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Student performance differs greatly across countries, but little is known about
the role of teacher quality in explaining these differences. New international
data from the PIAAC survey of adult skills allow for the first time to quantify
teacher skills in numeracy and literacy, providing country-level measures of
teacher subject knowledge. Our student-level regressions with PISA data
exploit between-subject variation to overcome bias from unobserved country
heterogeneity and control for parent skills to account for the persistence of
skills across generations. We find that a one-standard-deviation increase in
subject-specific teacher skills raises student performance by 7 percent of a
standard deviation in math and 6 percent in reading.

Keywords: teacher skills, student performance, international evidence, PIAAC, PISA

JEL classification: 120, H40, H52

" We would like to thank William Thorn and Veronica Borg for access to and help with the international PIAAC data,
as well as Oliver Falck, Paul Peterson, Guido Schwerdt, Ludger Woessmann, and participants at the Ifo Center for the
Economics of Education and Innovation seminar for valuable comments. Piopiunik is indebted to the Program on Education
Policy and Governance (PEPG), Kennedy School of Governance, Harvard University, and in particular to Paul Peterson, for
their support and hospitality during his research visit.

% Hanushek: Hoover Institution, Stanford University, CESifo, and NBER, hanushek@stanford.edu; Piopiunik: Ifo

Institute at the University of Munich and CESifo, piopiunik@ifo.de; Wiederhold: Ifo Institute at the University of Munich,
wiederhold@ifo.de.



1. Introduction

The cognitive skills of the population are an important driver of long-run economic growth (e.g.,
Hanushek and Woessmann 2008). However, numerous international assessment tests have shown that
the cognitive skills of students differ greatly across countries, even across developed economies (e.g.,
Hanushek and Woessmann 2011). While previous studies stressed the importance of institutional
features of the schooling systems in explaining these differences (see Hanushek and Woessmann 2011
for an overview), the role of teachers has largely remained unexplored. In particular, there is no
evidence on whether differences in teacher quality across countries can explain international
differences in students’ achievement.

In this paper, we use new international data from the Programme for the International Assessment
of Adult Competencies (PIAAC) that allow for the first time to quantify teacher skills in numeracy and
literacy, providing country-level measures of teacher subject knowledge. Using math and reading test
scores of 15-year-old students from the Programme for International Student Assessment (PISA), we
estimate the subject-specific impact of teacher skills on student performance across 22 developed
countries. Within-student estimation across math and reading removes bias from unobserved country
heterogeneity, thus controlling for any non-subject-specific factors that affect student performance in
math and reading in a similar way. Furthermore, the PIAAC data provide a unique way of controlling
for the impact of parent skills. In particular, we use PIAAC to compute the numeracy and literacy skills
of different groups of adults, defined by the interactions of gender, educational attainment, and number
of books at home. We match the average skill levels of these adult groups to the actual parents of
students participating in PISA. Controlling for parent skills allows us to account for the likely
persistence of performance across generations.

We find substantial differences in subject-specific teacher skills across the 22 countries in our
sample. The teacher-skill differences mirror the skill differences of the overall adult populations very
closely. Using OLS regressions, we find that teacher skills and student performance are strongly
positively associated across countries, even after extensively controlling for student and family
background, school inputs, institutional features of education systems, and country-level factors. In
contrast to teacher skills, we find only small associations of student performance with teacher salaries.
The results are robust to excluding each country individually, to different sets of controls, and
especially to including the skills of parents. The impact of subject-specific teacher skills also remains
significant in correlated random effects models that exploit within-student variation across subjects. A

one-standard-deviation increase in teacher numeracy skills raises student math performance by about 7
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percent of a standard deviation. Effects in reading are slightly smaller, but also highly statistically
significant. These results are corroborated in conventional first-difference models.

Existing studies investigating international differences in student performance stress the role of
student and family background as key factors in international education production functions (e.g.
Woessmann et al. 2009). In contrast, the impact of resources such as class size and education
expenditure seems to be limited. While adult schooling level in a country explains cross-country
differences in student performance in math and science, direct spending on schools is unrelated to
student performance differences (Hanushek and Kimko 2000)." Institutional features of the school
systems have been found to be a rather important source of cross-country variation in student
performance. Positive impacts have been estimated especially for school autonomy (especially in
developed countries; cf. Hanushek et al. 2013), for external exit exams (Bishop 1997), and for the
share of privately operated schools which potentially increase school competition (West and
Woessmann 2010).

The quality of teachers as a determinant of international student performance differences has not
been studied directly. Instead, researchers have typically relied on different measures of teacher salaries
as proxies for teacher quality, implicitly assuming that higher-paid teachers are more effective. In a
country panel with international student assessment tests from 1995-2006, teacher salaries — both
measured in absolute terms and relative to the wages in a country — are positively associated with
student achievement, even after controlling for country fixed effects (Dolton and Marcenaro-Gutierrez
2010). In student-level regressions with a large number of controls, Woessmann (2011) finds country-
level indicators of teacher performance pay to be positively related to student performance.” Despite
the fact that education policy often involves teachers, there is thus far no evidence that teacher quality
differences across countries explain student performance gaps.’

There is abundant evidence that teachers greatly affect the reading and math performance of
students. Numerous within-country studies (mostly from the U.S.) have demonstrated that there is huge

variation in teachers’ abilities of raising student test scores (Rockoff 2004; Rivkin et al. 2005; Chetty el

! See Hanushek (2006) for a review of the effects of school resources.

% For a review on teacher performance pay, see Leigh (2013).

