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Teacher quality and student skill acquisition. An analysis based on

PIRLS-2011 outcomes

Abstract

This article examines the question of teacher quality and its effects on the skills
acquisition of primary school students in Spain. We use an education production
function in which we incorporate teachers’ fixed effects, estimated by means of a
multiple regression model. Specifically, we examine the acquisition of reading
skills by drawing on data from PIRLS-2011. The results obtained allow us to
conclude that teachers constitute an important input in the acquisition of reading
skills. Additionally, we analyse which observed teachers’ characteristics can be

related to teacher quality.

By identifying the quality of each teacher in the sample, we are also able to
determine where the “best” and “worst” teachers work. The results indicate that
there is a greater probability of finding high quality teachers in privately owned
schools and in schools where the students come from families with higher levels

of economic and socio-cultural resources.
Keywords: teacher quality, skills acquisition, reading skills, PIRLS
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1. Introduction

The role played by teachers in the acquisition of cognitive skills has long been the
object of attention, and of much controversy, in the economics of education and in
education policy analysis. Indeed, the intuition that the teachers’ role is central has not
always been easy to demonstrate empirically. The factors that might potentially explain
why certain teachers are “better” or “worse” in helping their students acquire cognitive
skills have come under close scrutiny, but have not as yet been clearly established. At

the same time, education policies, in recent years, have led to greater attention being



paid to teachers, not only in quantitative terms — with discussions about the effect of

student-teacher ratios being especially intense — but also in qualitative terms.

It is against this backdrop, that we undertake this study, which seeks to answer
the following three research questions: i) Do teachers matter in the skills acquisition of
primary school students? ii) What factors determine the quality of teachers? iii) In

which schools do the “best” and “worst” teachers work?

In order to answer these questions, we adopt a methodological approach based
on the estimation of a production function using a multiple regression model in which
we introduce teacher fixed effects. The explanatory variable in the production function
is the score recorded by each student on the reading skills test. The two levels analyzed
are, on the one hand, that of the student and, on the other, that of the school.
Information about the characteristics of each specific teacher is linked to that of their
students. This methodological approach — applied here for the first time to the Spanish
case — is possible thanks to the availability of data from the Progress in International
Reading Literacy Study (PIRLS-2011), conducted by the IEA, one of the few examples
of an assessment tool that integrates information about student skills and teacher
characteristics. The PIRLS assessment, focused specifically on reading literacy
achievement, is administered to fourth grade students in primary education. The
assessment has no academic repercussions, which favours the absence of contamination
in the results and ensures an effective evaluation of the students’ actual reading skills

(Jacob and Levitt 2003).

In this study, we identify the fixed effect of each teacher in the production
function as a proxy for their level of quality. Here, we use the term “quality” as

shorthand to refer solely to the teachers’ ability to increase the students’ cognitive skills,



or, even more specifically, their reading skills. It says nothing about other areas in
which we might speak of teacher quality and, likewise, it says nothing about their

ability to develop the students’ non-cognitive skills.

The methodology we employ, therefore, allows us to assign a level of quality
(with the limitations that we describe above) to each teacher, depending on the level of
skills acquired by their students. The relationship between quality levels and student
outcomes will enable us to answer the first research question. Subsequently, by
establishing a relationship between teacher quality and their observed characteristics, as
recorded by PIRLS, we can address the second research question. The third research
question (In which schools do the “best” and “worst” teachers work?) can also be

answered with the information obtained about teacher quality.

The rest of the article is structured as follows. Section 2 undertakes a review of
the relevant literature. Sections 3 and 4 are dedicated to the empirical approach
employed: section 3 describes the data and section 4 the methodology used. Section 5
presents a descriptive analysis of the variables of interest for conducting our analysis.
The results of the estimations that allow us to answer the first and second research
questions are presented and discussed in section 6. Section 7 seeks to answer the third
research question. Finally, section 8 presents the conclusions and discusses their

implications for education policy.

2. Empirical evidence of the relevance of teachers in students’ academic

performance

Studies of the impact of school factors on student academic achievement gained a

certain relevance following the release of the Coleman Report in the United States (see



Coleman et al 1966). In general, much of the empirical evidence tends to indicate that
the effect of educational resources on student achievement is low, at least in the more
developed countries (for a review, see Calero and Escardibul 2015). In this section, we
consider studies that focus their analysis on identifying the effects of teachers (and
teacher characteristics) on student skill acquisition and academic achievement. In so
doing, we do not consider quantitative aspects, that is, those related to the impact of the
number of students per teacher or the number of students per class (class-size); rather,

we focus on aspects related to the specific characteristics of the teachers.

The extensive bibliography on this specific field, mostly referring to the case of

English-speaking countries, has allowed three main findings to be identified:

1) The quality of teachers is relevant in the process of skills acquisition.

