
government attention to these issues. We find that, other things constant, teachers hired 
in periods when local governments were active on recruiting policies are associated to 
better performance of their pupils. On the contrary, if hired when government were 
easing their working conditions, they are associated to lower performance. While 
reforms to the pay systems are not correlated with pupils’ achievement, for a subset of 
OECD countries we are also able to control for actual compensation, finding positive 
effects. Our policy conclusions emphasize the role of selective policies as a tool for 
improving the quality of the educational systems. We cannot obviously exclude other 
competing explanations, like the fact that different cohorts of teachers were trained to 
different teaching styles, which then reflect into higher pupils’ performances.1 
                                                 
1 Contributions in this perspective can be found in Schwerdt and Wuppermann (2011) and in Britton and 
Popper (2016). Both papers investigates the association of teaching styles (traditional lecture style versus 
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However, cross-country differences in the timing of reforming activities leave us 
confident in our identification strategy. Our results are obtained when controlling for a 
large set of pupil, teacher and classes/school characteristics, as well as for country×year 
fixed effects, which minimize the possibility of confounding factors. Several robustness 
checks confirm our main findings. 

The rest of the paper is organised as follows. Section 2 reviews some literature on 
personnel economics in the teaching profession. Section 3 presents some motivating 
evidence on cross-national institutional varieties in teacher recruitment systems, while 
Section 4 presents the data used in our analysis. Section 5 contains the empirical 
strategy and our main results, while in Section 6, we perform robustness checks and 
sensitivity analysis to corroborate our results. Finally, Section 7 concludes the paper. 

 

2. Policies for selecting and motivating best teachers 

The literature on Human Resource management suggests that there are three main goals 
for any employer regarding manpower: recruiting (which implies attracting and 
selecting), motivating and then retaining the employees to achieve their highest level of 
productivity (Lazear and Gibbs, 2007). Because the ability to teach is a job-specific 
human capital, retaining teachers is usually not a main concern for school principals and 
policy makers at large although, in the literature, alternative opinions are considered 
(Moor Johnson, 2006). On the contrary, teacher selection and motivation are at the core 
of any attempt to improve the quality of educational systems. In their application of 
personnel economics to the public sector, Cameron et al. (2016) put emphasis on 
intrinsic motivation of public employees whenever performance is imperfectly 
observable and/or performance is not contractible. They argue that a key factor in the 
success of some public administration with respect to others is designing internal 
personnel policies (especially wage and promotion standards) that build cadres of highly 
motivated and capable civil servants. Teachers represent a perfect case study in this 
respect, since the goals assigned to them are imprecise and multidimensional. Children 
achievements (as measured by test scores, in levels or in terms of value added) 
constitute only one of the many dimensions of teacher engagement, since socialization 
(i.e. education to societal values) does represent as much an important task assigned to 
teachers. If we then add the issue of inducing curiosity to culture, we realize that one of 
the main concerns for policy makers is the selection of teachers who have an adequate 
intrinsic motivation.  

When selecting on unobservable, probation periods, possibly associated to steeper wage 
schedules after tenure, do represent a suitable strategy: “A second alternative [to the 
impossibility of performance contracting] is to attract and then differentially promote or 

                                                                                                                                               
innovative problem solving style) and student test scores, finding positive effects of traditional teaching 
onto factual knowledge abilities and routine problem solving. 
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retain intrinsically-motivated individuals (“zealots”) who – in contrast with purely 
financially-motivated “slackers” – find employment as public sector managers 
inherently satisfying.” (Cameron et al. 2016, pg.2). Thus public wage and promotion 
standards become crucial as selecting devices in order to attract effective teachers. This 
is consistent with the evidence proposed by Dolton and Marcenaro-Gutierrez (2011) on 
teachers’ pay differentials across 39 OECD countries, who showed that recruiting more 
talented individuals into teaching and permitting quicker salary advancements have a 
positive effect on pupil outcomes.  

Thus, selection on motivation and compensation policies are two available instruments 
in the hands of school principals, local educational authorities and/or central 
governments whose aim is to improve the quality of the schooling system. However, 
selection criteria are often based on educational credentials, though there is mixed 
evidence on their correlation with student achievements;2 in addition, sorting into the 
teaching profession is significantly affected by outside options created by business 
cycles.3   

However, high selectivity alone at the entry of the profession may be ineffective or even 
counterproductive, discouraging good potential candidates.4 Thus selection at the entry 
should be combined with wage ladders and internal promotion rules that continue the 
                                                 
2 In the literature review Hanushek and Rivkin (2006) do not report any consistent relationship between 
the level of credentials of teachers and corresponding student achievement. Various country specific 
studies find more mixed evidence: Santibañez (2006) on student achievement in Mexico finds a small 
positive relationship between teacher test scores and average student achievement scores; in a study on 
Sweden Andersson et al. (2011) show that the share of noncertified teachers decreases students’ grade; 
Harris and Sass (2011) do not find any evidence that teacher preservice (undergraduate) training or 
college entrance exam scores being related to student achievements in US schools. Equivalent results are 
also obtained by Kane et al. (2008) regarding newly hired teachers in the New York City public schools 
(the initial certification status of a teacher has only small impacts on student test performance) and by 
Buddin and Zamarro (2009) in Los Angeles primary schools, where they show that neither the teacher 
licensure (a regime where schools are forbidden from hiring teachers who have not completed a program 
of study in a teacher education program) test scores nor the possession of an advanced degree are related 
to student achievement. 
3 Bacolod (2007) shows that the U.S. experienced a marked decline in the quality of young women 
entering teaching between 1960 and 1990, contrasting with a simultaneous increase in the quality of those 
who became professionals. Similarly, Falch et al. (2009) measure teacher shortages in Norway as the 
share of teachers without certified credentials, finding a negative relationship between teacher shortages 
and regional unemployment rates in the period 1981–2002. Nagler et al. (2018) obtain analogous results 
by exploiting business cycle condition at a teacher’s start of career as a source of exogenous variation in 
the outside options for potential teachers. Similarly Carroll at al. (2018) show that the relative returns to 
education across occupations for men and women can explain vocational choices in the Australian 
context (and in particular gender segregation, with female teachers mostly concentrated in preprimary and 
primary schools, while male tend to specialize in secondary schooling and administrative roles). Thus, 
according to these authors, the teaching profession would remain a residual one because of the lack of 
career advancement, leading to a counter-cyclical selection into the teacher profession. 
4 “High-performing countries use various mechanisms to select the best candidates to the teaching 
profession. In Finland, Hong-Kong (China), Macao (China) and Chinese Taipei, students who wish to 
enter teacher-training programmes must pass a competitive entry examination. In Japan, teaching 
graduates must pass a competitive examination to start teaching and in Singapore, they must complete a 
probation period. These requirements, however, are also found among some low-performing countries 
suggesting that early selection, while important, is not enough to ensure a highly qualified teaching 
force.” (OECD 2017, pg. 2). 
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screening over the entire working life cycle. In this respect, professional development 
activities, particularly those that promote teacher collaboration, can reveal effective in 
forging a high quality teacher.5 