? In student-level analyses, measures of teacher education are generally positively associated with student performance
across countries. Woessmann (2003), for example, uses information from teacher background questionnaires in TIMSS and
finds positive associations of student performance with teacher experience and female gender, but a negative relationship
with teacher age.
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al. 2013).* However, only little variation in teacher quality is explained by observable teacher
characteristics such as education or experience (except for the first years of teaching experience).” In
contrast, teachers’ academic skills as measured by scores on achievement tests are more strongly
associated with student performance (see Eide et al. 2004; Hanushek and Rivkin 2006). While omitted
variables and non-random sorting of students to teachers often hamper a causal interpretation of these
associations, Metzler and Woessmann (2012) circumvent these problems by exploiting within-teacher
within-student variation using data from 6th-grade students in Peru. The authors find a positive impact
of teacher subject knowledge on student performance in math, while student reading scores mainly
remain unaffected by better teacher knowledge.

Our country-level measures of teacher skills are derived from the PIAAC data. The PIAAC survey,
conducted under the auspices of the Organisation for Economic Cooperation and Development
(OECD) in 2011-2012, provides internationally comparable data on numeracy and literacy skills of the
adult populations aged 16-65 years in 24 countries.”’ We define teacher skills as the country-level
average of the skills of primary school teachers, secondary school teachers, and “other” teachers
(including, e.g., special education and language teachers), using 4-digit occupational classification to
identify teachers. On average, country-level teacher skills are based on more than 200 teachers in each
coun‘[ry.8

Our baseline OLS estimates show that teacher subject knowledge shows a robust positive
correlation with student achievement. Parent numeracy skills are also positively associated with student

performance in math, while parent literacy skills become insignificant once we account for teacher

* Rivkin et al. (2005) estimate that the effect of a costly ten student reduction in class size is smaller than the benefit of
moving the teacher quality distribution one standard deviation upwards.

> Furthermore, there is no strong evidence that teacher salaries are a good measure of teacher quality (see the overview
by Hanushek and Rivkin 2006).

% Currently, our sample includes all countries that participated in PIAAC except for Australia and Cyprus. The
Australian data are not available to us at the time of writing, while Cyprus did not participate in PISA. Our current country
sample includes 16 out of the 28 EU member countries and 21 out of the 34 OECD member countries.

" Literacy skills comprise the ability to understand, evaluate, use and engage with written texts to participate in society,
to achieve one’s goals, and to develop one’s knowledge and potential. Numeracy skills comprise the ability to access, use,
interpret, and communicate mathematical information and ideas in order to engage in and manage the mathematical
demands of a range of situations in adult life. PIAAC also tested problem-solving skills in technology-rich environments.
We do not use this skill domain because it has no counterpart in PISA.

¥ The International Adult Literacy Survey (IALS), collected in the mid-1990s, also tested adults’ cognitive skills.
However, the IALS dataset is not suitable for measuring teacher skills because of substantially lower sample sizes than in
PIAAC. Moreover, the tests in IALS assessed only very basic competencies, thus not allowing to capture teacher subject
knowledge.
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skills.” Although our OLS models control for a large set of observable factors — including student and
family background, subject-specific and general school inputs, and institutional features of the school
systems — the coefficients on the subject-specific teacher skills might still be biased. One source of bias
is that societies and education systems may also differ in other important dimensions that are hard to
observe. For example, the attitude toward education in a society is necessarily unobserved and may
correlate with both student performance and teacher skills. Similarly, the persistence in the overall
quality of an education system would lead to a correlation between the skills of students and the skills
of teachers (who went through the same education system one generation earlier). Another potential
worry is that teachers with higher subject-specific skills also have higher pedagogical skills that
promote student learning. In this case, the coefficients on the subject-specific teacher skills would
capture both the subject-specific skill impact and better pedagogical skills.

To tackle the issue that math and reading performance are likely persistent across generations, for
example, due to the persistence of the quality of the education system in a country or because of
country-specific attitudes toward education, we use the PIAAC data to construct coarse measures of the
numeracy and literacy skills of the parents of the PISA students. Using the interactions of gender,
highest educational degree, and number of books at home, we define approximately 20 different groups
of adults in each country. As these three characteristics are reported both in PIAAC and PISA, we can
match the average skills of these adult groups to the actual parents of the PISA students.'’

Similar to Metzler and Woessmann (2012), we address the potential bias from unobserved
heterogeneity by employing a correlated random effects model.'" This model exploits within-student
and within-country variation and identifies the impact of subject-specific teacher skills from differences
between the two subjects (math and reading). This means that students in a country should, for
example, perform better in math than in reading if their teachers have higher numeracy skills compared
to literacy skills. We find that teacher subject knowledge exerts a quantitatively and statistically
significant impact on student achievement. A one-standard-deviation increase in subject-specific

teacher skills raises student achievement by about 7 percent of a standard deviation in math and by

° However, parents® education level, occupational status, and number of books at home indicator are still strongly and
statistically significantly related to students‘ reading performance.

' The number-of-books-at-home measure is a relevant matching variable because this indicator is the single most
important predictor of student performance in most countries (Woessmann 2003).

"' Note that our estimates are not affected by non-random sorting and selection into classrooms and schools because
our measures of teacher subject knowledge are aggregated at the country level.
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about 6 percent in reading. The correlated random effects model also allows us to test the
overidentification restrictions implicit in standard fixed-effects models.

While the correlated random effects models eliminate unobserved country-level factors that are
non-subject-specific, our estimates might still be biased if unobserved country-level factors are subject-
specific. For example, countries with a strong culture of reading (e.g. novels) may have teachers with
high literacy scores and students with high reading scores, implying a positive correlation between
these two, even if subject-specific teacher skills have no causal effect on student performance. While
we cannot completely rule out the existence of subject-specific factors at the country level, we believe
that more general non-subject-specific factors, such as the general attitude toward education or the
overall quality of a country’s education system, are more important for the observed cross-country
differences in student performance than subject-specific factors.