2) The effect of the quality of the teacher on this process is heterogeneous: its

magnitude depends on factors such as educational level and type of student.

3) The specific characteristics of the teachers account for a small proportion of the

variation in the students’ skills.

The empirical evidence that supports the above statements is outlined below.

1) Most of the research finds that the effects of the quality of teachers on skills
acquisition vary between slight and moderate. Among the studies that provide evidence
on these lines are those of Aaronson et al. (2007), Hanushek et al. (2005), Hanushek
(2011), Kane et al. (2008), Leigh (2010), McCaffrey et al. (2009), Rivkin et al. (2005),
Rockoff (2004), and the review undertaken by Canales and Maldonado (2018). These
studies are based on education production functions, where the dependent variable (to

be explained) is an approximation of the students’ educational performance or their



skills acquisition, and among the explanatory variables are dichotomous variables
(which are given a value of “1” for a given teacher and “0” for the rest). These variables
represent the so-called fixed effects that capture the influence of one particular teacher
(and not another) for each student. In fact, the impact of fixed effects is associated with
the concept of teacher “quality”. Studies of this type include in their analyses the
students’ prior attainment (usually as recorded in the previous academic year) as an
explanatory variable, making it possible to analyse the value added between school
years. The results obtained using this methodology reveal whether the fact that a student
has one teacher or another matters, regardless of any concomitant characteristics.
However, with this approach it is not possible to establish the causes of this

relationship.

Specifically, a consistent finding in studies using this methodology, when
applied to primary school, is that increasing teacher “quality” by one standard deviation
translates into an increase of approximately 10-20% of a standard deviation of academic
achievement. For the case of the UK, Slater et al (2012) report that this impact rises to
27.2%. There are other studies that compare the effect of the quality of the teachers with
other input-based policies. For instance, Rivkin et al. (2005) show how the effect of a
one-standard deviation improvement in teacher quality on student test scores is

estimated to be larger than the effect of a ten student reduction in class size.

2) The heterogeneity of the effect can be appreciated when segmenting the samples by a
diversity of factors (see, for example, the reviews made by Hanushek and Rivkin, 2012
and by Koedel et al., 2015). Among the most important factors is educational level.
Lockwood and McCaffrey (2009) show that teacher effect estimates for middle school
teachers are larger than for elementary school teachers, with the former typically

varying in the range of 20-40% of a standard deviation gain in the academic



achievement of students. A second factor is the student type. Aaronson et al. (2007) and
Hanushek (1992) reveal that high-quality teachers are particularly influential for lower

ability students.

3) Studies relating the students’ academic performance to specific teacher
characteristics show that a moderate amount of variance in performance is associated
with those characteristics (Rivkin et al., 2005). In these studies, the main variables
considered are teacher training and certification (having passed some type of test to
work as a teacher), teacher knowledge and skills, years of work experience, wages and
gender.! In general, the empirical evidence, although mainly obtained from the United
States, emphasizes the positive impact of the teachers’ level of knowledge and their
teaching experience (although primarily only that of the initial years). The evidence also
highlights the positive effect (although not in all studies) of wage incentives related to
teacher and/or student performance and, to a lesser extent, wage levels. Obtaining
academic qualifications higher than that of a university degree does not seem to affect
teacher quality. Likewise, the gender of the teacher, on the whole, has no impact on

quality.

Below we summarize the empirical evidence for the variables that we address in
our empirical analysis, namely teachers’ education and training, work experience and

gender.

' Most studies do not directly relate student performance with teacher characteristics, but, as we
do in this study (as explained in section 4), they analyse which teacher characteristics affect
their quality (identified in analyses adopting the first approach), which does improve student

outcomes.



In terms of teacher training, having a master’s degree or similar does not, in
most studies, affect student performance (for a review of US studies, see Calero and
Escardibul 2015). Some positive evidence, however, is recorded in the case of the
evaluation of mathematics in several countries participating in PISA (see Fuchs and
Woessmann, 2007). Additionally, some studies conducted in the US report the positive
effect on the acquisition of competencies in mathematics of a teacher holding a
qualification with considerable content in that subject (undergraduate math degree or

specific courses) (Calero and Escardibul 2015).

As Leigh (2010), Metzler and Woessmann (2010) and Calero and Escardibul
(2015) show, most studies indicate that the years of experience a teacher has matter,
having a positive effect on student performance. However, in most cases this effect is
not linear in time, so that the improvement attributable to experience seems to be highly
concentrated at the beginning of a teacher’s career (no later than 3-5 years). As with

training, most of these studies have been conducted in the United States.

As for teacher gender, the debate in primary education has been whether it is
better for students to have a male or a female teacher, and even whether it is better for
the teacher to be of the same gender as the student. Indeed, policies have been
implemented in several English-speaking countries to increase the participation of men,
currently in a minority, among teaching staff (Carrington et al 2007, 2008). However,
there is no conclusive empirical evidence to show that male teachers are better than
female teachers; moreover, in studies in which the gender variable is significant, the
results suggest students benefit from having a female teacher (for a review of such

studies, see Escardibul and Mora 2013).