If good teachers are to be retained in the teaching profession and supported in doing 
their work – and doing it well – they should have a workplace that promotes their efforts 
in a variety of ways (Moor Johnson, 2006). Since the 1980s, the United States and 
United Kingdom have passed measures to implement performance-based incentives, 
that is, monetary benefits to teachers and/or school principals who are considered the 
best according to the level of (or the variation in) their students’ achievements. 
However, these policy measures have proven to have contradictory effects.6 Indeed, 
because performance-based incentives are not easy to introduce in public schools, most 
countries have instead opted for reforms that unconditionally increase the level of 
teacher salaries. These measures have been found to be significantly correlated to 
student achievement in Dolton and Marcenaro-Gutierrez (2011), but it remains unclear 
through which channels monetary incentives play a role. As Dohmen and Falk (2010) 
have clearly shown, the presence or absence of monetary incentives in the teaching 
profession induces the self-selection of different individuals.7  

Whether these two policy instruments, selection and reward, are substitutive or 
complementary in nature is hard to judge because self-selection occurs based on 
unobservable characteristics, which in turn can be correlated to (unobservable) teachers 
quality. Merit pay wage policies should attract people who are expecting to benefit the 
most from such a scheme, but whether they are better able and/or greedier than average 
is difficult to gauge: as a consequence, it is almost impossible to predict what the overall 
effect on student achievement will be because the ‘selection’ and ‘incentive’ effects 
may work in opposite directions. If, therefore, it is impossible to derive uncontroversial 
predictions about what the most effective teacher policies are to improve school 
quality,8 we do not have other alternatives than taking these questions to the data. In the 
                                                 
5 “High-performing countries try to attract the most promising candidates to the teaching profession 
early on, but they also understand that talent can and must be nurtured through high-quality training and 
continuous learning. These countries strive to boost teachers’ knowledge base, enhance the professional 
qualifications of teachers and involve them in professional development activities, particularly teacher 
collaboration.” (OECD 2017, p.6). 
6 Atkinson et al. (2009) find that a performance-related pay scheme implemented in the UK did improve 
test scores and the value added increased on average by about 40% of grade per pupil. In an earlier study 
on US, Ballou (2001) showed that efforts to implement merit pay in public education have generally been 
unsuccessful, mainly because of the opposition from teachers and teachers’ unions. In Israel, Lavy (2015) 
reports persistent gains in labour market achievements of students whose teachers have been exposed to 
pay-to-performance schemes. 
7 ‘…teachers are more risk averse than employees in other professions, indicating that relatively risk 
adverse individuals sort into teaching occupations under the current system. Using survey measures on 
trust and reciprocity, we find that teachers trust more and are less negatively reciprocal than other 
employees’ (Dohmen and Falk, 2010, p. F256). 
8 Similar wide-ranging lessons are to be learnt in comparative cross-country analysis: “A variety of 
approaches to selecting and evaluating teachers, and a wide range of career and compensation structures 
for teachers, can be found across the best-performing countries in PISA. But at least three elements tend 
to be common to high-performing countries’ professional development policies for teachers: a mandatory 
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next section, we provide some descriptive evidence on the varieties of institutional 
models adopted by different countries in teacher recruiting and rewarding policies, 
while, in the next sections, we provide more precise identification of the effect of 
reforms onto teachers’ effectiveness in raising student achievement. 

 

3. Descriptive evidence on selection and reward of teachers 

In the present paper we study primary school achievements relying on four PIRLS 
surveys, conducted by the International Association for the Evaluation of Educational 
Achievement (IEA), aiming to test the reading literacy competences of fourth graders.9 
Though not fully representative of the dynamics of all levels of schooling, the use of 
primary school data is appropriate for our purpose, since the existence of a prevailing 
teacher in each class allows for a more precise identification of the teacher’s effect onto 
pupils’ achievements. This has obviously drawbacks, since it prevents the analysis of 
more complex cognitive abilities of students (like numeracy and scientific reasoning) as 
well as studying the contribution of teaching practices, since 4th graders are typically 
unable to report on them. Thus, our results do not necessarily extend to the whole 
educational process in each country; nevertheless, it remains rather indicative of the 
overall attitude of educational authorities with respect to teachers’ policies. 
Nevertheless, in primary school pupils acquire those abilities and skills that are essential 
for further stages of their education. 

In addition to microdata on student achievements and teacher characteristics discussed 
in the next Section, the PIRLS survey also collects some information about the 
institutional framework prevailing for primary and lower secondary school level in each 
country/wave, information that is provided by national country experts. With the goal of 
maximising country coverage to emphasise institutional diversities, we have selected 
five dimensions of a country/region recruitment system whose presence/absence could 
make the teaching profession more or less selective, hence potentially affecting the 
future quality of aspiring teachers:  
i) having a compulsory training period before/during the teacher educational 
programmes required for teaching (dummy variable TRAIN);  
ii) having an official process to license or certify teachers by one institution (variable 
EXAM);  

                                                                                                                                               
and extended period of clinical practice as part of pre-service teacher education or of the induction 
period; the presence of a variety of bespoke opportunities for in-service teachers’ professional 
development, such as workshops organised by the school; and teacher-appraisal mechanisms with a 
strong focus on teachers’ continuous development. […] Countries with higher teachers’ salaries (relative 
to GDP) had, on average, larger shares of students who expected to work as teachers. And while in all 
countries girls were more likely to expect a career in teaching than boys, students’ expectations of a 
teaching career were more gender-balanced in countries with higher teachers’ salaries. However, there 
is no evidence that higher salaries attract high-achieving students into the teaching profession more than 
low-achieving students.” (OECD 2018a, p.11). 
9 More details on the PIRLS assessment are provided in the Section 4. 
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iii) having a compulsory probation period (dummy variable PROBATION);  
iv) the length of the potential probation period at the early stages of a teacher’s career 
(continuous variable PROB_LENGTH);  
v) having a mentoring programme for teachers (dummy variable MENTOR). 
There are two additional variables, but only available in a subset of waves: 
vi) passing a standardised test or an official examination as a basic requirement for 
teaching (dummy variable TEST);  
vii) receiving a specific preparation on teaching techniques for reading (dummy variable 
TECHNIQUES).  
The descriptive statistics for these variables are reported in Table 1, while their 
correlation matrix is in Table A.1 of the online appendix. In order to summarise the 
information contained in these institutional indicators, we have applied a factor analysis, 
which suggests the existence of at least two latent variables that account for 60% of the 
observed variance and are orthogonal by construction (see Table A.2 of the online 
appendix):10,11 