This paper makes three contributions to the literature. First, we are the first to document that
teacher quality — as measured by numeracy and literacy skills — differs greatly across developed
countries. Second, this is the first paper that provides evidence that the well-documented international
differences in student math and reading performance are partly attributable to differences in teacher
skills. Third, we introduce a new control variable into the literature on education production functions:
a measure for parents’ skills, which proves to be an important determinant of student performance.

The remainder of the paper proceeds as follows. Section 2 introduces the datasets and describes the
computation of teacher and parent skills. Section 3 provides graphical results of the association
between teacher skills and student achievement at the country level. Section 4 presents student-level
results from OLS models as well as robustness checks and discusses potential biases. Section 5 presents

results from correlated random effects models and from first-differenced models. Section 6 concludes.

2. Data

This section describes the PIAAC data on adult skills, the computation of teacher and adult skills,
and the PISA data on student performance.
2.1 Teacher Skills

Teacher skills are derived from the Programme for the International Assessment of Adult

Competencies (PIAAC). Developed by the OECD and collected in 2011 and 2012, PIAAC provides



internationally comparable data about skills of the adult populations in 24 countries,'? 22 of which can
be used in our analysis:'> Austria, Belgium (albeit just Flanders), Canada, mthe Czech Republic,
Denmark, Estonia, Finland, France, Germany, Ireland, Italy, Japan, Korea, the Netherlands, Norway,
Poland, the Slovak Republic, Spain, Sweden, the United Kingdom (specifically England and Northern
Ireland), and the United States. At least 5,000 individuals participated in each country.

PIAAC was designed to measure key cognitive and workplace skills needed for individuals to
advance in their jobs and participate in society. In each participating country, a representative sample
of adults between 16 and 65 years of age was interviewed at home in the language of their country of
residence. The standard survey mode was to answer questions on a computer, but for respondents
without computer experience there was also the option of a pencil-and-paper interview.'* The countries
used different sampling schemes in drawing their samples, but these were all aligned to known
population counts with post-sampling weightings. We employ sample weights to compute country-
specific teacher skills.

The survey included an assessment of cognitive skills in three domains: literacy, numeracy, and
problem solving in technology-rich environments."> The tasks respondents had to solve were often
framed as real-world problems, such as maintaining a driver’s logbook (numeracy domain). The
domains, described more completely in OECD (2013), refer to key information-processing

competencies and are defined as:

Literacy: ability to understand, evaluate, use and engage with written texts to participate in society,

to achieve one’s goals, and to develop one’s knowledge and potential;

Numeracy: ability to access, use, interpret, and communicate mathematical information and ideas

in order to engage in and manage the mathematical demands of a range of situations in adult life.

"2 Nine additional countries plan to implement PIAAC in 2014: Chile, Greece, Indonesia, Israel, Lithuania, New
Zealand, Singapore, Slovenia, and Turkey.

" We do not use data for Australia and Cyprus in our analysis. The Australian data are not available to us at the time
of writing and Cyprus did not participate in PISA.

'* On average across countries, 77.5 percent of assessment participants took the computer-based assessment and 22.5
percent took the paper-based assessment. A field test suggested no impact of assessment mode (OECD 2013).

'S As we want to explain student performance in reading and math, we only use the cognitive skills in the domains
literacy and numeracy. Besides, participation in the problem-solving domain was optional, and some countries did not
participate in this domain.
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This paper implicitly assumes that the performance of teachers in these tests is strongly correlated
with the subject-specific skills that teachers actually need for teaching their students in math and
reading. Since this performance measure is therefore only a proxy for the true subject-specific skills,
we underestimate the true impact of teacher skills on student performance.

PIAAC measures each of the skill domains on a 500-point scale.'® All scales are intended to
measure different dimensions of a respondent’s skill set. IALS, the predecessor of PIAAC, suffered
from pairwise correlations of individual skill domains that exceeded 0.9, making it virtually impossible
to distinguish between different skills. The score domains in PIAAC are less strongly correlated with
an individual-level correlation between numeracy and literacy of 0.85.

Before the skill assessment, all participants responded to a background questionnaire that gathered
information about occupation, education, and demographic characteristics of the respondents. In the
Public Use File, occupation information is available only at the two-digit occupational code in some
countries (Germany, Irleand, Sweden, and the US), and a couple of other countries (Austria, Canada,
Estonia, and Finland) do not report any occupational code so far. However, we obtained access to 4-
digit occupation codes for all countries at the OECD.

We identify teachers based on the 4-digit occupation code in each country. Teachers are all adults
who are either “primary school teacher”, “secondary school teacher”, or “other teacher” (including,
e.g., special education teachers and language teachers). Results are very similar if we drop the category
“other teachers”. We do not include vocational school teachers since the vast majority of PISA students
(15-year-olds) are still in secondary schools, and therefore have not been taught by this type of
teachers.

We use the test scores of these teachers in the two domains numeracy and literacy to compute the
mean numeracy and literacy teacher skills for each country separately, using individual-level weights
provided by the OECD."” One obvious drawback is that PIAAC contains no information on the subject
a teacher is teaching. In particular, the data do not allow identifying language and math teachers.

As a robustness check, we use information about the tasks performed at work to distinguish math
and science teachers from other teachers in secondary school. For example, participants in PIAAC are
asked how often they use simple and advanced algebra at work. Having classified teachers according to

the frequency and extent of math skills at work, we use only the numeracy scores of the teachers

'® Throughout, we use the first plausible value of the PIAAC scores in each domain.