3. Empirical analysis: data

The data for the empirical study conducted here are drawn from the Progress in
International Reading Literacy Study (PIRLS), a test organized by the International
Association for the Evaluation of Educational Achievement (IEA). PIRLS analyses the
reading comprehension of students in the fourth grade of primary education. The 2011
assessment is the fourth study of the learning to read process conducted by the IEA
(although only three bear the same name and adhere to its current format: 2001, 2006
and 2011). In PIRLS-2011, a total of 48 countries participated. In the case of Spain,
Andalusia and the Canary Islands were the only regions (Autonomous Communities) to
provide data, but only Andalusia provided a sufficiently large sample to have its results

included in the international report (see INEE 2013).

The structure of the PIRLS database is complex, both as regards methods of
student selection and the way individual results are obtained. In the case of selection,
the participating schools are first selected and, then, one or more classes within each
school are chosen at random. In schools with few students in each class, students are
selected from several classes and included as they if represented one class. In Spain,

312 schools were selected and 403 teachers and 8,580 students participated.

As for the students’ results, responding to the full test would require a minimum
of six hours. Thus, the objective of PIRLS is not to evaluate each student individually
but rather a country’s cohort of students. Therefore, each student only completes a part
of the test. Consequently, the PIRLS assessment does not provide a direct test score for
the students; rather, it generates a range of plausible values for each student, calculated
on the basis of their answers and the difficulty of the questions. The responses are then

adjusted or calibrated (e.g. non-responses) to improve the quality of results. In short, a



range of plausible values is provided to reduce the measurement error as well as the
inference bias due to the impossibility of measuring the students’ ability using a test
with a limited number of questions. The overall average result of the countries
participating in the PIRLS assessments is 500 points, with a standard deviation of 100.
In the 2011 assessment, the average score in Spain was 513 points, with a standard
deviation of 68. This score positions Spain among the group of countries that achieves
an average of over 500 points, although below the average of participants from the
European Union (534) and the OECD (538). Spain recorded 28 points fewer than Italy
and Portugal, similar countries in many respects, while with respect to England,
Northern Ireland and United States, the distance was greater (more than 39 points).
There was also a difference, albeit non-significant of only 7 points, with respect to
France. Among the European countries, Spain was ranked above Norway, Belgium

(French-speaking community), Romania and Malta (IEA 2012).

4. Empirical analysis: methodology

The empirical study is carried out in three stages. First, in a regression that estimates the
determinants of student outcomes in the PIRLS-2011 assessment, we estimate teacher
fixed effects, considered as an approximation of teacher quality in terms of its impact on
the acquisition of student reading skills. Second, this estimation is improved by
controlling for the school-level factors that the teacher fixed effects might have
incorporated. These factors include such variables as the level of education attained by
the families of the students attending the school. Finally, we calculate which teacher
characteristics affect fixed effect or teacher quality estimations. By using this method,

we seek to answer the questions raised in the introduction, that is, to determine whether



teacher quality affects the students’ skills acquisition and which observed teacher

characteristics affect the level of teacher quality.

As mentioned in the previous section, the first phase in the empirical analysis
relates the students’ results on the PIRLS-2011 assessment with their personal and
family characteristics and, likewise, it incorporates teacher fixed effects. These fixed
effects are captured by using dummy variables for each teacher, so that the model
identifies whether the fact that the students have been taught by a specific teacher (and
not another) is relevant in explaining the students’ acquisition of reading skills. The

model to be estimated is the following:

Yits= Bo + Pk Xxits + Dt + €its g ~N(0,6%) (1)

(1342
1

where Yis is the reading comprehension score of student “i”, taught by teacher “t”, at

school “s”; Xkits is a vector of “k” factors associated to student “i”, taught by teacher “t”,

at school “s”; and, @ captures the fixed effect generated by each of the teachers.

Finally, €is is the error term and the estimated parameters are denoted by .

