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Abstract

National Teaching Standards by various educational organizations in the United States
call for a decrease in the use of traditional teaching practices (such as learning by rote)
and an increase in the use of modern teaching practices (such as working in small groups)
in schools. Yet a small literature in economics has consistently found that traditional
teaching raises test scores, while the effect of modern teaching appears to be small
and sometimes even negative. This paper uses data from the Trends in International
Mathematics and Science Study (TIMSS) to show that traditional and modern teach-
ing practices promote different cognitive skills in students. In particular, traditional
teaching practices increase students’ factual knowledge and their competency in solving
routine problems, but have no significant effect on their reasoning skills. The effects
of modern teaching practices are exactly the opposite, with modern teaching fostering
reasoning skills. I provide evidence that standardized tests do not measure reasoning
skills well, which explains the finding of only small or negative effects of modern teach-
ing on test scores in the literature. I discuss the implications of these results for the
recommendations made by National Teaching Standards.
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1. Introduction

Researchers, teachers, and parents have long debated which teaching practices are
best for student learning in schools. Traditionally, teachers have relied on lecturing
and repetitive practice in order to teach students basic facts and procedures. Several
reform movements during the twentieth century attempted to introduce a more student-
centered approach to teaching into schools, in which small group work and discussion
among students were supposed to take center stage. Despite these efforts, traditional
teaching practices still dominated in American classrooms by the year 1990 (Cuban,

1993). Since then, however, student-centered teaching has gained considerable support
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with the release and implementation of National Teaching Standards by various edu-
cational organizations (e.g., NCTM, 1989, 1991; NRC, 1996). These call for a shift
from traditional towards modern, student-centered teaching in schools as a way to pro-
mote students’ reasoning skills over mere factual knowledge and routine problem-solving
skills.! This emphasis on reasoning skills is motivated by the perception that such skills
are becoming increasingly important in the labor market.

A small literature in economics has examined the effects of teaching practices on
student outcomes. These studies find sizable positive impacts of traditional teaching
practices, such as lecturing and rote memorization, on test scores (Lavy, 2011; Schw-
erdt and Wuppermann, 2011). In contrast, estimates of the effects of modern teaching
practices, such as working in small groups and emphasizing real-life applications, are
comparatively small (Lavy, 2011) and sometimes even negative (Murnane and Phillips,
1981; Goldhaber and Brewer, 1997). The existing empirical evidence therefore seems to
suggest that a decreased emphasis on traditional teaching and an increased emphasis on
modern teaching in schools will lower student test scores. Does this mean that National
Teaching Standards are wrong in recommending such a change?

In this paper, I explore a more nuanced interpretation of these results. My starting
hypothesis is that traditional and modern teaching practices promote different cognitive
skills in students. In particular, I claim that just as National Teaching Standards posit,
modern teaching raises students’ reasoning skills. However, these skills are not measured
well in standardized tests. In contrast, traditional teaching fosters the knowledge of
basic facts and procedures that has historically been emphasized in schools and that is
primarily assessed in standardized tests. Such heterogeneity of the effects of traditional
and modern teaching practices across cognitive skills, if it exists, could explain the sizable
positive impact of traditional teaching and the smaller or negative effect of modern
teaching on test scores found in the literature, and it would change the way in which
these results have to be interpreted with regards to National Teaching Standards.

I test the hypothesis that traditional and modern teaching practices promote different
cognitive skills using data from the 2007 wave of the Trends in International Mathematics
and Science Study (TIMSS) for the United States. The data contains test scores for
eighth-grade students’ overall achievement in math and science as well as sub-scores
measuring performance on three segments of the test which assessed distinct cognitive
skills. One of these skills is reasoning, and the other two are factual knowledge and
competency in solving routine problems. The data also includes information on teaching
practices from a student questionnaire, which asked students to rate how often they
engaged in a range of different classroom activities in a particular subject. Referring to

National Teaching Standards, I classify activities as reflecting either a traditional or a

National Teaching Standards categorize teaching practices as “to be decreased*” or “to be increased.”
In line with the previous literature (e.g., Lavy, 2011; Schwerdt and Wuppermann, 2011), I adopt the
terminology “traditional” and “modern” teaching practices here.



modern teaching practice, and I use information on the frequency of these activities to
define two class-level indices for use of modern and use of traditional teaching practices.

I begin my analysis of the effects of teaching practices on cognitive skills by relating
the traditional and modern teaching indices to students’ overall test scores in math and
science. The empirical model exploits the fact that each student is observed twice in
the data - once in math, and once in science - in order to include student fixed effects.
This means that the impacts of teaching practices on test scores are identified from the
variation of teaching practices between the two subjects for each student. The student
fixed effects net out most potential confounding factors, such as the sorting of students
to teachers and teachers’ adjustment of teaching practices to their students’ academic
abilities. Moreover, the inclusion of a rich set of teacher-level control variables in the
regression model mitigates the concern that overall teacher quality, rather than the
teaching practices themselves, is driving the results. In line with the previous literature,
my results show that traditional teaching has a positive and significant effect on students’
overall math and science test scores, while the impact of modern teaching is close to
zero and not statistically significant.

I then estimate separately the effects of traditional and modern teaching practices on
each of the three cognitive skills for which sub-scores are available in the data. There is a
positive impact of the traditional teaching index on students’ factual knowledge and on
their competency in solving routine problems, but no significant effect on students’ rea-
soning skills. Conversely, the impact of the modern teaching index on students’ factual
knowledge and on their routine problem-solving skills is close to zero, while its estimated
impact on reasoning is positive and significant. This positive effect of modern teaching
on reasoning skills is masked in the overall test score regression because standardized
tests, both in TIMSS and elsewhere, contain relatively few questions measuring these
skills. Taken together, the results are in line with my initial hypothesis, and they suggest
that an increased emphasis on modern teaching practices and a decreased emphasis on
traditional teaching practices will lower students’ overall test scores but promote their
reasoning skills, the latter of which is the stated aim of National Teaching Standards.

This paper makes three important contributions relative to the small previous lit-
erature on the effects of teaching practices on student outcomes. First, it provides the
first comprehensive analysis of the impacts of traditional and modern teaching practices

on student test scores for the United States.? The only prior study that defines teaching

2Most previous studies based on United States data have focused either on teaching practices that
would be classified as modern by National Teaching Standards (Murnane and Phillips, 1981; Goldhaber
and Brewer, 1997) or on practices that do not fit into the framework of traditional versus modern teaching
(Kane et al., 2011; some practices in Murnane and Phillips, 1981). Schwerdt and Wuppermann (2011)
compare the impact of lecturing - an unambiguously traditional practice - with that of in-class problem
solving. While they regard the latter as a modern teaching practice, this is not necessarily how National
Teaching Standards would classify it (see the discussion in footnote 10). In a cross-national context,
Algan et al. (2013) examine the impacts of traditional and modern teaching practices on students’ social
capital.



practices in a similar way as this paper does is the analysis by Lavy (2011) for Israel.
Like in this current paper, the author uses information from a student survey on the
frequency of use of a range of classroom activities in order to define two class-level in-
dices of traditional and modern teaching. Lavy (2011) finds that both traditional and
modern teaching are positively related to student achievement, but that the impact of
traditional teaching is larger. Second, to the best of my knowledge, this is the first study
to analyze whether traditional and modern teaching practices affect different cognitive
skills in different ways. Third, in an extension of my analysis, I exploit the international
dimension of the TIMSS database in order to estimate the effects of traditional and
modern teaching practices across a large set of European and Asian countries. The sim-
ilarity between the estimates from these regressions and those obtained for the United
States lends credibility to my headline results and is evidence of their external validity.

The remainder of the paper is organized as follows. Section 2 describes the nature and
content of National Teaching Standards in more detail. Section 3 presents the data and
discusses the measurement of teaching practices and cognitive skills. Section 4 explains
the empirical strategy. Section 5 presents the headline estimates as well as results from
several robustness checks. Section 6 extends the analysis to other countries. Section 7

concludes.