a) the first one gathers the contribution of the variables PROBATION, PROB_LENGTH and 
MENTORING, since the highest factor loadings are associated to these variables. 
Considering that both institutional features are referred to a selection of teachers after 
having observed them on the job, we call this first factor SELECTION EX-POST. 
b) the second one collects the contributions of the variables TRAIN and EXAM. In such a 
case, the selection tends to occur before experimenting an aspiring teacher on the job. 
For this reason we call this second factor SELECTION EX-ANTE. 
If we observe the distribution of countries along these two latent dimensions (see Figure 
A.1 of the online appendix), we notice that a group aligns along a sort of frontier of the 
“maximal selectivity” combining, in different ways, the selections based on 
certification/training and on probation/mentoring (notably France, the Netherlands, 
Canada, but also US, UK-England, Singapore and Japan). How do these institutional 
features correlate with pupils’ achievements? In Table 2 we report the unconditional 
correlations between the two latent variables and the mean test scores in reading. It is 
apparent that achievements are higher in countries where teachers are ex-ante selected 
through training and/or examinations (see also Figures A.2 and A.3 of the online 
appendix).   

                                                 
10 If we apply the factor analysis to the seven variables indicated in the text, we lose 43 observations 
(mostly in the last two surveys) and obtain indication on the existence of three factors, accounting for 
67% of total variance. After rotation, the first factor coincides with the first one reported in the text, while 
the second and the third gather respectively EXAM-TEST and TRAIN-TECHNIQUES. Given the descriptive 
nature of this section, we have preferred to stick to the simplest version of two factors. This additional 
factor analysis is available from the authors.  
11 Given the large majority of dummies variables, one could resort to the polychoric variance-covariance 
matrix to obtain the eigenvectors. However, given the high correlation of the two methods (the first latent 
variables extracted with the two methods are correlated at 0.99, while the secondo components are 
correlated at 0.94). 
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In the previous section we have also argued that selection per se may be insufficient, 
because of self-sorting of aspiring teacher may be driven by expected wage for teachers. 
For this reason, we complemented the data on the institutional setting for primary 
schools with information on the corresponding average pay in each country. The 
average pay earned by primary school teachers is an indicator of the relative 
attractiveness of the profession compared with other professions that require similar 
qualifications in terms of education. Higher relative pay for teachers should attract 
better candidates (in terms of both observable and unobservable credentials) and/or 
enhance their quality in terms of skills and motivation. Hence, from various issues of 
the OECD’s Education at a Glance (the most recent one being OECD, 2018b), we 
collect the ratio of primary teacher salaries to GDP per capita for each wave of PIRLS. 
Unfortunately, information on wages is available only for a subsample of 37 OECD 
countries. Going back to Table 2, we observe two facts. More generous pay policies are 
associated to selection procedures that involve lengthy probation and/or mentoring by 
senior colleagues; however, irrespective of the relative generosity of pay conditions, 
average pupils’ achievements seem not correlated to teachers’ wage (see Figure A.4 of 
the online appendix – the apparent positive correlation is entirely attributable to the 
Indonesian observation). The first fact is consistent with theoretical expectations, since 
a lengthy induction period can attract good candidates if and only if the expected future 
wage compensates for current reduced opportunities (Garibaldi, 2006). The second fact 
seems in contradiction with part of the literature (e.g. Dolton and Marcenaro-Gutierrez, 
2011), but should be qualified on at least two details: the wage variable consists of an 
average across different educational levels and different levels of tenure, and the 
correlations are unconditional (i.e., they do not control for compositional differences 
across countries and surveys). 

However, even if these results are simply suggestive of the importance of the cross-
country institutional differences in teacher policies, they do not allow a clear 
identification of their impact onto teachers’ quality. Indeed, these measures of 
recruitment attitudes are effective at the time of the survey and therefore affect the 
quality of teachers entered since their last change and all future teachers.12 On the 
contrary, the wage policy affects the working conditions of the incumbent teaching 
staff, as well as the attractiveness of the profession for future candidates. Thus, they are 
not fully comparable since they affect different populations; in addition, it is difficult to 
identify who are the teachers treated by these measures.  

For these reasons, we prefer an alternative strategy that exploits within-country/wave 
variations induced by teachers’ seniority that allows for the identification of the year of 
entry into the teaching profession. In this way, even controlling for confounding effects 

                                                 
12 One could argue that variations in these institutional (latent) variables could be exploited to identify 
potential effects on teacher qualities (see Figure A.5 in the online appendix). However, we cannot exclude 
that these variations do represent different coding patterns of different national experts (thus nothing but a 
measurement error), especially when we try to check their consistency overtime using alternative sources. 
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by country×wave fixed effects, there is still variability at class level induced by the 
seniority of teachers, which we correlate with our measure of reforming activities of 
governments. This has some cost in terms of institutional detail, since we could not find 
detailed information about teacher selection at hiring going back 70 years. At best, we 
have been able to reconstruct information on reforming activities of governments, that 
capture the government attention to the recruitment and working conditions of teachers.  

The identification strategy and the description of the data and the results are the content 
of the next sections. 

 

4. Data and Descriptive Statistics  

To test the effect of teachers on pupils’ performance, we use microdata on students’ 
achievements drawn from the four available waves of the PIRLS assessment together 
with information about the country-level reforming activity relevant for teachers 
collected from secondary data sources. Let us briefly describe the content of the data 
and present the basic descriptive statistics.  

The PIRLS assessment tests the reading literacy of fourth graders. Starting from 2001, 
PIRLS has been administrated every five years, covering seventy country/state/region 
entities with legal autonomy in educational policy making. The study defines reading 
literacy as the ability to understand and use the written language forms required by 
society and/or valued by the individual. Three dimensions are assessed: the processes of 
comprehension, the purposes of reading and reading behaviours and attitudes. Test 
scores measure student performance in reading literacy and they are standardised to an 
international mean of 500 with a standard deviation of 100.  

