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CHAPTER 1
Introduction

he broad purpose of the 1998-2000 Third International Mathematics and Science

Study Video Study (hereafter, TIMSS 1999 Video Study) was to investigate and
describe teaching practices in eighth-grade mathematics and science in a variety of
countries. It is a supplement to the TIMSS 1999 student assessment, a successor to
TIMSS 1995.! The TIMSS 1999 Video Study expanded on the earlier 1994-1995
(hereafter 1995) TIMSS Video Study (Stigler et al. 1999) by investigating teaching in
science as well as mathematics and sampling classroom lessons from more countries
than the TIMSS 1995 Video Study. Although data were collected at the same time,
the mathematics and science portions of the TIMSS 1999 Video Study are reported
separately. The results for the mathematics portion are presented in this report.
Results for the science portion will be published at a later date.

The TIMSS 1995 Video Study included only one country with a relatively high score
in eighth-grade mathematics as measured by TIMSS—]Japan. It was tempting for
some audiences to prematurely conclude that high mathematics achievement is pos-
sible only by adopting teaching practices like those observed in Japan. The TIMSS
1999 Video Study addressed this issue by sampling eighth-grade mathematics lessons
in more countries—both Asian and non-Asian countries—where students per-
formed well relative to the United States on the TIMSS 1995 mathematics
assessments.? Countries participating in the mathematics portion of the TIMSS 1999
Video Study were Australia, the Czech Republic, Hong Kong SAR,? the Netherlands,
Switzerland, and the United States. Japan, which participated in the science portion
of the TIMSS 1999 Video Study, did not participate in the mathematics portion.
However, the Japanese mathematics lessons collected for the TIMSS 1995 Video
Study were re-analyzed as part of the TIMSS 1999 Video Study and are included in
many of the analyses presented in this report.

In addition to the broad purpose of describing teaching in seven countries, including
a number with records of high achievement in eighth-grade mathematics, the TIMSS
1999 Video Study had the following research objectives:

* To develop objective, observational measures of classroom instruction to serve as
appropriate quantitative indicators of teaching practices in each country;

ITIMSS was conducted in 1994-95 and again in 1998-99. For convenience, reference will be made to TIMSS 1995 and
TIMSS 1999 throughout the remainder of the report. In other documents, TIMSS 1999 is also referred to as TIMSS-R
(TIMSS-Repeat).

2All of the countries that participated in the study performed well on the TIMSS 1995 grade 8 mathematics assessment in
comparison to the United States in 1995 and were, in most cases, among the top-performing nations. Based on the results
of the TIMSS 1999 grade 8 mathematics assessment, only the Czech Republic experienced a significant change in achieve-
ment between 1995 and 1999. The average mathematics achievement of eighth-graders in the Czech Republic was lower
in 1999 than in 1995, and was not measurably different from the United States (Gonzales et al. 2000).

3For convenience, in this report Hong Kong SAR is referred to as a country. Hong Kong is a Special Administrative Region
(SAR) of the People’s Republic of China.
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* To compare teaching practices among countries and identify similar or different lesson fea-
tures across countries; and

* To describe patterns of teaching practices within each country.

Building on the interest generated by the TIMSS 1995 Video Study, the TIMSS 1999 Video Study
had a final objective regarding effective use of the information:

* To develop methods for communicating the results of the study, through written reports and
video cases, for both research and professional development purposes.

The TIMSS 1999 Video Study was funded by the National Center for Education Statistics
(NCES), the U.S. Department of Education’s Fund for the Improvement of Education, and the
National Science Foundation (NSF). It was conducted under the auspices of the International
Association for the Evaluation of Educational Achievement (IEA), based in Amsterdam, the
Netherlands. Support for the project also was provided by each participating country through
the services of a research coordinator who guided the sampling and recruiting of participating
teachers. In addition, Australia and Switzerland contributed direct financial support for data col-
lection and processing of their respective sample of lessons.

The current report focuses on the findings of the mathematics portion of the TIMSS 1999 Video
Study with brief descriptions of the methods used (see appendix A). A detailed description of
the methods of the mathematics portion of the TIMSS 1999 Video Study will be presented in an
accompanying technical report released separately (Jacobs et al. forthcoming). A report on analy-
ses of the science lessons also will be released separately, along with a supplementary technical
report focusing on the science component of the study. A report focusing on comparisons of
eighth-grade mathematics teaching in the United States based on the data collected for both the
1995 and 1999 Video Studies is also planned. The results in this report are presented from an
international perspective. Individual countries may choose to issue country-specific reports at a
later date.

Studying Classroom Teaching Across Countries
Why Study Teaching?

The reason for conducting a study of teaching is quite straightforward: to better understand, and
ultimately improve, students’ learning, one must examine what happens in the classroom. The
classroom is the place intentionally designed to facilitate students’ learning. Although relation-
ships between classroom teaching and learning are complicated, it is well documented that
teaching makes a difference in students’ learning (Brophy and Good 1986; Hiebert 1999;
National Research Council 1999). Research on teaching can stimulate discussions of ways to
improve classroom learning opportunities for students.

Observing that teaching influences students’ learning is not the same as claiming that teaching is
the sole cause of students’ learning. Many factors, both inside and outside of school, can affect
students’ levels of achievement (National Research Council 1999; Floden 2001; Wittrock 1986).
In particular, eighth-graders” achievement in mathematics is the culmination of many past and
current factors. For these reasons, no direct inferences can or should be made to link
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descriptions of teaching in the TIMSS 1999 Video Study with students’ levels of achievement as
documented in TIMSS 1999 (Martin et al. 2000; Mullis et al. 2000). Moreover, in most of the
participating countries the videotaped classrooms are not the same ones in which students took
the achievement tests.

Why Study Teaching in Different Countries?

If direct connections between classroom teaching and learning are difficult to draw, and if it is
premature to conclude that the instructional practices used in high-achieving countries are
responsible for students’ learning, why study teaching in different countries and why bother to
select countries with high levels of achievement? This is a key question because some readers
might expect to find in this report descriptions of “correct” or at least “exemplary” teaching. That
is, why can’t researchers just identify the high-achieving countries, videotape their classrooms,
and then assume that the teaching they see reflects best practice? As noted above, it’s not that
simple. This being the case, why bother to study these instructional practices? There are at least
four reasons.

Reveal one’s own practices more clearly

When everyday routines and practices are so culturally common that most people do things in
the same way, they can become invisible (Geertz 1984). To the extent they are noticed, everyday
practices can appear as the natural way to do things rather than choices that can be re-examined.
A powerful way to notice the practices of one’s own culture is by observing others, which is a
common outcome of cross-cultural, comparative research (Ember and Ember 1998; Spindler
1978; Whiting 1954). Just as when people travel abroad and encounter strikingly different social
roles and norms, comparative studies can reveal what is taken for granted in one’s own culture.

So it also seems with teaching. Studying teaching practices different from one’s own can reveal
taken-for-granted and hidden aspects of teaching (Stigler and Hiebert 1999; Stigler, Gallimore,
and Hiebert 2000). Because seeing one’s own practices is a first step toward re-examining them
(Carver and Scheier 1981; Tharp and Gallimore 1989), and ultimately improving them, this is a
non-trivial benefit of cross-cultural and comparative studies of teaching.

Discover new alternatives

Looking at other cultures might not only help to see oneself more clearly, it might also suggest
alternative practices. Although variation exists within cultures, truly distinctive teaching practices
are the exception, by definition. Based on different beliefs and different expectations, teachers in
other cultures might have developed entirely different teaching practices. This is, in fact, what
was seen in the TIMSS 1995 Video Study (Stigler et al. 1999). Teaching in Japan looked different
from teaching in Germany or the United States. Japanese teachers frequently posed mathematics
problems that were new for their students and then asked them to develop a solution method on
their own. After allowing time to work on the problem, Japanese teachers engaged students in
presenting and discussing alternative solution methods and then teachers summarized the math-
ematical points of the lesson. Especially revealing was the way in which these features were
combined into a pattern or system that characterized a distinctive method of teaching observed
in eighth-grade Japanese mathematics lessons. These features of practice offer an alternative to
those seen in the United States and Germany.
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Stimulate discussion about choices within each country

Alternative practices discovered in other countries might not transpose readily across cultures.
They might be based on cultural conditions that do not exist in other countries. But, seeing one-
self more clearly by comparing practices across cultures, and seeing alternative practices, can
underscore the idea that classroom practices are the result of choices; they are not inevitable.
Choices that have been made in the past can be re-examined in a new light.

Statistical findings about between-country differences in teaching practices, along with video-
tapes illustrating the nature of these practices, can promote public discussion about classroom
teaching. Why are particular teaching practices so common, should these methods be retained,
what other choices can be made, and what conditions might support the move toward different
teaching practices? These questions can be addressed with new eyes and with new information.

Deepen educators’ understanding of teaching

Although research on teaching, and specifically research on mathematics teaching, has a long
history (e.g., see the assortment of “Handbooks” that address issues of teaching such as Bishop et
al. 1996; English 2002; Grouws 1992; Richardson 2001; Wittrock 1986), it still is difficult to form
research-based hypotheses about the specific features of teaching that most influence students’
opportunities to learn. This is likely due, in part, to the complex interactions among features and
the different kinds of learning that different configurations of features support. Consider, for
example, the number of mathematics problems that are solved during a single lesson. Is students’
learning facilitated more by solving lots of problems or by solving few problems? It seems to
depend on the nature and rigor of the problem content, the learning goals established, the teach-
ing practices used, and how the problems are solved (Hiebert and Wearne 1993; Leinhardt 1986).

Cross-cultural studies of teaching provide information about different systems of teaching and
different ways in which the basic ingredients of teaching can be configured (Stigler et al. 2000).
Comparative findings can help researchers construct more informed hypotheses about the ways
different instructional practices might influence learning. These hypotheses can then form the
basis of future research that specifically seeks to determine what matters.

Why Study Teaching Using Video?

Traditionally, attempts to measure classroom teaching on a large scale have used teacher ques-
tionnaires. Questionnaires are economical and simple to administer to large numbers of
respondents and usually can be transformed easily into data files that are ready for statistical
analysis. However, using questionnaires to study classroom practices is problematic because it
can be difficult for teachers to remember classroom events and interactions that happen quickly,
perhaps even outside of their conscious awareness. Moreover, different questions can mean dif-
ferent things to different teachers (Stigler et al. 1999).

Direct observation of classrooms overcomes some of the limitations of questionnaires but
important limitations remain. Significant training problems arise when used across large sam-
ples, especially across cultures. A great deal of effort is required to assure that different observers
are recording behavior in comparable ways. In addition, and like questionnaires, the features of
teaching being investigated must be decided ahead of time. Although new categories might occur
to observers during the study, the earlier lessons cannot be re-observed.
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Video offers a promising alternative for studying teaching (Stigler et al. 2000). Although video-
taping classroom lessons brings its own challenges, the method has significant advantages over
other means of recording data for investigating teaching.

Video enables the study of complex processes

Classrooms are complex environments, and teaching is a complex process. Humans can attend to
a limited amount of information at any one time. It is impossible to detect, in real time, all of
the important classroom events and interactions. By using video it is possible to capture the
simultaneous presentation of curriculum content and execution of teaching practices. Video
enables investigators to parse data analysis into more manageable portions. Observers can code
video in multiple passes, coding different dimensions of teaching in each pass. And each pass can
be slowed down—by viewing the same event many times. This allows coders to describe what is
happening in greater detail than if they were conducting live observations, and thus permits a
greater variety of analyses.

Video increases inter-rater reliability, decreases training difficulties

Video also enables solutions to problems of inter-rater reliability that are difficult to resolve in
the context of live observations, especially with cross-cultural studies and classrooms that are
thousands of miles apart. Researchers from different geographic locations and different cultural
and linguistic backgrounds can work together, in the same location, to develop codes and estab-
lish their reliability using a common set of video data. Inter-rater disagreements can be resolved
based on re-viewing the video, turning such disagreements into valuable training opportunities.
And, the same segments of video can be used for training all observers, increasing the likelihood
that coders will apply definitions in comparable ways.

Video enables coding from multiple perspectives

Teaching is so complex, especially when spread across seven countries, that no one person has
the knowledge and skills to analyze it fully. Video allows researchers with different areas of
expertise and points of view to examine the same lessons. The eighth-grade mathematics video
lessons collected for this study were analyzed by native speakers from each country who were
familiar with schooling in each country, mathematics educators who have studied learning and
teaching in the middle grades, mathematicians who were familiar with educational issues, and
specialists in language translations and linguistic analyses.

Video stores data in a form that allows new analyses at a later time

Most survey data lose their value over time. Researchers decide what questions to ask and how to
code responses based on theories that are prevalent at the time. When new questions arise, con-
ventional data, such as questionnaires, provide only limited opportunities to conduct follow-up
investigations. In contrast, video data provide a relatively cost-effective way to conduct later
investigations that focus on questions entirely different than those addressed when the video
recordings were collected. Video data can be re-coded in many different ways, for many different
purposes, and analyzed as theories and questions change over time, giving them a longer shelf
life than data recorded on paper. Re-coding the Japanese sample of videotapes collected in the
TIMSS 1995 Video Study with the new TIMSS 1999 coding scheme illustrates this benefit.
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Video facilitates integration of qualitative and quantitative information

Video makes it possible to merge qualitative and quantitative analyses in a way not possible with
other kinds of data. This often occurs through a “cycle of analysis” that continually links qualita-
tive descriptions with quantitative coding and analysis (Jacobs, Kawanaka, and Stigler 1999). In
this study, the process often began with a qualitative analysis of a few lessons. In-depth discus-
sions produced hypotheses, informed by previous research, about the comparative nature of
teaching across countries or about the relations among parts of lessons within countries.
Hypotheses were then tested quantitatively by coding a larger sample of lessons. Results were
examined and hypotheses were refined or abandoned, and new questions were asked. After mul-
tiple codes were applied and results analyzed quantitatively, qualitative descriptions were used to
recompose the findings into meaningful constructs. In this way, the cycle moved from observing
to generating to coding to evaluating and then full circle back to observing.

Video facilitates communication of the results

It is also possible, with video, to report research results using concrete, “real” examples. The
video clips that accompany this report provide a richer sense of what the codes mean and a con-
crete basis for interpreting the quantitative findings. The clips provide observable definitions of
many of the codes used to analyze the lessons (see CD-ROM that accompanies this report). Such
video-enhanced definitions can, over time, provide educators with a set of shared referents for
commonly used descriptors, such as “problem solving.” This could yield a shared language of
classroom practice, an essential tool in building a widely shared professional knowledge base for
teaching. In the long run, a shared set of referents even could lead to the development of more
efficient and valid research instruments, including questionnaire-based indicators of instruction-
al quality.

In addition to the video clips accompanying this report, sample lessons for public release were
collected as part of the TIMSS 1999 Video Study. These lessons will be widely available on CD-
ROMs and other media, and will include video-linked commentary by the teacher and by
educators within the respective country. The goal is to provide teachers around the world with
samples of the kind of lessons that were analyzed as part of TIMSS 1999 Video Study and to
stimulate local and international discussions of mathematics teaching.

What Are the Challenges of Studying Teaching Using Video?

Video data bring their own set of challenges. A brief review of how these challenges were
addressed in this study is provided below. For a more complete discussion, see the TIMSS 1999
Video Study technical report (Jacobs et al. forthcoming).

Standardization of camera procedures

Deciding exactly what to film during a lesson is a nontrivial issue. To study classroom teaching
in a consistent way across classrooms, it is important to develop standardized procedures for
using the camera and then to carefully train videographers to follow these procedures. In this
study, the camera followed what an attentive student would be looking at during times of public
discussion, usually the teacher, and then followed the teacher and sampled students’ activities
during private work time. A second camera was stationary and maintained a wide-angle shot of
the students.
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Observer effects

What effect does the camera have on what happens in the classroom? Will students and teachers
behave as usual with the camera present, or will the camera capture a view that is biased in some
way? To minimize camera effects, teachers were asked to teach as usual and to carry out the les-
son they would have taught had the videographer not been present. After filming, the teachers
provided written responses to questions that permitted an assessment of the lesson’s typicality.
Teachers were asked, for example, to describe the lessons they taught to the same class the day
before and the day after the filmed lesson, and they were asked to comment on any unusual fea-
tures in the filmed lesson. Teachers knew ahead of time that they would be filmed, so they
probably tried to do an especially good job and might have done some extra preparation. But
teachers are likely to be constrained by what students expect and by their own repertoire of
teaching practices. Videotaped lessons probably are best interpreted as a slightly idealized version
of what the teacher typically does in the classroom.

Sampling and validity

Due to the expense of filming lessons around the world, there is a limit to how many lessons can
be included. Sampling becomes an important issue. How many teachers should be selected, and
how many lessons per teacher should be filmed? The answers depend on the goal of the study
and the level of analysis to be used. If researchers need a valid and reliable picture of individual
teachers, then teachers must be taped multiple times. Teachers can vary from day to day in the
kind of lesson they teach, as well as in the success with which they implement the lesson. If, on
the other hand, researchers want a school-level picture, or a national-level picture, then each
teacher can be taped fewer times. What is essential in these cases is that a sufficient number of
different teachers are included. Of course, if teachers are taped only one or a few times,
researchers and interpreters must resist the temptation to view these data as reliable descriptions
of individual teachers.

The goal of the TIMSS 1999 Video Study was to provide national-level pictures of teaching.
Consequently, it was important to invest the finite resources in maximizing the number of teachers
even though this meant videotaping each teacher only once, teaching a single classroom lesson.

Taping only one lesson per teacher shapes the kinds of conclusions that can be drawn about
instruction from this study. Teaching involves more than constructing and implementing lessons.
It also involves weaving together multiple lessons into units that can stretch out over days and
weeks. Inferences about the full range of teaching practices and dynamics that might appear in a
unit cannot necessarily be made, even at the aggregate level, based on examining a single lesson
per teacher. Consequently, the interpretive frame of the TIMSS 1999 Video Study is properly
restricted to national-level descriptions and comparisons of individual lessons.

Another sampling issue concerns the way in which content is sampled. Because different countries
teach somewhat different topics in eighth-grade mathematics and teach them at different times of
the year, the best strategy for this study was to randomly select lessons across the school year.4

4The sample of Japanese lessons collected for the TIMSS 1995 Video Study and re-analyzed as part of this study did not include lessons
drawn from across the full school year; most were collected over a four-month period (Stigler et al. 1999). Analysis of the Japanese mathe-
matics data (explicated in later sections of this report) does not reveal any systematic problems with the representativeness of the findings.
Therefore, while the sampling of the lessons was less than ideal, there is no evidence that the Japanese eighth-grade mathematics data are
not representative of teaching at that time.
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Coding reliability

As with all observational studies, the importance of clearly defining and applying codes to the
data, and then making sure that the coders are categorizing the data as consistently and accurate-
ly as possible, is paramount. Some behaviors or activities can be easier to define and identify in
videotape, such as whether a teacher uses an overhead projector. Either the teacher does or does
not use one. On the other hand, there are numerous other aspects of teaching mathematics that
can be more difficult to define and to identify consistently, especially across sets of videotapes
from different countries that are being processed by teams of coders who have different experi-
ences and expertise, speak different languages, and may bring to the process different cultural
and social expectations. Because of this, those applying codes to the videotape data went through
a rigorous training procedure prior to applying the codes to the main data sets, to achieve high
rates of agreement between the coders.

There are various methods for establishing the reliability of coding procedures, depending on the
type of data being coded and the categories being applied. In this study, there were two aspects
of coding that were evaluated throughout the coding process. First, for a number of codes, it was
important to assess the degree to which coders applied a code at or very near the same point of
time in the lesson. That is, because in some instances it was important not only to know that an
activity occurred during the lesson but also how long that activity took place, the success of the
coding process was evaluated by measuring the accuracy of coding the in- and out-points in the
timing of an activity on the videotape. Second, and as is customary practice in observational
studies, it was important to assess whether different coders applied the same codes to the same
behaviors or activities occurring during the lesson. All three marks (i.e., the in-point, out-point,
and category) were evaluated and included in the measures of reliability.

A common measure, known as percentage agreement, was used to measure both inter-rater reli-
ability and code reliability within and across the countries. Percentage agreement is calculated by
dividing the number of agreements by the number of agreements plus disagreements. The per-
centage agreement for each code at the beginning and midpoint of the coding process is included
in appendix A in the back of the report and is also documented in greater detail in the forthcom-
ing technical report (Jacobs et al.). For all codes, the minimum acceptable reliability score,
averaging across coders, was 85 percent. Moreover, the minimum acceptable reliability score for
an individual coder or coder pair was 80 percent. Reliability among coders was measured con-
stantly throughout the months-long coding process to ensure that coders continually met the
minimum acceptable standard. Because so few lessons were coded at the very beginning of the
process, initial reliability among coders and across countries was measured against a set of master
lessons, which were coded and agreed to by the entire mathematics code development team. As
more and more lessons were coded, it was then easier to measure reliability between pairs of
coders. If a coder did not meet the minimum reliability standard, more training was provided
until an acceptable level was achieved. If, after numerous attempts, reliability measures fell below
the minimum acceptable standard (as described above), the code was dropped from the study.
The procedures used to measure reliability are described in Bakeman and Gottman (1997).

The unreasonable power of the anecdote

One of the biggest boons of video data also is their bane. Video images are vivid and powerful
tools for representing and communicating information. But video images can be too powerful.
One video image, although memorable, can be misleading and unrepresentative of reality. This
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becomes a problem because humans easily can be misled by anecdotes, even in the face of con-

tradictory and far more valid information (Nisbett and Ross 1980). In fact, methods of research
design and inferential statistics were developed specifically to protect people from being misled

by anecdotes and personal experiences (Fisher 1951).

Fortunately video surveys provide a way to resolve the tension between anecdotes (visual
images) and statistics (Stigler et al. 2000). Discoveries made through qualitative analysis of a few
videos can be validated by statistical analysis of the whole set. For example, while watching a
video the researchers might notice an interesting technique used by an Australian teacher. If they
had only one video, they would not know what to make of this observation: do Australian teach-
ers use the technique on a regular basis, more than teachers in other countries, or did they just
happen to notice one powerful example in the Australian data? Because the TIMSS 1999 Video
Study collected a large sample of lessons, researchers could turn their observations into hypothe-
ses that could be validated against the database.

In a complementary process, the research team might, after coding and analyzing the quantita-
tive video data, discover a statistical relationship in the data. By returning to the actual videos,
they could find concrete images to attach to their discovery, giving a means for further analysis
and exploration, as well as a set of powerful images that can be used to communicate the statisti-
cal discovery. Through this process, the statistic can be brought to life.

Building on the TIMSS 1995 Video Study

Film was first used in cultural and educational studies in the 1930s. Video recording began to be
used as soon as technological development made it practical to do so. However, these applica-
tions were ethnographic in nature and none employed nationally representative samples and
multiple cultures (de Brigard 1995; National Research Council 2001b; Spindler and Spindler
1992). The TIMSS 1995 Video Study was the first study to use video technology to investigate
classroom teaching on a country-wide basis and compare teaching across countries (Stigler et al.
1999). Great strides were made in the TIMSS 1995 Video Study for dealing with the considerable
logistical and methodological challenges of conducting a large-scale, international video survey.
These include procedures for videotaping classrooms, processing and storing videos for easy
access, and the development of software that links video to transcripts and permits coding to be
done as researchers view the lesson videos (Knoll and Stigler 1999).

The TIMSS 1999 Video Study built on the earlier video study in another way. A central hypothe-
sis emerging from the TIMSS 1995 Video Study is that there are distinct patterns of mathematics
teaching in different countries (Stigler and Hiebert 1999). This result had not been anticipated,
and so it had not been addressed in the design of the original study. In contrast, the TIMSS 1999
Video Study research team began by soliciting tentative descriptions of typical lessons from
experts in each country and used these descriptions to frame the development of a coding sys-
tem that would capture features of eighth-grade mathematics teaching considered essential from
each country’s perspective. These typical lessons, or country models of teaching, were continual-
ly revisited to ensure that each country’s perspective was considered as individual codes were
constructed. A description of country model development and the models themselves are pre-
sented in appendix E.

9
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Codes developed in the earlier video study also provided a base on which the TIMSS 1999 Video
Study could build. Although expanding the sample to seven countries made it impossible to
retain many of the exact codes from the TIMSS 1995 Video Study, it was possible to preserve key
ideas such as examining the organization of lessons, the nature of the mathematics presented,
and the way in which mathematics was worked on during the lesson.

The TIMSS 1995 Video Study provided a starting point for this study, both in methods and sub-
stance. To extend the 1995 study and address the question of whether eighth-grade teachers in
higher achieving countries teach mathematics in similar ways, the TIMSS 1999 Video Study
included more high-achieving countries, based on results of TIMSS 1995 assessments. Table 1.1
lists the countries that participated in the TIMSS 1999 Video Study along with their scores on
TIMSS 1995 and TIMSS 1999 mathematics assessments. On the TIMSS 1995 mathematics
assessment, eighth-graders as a group in Japan and Hong Kong SAR were among the highest
achieving students, and their results were not found to be significantly different from one anoth-
er (Beaton et al. 1996). Students in the Czech Republic scored on average significantly below
their peers in Japan, but no differences were detected from the average score in Hong Kong SAR.
Average scores in Switzerland and the Netherlands were also not found to be different from one
another. The mathematics average for Australia was not detectably different from the average
score in the Netherlands. Eighth-grade students in the United States scored, on average, signifi-
cantly lower than their peers in the other six countries in 1995.

The TIMSS 1999 mathematics assessment was administered after the TIMSS 1999 Video Study
was underway and played no role in the selection of countries for the Video Study. However, the
TIMSS 1999 mathematics results indicated that eighth-graders in countries participating in the
TIMSS 1999 Video Study continued to score significantly higher than their peers in the United
States, except for students in the Czech Republic whose scores were not significantly different
than students in the United States as a result of a significant decline in the average mathematics
score between 1995 and 1999 in the Czech Republic. Switzerland did not participate in the
TIMSS 1999 assessment.
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TABLE 1.1. TIMSS 1999 Video Study participating countries and their average score on TIMSS 1995 and
TIMSS 1999 mathematics assessments

TIMSS 1995 mathematics score! TIMSS 1999 mathematics score?
Country Average Standard error Average Standard error
Australia3 (AU) 519 3.8 525 438
Czech Republic (CZ) 546 4.5 520 4.2
Hong Kong SAR (HK) 569 6.1 582 43
Japan (JP) 581 1.6 579 1.7
Netherlands3 (NL) 529 6.1 540 7.1
Switzerland (SW) 534 2.7 — —
United States (US) 492 4.7 502 4.0
International average4 — — 487 0.7

—Not available.

TTIMSS 1995: AU>US; HK, JP>AU, NL, SW, US; JP>CZ; CZ, SW>AU, US; NL>US.

2TIMSS 1999: AU, NL>US; HK, JP>AU, CZ, NL, US.

3Nation did not meet international sampling and/or other guidelines in 1995. See Beaton et al. (1996) for details.

4International average: AU, CZ, HK, JP, NL, US>international average.
NOTE: Rescaled TIMSS 1995 mathematics scores are reported here (Gonzales et al. 2000). Due to rescaling of 1995 data, international
average not available. Switzerland did not participate in the TIMSS 1999 assessment.
SOURCE: Gonzales, P, Calsyn, C., Jocelyn, L., Mak, K., Kastberg, D., Arafeh, S., Williams, T., and Tsen, W. (2000). Pursuing Excellence:
Comparisons of International Eighth-Grade Mathematics and Science Achievement From a U.S. Perspective, 1995 and 1999 (NCES 2001-
028). U.S. Department of Education. Washington, DC: National Center for Education Statistics.