2. National Teaching Standards

In its influential 1983 report A Nation At Risk, President Ronald Reagan’s National
Commission on Excellence in Education painted a grim picture of the state of the educa-
tion system in the United States. Citing falling SAT scores and disappointing results of
American students in international tests, it warned of a “rising tide of mediocrity that
threatens our very future as a Nation and a people” (NCEE, 1983, p.5). The perception
of the Commission was that the United States were falling behind other nations in terms
of economic competitiveness, and that flaws in the education system were one of the
principal reasons for this development. Consequently, the report called for large-scale
educational reform that would lead to the excellence in education needed for the country
to keep its competitive edge in global markets. One of the key elements of such reform
was supposed to be an improvement in the quality of teaching in schools.

As a response to A Nation At Risk, the National Council of Teachers of Mathematics
published the Curriculum and Evaluation Standards for School Mathematics (NCTM,
1989). Commonly referred to as the NCTM Standards, they set out a framework of
mathematical skills that students should master at different grade levels. In doing so,
they placed a strong emphasis on reasoning skills relative to mere factual knowledge and
routine problem-solving skills. This was meant to reflect the demands of the modern
labor market, in which “businesses no longer seek workers with [...] ‘shopkeeper’ arith-
metic skills [...] [but] the ability to work with others on problems, [and] the ability to

see the applicability of mathematical ideas to common and complex problems” (NCTM,



1989, p.3). According to the NCTM Standards, one of the key reforms that was needed
in order to achieve this mathematical literacy based on reasoning was a change in the
way in which mathematics was taught in schools. In particular, teachers should increase
the use of small group work, student discussions, and real-life applications of mathe-
matics in the classroom. In contrast, they should decrease the use of lecturing, routine
problem-solving, and rote memorization of facts and procedures by students.?

The NCTM Standards received considerable attention by policy makers and the
media, with the initial reactions being predominantly positive. This led the U.S. De-
partment of Education to commission other professional education bodies to develop
similar standards for other school subjects. Among these, the National Research Coun-
cil’s National Science Education Standards (NRC, 1996) - the science counterpart of the
NCTM Standards - stand out as particularly relevant to this paper. Importantly, there
is a wide agreement among standards across all subjects about how teachers should
teach (Zemelman et al., 2005). In particular, they have in common the recommendation
of a shift from traditional, teacher-centered teaching towards modern, student-centered
teaching in order to promote students’ reasoning skills.

National Teaching Standards, as the collection of the various subject standards for
teaching is often referred to, have had a considerable influence on state curricula as
well as on teacher education and professional development. Indeed, during the 1990s,
the National Science Foundation provided funding for states and districts to implement
math and science reforms that promoted instruction consistent with National Teaching
Standards under its Systemic Initiatives program. In-service teacher training, in which
teachers were taught to emphasize modern teaching practices in their classrooms, was
a key ingredient of many of these reforms (Hamilton et al., 2003). The ensuing intro-
duction of more modern teaching into schools has often been met with criticism. In
particular, many stakeholders in education fear that with the focus on student interac-
tions rather than on rote memorization and practice, students will fail to learn basic
facts and procedures.? In conclusion, the issue of the relative merits of traditional versus

modern teaching practices for raising student learning remains highly controversial.

3. Data

The empirical analysis uses data from TIMSS, an international assessment of the
math and science knowledge of fourth- and eighth-grade students. It was first carried out

by the International Association for the Evaluation of Educational Achievement (IEA)

3The proposed changes in teaching practices were later outlined in more detail in the Professional
Standards for Teaching Mathematics (NCTM, 1991). The NCTM Standards have since been updated
several times; however, their main recommendations regarding teaching practices remain unchanged.

“In mathematics, the implementation of curricula based on the NCTM Standards has led to the
so-called “math wars.” For an illustrative example of this conflict between supporters of traditional and
of modern teaching practices, see Hartocollis (2000).



in 1995 and has since been repeated every four years with a new sample of students.
A total of 63 countries participated in TIMSS across the five waves to 2011. In this
paper, I focus my attention on the nationally representative sample of United States
eighth-grade students assessed in 2007. This is the only wave that contains separate
test scores measuring achievement on the three cognitive skill dimensions used in my
analysis.”

TIMSS collects its data in a two-stage clustered sampling design. Schools are chosen
in the first stage, and one or two math classes are randomly sampled within each of
these schools in the second stage. All students in the selected classes are administered
standardized tests in math and science, and background information is obtained from
students and their teachers in both subjects via questionnaires. The sampling design
thus implies that all students are observed twice in the data - once in math, and once
in science - while teachers are usually observed only with one class. Note that students
that are in the same math class do not necessarily attend the same science class. In
particular, in 37% of schools in the data, math classes split up into several science classes,
which in turn may contain students from other (potentially not sampled) math classes
in the same school. This is advantageous in terms of the identification strategy used in
this paper because it implies a greater variation in teaching practices across subjects.
However, it also means that only a small fraction of the students in a particular science
class is observed in the data if this class contains a large number of students from non-
sampled math classes. In order to account for this complex sampling design, student

sampling weights provided with the TIMSS database are used throughout the analysis.

3.1. Sample Selection
The full sample consists of 7,377 eighth-grade students in 532 math classes and

687 science classes in 239 schools. I exclude from this sample 25 students who cannot
not be linked to their science teacher as well as 270 students who have more than one
teacher in math or in science. Furthermore, I drop 653 students in unusually small or
large classes (teacher-reported class size smaller than 10 or greater than 50) because the
interactions between teachers and students in these classes are potentially very different
from those in a class at the median of the class size distribution (24 students). Finally,
as a consequence of the sampling design used by TIMSS, very few students are observed
in some of the science classes in the sample. To guarantee a minimum of precision in
the measurement of class-level teaching practices based on student reports, I drop 372

students who are observed in classes where less than five students provided information

®My focus on eighth-grade students is explained by the fact that the data contains much more detailed
information on teaching practices for eighth-grade students than for fourth-grade students. Moreover,
fourth-grade students are typically taught by the same teacher in all subjects, which means that the
between-teacher and -subject variation in teaching practices used for identification in this paper does
not exist for them.



on teaching practices.® The final sample thus consists of 6,057 students in 425 math
classes and 462 science classes in 221 schools.”

The regressions in the later parts of this paper include as controls a rich set of
teacher and class variables drawn from the TIMSS teacher questionnaire. The teacher
variables are indicators for female teachers, age ranges 30-39, 40-49, and 50 or more
years, having majored in the subject taught, having a postgraduate (Master’s or Ph.D.)
degree, having a teaching certificate, and having 2, 3-5, or 6 or more years of teaching
experience.® The class variables are class size and teaching time in minutes per week.
Table 1 shows the means and standard deviations of these variables. In order not to
reduce the sample size any further, missing values in these variables are set to zero,
and dummies for missing values for each control variable are included in the regressions.
Results are however robust to dropping all observations with a missing value in any
of the control variables, which reduces the sample size by 36%. The results from this

reduced sample are available upon request.

3.2. Measuring Teaching Practices

I use information from the TIMSS student questionnaire in order to measure teaching
practices. The questionnaire asked students to rate on a four-point scale how often they
engaged in a range of different activities in the classroom. Importantly, all students
responded separately for math and for science, such that a student’s cognitive skills
in, say, science can be related to the teaching practices of her teacher in that same
subject. This is a notable improvement over the measurement of teaching practices in
Lavy (2011), where students indicated which share of their teachers across all subjects
employed a particular teaching practice. I assign a value of 0 to the answer “never”,
0.25 to “some lessons”, 0.5 to “about half the lessons”, and 1 to “every or almost every
lesson.” These values aim to reflect the frequency scale that is inherent in the answer
categories, and they let me interpret students’ responses as the percentage of lessons in
which a particular activity was used.

I refer to National Teaching Standards (NCTM, 1989, 1991; NRC, 1996; Zemelman
et al., 2005) in order to select those classroom activities from the student questionnaire
that can be categorized as reflecting either a traditional or a modern teaching practice. I
should note here that the list of activities that students are asked about differs somewhat
between math and science. In this paper, I focus on the three traditional and three

modern teaching practices that are available for both subjects. This ensures that results

5The response rate to the teaching practice questions was 93%.