The test scores are intended to be nationally representative. National samples are drawn 
through a two-stage stratified sampling design. First, the participating schools are 
randomly selected. Then, within each school, a random sample of classes from the 
targeted grade is drawn and, within each class, all the students participate in the 
assessment. Together with students’ reading achievement scores, the survey collects 
detailed background information on students, parents, teachers, schools and curricular 
activities. The questionnaires are administered to the tested students, to their parents, to 
their reading teachers and to their school principals. The teachers’ information refers to 
the main or unique reading teacher of the class.13  

                                                 
13 The structure of the data set is nested, with four levels of information aggregation: pupil – class and 
teacher – school – country. To have a perfectly nested sample, we dropped the very few (less than 1%) 
classes with more than one teacher of ‘reading’, while the inclusion of different classes with the same 
teacher is less harmful, unless one argues that teacher quality declines with the number of classes taught 
(this happens only in 611 classes over the 43,367 analysed). Results are robust to the exclusion of these 
classes. 
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Table 3 provides a summary of the statistics of the core variables used to perform the 
empirical analysis. Besides the reading test scores, we include individual socio-
demographic features, school and teacher characteristics. Among the individual features 
potentially responsible for the differences in performance, we consider gender, age at 
the date of the survey and language spoken at home. When available, socio-economic 
background is proxied by parental education as the highest level of education of either 
parent. We also include the index of home educational resources based on the number 
of books at home, having a computer, a tablet, a study desk/table for own use, 
newspapers and internet connection. The school features refer to the geographical 
location, the presence of a library for students and the share of disadvantaged pupils. 
Among teacher characteristics, we focus on gender, age, tenure, having a graduate 
degree and number of students in the typical reading class. We restricted the analysis to 
those students with a complete record of data related to these dimensions. Missing 
values on individual, school or teacher characteristics account for less than 3 per cent of 
the initial sample: this share is reasonable in any survey and it does not raise particular 
concerns. On the contrary, data on parental background are missing for a higher fraction 
of the sample, with huge variability both across countries and over time, and in the US 
the parental questionnaire was not even administrated. For this reason, to account for 
potential selection problems in Section 6 we deal with missing values in parental 
background. Finally, it is important to note that the sample of countries is not balanced 
since some countries are missing in some waves. Table 4 reports the list of countries 
included in our analysis according to the set of available variables required in the 
empirical analysis. Namely, we consider thirty-four countries/state/regions in 2001, 
forty-one in 2006, fifty-one in 2011 and 2016. 

To address our research question regarding the role of selection and reward policies on 
teachers’ quality, starting from the paper by Garrouste (2010), we collected detailed 
information about the reforming process of the teacher profession that took place over 
the last 70 years and we assembled a final dataset containing yearly information for the 
period 1947–2016 covering all countries surveyed by PIRLS. Information is drawn from 
the ‘Database of National Labour, Social Security and Related Human Rights 
Legislation’ (NATLEX) produced by the International Labor Office-ILO’s International 
Labour Standards Department. The database lists and classifies all the legislative actions 
in fields broadly related to the labour market and working conditions from the mid-
1800s. Among them we focused on the following categories ‘Constitutional laws’, 
‘Labour codes, general labour and employment acts’, ‘Economic and social policy’, 
‘Education, vocational guidance and training’, ‘Conditions of employment’, ‘Conditions 
of work’, ‘Social security’, ‘Employment security, termination of employment’ and 
‘Specific categories of workers  teachers’.  Furthermore, we focused only on those 
acts targeted to primary school teachers since our search strategy included these two 
keywords thus leaving out any potential reform affecting all the other public employees. 
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Since the selection and rewarding mechanisms potentially affect the quality of teachers, 
among all the legislative actions recorded, we selected those relevant to our scope 
identifying four reforming areas: i) reforms affecting teacher recruitment processes; ii) 
reforms on teacher working conditions; iii) reforms on the pay scheme; and iv) reforms 
affecting retirement possibilities. The first group of reforms refers to the ex-ante 
selection process to become a primary school teacher, while the next three reform areas 
involve different dimensions of rewarding. Among the reforms of the recruitment 
process, we included those that are changing the prerequisite criteria, through changes 
in the minimum marks to enter teacher colleges, in the level of educational attainment 
or in the prerequisites for teacher certification or licensing. Reforms of the working 
conditions refer to changes in the working hours, in the legal rights for special leaves or 
in continuous training. Reforms of pay include changes in the wage policy towards 
teachers, either as a part of a global civil servant reform or as a teacher-specific 
measure, which often comes from pressure by teacher unions. Finally, reforms of the 
retirement rules include legislative changes in the retirement entitlements that are 
specific to teachers, since we are interested in the incentive mechanisms of teacher 
attractiveness versus other careers prospects (e.g prerequisites for early retirement 
and/or the level of pension benefits).  

For each legislative change we identified the year of implementation, as well as the 
direction of the change marked by the policy-makers (i.e., whether it was favourable or 
unfavourable for teachers). Whenever, in a given year we recorded a change in a 
specific dimension, we assigned a value of one from then onwards, while if no changes 
occur, we assigned a value of zero. When legislators have repeatedly reformed a 
specific dimension over the sample period, our created step dummies were summed 
over the years. The time plot of these variables is reported in Figures A.6 in the 
Appendix, while the original timing of the reforms is reported in Table A.3 of the 
Appendix.  

We then normalized our step dummy variables in a unitary range of variation and we 
ended up with four final indicators of the reforming activity at country/year level. The 
first index refers to changes in the teacher recruitment process, with an increase 
corresponding to more restrictive selection criteria. The second one is related to changes 
in working conditions, an increase referring to more favourable working conditions 
(workload, holidays, standard requirements and the like). The third indicator is defined 
according to changes in the wage policy and salary conditions; also in this case, an 
increase means more generous wage allowances for primary school teachers. Finally, 
the fourth one captures variations in the stringency of retirement conditions including 
the retirement allowance, severance pay and retirement age: the indicator increases 
whenever retirement conditions become more favourable. Table 5 reports the summary 
statistics of our normalized reform variables while in Table 6 we report the pairwise 
correlation matrix among them. Notice that the decomposition of the standard deviation 
into the ‘between’ and the ‘within’ components indicates that there is a significant 
variation within countries.14 We then match these indicators to the teachers surveyed by 

                                                 
14 In a previous version of the paper, with fewer countries and waves we used as data source for the 
European countries also Eurybase, the Eurydice database providing detailed information on European 
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PIRLS according to the year when they entered into the labour market. As an example, 
consider the case of our ‘teacher recruitment reform indicator’ in a country where the 
data source reports more stringent reforms in 1987, 1988 and 1990. Therefore, our index 
is constructed as a variable that is coded zero before 1987, one-third in 1987, two-thirds 
in 1988 and 1989, and one afterward. Every teacher entering the profession in that 
country before 1987 gets a zero value for this reform variable, those entering in 1987 
get one-third, those in 1988–1989 receive two-thirds and teachers hired more recently 
obtain a value of one.  