"7 Since we cannot match individual students to individual teachers, we only use mean teacher skills in a country, but
no other statistics, such as standard deviation or percentiles.
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identified as math-related teachers and the literacy scores of all other teachers in secondary school. At
the same time, we use both numeracy and literacy skills of all primary school teachers, especially since
primary school teachers typically teach both math and language classes.

Table 1 provides summary statistics for the country-specific teacher skills in the 22 countries.
Sample sizes range from 127 teachers in Germany to 413 teachers in Denmark and 834 teachers in
Canada (which oversampled to obtain regionally reliable estimates), with an average of 222 teachers
per country. Teachers in Japan achieve the highest average numeracy score (312 points), and teachers
in Italy the lowest (269 points), with a difference in average achievement between these two countries
mounting to 89 percent of a standard deviation in test scores in the international sample. Teachers in
the United States (288 points in numeracy) score below the mean achievement across all 22 countries
(293 points). Both the country ranking and the cross-country variation in test scores are similar to those
of all prime-aged workers with full-time employment (see Table 1 in Hanushek et al. 2013). Mean
literacy scores are similar to the numeracy scores in each country, although there are some differences.
For the analyses, we normalize the country-specific teacher skills over the 22 countries in our sample to
have an international mean of zero and standard deviation of one.

We cannot know for sure how representative the teacher skills derived from the PIAAC data are,
but we can conduct some plausibility checks. First, we can check for each country separately whether
teacher skills fall in a plausible skill range relative to the skills of the entire adult population. Since
most teachers in our sample have obtained a degree from a higher education institution, we expect that
the mean teacher skills should at least be at the median of the skill distribution of entire adult
population (of the same age range). In this regard, we find plausible magnitudes of teacher skills:
On average across all 22 countries, teacher skills fall at the 66th (68th) percentile of the numeracy
(literacy) skill distribution of all adults, ranging from the 49th to the 78th percentile in both domains
across countries. Second, since secondary school teachers teach their students higher levels of math and
reading compared to primary school teachers, secondary school teachers should on average have
somewhat higher skills than primary school teachers. This is indeed the case: Across all countries,
numeracy (literacy) skills is 290 (291) for primary school teachers and 295 (297) for secondary school

teachers.

2.2 Parent Skills

The PIAAC data also enable us to control for the numeracy and literacy skills of the parents of the
PISA students. We take the numeracy and literacy scores of all 35-59 year-old individuals in PIAAC.
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Given their age, these individuals are the potential parents of the 15-year-old PISA students.'® We
create different groups of adults based on interactions of gender, educational attainment (3 categories),
and number of books at home (3 categories). To obtain reasonable cell sizes (at least 100 adults per
cell), each education level has only two different book categories that are determined by the empirical
distribution. For example, only few individuals with a high education level have only few books at
home. Therefore, this education level is differentiated by a category comprising “some books” and a
category containing “many books”. Using a category containing only few and very few books is not
fruitful for this group of individuals. The exact cutoffs in the book category for each educational level
differ by gender and by country and are purely data-driven to ensure a sufficiently high number of
observations in each cell."” For each cell, we compute the mean numeracy/literacy skill separately for
women and men and separately for each country, using individual-level weights.

The numeracy and literacy skills of the PIAAC adults are then matched to the actual mothers and
fathers of the PISA students. The matching is also based on the interactions of gender, educational
attainment, and number of books at home of the individuals.® To give an example: The mother of a
PISA student in the US with a tertiary education degree and more than 500 books at home is assigned
the mean numeracy and mean literacy skills of all 35-59 year-old female PIAAC respondents in the US
who have a tertiary education degree and more than 500 books at home. In the analysis, we combine
the skills of the mother and the father and use the highest skill level of mother and father.

Table 3 presents summary statistics for parent skills in numeracy and literacy by country. The
difference between the lowest skill level and the highest skill level is quite large in each country. This
implies that there is huge variation in numeracy and literacy skills across the various parent groups
within countries, enabling us to effectively control for the impact of parents’ skills on their children’s

achievement in math and reading.

2.3 Student Performance

International data on student performance come from the Programme for International Student

Assessment (PISA), conducted by the Organisation for Economic Co-operation and Development

'8 Students of the PISA 2009 cycle were 15 years old in 2009 and PISA 2012 students in 2012. This means that adults
tested in PIAAC (in 2011 and 2012) were between 17 and 44 years old when the PISA students in our sample were born.

" In a few cases, the distribution forced us to collapse all books categories and assign only one book category per
education level (see table 2).

*% The number-of-books categories are identical in PISA and in PIAAC. The education categories differ somewhat in
the two data sources, and hence are aggregated to three identical categories.
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(OECD). PISA tested representative samples of 15-year-old students in math and reading literacy in
2009 and 2012.*' The tests emphasize understanding as well as flexible and context-specific application
of knowledge, containing both multiple-choice and open-answer questions.

We normalize the test scores for each PISA cycle separately across all countries in our sample,
such that the mean performance equals zero and the standard deviation equals one in both math and
reading in PISA 2009 and 2012. In standardizing test scores, we use the student-level weights provided
by the OECD in both surveys. Since we are interested in differences across countries, each country
receives the same total weight in each PISA cycle. For the analyses, we always use the first plausible
values of the math and reading scores.

Based on background questionnaires, PISA provides extensive information on student background,
such as gender, migration status, and number of books at home as well as characteristics on students’
parents, such as highest education level attained and occupation, and on school resources, such as lack
of qualified teachers. Furthermore, students are also asked about the quality of class instruction in their
math class (in PISA 2012) and in their language class (in PISA 2009). This information is used to
compute country-specific indicators of the quality of classroom instruction in these two subjects.
Students also provide information on the length of weekly math/language instruction. School principals
provide information on their schools, most importantly about the lack of qualified math teachers and
language teachers.