"Results are robust to all of the sample restrictions discussed in this paragraph. Estimates for the
unrestricted sample are available upon request.

81 choose this functional form for teaching experience because prior research (Rockoff, 2004; Clotfelter
et al., 2010) has shown that the positive impact of teaching experience on student test scores is fully
accounted for by the first five years, with the first two years explaining the majority of the effect. Results
are however robust to alternative functional form assumptions such as a quadratic in experience.



are not driven by mechanical differences in the treatment variables between math and
science.? The traditional practices are listening to the teacher lecture, memorizing facts,
formulas and procedures, and working problems. The modern practices are working
in small groups, giving explanations, and relating what is learned to students’ daily
lives.!9 Table A1 presents the exact wording of the six teaching practices in the student
questionnaire separately for math and for science.

In order to gain precision in the measurement of teaching practices, 1 aggregate
students’ answers to the class level as follows. First, for each of the six teaching prac-
tices, I calculate the mean of students’ answers at the class level while leaving out each
student’s own answer.'! In a second step, I then take the average of these class-level
means across the three traditional and across the three modern teaching practices. The
resulting class-level indices of traditional and modern teaching measure the frequency,
expressed in percentage of lessons, with which a teacher employs the teaching practices
included in them. Table 2 shows the class-level means and standard deviations of the
six individual teaching practices and of the traditional and modern teaching indices. It
also presents the distribution of student responses across the four answer categories for
each teaching practice. The numbers in the table suggest that by 2007, both traditional
and modern teaching practices played an important role in American classrooms.

It is important to note that the frequency scale underlying students’ answers implies
that the two teaching practice indices do not stand in a mechanical trade-off to each
other: a ten percent increase in the traditional teaching index does not necessarily imply
that the modern teaching index decreases by the same amount. For example, a teacher
that uses a variety of traditional and modern teaching practices in all of her lessons
will score highly on both of the indices. Indeed, I find that the two indices are weakly
positively correlated with a correlation coefficient of 22%.'2 This correlation partly
reflects the fact that there is no clear time budget constraint for some of the individual
teaching practices considered here. For example, relating the content of the lesson to

students’ daily lives can be done in a variety of ways, and it is not obvious that this

9Results are qualitatively and quantitatively similar if one further modern teaching practice in math
(using a variety of solution paths to solve complex problems) and one further traditional teaching
practice in science (reading textbooks) that are available in the student questionnaire are included in the
analysis. Furthermore, results are robust to controlling for four other classroom activities that do not fit
into the broad categories of traditional and modern teaching as defined by National Teaching Standards
(reviewing homework, beginning homework in class, having a quiz or test, and using computers).

10Tt is not immediately clear whether working problems should be considered a traditional or a modern
teaching practice. While National Teaching Standards call for a reduction in the working of routine
problems and drill worksheets, they encourage the use of complex problems which require students to
reason. | decide to categorize working problems as traditional here based on its relatively high correlation
with the other traditional teaching practices (average correlation coefficient of 31%, compared to 5% for
the modern teaching practices). In Section 5.3, I show that my results do not depend on the inclusion
of this practice in either category. In the remainder of the paper, I will refer to working problems as
“working routine problems” so as to make clear that it is considered a traditional teaching practice.

" Results are robust to including each student’s own answer in the class-level mean.

2Lavy (2011) reports a correlation coefficient of 81% for his modern and traditional teaching indices.



necessarily reduces the time that a teacher can spend on, say, lecturing.

Recall that the interest of this paper is to estimate the effects of traditional and mod-
ern teaching practices on cognitive skills. The slight positive correlation between the two
teaching practice indices does not prevent this, but it does raise the question how the re-
sults should be interpreted. In my preferred specification below, I include the traditional
and modern teaching indices as multiple treatments in the same regression. This means
that the estimated coefficients reflect the effect of a rise in the traditional (modern)
teaching index on test scores, holding constant the modern (traditional) teaching index.
This counterfactual corresponds to an increase in the variety of teaching practices that
are used during a lesson, or an increase in traditional or modern teaching practices at
the expense of such practices as reviewing homework, which is neither traditional nor
modern. Section 5 also presents results from an alternative regression setup that uses
the traditional teaching index net of the modern teaching index as treatment. These
specifications measure the impact of a change in the relative frequency of use of tra-
ditional teaching practices compared to modern teaching practices. Results from these

regressions are qualitatively similar to those obtained from the headline model.

3.8. Measuring Cognitive Skills
The standardized tests in TIMSS assess students’ knowledge of the eighth-grade

math and science curricula using both multiple-choice and open-response questions. The
focus on eighth-grade curriculum knowledge rather than students’ overall knowledge of
math and science is important here as it ensures that teaching practices during eighth
grade can meaningfully influence student achievement on these tests. Two studies by
the National Center for Education Statistics (Smith Neidorf et al., 2006a,b) compare
the standardized tests in TIMSS to the eighth-grade math and science tests used in
the National Assessment of Educational Progress (NAEP), the largest nationally repre-
sentative assessment of American students. These studies find that the tests from the
two assessments are indeed very similar in terms of both content covered and cognitive
skills measured. This confirms the validity of using TIMSS test scores for measuring
eighth-grade curriculum knowledge of students in the United States.

The TIMSS math and science tests are organized around three so-called cognitive
domains, which measure distinct cognitive skills. The knowing domain focuses on stu-
dents’ ability to recall definitions and facts and to recognize known characteristics, for
example shapes of objects in math and tools and materials in science. The applying do-
main measures students’ competency in solving routine problems, which will typically
have been repetitively practiced in classroom exercises. The reasoning domain assesses
students’ capacity for logical, systematic thinking by confronting them with complex
problems set in unfamiliar contexts. Each question on the tests belongs to one of these
three domains and gives a certain number of score points if answered correctly. The

relative weight of each domain in the tests, as measured by the share of score points



attributed to it, is determined by education experts ahead of the assessment. The shares
of score points in the knowing, applying and reasoning domains are 35%, 41%, and 24%,
respectively, in math, and 37%, 41%, and 22%, respectively, in science (Ruddock et al.,
2008).

From the description in the previous paragraph, it is clear that the knowing and
applying domains measure the skills that schools have traditionally focused on, whereas
the reasoning domain measures precisely the skill that National Teaching Standards
want to promote. Note that questions assessing reasoning skills have the smallest weight,
namely less than a quarter, in the computation of the overall math and science scores.
Importantly, this low emphasis on reasoning is not an idiosyncratic characteristic of the
TIMSS assessment, but a common feature of many standardized tests. Indeed, the share
of items measuring reasoning skills in the NAEP eighth-grade math and science tests is
very similar to the one reported here (Smith Neidorf et al., 2006a,b). Also, already the
National Teaching Standards expressed concerns about the fact that commonly used
standardized tests do not measure reasoning skills well. After all, teachers have little
incentive to use modern teaching practices and to thus raise students’ reasoning skills if
this does not translate into higher test scores (see, for example, Chira, 1992).

The TIMSS database contains test scores for students’ overall achievement as well
as sub-scores for achievement on each of the three cognitive domains for both math and
science. Scores are reported in the form of five so-called plausible values, or imputed
values. This is due to the fact that like many other large-scale educational assessments,
TIMSS uses an incomplete-booklet design for its tests. That is, each individual student
in the assessment only completes a subset of items from a larger pool of questions. IEA
then applies Item Response Theory to estimate a test score distribution for each student,
and the five plausible values are random draws from this distribution. Regressions in
the later parts of this paper account for the uncertainty regarding a student’s true test
score introduced by this design feature (see Section 5.1 for details). All test scores are
standardized to have mean zero and standard deviation one in the full sample.