Regarding to our new dataset on reforming activity three aspects must be discussed. 
First, the constructed indicators for the reforming activity is based only on the direction 
of the legislative change. An increase or decrease in the variable refers to a legislative 
change that is favourable or unfavourable to teachers, but we are not able to quantify the 
size of its potential impact with respect to the preceding situation (either in terms of 
coverage among teachers or in terms of individual change induced by the reform) thus 
being unable to distinguish between “major” and “minor” reforms. Second, although 
comprehensive and constantly updated, the NATLEX database could unintentionally 
misreport or omit some legislative act or regulation. Symmetrically, specific collective 
agreements regulating contracts in the private sector are not recorded. However, it 
collects legislation actions with erga omnes effects, which are more interesting for our 
purpose. Furthermore, NATLEX may not report wage adjustments not requiring an 
explicit normative act, such as price indexing. Third, the database classifies legislative 
intervention recording year of adoption and entry into force of the law with no more 
details on when specific regions or federal states could have actually implemented it. 
For all these reasons, our estimates are likely to be downward biased because of 
measurement errors in the reforming variable. However, given the impossibility to 
appropriately measure the true size of the impact, it is also impossible to assess the size 
of the bias.15 

 

5. Empirical Strategy and Main Results  

The aim of the empirical analysis is to identify whether some policies intended to 
attract, select, reward and/or motivate good teachers, who can improve student 
performance in primary schools, are actually effective. Whether teachers matter for 
student performance should be tested by correlating student achievement with direct 
measures of teacher quality. However, measuring teacher quality is somehow 

                                                                                                                                               
education systems and policies since the end of World War II. For that subset of countries we also used 
country-specific descriptions of national education systems, thematic studies on specific institutional 
features and we double-checked our data by directly contacting national experts in the field. In the current 
version of the paper, due to the inclusion of a significant number of non-EU countries, we preferred to 
rely on a single data source. However, when correlating the reforms identified through the NATLEX 
database only with the ones previously identified using also Eurybase, we find a correlation of the reform 
indicators ranging between 0.92 and 0.96. 
15 In a paper adopting a similar strategy for building reform variables (see Braga et al., 2013) it was tested 
the exogeneity of the reform variables by instrumenting it with the political orientation of the 
governments undertaking the reform. In the present case it is rather difficult to attribute areas of reform to 
specific political orientation, and therefore we do not pursue it further. 
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problematic: the observable characteristics of teachers are weakly correlated with 
student achievement, and the reverse strategy of inferring teacher quality from observed 
student achievements is only valid when either the students are randomly allocated to 
teachers (inapplicable for countries where there is explicit or implicit streaming) or one 
possesses longitudinal samples where repeated observations of different student cohorts 
are exposed to the same teacher (as in Rivkin et al., 2005). This strategy is even more 
complicated when we consider that students are often exposed to more than one teacher 
(a sort of group production) and that teacher mobility is often driven by perceived 
student teachability (thus inducing a self-sorting of teachers to schools/classes). Thanks 
to the repeated cross-sectional structure of the data available in PIRLS, we exploit both 
cross-sectional and temporal variations to identify legislative changes that may be 
effective either because they attract or select better teachers or because they solicit a 
higher level of effort. In addition, we focus only on the effect of the main instructor in 
charge of teaching reading to fourth-grade students. Unfortunately, the survey does not 
collect information about teachers to whom students have been exposed to in previous 
grades, if different from the current one, making it impossible to distinguish between 
the relative contribution of each effect. 

To this goal, our identifying strategy consists of comparing the average results of pupils 
exposed to teachers with the same characteristics who entered the profession in different 
years and were exposed to different labour market rules and features. We are able to 
implement this strategy by exploiting the four waves of PIRLS, making it possible to 
disentangle the effect of teachers’ age, tenure and year of entry in the labour market. 
More in details, for each pupil 𝑖𝑖 associated to class/teacher 𝑗𝑗 in school 𝑠𝑠 of country 𝑐𝑐 
surveyed at time 𝑡𝑡, we estimated a standard educational production function for the 
student’s reading achievement 𝑎𝑎𝑖𝑖 through the following equation: 

 𝑎𝑎𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛼𝛼 + 𝛽𝛽𝑋𝑋𝑖𝑖𝑖𝑖 + 𝛾𝛾𝑌𝑌𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜂𝜂𝑍𝑍𝑖𝑖𝑖𝑖 + 𝜗𝜗𝑅𝑅𝑖𝑖𝑐𝑐𝑖𝑖 + 𝛿𝛿𝑖𝑖 + 𝛿𝛿𝑖𝑖 + 𝛿𝛿𝑖𝑖𝛿𝛿𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖  (1)  

where the vector 𝑋𝑋𝑖𝑖𝑖𝑖 associated to each student contains information about gender, age 
in years, language spoken at home, and, in some specifications, also parental education 
and home educational resources. The vector 𝑌𝑌𝑖𝑖𝑖𝑖𝑖𝑖 = �𝑋𝑋−𝑖𝑖𝑖𝑖𝑖𝑖,𝑇𝑇𝑖𝑖𝑐𝑐𝑖𝑖�, also associated to each 
student, includes class and teacher features and can be decomposed into two sub-
vectors: the first one, 𝑋𝑋−𝑖𝑖𝑖𝑖𝑖𝑖 controls for class and peer effects by considering the average 
features of the class computed with the exclusion of the considered pupil (like the share 
of females in the class, average age, share of students speaking a different language at 
home and – when available - an index for household educational resources and the 
average educational attainments among the parents in the class). The second sub-vector 
𝑇𝑇𝑖𝑖𝑐𝑐𝑖𝑖 is class-invariant and contains information regarding the main or unique reading 
teacher of class 𝑗𝑗, who entered the labour market in year 𝜏𝜏 and was surveyed at time 𝑡𝑡: 
gender, age (in ten-year intervals), tenure (in years) and educational attainment (being 
graduated), in addition to the class size. The third vector 𝑍𝑍𝑖𝑖𝑖𝑖 accounts for school 
characteristics such as location (urban/rural), average teachers’ tenure in the school, 
availability of a library and the share of disadvantaged students in the school. Last, but 
most important, we estimate the effects of teacher quality on pupils’ by exploiting 
exogenous variations in the labour market setting relevant for teachers prevailing in the 
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year 𝜏𝜏 of their entry in the labour, as measured by the vector 𝑅𝑅𝑖𝑖𝑐𝑐𝑖𝑖 of the implemented 
reforms16 in country 𝑐𝑐 at time 𝜏𝜏, for teachers surveyed at time 𝑡𝑡. In addition, to control 
for time invariant national differences in the educational systems, in the labour markets 
or in the institutional setting affecting teachers and their teaching practice, we include 
the country-fixed effects 𝛿𝛿𝑖𝑖. Instead, the wave-fixed effects 𝛿𝛿𝑖𝑖 account for exogenous 
unobservable shocks affecting pupils performance that change over time but not across 
countries. Furthermore, we include the set of country×wave dummies 𝛿𝛿𝑖𝑖𝛿𝛿𝑖𝑖 that control 
for possibly divergent trends across countries over the 15 years time-span considered 
due to non-observable country specific characteristics. Finally, the usual idiosyncratic 
error component, clustered at the country and year of hiring level, is 𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖.  