The empirical study involves a linear regression analysis. However, given the
existence of five plausible values (as indicators of the students’ scores on the PIRLS
assessment) and the method applied in selecting the students (first the schools are
selected, then the students), the regression used needs to take into account these five
possible values and the standard errors need to be estimated at the level of the school,
i.e., the level at which the PIRLS sample is initially selected. In our case, the fixed

effects estimations are carried out with the STATA program. All the estimations allow



robust results to be obtained. Similarly, the presence of multicollinearity is analysed and

the missing cases are imputed using regression methods (as suggested in OECD 2008).2

In principle, the fixed effects estimated for each teacher can be considered as
approximating the effect each teacher has on his or her students’ acquisition of reading
skills. However, these fixed effects may include effects related to the characteristics of
the schools in which the teachers work (school variables are not included in equation (1)
as in most schools only one teacher is included in the sample). Therefore, the
characteristics related to the school (W in equation (2)) are removed from the
estimated teacher parameters in (1), giving rise to a new parameter that approximates
the concept of teacher effectiveness or quality more closely, by referring to the fixed
effect of the teacher on student performance while controlling for school characteristics,

as shown in equation (2):

L= Dy — Bt Wit (2)

Finally, the fixed effects calculated in (1) and in (2) are related to the teacher
characteristics that can be extracted from the information collected in the PIRLS survey.
In this way, we can verify whether the teachers’ observed characteristics explain the
effect the teachers (or the quality of the teachers) have on the students’ results, as shown
in equations (3) and (4). In equation (3), the dependent variable is the fixed effect
directly calculated in equation (1), while in equation (4), the dependent variable is
derived from the fixed effects estimated in equation (2). In this way, we can verify

whether we obtain notable differences in the results by including teacher characteristics

2 This imputation is not performed for specific teacher characteristics under analysis, nor for
some particular variables (such as the gender of the students or their socio-economic and

cultural status).



with and without the variables related to the school-level effects (such as the
educational level of the families with children at the school). In both equations, M

includes the different teacher characteristics:

D= o + 71 M+ o ot ~ N(0,6%) 3)
L= Ot + ¥t Mt + o o¢ ~ N(0,6%) 4)

Table 1 shows that, on average, students in private schools score slightly higher
than those in public schools (18-point difference or 3.6% higher). If we consider the
schools’ economic and socio-cultural resources, the difference is somewhat higher, with
students at schools with a higher resource level obtaining 31 points more (6.3%) than

those who study in schools with a lower resource level.

[table 1 about here]

The empirical analysis undertaken here broadly follows the proposals of Slater
et al (2012) and Aaronson et al (2007). These two studies are, however, somewhat more
complete as they use panel data and evaluate more than one skill, thus enriching their
analyses by including student fixed effects. Likewise, both analyses consider the
students’ prior levels of attainment. Consequently, we expect our estimations to obtain
better values related to teacher quality than those reported in these studies, given that

they incorporate the effect of other variables for which they were able to control.

5. Descriptive variables

The empirical analysis considers variables at the student-level (personal and family

characteristics), as well as variables at the teacher- and school-level. Here, we do not



describe all the variables included in the model, only those related to the teacher
characteristics, which are the specific object under study. Table Al in the Appendix
includes the main descriptors of the variables used in the regression analyses related to

the students, teachers and schools.

Table 1 shows the main statistics for the given teacher characteristics for the
whole sample, elevated to the teacher-level, as well as for some subsamples. The
number of years working as a teacher appears as a continuous variable, despite the fact
that in some regression analyses various categories are considered. As shown in Table
2, the average age of teachers and their average number of years of teaching experience
are slightly higher in private than in public schools. This difference is more marked in
schools with a medium to high economic/socio-cultural status than it is in those with a
medium to low status. As expected, a large majority of teachers are female (80.3% of
the total). However, there is a marked difference between schools of different
ownership model, so that in private schools the percentage of women is 10.8 points
lower than in public schools. Yet, there is virtually no difference between schools of
different socio-economic status. Differences by type of school (in both classifications)
are notable with regard to the presence of teachers with a master’s or PhD degree —
private schools and schools with a medium to high status recording higher rates. As for
the number of hours of training seminars received on reading comprehension, a
difference of around 2-3 percentage points is observed in favour of public schools and
schools with a medium to low resource status. Finally, in the case of the variable that
considers whether the teaching of reading has been important in the teachers’ university
studies, a slightly higher percentage was observed for teachers in private schools and in

those with a medium to low resource status.



[table 2 about here]

6. Model estimation results

This section describes the results of the model estimation. Following the series of
equations presented in the methodological section, first, we present the regression
analysis for the estimation of equation (1), in which the effect of each teacher on the
students’ reading comprehension is considered (fixed effects equation). Second, we
removed the school-level factors from the estimated teacher fixed effects (equation (2)).
Finally, we analysed which teacher characteristics affect the fixed effect estimates
(taking into account the parameters estimated initially and the residual variance that

does not incorporate the school-level effects).

The results of the estimation of equation (1) are presented in Table A2 of the
Appendix. As is usual in studies of this type, the variables related to the personal and
family characteristics of the students are highly significant. In our analysis a positive
effect is found, in descending order, in relation to the fact the student was born in the
first three quarters of the year (vs. the fourth), their level of writing competence prior to
beginning primary education, as well as the socio-economic and cultural status of the
student’s home. The student’s age has a negative impact as does the fact that the student

has been the victim of bullying.