Perhaps not surprisingly, sub-scores for the three cognitive domains are highly corre-
lated at the student level. In particular, the correlation coefficient between the knowing
score and the applying score (the reasoning score) is 0.96 (0.93), and the correlation
coefficient between the applying score and the reasoning score is 0.93.13 A likely expla-
nation for this correlation is that students’ academic ability is an important determinant
of all three cognitive skills. Notably, the competing explanation that the three cognitive
domains measure essentially the same skills is not consistent with the result of heteroge-
neous impacts of teaching practices across them. Also, recall that the cognitive domains

were defined with the purpose of measuring distinct cognitive skills in mind.

13The reported correlation coefficients refer to correlations between the means of the five plausible
values for each cognitive domain and are averages across math and science.
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3.4. Trends in Teaching Practices in American Classrooms, 1993-2007

In this subsection, I address the question whether teaching practices in American
classrooms have actually changed with the introduction of National Teaching Standards.
To the best of my knowledge, the only existing empirical evidence on this issue comes
from a study by Smith et al. (2002), which relies on data from a repeated cross-sectional
survey of mathematics and science teachers conducted in 1993 and 2000. In the survey,
teachers were asked how frequently they employed a range of different teaching practices
in their classrooms. Two of these practices are of particular interest here: lecturing,
which is a traditional practice according to National Teaching Standards, and working
in small groups, which is a modern practice. Smith et al. (2002) find that there was
a modest decrease in the frequency of lecturing in science between 1993 and 2000. In
contrast, there were no significant changes in the frequency of working in small groups
in science, or in the frequency of use of either practice in mathematics.

One possible explanation for the small changes in teaching practices found by Smith
et al. (2002) is that the period they consider might be too short to pick up longer-
term trends. This is especially true if it takes time for curricula and textbooks to
be updated to conform with National Teaching Standards and for teachers to undergo
related training programs. The longer time horizon of TIMSS provides me with the
opportunity to augment the existing empirical evidence on recent trends in teaching
practices. Due to changes in the student questionnaire between the different waves of
the study, comparable information on all teaching practices is not available in all years.
It is however possible to track the frequency with which one modern teaching practice,
working in small groups, was used across the four waves between 1995 and 2007. In
1995, 22% of students reported working in groups in every or almost every lesson, and
this frequency rose to 23% in 1999, 26% in 2003, and 28% in 2007.* While there is no
single traditional teaching practice that appears in the student questionnaire in all of
these four waves, the fraction of students that reported listening to the teacher lecture
every or almost every lesson declined marginally from 44% to 43% between 2003 and
2007. In sum, while the evidence presented here is not conclusive, it is consistent with
the view that there has been a slow shift from traditional towards modern teaching

practices in American classrooms following the release of National Teaching Standards.

4. Empirical Strategy

The ideal experiment to estimate the effects of teaching practices on test scores would

randomly vary teaching practices across students. There are two reasons why in practice

14The labeling of the answer categories changed between the 1999 and 2003 waves. The percentages
reported here are the fraction of students reporting working in groups “almost always” in 1995 and 1999
and “every or almost every lesson” in 2003 and 2007. The figures are averages across math and science,
and the trends in both subjects were similar.
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the pairing of students and teaching practices will not be random. First, students
sort into schools and classrooms according to their (or their parents’) preferences for
particular teaching practices. For example, students with high unobserved academic
ability might sort into schools that emphasize modern teaching practices. In this case,
any naive estimate of the effect of modern teaching practices on test scores that does
not account for this sorting pattern will be biased upward. Second, it is plausible that
teachers adjust their teaching practices according to the students they face. If teaching
practices are (partially) a function of student-level determinants of test scores that are
not controlled for in the regression (such as students’ unobserved academic ability), this
will again lead to a bias in the estimated coefficient of interest.

Previous studies have addressed these issues by including student fixed effects in
the empirical model. This strategy accounts for the sorting to teaching practices across
schools and classrooms based on fixed student characteristics such as academic ability.
Moreover, under some assumptions, which are discussed in detail below, student fixed
effects also account for the adjustment of a teacher’s teaching practices to her students.
In order to include student fixed effects in the empirical model, one needs data that
contains multiple observations per student either at different points in time or in different
subjects at the same point in time. The TIMSS data with its two observations per
student (one in math, and one in science) fulfills this requirement. I exploit this feature
of the data and follow the literature in estimating a student fixed-effects model of the
impacts of traditional and modern teaching practices on students’ cognitive skills. This
means that I identify the effects of interest using the variation of teaching practices
between the two subjects for each student.!?

Section 5 presents estimates of the following empirical model:
Aijs = o+ ﬁlTTadTIijs + ,BQMOdnTIijS + st"y + A\ + €ijs, (1)

where student i’s test score in subject s taught by teacher j, A;;,, is determined by the
traditional and modern teaching practice indices, Tradl'l;js and ModnTI;;s, and by
a vector of other teacher and class characteristics, X;,. A; is the student fixed effect,
which controls for any subject-invariant student-level determinants of test scores, and
€ijs is a student-by-subject specific error term. Note that because students are observed
twice in the same school, the student fixed effect at the same time controls for any
school characteristics that influence test scores. The following section will first present
results from regressions in which A;j, is the overall math or science score. Afterwards,
A;js will then be replaced by the knowing, applying, and reasoning scores in order to
estimate separately the effects of traditional and modern teaching practices on student

achievement on each of these cognitive skills.

151dentification based on within-student between-subject variation has been used by Dee (2007), Clot-
felter et al. (2010), and Schwerdt and Wuppermann (2011), among others.
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The parameters of interest in Equation 1 are 51 and B2. The identifying assumption
is that the two teaching practice indices, Tradl'l;js and ModnTI;;s, are uncorrelated
with the error term conditional on the other regressors. One way in which this assump-
tion could be violated is if subject-specific unobservable determinants of student test
scores were correlated with the teaching practice indices. That is, the student fixed
effects in my model do not account for sorting of students to teaching practices across
schools and classrooms based on subject-specific academic ability. While this issue can-
not be definitely addressed with the data at hand, the fact that math and science are
closely related subjects which arguably require very similar skills mitigates this con-
cern here. Moreover, in a related study that also relies on between-subject variation
for identification, Clotfelter et al. (2010) provide suggestive evidence based on tracking
patterns that academic ability is indeed highly correlated across subjects. Finally, note
that any sorting based on students’ overall academic ability is of course accounted for
by the estimation strategy.

Another way in which the identifying assumption underlying the model in Equation 1
could be violated is if teachers who emphasize certain teaching practices had particular
other unobserved characteristics that promote or hinder students’ cognitive skills. For
example, it might be the case that highly motivated teachers sort into modern teaching
practices. If teacher motivation promotes student test scores via a channel other than
teaching practices, this will lead to an upward bias in the estimated coefficient on the
modern teaching index. This omitted-variable problem is a challenge faced by virtually
all studies that try to identify the effect of a particular teacher trait on student outcomes,
and there is usually no definite solution to this issue. In this paper, I partially address
this concern by controlling for a rich set of teacher and class characteristics (shown in
Table 1).

A final concern regarding the empirical strategy is that in contrast to the teacher
characteristics usually studied in the literature, teachers’ teaching practices are not a
fixed characteristic. Indeed, as already noted above, it is plausible that teachers adjust
their teaching practices according to the students they face. In order to discuss the
implications of such an adjustment for the identification strategy, it is useful to think
of teaching practices as being made up of two parts: a fixed part that varies across
teachers but not across classes for a given teacher, and a variable part that depends on
student characteristics. Clearly, if the variable part of teaching practices is a function of
students’ subject-invariant determinants of test scores only, the inclusion of student fixed
effects in Equation 1 adequately accounts for any adjustment of teaching practices on the
teacher’s part. Only if there is subject-specific academic ability at the class level, and if
the latter is an input into teaching practices, will the identifying assumption underlying

the model be violated.'® In sum, bias through the channel of teachers’ adjustment of

6Note that at the class level, individual subject-specific abilities of students will net out unless
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teaching practices to their students is likely to be minimal due to the inclusion of student
fixed effects.!”