The match of the reforms to teachers according to their year of entry into the labour 
market allows identifying the effect of policies by comparing students’ achievement in 
classes taught by ‘treated’ teachers against classes taught by ‘non-treated’ teachers 
acting as control cases. In fact, by matching the reforms to teachers based on their 
tenure, conditional on the year of survey, we can distinguish those who were affected by 
the reforms from those who were not. By so doing we compare the effects of having 
two teachers that, other things equal, were hired just before or just after a legislative 
change relevant for the teacher profession. For example, suppose a reform introducing, 
in a given country, the requirement of a university degree (BA level) to become teacher 
was approved in a country in 1990. As a consequence, candidates leaving teaching 
schools in the same year were forced to undertake three additional years of college to 
obtain the degree. Thus, all other things constant, we can test whether the students in 
classes with teachers hired before 1990 exhibited worse performance compared with 
those taught by teachers hired after 1990 (presumably with a BA degree – because of a 
lack of information, we are forced to assume perfect compliance). The identification 
assumption is that the timing of the reforming activity is uncorrelated with the error 
term once observables and unobservables are accounted for. In addition, in the present 
case, the effect of the reforms is more precisely identified because the age and tenure 
effects are distinct from the timing of the reforms, thanks to repeated survey effect. On 
the one side, we observe individuals in the same labour market with the same age and 
tenure but matched with different sets of teacher policies because they are surveyed in 
different periods. Similarly, we observe teachers with different age but identical tenure 
and year of entry in the labour market, as well as teachers of identical age who entered 
the profession in the same year, but reporting different seniority in surveys conducted in 
different years.  

Our prior is that the two reforming areas potentially affecting student performance 
through teacher quality are the introduction of a more selective recruitment process and 
harder working conditions, though compensated by more generous compensation 
policies. A more selective or targeted recruitment process allows selecting well-
qualified candidates who have specific skills and hence should translate into a more 
effective teaching practices improving learning. Symmetrically, reducing the generosity 

                                                 
16 Since we are unable to claim that each reform perfectly identifies a single specific change, we include 
the four reform indicators together in order to reduce the risk of spurious correlation among reforms. 
However, results are robust to the inclusion of separate single reforms. 



 
 

16 

of the reward scheme lato sensu could improve the quality of the teaching workforce by 
attracting more motivated candidates (i.e. individual who are available to work in the 
profession despite the harder working conditions), reducing turnover, increasing 
retention and, hence, enhancing students’ achievements.  Instead, relaxing the workload 
in terms of teaching times or providing more flexibility could attract less motivated 
teachers, consequently reducing student achievements (adverse selection). Ex ante, it is 
not clear whether changes in the retirement possibilities could exert an effect on newly 
hired teachers. One the one hand, we could expect that early retirement or more 
generous allowances may lower teachers’ motivation, possibly because of adverse 
selection. On the other hand, it could be also possible that when entering in the labour 
market individuals do not consider the retirement scheme that will become relevant later 
on only after a given (unpredictable) tenure. 

In our estimates we assume that reforms in teacher policies (especially recruitment 
ones) mostly affect beginner teachers, leaving already tenured teachers almost 
unaffected (i.e., any imitative behaviour can be considered negligible). For the other 
reforming areas, through our identification strategy, we are capturing the effect on the 
attractiveness of the profession compared to others. Since we actually want to test 
whether the considered legislative changes may affect the quality of new entrants into 
the profession, in our setting the treated teachers are therefore the ones for which the 
reform may have affected the choice of entry into the profession and the non-treated 
teachers, the ones who were already in the profession at the time of the reform. 
However, the effect of the reform could vary throughout the teacher career. Presumably, 
reforms regarding working condition, pay and retirement rules could affect also already 
hired teachers but at a different degree of intensity, here being stronger the fresher the 
teacher is (i.e., the smaller the time period between entry into the profession and the 
reform is).  

Furthermore, the lack of detailed information on each reform makes it impossible to 
construct a quantitative measure of the effect, allowing for a comparison of the 
magnitude of their impact across countries and over time. As such, our variables capture 
the frequency and intensity of the reforming activity of subsequent governments vis-à-
vis teachers within each country.17 What we are actually estimating is the effect of being 
taught by teachers hired under alternative institutional framework where the regulator 
has different preferences and hence gives different level of attention to the quality and 
the working conditions of primary school teachers.  

We now turn to discussing the estimates of the model presented in equation (1) together 
with some variants to check its robustness. In particular, for the subset of OECD 
countries where information is available, we include the average remuneration of 
teachers to control for the effect exerted by the pay level. As previously mentioned, the 
primary teacher pay level is provided by the OECD only for a broader subset of 37 
countries entering into our analysis.  