Table 3 summarizes the results of the model estimation (equation 1, “gross”
fixed effects). The first column shows the mean results obtained. Three types of analysis
are considered. The first row reports the variability in the teacher fixed effects (standard
deviation), which allows us to know how the results would vary if we increased teacher
quality by one standard deviation. The second shows the interquartile range (P75-P25

or Q1-Q3), which captures the variability in the results for students who have had a



teacher located in the 75™ percentile of fixed effects and those who had a teacher
located in the 25" percentile of fixed effects. The third row extends the previous
analysis to consider the most extreme cases, expanding the range to P95—-P5. In addition
to the estimated coefficients, the standard error is indicated in parentheses, which allows
us to verify the significance of all the parameters estimated. All the models are
significant (according to the F-Test results). In the second column, the previous results
are compared with the average plausible value, to determine the previous impact on the
results of the sample under consideration. This column is relevant for comparing the
results of the first column with different subsamples. The last column calculates the
effects that appear in the first column in terms of the standard deviation of the
dependent variable (i.e. the outcomes of the assessment). Note that the regression model

estimated to achieve the results presented has an R? of 0.357.

[table 3 about here]

The first column shows that increasing teacher quality by one standard deviation
would increase the students’ scores by 25.29 points. In relative terms, this increase
represents a rise of 4.9% in the results obtained (column 2) or 40% of the standard
deviation of the results (column 3). If we consider the differences between quartiles, the
difference (P75-P25) indicates that the gain for a student from having a “better” teacher
(75" percentile) vs. having a “worse” teacher (25 percentile) is 30.1 points. In the
extreme range, the difference between having a teacher from the 95 or from the 5%

percentile represents a gain for students of 85.4 points.

As indicated in the methodology section, the estimated fixed effects (shown in
Table 3) include the effects of each school. For this reason, we also calculate the “net”

fixed effect or the effects free of the school-level characteristics, as shown in equation



(2). The results are presented in Table 4. As expected, the effect of teacher quality on
students’ skills acquisition is lower than that presented in the previous table, albeit only
slightly. By way of example, increasing teacher quality by one standard deviation
increases the PIRLS score by 22.7 points (2.55 points less than in the previous analysis).
In relative terms, the effect of a one standard deviation increase falls to 4.39%

compared to 4.88%. In the regression analysis the new R? is 0.245.

[table 4 about here]

How can the results obtained be compared with those from the literature? We
saw in section 2 how, in different studies, applied to Primary Education, increasing
teacher “quality” by one standard deviation translated into increases of approximately a
10-20% of a standard deviation of academic achievement. These results reach 27.2% in
the study by Slater et al. (2012) applied to the United Kingdom. The equivalent results,
for analyses applied to middle school, are higher, ranging between 20 and 40% (see
Lockwood and McCaftrey, 2009). Our analysis indicates that increasing the standard
deviation of teacher fixed effects by one unit results in a 35.93% increase in the
standard deviation of the reading skill results. This result is quite higher than those
reported in the literature for Primary Education and lies in the range of the results
corresponding to middle school. This difference may be attributable to the fact that the
methodology we have applied is not fully comparable with that used in the reference
studies in the literature, insofar as our analysis does not incorporate the students’ prior
attainment, which means that we cannot identify, as in other studies, the value added by

the teachers.

A final analysis is designed to analyze if the teachers’ observed characteristics

affect their quality. To do so, and as specified in equation (3), teacher variables are



included to explain the estimated fixed effects. Likewise, as equation (4) shows, this
analysis is repeated with the fixed effects that come from the residual variance obtained
in equation (2), to observe if there are significant differences and as an indicator of

robustness.

In our study, the variables referring to the teachers include their age, years of
experience as teachers, gender, certification obtained and area of specialization, as well
as hours of training (over the last two years). Likewise, the regression model includes
other variables, information about which comes from the questionnaire that the teachers
complete in the PIRLS assessment. This includes their degree of professional
satisfaction, the use they make of libraries/reading corners and computers in their
classroom, their use of practical examples related to the students’ daily lives when
providing explanations, the streaming of students by ability in differentiated classrooms,
the degree of safety/orderly behaviour in the school and the number of students in the

classroom.

Table 5 shows the results of the estimation of the fixed effect models, in the first
column in “gross” terms (incorporating the effect of the school-level variables) and in
the second column in “net” terms (controlling for the effect of the school-level
variables). If we focus on the results in “net” terms, we can see how the variables
related to the age of the teachers and their being in possession of a master’s degree or
PhD do not affect teacher quality. However, the number of hours spent in training
seminars dealing with the teaching of reading (in the past 2 years) and the fact that the
teaching of reading was granted a certain importance in the teachers’ studies do have an
effect (positive coefficient). Being a female teacher and having little work experience
(not exceeding 5 years as a teacher, a category that contrasts with the reference,

corresponding to 30 years or more of experience) present a negative coefficient. Note



that the significance of the results obtained is low, given that in some cases the variables
are statistically significant at the 5% or at the 10% levels, but in no case are they

significant at the 1% level.