Table 4 provides summary statistics on student performance and student characteristics.”* Student
performance varies considerably across countries, both in math and in reading. Table 5 presents
summary statistics of school and country characterics. Country characteristics include country-level
variables that have been used in previous cross-country analysis, including the average salaries of
teachers after 15 years of teaching experience; an indicator whether countries use teacher performance
pay schemes; the cumulative expenditure on students up to the age of 15; GDP per capita; and school

starting age.

?! Since teachers were tested only in the domains numeracy and literacy, we do not use the student science test scores
from PISA. Earlier PISA cycles are not used since the teachers of those student cohorts might differ substantially from the
teachers who have been tested in PIAAC.

2 All statistics are averages across PISA 2009 and PISA 2012 and are weighted with the individual student-level
weights provided by the OECD.
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3. Visual Evidence of the Importance of Teacher Skills

Before presenting the estimation results, we first provide visual evidence on the correlations
between student performance and teacher skills and adult skills, respectively, at the country level.

The following figures show associations between student performance, teacher skills, and adult
skills, where all performance measures being aggregated at the country level, using individual-level
weights and the student performance being pooled across the PISA 2009 and 2012 samples. Figure 1
shows that student math performance and teacher numeracy skills are positively correlated across
countries, with a coefficient of 0.09. This association does not control for any other influences. The
correlation for reading is even stronger (coefficient=0.13) for the simple cross-country comparison
(figure 2).7

To net out the persistence of performance across generations, we control for the skills of the adult
population (individuals aged 25-65), i.e. for the mean skills of all adults in a country covering
approximately the same age range as teachers. Note that in this exercise we consider the mean skills of
adults skills in a country (of a certain age group). This adult skill measure is supposed to capture the
performance persistence across generations, and not to control for the impact of students’ parents.
Controlling for the mean adult skill level in a country does not change the association between student
performance and teacher skills. While the math coefficient slightly decreases, the reading coefficient
even increases somewhat, though not statistically significantly (figures 3 and 4).

We now look directly at the persistence of performance across generations. To do so, we look at
the correlation between student performance and adult skills (again, the mean skills of all individuals
aged 25-65). As expected, student performance and adult skills are positively related in both math and
reading (figures 5 and 6), with an R squared of 0.13 in both cases. Next, we consider the strength of the
correlation between student performance and adult skills at the country level when we net out the
impact of teacher skills. Figures 7 and 8 show that controlling for teacher skills substantially reduces
the adult skill coefficients for both math and reading, rendering the coefficients statistically
insignificant (and even slightly negative for reading).

In sum, these figures show that student performance is significantly positively related to teacher
skills and to the level of adult skills. Furthermore, the correlation between student performance and
teacher skills is more robust than the relationship between student performance and adult skills, at least

at the aggregated country level. The next section investigates whether this robust association between

2 All correlations in the figures are robust to excluding the two outliers Korea and the Russian Federation.

11



student performance and teacher skills is also present at the student level when a large set of

background factors, especially parents’ skills and other country-specific factors, is taken into account.

4. OLS Results

To investigate the impact of teacher skills on student performance, we relate students’ performance
in math (reading) to the country-speficic mean numeracy (literacy) teacher skills, while controlling
extensively for student and family background, parent skills in numeracy (literacy), school inputs, and
other country-level factors, such as institutional features of the education systems, potentially affecting

student performance. Hence, we run the following OLS model separately for math and reading:

yijC = aJ +ﬂjTJC +]/Xic +5jPijC +ljSCh00|ijC +¢SChOOIiC +IOJXjC +¢XC +gijC (1)

where the dependent variable Yjj. is the test score of student i in subject j (math or reading) in country
¢; Tjc 1s the mean skills of teachers in country ¢ in domain j (numeracy or literacy); the vector Xjg

includes student characteristics, such as age (in months), gender, and migration status, and parent
characteristics, such as educational attainment, occupati0n24, and number of books at home (six

categories); B¢ is the maximum of the numeracy/literacy skills of mother and father; school;j; includes

the degree to which the school’s capacity to provide instruction is hindered by a lack of qualified

math/language teachers; school;, contains school-specific factors that are non-subject-specific,

including the location of the school (5 urbanity levels), whether the school is private, school

enrollment, autonomy of the school for class content, personnel, and budget®; X jc contains a subject-

specific indicator on the quality of instruction based on information provided by students on their

math/language class.*® The vector Xcincludes five country-level indicators that are potentially

 Occupational status contains four categories: white-collar high, white-collar low, blue-collar high, and blue-collar
low.

* Since France did not administer the school background questionnaire in PISA 2009, we imputed the missing school-
level values with all variables of the model (including student performance) and the information from PISA 2012. Thus, we
implicitly assume that, for example, the correlation between student performance and school location has not changed
between 2009 and 2012.

%6 The background questionnaire of PISA 2009 (focus on reading) asks students about the frequency (on a 4-point
scale ranging from “never or hardly ever” to “in all lessons”) of the following things their teacher does in the language
class: asking students to explain the meaning of a text; asking questions that challenge students to get a better understanding
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affecting student performance: teacher salary (after 15 years of experience, measured in PPP terms),
cumulative student expenditure, an indicator for the existence of teacher performance pay schemes,
school starting age, and GDP per capita.