What Can Be Found in This Report?

The goal of teaching is to facilitate learning. Correspondingly, the overriding goal of this study is
to describe aspects of teaching that appear to be designed to influence students’ learning oppor-
tunities. The presentation of results is organized around the following three aspects of teaching
that both seem to contribute to students’ learning opportunities and were found in the TIMSS
1995 Video Study to distinguish among countries in terms of teaching practices: the way lessons
were organized or, said another way, the way the learning environment was structured (chapter
3); the nature of the content of the lessons (chapter 4); and the instructional practices, or ways in
which the content was worked on during the lessons (chapter 5). Before presenting the findings
from the video lessons, however, it is useful to learn something about the participating teachers
and their view of the filmed lesson (chapter 2). The report concludes by stepping back and con-
sidering what conclusions can be drawn from the patterns evident across the individual features
of teaching (chapter 6).

Chapter 2 focuses on the context of the lessons as reported by the participating teachers’
responses to the written questionnaire. The findings address questions such as:

* How prepared were participating teachers to teach eighth-grade mathematics?
* How typical was the filmed lesson?
* What were the goals for the lesson?

* How aware were the teachers of current ideas for teaching mathematics and did they perceive
the filmed lesson to be consistent with these ideas?

1
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Chapter 3 includes results on the structure of the lesson and the classroom. These data set the
stage, in many ways, for the details of the lesson activities discussed in later chapters. Findings in
chapter 3 address questions such as:

* How long did students spend studying mathematics?

* How were the lessons divided among activities that focused on review, introducing new mate-
rial, and practicing new material?

* How was the classroom organized in terms of whole-class discussion and individual student
work?

* What role did homework play in the lesson?

Chapter 4 examines the content of the lesson. Questions addressed in chapter 4 include:
* What mathematical topics were covered in the lessons?

* How complex was the mathematics?

* What kinds of mathematical reasoning were encouraged by the problems presented?
* How was the content related across the lesson?

Chapter 5 considers the way in which mathematics was worked on by the teacher and students
during the lesson. The questions addressed by the findings in this chapter include:

* In what contexts were mathematical problems presented (e.g., were they embedded in real-life
situations)?

 Could students choose the methods they wished to use to solve mathematical problems, and
were multiple solution methods presented?

* What was the relationship between the kinds of mathematical problems presented and the way
the teacher and students worked through them?

* What kind of mathematical work were students expected to do when they worked on their own?

Chapter 6 concludes the report by pulling together the individual features of teaching presented
earlier and answering the major questions addressed by the study. The concept of a “lesson sig-
nature” is introduced to capture the way in which the basic ingredients of lessons were put
together across real time in each country to create patterns or systems of teaching. The questions
that are addressed in this final chapter include:

* Are there similarities in eighth-grade mathematics teaching across the seven countries?
* What are the distinctive characteristics of eighth-grade mathematics teaching in each country?

For all analyses presented in this report, differences between averages or percentages that are sta-
tistically significant are discussed using comparative terms such as “higher” and “lower.”
Generally, differences that are not found to be statistically significant are not discussed, unless
warranted. To determine whether differences reported are statistically significant, ANOVAs and
two-tailed t-tests, at the .05 level, were used. Bonferroni adjustments were made when more than
two groups were compared simultaneously (e.g., a comparison among all seven countries). The
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analyses were conducted using data weighted with survey weights, which were calculated specifi-
cally for the classrooms in the TIMSS 1999 Video Study. The weights were developed for each
country, so that estimates are unbiased estimates of national means and distributions. The
weight for each classroom reflects the overall probability of selection for that classroom, with
appropriate adjustments for non-response (see the technical report, Jacobs et al. forthcoming,
for a more detailed description of weighting procedures). In some cases, large apparent differ-
ences in data are not significant due to large standard errors, small sample sizes, or both.
Standard errors for all estimates displayed in the figures and tables in the report are included in
appendix C.

To assist readers in interpreting data presented in tables and figures, results of the statistical tests
are listed below each table and figure in which data are compared. Results are indicated by the
use of the greater than (>) symbol, e.g., AU>CZ for Australia’s average is greater than the Czech
Republic’s average. Only those comparisons that were determined to be significant are listed.

Accompanying this report is a CD-ROM on which short video clips that illustrate many of the
codes used to analyze the lesson videos are presented. The video clips are taken from lessons
filmed specifically for the purpose of public display. These lessons were not included in the sam-
ples collected in each country and analyzed for this report. Permission to display the video clips
was granted by all participants and/or their legal guardians in these public release videotape les-
sons. The CD-ROM is entitled “Teaching Mathematics in Seven Countries Video Clip Examples.”
In chapters 3, 4, and 5 of the published version of this report, a camera icon (&) and note is
provided that indicates the number of the video clip on the CD-ROM relevant to the discussion.
For the CD-ROM version of this report, a hyperlink to the relevant example is provided.

Also released simultaneously with this report is a brochure that discusses study highlights
(Highlights From the TIMSS 1999 Video Study of Eighth-Grade Mathematics Teaching, NCES
2003-011) and four full-length lesson videos from each of the 7 participating countries. These 28
public release videos are presented as a set of CD-ROM:s and include, in addition to lesson
videos, accompanying materials including a transcript in English and the native language, and
commentaries by teachers, researchers, and national research coordinators in English and the
native language. These public release videos and materials are intended to augment the research
findings, support teacher professional development programs, and encourage wide public dis-
cussion of teaching and how to improve it.

All of these products can be accessed or ordered by going to the NCES web site
(http://nces.ed.gov/timss).

A Lens Through Which to View This Report

The mathematics portion of the TIMSS 1999 Video Study moved beyond the TIMSS 1995 Video
Study in several ways, including a larger sample of countries, the development of a new coding
scheme to analyze classroom lessons, and the recruitment of additional specialists to assist with
the analysis. It is hoped that the most significant extension, however, will come as readers digest
the contents of this report and engage in deeper and more nuanced international discussions of
mathematics teaching.

13
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The descriptions of classroom lessons presented here reveal a complex variety of features and
patterns of teaching. They are similar to, and different from, each other in interesting and some-
times subtle ways. Whereas the TIMSS 1995 Video Study revealed the striking case of Japan and
seemed to lead the casual reader (or viewer) into presuming that a “Japanese method” of teach-
ing is necessary for high achievement, no similarly easy interpretation of the TIMSS 1999 Video
Study results is possible. It will be seen that countries with high achievement teach in a variety of
ways. Interpretation of these results requires a thoughtful and analytic approach. This study did
not attempt to examine best teaching practices and its results do not identify which practices
yield high achievement. But it is reasonable to search these results for different choices that
teachers in different countries have made in order to more clearly see teaching in one’s own
country. If these more complex results translate into increasingly rich and productive examina-
tions and discussions of teaching, both within and across countries, then it is possible that
progress will be made toward understanding and improving teaching.



CHAPTER 2
Context of the Lessons

his chapter presents the results of teacher responses to questionnaire items

designed to provide background information on the videotaped teachers and to
help assess the typicality of the videotaped lesson. Questionnaire data were obtained
from teachers in 100 percent of the eighth-grade mathematics lessons videotaped in
Australia, the Czech Republic, Hong Kong SAR, and the United States, 96 percent of
Dutch lessons, and 99 percent of Swiss lessons. Questionnaire data were collected in
Japanese mathematics lessons as part of the TIMSS 1995 Video Study using a differ-
ent version of the teacher questionnaire. Results from the Japanese teacher
questionnaire data are presented in Stigler et al. (1999) and are not included here.!

There are many factors that define the context of an eighth-grade mathematics les-
son. These include, among other things, characteristics of the teachers, their
expectations for mathematics teaching and learning, and where the lesson fits in the
curricular sequence. To collect information on these factors, questionnaire items
addressed the following topics:

e Teachers’ background experiences and workload;
* Teachers’ learning goals for the videotaped lessons;
* Teachers’ current ideas about teaching and learning mathematics; and

* Teachers’ perceptions of the typicality of the videotaped lesson.

The Teachers
Teachers’ Background Experiences and Workload

Mathematics teachers bring a variety of educational and professional experiences to
the classes they teach. These experiences can influence their planning and implemen-
tation of a lesson (Fennema and Franke 1992; National Research Council 2001a). To
better understand the eighth-grade mathematics lessons of teachers who participated
in the video study, data were collected on teachers’ educational preparation, profes-
sional background, and current teaching responsibilities. When interpreting the
results, the reader should keep in mind that some results could be influenced by
national requirements and/or support, which could vary by country.

IMore information on teacher response rates, as well as the development of the questionnaires and how they were coded,
can be found in appendix A and in the forthcoming technical report (Jacobs et al. forthcoming). The questionnaires are
available online at http://www.lessonlab.com.
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Educational preparation

Teachers were asked about their training in and preparation for teaching mathematics. When
applicable, teachers provided information about their major field of study in both their under-
graduate and graduate studies. Teachers were free to define “major field” and to mention as
many fields of study that applied. Because a teacher could have listed more than one field,
responses for college and graduate studies were coded into as many categories as needed.
Therefore, the percentages presented in table 2.1 could add to more than 100 percent within a
country and are based on teachers who identified one or more major fields of study.? As table 2.1
indicates, 96 percent and 90 percent of the eighth-grade mathematics lessons in the Czech
Republic and the Netherlands, respectively, were taught by teachers who reported a major field of
study in mathematics or mathematics education either at the undergraduate or graduate level, or
both. These represent a greater percentage of lessons than in the other countries where data are
available (ranging from 41 percent in Hong Kong SAR to 64 percent in Australia) including the
United States at 57 percent. Compared to all the other countries except Australia, more U.S.
eighth-grade mathematics lessons (50 percent) were taught by teachers who reported a major
field of study in education. Seventeen percent to 44 percent of lessons were taught by teachers
who reported that their major field of study was in science or science education.

In some post-secondary institutions, students can obtain minors in various fields of study. The
teachers who participated in the study were therefore asked to indicate whether they had a minor
in a field in addition to a major field of study, either at the undergraduate or graduate level.
When both major and minor fields of study were considered, between 83 percent and 99 percent
of lessons in all the countries except Switzerland were taught by teachers who identified mathe-
matics or mathematics education as their major or minor field of study (data not shown in
figure). Fifty-eight percent of Swiss lessons were taught by teachers who identified mathematics
or mathematics education as a major or minor field of study in their undergraduate or graduate
studies. Across the countries, 32 percent to 51 percent of lessons were taught by teachers who
identified science or science education as a major or minor field of study, and 7 percent to 55
percent of lessons were taught by teachers who identified education as either a major or minor
field of study.

2The percentage of lessons taught by teachers who reported various major fields of study may be affected by the limited samples collected
for this study and may differ from national statistics available from other studies. For example, data from the Schools and Staffing Survey
(SASS) in the United States indicate that 49 percent of mathematics courses were taught by eighth-grade public and private school teach-
ers with a major in mathematics or mathematics education at the undergraduate or graduate level (Schools and Staffing Survey,
1999-2000 “Public Teacher Survey,” “Public Charter Teacher Survey,” and “Private Teacher Survey,” unpublished tabulations).
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TABLE 2.1. Percentage of eighth-grade mathematics lessons taught by teachers who identified one or more
major fields of undergraduate and graduate study, by country: 1999

Country!
AU (@4 HK NL SW us

Major field Percent
Mathematics24 64 96 41 90 61 57
Science3.5 28 41 33 44 35 17
Education® 25 18 9 13 11 50
Other? 30 32 35 23 19 27

1AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; NL=Netherlands; SW=Switzerland; and US=United States.

2Mathematics includes teachers’ responses indicating a major field of study in either mathematics or mathematics education.

3science includes teachers’ responses indicating a major field of study in science, science education, or any of the various fields of science
(e.g., physics, chemistry, biology).

4Mathematics: CZ, NL>AU, HK, SW, US.

5Science: NL>US.

SEducation: US>CZ, HK, NL, SW.

70ther: No differences detected.
NOTE: Percentages may not sum to 100 because teachers could identify more than one major field of study. Percentages are based on
responses from teachers who identified at least one major field of study.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

The degrees teachers earn might or might not be indicative of having completed requirements
for certification to teach eighth-grade mathematics in each country. To further clarify their
preparation for teaching eighth-grade mathematics, teachers were asked to list what subject areas
and corresponding grade levels they were certified to teach. As with major areas of study, teach-
ers could identify more than one subject area in which they were certified and their responses
were coded into as many categories as were appropriate. Each subject area a teacher mentioned
also was coded for the corresponding grade level for which he or she was certified. If a subject
area was mentioned, the response was divided into two mutually exclusive groups: (1) teacher’s
certification in this subject area included grade 8 or (2) teacher’s certification in this subject area
was not identified for grade level or did not include grade 8.

Table 2.2 shows the results of coding teachers’ responses. At least 97 percent of lessons in any
country were taught by teachers who identified one or more particular subject areas in which
they were certified to teach. But not all lessons were taught by teachers who reported certifica-
tion to teach eighth-grade mathematics, with percentages ranging from 48 (Switzerland) to 91
(the Netherlands). Fewer Swiss lessons were taught by teachers who reported being certified to
teach eighth-grade mathematics compared to the Czech Republic, Hong Kong SAR, the
Netherlands, and the United States.
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TABLE 2.2. Percentage of eighth-grade mathematics lessons taught by teachers certified in various subject
areas, by grade level of certification and country: 1999

Country'!
AU (o4 HK NL SW us
Subject area of certification Percent
One or more subject areas
identified? 100 99 100 97 99 97
Mathematics
Grade 83 66 85 82 91 48 79
Other/unspecified grade? 24 14 11 7 £ kS
Science
Grade 83 30 38 36 39 31 20
Other/unspecified grade® 19 7 13 6 4 10
Education
Grade 87 - 15 t ES 43 22
Other/unspecified grade8 10 ¥ ¥ ¥ ¥ 8
Other
Grade 89 20 33 35 19 34 18
Other/unspecified grade'0 20 4 13 ¥ ¥ 7

*Reporting standards not met. Too few cases to be reported.
TAU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; NL=Netherlands; SW=Switzerland; and US=United States.
20ne or more subject areas identified: No differences detected.
3Mathematics-Grade 8: CZ, HK, NL, US>SW; NL>AU.
4Mathematics-Other/unspecified grade: AU>NL.
5Science-Grade 8: No differences detected.
6Science-Other/unspecified grade: AU>SW.
7Education-Grade 8: SW>CZ, US.
8Education-Other/unspecified grade: No differences detected.
90ther-Grade 8: No differences detected.
100ther-Other/unspecified grade: AU>CZ, US.
NOTE: Percentages do not sum to 100 because teachers could identify more than one subject area.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Years of teaching experience

In addition to formal education and certification, teachers bring a variety of professional experi-
ences to their classrooms, including the number of years they have been teaching. Teachers were
asked to identify how many years they had been teaching, in general, and also how many years
they had been teaching mathematics. On average, eighth-grade mathematics lessons in Australia,
the Czech Republic, and Switzerland were taught by teachers who reported teaching at least 17
years (table 2.3) with nearly similar average number of years specifically teaching mathematics
(16, 21, and 18 years respectively). Comparatively, eighth-grade mathematics lessons in Hong
Kong SAR and in the Netherlands were taught by teachers who reported fewer years teaching (10
and 13 years respectively) and specifically teaching mathematics (10 and 11 years respectively)
on average than their counterparts in Australia, the Czech Republic and Switzerland. Teachers of
eighth-grade mathematics lessons in the United States reported an average of 14 years teaching
which is significantly less than their Czech counterparts but not measurably different from their
colleagues in the other countries.
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TABLE 2.3. Mean, median, and range of number of years that teachers reported teaching in general and
teaching mathematics, by country: 1999

Country'!
Teaching experience AU cz HK NL SW us
Years teaching
Mean?2 17 21 10 13 19 14
Median 16 21 8 12 20 14
Range 1-38 2-41 1-34 1-33 0-40 1-40
Years teaching mathematics
Mean3 16 21 10 1 18 12
Median 15 21 7 11 20 10
Range 1-38 2-41 1-34 1-32 0-39 1-40

TAU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; NL=Netherlands; SW=Switzerland; and US=United States.

2Years teaching: AU, CZ, SW>HK, NL; CZ>US.

3Years teaching mathematics: AU, CZ, SW>HK, NL; CZ>AU, US; SW>US.
NOTE: Mean years are calculated as the sum of the number of years reported for each lesson divided by the number of lessons within a
country. For each country, median is calculated as the number of years below which 50 percent of the lessons fall. Range describes the
lowest number of years and the highest number of years reported within a country.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Time spent on different school activities

Teachers have many responsibilities, both related and unrelated to their mathematics teaching.
To understand some of these demands, teachers were asked to estimate the amount of time they
devoted to teaching mathematics, teaching other classes, and engaging in other school-related
activities during a typical week.

Table 2.4 shows that eighth-grade mathematics lessons differed on the amount of time teachers
reported allocating to teaching mathematics. Lessons in the Netherlands and the United States
were taught by teachers who reported spending the largest amount of time, 18 to 20 hours a week
on average, teaching mathematics. Swiss lessons were taught by teachers who reported spending
more time teaching classes other than mathematics—an average of 13 hours per week—com-
pared to mathematics lessons in the other countries. Dutch lessons were taught by teachers who
reported spending more time on average doing mathematics-related work at home and less time
teaching other classes compared to teachers in the Czech Republic, Hong Kong SAR, and
Switzerland. Dutch lessons were taught by teachers who also reported spending less time on aver-
age doing other school-related activities compared to Hong Kong SAR and Swiss teachers.
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TABLE 2.4. Average hours per week that teachers reported spending on teaching and other school-related
activities, by country: 1999

Country!
AU cz HK NL SwW us
Activity Hours per week
All teaching and other school-
related activities? 36 42 41 39 42 42
Teaching mathematics3 12 14 13 20 11 18
Teaching other classes# 4 8 6 3 13 4
Meeting with other teach-
ers to work on curriculum
and planning issues® 2 1 1 1 2 2
Mathematics-related work
at school® 6 6 9 3 3 7
Mathematics-related work
at home’ 6 6 5 8 5 6
Other school-related
activities8 6 8 7 4 9 5

TAU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; NL=Netherlands; SW=Switzerland; and US=United States.
2All teaching and other school related activities: CZ, SW, US>AU.
3Teaching mathematics: CZ, HK>SW; NL, US>AU, CZ, HK, SW.
4Teaching other classes: CZ>AU, NL, US; HK>NL; SW>AU, CZ, HK, NL, US.
5Meeting with other teachers to work on curriculum and planning issues: AU, SW>HK.
6Mathematics-related work at school: AU, CZ, HK, US>NL, SW.
7Mathematics-related work at home: NL>CZ, HK, SW.
80ther school-related activities: HK>NL; SW>NL, US.
NOTE: Average hours per week calculated by the sum of hours for each lesson divided by all lessons within a country. Hours may not sum
to totals because of rounding.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Teachers’ Learning Goals for the Videotaped Lessons

A key contextual variable that shapes the nature of teaching is the set of learning goals toward
which the teacher is working (Hiebert et al. 1997). Teachers were asked to describe, in open-
ended questions, the “main thing” they wanted students to learn from the videotaped lesson.
Some teachers listed general topical goals, such as “learning about linear systems,” whereas other
teachers described their goals in more detail, such as “understanding the graphical solution to
linear systems: parallel lines have no common value.”

Teachers’ responses were evaluated along each of three dimensions: content, process, and per-
spective. These dimensions were based on the coding scheme developed for the TIMSS
mathematics curriculum framework (Robitaille 1995; Schmidt, McKnight, Valverde, Houang,
and Wiley 1997).3 Content goals were identified by statements describing specific mathematical
concepts or topics. Process goals were defined as descriptions about how teachers wanted their
students to use mathematics, such as “solve equations,” “solve problems,” and “apply mathemat-
ics to everyday situations.” Perspective goals included those aimed at promoting students’ ideas

and interest in mathematics and learning, such as “to be sure of their math abilities,” “to see that
math is fun,” and “to learn to be neat and orderly in their work.”

3More details about these categories can be found in appendix A and the forthcoming technical report.
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Teachers’ responses were coded for each dimension. For example, the response “understand the
graphical solution to linear systems: parallel lines have no common value,” was coded as describ-
ing a content goal (algebra) and a process goal (making connections between representations),
but was not coded as describing a perspective goal. By contrast, the response “to be sure of their
math abilities” was coded as describing a perspective goal (confidence in mathematical abilities)
but was not coded as a content or a process goal. Results of applying this coding scheme to
teachers’ reported goals for the videotaped lesson are described below.

Figure 2.1 presents the percentage of eighth-grade mathematics lessons taught by teachers who
identified specific content, process, or perspective goals when asked to identify their goal for the
videotaped lesson. Between 75 and 95 percent of the lessons in all countries were taught by a
teacher who listed a content goal for the lesson, and between 90 and 98 percent of lessons were
taught by a teacher who listed a process goal for the lesson. However, between 4 and 23 percent
of lessons were taught by a teacher who identified a perspective goal for the lesson.

Within-country comparisons indicated that there were no differences found in both the Czech
Republic and Hong Kong SAR between the percentages of eighth-grade mathematics lessons
taught by teachers who identified content and process goals for the videotaped lesson. In
Australia, the Netherlands, Switzerland, and United States, a larger percentage of lessons were
taught by teachers who identified process goals than content goals. Perspective goals were least
common. A smaller percentage of lessons in all countries were taught by teachers who identified
perspective goals than identified either content goals or process goals.

FIGURE 2.1. Percentage of eighth-grade mathematics lessons taught by teachers who identified content,
process, or perspective goals for the videotaped lesson, by country: 1999
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*Reporting standards not met. Too few cases to be reported.

TAU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; NL=Netherlands; SW=Switzerland; and US=United States.

2Content goal: CZ>SW.

3Process goal: No differences detected.

4perspective goal: SW>CZ.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.
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Process goals for the videotaped lesson are of special interest because these goals could range
from practicing routine operations (e.g., calculations and symbol manipulation) to reasoning
mathematically (e.g., logical reasoning, explaining relationships). The TIMSS 1995 Video study
found significant differences among the three countries in the emphasis teachers placed on
developing skills versus thinking and reasoning mathematically (Stigler et al. 1999).

At least 90 percent of eighth-grade mathematics lessons in each country were taught by teachers
who identified a process goal for the videotaped lessons (figure 2.1). Table 2.5 shows that, in all
countries, between 40 and 51 percent of the eighth-grade mathematics lessons were taught by
teachers who identified process goals related to using routine mathematical operations or calcu-
lations. Between 5 and 19 percent of lessons were taught by teachers who mentioned reasoning
mathematically, between 11 and 16 percent of lessons were taught by teachers who mentioned
applying mathematics to real world problems, and between 11 and 19 percent of lessons were
taught by teachers who mentioned knowing mathematical content. Between 6 and 15 percent of
lessons in all of the countries for which reliable estimates could be calculated were taught by
teachers who mentioned other process goals, including such processes as acquiring problem
solving abilities, meeting external requirements, or reviewing mathematical concepts or prob-
lems. Across the various kinds of process goals, no differences were detected among countries on
the percentage of lessons taught by teachers who identified that goal.

TABLE 2.5. Percentage of eighth-grade mathematics lessons taught by teachers who identified specific
process goals for the videotaped lesson, by country: 1999

Country'

AU (@4 HK NL SW us
Process goal Percent
Using routine operations? 40 51 51 42 44 41
Reasoning mathematically3 7 9 17 19 5 8
Applying mathematics to real-
world problems# 12 16 11 16 14 14
Knowing mathematical
content’ 16 1 13 12 18 19
Other process goal® 14 6 ¥ 10 12 15
No process goal identified 10 6 5 k> 7 4

*Reporting standards not met. Too few cases to be reported.

TAU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; NL=Netherlands; SW=Switzerland; and US=United States.

2Using routine operations: No differences detected.

3Reasoning mathematically: No differences detected.

4Applying mathematics to real-world problems: No differences detected.

5Knowing mathematical content: No differences detected.

60ther process goal: No differences detected.
NOTE. Teachers’ responses were coded into one category only. Percentages may not sum to 100 because of rounding and data not
reported.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Other Factors Influencing Content in the Videotaped Lessons

Factors other than teachers’ learning goals can influence teachers’ decisions about what and how
they teach. The mathematics teachers were asked to identify whether various documents, guides,
or other factors contributed to their decision to teach the content captured in the videotaped
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lesson. Among the response options were national, state, district, or school curriculum guide-
lines, external examinations or standardized tests,* mandated textbooks, personal comfort or
interest, personal assessment of the students’ interests or needs, and cooperative work with other
teachers or consultants.

Table 2.6 shows that curriculum guidelines reportedly played a major role in teachers’ choices
about what to teach in Australian (83 percent) and Czech (96 percent) lessons compared to Hong
Kong SAR, Dutch, and Swiss lessons. In the teacher questionnaire, curriculum guideline was not
specifically defined, leaving it open to respondents’ interpretation. However, the intent was to
include any document that specified generally or specifically what should be included or covered
in the curriculum. External examinations or standardized tests were prominent in the decisions of
teachers in 44 percent of the lessons in Hong Kong SAR and 38 percent of U.S. lessons, both larg-
er percentages than in the Netherlands (8 percent). Mandated textbooks played a larger role in
Dutch lessons (97 percent) compared to lessons in all the other countries. Teachers’ assessment of
students’ needs had more influence on lessons in Australia, the Czech Republic, Switzerland, and
the United States (ranging from 29 to 63 percent) than lessons in the Netherlands (15 percent).
Fifty-nine percent of lessons in the Netherlands were taught by teachers who indicated that coop-
erative work with other teachers was a major influence, a significantly higher percentage
compared to all the other countries for which reliable estimates could be calculated.

TABLE 2.6. Percentage of eighth-grade mathematics lessons taught by teachers who reported that various
factors played a “major role” in their decision to teach the content in the videotaped lesson, by
country: 1999

Country

AU z HK NL SW?2 us
Factor Percent
Curriculum guidelines3 83 96 49 39 59 70
External exams or tests# — ks 44 8 17 38
Mandated textbook> 28 41 64 97 57 40
Teacher’s comfort with or
interest in the topicé 29 28 25 12 23 36
Teacher’s assessment of
students’ interests or needs’ 11 48 29 15 54 63
Cooperative work with other
teachers8 26 t 14 59 12 12

—Not available.

*Reporting standards not met. Too few cases to be reported.

TAU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; NL=Netherlands; SW=Switzerland; and US=United States.

2French- and Italian-speaking areas of Switzerland only.

3Curriculum guidelines: AU, CZ>HK, NL, SW; CZ>US.

4External exams or tests: HK, US>NL; HK>SW.

5Mandated textbook: HK>CZ; NL>AU, CZ, HK, SW, US; HK, SW>AU.

6Teacher’s comfort with or interest in the topic: US>NL.

7Teacher's assessment of students’ interests or needs: AU, CZ, SW, US>NL; SW, US>HK.

8Cooperative work with other teachers: NL>AU, HK, SW, US.
NOTE: Percentages based on mathematics teachers’ reports. Percentages do not sum to 100 because more than one category could be
selected.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

4The option “External examinations or standardized tests” was not appropriate for Australia or for the German-speaking area of
Switzerland and was excluded from their teacher questionnaires. Analyses of this option exclude Australia and include only the Italian-
and French-speaking areas of Switzerland.
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Were Lesson Goals Achieved?

A lesson does not always play out as intended. Interruptions, the need to revisit topics, technical
difficulties, and other factors may serve as obstacles to conducting the lesson as planned. To give
the filmed teachers the opportunity to describe how closely their goals for the lesson matched
the outcomes of the lesson, they were asked if they were satisfied that they achieved their stated
goals. In all countries, eighth-grade mathematics lessons were taught by teachers who were simi-
larly satisfied that their lessons played out as they had intended (no country differences detected;
data not shown in table or figure). At least 83 percent of lessons in all countries were taught by
teachers who responded that they were satisfied with their lessons.