[table 5 about here]

In short, only some teacher characteristics among those analysed affect teacher
quality. We can conclude that being male, having received continuous training and
having specialized studies (related to reading comprehension), as well as experience as
a teacher, have a positive but moderate effect. The significance in the model of the
aforementioned variables is low, so we must assume that teacher quality is related to
variables not observed in our study and unrelated to the more “visible” characteristics of

teachers.

Our findings generally coincide (with the exception of the effect of teacher
gender) with the results of other similar studies. In Section 2 it can be seen that most
studies that use a similar methodology (applied mostly to English-speaking countries)
show that only a moderate amount of variance in performance is associated with
observable characteristics of teachers. Our study, as we have seen, points in the same
direction. In the same way, the empirical evidence described in the above literature
underlines the positive, though moderate, effect, of the specialised university training of
the teachers, their experience, and their participation in continuous training. The

estimation of our model gives results which are in accordance with this prior evidence.

However, the results of this study differ from the usual results in the literature
referring to English-speaking countries as regards the effect of one specific variable.
Most of the studies do not find significant differences in the effect of male and female

teachers and, when a significant difference is found, it is in favour of female teachers



(see Escardibul and Mora 2013). The significant effect in favour of male teachers that
appears in our estimation is, therefore, an unexpected result and one which should be
explored in further studies, in order to verify whether there is any relation with any

specific feature of the Spanish education system.

7. In which schools do the “best” and “worst” teachers work?

In order to determine where teachers work according to their level of “quality”,
we ordered the sample in descending order in terms of their estimated fixed effects,
where the “best” teachers are those whose fixed effects are situated in the top half of the
scores obtained. Table 6 shows that, among the 199 “best” teachers (half the estimated
“net” fixed effects, i.e. the school-level effects having been removed), 135 (67.8%)
work in public schools and 64 (32.2%) in private schools. However, we need to bear in
mind that 71.1% of the teachers in the sample work in public schools and 28.9% in
private schools, which means the “best” teachers are overrepresented in private schools.
This overrepresentation is reflected in the ratio calculated in column (4) between the
number of “best” teachers (column 1) and the number that would exist if they were
neither overrepresented nor underrepresented, i.e. the number that would exist if the
“best” teachers were distributed homogeneously between the two types of school
(column 3). This ratio is 0.97 at public schools and 1.07 at private schools. Thus, we

find more “good” teachers than expected in private schools and fewer in public schools.

As for the level of socio-economic and cultural resources of the families with
children at the schools, column (4) shows that there are more “good” teachers than

expected in schools with higher levels of economic and socio-cultural resources



(coefficient = 1.14) than in schools with lower levels (0.84). Likewise, the distance in
the provision of “better” teachers by type of school is somewhat lower in terms of the
school ownership model than in that of their endowment of socio-economic and cultural

resources.

[table 6 about here]

8. Conclusions

This study has sought to provide answers to three research questions, namely: 1)
Do teachers matter in the skills acquisition of primary school students? ii) What factors
determine the quality of teachers? iii) In which schools do the “best” and “worst”
teachers work? The methodological strategy adopted involved the estimation of a
production function, by means of a multiple regression model in which we introduced
teachers’ fixed effects. The data used in the estimation are drawn from the PIRLS-2011

assessment.

The results allow us to provide the following answer to the first question:
teacher quality (approximated using the model’s fixed effects) is important in terms of
its effects on the students’ acquisition of reading skills. The gain for a student taught by
a high-quality teacher (in the upper 75" percentile) is 29.77 points on the PIRLS scale
with respect to a student taught by a low quality teacher (in the lower 25 percentile). If
we expand the range of the comparison, the difference associated with a teacher in the

95" percentile with respect to a teacher in the 5™ percentile is of 79.11 points.

These results point to a markedly higher effect than those reported in the

literature based on research carried out in Primary Education in English speaking



countries. However, the methodology used is not completely comparable to that of
those studies, since our model does not incorporate the students’ prior attainment

SCOrces.

In response to the second research question, the study has been able to identify
certain teacher characteristics that affect their quality. Being a man and having received
continuous training and having specialized in the study of reading comprehension, in
addition to the number of years of teaching experience, are factors that are positively
associated with teacher quality. Our result concerning the effect of gender does not

coincide with that obtained in studies conducted in English-speaking countries.

We are also able to offer an answer to our third research question (In which
schools do the “best” and “worst” teachers work?). “Good” teachers are overrepresented
in private schools and in schools in which families have higher levels of economic and
socio-cultural resources. As such, the distribution of resources has a regressive effect on
the students’ outcomes in another example of the “Matthew Effect” (Merton 1968),
insofar as the best resources are made available to the students who already have above

average resources.