5. Results

5.1. Teaching Practices and Overall Student Achievement

Table 3 presents estimates of the model in Equation 1 in which the dependent variable
is the overall test score in math and science. All regressions in this and in subsequent
tables control for subject fixed effects and are weighted using the student sampling
weights supplied with the TIMSS database. Furthermore, all of the estimates account
for the uncertainty regarding each student’s true test score introduced by the incomplete-
booklet design of the TIMSS tests (see Section 3.3). In particular, regressions are
run separately for each possible combination of the five plausible test score values for
math and for science, and tables report the mean coefficient estimates as well as the
average R-squared from these 25 regressions. Standard errors are adjusted upward for
the imputation variance using the formula provided in the TIMSS 2007 Technical Report
(Foy et al., 2008) and additionally allow for clustering at the class level.

Table 3 shows a positive and highly significant effect of traditional teaching practices
on overall test scores. The estimated coefficient on the traditional teaching index is
virtually identical in all of the specifications, regardless of whether it is included in
the regression as a single treatment variable (column 1) or together with the modern
teaching index in a multiple-treatment model (columns 3-5). The coefficient in my
preferred specification in column 5, which includes both teaching practice indices as
well as the full set of teacher and class controls, implies that a one standard deviation
(ten percent) increase in the traditional teaching index is associated with a 3.2% of a
standard deviation increase in the overall test score.

In contrast, the impact of modern teaching practices on overall test scores is compar-
atively small in all of the specifications in Table 3 and is never statistically significant.
The coefficient on the modern teaching index is reduced by one third when the tradi-
tional teaching index is included in the regression (column 3) as compared to when the
modern teaching index is the only treatment variable in the model (column 2). The ad-
ditional inclusion of teacher and class controls in columns 4 and 5 has very little impact

on the coefficient estimate.!® Notably, in my preferred specification in column 5, the

students systematically sort into classes based on their subject-specific abilities.

17 Another way to address the endogeneity of teaching practices arising through teachers’ adjustment
would be to use a teacher’s teaching practices as observed with other classes as a proxy for her teaching
practices in the current class. This is the strategy adopted in Kane et al. (2011). This approach is not
feasible here because teachers in the TIMSS data are usually observed only with one class.

18The fact that the coefficients on both teaching practice indices hardly change with the inclusion of
teacher and class controls suggests that there may not be strong relationship between these two sets
of variables. I confirmed this in unreported regressions of the traditional and modern teaching indices
on each of the observable teacher and class characteristics in Table 1. The estimated coefficients from
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coefficient on the modern teaching index is significantly smaller than the coefficient on
the traditional teaching index (the last row of Table 3 indicates that the null hypothesis
of equal effects can be rejected with a p value of 0.087).

The estimates in Table 3 are in line with the results found in the previous literature.
In particular, the positive effect of traditional teaching on overall test scores corroborates
similar results by Lavy (2011) and by Schwerdt and Wuppermann (2011). In contrast,
the close to zero and insignificant effect of modern teaching lies in between the negative
estimates found by Goldhaber and Brewer (1997) and by Murnane and Phillips (1981)
and the small positive estimate found by Lavy (2011). Taken at face value, the results
in Table 3 therefore imply that an increase in modern teaching and an equally large

decrease in traditional teaching will harm student achievement on standardized tests.

5.2. Teaching Practices and Cognitive Skills

Having established that the results for overall test scores are similar to those found
in the previous literature, I now examine whether the effects of traditional and modern
teaching practices are heterogeneous across the three cognitive skills assessed in the tests.
Table 4 presents estimates of models in which the dependent variable is the knowing,
applying, or reasoning score. All the regressions in this table control for the full set
of teacher and class characteristics. In order to facilitate easy comparison, column 1
reproduces the results for the overall test score from column 5 in Table 3.

Columns 2 and 3 of Table 4 present estimates for the knowing and applying score, re-
spectively. Recall that these scores measure the factual knowledge and routine problem-
solving skills that have traditionally been emphasized in schools. There is a positive and
highly significant effect of traditional teaching practices in both specifications, which is
somewhat larger than the impact found for the overall test score in column 1. The co-
efficient in column 2, for example, implies that a one standard deviation increase in the
traditional teaching index is associated with a 4.2% of a standard deviation increase in
the knowing score. In contrast, the impact of modern teaching practices on the knowing
and applying scores is almost exactly zero, and the hypothesis tests for equal effects of
the modern and traditional teaching indices reject the null for both outcomes.

Column 4 of Table 4 presents the estimates for the reasoning score, which measures
the skill that National Teaching Standards want to promote. The results in this column
stand in stark contrast to those found in the previous two columns. In particular, the
estimated coefficient on the traditional teaching index is close to zero and not statistically
significant in this regression. Instead, there is a positive and significant effect of modern
teaching on reasoning. The coefficient implies that a one standard deviation (eleven

percent) increase in the modern teaching index is associated with a 2.4% of a standard

these regressions are generally small and almost never statistically significant. A notable exception is
that teacher age is negatively associated with modern teaching, and that teacher experience is positively
related to traditional teaching and negatively related to modern teaching.
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deviation increase in the reasoning score. Note, however, that the null of equal impacts of
traditional and modern teaching cannot be rejected at conventional levels of significance
in this specification.

The results in Table 4 are in line with my initial hypothesis that traditional and
modern teaching practices promote different cognitive skills in students. The finding
that an increase in the traditional teaching index is associated with higher knowing
and applying scores makes intuitive sense. After all, the index contains the practices
of memorizing facts, formulas, and procedures and working routine problems that are
specifically aimed at increasing the factual knowledge and routine problem-solving skills
measured by these scores. Instead, the positive effect of modern teaching practices on
reasoning skills may be more surprising, especially given their small and insignificant
impact on overall test scores. The different coefficients on the modern teaching index
in columns 1 and 4 are reconciled by the fact that questions assessing reasoning skills
have the smallest weight in the computation of overall test scores in TIMSS. That is, the
positive and significant effect of modern teaching on students’ reasoning skills is masked
by its close to zero impact on factual knowledge and on routine problem-solving skills
in the overall test score regression.

What do these results imply for the recommendations of National Teaching Stan-
dards? For a start, the findings in Table 4 corroborate the idea that a greater emphasis
on modern teaching practices in schools will increase students’ reasoning skills, which
National Teaching Standards perceive as increasingly important in the labor market.
However, because questions aimed at measuring factual knowledge and routine problem-
solving skills make up the bulk of today’s standardized tests, an emphasis on modern
teaching practices at the cost of traditional teaching practices will likely lead to a de-
crease in overall test scores. Again, this is not because modern teaching practices are
generally ineffective at raising student learning; rather, they foster a very specific skill -

reasoning - that is not measured well in standardized tests.

5.8. Robustness to Alternative Measures of Teaching Practices

The teaching practice indices used in the empirical analysis so far are not the only
way in which teaching practices can be measured based on the information from the
TIMSS student questionnaire. Therefore, I now consider several alternative definitions
of traditional and modern teaching and show that my results are not sensitive to the
choice of measurement. Table 5 presents estimates from the corresponding regressions.
Results are reported for the overall test score in column 1, and for the knowing, applying,
and reasoning scores in columns 2, 3, and 4, respectively. Descriptive statistics of the
treatment variables used in this table can be found in panel A of Table A2.

In panel A of Table 5, I again define two indices of traditional and modern teaching
at the class level. However, rather than assigning values to each answer category and
computing the average of these values among all students in a given class, for each teach-

ing practice I now compute the share of students that respond engaging in it “about
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half the lessons” or “every or almost every lesson.”'® The traditional (modern) teaching
index is then defined as the average of these class-level shares across all traditional (mod-
ern) teaching practices. Panel A shows that results from specifications that use these
alternative indices as treatment variables are qualitatively and quantitatively similar to
the ones obtained in Table 4.