Teachers and Current Ideas About Teaching and Learning Mathematics

Several questionnaire items were designed to identify how teachers might have been influenced
by current ideas about teaching and learning mathematics. Because “current ideas” might vary
according to the policies, values, and goals of each nation’s education system, the phrasing of
these items was intentionally broad so teachers could interpret each question within the context
of their country. First, teachers were asked if they agreed or disagreed that they were familiar
with current ideas in mathematics teaching and learning, or if they had no opinion. Figure 2.2
shows that, on average, more Australian, Dutch, Swiss, and U.S. lessons were taught by teachers
who agreed they were familiar with current ideas in mathematics teaching and learning com-
pared to Czech and Hong Kong SAR lessons. At least 69 percent of eighth-grade mathematics
lessons in Australia, the Netherlands, Switzerland, and the United States were taught by teachers
who agreed that they were familiar with current ideas. In contrast, 63 percent of Czech and
Hong Kong SAR lessons were taught by teachers who responded that they had no opinion about
their familiarity with current ideas.
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FIGURE 2.2. Percentage distribution of eighth-grade mathematics lessons according to whether the teachers
believed that they were familiar with current ideas in mathematics teaching and learning, by

country: 1999
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TAU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; NL=Netherlands; SW=Switzerland; and US=United States.

2Agree: AU, NL, SW, US>CZ, HK.
3No opinion: CZ, HK>AU, NL, SW, US.
4Disagree: No differences detected.

NOTE: Percentages may not sum to 100 because of data not reported.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study

(TIMSS), Video Study, 1999.

To understand how teachers might have implemented their knowledge of current ideas, they
were asked to rate the degree to which the videotaped lesson reflected current ideas about teach-
ing and learning mathematics. Figure 2.3 shows that at least 44 percent of eighth-grade
mathematics lessons in all countries except Hong Kong SAR were taught by teachers who
believed that their lessons contained a fair amount or a lot of aspects that reflect current ideas.
In particular, U.S. lessons were taught by teachers who described their lessons as more consistent
with current ideas relative to teachers in all other countries except Australia. On the other hand,
more Hong Kong SAR lessons (61 percent) were taught by teachers who reported that the lesson
did not reflect current ideas at all compared to Czech, Dutch, and Swiss lessons.
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FIGURE 2.3. Percentage distribution of eighth-grade mathematics lessons taught by teachers who rated the
extent to which the videotaped lesson was in accord with current ideas about teaching and
learning mathematics, by country: 1999
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*Reporting standards not met. Too few cases to be reported.

TAU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; NL=Netherlands; SW=Switzerland; and US=United States.

2A fair amount or a lot: AU, CZ, NL, SW, US>HK; AU, US>CZ; US>NL, SW.

3A little: CZ, NL, SW>US; CZ>HK.

4Not at all: HK>CZ, NL, SW.
NOTE: Percentages may not sum to 100 because of rounding and data not reported.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Teachers’ Perceptions of the Typicality of the Videotaped Lesson

Several questionnaire items asked teachers to describe how typical the videotaped lesson and
their planning for the videotaped lesson were, and to describe the influence of the camera on the
lesson. To provide a context for these responses, teachers also were asked about the course of
which the videotaped lesson was a part.

Typicality of the Course

Teachers were asked if all eighth-graders in the school took the same mathematics course as the
one in the videotaped lesson. Eighth-grade mathematics teachers in the German- and Italian-
speaking areas of Switzerland were not asked this question because according to country experts,
all students in those schools were required to take the same mathematics course. In this instance,
responses for the teachers from the German- and Italian-speaking areas of Switzerland were coded
to indicate that all students were required to take the same mathematics course at the school.

More eighth-grade mathematics Czech and Dutch lessons (100 percent), Hong Kong SAR les-
sons (99 percent), Swiss lessons (86 percent), and Australian lessons (82 percent) were taught by
teachers who reported that eighth-grade students were required to take the same mathematics
course compared to 25 percent of U.S. lessons. Seventy-five percent of U.S. lessons were taught
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by teachers who reported that not all students took the same mathematics course in their school
(data not shown).

Teachers who indicated that the videotaped mathematics course was not the same course as
other eighth-grade students took at the school were asked if they perceived the curriculum to be
“more” or “less” challenging or “a typical eighth-grade curriculum” compared to typical eighth-
grade mathematics courses in their school. This question was not applicable for the Czech
Republic, the Netherlands, and the German- and Italian-speaking areas of Switzerland because
the course was required of all students in those schools. In Hong Kong SAR, virtually all teachers
(99 percent) indicated that all students took the same course.

Of the 18 percent of Australian eighth-grade mathematics lessons that were taught by teachers
who reported that eighth-grade students at their schools were not required to take the same
course as the videotaped mathematics course, 43 percent were taught by teachers who identified
the videotaped course as more challenging and 46 percent were taught by teachers who identified
the course as typical. Of the 75 percent of U.S. eighth-grade mathematics lessons that were taught
by teachers who reported that eighth-grade students at their schools were not required to take the
same course, 48 percent were taught by teachers who said the videotaped course was more chal-
lenging and 49 percent were taught by teachers who said it was typical (data not shown).

The reader should keep in mind that, because differentiation of students into different courses
based on ability or interest can occur at either the school level or within the school, teachers’
responses to the questionnaire item do not necessarily indicate the extent to which all or most
students in a country take the same eighth-grade mathematics course. That is, all students may
take the same course at a school that is more or less selective.

Typicality of the Videotaped Lesson

Teachers’ judgments of typicality

The eighth-grade mathematics teachers were asked to judge the degree to which the videotaped
lesson represented a “typical” mathematics lesson with this group of students in three areas: ped-
agogy, students’ behavior, and content difficulty. With respect to pedagogy, teachers were asked,
“How often do you use the teaching methods that are in the videotaped lesson?” Figure 2.4
shows that the majority of lessons were taught by teachers who thought the videotaped lesson
portrayed how they “often” or “almost always” taught mathematics. These two response options
accounted for between 74 and 97 percent of the responses in each of the six countries. Across the
countries, no more than 26 percent of lessons were taught by teachers who reported that they
“sometimes” or “seldom” used the teaching methods captured on videotape.
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FIGURE 2.4. Percentage distribution of eighth-grade mathematics lessons taught by teachers who rated how
often they used the teaching methods in the videotaped lesson, by country: 1999
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*Reporting standards not met. Too few cases to be reported.

TAU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; NL=Netherlands; SW=Switzerland; and US=United States.

2Almost always: No differences detected.

30ften: CZ, SW>HK.

4Sometimes or seldom: No differences detected.
NOTE: Percentages may not sum to 100 because of rounding and data not reported.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

A teacher’s ability to conduct a lesson is related, in part, to students’ behavior. A second question
examining the typicality of the videotaped lesson asked teachers to rate their students’ behavior
during the lesson. As shown in figure 2.5, at least half of the lessons in each country were taught
by teachers who reported that the students behaved about the same as usual except in the Czech
Republic (44 percent). Forty-one percent of Czech lessons and no more than 23 percent of les-
sons across all the other countries were taught by teachers who replied that their students did
not behave as well as they usually did. On a follow-up question, in these Czech lessons, the
teachers described their students as less active (64 percent), more shy and afraid to give wrong
answers (44 percent), or less focused (9 percent) than usual.
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FIGURE 2.5. Percentage distribution of eighth-grade mathematics lessons by teachers’ ratings of their stu-
dents’ behavior in the videotaped lesson, by country: 1999
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TAU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; NL=Netherlands; SW=Switzerland; and US=United States.
2Better than usual: HK>NL.
3About the same: AU, NL, SW, US>CZ; SW>HK.
4Worse than usual: CZ>AU, SW, US.
NOTE: Percentages may not sum to 100 because of rounding.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

A third item assessing the lesson typicality explored the difficulty of the mathematics content of
the lesson. Teachers were asked if the content for their eighth-grade students was more difficult,
less difficult, or about the same level of difficulty as most lessons. Figure 2.6 shows that between
75 and 92 percent of the eighth-grade mathematics lessons in each country were taught by
teachers who identified the content level as the same as most lessons. Ten percent of the Czech
and Swiss lessons, 7 percent of the Hong Kong SAR lessons, and 6 percent of the Australian and
U.S. lessons were taught by teachers who reported that the content of the videotaped lesson was
more difficult than usual.
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FIGURE 2.6. Percentage distribution of eighth-grade mathematics lessons by teachers’ ratings of the difficul-
ty of the lesson content compared to usual, by country: 1999
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*Reporting standards not met. Too few cases to be reported.

TAU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; NL=Netherlands; SW=Switzerland; and US=United States.

2More difficult: No differences detected.

3About the same: No differences detected.

4Less difficult: US>SW.
NOTE: Percentages may not sum to 100 because of rounding and data not reported.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Influence of videotaping

Being videotaped could have affected directly the typicality and quality of the lessons. To check
this, teachers were asked specifically about the influence of the video camera in the classroom.
They were asked whether the camera caused them to teach a lesson that was worse than usual,
about the same, or better than usual. As shown in figure 2.7, between 80 and 91 percent of the
eighth-grade mathematics lessons in Australia, the Netherlands, Switzerland, and the United
States were taught by teachers who reported that their lesson was “about the same,” despite the
presence of the video camera. In the Czech Republic and Hong Kong SAR, 38 and 35 percent of
lessons, respectively, were taught by teachers who reported that the lesson was worse than usual.’

>The same question was asked of the Japanese teachers in the TIMSS 1995 Video Study. Japanese teachers reported that the videotaped les-
son was better than usual in 12 percent of the lessons, the same as usual in 61 percent of the lessons, and worse than usual in 27 percent of
the lessons (see Stigler et al. 1999, p. 38).
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FIGURE 2.7.

Percentage distribution of eighth-grade mathematics lessons taught by teachers who rated the

influence of the camera on their teaching of the videotaped lesson, by country: 1999.
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*Reporting standards not met. Too few cases to be reported.
TAU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; NL=Netherlands; SW=Switzerland; and US=United States.

2Better than usual: CZ>AU, SW, US.

3About the same: AU, HK, NL, SW, US>CZ; NL, SW, US>HK.

A4\Worse than usual: CZ, HK>AU, NL, SW, US.

NOTE: Percentages may not sum to 100 because of rounding and data not reported.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study

(TIMSS), Video Study, 1999.

Typicality of planning for the videotaped lesson

In anticipation of being videotaped, the eighth-grade mathematics teachers could have invested
more effort in planning a lesson, potentially altering how they would normally teach. Teacher
reports of how many minutes they spent planning for the videotaped lesson and how many min-
utes they typically spent planning for a similar mathematics lesson are shown in figure 2.8.
Within-country comparisons indicated that, on average, lessons in Australia, the Czech Republic,
Hong Kong SAR, and Switzerland were taught by teachers who spent significantly more time
planning for the videotaped lesson than usual. On the other hand, no differences between Dutch
and U.S. lessons were detected on the average amount of time teachers spent planning for the
videotaped lesson compared to the amount of time they usually spent planning for a lesson.
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FIGURE 2.8. Length of time averaged over eighth-grade mathematics lessons that teachers reported plan-
ning for the videotaped lesson and for similar mathematics lessons, by country: 1999
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TAU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; NL=Netherlands; SW=Switzerland; and US=United States.
2Videotaped lesson: AU, CZ, HK, SW, US>NL.
3Similar lessons: AU, CZ, HK, SW, US>NL.
NOTE: Average length of time calculated as the sum of minutes reported for each lesson divided by the number of lessons within a country.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Fit of the lesson in the curricular sequence

An individual mathematics lesson, ordinarily, is embedded in a sequence designed to teach a
particular topic in the curriculum. Lessons that are not part of a sequence might be suspect as
atypical lessons conducted especially for the benefit of this study. Therefore, teachers were asked
to provide information on whether the videotaped lesson was part of a larger unit or sequence of
related lessons, or whether it was a “stand-alone” lesson. Between 92 and 100 percent of the
eighth-grade mathematics lessons in all countries were taught by teachers who reported that the
videotaped lesson was part of a sequence, with no between-country differences found (data not
shown).® Excluding the Czech Republic for which there were not enough lessons to calculate a
reliable estimate, the percentage of stand-alone lessons ranged from 2 percent in Australia and
the Netherlands to 8 percent in Hong Kong SAR and the United States.

If the lesson was part of a unit, the teacher was asked to identify how many lessons were in the
entire unit and where the videotaped lesson fell in the sequence (e.g., lesson number 3 out of 5
in the unit). Table 2.7 shows that, on average, the total number of lessons in the larger unit of
which the videotaped lesson was a part ranged from 9 to 15. Units in the Czech Republic, averag-
ing 15 lessons per unit, were significantly longer than average units in all other countries except
Switzerland. On average, the lessons captured on videotape were located within the middle third
of the lessons within the unit.

The same question was asked of the Japanese teachers in the TIMSS 1995 Video Study. Ninety-six percent of lessons were taught by a
teacher who reported that the videotaped lesson was part of a sequence (Stigler et al. 1999).
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TABLE 2.7. Average number of eighth-grade mathematics lessons in unit and placement of the videotaped
lesson in unit, by country: 1999

Average number of Average placement of the
Country lessons in unit! videotaped lesson in unit
Australia (AU) 10 5
Czech Republic (C2) 15 8
Hong Kong SAR (HK) 9 4
Netherlands (NL) 9 5
Switzerland (SW) 12 6
United States (US) 9 5

1Average number of lessons in unit: CZ>AU, HK, NL, US.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Summary

In this chapter, teacher questionnaire results were presented in three major areas: teachers’
preparation, workload, and learning goals; teachers” awareness of, and implementation of, cur-
rent ideas of mathematics teaching; and teachers’ perceptions of the typicality of the videotaped
lesson. Japan was not included in these analyses; results from Japanese teacher questionnaire
responses in the TIMSS 1995 Video Study are presented in Stigler et al. (1999).

Some of the key results from this chapter are discussed below. These findings provide a context
within which to interpret those presented in the following chapters on the nature of the video-
taped lessons.

* Based on teachers’ responses to general indicators of teacher preparedness to teach mathemat-
ics, such as formal education and certification, the average eighth-grade mathematics lesson in
all of the countries seems, at least minimally, to have a teacher who has postsecondary educa-
tion in mathematics and is certified to teach mathematics at grade 8.

o Forty-one percent of eighth-grade mathematics lessons in Hong Kong SAR and at least 57
percent of lessons in all the other countries were taught by teachers who reported mathe-
matics or mathematics education as a major field of study in their post-secondary
education (table 2.1). When including teachers’ reports of minor fields of study in addition
to a major field of study, 58 percent of lessons in Switzerland and at least 83 percent of les-
sons in all the other countries were taught by teachers who identified mathematics or
mathematics education as a major or a minor field of study.

o The percentage of lessons that were taught by teachers who were certified to teach eighth-
grade mathematics ranged from 48 (Switzerland) to 91 (the Netherlands) (table 2.2).

* The eighth-grade mathematics lessons were taught by teachers who reported spending on
average from 36 hours per week (in Australia) to 42 hours per week (in the Czech Republic,
Switzerland, and the United States) on school-related work activities (table 2.4). Lessons were
taught by teachers who spent more hours teaching mathematics on average in the Netherlands
(20 hours) and the United States (18 hours) than in the other countries, and more hours spent
teaching other subjects in Switzerland (13 hours) than in the other countries.
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* Relatively few country differences were found in the kinds of learning goals the eighth-grade
mathematics teachers identified for the videotaped lesson. In particular, no country differences
were found on the percentage of lessons taught by teachers who identified the different types
of process goals: using routine operations (4051 percent); reasoning mathematically (5-19
percent); applying mathematics to real-world problems (11-16 percent); and knowing mathe-
matical content (11-19 percent) (table 2.5).

* In addition to teachers’ learning goals, the content of the videotaped lesson was influenced by
a variety of factors, with different emphases found in different countries (table 2.6). More
eighth-grade mathematics lessons in the Netherlands were taught by teachers who, compared
with their peers, indicated that textbooks and cooperative work with other teachers played a
major role in their choices about what to teach. More lessons in Australia and the Czech
Republic were taught by teachers whose choices were strongly influenced by curriculum guide-
lines compared to Hong Kong SAR, Dutch, and Swiss lessons. In Hong Kong SAR and the
United States, a larger percentage of the lessons than in the Netherlands were taught by teach-
ers who cited external exams as playing a major role in lesson content decisions.

* A larger percentage of Australian, Dutch, Swiss, and U.S. eighth-grade mathematics lessons
were taught by teachers who reported that they were familiar with “current ideas” of teaching
mathematics than lessons in the Czech Republic and Hong Kong SAR (figure 2.2). Eighty-
three percent or more of lessons in all countries, except Hong Kong SAR (40 percent), were
taught by teachers who believed the videotaped lesson was, at least “a little,” in accord with
current ideas (figure 2.3). U.S. teachers expressed greater confidence that, on average, their les-
son was in accord with current ideas than teachers in all other countries except Australia.

* The videotaped lesson, as perceived by teachers of the eighth-grade mathematics lessons, gen-
erally provided a picture of everyday classroom instruction with regard to teaching methods
(figure 2.4), content difficulty (figure 2.6), its fit within a curriculum unit (table 2.7), and,
with the exception of the Czech Republic, students’ behavior (figure 2.5). In the Netherlands
and the United States, there were no differences detected between the amount of planning
teachers did for the videotaped lesson compared to their usual planning time, while in the
other countries the teachers spent significantly more time planning for the videotaped lesson
than usual (figure 2.8).

The results presented in this chapter suggest a rather complicated patchwork of similarities and
differences among eighth-grade mathematics lessons in different countries. Differences exist, for
example, in the formal preparation for teaching, in the weekly workloads, and in the awareness
of “current ideas” of teaching mathematics. Different subsets of the countries, however, are simi-
lar and different on a variety of variables so that simple patterns are difficult to discern.
Moreover, lessons in all countries show considerable similarity on some variables, such as the
learning goals for the videotaped lesson.

Perhaps the most important finding for this analysis is that most eighth-grade mathematics les-
sons in most countries were taught by teachers who considered the videotaped lesson to be
typical of their teaching. This adds credibility to the findings reported in the following chapters.
Although questionnaires provide contextual information that can be referenced when examining
the videotaped lessons, the substantive contributions of this study come from the videotaped les-
sons themselves. As noted in chapter 1, there are considerable advantages of video data over
self-reports of teaching, and the goal of the following chapters is to exploit these advantages to
describe and compare mathematics teaching in seven countries.
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Students’ opportunities to learn mathematics during classroom lessons can be
influenced by a variety of factors, including the knowledge and skills they already
possess, as well as the activities in which they engage during the lesson (National
Research Council 1999, 2001a). Eighth-grade students bring to their mathematics
lessons experiences from their home environments as well as from earlier grades.
Such experiences, along with other factors such as curriculum guidelines and a man-
dated textbook (see chapter 2, table 2.6), might impact how their teachers choose to
conduct their classrooms. The implication for this study is that the videotaped les-
sons only capture a part of the story regarding students’ learning opportunities in
each country.

Nonetheless, the videotaped lessons present a wealth of opportunities for examining
eighth-grade mathematics teaching practices, as discussed in chapter 1. Based on earli-
er experience (Stigler et al. 1999), these lessons were analyzed to address three broad
questions: (1) how was the lesson environment organized (e.g., what kind of activities
took place, and what was the purpose of these activities)? (2) what kind of mathemat-
ics content was studied? and (3) how was the content studied? These three questions
form the basic organizing principle for the next three chapters of this report.

The danger of separating information into categories is that it can give the mistaken
impression that the categories contribute independently to students’ learning oppor-
tunities. Rather, it seems likely that these categories interact to shape the learning
opportunities of students to varying degrees. The reader is cautioned that one cannot
assume that each of the pieces of data presented contribute to increased learning
opportunities, or that each is independent and can or should be manipulated sepa-
rately to improve the educational experiences of students.

This chapter presents information on the way in which the mathematics lesson envi-
ronments in each country were organized. The organization of the lesson may
constrain both the mathematics content that is taught and the way that content is
taught. Furthermore, examining the lesson organization itself reveals important sim-
ilarities and differences in eighth-grade mathematics classrooms across countries.

Teachers can organize eighth-grade mathematics lessons in various ways, shaping
them for particular purposes and for particular groups of students. For example, a
teacher might engage students in private work at their desks for most of a lesson
rather than engage them in whole-class discussion. This interaction structure is likely
to influence the kind of mathematical work that might be done, who might do the
work, and the kind of learning experiences that students might have (Brophy 1999).
Similarly, a teacher might devote most of a lesson to reviewing previously taught
material rather than introducing new material, thereby shaping further the learning
opportunities for students.
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This chapter sets the stage for the remaining chapters by describing the kinds of broad organiza-
tional elements that were prevalent in eighth-grade mathematics lessons across the participating
countries. The following elements of lesson organization were examined:

* The amount of time spent studying mathematics during classroom lessons;

* The main type of activity used to study mathematics in classrooms—solving mathematical
problems;

Ways in which lessons were divided among reviewing old material, introducing new material,
and practicing new material;

The grouping structures used to study mathematics—whole-class public discussions, private
independent work, and combinations;

The role of homework; and
* Ways in which key ideas were clarified and lesson flow was enhanced or interrupted.

Together, these elements of lesson organization contribute to the shape of the learning environ-
ment for students. The research literature does not definitively suggest a preferred combination
of these elements, or a right or wrong way of arranging them, so the data are not presented to
portray which country creates the “right” environment for students. But, as will be seen, different
countries make different choices and the comparisons provide a chance for educators to examine
whether the choices they are making are aligned with their learning goals.

The Length of Lessons

The length of a mathematics lesson provides the most basic element of lesson organization.
Although amount of time does not, by itself, account for students’ learning opportunities, it is a
necessary ingredient for learning (National Research Council 1999). So, the amount of time
devoted to formal study of mathematics is a good starting point for describing classroom les-
sons; how the teachers and students filled in the time with mathematical work will become
apparent over the course of this chapter and the following two chapters.

To ensure that the eighth-grade mathematics lessons filmed for this study were captured in their
entirety, the data collection protocol called for videographers to turn on their cameras well
before the lesson started and continue filming even after the lesson ended. To calculate the length
of a mathematics lesson, decisions had to be made about when a lesson began and ended. The
beginning of the lesson was defined as the point when the teacher first engaged in talk intended
for the entire class. The end of a lesson was marked by the teacher’s final talk intended for the
entire class, which sometimes included concluding or summary remarks by the teacher. When
students worked independently and the teacher did not close the lesson with a public statement,
the end of lesson was marked when the bell rang, or when most students packed up their materi-
als and left the classroom.

These definitions reflect a deliberate intention to capture the length of the entire class period,
and not just the mathematics portion of the lesson. In many cases, lessons began or ended with
non-mathematical activities. These activities were included in the lesson and later marked as
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“non-mathematical segments.” It is therefore the case that the recorded time for a given lesson
might not correspond exactly to the officially designated length of that class period.

The lesson duration mean, median, range, and standard deviation for each country are displayed
in table 3.1.

TABLE 3.1. Mean, median, range, and standard deviation (in minutes) of the duration of eighth-grade
mathematics lessons, by country: 1999

Standard
Mean? Median Range deviation3

Country Minutes
Australia (AU) 47 45 28-90 13
Czech Republic (CZ) 45 45 41-50 1
Hong Kong SAR (HK) 41 36 26-91 14
Japan' (JP) 50 50 45-55 2
Netherlands (NL) 45 45 35-100 7
Switzerland (SW) 46 45 39-65 3
United States (US) 51 46 33-119 17

1Japanese mathematics data were collected in 1995.

2Mean: AU, CZ, JP, NL, SW, US>HK; JP>CZ, NL, SW; US>CZ.

3standard deviation: AU, HK>CZ, JP; US>CZ, JP, NL, SW.
NOTE: Mean is calculated as the sum of the number of minutes of each lesson divided by the number of lessons within a country. For
each country, median is calculated as the number of minutes below which 50 percent of the lessons fall. Range describes the lowest
number of minutes and the highest number of minutes observed within a country.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

There are two features of lesson length that are immediately apparent: eighth-grade mathematics
lessons across the countries had mean lengths between 41 and 51 minutes, and there was a large
range in lesson length in some countries. With regard to mean length, Hong Kong SAR eighth-
grade mathematics lessons were shorter than those of all the other countries, and Japanese
lessons were longer than those of four countries. Because of the large variations, however, the
median length is probably the best measure for gauging the length of a typical lesson. The large
range of lengths in some countries was due, in part, to what some countries call “double lessons,”
lessons in which two traditional instructional periods are joined.

Figure 3.1 displays the distribution of lesson durations for each country. This figure shows
graphically the clustering of lesson lengths at around 45 minutes for all the countries except
Japan and Hong Kong SAR. The figure provides a more detailed look at the variation in lesson
length. Whereas table 3.1 showed that the ranges in lesson duration differed widely, the box and
whisker plots in figure 3.1 reveal that the majority of lessons in all countries except Australia fall
within a narrower range. The figure also indicates the lessons that were extremes or outliers in
terms of duration.
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FIGURE 3.1. Box and whisker plots showing the distribution of eighth-grade mathematics lesson durations,
by country: 1999
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TOutliers are values from 1.5 to 3.0 box lengths from the upper or lower edge of the box.
2Extremes are values greater than 3.0 box lengths from the upper or lower edge of the box.
3Japanese mathematics data were collected in 1995.
4AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; SW=Switzerland; and US=United States.

NOTE: The shaded box represents the interquartile range, containing 50 percent of the lessons. The lines extending from the box indicate
the highest and lowest values, excluding outliers and extremes. The horizontal line within the box indicates the median lesson time (half of
the numbers fall above or below this value).

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

The Amount of Time Spent Studying Mathematics

Although lesson length provides the boundaries of possible instruction time, the measure of
most interest is the time actually spent working on mathematics. Because lesson time can be
spent on other things, such as chatting about a musical concert the students attended the night
before, it is important to mark the segments of the lesson devoted to mathematical work.

Broadly speaking, there are several ways in which time can be spent during instructional periods:

* Mathematical work: Time spent on mathematical content presented either through a mathemat-
ical problem or outside the context of a problem, e.g., talking or reading about mathematical
ideas, solving mathematical problems, practicing mathematical procedures, or memorizing
mathematical definitions and rules.

* Mathematical organization: At least 30 continuous seconds devoted to preparing materials or
discussing information related to mathematics, but not qualifying as mathematical work, e.g.,
distributing materials used to solve problems, discussing the grading scheme to be used on a
test, distributing a homework assignment [&& Video clip example 3.1].

e Non-mathematical work: At least 30 continuous seconds devoted to non-mathematical con-
tent, e.g., talking about a social function, disciplining a student while other students wait, or
listening to school announcements on a public-address system [& Video clip example 3.2].
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To code every minute of every lesson, two additional categories were needed:

* Break: Time during the lesson, or between double lessons, that teachers designated as an offi-
cial break for students.

* Technical problem: Time during the lesson when there was a technical problem with the video
(such as lack of audio) that prevented members of the international coding team from making
confident coding decisions about the segment.

The five types of lesson segments were mutually exclusive and exhaustive. Every second of every
eighth-grade mathematics lesson was coded into just one of the five types. To aid in coding, it
was decided that mathematics organization and non-mathematical work segments that were less
than 30 seconds would not be noted or coded as such. For example, an exchange between a
teacher and student during mathematical work that focused on disciplining a student and lasted
less than 30 seconds was not noted.