The results obtained throughout this article have to be interpreted in the light of
the methodological limitations that prevent the establishment of causal relations. The
type of information with which we work does not allow us to establish such relations, as
is the case of information derived from experiments or quasi-experimental situations.
For example, we need to take into consideration the possibility that students were
selected for assessment by the teachers. If such selection existed, the association found
between teacher quality and the results of their students could be partially due to an

endogenous relationship between the prior characteristics of the students and the



characteristics of the teacher. This endogenous relationship does not seem to occur with
any frequency in primary education in Spain, although with the data available to us the

possibility cannot be ruled out.

The results presented in this article have clear implications for education policy.
Teachers matter and their current distribution, at least in the Spanish case, has
regressive effects (benefitting most those families with most resources at the outset).
“Better” teachers are more likely to educate students who have better economic and
socio-cultural resources, while the “worst” teachers are most likely to be found in
schools where students have the worst resources at the outset. Measures to reverse this
situation would have a clearly progressive effect in terms of equality. These measures
might be of at least two types. On the one hand, they could intensify actions that seek to
improve the quality of teachers in schools where the students come from families with
fewer resources. On the other, they could promote the presence of “better” teachers in

these schools (see, in this regard, Bonal (ed.) 2012, and OECD 2012).
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APPENDIX

Table Al. Descriptive statistics of the explanatory variables

Students
Variables Minimum | Maximum | Mean Standard
deviation
Girl 0 1 0.495 0.499
Age 6.500 13.250 9.847 0.447
Born in the first quarter 0 1 0.240 0.427
Born in the second quarter 0 1 0.265 0.441
Born in the third quarter 0 1 0.238 0.426
Born in the fourth quarter 0 1 0.258 0.437
Home language corresponds to 0 1 0.687 0.464
language of test
Student has been victim of 0 1 0.569 0.495
bullying
More than three years of infant 0 1 0.676 0.468
education
Age of student when starting 0 1 0.468 0.499
primary school no greater than
5
Child’s ability to write when 0 1 0.425 0.494
starting primary school: very
good
Child’s ability to write when 0 1 0.390 0.488
starting primary school:
moderately good
Child’s ability to write when 0 1 0.185 0.388
starting primary school: not
very good or none existent
Index of socio-economic and 3.610 15.140 10.292 1.734
cultural status
Teachers
Variables Minimum | Maximum | Mean Standard
deviation

Teaching experience (years) 1 45 19.945 11.502
Female teacher 0 1 0.803 0.398
Age (1) 23 63 45.590 10.326
Holder of a master’s or PhD 0 1 0.014 0.117
Teaching/pedagogy of reading
is important in education or 0 1 0.539 0.498
training
Number of hours spent in
training seminars dealing with
teaching of reading (in past 2 0 >3 16.508 19.982
years)
Degree of satisfaction with 0 1 0.700 0.458




professional career
Number of students per class 2 46 22.668 6.309
Stgdents are streamed by 0 1 0.129 0.335
ability: often or always
Stgdents are streamed by 0 1 0.492 0.499
ability: sometimes
Stgdents are streamed by 0 1 0.379 0.485
ability: never
Use of computers in the 0 | 0.564 0.496
classroom
Use of libraries/reading corners 0 1 0373 0.484
in the classroom
Lessons,are'ofte?n related to the 0 1 0.806 0.395
students’ daily lives
The school is in a safe
neighborhood and the students 0 1 0.457 0.498
behave in an orderly manner

Schools
Number - of students in the |, 23810 | 585592 | 443.419
school
% of students having the
language of the test as their 0 1 0.598 0.490
native language
?mmedlate area in which school 0 1 0311 0.463
is located: urban
?mmedlate area in which school 0 1 0.104 0.305
is located: suburban
Immediate area in which school
is  located: medium-sized 0 1 0.449 0.497
city/large town
Immediate area in which school
is located: small town or rural 0 1 0.137 0.343
village
Shortage of teaching resources: 0 1 0.707 0.455
Not at all
Shortage of teaching resources: 0 1 0.156 0.363
Some
Shortage of teaching resources: 0 1 0.137 0.343
A lot
Teachers’ degree of success in
implementing the school’s 0 1 0.695 0.460
curriculum
Student achievement used to 0 1 0.780 0.414
evaluate teachers
School’s social make-up: high 0 1 0513 0.500
level of resources
School s social ~ make-up: 0 1 0305 0.460
intermediate level of resources




School’s social make-up: low 0 1 0.182 0.386
level of resources
Public school 0 1 0.657 0.475

(1) Continuous variable based on intervals.

Note: Both the student and school descriptive statistics are high overall in the overall population at the

student-level; the teachers’ descriptive statistics are high at the teacher-level.