In panel B of Table 5, I define the gap between traditional and modern teaching as
the difference between the original traditional and modern teaching indices. The gap
can loosely be interpreted as the share of lessons in which traditional but not modern
teaching practices are used (if the gap is negative, it reflects the share of lessons in which
modern but not traditional teaching practices are used). It is therefore a measure of the
relative emphasis on traditional as compared to modern teaching practices in a given
class. Results from specifications that use the gap between traditional and modern
teaching as a treatment variable are again qualitatively similar to the ones obtained
in Table 4. In particular, the coefficient estimates in panel B imply that a greater
relative emphasis on traditional teaching increases knowing and applying scores, while
a greater relative emphasis on modern teaching increases reasoning scores, though the
latter estimate is not statistically significant.

Finally, I address the concern that some of the individual teaching practices might
be wrongly classified as traditional or modern. For example, as discussed in Section 3.2,
working problems could potentially be considered a modern teaching practice in the
context of National Teaching Standards. In order to ensure that no single, potentially
misclassified teaching practice drives the results, I exclude individual teaching practices
from the traditional and modern teaching indices one at a time and re-run the regressions
from Table 4.2° Table A3 shows that the results from these specifications are again

qualitatively and quantitatively similar to those from the headline regressions above.

5.4. Complementarities Between Traditional and Modern Teaching Practices

Traditional and modern teaching practices are typically substitutes in teaching; for
example, spending more time lecturing necessarily reduces the amount of time available
for small group work. Nevertheless, it is quite possible that these two sets of practices
are complements in the production of cognitive skills. For instance, a teacher might
introduce a new topic to her class by teaching basic facts in a lecture, only to have
students develop their reasoning skills in small group discussions based on these facts

afterwards. The policy implications of the findings in the previous subsections depend

19Tn computing these class-level shares, I again exclude each student’s own answer, although results
are not sensitive to this step. Using the share of answers falling into the “every or almost every lesson”
category gives qualitatively similar results.

29T also experimented with including each of the six teaching practices separately in regressions. The
corresponding coefficient estimates confirm that modern teaching practices are associated with higher
reasoning scores while traditional teaching practices mostly raise knowing and applying scores. However,
most of these effects are imprecisely estimated.
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in important ways on whether these kind of complementarities exist. If they do, ex-
treme combinations of teaching practices, such as using only modern and no traditional
teaching, are unlikely to yield the desired results, in this case higher reasoning skills.

In order to shed some light on this issue, I now examine the impacts of different
combinations of frequencies of use of traditional and of modern teaching practices on
cognitive skills. More specifically, I compare the effect of having a teacher who uses
a balanced mix of traditional and modern teaching practices with that of having a
teacher who uses mainly traditional or mainly modern teaching practices. To this end,
I construct an indicator for balanced teaching that takes value 1 if both the traditional
teaching index and the modern teaching index in a given class are above the 25th
percentile of their respective distributions, and 0 otherwise.?! I then use this indicator
as a treatment variable in regressions like those in Table 4.

Panel A of Table 6 shows the results from these regressions. Being exposed to a
balanced mix of traditional and modern teaching practices has a significant positive
impact on all three cognitive skills. The effect size ranges from 5.7% of a standard
deviation for the applying score to 7.1% of a standard deviation for the knowing score.
In panel B of Table 6, I further divide classes in which the mix of traditional and
modern teaching practices is not balanced into two groups: classes with traditional-
intensive teaching (traditional teaching index > modern teaching index) and classes
with modern-intensive teaching (traditional teaching index < modern teaching index).
I then estimate specifications like those in panel A that include an indicator for modern-
intensive teaching in addition to the indicator for balanced teaching. The results from
these regressions confirm that exposure to a balanced mix of traditional and modern
teaching practices raises students’ cognitive skills. The estimates also show that being
in a modern-intensive class rather than a traditional-intensive class has no significant
effect on knowing and applying scores, but a modest positive effect on reasoning scores.

The results in Table 6 point to the existence of complementarities between traditional
and modern teaching practices in the production of cognitive skills. In combination with
the results in Table 4, this suggests that while increasing the amount of modern teaching
can be expected to raise students’ reasoning skills, the optimal combination of teaching

practices for improving these skills will also include some traditional teaching.

6. International Evidence

The debate whether traditional or modern teaching practices are better for student
learning in schools is not exclusive to the United States. In Israel, for example, a recent

reform calls for a reduction in the use of traditional teaching practices at the post-

21Gixty percent of students are in classes where the combination of teaching practices is balanced
according to this definition. Using the 20th percentile or the 33rd percentile as cutoff points gives
qualitatively similar results.
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primary level (Lavy, 2011). In contrast, the English Education Secretary Michael Gove
has been calling for a return to traditional teaching in schools (Walker, 2012). In this
section, I exploit the international dimension of TIMSS in order to analyze the effects
of teaching practices on cognitive skills in other countries. This is an interesting topic
in its own right, and it will provide an insight into the external validity of the results
obtained for the United States.

The analysis focuses on nine advanced economies (as defined by the International
Monetary Fund) that participated in TIMSS 2007: three Anglo-Saxon economies (Aus-
tralia, England, and Scotland), Israel, and five East and Southeast Asian economies
(Hong Kong, Japan, Singapore, South Korea, and Taiwan). For each of these countries
and territories, I draw a sample of students using the same sampling criteria as for the
United States above. I then pool the samples of the Anglo-Saxon countries and Israel
on the one hand, and of the five East and Southeast Asian countries on the other hand.
This classification reflects the idea that educational production, including the effects of
teaching practices, might work differently in the more rarely studied Asian education
systems. Panel B of Table A2 shows means and standard deviations of the traditional
and modern teaching indices for these two groups of countries.??

Table 7 presents estimates of Equation 1 for the three Anglo-Saxon countries and
Israel and for the five East and Southeast Asian economies. All regressions in this table
control for the full set of teacher and class characteristics as well as for country-by-
subject dummies in order to allow for systematic differences in achievement in a given
subject across countries. Panel A shows estimates from the pooled sample of the three
Anglo-Saxon countries and Israel which are qualitatively similar to those obtained for
the United States. The heterogeneity of the effects of traditional and modern teaching
practices across cognitive skills is even starker here than it is in Table 4. This is reflected
by the fact that the null hypothesis of equal impacts of the two treatment variables can
be rejected in all of the specifications, with traditional teaching having a significantly
more positive effect on overall, knowing, and applying scores, and modern teaching
having a significantly more positive impact on reasoning scores.

Estimates from the pooled sample of the five East and Southeast Asian economies in
panel B of Table 7 are also qualitatively and quantitatively similar to those obtained for
the United States, although the different impacts of traditional and modern teaching are
somewhat less pronounced than for the countries considered in panel A. Finally, panel C
presents estimates from the pooled sample of all countries including the United States.

The results are again very similar to the ones obtained in Table 4.23 Due to the large

22The Data Appendix provides additional details regarding the choice of countries and the construction
of the country samples.

28Results from country-by-country regressions are also qualitatively similar to those presented in
Table 4. In particular, in specifications where the dependent variable is the knowing (applying) score,
the estimated coefficient on traditional teaching is greater than the estimated coefficient on modern
teaching in seven out of ten (nine out of ten) countries. In regressions where the dependent variable

19



sample size, the effects are very precisely estimated, and the null hypothesis of equal
impacts of traditional and modern teaching can easily be rejected in all specifications. In
conclusion, the evidence presented here suggests that traditional and modern teaching
practices have very distinct impacts on students’ cognitive skills beyond the specific
setting of the United States.

7. Conclusion

There is an ongoing debate about the relative merits of traditional versus modern
teaching for raising student learning in schools. Recent economic evidence suggests that
traditional teaching practices, such as lecturing and rote memorization, are associated
with higher student test scores, while modern teaching practices, such as working in
small groups and having student discussions, are at best associated with smaller test
score gains. These results cast doubt on the usefulness of National Teaching Standards
in the United States, which call for a shift in emphasis from traditional towards modern
teaching in classrooms.