Figure 3.2 displays the average percentage of lesson time devoted to mathematical work, mathe-
matical organization, and non-mathematical work, for each country. The categories “break” and
“technical problem” together accounted for less than 1 percent of time in each country and are
therefore not shown in the figure.

FIGURE 3.2. Average percentage of eighth-grade mathematics lesson time devoted to mathematical work,
mathematical organization, and non-mathematical work, by country:1999
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1Japanese mathematics data were collected in 1995.
2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; SW=Switzerland; and US=United States.
3Non-mathematical work: NL>CZ, HK, JP, SW.
4Mathematical organization: AU>CZ, HK, JP, SW; NL>CZ; US>CZ, JP, SW.

5Mathematical work: CZ, JP>AU, NL, US; SW>AU, US, NL; HK>AU.

NOTE: Percentages may not sum to 100 because of rounding. The tests for significance take into account the standard error for the report-
ed differences. Thus, a difference between averages of two countries may be significant while the same difference between two other
countries may not be significant. For each country, the average percentage was calculated as the sum of the percentage within each lesson,
divided by the number of lessons.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.
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In all the countries, on average, at least 95 percent of eighth-graders’ lesson time focused on
mathematical work. The percentages ranged from 95 in Australia, the Netherlands, and the
United States, to 98 in the Czech Republic and Japan. Multiplying these percentages by the medi-
an lesson time for each country (see table 3.1) yields an estimated median time (in minutes)
spent on mathematical work: Australia: 43; the Czech Republic: 44; Hong Kong SAR: 35; Japan:
49; the Netherlands: 43; Switzerland, 44; the United States: 44. In summary, in all the countries
most lessons focused almost entirely on mathematical work.

Comparing mathematical work time across countries based solely on information from a single
lesson can be misleading. One lesson may not accurately indicate how much time students spend
studying mathematics in school over the course of a week or a year. Countries differ in the num-
ber of lessons conducted per week and the number of school weeks per year. By using the
estimated median work time per lesson, however, it is possible to estimate the amount of time
eighth-graders in each country might spend studying mathematics in school during the week
and during the entire school year.

Based on estimates of the number of eighth-grade mathematics lessons per week and per year in
each country provided by the TIMSS 1999 Video Study National Research Coordinators,! esti-
mates were calculated for the median total time spent in mathematical work per week and per
year for each country except Switzerland. The three language regions in Switzerland have differ-
ent school calendars and it was deemed inappropriate to develop one estimate to represent all
three regions. Table 3.2 displays the results.

TABLE 3.2. Estimated median time spent in mathematical work per week and per year in eighth grade, by
country: 1999

Estimated median time Estimated median time

in mathematical work in mathematical work

per week per year

Country (in minutes) (in hours)
Australia (AU) 174 113
Czech Republic (C2) 179 90
Hong Kong SAR (HK) 175 105
Japan' (JP) 200 116
Netherlands (NL) 127 84
United States (US) 179 107

1Japanese mathematics data were collected in 1995. The estimate for Japan is based on the average number of mathematics lessons per
week and per year in 1995.

NOTE: Based on estimates of the number of eighth-grade mathematics lessons per week and per year in each country provided by the
TIMSS 1999 Video Study National Research Coordinators. Estimates were calculated for the median total time spent in mathematical
work per week and per year.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

The estimates in table 3.2 are calculated based on data from various sources. These estimates
should therefore be considered indicative rather than definitive. Moreover, these estimates are
limited to in-school instruction and may not accurately reflect the total amount of instruction

IThe estimates provided by the National Research Coordinators may differ from estimates from other mathematics educators or teachers in
these countries.
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that students receive in other settings.? For this reason, it was deemed inappropriate to compare
them statistically. Nonetheless, and as suggested above, the entries in table 3.2 indicate that it
might be inappropriate to presume that the individual lesson duration describes the relative time
spent by students in each country studying mathematics in school. For example, whereas eighth-
grade mathematics lessons in Hong Kong SAR had the shortest mean duration of all the
countries (see table 3.1), when taking into account the number of lessons per week and per year,
Hong Kong SAR now lies in about the middle range among the countries (see table 3.2).

The Role of Mathematical Problems
Time Spent on Problems and Non-Problems

What did mathematical work time consist of in these eighth-grade lessons? While reviewing the
videotapes that were arriving from each country, it became apparent that a considerable portion
of lesson time in every country was spent solving mathematics problems. During the remaining
time, the teacher might, for example, give a brief lecture. The question was whether “mathemat-
ics problem” could be defined with enough clarity and precision to enable reliable coding. There
was no precedent from other large-scale studies of mathematics teaching that could be followed.?
Eventually, a reliable code was developed for mathematics problem so that mathematical work
time could be divided into problem and non-problem segments. The definitions of these activi-
ties are summarized below (for complete definitions of these codes, see the forthcoming
technical report, Jacobs et al.):

* Working on problems: Problems were defined as events that contained a statement asking for
some unknown information that could be determined by applying a mathematical operation.
Problems varied greatly in length and complexity, ranging from routine exercises to challeng-
ing problems. Although problems could be relatively undemanding, they needed to require
some degree of thought by eighth-grade students. Simple questions asking for immediately
accessible information did not count as problems. Mathematical operations of the following
kinds were common:

o Adding, subtracting, multiplying, and dividing whole numbers, decimals, fractions, per-
cents, and algebraic expressions;

o

Solving equations;

o

Measuring lines, areas, volumes, angles;

o

Plotting or reading graphs; and

o

Applying formulas to solve real-life problems.

ZAcross the countries participating in the study, there are various options available to students to obtain additional instruction or study
time related to school subject matter. For example, students may have access to after-school programs, tutoring services, parental assis-
tance or study groups, among other possibilities.

3Neubrand (forthcoming) defined and coded mathematics problems in a secondary analysis of a subset of the TIMSS 1995 video sample,
but new definitions were needed for the TIMSS 1999 video sample in order to code reliably mathematics problems in the lessons from
seven countries.
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* Non-problem segments: A non-problem segment was defined as mathematical work outside
the context of a problem [& Video clip example 3.3]. Without presenting a problem state-
ment, teachers (or students) sometimes engaged in:

o Presenting mathematical definitions or concepts and describing their mathematical origins;
o Giving an historical account of a mathematical idea or object;

o Relating mathematics to situations in the real world;

o Pointing out relationships among ideas in this lesson and previous lessons;

o Providing an overview or a summary of the major points of the lesson; and

o Playing mathematical games that did not involve solving mathematical problems (e.g., a
word search for mathematical terms).

Figure 3.3 displays the average percentage of lesson time devoted to problem and non-problem
segments.

FIGURE 3.3. Average percentage of eighth-grade mathematics lesson time devoted to problem and non-
problem segments, by country: 1999
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1Japanese mathematics data were collected in 1995.
2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; SW=Switzerland; and US=United States.
3Non-problem segments: AU, CZ, HK, JP, SW, US>NL.
4Problem segments: NL>AU, CZ, HK, JP, SW.

NOTE: Percentages sum to average percentage of lesson time devoted to mathematical work per country (see figure 3.2). For each country,
average percentage was calculated as the sum of the percentage within each lesson, divided by the number of lessons. The tests for signifi-
cance take into account the standard error for the reported differences. Thus, a difference between averages of two countries may be
significant while the same difference between two other countries may not be significant.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

As shown in figure 3.3, in all the countries at least 80 percent of eighth-graders’ lesson time, on
average, was spent solving problems. A greater percentage of lesson time was spent on mathe-
matical problems in the Netherlands (91 percent) than in all the other countries except the
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United States. Conversely, less time was spent on non-problem segments in the Netherlands (4
percent) than in all the other countries.

Independent, Concurrent, and Answered-Only Problems

Because solving problems made up such a large part of eighth-grade students’ mathematical work
in all the countries, a full description of classroom lessons requires descriptions of the nature of
these problems and the way in which they were worked on. In this section, the problems are char-
acterized in terms of the role they played in the lesson organization (whether they were assigned
as a set and worked on independently, as homework, as individual problems discussed during
class, etc.). Chapter 4 continues the analysis by considering the content of the problems, and
chapter 5 focuses on the way in which problems were worked on during the lesson.

Mathematical problems were treated in three different ways or, said another way, played three
different roles during the lessons:

* Independent problems: Presented as single problems and worked on for a clearly definable
period of time [&& Video clip example 3.4]. These problems might have been solved pub-
licly—as a whole class—or they might have contained a private work phase when students
worked on them individually or in small groups.

 Concurrent problems: Presented as a set of problems, usually as an assignment from a work-
sheet or the textbook, to be worked on privately [& Video clip example 3.5]. Some of these
problems might have eventually been discussed publicly as a whole class. Because they were
assigned as a group and worked on privately, it was not possible to determine how long stu-
dents spent working on any individual problem of this kind.

 Answered-only problems: Most often from homework or an earlier test, these problems had
already been completed prior to the lesson, and only their answers were shared [&& Video clip
example 3.6]. They included no public discussion of a solution procedure and no time in
which students worked on them privately.

It was important to distinguish among the problem types because they can provide different
experiences for students. For example, working on a single problem with the whole class can be a
different experience from working on a set of problems individually or in small groups, which
can be different still from hearing answers to problems completed as homework. More than that,
separating out the independent problems, for which it was possible to mark beginning and end-
ing times, allowed further analyses of the nature of these problems.

Table 3.3 displays the average number of independent and answered-only problems per eighth-
grade mathematics lesson. The number of concurrent problems per lesson is not reported because
such a number is difficult to interpret. Concurrent problems were assigned as a group to be
worked on privately. Sometimes the problems were worked during class and sometimes outside of
class. Sometimes the problems were to be completed for the next lesson and sometimes the
assignment was for an entire week. Consequently, the number of concurrent problems assigned
during a lesson provided little reliable information about what happened during the lesson.
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Figure 3.4 shows the percentage of eighth-grade mathematics lesson time devoted to the differ-
ent problem types. As noted above, although it was often unclear how many concurrent
problems were actually worked on during the lesson, it was possible to accurately determine the
proportion of lesson time devoted to solving concurrent problems. When considered together,
table 3.3 and figure 3.4 provide a snapshot of the roles that mathematics problems played in the
lessons within and across countries.

TABLE 3.3. Average number of independent and answered-only problems per eighth-grade mathematic les-
son, by country: 1999

Independent Answered-only
Country problems? problems3
Australia (AU) 7 1
Czech Republic (C2) 13 #
Hong Kong SAR (HK) 7 #
Japan' (JP) 3 t
Netherlands (NL) 8 2
Switzerland (SW) 5 3
United States (US) 10 5

#Rounds to zero.
*Reporting standards not met. Too few cases to be reported.
1Japanese mathematics data were collected in 1995.
2Independent problems: CZ>HK, JP, NL, SW; HK, US>JP, SW; SW, NL>JP.
3Answered-only problems: US>CZ, HK.
NOTE: Independent problems were presented as single problems and worked on for a clearly definable period of time. Answered-only
problems had already been completed prior to the lesson, and only their answers were shared.
The tests for significance take into account the standard error for the reported differences. Thus, a difference between averages of two
countries may be significant while the same difference between two other countries may not be significant.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.
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FIGURE 3.4. Average percentage of eighth-grade mathematics lesson time devoted to independent prob-
lems, concurrent problems, and answered-only problems, by country: 1999
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#Rounds to zero.
*Reporting standards not met. Too few cases to be reported.
1Japanese mathematics data were collected in 1995.
2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; SW=Switzerland; and US=United States.
3Answered—only problems: US>AU, CZ, HK.
4Concurrent problems: AU, NL, SW>CZ, HK, JP, US.
SIndependent problems: CZ, HK, JP, US>AU, NL, SW.
NOTE: Independent problems were presented as single problems and worked on for a clearly definable period of time. Answered-only
problems had already been completed prior to the lesson, and only their answers were shared. Concurrent problems were presented as a
set of problems to be worked on privately. For each country, average percentage was calculated as the sum of the percentage within each
lesson, divided by the number of lessons. Percentages sum to average percentage of lesson time devoted to problem segments per country
(see figure 3.3), although in some cases they do not because of rounding or data not reported.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

In the Czech Republic, more independent problems were worked on (13) per lesson, on average,
than in Hong Kong SAR, Japan, the Netherlands, and Switzerland (see table 3.3). In Japanese les-
sons, an average of 3 independent problems were worked on per lesson, which is significantly
fewer than all the other countries except Australia.

Answered-only problems occurred at least occasionally in all the countries where reliable esti-
mates could be calculated. This type of problem was more common in the United States
(averaging 5 per lesson) than in the Czech Republic and Hong Kong SAR.

Figure 3.4 indicates that part of the time in the eighth-grade mathematics lessons in the partici-
pating countries was spent solving independent problems and part of the time was spent
working on concurrent problems, although in somewhat different proportions. The Czech
Republic, Hong Kong SAR, Japan, and the United States devoted a greater percentage of lesson
time on average to independent problems than the other three countries. Conversely, students in
Australia, the Netherlands, and Switzerland spent more time on average than students in the
other countries working on concurrent problems.

A similar picture emerges from within-country comparisons of time spent on independent and
concurrent problems. These analyses show that, on average, in the Czech Republic, Hong Kong
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SAR, Japan, and the United States more time was devoted to solving independent problems com-
pared to concurrent problems, whereas in Australia, the Netherlands, and Switzerland more time
was devoted to solving concurrent problems compared to independent problems (data not
shown in table or figure).

Time Spent per Problem

As noted earlier, it was possible to examine independent problems more carefully than concur-
rent problems because the exact time spent working on each problem could be calculated. This
allowed an analysis of the average time spent per independent problem as well as further analy-
ses of the nature of the work that occurred during this time. Various measures of time are
presented in this section; descriptions of the content and nature of the activity that occurred
while solving the independent problems are presented in later chapters.

Figure 3.5 shows the number of minutes, on average, devoted to each independent problem in a
lesson in each country. More time per problem could mean that the problems were more chal-
lenging, that the class spent more time discussing the problem, or simply that the teacher
allowed more time for students to solve the problem.

FIGURE 3.5. Average time per independent problem per eighth-grade mathematics lesson (in minutes), by
country: 1999
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1)apanese mathematics data were collected in 1995.

2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; SW=Switzerland; and US=United States.
NOTE: CZ, HK, SW>NL; JP>AU, CZ, HK, NL, SW, US. The tests for significance take into account the standard error for the reported differ-
ences. Thus, a difference between averages of two countries may be significant while the same difference between two other countries
may not be significant.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

As the figure shows, in Japanese eighth-grade mathematics lessons, on average, more time was
spent working on each independent mathematics problem compared to lessons from all the
other countries. Whereas in the other countries, on average, between 2 and 5 minutes was spent
working on an independent problem, in Japan, on average, 15 minutes was spent on each
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independent problem. As shown earlier, Japan also devoted about two-thirds of the lesson time,
on average, to independent problems (figure 3.4, 64 percent). From these two findings, one could
conclude that Japanese students spent most of their time during mathematics lessons working
on a few, independent mathematics problems.

The number of independent problems and time per independent problem were calculated by
averaging across lessons. Naturally, there are variations among lessons with regard to the average
time spent per independent problem. To get a sense of the variation within countries, it is useful
to look at a box and whisker plot showing the distribution of lessons with regard to average time
spent on each independent problem. Figure 3.6 shows this variation within each country.

FIGURE 3.6. Box and whisker plots showing the distribution of eighth-grade mathematics lessons based on
average length of independent problems, by country: 1999
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TOutliers are values from 1.5 to 3.0 box lengths from the upper or lower edge of the box.
2Extremes are values greater than 3.0 box lengths from the upper or lower edge of the box.
3Japanese mathematics data were collected in 1995.
4AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; SW=Switzerland; and US=United States.

NOTE: The shaded box represents the interquartile range, containing 50 percent of the lessons. The lines extending from the box indicate
the highest and lowest values, excluding outliers and extremes. The horizontal line within the box indicates the median.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

As evident in figure 3.5, the average length of time per independent problem is higher in Japan
than the other countries. However, figure 3.6 shows that the majority of lessons in all countries
except Japan fell within a narrow range based on average time spent per independent problem.
In Japan, the average time per independent problem in most lessons was between approximately
10 and 20 minutes, but lessons with average problem times as long as 30 minutes were not
uncommon. In the other countries, most lessons had average independent problem times
between approximately 1 and 5 minutes and lessons with average problem times longer than
approximately 10 minutes were uncommon.
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Another way to examine the time spent on problems is to ask what percentage of problems was
worked through relatively quickly. Because mathematics problem was defined to include simple,
even routine, exercises, it could be the case that some problems, even a substantial percentage of
problems, were worked through quickly. One would not necessarily expect these kinds of prob-
lems to provide the same learning opportunities as those that, for whatever reason, required
more time to complete (National Research Council 2001a).

Problems that were worked out relatively quickly (less than 45 seconds) were distinguished from
those that engaged students for longer periods of time (more than 45 seconds). The length of
45 seconds represented the consensus judgment of the mathematics code development team
regarding a criterion that might separate many of the more routine exercises in the sample of
eighth-grade lessons from those that involved more extensive work. Included in this analysis
were all problems except for answered-only problems and concurrent problems for which no
solution was presented publicly. For the concurrent problems in which a solution was publicly
presented, the amount of time spent publicly discussing the problem could be computed

(and determined to be greater or less than 45 seconds). Figure 3.7 presents the percentage of
independent and concurrent problems that exceeded 45 seconds per eighth-grade mathematics
lesson in each country.

FIGURE 3.7. Average percentage of independent and concurrent problems per eighth-grade mathematics
lesson that were worked on for longer than 45 seconds, by country: 1999
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1Japanese mathematics data were collected in 1995.
2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; SW=Switzerland; and US=United States.

NOTE: HK>AU, CZ, US; JP>AU, CZ, HK, NL, SW, US; NL>AU; SW>AU, CZ. Concurrent problems with no publicly presented solution were
excluded. For each country, average percentage was calculated as the sum of the percentage within each lesson, divided by the number
of lessons.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

In all the countries, the majority of problems per lesson for which time could be reliably deter-
mined extended beyond 45 seconds. Almost all of the problems in Japan met this threshold
criterion (98 percent), a higher percentage than any other country. As stated earlier, on average,
Japan also had the least number of independent problems worked on in each lesson and the
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longest time spent on each independent problem. Australia had a significantly lower percentage
of problems per lesson that lasted at least 45 seconds than Hong Kong SAR, Japan, the
Netherlands, and Switzerland.

By itself, time spent on problems says relatively little about the learning experiences of students.
But like other indicators in this chapter, it provides a kind of parameter that can enable and con-
strain students’ experiences. It might be difficult, for example, for students to solve a challenging
problem, to examine the details of mathematical relationships that are revealed in the problem,
or to discuss with the teacher and peers the reasons that solution methods work as they do if the
problem is completed quickly (National Research Council 2001a).

The Purpose of Different Lesson Segments

Mathematical problems, together with non-problem segments, can be used by teachers to
accomplish different purposes. And different countries might define these purposes in somewhat
different ways. In consultation with the National Research Coordinators in each participating
country, the following three purposes were defined:

* Reviewing: This category, more technically called “addressing content introduced in previous
lessons,” focused on the review or reinforcement of content presented previously [& Video
clip example 3.7]. These segments typically involved the practice or application of a topic
learned in a prior lesson, or the review of an idea or procedure learned previously. Examples
included:

o Warm-up problems and games, often presented at the beginning of a lesson;

o Review problems intended to prepare students for the new content;

o

Teacher lectures to remind students of previously learned content;

o

Checking the answers for previously completed homework problems; and

(<]

Quizzes and grading exercises.

* Introducing new content: This category focused on introducing content that students had not
worked on in an earlier lesson [# Video clip example 3.8]. Examples of segments of this type
included:

o Teacher expositions, demonstrations, and illustrations;

o Teacher and student explorations through solving problems that were different, at least in
part, from problems students had worked previously;

o Class discussions of new content; and
o Reading textbooks and working through new problems privately.

* Practicing new content: This category focused on practicing or applying content introduced in
the current lesson [&k Video clip example 3.9]. These segments only occurred in lessons where
new content was introduced. They typically took one of two forms: the practice or application
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of a topic already introduced in the lesson, or the follow-up discussion of an idea or formula
after the class engaged in some practice or application. Examples of segments included:

o Working on problems to practice or apply ideas or procedures introduced in an earlier lesson;

o Class discussions of problem methods and solutions previously presented; and

o Teacher lectures summarizing or drawing conclusions about the new content presented earlier.

Segments coded as non-mathematical activity or mathematical organization were incorporated
into the immediately following purpose segment, except when they appeared at the end of a les-
son in which case they were included in the immediately preceding purpose segment. In this
manner, all events in a lesson were classified as one (and only one) of the three purpose types.
Only if the purpose of a segment was not clear was it coded “unable to make a judgment.”

The entire eighth-grade mathematics lesson might have had the same purpose throughout, or it
might have been segmented into different purposes. Figure 3.8 displays the average percentage of
lesson time devoted to each of the three purpose types.

FIGURE 3.8.
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SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study

(TIMSS), Video Study, 1999.
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On average, a higher percentage of lesson time in the Czech Republic was devoted to reviewing
compared to all the other countries except the United States. More of the lesson time in Japan
was spent introducing new content relative to all the other countries. And more of the lesson
time in Hong Kong SAR was spent practicing new content than in the Czech Republic, Japan,
and Switzerland.

By combining the time spent on the two purposes dealing with new content (introducing and
practicing), it is possible to compare the time spent working on new content with the time spent
reviewing content introduced in a prior lesson. This comparison can be made visually by compar-
ing the lower section of figure 3.8 with the sum of the two upper sections. On average, in Australia,
Hong Kong SAR, Japan, the Netherlands, and Switzerland a greater percentage of eighth-grade
mathematics lesson time was spent on new material relative to previously learned material. In the
Czech Republic, the reverse occurred. In the United States there was no difference found between
the average amount of time spent reviewing older material and working on new material.

Another way to uncover the relative emphasis placed on reviewing previously presented content,
introducing new content, and practicing new content is to check the percentage of lessons in
which an activity of each type appeared. Did some lessons, for example, contain no review, or no
new content?

As seen in table 3.4, 100 percent of the lessons in the Czech Republic sample included at least
one review segment. The percentage was higher than all the countries except the United States. A
higher percentage of Japanese lessons contained at least one segment introducing new content
than all the other countries except Hong Kong SAR and Switzerland. And more Hong Kong SAR
lessons included at least one segment devoted to practicing new content than Japan, the
Netherlands, and Switzerland. These data appear to reinforce the pattern suggested in figure 3.4:
Compared to some of the other countries, eighth-grade mathematics teachers in the Czech
Republic (and to a lesser extent, in the United States) placed a greater emphasis on reviewing
previously learned content; teachers in Japan placed a greater emphasis on introducing new con-
tent; and teachers in Hong Kong SAR placed a greater emphasis on practicing new content.

TABLE 3.4. Percentage of eighth-grade mathematics lessons with at least one segment of each purpose
type, by country: 1999

Purpose
Introducing Practicing
Reviewing? new content3 new content?

Country Percent
Australia (AU) 89 71 58
Czech Republic (CZ) 100 75 63
Hong Kong SAR (HK) 82 92 81
Japan' (JP) 73 95 43
Netherlands (NL) 65 71 46
Switzerland (SW) 75 81 55
United States (US) 94 72 57

1Japanese mathematics data were collected in 1995.

2Reviewing: AU, US>NL, SW; CZ>AU, HK, JP, NL, SW.

3Introducing new content: JP>AU, CZ, NL, US; HK>CZ, US.

4Practicing new content: HK>JP, NL, SW.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.
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An additional lens through which to view the distribution of lesson segments devoted to review
of old content versus the introduction and practice of new content is the percentage of lessons
that focused on only one purpose. A question of special interest is whether any eighth-grade
mathematics lessons were limited only to review. Such lessons would seem more likely to provide
students with opportunities to become more familiar and efficient with content they have
already encountered and less likely to have opportunities to learn new material.

FIGURE 3.9. Percentage of eighth-grade mathematics lessons that were entirely review, by country: 1999
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1Japanese mathematics data were collected in 1995.
2AU=Australia, CZ= Czech Republic, HK=Hong Kong SAR, JP=Japan, NL= Netherlands, SW=Switzerland, and US=United States.

NOTE: CZ, US>HK, JP. The tests for significance take into account the standard error for the reported differences. Thus, a difference
between averages of two countries may be significant while the same difference between two other countries may not be significant.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

The relative emphasis on review in eighth-grade mathematics lessons in the Czech Republic and,
to a lesser extent the United States, suggested in figure 3.8 and table 3.4 is reinforced in figure
3.9: Eighth-grade mathematics teachers in the Czech Republic and the United States devoted
more lessons entirely to review than teachers in Hong Kong SAR and Japan.

In contrast to spending an entire lesson on one purpose, teachers might divide the lesson into
segments that each focus on a different purpose. The number, length, and sequence of purpose
segments provide one way of organizing lessons for accomplishing different goals. One measure
of this lesson organization is simply the number of purpose segments. Different learning experi-
ences might be afforded by lessons that have relatively short purpose segments and jump back
and forth between segments of different purposes than by lessons that spend a longer time on a
particular purpose before shifting to another. Table 3.5 shows the average number of shifts in
purpose per lesson for each country.
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TABLE 3.5. Average number of shifts in purpose per eighth-grade mathematics lesson, by country: 1999

Average number of
Country shifts in purpose?

Australia (AU)

Czech Republic (CZ)
Hong Kong SAR (HK)
Japan' (JP)
Netherlands (NL)
Switzerland (SW)
United States (US)

NN = = WNN

1Japanese mathematics data were collected in 1995.

2AU, CZ, SW, US>NL; HK>CZ, JP, NL, SW; AU, CZ>JP.
NOTE: The tests for significance take into account the standard error for the reported differences. Thus, a difference between averages
of two countries may be significant while the same difference between two other countries may not be significant.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

The data in table 3.5 show that, on average, lessons in all the countries contained activities of at
least two different purpose types (one shift equals moving from one purpose type to another).
The results also indicate that, on average, eighth-grade mathematics teachers in Hong Kong SAR
shifted among purposes more than teachers in the Czech Republic, Japan, the Netherlands, and
Switzerland; in contrast, teachers in the Netherlands shifted among purposes less often than
teachers in all the other countries except Japan.

It is possible to deduce from table 3.4 and figure 3.9 that the majority of lessons in all the coun-
tries contained at least two different kinds of purpose segments. The data in table 3.5 indicate
that teachers rarely jumped between these purpose segments multiple times. Rather, it appears
that, on average, eighth-grade mathematics teachers in each country often treated one purpose at
length before shifting to another purpose.

Public and Private Classroom Interaction

Another element of the classroom environment that can enable and constrain different kinds of
learning experiences for students is the way in which the teacher and students interact (Brophy
1999). Many classrooms include both whole-class discussions or public work, in which the
teacher and students interact publicly, with the intent that all students participate (at least by lis-
tening), and private work, in which students complete assignments individually, or in small
groups, and during which the teacher often circulates around the room and assists students who
need help.

After viewing a number of the eighth-grade mathematics lessons in the TIMSS 1999 Video Study
sample, the mathematics code development team observed that some teachers in the seven par-
ticipating countries occasionally used interaction types different from these two. To capture all
the interaction structures, five types of classroom interaction were defined:

* Public interaction: Public presentation by the teacher or one or more students intended for all
students [k Video clip example 3.10].
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* Private interaction: All students work at their seats, either individually, in pairs, or in small
groups, while the teacher often circulates around the room and interacts privately with indi-
vidual students [&k Video clip example 3.11].