Results for math performance are reported in table 6. The numeracy skills of teachers are
significantly related to student performance in math. A one-standard-deviation increase in teacher
numeracy skills is associated with a 0.09 standard deviation increase in student math performance
(column 1). Similarly, parent numeracy skills are associated with their children’s math performance.
Controlling for the number of books at home, the highest educational level of parents, and occupational
status, one-standard-deviation increase in parents’ numeracy skills (maximum of mother’s and father’s
numeracy skill) is associated with a 0.05 standard deviation increase in their child’s math performance
(column 2).?” Since teacher skills vary only at the country level, but parent skills at the student level,
the adjusted R squared naturally increases substantially from column 1 to column 2. As expected,
relating students’ performance to both teacher skills and parent skills simultaneously reduces both
coefficients considerably (column 3). Adding student characteristics (age, gender, migrant status, and
an indicator for whether the student speaks a language other than the test language at home) and school
characteristics (location of the school, private school status, school enrollment, and autonomy level for
class content, personnel, and budget) does not affect the coefficient on teacher skills (column 4). The
coefficients on all these control variables have the expected signs.

Since teacher skills vary at the country level, adding other country-level factors are more likely to
affect the coefficient on teacher skills than do factors that vary strongly within countries, such as
student-level or school-level characteristics. Several country-level factors have already been used in

existing studies on international student performance, including the level of teacher salaries, whether

of a text; giving students enough time to think about their answers; recommending books or author to read; encouraging
students to express their opinion about a text; helping students relate the stories they read to their lives; and showing
students how the information in texts builds on what they already know. Each of these activities seems to be valuable, and
hence beneficial for student learning. PISA 2012 (which had a focus on math) asked students (somewhat different)
questions about what their teachers do in math class: asking questions that make students reflect on the problem; giving
problems that require students to think for an extended time; presenting problems in different contexts so that students know
whether they have understood the concepts; helping students to learn from mistakes they have made; asking students to
explain how they have solved a problem; presenting problems that require students to apply what they have learnt to new
contexts. Again, the answer categories range on a 4-point scale from “never or rarely” to “almost or almost always”. Since
the quality of reading instruction is only available for 2009 and math instruction only for 2012, we aggregate the mean
responses of students for reading in 2009 to the country level, using the mean answer category and weighting students by
individual-student-level weights. We then use this country-level indicator for both 2009 and 2012, assuming that the quality
of reading instruction has not changed considerably over the course of three years within a country. Similarly, we compute
the math instruction indicator from the PISA 2012 cycle and apply it to both PISA cycles.

27 All models include binary indicators for imputed values.
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teachers are incentivized by teacher performance pay schemes, cumulative expenditure on students up
to age 15, GDP per capita, and the entry age in primary school. Several of these factors might be
correlated with the level of teacher skills in a country, thereby changing the impact of teacher skills on
student performance when included as additional controls in the model. Adding these country-level
factors increases the impact of teacher skills on student performance (column 5). All else equal,
countries with a higher GDP per capita have somewhat lower student performance. Since teacher skills
and GDP per capita are rather strongly correlated (around 0.4), including GDP per capita increases the
coefficient on teacher skills.

Finally, we want to control for subject-specific factors that might impact the performance of
students in math and reading differently. One such factor is the quality of teaching instruction in class.
Fortunately, the background questionnaires of PISA asked students several questions of what their
teacher was doing in language class (PISA 2009) and in math class (PISA 2012), respectively. Based
on the answers of several questions, we computed an index at the country level (see footnote 26) that
allows us to coarsely control for the instructional quality in math instruction in a country. This seems
important since student performance is affected both by the subject-specific skills of a teacher and by
the way she is teaching student (pedagogical skills). Surprisingly, better instructional quality (based on
this index) seems to be negatively associated with student performance across countries (column 6).
This does not mean, however, that this math instruction index is of bad quality. Using the same model,
the PISA 2012 data only, and the same index disaggregated at the student level (where it had been
elicited), we find that the instructional quality in math is strongly positively correlated with math
student performance, with a coefficient of 0.08 (results available from the authors upon request). These
findings suggests that the math instruction index is a strong predictor for student performance at the
student level, but the aggregated index does not explain differences in math performance across
countries.

Another subject-specific determinant of student math performance is the shortage of qualified math
teachers at a school. Having a shortage of math teacher is significantly negatively related to math
performance (column 6). Furthermore, we control for the amount of math instruction per week, as

reported by students. As expected, students who receive more instruction in math have higher math
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performance.” Including the math-specific control variables reduces the impact of teachers’ numeracy
skills, but only slightly.”

The results on reading performance are reported in table 7. Overall, the findings are similar to
those of math performance. Teacher literacy skills are strongly related to student reading performance,
even about 50 larger stronger than for math. Similarly, the literacy skills of parents are positively
related to student reading performance, but somewhat weaker than for math. Simultaneously
controlling for teacher and parent skills reduces the impact of teacher skills substantially and decreases
the impact of parent skills to zero, while the coefficients on the level of parents’ education and number
of books at home are still large and highly statistically significant. Adding student characteristics,
school characteristics, country-level factors, and the subject-specific factors affect the impact of teacher
literacy skills only very little. In contrast to math, the instruction quality indicator for reading shows the
expected positive sign; the coefficient is even large, but statistically insignificant. In the model with all
control variables, numeracy skills and literacy skills of teachers seem to be equally important for the
performance of students (the coefficient on literacy skills is somewhat larger, but this difference is not
big).

In sum, the results of the OLS models suggest that teacher skills have a considerable impact on
student performance, both in math and in reading. In these models, we extensively control for family
background, including parents’ skills, school characteristics, and other country-level factors that are
potentially affecting student performance.