In this paper, I provide the first evidence that traditional and modern teaching prac-
tices promote different cognitive skills in students. In particular, traditional teaching
practices foster factual knowledge and competency in solving routine problems, skills
that have traditionally been emphasized in schools. In contrast, modern teaching prac-
tices promote reasoning, which is precisely the skill that National Teaching Standards
want to foster. I document that only a small fraction of the questions in standardized
tests, both in TIMSS and elsewhere, measure students’ reasoning skills. The modest or
negative impacts of modern teaching practices on test scores that were documented in
the previous literature are therefore not due to general ineffectiveness of these practices,
but due to the design of standardized tests, which give little weight to the reasoning
skills that they promote.

The identification strategy based on student fixed effects controls for most factors
which could potentially confound my results. Nevertheless, not all potential biases
(e.g., due to unobserved correlated teacher traits) can be eliminated, which implies
that caution should be exercised when it comes to formulating policy recommendations.
Keeping this caveat in mind, the results in this paper suggest two novel implications
for education policy. First, the fact that teaching practices are a potentially important
determinant of student learning implies that instructing teachers to emphasize modern
teaching might be a useful way to increase reasoning skills among students. Second, if
policy makers and educators are serious about promoting reasoning skills over factual

knowledge and routine problem-solving skills, standardized tests need to be adapted to

is the reasoning score, the coefficient on traditional teaching is smaller than the coefficient on modern
teaching in eight out of ten countries. However, many of these individual-country results are less precisely
estimated than those for the United States due to smaller sample sizes.
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give more weight to questions that measure these skills. Otherwise, teachers and schools
have little incentive to employ modern teaching practices and to thus promote reasoning
if their goal is to raise test scores.

Finally, an important issue that this paper has not been able to address is that
of the potential effects of traditional and modern teaching practices on non-cognitive
skills. It seems plausible that modern teaching in particular, with its emphasis on
student interactions, promotes non-cognitive skills such as the ability to work in teams.
Recent evidence by Algan et al. (2013), which shows that modern teaching practices
foster trust between students, already points in this direction. However, more research

on this topic is clearly desirable.

Data Appendix

Forty-nine countries and territories participated in the assessment of eighth-grade
students in TIMSS 2007. From these, I select the sixteen advanced economies (as defined
by the International Monetary Fund) other than the United States for my analysis in
Section 6. In five of these economies, science is taught as a series of separate subjects
(biology, chemistry, physics, etc.) rather than as an integrated subject. Unfortunately,
separate test scores by cognitive domain are available in the data only for integrated
science. I therefore have to exclude these five economies from the study. Moreover, all
students in Italy and 62% of students in Norway have the same teacher in math and
in science. These countries therefore lack the necessary within-student between-subject
variation in teaching practices and have to be excluded from the analysis. This leaves
me with the following nine economies: Australia, England, Scotland, Israel, Hong Kong,
Japan, Singapore, South Korea, and Taiwan.

For each of these countries and territories, I select the sample in the same way as I
did for the United States (see Section 3.1). This reduces the sample size by more than
40% in England, Scotland, and Israel (the average decrease in sample size in the other
six economies is 17%). The principal reason for this reduction is that many students
in these countries have several science teachers, and that students with more than one
teacher in either subject are excluded from the sample. The rationale for this step is
that these students’ responses to the classroom activity questions reflect the teaching
practices of all of their teachers in a given subject rather than those of a specific teacher
(recall that students were asked about classroom activities in a given subject rather
than with a specific teacher). In unreported regressions, I find that the results both for
the United States and for the nine countries and territories considered in Section 6 are

robust to keeping students who have several teachers per subject in the sample.
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Table 1
Descriptive Statistics: Teacher and Class Characteristics

Mean SD

Teacher characteristics
Female 0.63 0.48

Age (base: <30 years)
30-39 years 0.29 0.45
40-49 years 0.25 0.43
>50 years 0.28 0.45
College major in subject taught 0.71 0.45
Postgraduate degree 0.59 0.49
Teaching certificate 0.97 0.17

Teaching experience (base: 1 year)®

2 years 0.04 0.20
3-5 years 0.17 0.38
>5 years 0.72 0.45

Class characteristics
Class size 24.50 6.74
Teaching time per week (minutes) 239.21 72.45

* Because the TIMSS teacher questionnaire was administered at the end
of the school year, all teachers in the sample have at least one year of
teaching experience.



Table 2
Descriptive Statistics: Teaching Practices

Distribution of students' answers (%)

about half (almost)
Mean SD never some lessons  the lessons  every lesson

Traditional teaching index 0.63 0.10

We listen to the teacher lecture 0.62 0.14 8.35 22.15 26.07 43.43

We memorize facts, formulas, and procedures ~ 0.62 0.15 5.63 23.95 29.56 40.85

We work (routine) problems 0.66 0.13 3.37 19.06 33.02 44.55
Modern teaching index 0.53 0.11

We work in small groups 0.49 0.21 12.46 32.58 27.98 26.98

We give explanations 0.65 0.14 5.39 21.09 28.48 45.04

We relate what is learned to our daily lives 0.44 0.13 16.75 38.84 26.35 22.06

Notes: Class-level means of individual teaching practices exclude each student's own answer and are computed by assigning a value of 0 to the answer “never”,
0.25 to “some lessons”, 0.5 to “about half the lessons”, and 1 to “every or almost every lesson.” The traditional (modern) teaching index is constructed as the
average of these class-level means across the three traditional (across the three modern) teaching practices.



Table 3
Teaching Practices and Overall Student Achievement

) ) 3) “ )
Traditional teaching index 0.328 0.317** 0.307 ** 0.317**

(0.094) (0.097) (0.094) (0.095)
Modern teaching index 0.105 0.065 0.064 0.058
(0.097) (0.099) (0.099) (0.100)

Teacher controls Y Y

Class controls Y
Number of students 6,057 6,057 6,057 6,057 6,057
Average R-squared 0.912 0.912 0.912 0.912 0.913
H,: TradTI = ModnTI (p value) 0.103 0.107 0.087

Notes: Results from student fixed-effects regressions with the standardized overall test score as the dependent variable.
All regressions control for subject dummies and are run separately for each possible combination of the five plausible
test score values for each subject. The table reports the mean coefficient estimates as well as the the average R-squared
from these 25 regressions. Teacher and class controls are listed in Table 1. Standard errors in parentheses are adjusted
for the imputation variance and are robust to clustering at the class level. ** p <0.01, * p <0.05, ~p <0.1.



Table 4
Teaching Practices and Cognitive Skills

Overall Knowing  Applying Reasoning

D ) 3) “)
Traditional teaching index 0.317** 0.418** 0.359 ** 0.036
(0.095) (0.130) (0.129) (0.132)
Modern teaching index 0.058 0.007 -0.014 0.221~
(0.100) (0.102) (0.108) (0.114)
Teacher controls Y Y Y Y
Class controls Y Y Y Y
Number of students 6,057 6,057 6,057 6,057
Average R-squared 0.913 0.856 0.853 0.824
H,: TradTI = ModnTI (p value) 0.087 0.020 0.036 0.327

Notes: Results from student fixed-effects regressions with the overall/knowing/applying/reasoning score
as the dependent variable (column 1/2/3/4, respectively). All regressions control for subject dummies
and are run separately for each possible combination of the five plausible test score values for each
subject. The table reports the mean coefficient estimates as well as the the average R-squared from these
25 regressions. Teacher and class controls are listed in Table 1. Standard errors in parentheses are
adjusted for the imputation variance and are robust to clustering at the class level. ** p < 0.01,
*p<0.05,~p<0.1.