 Optional, student presents information: A student presents information publicly in written
form, sometimes accompanied by verbal interaction between the student and the teacher or
other students about the written work; other students may attend to this information or work
on an assignment privately [&& Video clip example 3.12].

* Optional, teacher presents information: The teacher presents information publicly, in either
verbal or written form, and students may attend to this information or work on an assignment
privately.

* Mixed private and public work: The teacher divides the class into groups—some students are
assigned to work privately on problems, while others work publicly with the teacher.

These interaction types were mutually exclusive and exhaustive; each segment of lesson time was
classified as a single type. Table 3.6 displays the average percentage of lesson time devoted to
public, private, and “optional, student presents information.”* “Optional, teacher presents infor-
mation” and “mixed private and public work” together accounted for no more than 2 percent of

the lesson time in each country, on average, and are not shown in the table.

TABLE 3.6. Average percentage of eighth-grade mathematics lesson time devoted to public interaction, pri-
vate interaction, and optional, student presents information, by country: 1999

Optional, student

Public interaction? Private interaction3 presents information4
Country Percent
Australia (AU) 52 48 #
Czech Republic (CZ) 61 21 18
Hong Kong SAR (HK) 75 20 5
Japan'! (JP) 63 34 3
Netherlands (NL) a4 55 ¥
Switzerland (SW) 54 44 1
United States (US) 67 32 1

#Rounds to zero.

*Reporting standards not met. Too few cases to be reported.

1Japanese mathematics data were collected in 1995.

2public interaction: CZ>NL; HK>AU, CZ, JP, NL, SW; JP>AU, NL; US>AU, NL, SW.

3Private interaction: AU, SW>CZ, HK, JP, US; JB, US>CZ, HK; NL>CZ, HK, JP, SW, US.

40ptional, student presents information: CZ>AU, HK, JP, SW, US; JP>AU; HK>AU, SW, US.
NOTE: For each country, average percentage was calculated as the sum of the percentage within each lesson, divided by the number of
lessons.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Although in all the countries the vast majority of class time was spent in either public or private
interaction, countries divided their time between them somewhat differently. Comparing across
countries, eighth-grade mathematics lessons in Hong Kong SAR spent a greater percentage of

4As a consequence of taping procedures described in the technical report (Jacobs et al. forthcoming) and standards for obtaining cross-
national reliability, more codes were developed for the public than the private portions of the lessons.
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lesson time in public interaction (75 percent) than those in the other countries, except the
United States. In the Netherlands, a greater percentage of lesson time (55 percent) was spent in
private interaction compared to lesson time in the other countries, except Australia. When look-
ing at how lesson time was divided among these interaction categories in each country, a greater
percentage of mathematics lesson time was spent in public interaction than in either private
interaction or in the mixed type of interaction referred to as optional, student presents informa-
tion, except in the case of the Netherlands (as noted above) and Australia. In the case of
Australia, there was no detectable difference between the percentage of lesson time spent in pub-
lic and private interaction.

The Czech Republic was the only country to spend a substantial portion of time (18 percent) in
the mixed type referred to as optional, student presents information. A prominent feature of the
lessons in the Czech Republic was the public grading of students at the beginning of lessons.
One or two students might have been called upon to publicly exhibit mastery of knowledge and
skills taught previously, while the rest of their classmates worked privately. It is likely that the rel-
atively long time Czech mathematics classes spent in this interaction type was related to this
grading process.

As noted earlier, private interaction was defined as the time when students were working indi-
vidually, in pairs, or in small groups. How often did students work alone? How often did they
work with their peers? Figure 3.10 displays the average percentage of private interaction time
during which students worked individually, or in pairs and groups.

FIGURE 3.10.  Average percentage of private interaction time per eighth-grade mathematics lesson that stu-
dents spent working individually or in pairs and groups, by country: 1999
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1Japanese mathematics data were collected in 1995.
2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; SW=Switzerland; and US=United States.
3Worked in pairs and groups: AU, JP, SW>CZ, HK; US>HK.
4Worked individually: CZ>AU, JP, SW; HK>AU, JP, SW, US; NL>SW.

NOTE: For each country, average percentage was calculated as the sum of the percentage within each lesson, divided by the number of les-
sons. The tests for significance take into account the standard error for the reported differences. Thus, a difference between averages of
two countries may be significant while the same difference between two other countries may not be significant.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.
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Across all the countries, on average, at least 73 percent of private work time involved students
completing tasks individually. The percentages ranged from 73 percent in Australia to 95 percent
in Hong Kong SAR. Comparing percentages of time within countries shows that working indi-
vidually is a more common activity for students in all the countries than working together
during private work time.

Earlier it was noted that one way to examine the organization of eighth-grade mathematics les-
sons is to look at the number of purpose segments they contain. Similarly, varying the type of
interaction provides another way for the teacher to structure the lesson and to emphasize differ-
ent kinds of experiences. By shifting between interaction types, the teacher can modify the
environment and ask students to work on mathematics in different ways. How often do eighth-
grade mathematics teachers actually change interaction types (i.e., switch among the five
categories listed earlier) during a lesson? Table 3.7 provides the relevant data.

TABLE 3.7. Average number of classroom interaction shifts per eighth-grade mathematics lesson, by coun-
try: 1999

Average number
Country of shifts2

Australia (AU)

Czech Republic (C2)
Hong Kong SAR (HK)
Japan' (JP)
Netherlands (NL)
Switzerland (SW)
United States (US)

Ul Ul w oo Ul N U

1Japanese mathematics data were collected in 1995.
2AU, HK, SW, US>NL; CZ, JP>AU, HK, NL, SW, US.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Eighth-grade mathematics teachers in Japan and the Czech Republic made more shifts in inter-
action types than teachers in all the other countries. On average, they changed interaction types
between 7 and 8 times each lesson. Using the median length of a mathematics lesson in these
two countries (see table 3.1), each interaction segment lasted, on average, between 6 and 7 min-
utes. The fewest shifts occurred in the Netherlands, where interaction types changed an average
of 3 times each lesson. On average, each interaction segment in the Netherlands lessons lasted 14
minutes.

For all the countries, the number of interaction shifts was significantly greater than the number
of purpose shifts. It appears that teachers in all the countries used changes in interaction types to
vary the learning environment more often than changes in the purpose of the activity.

The Role of Homework

The decision to incorporate homework within a lesson can directly impact how that lesson is
organized. That is, teachers can review problems students completed prior to the lesson, allow
students to begin homework problems assigned for a future lesson, or both. This section
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examines how frequently teachers assigned homework, and the extent to which homework was
worked on as part of the lesson activities.

Figure 3.11 displays for each country the percentage of eighth-grade mathematics lessons in
which homework was assigned.

FIGURE 3.11.  Percentage of eighth-grade mathematics lessons in which homework was assigned, by country:
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1Japanese mathematics data were collected in 1995.
2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; SW=Switzerland; and US=United States.

NOTE: AU, CZ, HK, NL, SW>JP.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Across the countries, except Japan, homework was assigned in at least 57 percent of the lessons.
Japanese eighth-grade mathematics teachers assigned homework less often (in 36 percent of les-
sons) than teachers in all the other countries except the United States.

More information can be provided about the role of homework by examining whether students
were allowed to begin the assignment during the lesson [&k Video clip example 3.13]. The first
column in table 3.8 displays the average number of problems per eighth-grade mathematics les-
son assigned as homework that were begun in the lesson. The second column displays an
estimate of the average time spent on these problems per lesson.
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TABLE 3.8. Average number of eighth-grade mathematics problems per lesson assigned as homework and
begun in the lesson, and estimated average time per lesson spent on these problems, by coun-
try: 1999
Average number of Estimated average time
problems per lesson per lesson spent on future
Country assigned for homework? homework (in minutes)3:4

Australia (AU)

Czech Republic (CZ)
Hong Kong SAR (HK)
Japan' (JP)
Netherlands (NL)
Switzerland (SW)
United States (US)

_
w hoO - wWwnND

_
A NO HF N =2 U

#Rounds to zero.

1Japanese mathematics data were collected in 1995.

2Average number of problems per lesson assigned for homework: AU, US>CZ, JP; HK, SW>JP; NL>CZ, HK, JP, SW, US.

3This number includes the exact amount of time spent on all answered-only and independent problems assigned as future homework,
plus an estimate of the length of time spent on all concurrent problems assigned as future homework. This latter estimate was calculated
for each lesson by dividing the total length of time spent on concurrent problems by the number of concurrent problems, and multiply-
ing the result by the number of concurrent problems assigned as future homework.

4Estimated average time per lesson spent on future homework: AU>JP; NL>AU, CZ, HK, JP, SW, US.
NOTE: The tests for significance take into account the standard error for the reported differences. Thus, a difference between averages
of two countries may be significant while the same difference between two other countries may not be significant.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

In eighth-grade Dutch lessons, students began work during lessons on a greater number of prob-
lems assigned as homework (10) on average than their peers in all the other countries except
Australia. Moreover, in Dutch lessons, significantly more estimated lesson time (10 minutes) was
spent on these problems than in all the other countries. The estimated average amount of time
students spent beginning their homework assignment in all the other countries ranged from 1
minute in Japan to 4 minutes in Australia and Switzerland. Using median lesson times (from
table 3.1), it appears that in all the countries, except the Netherlands, starting on the homework
assignment filled, on average, no more than 10 percent of lesson time.

Another measure of the role that homework played in the lessons is the way in which problems
completed for the videotaped lesson were corrected and discussed [ Video clip example 3.14].
Table 3.9 displays the average number of problems per eighth-grade mathematics lesson that
were previously assigned as homework and corrected or discussed during the videotaped lesson,
along with an estimate of the average time spent on these problems.
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TABLE 3.9. Average number of eighth-grade mathematics problems per lesson previously assigned as
homework and corrected or discussed during the lesson, and estimated average time per lesson
spent on these problems, by country: 1999

Average number of Estimated average time

problems per lesson per lesson spent on

previously assigned as previously assigned

Country homework? homework (in minutes)3:4
Australia (AU) 3 1
Czech Republic (CZ) # #
Hong Kong SAR (HK) # 1
Japan' (JP) # 1
Netherlands (NL) 12 16
Switzerland (SW) 5 5
United States (US) 8 7

#Rounds to zero.

1Japanese mathematics data were collected in 1995.

2Average number of problems per lesson previously assigned as homework: NL>AU, CZ, HK, JP; US>CZ, HK, JP.

3This number includes the exact amount of time spent on all answered-only and independent problems previously assigned as homework,
plus an estimate of the length of time spent on all concurrent problems previously assigned as homework. This latter estimate was calcu-
lated for each lesson by dividing the total length of time spent on concurrent problems by the number of concurrent problems, and
multiplying the result by the number of concurrent problems previously assigned as homework.

4gstimated average time per lesson spent on previously assigned homework: NL>AU, CZ, HK, JP.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Teachers and students in the Netherlands corrected and discussed more problems per lesson that
were previously assigned as homework (12) on average and spent more estimated time on these
problems (16 minutes) than students and teachers in all the other countries except Switzerland
and the United States.

Considering both work on past and future homework problems, homework was treated as a
more central part of the eighth-grade mathematics lessons in the Netherlands than in most other
countries. Teachers in Australia, Switzerland, and the United States showed some indication of
attending to homework during the lesson, but homework was a relatively minor part of the les-
son, on average, in the Czech Republic, Hong Kong SAR, and Japan.

Pedagogical Features That Influence Lesson Clarity and Flow

A final set of structural elements of the lesson environment considered in this chapter focuses on
lesson flow and clarity. These include lesson features that seem to highlight the major points of
the lesson for the students or, on the other hand, might interrupt the flow of the lesson.

Goal Statements

One way that teachers can help students identify the key mathematical points of a lesson is to
describe the goal of the lesson (Brophy 1999). Goal statements were defined as explicit written or
verbal statements by the teacher about the specific mathematical topic(s) that would be covered
during the lesson [& Video clip example 3.15]. To count as a goal statement, the statement had
to preview the mathematics that students encountered during at least one-third of the lesson
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time. Figure 3.12 displays the percentage of eighth-grade mathematics lessons in each country
that contained at least one goal statement.

FIGURE 3.12.  Percentage of eighth-grade mathematics lessons that contained at least one goal statement, by
country: 1999
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1Japanese mathematics data were collected in 1995.
2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; SW=Switzerland; and US=United States.

NOTE: AU>NL, SW; CZ>AU, HK, NL, SW, US; HK, JP, SW, US>NL.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

A higher percentage of eighth-grade mathematics lessons in the Czech Republic contained goal
statements provided by the teacher (91 percent) than in all the other countries except Japan. In
the Netherlands, goal statements were provided in a lower percentage of lessons (21 percent)
than in all the other countries.

Lesson Summary Statements

A second kind of aid to help students recognize the key ideas in a lesson is a summary statement.
Summary statements highlight points that have just been studied in the lesson. They were
defined as statements that occurred near the end of the public portions of the lesson and
described the mathematical point(s) of the lesson [& Video clip example 3.16]. Figure 3.13 dis-
plays the percentage of eighth-grade mathematics lessons in each country that contained at least
one summary statement.
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FIGURE 3.13.  Percentage of eighth-grade mathematics lessons that contained at least one summary state-
ment, by country: 1999
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*Reporting standards not met. Too few cases to be reported.

1Japanese mathematics data were collected in 1995.

2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; SW=Switzerland; and US=United States.
NOTE: CZ>SW, US; HK, JP>SW. The tests for significance take into account the standard error for the reported differences. Thus, a differ-
ence between averages of two countries may be significant while the same difference between two other countries may not be significant.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

For all the countries, lesson summaries were less common than goal statements. Lesson sum-
maries were found in at least 21 percent of eighth-grade mathematics lessons in Japan, the Czech
Republic, and Hong Kong SAR, and in 10 percent of lessons in Australia. In the other countries
where reliable estimates could be calculated, between 2 and 6 percent of lessons included sum-
mary statements.

Outside Interruptions

Whereas goal statements and summary statements can enhance the clarity of the key lesson
ideas, interruptions to the lesson can break its flow and, perhaps, interfere with or delay develop-
ing the key ideas (Stigler and Hiebert 1999). One kind of interruption comes from outside the
classroom. Examples of outside interruptions include announcements over the intercom, indi-
viduals from outside the class requiring the teacher’s attention, and talking to a student who has
arrived late [&& Video clip example 3.17]. Figure 3.14 displays the percentage of eighth-grade
mathematics lessons in which at least one outside interruption occurred.
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FIGURE 3.14.  Percentage of eighth-grade mathematics lessons with at least one outside interruption, by
country: 1999
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1)apanese mathematics data were collected in 1995.
2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; SW=Switzerland; and US=United States.

NOTE: NL>JP. Percentage reported for Japan differs from that reported in Stigler et al. (1999) because the definition was changed for the
current study.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

In all the countries some lessons were interrupted. In fact, about 30 percent of lessons were
interrupted in Australia, Hong Kong SAR, the Netherlands, and the United States. A larger per-
centage of lessons were interrupted in the Netherlands than in Japan. Other apparent differences
between countries were not significant.

Non-Mathematical Segments

Another type of potential interruption to the flow of lessons occurred when the class engaged in
non-mathematical activities after the mathematics portion of the lesson had begun. By defini-
tion, a non-mathematical segment was any activity unrelated to the teaching and learning of
mathematics that lasted for at least 30 seconds. When these segments occurred at the beginning
of the lesson (e.g., when teachers and students attended to such things as greetings, checking
attendance, or discussing the videotaping procedure) or at the end of lesson (e.g., when teachers
and students talked socially, or discussed when and where future lessons would be held), they
did not interrupt the flow of the lesson. So, the segments of interest here were those that
occurred within the mathematics portion of the lesson.

An important characteristic of these interruptions was that they appeared, in some cases, to be
within the teacher’s control. As such, they differed from outside interruptions, which appeared to
be largely outside of the teacher’s control. Figure 3.15 displays the percentage of lessons that con-
tained at least one non-mathematical work segment within the mathematics portion of the lesson.
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FIGURE 3.15.  Percentage of eighth-grade mathematics lessons with at least one non-mathematical segment
at least 30 seconds in length within the mathematics portion of the lesson, by country: 1999
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*Reporting standards not met. Too few cases to be reported.

1Japanese mathematics data were collected in 1995.

2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; SW=Switzerland; and US=United States.
NOTE: NL, US>CZ; US>SW. The tests for significance take into account the standard error for the reported differences. Thus, a difference
between averages of two countries may be significant while the same difference between two other countries may not be significant.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

The percentages of lessons containing these interruptions ranged from 23 percent and 22 percent
of the eighth-grade mathematics lessons in the Netherlands and the United States, respectively,
to 4 percent in the Czech Republic. There were too few lessons containing these interruptions in
the Japanese lessons to calculate a reliable estimate. The percentage of lessons containing these
interruptions in the Netherlands and the United States was higher than that in the Czech
Republic. Additionally, the percentage in the United States was higher than that in Switzerland.

Public Announcements That Were Unrelated to the
Current Mathematics Assignment

A second way in which teachers’ actions might affect the flow of the lesson and potentially inter-
rupt students’ work occurred when teachers made an off-topic announcement during private
work time. This type of announcement was defined as one containing either no mathematical
information (for example, the teacher might have addressed a disciplinary problem) or mathe-
matical information that appeared to be unrelated to the assignment at hand [& Video clip
example 3.18]. There was no minimum time length for this code, so a public announcement of
this sort could be of varying length.

Figure 3.16 displays the percentage of eighth-grade mathematics lessons that contained at least
one public announcement during private work time that appeared to be unrelated to the current
assignment.
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FIGURE 3.16.  Percentage of eighth-grade mathematics lessons with at least one public announcement by the
teacher during private work time unrelated to the current assignment, by country: 1999
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1Japanese mathematics data were collected in 1995.
2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; SW=Switzerland; and US=United States.

NOTE: NL>AU, CZ, HK, JP, SW, US; US>CZ.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

In the Netherlands, more eighth-grade mathematics lessons contained public announcements
unrelated to the current assignment (64 percent) than in all the other countries. Twenty-eight
percent of U.S. lessons contained this kind of public announcement, a larger percentage than in
the Czech Republic.

Summary

Teaching can be analyzed from many perspectives. The approach taken in this study was to focus
on features of teaching, and the way these features fit together, that seem likely to influence the
learning opportunities for students (Brophy 1999; National Research Council 1999, 2001a;
Stigler et al. 1999). Four major categories of features were defined for this report: the context of
the lesson, including information about the teacher and students; the organization and structure
of the lesson environment; the kind of mathematics studied; and the way in which the mathe-
matics was studied.

Chapter 2 presented information on the context of the lesson. In the current chapter, results
were presented on elements of the lesson that structured the learning environment for students.
As noted earlier, although these elements might not influence learning directly they might set
boundaries on the kinds of learning experiences that were likely to occur. How the details were
filled in matter a great deal, of course, and these details will be examined in chapters 4 and 5.
The results of this chapter, nonetheless, represent some basic stage-setting choices that appeared
in the eighth-grade mathematics lessons of each country. Consequently, these results provide a
good beginning point for looking inside the classrooms of the seven participating countries.
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At one level, it appears that educators in the seven countries made similar choices with respect to
organizing lessons. They used many of the same basic ingredients. Virtually all eighth-grade les-
sons contained mathematical problems, and most of the instructional time was devoted to
solving problems (figure 3.3). Some problems were presented for class discussion and some were
assigned as a set for working on privately (table 3.3 and figure 3.4). Across all lessons, teachers
devoted some time to reviewing old content, introducing new content, and practicing new con-
tent (figure 3.8). And work was accomplished through two primary social structures: working
together as a whole class and working privately (table 3.6).

A closer look reveals, however, that there were detectable differences among countries in the rela-
tive emphasis they placed on different values of these variables. These differences are highlighted
in the following summaries (after noting some important similarities). The reason for focusing
on differences among countries is not because they necessarily represent better choices for teach-
ing eighth-grade mathematics, but because they represent different choices. It is through
examining different choices, perhaps choices not previously considered or even imagined, that
educators can raise the level of discussion needed to make the improvement of teaching a sys-
tematic and collective professional activity.

Among the important findings reported in this chapter are the following:

* Eighth-grade mathematics teachers and students in every country spent a high percentage of
lesson time engaged in mathematical work (figure 3.2).

* In all the participating countries, eighth-grade mathematics was taught predominantly
through solving problems (figure 3.3). Apparently, this is the common currency of mathemat-
ics teachers in these countries. Some readers might regard this as an obvious finding, but the
extent to which working on problems provides the prevalent instructional activity in countries
around the world has not been documented previously.

* Japan and the Netherlands provided two comparatively distinct learning environments for stu-
dents as defined by a few basic organizational features:

o Japanese eighth-grade mathematics lessons focused on presenting new content through
solving a few problems, mostly as a whole class, with each problem requiring a considerable
length of time (tables 3.3 and 3.6, and figures 3.5 and 3.8);

o In Dutch lessons, private work played a more central role, with eighth-grade students
spending a larger percentage of time working on a set of problems, either reviewing old
homework or starting on newly assigned homework (figure 3.4 and tables 3.6, 3.8, and 3.9).

In these different structures, the teacher, the written curriculum materials, and the students
would seem to play quite different roles.

 Countries emphasized different purposes in their eighth-grade mathematics lessons.
Compared to some other countries, the Czech Republic (and to a lesser extent the United
States) emphasized reviewing, whereas Hong Kong SAR and Japan emphasized new content,
with Japan focusing on introducing the new content and Hong Kong SAR focusing on practic-
ing the new content (figures 3.8 and 3.9, and table 3.4).

* Finally, the Czech Republic and the Netherlands showed different profiles with regard to les-
son clarity and flow. Lessons in the Czech Republic were relatively high on measures that
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might aid students in identifying the key points of the lesson (e.g., goal statements and sum-
mary statements) and relatively low on the measures of potential interruption to lesson flow
(e.g., outside interruptions, non-mathematical segments within the mathematics portion of
the lesson, and unrelated public announcements). Lessons in the Netherlands showed the
opposite profile (figures 3.12 through 3.16).

As noted several times, the results of this chapter are most important in the way they set the stage
for the next two chapters. It will be worth keeping in mind the organizational elements prevalent
in each country as the results of the next two chapters are studied. Many of those results are
enabled and supported by the features of the lesson environments presented in this chapter.
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tudents’ opportunity to learn mathematics is shaped, in part, by the content of the

mathematics presented (National Research Council 2001a). The structure of the
classroom learning environments described in chapter 3 provides a shell that can
enable and constrain particular kinds of learning opportunities. The nature of these
opportunities is shaped further by the way in which the shell is filled. This chapter
considers the content that filled the eighth-grade mathematics lessons and the next
chapter focuses on the way in which the content was treated.!

At one level, the importance of content in shaping students’ learning opportunities is
obvious and rather easy to see. Students have little chance of learning algebra in
school, for example, if algebra is not part of the lesson. This is why the analysis of
curricula has played a major role in searching for relationships between classroom
practice and student achievement in both the Second International Mathematics
Study (McKnight et al. 1987) and the Third International Mathematics and Science
Study (Schmidt et al. 1999).

The TIMSS 1999 Video Study provides an opportunity to examine the content of les-
sons in considerable detail. Moving beyond the intended curricula contained in
syllabi and textbooks, the filmed lessons reveal the implemented curricula as well.
The focus then becomes the mathematical content that students actually encoun-
tered in the classroom. Examination of the content can be conducted in a variety of
ways, including analyses that provide detailed descriptions of the topics covered or
that reveal the complexity of the topics as evidenced through the problems present-
ed, the mathematical relationships among the problems, and the nature of the
mathematical reasoning evident in the lesson.

As noted in chapter 1, it is inappropriate to draw conclusions that link directly the
content of the filmed lessons and students’ achievement. There are too many other
factors that might affect the relative level of achievement in each country and, more-
over, the sampling procedures prevent causal connections between the sample of
filmed lessons and countrywide achievement. Rather, the findings in this chapter
should be interpreted as choices that have been made about the nature of the content
of eighth-grade mathematics lessons in each country. Uncovering these choices can
help educators make more informed decisions about whether the choices currently
being made in their country provide the desired learning opportunities for students.

! Additional descriptions of the mathematics content of a sub-sample of lessons from each country are presented in
appendix D. The mathematics quality analysis group (see appendix A) examined lessons for indicators of mathematical
quality, such as curricular level, the kind of reasoning required, mathematical coherence, and the extent to which mathe-
matical ideas are developed. Because the group analyzed only a sub-sample of lessons, the results are considered
experimental and are therefore presented in an appendix.
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Mathematical Topics Covered During the Lessons

The filmed lessons in the TIMSS 1999 Video Study were obtained by sampling steadily over the
school year (except for the 1995 Japanese sample).2 This means it is reasonable to presume that
each nation’s sample is somewhat representative of the topics covered in these countries during
eighth grade. But, because the sample was not chosen to represent systematically the curriculum
in each country, it is not appropriate to treat this study as a test of curricular differences among
countries. Consequently, the mathematical topics covered in each country’s sample are described
below but no statistical comparisons were made. Statistical comparisons were made, however, on
other features of content such as the complexity of mathematical problems or relationships
among problems in lessons, which are presented later in this chapter.

Because some lessons covered several mathematical topics, the most accurate way of describing
the topics included in the lessons was to label each mathematical problem as pertaining to a spe-
cific topic. The mathematics problem analysis group constructed a detailed and comprehensive
list of mathematics topics covered in eighth grade in all participating countries (see appendix A
for a description of this coding group). Then, using written records of the lessons, each problem
discussed individually during a lesson (independent problems) and each problem assigned to
students as part of a group (concurrent problems) was labeled with an entry from this list.
Nearly 15,000 mathematics problems were coded.

The topics addressed by the mathematics problems were grouped into five major categories and
several sub-categories.

Number: Whole numbers, fractions, decimals, ratio, proportion, percent, and integers;

Geometry: Measurement (perimeter and area), two-dimensional geometry (polygons, angles,
lines, transformations, and constructions), and three-dimensional geometry;

Statistics: Probability, statistics, and graphical representation of data;

Algebra: Operations with linear expressions, linear equations, inequalities and graphs of linear
functions, and quadratic and higher degree equations; and

* Trigonometry: Trigonometric identities, equations with trigonometric expressions.

In some lessons, all of the problems were from one topic sub-category, such as linear equations,
whereas in other lessons the problems were from more than one sub-category, and in some
cases, more than one major category. Table 4.1 shows the average percentage per eighth-grade
lesson of mathematical problems within each major content category and within sub-categories
for number, geometry, and algebra. The percentages were calculated by averaging the percentages
of problems of each type in each lesson across all lessons within a country. Thus, no single lesson
is likely to show the distribution in table 4.1.

2As noted in chapter 1, most of the Japanese lessons were collected over a four-month period rather than over the full school year (Stigler
et al. 1999).
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TABLE 4.1. Average percentage of problems per eighth-grade mathematics lesson within each major cate-
gory and sub-category topic area, by country: 1999
Country'!
Topic area AU cz HK Jp2 NL SW us
Number 36 27 18 t 16 42 30
Whole numbers, fractions,
decimals 15 13 5 ¥ 6 20 17
Ratio, proportion, percent 19 4 10 k> 6 19 6
Integers 2 9 3 kS 4 3 8
Geometry 29 26 24 84 32 33 22
Measurement (perimeter
and area) 10 6 3 1 9 12 13
Two-dimensional geometry
(polygons, angles, lines) 14 15 17 73 15 17 4
Three-dimensional
geometry 5 6 5 ¥ 9 4 5
Statistics 9 3 2 ¥ 10 2 6
Algebra 22 43 40 12 41 22 41
Linear expressions 7 16 11 £ 6 5 6
Solutions and graphs of lin-
ear equations and
inequalities 15 21 23 12 33 14 27
Higher-order functions E 6 6 t 3 3 8
Trigonometry ¥ E 14 £ ¥ ¥ ¥
Other ks 1 ks ¥ ¥ 1 1

*Reporting standards not met. Too few cases to be reported.