In this paper, we are not interested in whether teacher quality is important per se, but rather in the
more narrow question whether differences in subject-specific skills can account (at least partly) for the
student performance gaps across countries. In this respect, the OLS results might still be biased, even
after controlling for the numerous other factors. One particular important reason for bias is omitted
variables, that is, other factors that affect student performance and are correlated with the level of
(subject-specific) teachers skills are ignored in our model. In particular, there are two mean sources of
omitted variables. One important factor omitted from our model is the pedagogical quality of teachers
(which is not captured by our instruction quality indicators). It is likely that teachers with higher

subject-specific skills also possess higher pedagogical skills. In this case, a positive coefficient on

** Teacher shortage is reported by school principals in both PISA 2009 and 2012 for both math and language teachers.
Similarly, the amount of instruction time is reported by students in both PISA 2009 and 2012 for both math and language
classes.

% The estimated coefficients on parent and school characteristics are reported in Table A-1 for math and in Table A-2
for reading. All coefficients have the expected signs and expected magnitudes, as reported in previous studies.
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subject-specific skills does not only capture the impact of higher subject-specific skills, but does also
incorporate the impact of better pedagogical skills. One reason why subject-specific skills and
pedagogical skills might be positively correlated could be that countries with a high-quality teacher
training produce teachers with both high subject-specific skills and high pedagogical skills. Another
important omitted factor is the general attitude of a population toward education. A positive attitude
toward education means probably both teachers with higher subject-specific skills and parents strongly
supporting their children at home. If this parental support is not entirely captured by parents’ skills,
then the coefficient on teacher skills likely also incorporates the impact of parental support.

To tackle the potential issues of omitted variables bias, the next section employs another

identification strategy, exploiting variation across the two subjects math and reading.

5. Estimating the Impact of Subject-Specific Teacher Skills
5.1 The Correlated Random Effects Model

We estimate the following education production functions for math and reading:*°

Yite = BiTic + M + 71 Xijie + Hic + 9 + &ire (2a)
Yize = BoToc + ¢ + 72 Xine + Hic + % + i (2b)

where ;i and ;. are the test scores of student i in country ¢ in math and reading, respectively. T

is the average skill of teachers in country c in subject j (numeracy or literacy). U. contains observable

non-subject-specific teacher characteristics in country c, such as mean age, mean experience, share of

female teachers, share of teachers with master degree. Xj;c contains both non-subject-specific and

subject-specific characteristics of students, parents, schools, and countries. Non-subject-specific
characteristics include, for example, student gender, parental education, school location, and GDP per
capita. Subject-specific factors are parent skills in numeracy/literacy, weekly instruction in
math/language class, and instruction quality indicators for math/language teachers. The composite error

consists of a student-specific error term 4., a country-specific error term 9, and an idiosyncratic

subject-specific error term &jc -

3% Note that the notation differs somewhat from the notation in equation (1).
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We are interested in the B coefficients which reflect the impact of the subject-specific teacher
skills. As discussed above, simple OLS estimates of Eqs. (2a) and (2b) may be biased because of
unobserved country traits. We follow Metzler and Woessmann (2012) and model the potential

correlation between the unobserved country effect 4. with the observed inputs, in particular the
subject-specific teacher skills:

G =mTic + 12T + 00U + @K + @Xjpe + @ (3)

where @, is uncorrelated with the observed inputs.
The unobserved country effect Y. might be correlated with subject-specific teacher skills for

several reasons. One reason might be that teachers with higher subject-specific skills also possess
higher pedagogical skills, an important omitted factor from our model. Again, we allow that numeracy
skills and literacy skills of teachers are differently correlated with unobserved. Another reason for a
positive correlation between the unobserved country effect and country-level teacher skills is the
general attitude toward education in a country. A general positive attitude toward education is probably
related with higher subject-specific teacher skills. But at the same time a positive attitude toward
education also means that parents strongly support their children at home in education issues. Although
we control for parent skills, it is unlikely that we entirely capture country-specific differences in
education attitude.

While we allow for the possibility that numeracy and literacy skills of teachers are correlated with
the unobserved country effects to different degrees, we assume that the coefficients on the subject-
specific characteristics of students, parents, schools, and countries are the same across subjects. Even
more, we assume that the impact of unobserved country effect is the same for students’ math and
reading performance. This means that if the unobserved country effect is more important for one
subject than the other, then the effect of the subject-specific teacher skills would still be biased. This
bias would arise, for example, if teachers’ pedagogical skills were more important for math than for
reading (or vice versa). Similarly, the impact of subject-specific teacher skills would be biased if the
attitude toward education is not general, but subject-specific.

Plugging equation (3) into equations (2a) and (2b) and collecting terms yields the correlated
random effects (CRE) model:

Yitie = (B + m)Tic +12Toc + (0 + o) + (71 + @) Xije + ¢Xjoe + (Ui + @ + &j1c)  (4a)
Yize =MTic + (B +112) T + (0 + )¢ + 0Xjic + (72 + @) Xine + (tic + @ + &jpc)  (4b)
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where the expression in the last bracket is the new composite error term which is uncorrelated with the
teacher skills in numeracy and literacy. Both subject-specific teacher skills enter the equation of both
subjects. While the B coefficients reflect the true impact of the subject-specific teacher skills (in the
same domain), the n coefficients reflect the degree of bias if we ignored unobserved country traits.
Equations (4a) and (4b) are estimated via seemingly unrelated regressions (SUR) which allows for
different error variances in each equation and for correlation of the errors across equations.