                                                 
17 A similar strategy has been pursued by Braga et al. (2013) while studying the impact of educational 
policies on educational inequalities. 
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Table 7 reports the baseline model under different specifications and sample sizes. The 
first column presents the coefficients of interest for the full sample including the 
country-specific time trends. In order to consider the pay index, that is perfectly 
collinear with these trends, we have to remove them (Column 2) and reduce the sample 
size to countries for which the salary index is available (Column 3) and actually include 
the pay index (Column 4). Size and significance of the coefficients are comparable 
across specifications, with the exception of the coefficient relative to salary reforms, 
which is negative and significant only in Column 2, possibly because the salary reform 
variables captures specific trends for some countries: in facts it reverts sign and loses 
significance when reducing the set of countries in column 3. All the models are 
estimated controlling for student, class, teacher and school characteristics (the full set of 
coefficients for these baseline models can be found in Table A.4 in online appendix). In 
order to retain the maximum sample size, information on parental background is not 
included in this baseline specification.18 

As expected, the selectivity of the recruitment process is positive and significantly 
correlated to the students’ achievement in all specifications, suggesting that more 
selective recruiting polices could have a positive impact on the ‘quality’ of the teachers. 
Conversely, our estimates confirm the potential adverse selection hypothesis on 
teachers:  teachers entering the labour market just after a relaxation of working 
conditions are associated, on average, with lower performance of their students. Results 
signal that such policies tend to attract individuals exerting less effort on their job 
because less-motivated or because having conciliation problems between work and 
family life (e.g., teachers who find this profession easier to combine with caregiving in 
the family, especially in countries with poor family leave policies). Finally, no effect is 
found when considering changes in the retirement schemes, indicating that individuals 
are predictably not forward looking when entering the labour market. Instead, the 
compensation level over the per capita GDP included in the model in Column (4) 
suggests that, independently of the reforms, the wage plays a role in attracting better 
quality teachers, leaving unaffected the role of the recruitment policies. Overall, the 
results confirm that selection at entry is as good as improving pay conditions when it 
comes to raising student performance. Unfortunately, as we have already discussed in 
the previous section, our reform variables are scale-free, making it impossible to assess 
the size of the existing trade-off between the two alternatives. 

Some teacher characteristics are also associated to better student performance: female 
and graduate teachers generally obtain a positive and significant coefficient in most of 
the specifications, while tenure is always insignificant.19 When moving to the other 
covariates (reported in table A4 in the appendix), regardless of the specification girls 
outperform their boy counterparts by an average of 13 points. The point estimates also 
show a small negative effect of age that probably captures the lower skills of students 

                                                 
18 As discussed in Section 4, the missing information on parental background cuts the sample size by a 
sizeable amount. We cope with this issue in the next section. 
19 This is important from our perspective because we match teachers and reforms based on this variable. 
The absence of significance in this regression reduces the risk of a spurious correlation with the reform 
variables. 
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repeating the year. Moreover, students speaking a different language at home are at a 
disadvantage.20  

A non clear-cut issue regards the clustering of the standard errors. Different strategies 
can be implemented in our case, according to different studies. A recent paper by 
Abadie et al. (2017) points to the fact that clustering should follow the sampling 
strategy, therefore – in our case – suggesting to cluster at class level, given the random 
selection of classes within randomly selected schools in regionally stratified samples, or 
at country level. Other studies (for instance Bertrand et al., 2004) would suggest 
clustering according to the level of variation of the treatment variable of interest, that is, 
in our case, country and year of hiring. We decided to follow the latter strategy and 
cluster the standard errors at country and year of hiring level. However, we replicate the 
baseline models clustering errors both at country and at class level and no significant 
differences emerge.21 

 

6. Robustness Checks and Sensitivity Analysis 

Starting from the baseline model, we consider a number of alternative specifications in 
order to assess the consistency and robustness of our results. 

As mentioned in Section 4, we start by considering, that about one fifth of the sample is 
missing information on parental background, the reason why we do not include parental 
background in the main specification. However, since parental background is a key 
determinant of pupils’ achievement, we run the same model considering also parental 
education and the index of home educational resources. In addition, omitting pupils with 
missing values in these variables in countries that collected this information introduces 
potential selection bias in our estimates. For this reason, we impute missing values by 
country and wave to include these observations in our estimates.22 Table 8 reports the 
results of the model controlling for parental background, while Table 9 shows point 
estimates with imputation of parental background missing information, including the set 
of dummies variable to control for the imputation. All results are confirmed, with the 
addition of the retirement reforms, that turn out to be negatively and significantly 
correlated to pupils’ attainment in some specifications. As previously discussed, this 
negative association could suggest an adverse selection similar to the effect of working 
conditions.  

                                                 
20 It is important to note that the PIRLS survey directly tests linguistic competencies that are extremely 
correlated with the language usually spoken in everyday life. Interestingly, the same characteristics 
averaged by class play a similar the same role in determining pupil performance and strengthening the 
effect of the corresponding individual feature, indicating a significant peer effect, in particular for the 
share of students speaking a different language at home (Table A.4 in the appendix). 
21 The only exception is the coefficient on recruitment reforms on the restricted sample that loses 
significance, when clustering at country level. However, this does not weaken the main results of our 
study, since the recruitment coefficient always tends to be less significant in the subset of OECD 
countries. 
22 Since our specification relies on country×year fixed effects, we replace missing values with the mean of 
the non-missing observations by country and wave. In addition, we create dummy variables (taking value 
1 for imputed values and 0 otherwise) to control for the imputation when estimating the model. 
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Second, there could be an issue of sample distortion. The country-wave panel is highly 
unbalanced, with only few countries participating to all the four waves, and this could 
bias the estimates, even after controlling for country-specific time trends. In order to 
check the robustness of the results, we run the baseline model with and without parental 
background including only those countries that are present in all waves (Table A.5, 
Col.1-2 indicated as “balanced sample”) or excluding one wave at turn (Table A.5, 
Col.3-10). Again, results are fully confirmed for the working conditions reforms, while 
for some samples they weaken the correlation with the recruitment reform variable. 

A third possibility we have considered is spurious correlation between the reforms and 
other trends in the labour market that may affect the selection into the teaching 
profession. To control for this, we run a placebo test by matching the year of entry in 
the profession with the reforms indicators in place 5, 10 and 15 years before and after 
the actual year of entry. Table 10 shows that the main results of the baseline model  do 
not survive when placebo ‘lagged’ reforms are introduced (col.1-3), while when placebo 
‘forwarded’ reforms are considered (col. 4-6) some correlation is still in place but point 
estimates are lower both in terms of magnitude and significance, suggesting some kind 
of dissipative effect over time. It should be noticed, however, that this is in line with our 
expectations. On the one side, our identification strategy relies on the fact that reforms 
affect only teachers hired after their implementation. However, one may think that some 
features of the reforms can be anticipated by the potential teachers, therefore showing 
their effects even before their implementation. Results in Columns 1 to 3 show that this 
is not the case, confirming our identification strategy. On the other side, reforms on the 
teachers’ labour market are relatively rare events, therefore manifesting their effect over 
a relatively long time span. Indeed, Columns 4 to 6 present results that corroborate this 
interpretation, with effects decreasing over time. On top of that, our reform variables 
identify the year of adoption and entry into force of the law and hence we assume that 
from that date onwards the change would be fully adopted. Instead, compliance could 
be less than perfect because the ratification process takes times or because the 
implementing decrees must be completed.23 