TAU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; SW=Switzerland; and US=United States.

2)apanese mathematics data were collected in 1995.

NOTE: Percentages may not sum to 100 because of rounding and data not reported. For each country, average percentage was calculated

as the sum of the percentage within each lesson, divided by the number of lessons.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study

(TIMSS), Video Study, 1999.

In all countries, at least 82 percent of the problems per eighth-grade mathematics lesson, on
average, addressed three major areas—number, geometry, and algebra. In Japan, 73 percent of
the problems per lesson, on average, dealt with two-dimensional geometry. This might be due to
the fact that, as noted elsewhere, most of the lessons collected as part of the Japanese sample in
the TIMSS 1995 Video Study were gathered over a portion of the school year (Stigler et al. 1999).
Later analyses will examine the extent to which the high percentage of geometry problems was

related to other content characteristics.

Level of Mathematics Evident in the Lessons

Mathematical topics within each major area often are ordered in the curriculum, with some top-
ics following others. Understanding later topics often is facilitated by being familiar with earlier
ones. For example, when learning algebra students usually study linear functions before quadrat-
ic functions. And students often learn to simplify linear expressions before they solve linear
equations and inequalities. Within each of the three major areas—number, geometry, and alge-
bra—it is possible to identify several levels of topics corresponding to the order in which they
might be encountered in a curriculum. In table 4.1, the sub-categories for number and algebra,
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and the first two sub-categories for geometry, show one possible ordering. No levels of difficulty
or complexity are suggested by the ordering of the major topic areas, except that trigonometry
often is treated later in the curriculum than the other topics listed.

On average, 42 percent of problems per eighth-grade mathematics lesson in the Swiss sample
dealt with number and about half of these (20 percent of problems per lesson) focused on the
first-level sub-topics of whole numbers, fractions, and decimals. The lessons from Australia, the
Czech Republic, and the United States included about 15 percent of problems per lesson that
addressed whole numbers, fractions, and decimals.

In all countries’ samples, except that of the United States, at least 14 percent of problems per
eighth-grade mathematics lesson were at a more advanced level of two-dimensional geometry—
polygons, angles, lines, transformations, and constructions—and from 3 to 12 percent of
problems were at a less advanced level—measuring perimeters and two-dimensional areas. The
United States lessons showed the reverse pattern, devoting about 4 percent of problems per les-
son to a more advanced level and 13 percent of problems to a less advanced level. Japan’s sample
of lessons focused mostly on the more advanced two-dimensional geometry topics.

On average, about 40 percent of the mathematics problems per eighth-grade lesson in the sam-
ples of the Czech Republic, Hong Kong SAR, the Netherlands, and the United States dealt with
algebra. In Australia, Switzerland, and Japan, 22 percent or less of the problems per lesson
involved algebra. Across all countries, between 12 and 33 percent of problems per lesson focused
on mid-level algebra topics—solving linear equations and inequalities and graphing linear func-
tions—whereas between 3 and 8 percent of problems per lesson focused on higher-order
functions, where reliable estimates could be calculated.

Trigonometry was involved in 14 percent of the problems per eighth-grade lesson, on average, in
the Hong Kong SAR sample. In the mathematics lessons of the other countries, trigonometry
problems occurred too infrequently to report reliable estimates.

Type of Mathematics Evident in the Lessons

Two characteristics of the mathematics presented during the lessons are its complexity and the
kind of reasoning that is involved when doing the mathematics. Two aspects of these characteris-
tics will be examined here and then considered further in appendix D.

Procedural Complexity

The complexity of the mathematics presented in the lessons is an important feature of the math-
ematics but it is difficult to define and code reliably. The complexity of a problem depends on a
number of factors, including the experience and capability of the student. One kind of complexi-
ty that can be defined independent of the student is procedural complexity—the number of
steps it takes to solve a problem using a common solution method.

The mathematics problem analysis group (see appendix A) developed a scheme for coding pro-
cedural complexity and analyzed every problem worked on or assigned during each eighth-grade
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mathematics lesson (independent and concurrent problems, see chapter 3). Problems were sort-
ed into low, moderate, or high complexity according to the following definitions:

* Low complexity: Solving the problem, using conventional procedures, requires four or fewer
decisions by the students (decisions could be considered small steps) [& Video clip example
4.1]. The problem contains no sub-problems, or tasks embedded in larger problems that could
themselves be coded as problems.

o Example: Solve the equation: 2x + 7 = 2.

* Moderate complexity: Solving the problem, using conventional procedures, requires more than
four decisions by the students and can contain one sub-problem [k Video clip example 4.2].

o Example: Solve the set of equations for x and y: 2y = 3x - 4; 2x + y = 5.

* High complexity: Solving the problem, using conventional procedures, requires more than four
decisions by the students and contains two or more sub-problems [&k Video clip example 4.3].

o Example: Graph the following linear inequalities and find the area of intersection: y < x + 4;
x=s2y=-1.

Figure 4.1 shows the average percentage of problems per eighth-grade mathematics lesson that
were of each complexity level.

FIGURE 4.1. Average percentage of eighth-grade mathematics problems per lesson at each level of proce-
dural complexity, by country: 1999
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1Japanese mathematics data were collected in 1995.
2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; SW=Switzerland; and US=United States.
3High complexity: JP>AU, CZ, HK, NL, SW, US.
4Moderate complexity: HK>AU; JP>AU, SW.

S5Low complexity: AU, CZ, HK, NL, SW, US>JP.

NOTE: Percentages may not sum to 100 because of rounding. For each country, average percentage was calculated as the sum of the per-
centage within each lesson, divided by the number of lessons.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.
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In each country, except Japan, at least 63 percent of the mathematics problems per lesson, on
average, were of low procedural complexity and up to 12 percent of the problems were of high
procedural complexity. Japanese eighth-grade mathematics lessons, in contrast, contained rela-
tively fewer problems of low complexity and about equal percentages of moderate and high
complexity (17 percent, 45 percent, and 39 percent, respectively). Differences between Japan and
all the other countries were found at both the low and high levels of procedural complexity.

Because the Japanese sample contained lessons with high percentages of two-dimensional geom-
etry problems relative to the other countries, a question is raised about whether the relatively
high complexity profile in Japan was due to the topic sample. Figure 4.2 shows the average per-
centage of two-dimensional geometry problems per eighth-grade mathematics lesson of each
complexity level in each country. These percentages are based only on lessons that contained
two-dimensional geometry problems; therefore, the sample size was much smaller than the full
sample. Because of the reduced sample sizes, the results should be interpreted with caution.

FIGURE 4.2. Average percentage of two-dimensional geometry problems at each level of procedural com-
plexity per eighth-grade mathematics lesson in sub-sample of lessons containing
two-dimensional geometry problems, by country: 1999
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1Japanese mathematics data were collected in 1995.
2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; SW=Switzerland; and US=United States.
3High complexity: JP>AU, HK.
4Moderate complexity: No differences detected.
SLow complexity: AU, HK, NL>JP.
NOTE: Because the focus of this analysis was on two-dimensional geometry problems, only those lessons that contained such problems
were included. Thus, the sample sizes for each country are less than the full sample. Results should therefore be interpreted with caution.
For each country, average percentage was calculated as the sum of the percentage within each lesson, divided by the number of lessons.
Percentages may not sum to 100 because of rounding.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

When comparing just two-dimensional geometry problems, the procedural complexity of prob-
lems in Japanese lessons looks less different than those in other countries, although there still are
a smaller percentage of low complexity problems in Japan than in Australia, Hong Kong SAR,
and the Netherlands, and a larger percentage of high complexity problems in Japan than in
Australia and Hong Kong SAR.
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Mathematical Reasoning

One of the features that distinguishes mathematics from other school subjects is the special
forms of reasoning that can be involved in solving problems (National Research Council 2001a).
One kind of problem that requires special reasoning is a mathematical proof. To prove that
something is true in mathematics means more than inferring it is true by checking a few cases.
Rather, it requires demonstrating, through logical argument, that it must be true for all cases.
The kind of reasoning required to complete mathematical proofs often is referred to as deductive
reasoning. Although the TIMSS 1995 Video Study found that such reasoning did not occur fre-
quently in all the countries (Stigler et al. 1999), it has been recommended as an important aspect
of elementary and middle school mathematics (National Council of Teachers of Mathematics
2000; National Research Council 2001a).

All independent and concurrent mathematics problems (see chapter 3) were examined for
whether they involved proofs. A problem was coded as a proof if the teacher or students verified
or demonstrated that the result must be true by reasoning from the given conditions to the result
using a logically connected sequence of steps. For example, in one lesson, students were asked to
find the sum of the interior angles of a pentagon [k Video clip example 4.4]. The teacher then
reviewed the approach recommended in the textbook by demonstrating that a pentagon can be
divided into three triangles, that the sum of the interior angles of each triangle is 180 degrees,
that the sum of the angles of the three triangles is 540 degrees, and that, therefore, the sum of
the angles of a pentagon is 540 degrees. The definition of proof included these rather informal
demonstrations because the aim was to capture all problems that included some form of deduc-
tive reasoning.

Figures 4.3 and 4.4 show that such problems were evident to a substantial degree only in Japan. On
average, 26 percent of the mathematics problems per lesson in Japan included proofs and 39 per-
cent of Japanese eighth-grade mathematics lessons contained at least one proof. These were higher
percentages than in the Czech Republic, Hong Kong SAR, and Switzerland. Too few cases of proofs
were found in Australia, the Netherlands, and the United States to calculate reliable estimates.

73



74 Teaching Mathematics in Seven Countries
Results From the TIMSS 1999 Video Study

FIGURE 4.3. Average percentage of problems per eighth-grade mathematics lesson that included proofs, by
country: 1999
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*Reporting standards not met. Too few cases to be reported.

1Japanese mathematics data were collected in 1995.

2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL= Netherlands; SW=Switzerland; and US=United States.
NOTE: JP>CZ, HK, SW. For each country, average percentage was calculated as the sum of the percentage within each lesson, divided by the
number of lessons.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

FIGURE 4.4. Percentage of eighth-grade mathematics lessons that contained at least one proof, by country:
1999
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*Reporting standards not met. Too few cases to be reported.

1)apanese mathematics data were collected in 1995.
2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL= Netherlands; SW=Switzerland; and US=United States.

NOTE: JP>CZ, HK, SW. The percentage reported for Japan differs from that reported in Stigler et al. (1999) because the definition for proof
was changed for the current study.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.
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Because many students encounter proofs for the first time when studying two-dimensional
geometry, especially when working with polygons, angles, and lines, it is possible that the rela-
tively high frequency of problems including proofs in Japanese eighth-grade lessons was due to
the high incidence of these topics in the Japanese sample. Figure 4.5 shows the percentage of
two-dimensional geometry problems per lesson in each country coded as proofs. These percent-
ages are based only on lessons that contained two-dimensional geometry problems; therefore,
the sample size was much smaller than the full sample. Because of the reduced sample sizes, the
results should be interpreted with caution.

FIGURE 4.5. Average percentage of two-dimensional geometry problems that included proofs per eighth-
grade mathematics lesson in sub-sample of lessons containing two-dimensional geometry
problems, by country: 1999
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*Reporting standards not met. Too few cases to be reported.

1Japanese mathematics data were collected in 1995.
2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL= Netherlands; SW=Switzerland; and US=United States.

NOTE: JP>CZ, HK. Because the focus of this analysis was on two-dimensional geometry problems, only those lessons that contained such
problems were included. Thus, the sample sizes for each country are less than the full sample. Results should therefore be interpreted with
caution. For each country, average percentage was calculated as the sum of the percentage within each lesson, divided by the number

of lessons.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Controlling for topic had no effect on the relatively high percentage of problems that included
proofs in Japanese eighth-grade mathematics lessons compared with those in the other countries
where estimates could be reliably reported. In the sample of lessons that contained two-dimen-
sional geometry problems, and in this analysis that considered only two-dimensional geometry
problems, a higher percentage of problems in Japanese lessons included proofs than those in the
other countries with reliable estimates.
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How Mathematics Is Related Over the Lesson

Many factors can influence the clarity and coherence of mathematics lessons. Chapter 3 consid-
ered pedagogical factors that can influence the ease with which students identify the main points
of the lesson (goal and summary statements) as well as factors that affect the flow of a lesson
(lesson interruptions).

The mathematics content itself can contribute to the clarity and coherence of lessons. Because
much of the content was carried through the mathematics problems of the lesson, the clarity
and coherence of lessons might have been influenced by the way in which the problems within
lessons were related to each other.

The mathematics problem analysis group coded the mathematical relationships among all the
problems (both independent and concurrent problems, see chapter 3) presented during the les-
sons. Each problem, except the first problem in the lesson, was classified as one (and only one) of
four basic kinds of relationships:3

* Repetition: The problem was the same, or mostly the same, as a preceding problem in the les-
son [k Video clip example 4.5]. It required essentially the same operations to solve although
the numerical or algebraic expression might be different.

* Mathematically related: The problem was related to a preceding problem in the lesson in a
mathematically significant way [&k Video clip example 4.6]. This included using the solution to
a previous problem for solving this problem, extending a previous problem by requiring addi-
tional operations, highlighting some operations of a previous problem by considering a simpler
example, or elaborating a previous problem by solving a similar problem in a different way.

* Thematically related: The problem was related to a preceding problem only by virtue of it
being a problem of a similar topic or a problem treated under a larger cover story or real-life
scenario introduced by the teacher or the curriculum materials. If the problem was mathemat-
ically related as well, it was coded only as mathematically related.

* Unrelated: The problem was none of the above [&& Video clip example 4.7]. That is, the prob-
lem required a completely different set of operations to solve than previous problems and was
not related thematically to any of the previous problems in the lesson.

Mathematically related problems, by definition, tie the content of the lesson together through a
variety of mathematical relationships. Sequences of such problems might provide good opportu-
nities for students to construct mathematical relationships and to see the mathematical structure
in the topic they are studying (Hiebert et al. 1997; National Research Council 2001a). Repetition
problems require little change in students’ thinking if students can solve the first problem in the
series. These problems often are used for students to practice procedures for solving problems of
particular kinds. Unrelated problems, by definition, divide the lesson into mathematically unre-
lated segments. Figure 4.6 shows the average percentage per eighth-grade mathematics lesson of
problems of each kind of relationship.

3The first problem in each lesson was not coded for a relationship because the coding scheme defined relationship in terms of problems
that preceded a given problem, and no problem preceded the first problem.
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FIGURE 4.6. Average percentage of eighth-grade mathematics problems (excluding the first problem) per
lesson related to previous problems, by country: 1999
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*Reporting standards not met. Too few cases to be reported.
1Japanese mathematics data were collected in 1995.
2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL= Netherlands; SW=Switzerland; and US=United States.
3Mathematically related: HK>AU; JP>AU, CZ, HK, NL, SW, US.
4Thematically related: CZ, JP>SW; NL>HK, SW.
S5Repetition: AU, CZ, HK, NL, SW, US>JP.
SUnrelated: CZ>HK, NL, SW.
NOTE: Percentages may not sum to 100 because of rounding. For each country, average percentage was calculated as the sum of the per-
centage within each lesson, divided by the number of lessons. The tests for significance take into account the standard error for the
reported differences. Thus, a difference between averages of two countries may be significant while the same difference between two
other countries may not be significant.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Eighth-grade mathematics Japanese lessons contained a higher percentage of problems per lesson
(42 percent) that were mathematically related than lessons in all the other countries, and a lower
percentage of problems per lesson (40 percent) that were repetitions than all the other countries.
Across all the countries, except Japan, at least 65 percent of the problems were repetitions.

Although the percentage of unrelated problems per lesson was relatively small in all countries, it
is worth considering these cases further because, by definition, unrelated problems divide the
lesson into mathematically unrelated segments. Such breaks in content can interrupt the mathe-
matical flow of a lesson. As seen in figure 4.6, the eighth-grade lessons in the Czech Republic
contained a larger percentage of such problems on average than lessons in Hong Kong SAR, the
Netherlands, and Switzerland.

The number of unrelated problems provides additional information because the average number
of unrelated problems per lesson reveals the average number of content unrelated segments that
were contained in a lesson. Lessons in the Czech Republic and the United States contained, on
average, more unrelated problems per lesson than lessons in Australia, Hong Kong SAR, the
Netherlands, and Switzerland (table 4.2). Based on the fact that the number of mathematically
unrelated segments is one more than the number of unrelated problems, table 4.2 shows that in
the Czech Republic and the United States, there were on average about two content unrelated
segments per eighth-grade mathematics lesson.
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TABLE 4.2. Average number of unrelated problems per eighth-grade mathematics lesson, by country: 1999

Average number of
Country unrelated problems?

Australia (AU)

Czech Republic (CZ)
Hong Kong SAR (HK)
Japan' (JP)
Netherlands (NL)
Switzerland (SW)
United States (US)

= FH H H HF = I

#Rounds to zero.

*Reporting standards not met. Too few cases to be reported.

1Japanese mathematics data were collected in 1995.

2CZ, US>AU, HK, NL, SW.
NOTE: For each country, average percentage was calculated as the sum of the percentage within each lesson, divided by the number of
lessons.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

A question that arises when considering the results in figure 4.6 is whether the differences
between the eighth-grade mathematics lessons in Japan and the other countries can be attributed
to the topic sample in Japan. As stated earlier, the Japanese sample appeared to contain a high
percentage of two-dimensional geometry problems relative to the other countries. To check this,
relationships among problems were re-calculated for problems in each country that were in the
sub-category of two-dimensional geometry. Because of the relatively small sample sizes, the
results should be interpreted with caution. Figure 4.7 shows the results.
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FIGURE 4.7. Average percentage of two-dimensional geometry problems (excluding the first problem) relat-
ed to previous problems per eighth-grade mathematics lesson in sub-sample of lessons
containing two-dimensional geometry problems, by country: 1999

100 ~
= 80
5 7] Mathematically
G related3
QEJ E E Thematically
532 60 related4
g a [J Repetition5
bl =y M Unrelated®
o w 46 26
pE 07 |%
T O 56 56
£ o 56
2
()
o 20

32
20
0 T om? H
T T T T T T
AU cz HK JP1 NL SW us
Country2

*Reporting standards not met. Too few cases to be reported.
1Japanese mathematics data were collected in 1995.
2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL= Netherlands; SW=Switzerland; and US=United States.
3Mathematically related: JP>AU, CZ, NL, US; SW>US.
4Thematically related: No difference detected.
5Repetition: SW>JP.
SUnrelated: CZ>NL.
NOTE: Because the focus of this analysis was on two-dimensional geometry problems, only those lessons that contained such problems
were included. Thus, the sample sizes for each country are less than the full sample. Results should therefore be interpreted with caution.
Percentages may not sum to 100 because of rounding. For each country, average percentage was calculated as the sum of the percentage
within each lesson, divided by the number of lessons. The tests for significance take into account the standard error for the reported differ-
ences. Thus, a difference between averages of two countries may be significant while the same difference between two other countries
may not be significant.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Controlling for topic with the sample of lessons available shows that Japan retained its relatively
high percentage of mathematically related problems (see also figure 4.6). There was no measur-
able difference detected in the percentage of problems that were repetitions when only two-
dimensional geometry problems are considered.

The previous analyses of mathematical relationships within lessons focused on the way in which
problems were (or were not) related. Another lens through which to view mathematical related-
ness within lessons is to consider mathematical topics and shifts among topics. Parts of lessons
can become unrelated when teachers switch from one topic to another. For example, a teacher
might review one topic and then introduce new material on another topic. Of course, a teacher
might also connect different topics mathematically or thematically. Consequently, shifts between
topics do not necessarily produce fragmentation or disjointedness.

To check on topic shifts within lessons, figure 4.8 shows the percentage of eighth-grade mathe-
matics lessons that contained problems related to a single topic. The topics included in this
analysis are those shown in table 4.1: the three sub-categories under number, geometry, and alge-
bra, respectively, along with the major topics of statistics and trigonometry.
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FIGURE 4.8. Percentage of eighth-grade mathematics lessons that contained problems related to a single
topic, by country: 1999
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1Japanese mathematics data were collected in 1995.
2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; SW=Switzerland; and US=United States.

NOTE: HK>CZ, NL, US; JP>AU, CZ, HK, NL, SW, US; SW>US. The tests for significance take into account the standard error for the reported
differences. Thus, a difference between averages of two countries may be significant while the same difference between two other coun-
tries may not be significant.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

As shown in figure 4.8, 55 percent or less of the eighth-grade mathematics lessons in five coun-
tries contained problems related to a single topic. This means that at least 45 percent of the
lessons in these countries included problems related to two or more topics. By comparing this
result with the number of unrelated problems per lesson (table 4.2), it is possible to infer that
some lessons in most countries contained topic shifts through a sequence of related, rather than
unrelated, problems. For example, a shift from operations with linear expressions to solving lin-
ear equations can be achieved by solving a related series of problems. This suggests that topic
shifts did not necessarily lead to content fragmentation.

Overall, the results on mathematical relationships indicate that, in all the countries, most of the
mathematics discussed and studied within these eighth-grade lessons was related. Mathematics
lessons, in general, had few if any mathematically disjointed and unrelated segments. For many
lessons in most of the countries, however, the relatedness seems to have been achieved, in part,

through repetition. Only in Japan were the majority of problems per lesson related mathemati-
cally in ways other than repetition (figure 4.6).

Summary

Chapter 3 concluded with an observation that the organizing and structuring features of the
eighth-grade mathematics lessons might have enabled some learning opportunities and con-
strained others. According to this view, the nature of these learning opportunities would be
clarified further by considering the nature of the mathematics content presented during the
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lesson and the way in which the content was treated. This chapter focused on the nature of the
content. Some findings reinforce and elaborate the emergent trends in chapter 3, and some find-
ings suggest new images.

* The results in chapter 3 showed that, on average, Japanese eighth-grade mathematics lessons
were characterized by devoting lesson time to solving relatively few problems and spending a
relatively long time on each one. It appears that this structure was filled with problems pos-
sessing a unique content character based on a number of features. Compared with those of all
the other countries where reliable estimates could be calculated, the problems in Japanese
eighth-grade mathematics lessons were of higher procedural complexity (figure 4.1), they
included proofs more often (figures 4.3 and 4.4), and they were related to each other more
often in mathematically significant ways (figure 4.6). Follow-up analyses suggest that this pro-
file (except for procedural complexity) cannot be fully explained by the large percentage of
two-dimensional geometry problems in the Japanese sample (figures 4.2, 4.5, and 4.7).

* The fact that few differences were found among these countries on several of the variables
raises the question of whether eighth-grade teachers in the countries other than Japan teach
mathematics in similar ways. No differences were found among the other six countries on the
percentage of mathematics problems per lesson that were of high procedural complexity or
low procedural complexity (figure 4.1), and no differences were found on the percentage of
mathematics problems per lesson that were repetitions (figure 4.6). In addition, no differences
were found on the percentage of mathematics problems per lesson that involved proofs among
the Czech Republic, Hong Kong SAR, and Switzerland (1, 2, and 3 percent, respectively). Too
few mathematics problems that involved proofs were found in Australia, the Netherlands, and
the United States to calculate reliable estimates. Do these results point to similar methods of
eighth-grade mathematics teaching among the countries other than Japan? This question is
explored more fully in chapters 5 and 6.

* The results in this chapter suggest that the purpose segments found in chapter 3 were filled
with mathematics problems that were, in general, consistent with the relative emphasis on par-
ticular purposes found in several countries. Japan’s relative emphasis on introducing new
content (chapter 3, figure 3.8) is consistent with the relatively high percentage of mathemati-
cally related problems per lesson and relatively low percentage of repetition problems (figure
4.6). Hong Kong SAR’s relative emphasis on practicing new content (chapter 3, figure 3.8), and
the Czech Republic’s and the United States’ relative emphasis on review (chapter 3, figure 3.8),
are consistent with the relatively large percentage of repetition problems (at least 67 percent)
per lesson in these countries (figure 4.6). A large percentage of repetition problems were also
found, however, in the other countries—Australia, the Netherlands, and Switzerland. It is rea-
sonable to conjecture that repetition becomes the most common problem-related activity for
teaching eighth-grade mathematics unless there is a clear emphasis on introducing new con-
cepts or procedures.

The findings presented in this chapter reveal some of the similarities and differences among
countries in the content of eighth-grade mathematics lessons. Additional descriptions of lesson
content, generated by the mathematics quality analysis group (see appendix A), are presented in
the experimental analyses in appendix D.

The importance of the mathematics content presented during the lesson derives, in part, from
the fact that content defines the parameters within which students work. If students are
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presented with a topic, they have an opportunity to learn something about the topic. If the topic
is not introduced, there is little chance students will learn about it, at least in school. However,
the fact that a topic has been introduced does not say much about quality of the learning oppor-
tunity or about how deeply students might learn the topic. To pursue these issues, it is important
to know how the content was worked on during the lesson. In what context were the problems
presented? Did they invite exploration by the students or were they simply exercises in executing
procedures? What kind of mathematics work did students do when they worked on their own?
Answers to these kinds of questions, taken up in the next chapter, provide additional informa-
tion about eighth-grade mathematics teaching in each country.



CHAPTER 5
Instructional Practices: How Mathematics
Was Worked On

he way in which mathematics content was worked on during the lesson adds

important information about the learning opportunities for students. In what
kind of context were mathematical problems embedded? Did students have a choice
in the methods they used to solve the problems? What were students expected to do
when they were working on their own? Answers to these kinds of questions add key
elements to the pictures emerging from chapters 3 and 4.

Recall that chapter 3 focused on the way in which lessons were structured and chap-
ter 4 described the nature of the mathematical content. These aspects of lessons help
shape the learning opportunities for students. An eighth-grade mathematics lesson
that introduces new concepts or procedures, for example, would seem to provide dif-
ferent learning opportunities than a lesson that reviews material students already
have studied (chapter 3). Similarly, a lesson that engages students in constructing
mathematical proofs, for example, would seem to provide different learning oppor-
tunities than a lesson that asks students to practice executing procedures on a set of
similar problems (chapter 4). In brief, lesson structure provides a framework within
which learning opportunities are created, and the mathematical content helps to
define and set additional boundaries on these opportunities.

This chapter fills in additional information by exploring four different aspects of
instructional practices that were used during the lessons. The first, and most central of
the four, is the way in which mathematical problems were presented and solved.
Because so much of the mathematics instruction in all the countries was carried
through presenting and solving problems (see chapter 3, figure 3.5), it is useful to
examine this activity in more detail. The chapter also describes what happened during
the non-problem segments of lessons, presents summary indicators of the discourse
in the lessons, and identifies the instructional resources used during the lessons.

How Mathematical Problems Were Presented and Worked On

How were mathematical problems presented and how were they solved? The interna-
tional coding team, the mathematics problem analysis group, and the problem
implementation analysis group (see appendix A for descriptions) explored various
aspects of presenting and solving problems, including the following:

* The context in which problems were presented and solved: Whether problems were
connected with real-life situations, whether representations were used to present
the information, whether physical materials were used, and whether the problems
were applications (i.e., embedded in verbal or graphic situations).
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* Specific features of how problems were worked on during the lesson: Whether a solution to the
problem was stated publicly, whether alternative solution methods were presented, whether
students had a choice in the solution method they used, and whether teachers summarized the
important points after problems were solved.

* The kind of mathematical processes that were used to solve problems: What kinds of processes
were made visible for students during the lesson and what kinds were used by students when
working on their own.