The correlated random effects model nests as a special case the first-differenced model, whose
overidentification restrictions can be tested within in the CRE specification (Ashenfelter and
Zimmerman 1997). After estimating equations (4a) and (4b), we can test the assumptions implicit in
first-differenced models: f; = #, = f and 1, =n, =n . If both of these conditions hold (i.e., cannot be
rejected), we can estimate a first-differenced model that regresses the difference in student performance
on the difference in teacher skills across the two subjects math and reading, eliminating any non-

subject-specific bias due to student and country heterogeneity. If the conditions S, =/, =/ and

m =1, =1 hold, equation (4b) can be subtracted from equation (4a), yielding the first-differenced

model:

Yite = Yioe = B(Tic —Tae) + 11 Xi1c — 72 Xioe + (Eire — Eize) (%)

5.2. Results from the Correlated Random Effects Model

The results of the correlated random effects model (equations (4a) and (4b)) are presented in table
8. All specifications include the impact of teachers’ numeracy and literacy skills, as well as all all
subject-specific control variables, such as parents’ skills in both numeracy and literacy. The impact of
teachers” numeracy skills on student math performance, implied Syymeracy 18 the difference between
the coefficient on teacher numeracy skills in the math model minus the coefficient on teacher numeracy
skills in the reading model, and vice versa for the impact of teacher literacy skills (implied /| jeracy )-
The coefficients in math are very similar to the coefficients in the OLS model, while the reading
coefficient is about one third smaller than in the OLS model with full controls, suggesting bias in the
OLS coefficient.

The results suggest that an increase in teacher numeracy skills by one standard deviation raises

student math performance by 7.3 percent of a standard deviation. Similarly, an increase in teacher
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literacy skills by one standard deviation raises student reading performance by 5.8 percent of a standard
deviation. Both effects are highly statistically significant. This effect size for math is remarkably
similar to the impact of teacher numeracy skills in Peru, which were also identified in a CRE model,
exploiting knowledge differences across individual teachers within one country (Metzler and
Woessmann 2012). In contrast, they find only a small impact of teacher literacy skills.

The overidentification tests in the full specification (model 5) do not reject the hypothesis that the
selection terms and the implied betas are identical, thus permitting to estimate a standard first-
differenced model. For reasond of completeness, we run first-differenced models for the same
specifications than in Table 8 for the correlated random effects models. The impact of subject-specific
teacher skills on student performance is remarkably robust across all specifications. A one-standard-
deviation increase in subject-specific teacher skills raises student performance by 7.3 percent of a
standard deviation. Interstingly, the effect size is identical in the first model that does not control for
any other influences and in the last model that includes all controls.

In sum, the findings of the correlated random effects model and the first-differenced models
indicate that both subject-specific teacher skills have a considerable impact on student performance.
The effect size for math is similar to the coefficient in the OLS model, suggesting little bias. In

contrast, the impact in reading is substantially smaller in the CRE models.

6. Conclusion

Student performance differs greatly across countries, but little is known about the role of teacher
quality in explaining these differences. In this paper, we use new international data from the
Programme for the International Assessment of Adult Competencies (PIAAC) that allow for the first
time to quantify teacher skills in numeracy and literacy. Using math and reading test scores of 15-year-
old students from PISA, we estimate the subject-specific impact of teacher skills on student
performance across 22 developed countries. Furthermore, the PIAAC data provide a unique way of
controlling for the impact of parent skills. In particular, we use PIAAC to compute the numeracy and
literacy skills of different groups of adults, defined by the interactions of gender, educational
attainment, and number of books at home. We match the average skill levels of these adult groups to
the actual parents of students participating in PISA. Controlling for parent skills allows us to account

for the likely persistence of performance across generations.
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We find substantial differences in subject-specific teacher skills across the 22 countries in our
sample. The teacher-skill differences mirror the skill differences of the overall adult populations very
closely. Using OLS regressions, we find that teacher skills and student performance are strongly
positively associated across countries, even after extensively controlling for student and family
background, school inputs, institutional features of education systems, and country-level factors. In
contrast to teacher skills, we find only small associations of student performance with teacher salaries.
The results are robust to excluding each country individually, to different sets of controls, and
especially to including the skills of parents. The impact of subject-specific teacher skills also remains
significant in correlated random effects models that exploit within-student variation across subjects. A
one-standard-deviation increase in teacher numeracy skills raises student math performance by about 7
percent of a standard deviation. Effects in reading are slightly smaller, but also highly statistically

significant. These results are corroborated in conventional first-difference models.
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Figures and Tables

Figure 1: Student Performance vs. Teacher Skills (Math)
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Figure 2: Student Performance vs. Teacher Skills (Reading)
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Figure 3: Student Performance vs. Teacher Skills, Conditional on Adult Skills
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value plot conditioning on adult numeracy skills. Adult skills are numeracy skills of all 25-55 years-old
aggregated at the country level, using individual-level weights.



Figure 4: Student Performance vs. Teacher Skills, Conditional on Adult Skills
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Figure 5: Student Performance vs. Adult Skills (Math)
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Figure 6: Student Performance vs. Adult Skills (Reading)

@ Korea

® Finland @ Japan

® Canada

@® Norway

® France .
® United

®Denm rtﬁt%d Kingdom

® Sweden
® Czech Republic

Student reading performance
0
|

@ Austria

@ Slovak Republic
@ Russian Federation

-4

T T T T T
-2 -1 0 1 2
Adult literacy skills
coef =.0700159, (robust) se =.02311492, t = 3.03

Notes: Student performance aggregated at the country level and pooled across PISA 2009 and 2012. No
further controls.



Figure 7: Student Performance vs. Adult Skills, Conditional on Teacher Skills
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Notes: Student performance aggregated at the country level and pooled across PISA 2009 and 2012. Added-
value plot conditioning on teacher numeracy skills. Adult skills are numeracy skills of all 25-55 years-old
aggregated at the country level, using individual-level weights.



Figure 8: Student Performance vs. Adult Skills, Conditional on Teacher Skills
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