Table 5

Robustness to Alternative Measures of Teaching Practices

Overall Knowing  Applying Reasoning

(1) 2 3) 4)

Traditional teaching index

Modern teaching index

Average R-squared
H,: TradTI = ModnTI (p value)

TradTI — ModnTI

Average R-squared

(A) Share of answers > “about half the lessons”

0.270%*  0315%%  0283%%  0.087
(0.085)  (0.114)  (0.101)  (0.113)

0.044 0.024 -0.020 0.228*

(0.075)  (0.084)  (0.088)  (0.091)
0.913 0.856 0.853 0.825
0.073 0.054 0.034 0.400

(B) Gap between traditional and modern teaching

0.103 0.176* 0.162~  -0.110
(0.077)  (0.087)  (0.088)  (0.094)
0.912 0.856 0.853 0.824

Notes: Results from variations of the specifications used in Table 4. In panel A, the traditional (modern)
teaching index measures the share of students that report engaging in traditional (modern) classroom
activities “about half the lessons” or “every or almost every lesson.” In panel B, the treatment variable is
the difference between the traditional and the modern teaching index. The number of students is 6,057
in all regressions. See the notes to Table 4 for additional controls included in all of the specifications.
Standard errors in parentheses are adjusted for the imputation variance and are robust to clustering at the
class level. ** p <0.01, * p <0.05, ~p <0.1.



Table 6

Complementarities Between Traditional and Modern Teaching Practices

Overall Knowing  Applying Reasoning

(1) () 3) “4)

Balanced teaching

Average R-squared

Balanced teaching

Modern-intensive teaching

Average R-squared

(A) Balanced vs. unbalanced teaching

0.056%*  0.071%*  0.057* 0.062 *
(0.019)  (0.025)  (0.026)  (0.026)

0.912 0.856 0.853 0.825

(B) Balanced vs. unbalanced modern-intensive
vs. unbalanced traditional-intensive teaching

0.061%%  0.073%*  0.059% 0.081 %
(0.020) (0.026) (0.027) (0.029)

0.019 0.007 0.008 0.068~
(0.028) (0.033) (0.031) (0.039)
0.912 0.856 0.853 0.825

Notes: Results from variations of the specifications used in Table 4. In panel A, the indicator for
balanced teaching takes value 1 if both the traditional teaching index and the modern teaching index
in a given class are above the 25th percentile of their respective distributions, and 0 otherwise. In
panel B, classes for which this indicator is 0 are further divided into traditional-intensive and
modern-intensive classes based on whether the traditional or the modern teaching index is greater.
The number of students is 6,057 in all regressions. See the notes to Table 4 for additional controls
included in all of the specifications. Standard errors in parentheses are adjusted for the imputation
variance and are robust to clustering at the class level. ** p <0.01, * p <0.05, ~p <0.1.



Table 7
Teaching Practices and Cognitive Skills: International Evidence

Overall Knowing  Applying Reasoning
(1 ) 3) 4)

(A) Other Anglo-Saxon countries + Israel

Traditional teaching index 0.392%* 0.651 ** 0.411**  -0.105
(0.081) (0.129) (0.116) (0.125)
Modern teaching index -0.019 -0.130 -0.122 0.324 **
(0.078) (0.104) (0.104) (0.106)
Average R-squared 0.913 0.851 0.852 0.822
H,: TradTI = ModnTI (p value) 0.001 0.000 0.002 0.018

(B) East and Southeast Asian countries

Traditional teaching index 0.340** 0.437 0.372 0.103
(0.088) (0.129) (0.118) (0.143)
Modern teaching index 0.144~ 0.025 0.137 0.367 *x*
(0.084) (0.116) (0.100) (0.105)
Average R-squared 0.913 0.848 0.861 0.829
H,: TradTI = ModnTI (p value) 0.170 0.048 0.207 0.201

(C) All countries pooled

Traditional teaching index 0.362 ** 0.530%** 0.392** 0.011
(0.051) (0.073) (0.066) (0.076)
Modern teaching index 0.048 -0.047 -0.007 0.313**
(0.048) (0.061) (0.063) (0.067)
Average R-squared 0.913 0.850 0.857 0.826
H,: TradTI = ModnTI (p value) 0.000 0.000 0.000 0.006

Notes: Results from specifications as reported in Table 4 run on the samples of eighth-grade students
from other countries participating in TIMSS 2007. Countries in panel A: Australia, England, Scotland,
and Israel (9,126 students). Countries in panel B: Hong Kong, Japan, Singapore, South Korea, and
Taiwan (17,110 students). Countries in panel C: all countries in panels A and B and the United States
(32,293 students). All regressions include country-by-subject fixed effects in addition to the controls
mentioned in the notes to Table 4. Standard errors in parentheses are adjusted for the imputation
variance and are robust to clustering at the class level. ** p <0.01, * p <0.05, ~p <0.1.



Table A1
Traditional and Modern Teaching Practices in Math and Science in the TIMSS Student Questionnaire

Traditional Teaching Practices in Mathematics Traditional Teaching Practices in Science

We listen to the teacher give a lecture-style presentation. We listen to the teacher give a lecture-style presentation.
We memorize formulas and procedures. We memorize science facts and principles.

We work problems on our own. We work problems on our own.

Modern Teaching Practices in Mathematics Modern Teaching Practices in Science

We work together in small groups. We work in small groups on an experiment or investigation.
We explain our answers. We give explanations about what we are studying.

We relate what we are learning in mathematics to our daily lives. We relate what we are learning in science to our daily lives.

Notes: Students responded to the question, “How often do you do these things in your mathematics lesson (in your science lesson)?” Possible answers are “never”,
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“some lessons”, “about half the lessons”, and “every or almost every lesson.”



Table A2
Additional Descriptive Statistics

N Mean SD

(A) Treatments used in Table 5

Share of answers > “about half the lessons”
Traditional teaching index 6,057 0.71 0.12
Modern teaching index 6,057 0.58 0.15

Gap between traditional and modern teaching
TradTI — ModnTI 6,057 0.11 0.13

(B) Treatments used in Table 7

Other Anglo-Saxon countries + Israel

Traditional teaching index 9,126 0.56 0.12

Modern teaching index 9,126 0.47 0.10
East and Southeast Asian countries

Traditional teaching index 17,110 0.54 0.10

Modern teaching index 17,110 0.41 0.12

All countries pooled
Traditional teaching index 32,293 0.56 0.11
Modern teaching index 32,293 0.44 0.12




Table A3

Robustness of Results to the Exclusion of Individual Teaching Practices

Overall Knowing  Applying Reasoning
) ) 3) “
Traditional teaching index ex- 0.332%* 0.429 ** 0.381**  -0.047
cluding listening to lectures (0.080) (0.105) (0.110) (0.129)
Modern teaching index 0.084 0.042 0.016 0.228*
(0.097) (0.101) (0.107) (0.113)
Traditional teaching index ex- 0.166~ 0.214~ 0.169 0.060
cluding memorizing (0.091) (0.112) (0.117) (0.115)
Modern teaching index 0.080 0.036 0.013 0.218~
(0.099) (0.103) (0.109) (0.112)
Traditional teaching index ex- 0.232 ** 0.318* 0.273* 0.072
cluding working problems (0.080) (0.118) (0.107) (0.111)
Modern teaching index 0.048 -0.008 -0.026 0.209~
(0.102) (0.104) (0.109) (0.115)
Traditional teaching index 0.350 % 0.494 ** 0.390 ** 0.039
(0.099) (0.138) (0.135) (0.133)
Modern teaching index ex- -0.065 -0.217~ -0.097 0.102
cluding working in groups (0.096) (0.115) (0.113) (0.111)
Traditional teaching index 0.324 #x* 0.415%* 0.356%* 0.063
(0.093) (0.129) (0.128) (0.130)
Modern teaching index ex- 0.063 0.071 0.012 0.197*
cluding giving explanations (0.076) (0.091) (0.097) (0.096)
Traditional teaching index 0.316%x* 0.409 *x* 0.354 0.052
(0.094) (0.130) (0.129) (0.131)
Modern teaching index ex- 0.095 0.080 0.021 0.185~
cluding relating to daily lives  (0.080) (0.080) (0.084) (0.096)

Notes: Results from variations of the specifications in Table 4 in which one teaching practice is excluded
from the treatment variables at a time. The results presented here are drawn from a total of 24 different
specifications (six teaching practices to exclude times four dependent variables). The number of students
is 6,057 in all regressions. See the notes to Table 4 for additional controls included in all of the
regressions. Standard errors in parentheses are adjusted for the imputation variance and are robust to
clustering at the class level. ** p <0.01, * p <0.05, ~p <0.1.
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