The majority of investigations discussed in this chapter applied to all mathematics problems in all
the lessons, both publicly discussed and privately worked on, excluding answered-only problems.!
Many codes were not applied to answered-only problems because, by definition, they were not
worked on in the filmed lesson. Most of the analyses described below were conducted on the com-
plete set of independent and concurrent problems combined (see chapter 3 for definitions). Where
analyses on subgroups of these problems or countries were conducted, a rationale is provided.

Problem Context

Real-life situations

Mathematical problems can be presented to students within a real-life context [&& Video clip
example 5.1] or by using only mathematical language with written symbols [&& Video clip exam-
ple 5.2]. “Estimate the surface area of the frame in the picture below,” and “Samantha is
collecting data on the time it takes her to walk to school. A table shows her travel times over a
two-week period; find the mean,” are examples of real-life contexts. “Graph the equation:

y = 3x + 7,” and “Find the volume of a cube whose side measures 3.5 cm,” are examples of prob-
lems presented only with mathematical language.

The appropriate relationship of mathematics to real life has been discussed for a long time
(Davis and Hersh 1981; Stanic and Kilpatrick 1988). Some psychologists and mathematics edu-
cators have argued that emphasizing the connections between mathematics and real-life
situations can distract students from the important ideas and relationships within mathematics
(Brownell 1935; Prawat 1991). Others have claimed some significant benefits of presenting
mathematical problems in the context of real-life situations, including that such problems con-
nect better with students’ intuitions about mathematics, they are useful for showing the
relevance of mathematics, and they are more interesting for students (Burkhardt 1981; Lesh and
Lamon 1992; Streefland 1991).

Figure 5.1 shows the percentage of problems per eighth-grade mathematics lesson that were pre-
sented or set up using real-life situations. If teachers brought in real-life connections later, when
solving the problems, this was marked separately.

! Answered-only problems had already been completed prior to the videotaped lesson, and only their answers were shared. They included
no public discussion of a solution procedure and no time in which students worked on them privately (see chapter 3).



Chapter 5
Instructional Practices: How Mathematics Was Worked On

FIGURE 5.1. Average percentage of problems per eighth-grade mathematics lesson that were either set up
with the use of a real-life connection, or set up using mathematical language or symbols only,
by country: 1999
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1Japanese mathematics data were collected in 1995.
2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; SW=Switzerland; and US=United States.
3Set-up contained a real-life connection: AU, SW>JP; NL>CZ, HK, JP, US.
4Set-up used mathematical language or symbols only: AU, CZ, HK, JP, SW, US>NL; JP>AU, SW, US.

NOTE: Analyses do not include answered-only problems (i.e., problems that were completed prior to the videotaped lesson and only their
answers were shared). Percentages may not sum to 100 because some problems were marked as “unknown” and are not included here. For
each country, average percentage was calculated as the sum of the percentage within each lesson, divided by the number of lessons.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

In the Netherlands, a smaller percentage of problems were set up using mathematical language
or symbols only (40 percent of problems per lesson, on average) than in any other country. In
the other six countries, between 69 percent and 89 percent of the problems were set up only with
numbers and symbols. In Japan, 89 percent of problems were set up by using mathematical lan-
guage or symbols only. That figure was greater than the percentages in Australia, the Nether-
lands, Switzerland, and the United States.

The other choice for setting up problems that teachers made—using real-life connections—
shows, of course, a nearly reverse set of country differences. A higher percentage of problems per
lesson, on average, in the Netherlands were set up with a real-life connection (42 percent) than
in the Czech Republic, Hong Kong SAR, Japan, and the United States (ranging from 9 percent to
22 percent).

In all the countries, if teachers made real-life connections, they did so at the initial presentation
of the problem rather than only while solving the problem. A small percentage of eighth-grade
mathematics lessons were taught by teachers who introduced a real-life connection to help solve
the problem if such a connection had not been made while presenting the problem (from less
than 1 to 3 percent for all the countries).
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Representations

Another contextual variable is the representation of the mathematical information of a problem.
Representations usually include numerals and other conventional written symbols, but they also
can include drawings or diagrams, tables, and graphs. Figure 5.2 shows the percentage of prob-
lems per eighth-grade mathematics lesson that contained these forms of representation. To
count as a drawing or diagram, a figure must have included information relevant for solving the
problem. Excluded were motivational diagrams that lacked such information (e.g., a photo of an
Olympic runner that accompanied a story problem on race times). A table was defined as an
arrangement of numbers, signs, or words that exhibited a set of facts or relations in a definite,
compact, and comprehensive form. Typically, a table contained rows and/or columns that were
labeled and had borders. Graphs included statistical displays such as bar graphs and line graphs.

FIGURE 5.2. Average percentage of problems per eighth-grade mathematics lesson that contained a draw-
ing/diagram, table, and/or graph, by country: 1999
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1Japanese mathematics data were collected in 1995.
2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; SW=Switzerland; and US=United States.
3Drawing/diagram: JP>AU, CZ, HK, NL, SW, US.
4Table: NL, SW>CZ, JP.
5Graph: No differences detected.
NOTE: Analyses do not include answered-only problems (i.e., problems that were completed prior to the videotaped lesson and only their
answers were shared). For each country, average percentage was calculated as the sum of the percentage within each lesson, divided by
the number of lessons. The tests for significance take into account the standard error for the reported differences. Thus, a difference
between averages of two countries may be significant while the same difference between two other countries may not be significant.
Differences found among countries in the use of drawings/diagrams may be because of the focus on two-dimensional geometry in the
Japanese sample of lessons.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

The most noticeable difference among countries is that Japanese lessons contained, on average, a
larger percentage of problems with drawings or diagrams than did eighth-grade mathematics
lessons in the other countries. As seen in figure 5.2, drawings/diagrams were present in roughly
20 to 35 percent of problems across all the countries except Japan, where they were included in
about 80 percent of problems.
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Drawings and diagrams are often used by teachers when working with problems of two-dimen-
sional geometry. The results therefore suggest that the difference between Japan and other
countries was associated with the apparent higher frequency of two-dimensional geometry prob-
lems in the Japanese data set (see chapter 4, figure 4.1). Analyzing the sub-sample of lessons that
contained two-dimensional geometry problems showed no detectable differences on the percent-
age of problems per lesson that used drawings/diagrams (data not shown in table or figure).
When taking into account only two-dimensional geometry problems, differences between Japan
and the other countries that were found in figure 5.2 were not detectable.

The percentage of two-dimensional geometry problems per eighth-grade mathematics lesson, on
average, that contained a drawing or diagram ranged from 60 percent (in the United States) to 94
percent (in Japan and Switzerland). These percentages are based only on lessons that contained
two-dimensional geometry problems; therefore, the sample size was much smaller than the full
sample. Because of the reduced sample sizes, the results should be interpreted with caution.

Though used in no more than 18 percent of problems in any of the countries, tabular represen-
tations were more frequently part of the set-up or solution process of problems in the Nether-
lands and Switzerland than they were in the Czech Republic and Japan. The percentage of
mathematical problems that included graphical representations in the set-up or solution process
was not found to differ across the countries.

Physical materials

Incorporating physical materials in the teaching of mathematics has a long tradition in mathe-
matics education. Specially designed materials can be used to illustrate mathematical objects or
relationships or they can serve as instruments to measure quantities. Tangrams, for example, can
be used to explore different ways in which surface areas can be covered. The research evidence
suggests that physical materials can, but do not necessarily, facilitate improved student learning
(National Research Council 2001a).

Figure 5.3 shows the percentage of problems per eighth-grade mathematics lesson that involved
the use of physical materials. Physical materials included measuring instruments (e.g., rulers,
protractors, compasses), special mathematical materials (e.g., tiles, tangrams, base-ten blocks),
geometric solids, and cut-out plane figures. Papers, pencils, calculators, and computers were not
included in this analysis. To be counted, the materials must have been used or manipulated by
the teacher or student(s) when presenting or solving the problem, not simply present in the
classroom [& Video clip example 5.3].
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FIGURE 5.3. Average percentage of problems per eighth-grade mathematics lesson that involved the use of
physical materials, by country: 1999
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1)apanese mathematics data were collected in 1995.
2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; SW=Switzerland; and US=United States.

NOTE: AU, SW>HK, NL; JP>CZ, HK, NL, US. Analyses do not include answered-only problems (i.e., problems that were completed prior to
the videotaped lesson and only their answers were shared). For each country, average percentage was calculated as the sum of the per-
centage within each lesson, divided by the number of lessons.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

A larger percentage of problems per eighth-grade mathematics lesson in Japan (35 percent)
included the use of physical materials than the percentages in the Czech Republic, Hong Kong
SAR, the Netherlands, and the United States (10, 4, 3, and 10 percent, respectively).

Because geometry problems lend themselves to using specially designed materials, it is possible
that the relatively large average percentage of problems per lesson in Japan that included physical
materials might be associated with the apparently high percentage of problems per lesson in the
Japanese sample that focused on two-dimensional geometry (see chapter 4, figure 4.1). Figure
5.4 shows the results of analyzing the sub-sample of lessons in each country that contained two-
dimensional geometry problems for use of physical materials. The sample for this analysis was
much smaller than the full sample of eighth-grade mathematics lessons. Because of the relatively
small sample sizes, the results should be interpreted with caution.
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FIGURE 5.4. Average percentage of two-dimensional geometry problems per eighth-grade mathematics les-
son that involved the use of physical materials, by country: 1999
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*Reporting standards not met. Too few cases to be reported.

1Japanese mathematics data were collected in 1995.

2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; SW=Switzerland; and US=United States.

NOTE: CZ>HK, NL; JP, SW>AU, HK, NL. Because the focus of this analysis was on two-dimensional geometry problems, only those lessons
that contained such problems were included. Thus, the sample sizes for each country are less than the full sample. Results should therefore
be interpreted with caution. Analyses do not include answered-only problems (i.e., problems that were completed prior to the videotaped
lesson and only their answers were shared). For each country, average percentage was calculated as the sum of the percentage within each
lesson, divided by the number of lessons.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

When considering physical material use only in two-dimensional geometry problems compared
to the full sample of problems, the percentages in several countries appear to be different. The
pairwise comparisons show several changes in relative differences among countries. In Japanese
and Swiss lessons that included two-dimensional geometry problems, on average 35 percent and
49 percent of the problems per lesson, respectively, involved physical materials. These are larger
percentages of problems per lesson compared to Australia, Hong Kong SAR, and the Nether-
lands. Two-dimensional geometry lessons in the Czech Republic also contained a larger percent-
age of problems that involved physical materials (40 percent) than such lessons in Hong Kong
SAR and the Netherlands.

Because the research evidence suggests that students’ learning is influenced by how physical
materials are used, not just whether they are used (National Research Council 2001a), it is
impossible to draw conclusions about the way in which more frequent use of physical materials
in some countries impacted students’ learning opportunities. Yet, the fact that eighth-grade
mathematics lessons in these countries differed with respect to the frequency with which physi-
cal materials were used to solve problems suggests that countries make different choices about
incorporating these materials. The apparent changes in percentages and between-country com-
parisons when considering only two-dimensional geometry problems also suggest that the use of
materials was associated with the mathematical topics being taught.

89



20

Teaching Mathematics in Seven Countries
Results From the TIMSS 1999 Video Study

Applications

Working on mathematical problems can take a variety of forms. For example, students can be
taught a particular procedure and then asked to practice that procedure on a series of similar
problems. These problems can be called exercises. Alternatively, students can be asked to apply
procedures they have learned in one context in order to solve problems presented in a different
context. These problems can be called applications [&k Video clip example 5.4]. Applications
often are presented using verbal descriptions, graphs, or diagrams rather than just mathematical
symbols. They are important because they require students to make decisions about how and
when to use procedures they may have already learned and practiced. In this sense, applications
are, by definition, more conceptually demanding than routine exercises for the same topic.

Applications might, or might not, be presented in real-life settings. Three examples of applica-
tion problems are the following.

* “The sum of three consecutive integers is 240. Find the integers.” To solve the problem, stu-
dents might use a guess-and-check method or they might use what they have studied about
solving linear equations to represent the situation with the equation x + (x + 1) + (x + 2) =
240, and then solve the equation to find the three integers.

* “A rectangular garden is twice as long as it is wide. If the length of the fence enclosing the gar-
den is 24 meters, what are the dimensions of the garden?” Students might use an algebraic
representation for this problem as well: w + 2w + w + 2w = 24.

* “Find the measure of angle x as shown in figure 5.5.” Students might use procedures for find-
ing the sum of angles in a triangle and for finding supplementary angles to find the measure
of angle x.

FIGURE 5.5. Example of an application problem: “Find the measure of angle x.”

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

The mathematical problem analysis group classified the problems in the full sample either as
applications or exercises. Figure 5.6 shows the percentages of problems per lesson, on average,
classified as applications. Japanese lessons contained a higher percentage of applications per les-
son (74 percent) than did eighth-grade mathematics lessons from all the other countries except
Switzerland (55 percent).
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FIGURE 5.6. Average percentage of problems per eighth-grade mathematics lesson that were applications,
by country: 1999
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1)apanese mathematics data were collected in 1995.

2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; SW=Switzerland; and US=United States.

NOTE: JP>AU, CZ, HK, NL, US; NL>US; SW>CZ. Analyses do not include answered-only problems (i.e., problems that were completed prior to
the videotaped lesson and only their answers were shared). For each country, average percentage was calculated as the sum of the per-
centage within each lesson, divided by the number of lessons. The tests for significance take into account the standard error for the
reported differences. Thus, a difference between averages of two countries may be significant while the same difference between two
other countries may not be significant.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Solutions Presented Publicly

One way to measure the extent to which mathematics work was a public versus a private activity
during the lessons is to ask whether the answers to mathematics problems were presented pub-
licly. Public presentation of solutions suggests that the whole class was working on the same
problem and allows the possibility that the teacher and students might discuss the problem. On
the other hand, no public presentation means that students were expected to complete the prob-
lem privately, with no follow-up discussion during the lesson. Different students might, or might
not, be solving the same problems.

Figure 5.7 shows the percentage of problems per eighth-grade mathematics lesson whose solu-
tions were presented publicly. Independent and concurrent problems were examined separately
because concurrent problems were often not discussed publicly at all during the videotaped les-
son. Indeed, lessons might have contained a large number of concurrent problems to be
completed by students over the span of several days.
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FIGURE 5.7. Average percentage of problems per eighth-grade mathematics lesson for which a solution was
presented publicly in the videotaped lesson, by country: 1999
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1)apanese mathematics data were collected in 1995.
2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; SW=Switzerland; and US=United States.
3Independent problems for which a solution was presented publicly: No differences detected.
4Concurrent problems for which a solution was presented publicly: AU, CZ, HK, JP, SW, US>NL; CZ>AU, SW, US; HK>AU, SW.

NOTE: Independent problems were presented as single problems and worked on for a clearly definable period of time. Concurrent prob-
lems were presented as a set of problems to be worked on privately. For each country, average percentage was calculated as the sum of
the percentage within each lesson, divided by the number of lessons.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Across all the countries, nearly all independent problems included the public presentation of a
solution, ranging from 88 percent to 95 percent of independent problems per lesson, on average.
No detectable differences were found among the countries. This finding is not surprising because
independent problems were defined as problems presented individually, worked on for a clearly
definable period of time, with the possibility that they would be solved through a whole class
activity (see chapter 3).

The story for concurrent problems appears different, however. On average, 16 percent of concur-
rent problems per eighth-grade mathematics lesson in the Netherlands included the public
presentation of a solution, a lower percentage than in any other country. In contrast, 76 percent
of concurrent problems per lesson in the Czech Republic reached a public solution. The Czech
average percentage per lesson was significantly greater than the Australian (38 percent), Swiss (40
percent), and United States (43 percent) averages. Concurrent problems, by definition, were pre-
sented as a set, to be worked on privately by the students. The fact that Dutch teachers retained
the private nature of these problems to a greater extent than teachers in other countries seems to
be consistent with the comparatively greater percentage of time devoted to private work in
Dutch lessons (figure 3.10). This indicator strengthens the emerging picture of the relatively
greater emphasis that Dutch teachers placed on the independent, private work of students com-
pared with public, whole-class work.
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Developing and Discussing Solution Methods

Eighth-grade students in all the countries spent at least 80 percent of their time per lesson, on
average, solving mathematical problems (chapter 3, figure 3.3). In solving problems, key learning
opportunities are created by the way in which methods for solving problems are developed and
discussed (Hiebert et al. 1996; Schoenfeld 1985). Thus, to understand the nature of the learning
opportunities available to students in these mathematics lessons, it is important to examine the
way in which methods for solving problems were treated.

One way of treating the solution methods for mathematics problems is for the teacher to
demonstrate one method for solving the problem and then for the students to practice the
method on similar problems. This is a common approach in the United States (Fey 1979; Stigler
and Hiebert 1999), as well as in other countries (Leung 1995). However, there are some com-
pelling theoretical arguments, along with some empirical data, to suggest that students can
benefit from both examining alternative solution methods and being allowed some choice in
how they solve the problem (Brophy 1999; National Research Council 2001a). The results pre-
sented below were obtained by identifying problems for which more than one solution method
was presented and for which students participated in developing the solution methods.

Were alternative solution methods presented publicly?

A class discussion about alternative solution methods for a problem requires, at least, that more
than one solution method be presented publicly. To check the frequency of such an event, it was
necessary to define alternative solution methods and, in the process, to define what is meant by a
solution method. A solution method was defined as a sequence of mathematical steps used to pro-
duce a solution. Solution methods could be presented in written or verbal form solely by the
teacher, worked out collaboratively with students, or presented solely by students. To count as an
alternative solution method, each method needed to (1) be distinctly different from other methods
presented, (2) have enough detail so that an attentive student could follow the steps and use the
method to produce a solution, and (3) be accepted by the teacher as a distinct and legitimate
method, rather than as a correction or elaboration of another method & Video clip example 5.5].

Table 5.1 shows that in all the countries, except Japan, 5 percent or fewer of the problems per
eighth-grade mathematics lesson, on average, included the public presentation of alternative
solution methods. In Japan, 17 percent of the problems per lesson included alternative methods.
The percentage for Japan was higher than that for Australia (2 percent), the Czech Republic (2
percent), and Hong Kong SAR (4 percent). When the countries were compared on the number
of lessons that contained at least one example of a problem with more than one solution
method, the only detectable difference was that the United States (37 percent of lessons) was
greater than the Czech Republic (16 percent of lessons).
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TABLE 5.1. Average percentage of problems per eighth-grade mathematics lesson and percentage of les-
sons with at least one problem in which more than one solution method was presented
publicly, by country: 1999

Average percentage of Percentage of lessons with

problems per lesson with at least one problem in which

more than one solution more than one solution

Country method presented? method was presented3
Australia (AU) 2 25
Czech Republic (CZ) 2 16
Hong Kong SAR (HK) 4 23
Japan'! (JP) 17 42
Netherlands (NL) 5 30
Switzerland (SW) 4 24
United States (US) 5 37

1Japanese mathematics data were collected in 1995.

2Average percentage of problems per lesson with more than one solution method presented: JP>AU, CZ, HK.

3percentage of lessons with at least one problem in which more than one solution method was presented: US>CZ.

NOTE: Analyses do not include answered-only problems (i.e., problems that were completed prior to the videotaped lesson and only their
answers were shared). For each country, average percentage was calculated as the sum of the percentage within each lesson, divided by
the number of lessons. The tests for significance take into account the standard error for the reported differences. Thus, a difference
between averages of two countries may be significant while the same difference between two other countries may not be significant.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Were students asked to choose their own solution method?

Teachers might expect students to follow a prescribed method when solving a problem, or they
might ask or allow students to decide how they would like to solve it. This issue is not entirely
the same as presenting multiple solution methods, because even if only one solution method was
publicly presented, students might still have had a choice about how to solve the problem.

Student choice was marked when either of the following events occurred: (1) the teacher (or
textbook) explicitly stated that students were allowed to use whatever method they wished to
solve the problem or (2) two or more solution methods were identified and students were explic-
itly asked to choose one of the identified methods [&k Video clip example 5.6]. This analysis
provides a conservative estimate of occurrence because there might have been an unspoken
understanding in the classroom that students were free to choose their own solution methods. If
such cases occurred, they were not included in the problems identified as allowing a choice of
solution methods.

Table 5.2 shows that 9 percent or less of problems per eighth-grade mathematics lesson in all the
countries except Japan (15 percent) were accompanied with a clear indication that students
could select their own solution method. Table 5.2 also shows that the practice of offering stu-
dents a choice of solution methods, at least on one problem, occurred in a greater percentage of
lessons in the United States than in the Czech Republic and Hong Kong SAR. Because student
choice on only one problem was sufficient to include the lesson in this analysis, it is an indica-
tion of how broadly it occurred, not how frequently it occurred within a lesson.
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TABLE 5.2. Average percentage of problems per eighth-grade mathematics lesson and percentage of les-
sons with at least one problem in which students had a choice of solution methods, by country:
1999
Average percentage of Percentage of lessons with
problems per lesson at least one problem
in which students in which students
had a choice of had a choice of
Country solution methods? solution methods3
Australia (AU) 8 25
Czech Republic (C2) 4 20
Hong Kong SAR (HK) 3 17
Japan' (JP) 15 31
Netherlands (NL) ¥ ¥
Switzerland (SW) 7 24
United States (US) 9 45

*Reporting standards not met. Too few cases to be reported.
1Japanese mathematics data were collected in 1995.
2Average percentage of problems per lesson in which students had a choice of solution methods: no differences detected.
3Percentage of lessons with at least one problem in which students had a choice of solution methods: US>CZ, HK.
NOTE: Analyses do not include answered-only problems (i.e., problems that were completed prior to the videotaped lesson and only their
answers were shared). For each country, average percentage was calculated as the sum of the percentage within each lesson, divided by
the number of lessons.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Did students participate in presenting and examining alternative solution methods?

Tables 5.1 and 5.2 indicate the extent to which alternative solution methods were presented pub-
licly and how often students were explicitly permitted to use a method of their choice. What is
not yet clear is whether eighth-grade students were actively involved in developing and examin-
ing alternative solution methods—referred to here as “examining methods” [ Video clip
example 5.7]. Given the percentages in tables 5.1 and 5.2, it appears that, if such an activity did
occur, it was a relatively rare event because such instances would have been a subset of the two
previous results.

In fact, the results in table 5.3 confirm that such an activity was rare, occurring in 3 percent or
less of problems per eighth-grade mathematics lesson in all the countries except Japan, where it
occurred with 9 percent of problems per lesson. The rate of occurrence in Japan was higher than
in Australia, the Czech Republic, Hong Kong SAR, and the United States. An examination of the
lessons with at least one such problem shows that the average percentage in the Czech Republic
was less than in Japan and the United States.

It should be noted that the criteria for inclusion as “examining methods” were set quite high:
problems were required to include (1) student choice of solution methods, (2) alternative solu-
tion methods presented publicly, (3) at least one solution method presented by a student, and
(4) a critique or extended examination of a particular method or a comparison of solution
methods. Although this kind of classroom activity has been described in the mathematics educa-
tion literature (Hiebert et al. 1997; Lampert 2001; National Council of Teachers of Mathematics
2000; National Research Council 2001a; Schifter and Fosnot 1993), it was not a frequent part of
the eighth-grade mathematics lessons in these countries.
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TABLE 5.3. Average percentage of “examining methods” problems per eighth-grade mathematics lesson
and percentage of lessons with at least one “examining methods” problem, by country: 1999

Average percentage of Percentage of lessons with

examining methods at least one examining

Country problems? methods problem3
Australia (AU) 1 8
Czech Republic (C2) # 3
Hong Kong SAR (HK) 1 12
Japan' (JP) 9 24
Netherlands (NL) ks ¥
Switzerland (SW) 3 14
United States (US) 2 17

#Rounds to zero.

*Reporting standards not met. Too few cases to be reported.

1Japanese mathematics data were collected in 1995.

2Average percentage of examining methods problems: JP>AU, CZ, HK, US.

3Percentage of lessons with at least one examining methods problem: JP, US>CZ.

NOTE: Analyses do not include answered-only problems (i.e., problems that were completed prior to the videotaped lesson and only their
answers were shared). For each country, average percentage was calculated as the sum of the percentage within each lesson, divided by
the number of lessons. “Examining methods” problems were required to include (1) student choice of solution methods, (2) alternative
solution methods presented publicly, (3) at least one solution method presented by a student, and (4) a critique or extended examination
of a particular method or a comparison of solution methods.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Problem Summaries

After a problem has been solved, teachers might summarize the mathematical points that the
problem illustrates. This is one way of clarifying for students what they have just learned by solv-
ing the problem or what mathematical concepts or procedures are important to remember for
future work. A problem was counted as including a summary if the teacher (or, on rare occasions,
a student) restated the major steps used in the solution method or drew attention to a critical
mathematical rule or property in the problem [&& Video clip example 5.8]. The summary must
have been provided after the solution was reached. All independent problems were included in
this analysis along with concurrent problems for which a solution was stated publicly. Note that
problem summaries are different from lesson summaries, presented in chapter 3 (figure 3.13).

Table 5.4 shows that in Japanese eighth-grade mathematics lessons, a higher percentage of prob-
lems per lesson were summarized by the teacher (27 percent, on average) compared to lessons
from the other countries. Lessons in the Netherlands included a smaller percentage of summa-
rized problems (5 percent, on average) than did those in the Czech Republic, Hong Kong SAR,
Japan, and Switzerland.
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TABLE 5.4. Average percentage of problems per eighth-grade mathematics lesson that were summarized,
by country: 1999

Average percentage of
problems per lesson

Country that were summarized
Australia (AU) 9
Czech Republic (CZ) 11
Hong Kong SAR (HK) 13
Japan' (JP) 27
Netherlands (NL) 5
Switzerland (SW) 13
United States (US) 6

1Japanese mathematics data were collected in 1995.

NOTE: CZ, HK>NL; HK>US; JP>AU, CZ, HK, NL, SW, US; SW>NL, US. Analyses do not include answered-only problems (i.e., problems that
were completed prior to the videotaped lesson and only their answers were shared). Analyses do not include concurrent problems (i.e.,
problems presented as a set to be worked on privately) for which a solution was not publicly presented. For each country, average per-
centage was calculated as the sum of the percentage within each lesson, divided by the number of lessons.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Mathematical Problems Stated and Solved

A different perspective that can be applied to the presenting and solving of mathematical prob-
lems is to compare the nature of the problem statements with the way in which the problems are
publicly solved. Previous research has shown that problem statements can be examined for the
nature of the mathematical work that is implied and then compared with the mathematical work
that actually is performed—and made explicit for the students—while the problems are being
solved (Stein, Grover, and Henningsen 1996; Stein and Lane 1996; Smith 2000). The statements
of problems imply that particular kinds of mathematical processes will be engaged, but when
teachers work through problems, the kinds of processes that students actually engage in or see
others use might be different.

Suppose, for example, that the following problem is presented: “Solve for x in the equation 2x +
3 = 11.” The problem statement suggests that a procedure will be used to find x, perhaps sub-
tracting 3 from both sides of the equation and then dividing both sides by 2, yielding x = 4. If
the problem actually is solved in this way (by the teacher or the students) without further exami-
nation, the mathematical processes suggested by the statement and those used while solving the
problem are the same. The processes could be called “using procedures.”