Table A2. Determinants of student outcomes

Variables at student-level Coefficient
(E.S)
Girl 1.900
(2,205)
Age -20.910%***
(5.056)
Born in the first quarter 28.060%**
(4.466)
Born in the second quarter 20.850%**
(3.725)
Born in the third quarter 8.210%***
(3.107)
(Base category: Born in the fourth quarter)
Home language corresponds to language of test 3.854
(3.240)
Student has been victim of bullying =7.212%%*
(2.111)
More than three years of infant education -0.405
(2.054)
Age of student when starting primary school -2.920
(2.226)
Child’s ability to write when starting primary school: very | 32.410%***
good (3.615)
Child’s ability to write when starting primary school: 12.630%**
moderately good (2.755)
(Child’s ability to write when starting primary school: not
very good or none existent)
Index of socio-economic and cultural status 9.324 %%
(0.806)
Includes teachers’ fixed effects Yes
Includes constant Yes
N 7.512
R? 0.357

*** Significant at 1%.




Table 1. Students’ average scores: total and by type of school

Simple Results

Total 513
Public schools 507
Private schools 525
Schools with a medium to high economic and socio-cultural 525
resource index

Schools with a medium to low economic and socio-cultural | 494
resource index




Table 2. Teacher characteristics. Mean values.

Teacher All Public | Private | Medium/high | Medium/low
variables schools | schools | schools status status
schools schools
Age (years) 45.6 45.0 47.0 48.2 41.8
Female teachers (%) 80.3 83.5 72.7 80.3 80.0
Teaching experience | 19.9 19.2 21.9 22.6 15.9
(years)
Holder of master’s or PhD 1.4 0.3 4.0 2.1 0.4
(%)
University studies with | 53.9 52.8 56.7 53.8 54.1
specific training in
teaching of reading (%)
Number of hours spent in| 16.5 17.5 14.2 15.7 17.8

training seminars dealing
with reading
comprehension (in past 2

years).




Table 3. “Gross” teacher fixed effects and variability.

ey 2) Q)
Mean Over Over standard
Variability
relative deviation (%)
mean (%)
Standard deviation of the 25.29
4.88 40.00
teacher fixed effects (0.90)
) 30.07
Interquartile range (P75 — P25) 5.80 47.53
(1.29)
85.44
Extreme range (P95 — P5) 16.48 135.04

(2.37)




Table 4. “Net” teacher fixed effects and variability.

Variability Mean Over Over standard
relative deviation (%)
mean (%)
Standard deviation of the 22.74
4.39 35.93
teacher fixed effects (0.83)
29.77
Interquartile range (P75 — P25) (1.68) 5.74 47.05
79.11
Extreme range (P95 — P5) 15.26 125.04

(3.08)




Table 5. Teacher characteristics affecting teacher quality

Coefficient
(Standard error)

Variables Gross fixed Net fixed effects
effects of of dependent
dependent variable
variable (without school-
(with school- level effects)
level effects) Equation (2)
Equation (1)
Age -0.076 0.029
(0.262) (0.250)
Years of teaching experience: 1-5 -21.295%** -12.835%
(8.065) (7.641)
Years of teaching experience: 6-10 -12.499* -9.894
(7.488) (7.038)
Years of teaching experience: 11-20 -17.503*** -5.851
(5.546) (5.425)
Years of teaching experience: 21-30 -8.780%* -4.536
(Base category: 30 years or more) (4.545) (4.261)
Female teacher -7.968** -7.682%*
(3.771) (3.437)
Holder of a master’s or PhD 13.194 1.127
(13.036) (11.663)
(Base category: degree or similar and below)
University studies with specific training in 7.201%** 5.367*
teaching of reading (3.057) (2.824)
Number of hours spent in training seminars 0.233%*** 0.181**
dealing with reading comprehension (in past (0.074) (0.070)
2 years)
Constant Yes Yes
Other teacher variables included Yes Yes
R? 0.215 0.151
N 332 332

*** Significant at 1%. ** Significant at 5%. * Significant at 10%.




Table 6. Teacher quality by school type

() 2 3 O]
Sample Teachers Teachers Potential Teachers
among the | by school teachers among the
best 50% type (%) | among the best 50%
best 50% over total
number of
potential
teachers
Public school 130 71.1 134 0.97
Private school 58 28.9 54 1.07
Schools with medium 117 55.0 103 1.14
to high economic and
socio-cultural resources
Schools with medium | 71 | 450 | 85 | 0.84
to low economic and
socio-cultural resources

Notes:

- the percentage of teachers in each type of school as a function of the socio-economic and
cultural level is not evenly distributed due to the greater number of cases lost in the sample of
schools with a lower resource levels.

- the table shows the fixed effects calculated using equation (2) (i.e. “net” effects). These results

vary only very slightly from those obtained using equation (1) (i.e. “gross” effects).