A further possible concern about our results is that countries differ both in terms of 
education system and in terms of labour markets by a great extent. Different education 
systems may push to different reforms in the institutional setting for teachers, while 
different labour market conditions may modify the outside options for a potential 
teacher. To account for these factors, we follow two different strategies. On the one 
side, we control for GDP growth and employment rate in the year of hiring (only for a 
subset of years/countries, due to the lack of data from the Penn World Tables before 
1950). In both cases, we do not find evidence of distortions in our main estimates 
attributable to these effects (see Tables A.6 and A.7 in the appendix): point estimates 
are unchanged in terms of magnitude and level of statistical significance. On the other 
hand, we run a model with year-of-hiring fixed effects that, together with country fixed 

                                                 
23 Compared to the baseline model presented in Table 7, in this specification we lose some observations 
because the matching with the placebo vectors of reforms cannot be performed for the first/last cohorts of 
teachers. 
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effects and year fixed effects, should capture any unobservable macroeconomic shock 
and any unobservable specific cohort effect.24  

Furthermore, since we are unable to claim that each reform perfectly identifies a single 
specific change in the institutional setting, our preferred specification considers the four 
reform indicators together in order to reduce the risk of spurious correlation in the 
estimates. However, results are robust to the inclusion of each single reform indicator 
separately. The size and the significance level in the two specifications are fully 
comparable, both considering or excluding parental background. In addition, to take into 
account the fact that a teacher could be hired when more dimensions of the working 
setting were reformed at the same time, we control for the number of reforms 
implemented in the hiring year or for the implementation of a full package of reforms. 
All our previous results are confirmed, and these additional controls do not exert any 
statistical effect on the outcome variable.25 

Finally, to check whether the results are driven by the behaviour of a single country, we 
re-estimate our baseline regressions excluding from the sample one country at a time or 
considering each country separately and by specific geographic areas (Europe vs other). 
Although not reported due to space limitations, the results continue to hold and are not 
driven by the behaviour of a single country.26,27 

In all previous specifications, we have focused on legislative changes that occurred just 
before each teacher entered the labour market since these reforms could affect the 
quality of the applicants and, hence, the subsequent performance of their students. 
However, having been exposed to reforms also throughout the career could influence 
the incentives to be effective in teaching. Therefore, in Table A.8, we study whether the 
intensity of the reform process throughout one’s career has an effect on teacher quality 
and translates into different levels of student achievement. In particular, for each of the 
four reforming areas, we identify the number of legislative changes affecting a given 
teacher after his or her entry into the school system up to the date of the survey when 
the students’ competencies are tested. Results on recruiting process and working 
conditions are confirmed. In addition, there seems to be some positive effect of salary 
reforms implemented during the career, suggesting that might be, on average, some 
incentive effect on teachers already in the profession. All the effects disappear when 
looking at the restricted sample. In this case, only a weak effect of the reforms of the 
retirement requirements is present, likely due to the fact that considered countries have 
an older labour force.   

 

 

 

                                                 
24 The results are available upon request. 
25 Due to space constrains, all the results commented in this paragraph are available upon request. 
26  We also distinguish between formerly planned economies, North America, Latin America, East Asia, 
the Middle East and North Africa, Oceania and sub-Saharan Africa and results still hold.  
27 The results are available upon request. 
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7. Discussion and Conclusions  

The current paper provides new evidence on the effect of teacher quality on student 
performance in primary school. Based on international standardised tests for literacy 
conducted with fourth-grade students and using variations in the institutional setting 
relevant for teachers when entering the profession, our analysis shows that teacher 
quality matters. In particular, we identify two channels to improve learning 
achievements and to ensure high-quality standards in compulsory school. On the one 
hand, teachers hired in periods when local governments were active on recruiting 
policies are associated to better performance of their pupils. On the other hand, if hired 
when government were easing their working conditions, including retirement policies to 
some extent, they are associated to lower performance. While reforms to the pay 
systems are not correlated with pupils’ achievement, for a subset of countries we are 
also able to control for a measure of actual compensation, finding positive effects. Our 
policy conclusions emphasize the role of selective policies as a tool for improving the 
quality of the educational systems. However, to improve student performance, policy 
makers must adequately balance the selectivity level of the recruitment process of 
potential applicants with the generosity of the reward scheme in terms of flexibility and 
working conditions. In addition, also the costs of such policies should be considered, 
both directly and indirectly. Although a cost-benefit analysis is beyond the scope of this 
paper, our results suggest that the two reforming areas associated to changes in pupils’ 
performance would potentially imply interventions that are cheaper than those related to 
compensation or retirement that, on average, turn out not being quite effective. 

It is important to recall that recruitment policies may be directly effective in selecting 
better quality teachers, identified either ex-ante (via examinations) or ex-post (via 
probation and/or mentoring), while policies affecting the working and retirement 
conditions work indirectly, by making more or less attractive the teaching profession to 
the aspiring candidates. A similar role can be played by the compensation policies, 
especially when considered relatively to other job opportunities. Aggregate data do not 
allow us disentangling these effects from the incentive effects than can be exerted by 
pay-to-perform schemes, but as long as they lead to more generous pay policies, they 
are absorbed by the positively correlated pay index we find in our estimates. Thus, our 
overall conclusion points to the fact that policies can effectively enhance school quality, 
especially when targeted at primary school teachers, because these reforms are also 
effective in enhancing the overall quality of the educational system thanks to their 
cumulative effect on subsequent school grades. 

Obviously, our previous estimates do not capture all aspects of a country setting that 
might crucially affect teachers’ incentives. For example, the quality of infrastructures 
and equipment may affect the desirability of entering the profession. But also job 
amenities, financial and non-financial, influence the type of who enters and remains in 
the teaching profession. These dimensions, whether proxied or not by our contextual 
controls, could be responsible for heterogeneity of the reforming activities. In addition, 
the data at hand do not allow considering all dimensions related to teaching techniques, 
which other papers have found important in affecting student learning. However, our 
analysis has shed new light on the relevance of personnel policies in school 
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management and could help policy makers as well academics in increasing their 
understanding of the effect of intended teacher policies. Identifying the most effective 
way to recruit and motivate the best teachers is a non-trivial question for policy makers, 
also considering that the costs of teaching staff represent almost all total schooling 
expenses, in almost all countries. 
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