But imagine that the teacher asks some additional questions as the problem is being solved: “If
the equation was written 11 = 2x + 3, would the solution be the same?” or “Is it OK to divide
both sides of the equation by any number?” And imagine that the teacher follows the questions
with a discussion on, for example, the concept of transforming equations in ways that preserve
equivalence. In this case, the problem statement would have suggested processes of using proce-
dures but the solving activity actually involved analyzing concepts and making connections
among mathematical ideas. So, the mathematical processes suggested by the problem statement
would not have matched those actually employed when solving it.
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The mathematical processes used when solving problems appear to shape the kind of learning
opportunities available for students and have been shown to influence the nature of students’
learning outcomes (Stein and Lane 1996). Consequently, this perspective provides an important
measure of the nature of mathematical problems and how they are solved during a lesson.

Mathematical processes suggested by problem statements

The problem implementation analysis group classified the statements of mathematical problems
as one of three types based on the kind of mathematical processes implied by the statements:
using procedures, stating concepts, and making connections. Because some public interaction
was needed to examine the way in which the same problems were solved, this analysis was
applied to all independent and concurrent problems for which a solution was reached publicly.
Switzerland was not included in this analysis because English transcripts were not available for
all lessons as some of the coding was conducted in Switzerland (Jacobs et al. forthcoming).

The three types of problem statements were defined as follows:

* Using procedures: Problem statements that suggested the problem was typically solved by
applying a procedure or set of procedures. These include arithmetic with whole numbers, frac-
tions, and decimals, manipulating algebraic symbols to simplify expressions and solve equa-
tions, finding areas and perimeters of simple plane figures, and so on. Problem statements
such as “Solve for x in the equation 2x + 5 = 6 - X~ were classified as using procedures.

* Stating concepts: Problem statements that called for a mathematical convention or an example
of a mathematical concept. Problem statements such as “Plot the point (3, 2) on a coordinate
plane” or “Draw an isosceles right triangle” were classified as stating concepts.

* Making connections: Problem statements that implied the problem would focus on construct-
ing relationships among mathematical ideas, facts, or procedures. Often, the problem statement
suggested that students would engage in special forms of mathematical reasoning such as con-
jecturing, generalizing, and verifying. Problem statements such as “Graph the equations
y=2x+ 3,2y =x - 2, and y = -4x, and examine the role played by the numbers in determining
the position and slope of the associated lines” were classified as making connections.

Figure 5.8 shows that in all the countries, except Japan, at least 57 percent of the problem state-
ments per eighth-grade mathematics lesson focused on using procedures. Hong Kong SAR
lessons contained a larger percentage of problem statements classified as using procedures (84
percent) than all the other countries except the Czech Republic (77 percent). Problem statements
that focused on stating concepts were found in Australian lessons (24 percent) more frequently
than in the Czech, Hong Kong SAR, and Japanese lessons (which ranged from 4 percent to 7 per-
cent). Although mathematics lessons in all the countries included problem statements that
focused on making connections, the lessons from Japan contained a larger percentage of these
problems (54 percent) than all the other countries except the Netherlands (24 percent).
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FIGURE 5.8. Average percentage of problems per eighth-grade mathematics lesson of each problem state-
ment type, by country: 1999
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1)apanese mathematics data were collected in 1995.
2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; and US=United States.
3Making connections: JP>AU, CZ, HK, US.
4stating concepts: AU>CZ, HK, JP; NL, US>HK, JP.
5Using procedures: CZ>JP, NL; HK>AU, JP, NL, US; US>JP.

NOTE: Analyses do not include answered-only problems (i.e., problems that were completed prior to the videotaped lesson and only their
answers were shared). For each country, average percentage was calculated as the sum of the percentage within each lesson, divided by the
number of lessons. English transcriptions of Swiss lessons were not available for mathematical processes analyses. Percentages may not sum
to 100 because of rounding. The tests for significance take into account the standard error for the reported differences. Thus, a difference
between averages of two countries may be significant while the same difference between two other countries may not be significant.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Using the same information in another way, an examination within each country of the relative
emphases of the types of problems per lesson implied by the problem statements shows that in
five of the six countries where data are available, a greater percentage of problems per lesson
were presented as using procedures than either making connections or stating concepts. The
exception to this pattern was Japan, where there was no detectable difference in the percentage of
problems per lesson that were presented as using procedures compared to those presented as
making connections.

Mathematical processes used when solving problems

A key aspect of this analysis involved following each problem from its introduction through the
problem statement to its conclusion as the solution was stated publicly. A key question was
whether the same kinds of mathematical processes implied by the problem statement were made
explicit when solving the problem or whether the nature of the processes changed as the prob-
lem was being solved and discussed publicly.

Categories of mathematical processes for solving problems were the three types of processes
defined for problem statements plus an additional category—giving results only:

* Giving results only: The public work consisted solely of stating an answer to the problem with-
out any discussion of how or why it was attained.
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* Using procedures: The problem was completed algorithmically, with the discussion focusing on
steps and rules rather than underlying mathematical concepts.

* Stating concepts: Mathematical properties or definitions were identified while solving the
problem, with no discussion about mathematical relationships or reasoning. This included, for
example, stating the name of a property as the justification for a response, but not stating why
this property would be appropriate for the current situation.

* Making connections: Explicit references were made to the mathematical relationships and/or
mathematical reasoning involved while solving the problem.

Each problem was classified into exactly one of the four categories based on the mathematical
processes that were made explicit during the problem solving phase. This phase began after the
problem was stated and lasted until the discussion about the problem ended.

Figure 5.9 shows that from 33 to 36 percent of problems per eighth-grade mathematics lesson,
on average, in Australia, the Czech Republic, and the United States, were completed publicly by
giving results only. These were larger percentages than those found in the other three countries
(Switzerland was not included in this analysis). Giving results only occurred least frequently in
Japanese lessons. Using procedures ranged from 27 to 55 percent of problems per lesson across
all the countries, and was found for a higher percentage of problems in the United States than in
the Czech Republic, Japan, and the Netherlands. From 8 to 33 percent of problems per lesson
were solved and discussed publicly by stating concepts, with the smallest percentage occurring in
the United States. A higher percentage of problems per lesson were solved publicly through mak-
ing connections in Japanese lessons (37 percent) than in all the countries except the Netherlands
(22 percent). Australian and U.S. lessons contained the smallest percentages of problems imple-
mented as making connections (2 percent and 1 percent of problems per lesson, respectively).
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FIGURE 5.9. Average percentage of problems per eighth-grade mathematics lesson solved by explicitly using
processes of each type, by country: 1999
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1Japanese mathematics data were collected in 1995.
2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; and US=United States.
3Making connections: CZ, HK, NL>AU, US; JP>AU, CZ, HK, US.
4stating concepts: AU, CZ, HK, JP>US; NL>CZ, US.
5Using procedures: HK>JP; US>CZ, JP, NL.
6Giving results only: AU, CZ, US>HK, JP, NL; HK, NL>JP.

NOTE: Analyses only include problems with a publicly presented solution. Analyses do not include answered-only problems (i.e., problems
that were completed prior to the videotaped lesson and only their answers were shared). For each country, average percentage was calcu-
lated as the sum of the percentage within each lesson, divided by the number of lessons. English transcriptions of Swiss lessons were not
available for mathematical processes analyses. Percentages may not sum to 100 because of rounding.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

The results presented in figures 5.8 and 5.9 suggest that the processes made explicit for students
while solving problems were not necessarily identical to those suggested by the problem state-
ments. By tracing each problem through the lesson, it is possible to see what happened to
problems of various types as they were being solved. It is possible, for example, to see whether a
problem that began as using procedures, based on the problem statement, was retained as a
using procedures problem as it was solved or whether it was transformed into a problem in
which other kinds of processes were made visible. The next set of analyses examines the relation-
ship between the way in which a problem was begun and the way in which it was solved.

Mathematical processes used when solving “using procedures” problems

By definition, problem statements classified as using procedures implied that such problems
would likely be solved by applying standard procedures without examining the underlying math-
ematical concepts [&k Video clip example 5.9]. As shown in figure 5.10, between 42 and 65
percent of problems with using procedures problem statements retained a using procedures
implementation per eighth-grade mathematics lesson in each country. In some cases, during the
implementation of the problem, mathematical concepts and relationships were made explicit
and publicly discussed. Such problems accounted for, on average, 9 to 22 percent of the using
procedures problems per lesson in Hong Kong SAR, Japan, and the Netherlands—all larger per-
centages than in Australia.
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FIGURE 5.10.  Average percentage of using procedures problems per eighth-grade mathematics lesson solved
by explicitly using processes of each type, by country: 1999
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*Reporting standards not met. Too few cases to be reported.

1Japanese mathematics data were collected in 1995.

2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; and US=United States.

3Making connections: HK, JP, NL>AU; JP, NL>CZ.

4stating concepts: HK, JP, NL>AU, US; CZ>US.

5Using procedures: US>CZ, JP.

6Giving results only: AU>JP; CZ>HK, JP, NL; HK>JP; US>HK, JP, NL.

NOTE: Analyses only include problems with a publicly presented solution. Analyses do not include answered-only problems (i.e., problems
that were completed prior to the videotaped lesson and only their answers were shared). For each country, average percentage was calcu-
lated as the sum of the percentage within each lesson, divided by the number of lessons. English transcriptions of Swiss lessons were not
available for mathematical processes analyses. Percentages may not sum to 100 because of rounding and data not reported. Lessons with
no using procedures problem statements were excluded from these analyses.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Mathematical processes used when solving “stating concepts” problems

As defined earlier, stating concepts problem statements asked students to provide a mathematical
convention or an example of a mathematical concept. Due to the nature of these problems, the
problem solving phase was classified as one of only three types: giving results only, stating con-
cepts [k Video clip example 5.10], or making connections [&k Video clip example 5.11].
Suppose, for example, the problem statement was “draw an isosceles right triangle.” By defini-
tion, the problem solving phase could not include processes classified as using procedures, but it
could become a giving results only problem (if the public presentation involved simply drawing
a triangle that looked like it had a right angle and two congruent sides, without mentioning
these facts or identifying them on the drawing), it could retain its stating concepts character (if
the mathematical properties of the triangle were identified but not examined or discussed in
detail), or it could become a making connections problem (if related mathematical ideas, con-
cepts, or facts were examined—perhaps in a discussion of why certain properties must hold true
for all right isosceles triangles).

Figure 5.11 shows that 100 percent of stating concepts problems in Japan were solved as stating
concepts problems, a higher percentage than in the other countries (as stated earlier, Switzerland
was not included in this analysis). In the United States, 61 percent of stating concepts problems
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per eighth-grade mathematics lesson, on average, were solved by giving a result only, a higher
percentage than in Hong Kong SAR and the Netherlands. Where reliable estimates could be cal-
culated, the percentage of stating concepts problems solved by making connections ranged from
2 to 13 percent.

FIGURE 5.11.  Average percentage of stating concepts problems per eighth-grade mathematics lesson solved
by explicitly using processes of each type, by country: 1999
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*Reporting standards not met. Too few cases to be reported.

1Japanese mathematics data were collected in 1995.

2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; and US=United States.

3Making connections: No differences detected.

4Stating concepts: JP>AU, CZ, HK, NL, US; HK>CZ, US ; NL>US.

5Giving results only: US>HK, NL.

NOTE: Analyses only include problems with a publicly presented solution. Analyses do not include answered-only problems (i.e., problems
that were completed prior to the videotaped lesson and only their answers were shared). Lessons with no stating concepts problem state-
ments were excluded from these analyses. For each country, average percentage was calculated as the sum of the percentage within each
lesson, divided by the number of lessons. English transcriptions of Swiss lessons were not available for mathematical processes analyses.
Percentages may not sum to 100 because of rounding and data not reported.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Mathematical processes used when solving “making connections” problems

As defined earlier, problem statements classified as making connections were those that implied
students would be constructing relationships among mathematical ideas, facts, or procedures,
and possibly engaging in special forms of mathematical reasoning such as conjecturing, general-
izing, and verifying. Figure 5.12 shows that such mathematical processes were not always made
visible when these problems were solved during the lesson [& Video clip example 5.12]. In
Australia and the United States, 8 percent and less than 1 percent,? respectively, of making con-
nections problems were solved by making connections. These percentages were smaller than in
the other countries, which ranged on average from 37 to 52 percent (as stated earlier, Switzerland
was not included in this analysis). Instead of solving these problems publicly through making

The percentage of cases in the United States rounded to zero.
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connections, teachers and students in Australia and the United States often solved them by giv-
ing results only (38 percent and 33 percent, respectively) or, in the United States, by using
procedures (59 percent).

FIGURE 5.12.  Average percentage of making connections problems per eighth-grade mathematics lesson
solved by explicitly using processes of each type, by country: 1999
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1Japanese mathematics data were collected in 1995.

2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; and US=United States.

3Making connections: CZ, HK, JP, NL>AU, US.

4stating concepts: JP, NL>US.

5Using procedures: US>CZ, HK, JP, NL.

6Giving results only: AU, US>CZ, HK, JP, NL.

NOTE: Analyses only include problems with a publicly presented solution. Analyses do not include answered-only problems (i.e., problems
that were completed prior to the videotaped lesson and only their answers were shared). Lessons with no making connections problem
statements were excluded from these analyses. For each country, average percentage was calculated as the sum of the percentage within
each lesson, divided by the number of lessons. English transcriptions of Swiss lessons were not available for mathematical processes analy-
ses. Percentages may not sum to 100 because of rounding. The tests for significance take into account the standard error for the reported
differences. Thus, a difference between averages of two countries may be significant while the same difference between two other coun-
tries may not be significant.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Private Work Assignments

To this point, most of the findings presented in this chapter apply to events that occurred pub-
licly during the lesson, that were visible for all students to see or hear. But, in every country some
lesson time, on average, was devoted to private work (chapter 3, table 3.6). That is, eighth-grade
students were asked to complete mathematical problems by working on their own or in small
groups. Less information was available to evaluate the mathematical processes in which students
engaged during private time than public time, but it was possible to classify students’ private
work into one of two categories: (1) repeating procedures that had been demonstrated earlier in
the lesson or learned in previous lessons, or (2) doing something other than repeating learned
procedures. “Something other” might have been developing solution procedures that were new
for the students or modifying solution procedures they already had learned.
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Each private work segment was marked for whether students worked on an assignment with
problems that required them to repeat procedures [&& Video clip example 5.13], do something
other than repetition [&k Video clip example 5.14], or do a mix of repetition and something
other than repetition. An assignment was considered mixed when it contained several problems,
at least one of which required repetition and at least one of which required something other
than repetition.

Figure 5.13 shows that in Japan, on average, a smaller percentage of private work time per
eighth-grade mathematics lesson was spent repeating procedures (28 percent) compared to all
the other countries. The percentages in other countries ranged from 62 to 84. It follows then that
in Japan, on average, a larger percentage of private work time per lesson was devoted to doing
something other than repeating procedures or doing a mix of repeating and something other
than repeating (65 percent) compared to all the other countries (ranging from 9 to 25 percent).

FIGURE 5.13.  Average percentage of private work time per lesson devoted to repeating procedures and
something other than repeating procedures or mix, by country: 1999
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1Japanese mathematics data were collected in 1995.
2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; SW=Switzerland; and US=United States.
30ther than repeating procedures or mix: JP>AU, CZ, HK, NL, SW, US; AU, SW>US.
4Repeating procedures: AU, NL, SW, US>JP; CZ, HK>JP, SW.

NOTE: For each country, average percentage was calculated as the sum of the percentage within each lesson, divided by the number of les-
sons. Percentages may not sum to 100 because some private work segments were marked as “not able to make judgment.”

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Differences among other countries in how students spent their private work time also were
found (figure 5.13). In Switzerland, a smaller percentage of private work time per eighth-grade
mathematics lesson was devoted to assignments involving repeating procedures (62 percent)
than in either the Czech Republic or Hong Kong SAR (84 percent and 81 percent, respectively).
Conversely, more Australian and Swiss private work time per lesson was devoted to doing some-
thing other than repeating procedures (24 percent and 25 percent, respectively) than was the case
in the United States (9 percent).
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The Nature of Non-Problem Segments

Although the majority of time in the sampled lessons was spent working on problems (see chap-
ter 3, figure 3.3), eighth-grade students also had opportunities to learn mathematics during
non-problem segments (i.e., while working on mathematics outside the context of a problem).
These learning opportunities depended on the type of information provided or the kind of
activity in which the class engaged. Each non-problem segment in the videotaped lessons was
coded into at least one of four, non-mutually exclusive categories:

* Mathematical information: Presenting or discussing new material or material previously pre-
sented, perhaps through a brief lecture by the teacher [k Video clip example 5.15].

* Contextual information: Describing the goal for the lesson, presenting historical background,
introducing a real-life example, or relating mathematical ideas discussed in the current lesson
to a past or future lesson [&k Video clip example 5.16].

* Mathematical activity: Playing games (e.g., bingo or hangman), or completing other tasks that
were not mathematical problems (e.g., a worksheet page that contained a word search for
mathematical terms).

* Announcements: Announcing a homework assignment or test, or clarifying an assignment
(but not discussing mathematical information that was on the test or assignment) [&& Video
clip example 5.17].

Announcements contained no substantive mathematical information and, consequently, would
seem to provide little opportunity, by themselves, for student learning. Using a similar logic,
mathematical information and contextual information might provide the most direct opportu-
nities for students’ mathematics learning. Table 5.5 shows the percentage of non-problem
segments per eighth-grade mathematics lesson that were judged to contain each type of activity
or information.
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TABLE 5.5. Average percentage of non-problem segments per lesson coded as mathematical information,
contextual information, mathematical activity, and announcements, by country: 1999

Type of non-problem segment

Mathematical Contextual Mathematical

information2 information3 activity4 Announcements>
Country Average percent
Australia (AU) 67 56 6 33
Czech Republic (CZ) 54 63 4 22
Hong Kong SAR (HK) 73 53 2 28
Japan' (JP) 83 67 7 11
Netherlands (NL) 69 47 ¥ 23
Switzerland (SW) 54 59 3 29
United States (US) 73 49 10 21

*Reporting standards not met. Too few cases to be reported.

1Japanese mathematics data were collected in 1995.

2Mathematical information: HK>CZ, SW; JP>AU, CZ, SW; US>CZ.

3Contextual information: JP>US.

4Mathematical activity: No differences detected.

SAnnouncements: AU, HK, SW>JP.
NOTE: For each country, average percentage was calculated as the sum of the percentage within each lesson, divided by the number of les-
sons. Percentage may not sum to 100 because segments could be coded as more than one type. The tests for significance take into account
the standard error for the reported differences. Thus, a difference between averages of two countries may be significant while the same
difference between two other countries may not be significant.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Across all the countries, at least 54 percent of the non-problem segments per eighth-grade mathe-
matics lesson, on average, contained mathematical information and at least 47 percent contained
contextual information. Japanese teachers used non-problem segments to present mathematical
information more often than teachers in Australia, the Czech Republic, and Switzerland.

No differences among the countries were found for the percentage of non-problem segments
devoted to mathematical activity (between 2 and 10 percent). Japanese teachers were less likely to
use non-problem segments for announcements (11 percent of non-problem segments per les-
son) than were teachers in Australia, Hong Kong SAR, and Switzerland (33, 28, and 29 percent,
respectively).

Opportunities to Talk

An enduring controversy in teaching research is the contribution of active student participation
in classroom discourse (Goldenberg 1992/1993). Although most studies show that teachers talk
the majority of the time while their students are listeners (Goodlad 1984; Hiebert and Wearne
1993; Hoetker and Ahlbrand 1969; Tharp and Gallimore 1989), there is disagreement over
whether this pattern adversely affects learning. Some argue that limited student talk reduces
learning opportunities to those excessively weighted toward low-level skills and factually oriented
instruction (Bunyi 1997; Cazden 1988; Knapp and Shields 1990). Advocates of student talk also
suggest that student interaction increases the opportunities for students to elaborate, clarify, and
reorganize their own thinking (Ball 1993; Hatano 1988). Others argue that student learning is
best fostered by explicit or direct teaching, such as stating an objective and providing
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step-by-step instruction—which necessarily awards teachers substantially more talk opportuni-
ties than students (e.g., Gage 1978; Rosenshine and Stevens 1986; Walberg 1990). A third view
suggests that the optimum ratio of teacher to student talk is a function of the content students
are to learn (Goldenberg 1992/1993). In sum, there is no broad consensus regarding the impact
of a larger role for students in classroom discourse.

Classroom discourse research suggests that students must utter more than single words or short
phrases before their participation can qualify as active or be indicative of opportunities for
extended discussion of academic content (Cazden 1988). Word-based measures provide a proxy
indication of whether that is the case, and to what extent classroom discourse is teacher-domi-
nated in terms of opportunities to talk.

Computer-assisted analyses were applied in the TIMSS 1999 Video Study to English transcripts
of eighth-grade mathematics lessons. In the case of the Czech Republic, Japan, and the
Netherlands, all lessons were translated from the respective native languages, while in the case of
Hong Kong SAR, 34 percent of the lessons were conducted in English, and 66 percent needed to
be translated. English translations of all Swiss lessons were not available so Switzerland was not
included in these analyses. Analyses based on same-language transcripts makes the speech across
countries more comparable. Transcriber/translators were fluent in both English and the language
of the country whose lessons they translated, educated at least through eighth grade in the coun-
try whose lessons they translated, and had completed two weeks of training. A glossary was
developed to standardize translation of special terms within each country.

Computer-assisted text analyses were applied by the text analysis group (see appendix A) to all
segments of public interaction?® to quantify how often eighth-grade students talked during math-
ematics lessons.

Before presenting the results, it is important to note that student talk was recorded and tran-
scribed from a microphone worn by the teacher as well as one mounted on each of the two
video cameras. When many students spoke at once or made remarks out of range of the micro-
phones, transcribers were sometimes able to detect that something was said without making out
the words. The percent of inaudible student utterances ranged from 5 to 10 percent in all the
countries, with one exception: eighth-grade mathematics lessons in the Netherlands had signifi-
cantly more inaudible student utterances than the other countries (27 percent).

A first indicator of how talk was shared between teachers and students is the total number of
words spoken by teachers and students during public interaction. Because countries differed in
the average duration of their lessons (see chapter 3, table 3.1) and in the average amount of pub-
lic interaction time (see chapter 3, table 3.6), these comparisons examined teacher and student
talk standardized for 50 minutes of lesson time. As shown in figure 5.14, Hong Kong SAR and
U.S. eighth-grade mathematics teachers talked more than their counterparts in Japan, but other-
wise there were no differences detected among countries in the amount of teacher talk adjusted
per 50 minutes of public interaction. Hong Kong SAR students spoke significantly fewer words
compared to their peers in the Netherlands and United States. In all the countries, teachers spoke
more words than did students per lesson.

3Public interaction was defined as a public presentation by the teacher or one or more students intended for all students.
4Post hoc comparisons on the number of inaudible student utterances yielded the following statistically significant differences: CZ>HK, JP;
NL>AU, CZ, HK, JP, US.
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FIGURE 5.14.  Average number of teacher and student words per eighth-grade mathematics lesson, by coun-

try: 1999
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1)apanese mathematics data were collected in 1995.

2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; and US=United States.

3Average number of teacher words per 50 minutes of public interaction: HK, US>JP.

4Average number of student words per 50 minutes of public interaction: NL, US>HK.
NOTE: Analyses based on English transcripts. English transcriptions of Swiss lessons were not available for text analyses. For each lesson, the
number of words spoken by the teacher or the students was standardized for 50 minutes of public interaction using the following formula:
number of words divided by the amount of public interaction time multiplied by 50.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

A second indicator of the relative share of talk time afforded students during public interaction
is the ratio of teacher to student talk—a metric less sensitive to possible effects of using English
translations. As displayed in figure 5.15, Hong Kong SAR eighth-grade mathematics teachers
spoke significantly more words relative to their students (16:1) than did teachers in Australia
(9:1), the Czech Republic (9:1), and the United States (8:1).
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FIGURE 5.15.  Average number of teacher words to every one student word per eighth-grade mathematics
lesson, by country: 1999
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1)apanese mathematics data were collected in 1995.
2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; and US=United States.
NOTE: HK>AU, CZ, US. Analyses based on English transcripts. English transcriptions of Swiss lessons were not available for text analyses.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

A third indicator of opportunity to talk during lessons is the length of each utterance. For pur-
poses of this analysis, an utterance was defined as talk by one speaker uninterrupted by another
speaker. Overlapping speech was transcribed with each speaker’s contribution recorded as a sep-
arate utterance, if audible. Transcribers were instructed to identify a new utterance any time a
new speaker began talking, and to note who was speaking (e.g., teacher or student). Longer stu-
dent utterances are often interpreted as indicators of opportunities for fuller student
participation in classroom discussions, whereas short utterances often reflect faster-paced “back
and forth” exchanges between teachers and students. In faster-paced exchanges, students are typ-
ically restricted to single words or short phrases (Cazden 1988; Goldenberg 1992/1993; Tharp
and Gallimore 1989).

As can be deduced from figure 5.16, between 71 and 82 percent of all teacher utterances on aver-
age per lesson contained more than 5 words. In contrast, between 23 and 34 percent of student
utterances on average per lesson contained more than 5 words (figure 5.17). In none of these
countries did the number of longer student utterances (10+ words) exceed 9 percent. However,
as shown in figures 5.16 and 5.17, there were differences between countries on specific dimen-
sions indicating that lessons in some countries provided different opportunities than others,
although in absolute terms none of these differences are large.
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FIGURE 5.16.  Average percentage of teacher utterances of each length per eighth-grade mathematics lesson,
by country: 1999
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1)apanese mathematics data were collected in 1995.

2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; and US=United States.

3percentage of teacher utterances that were 25+ words is a subset of teacher utterances that were 5+ words.

4percent of teacher utterances that were 1-4 words: JP>AU, CZ, HK, US; NL>CZ, HK, US.

SPercent of teacher utterances that were 5+ words: AU, CZ, HK, US>JP; HK>NL.

Spercent of teacher utterances that were 25+ words: AU, CZ, JP, US>NL; HK>AU, CZ, NL, US.
NOTE: Analyses based on English transcripts. English transcriptions of Swiss lessons were not available for text analyses. For each country,
average percentage was calculated as the sum of the percentage within each lesson, divided by the number of lessons. Percentages of 1-4
word teacher utterances and 5+ word teacher utterances may not sum to 100 because of rounding.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.
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FIGURE 5.17.  Average percentage of student utterances of each length per eighth-grade mathematics lesson,
by country: 1999
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1)apanese mathematics data were collected in 1995.

2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; and US=United States.

3percentage of student utterances that were 10+ words is a subset of student utterances that were 5+ words.

4Percent of student utterances that were 1-4 words: HK>AU, CZ, JP, NL, US; NL, US>CZ.

SPercent of student utterances that were 5+ words: AU, JP, NL, US>HK; CZ>HK, NL, US.

6percent of student utterances that were 10+ words: AU, CZ, JP, NL, US>HK.
NOTE: Analyses based on English transcripts. English transcriptions of Swiss lessons were not available for text analyses. For each country,
average percentage was calculated as the sum of the percentage within each lesson, divided by the number of lessons. Percentages of 1-4
word student utterances and 5+ word student utterances may not sum to 100 because of rounding. The tests for significance take into
account the standard error for the reported differences. Thus, a difference between averages of two countries may be significant while the
same difference between two other countries may not be significant.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Eighth-grade mathematics lessons taught by Japanese teachers had significantly more short
utterances by teachers (1, 2, 3, or 4 words in length) and significantly fewer 5+ word utterances
by teachers than those in Australia, the Czech Republic, Hong Kong SAR, and the United States.
As well, teachers in the Netherlands had more short utterances than did teachers in the Czech
Republic, Hong Kong SAR, and the United States. Lessons taught by Dutch teachers also had
fewer “mini-lectures” (utterances of 25+ words) than did lessons taught by mathematics teachers
in Australia, the Czech Republic, Japan, and the United States. The mathematics lessons in Hong
Kong SAR were distinct from lessons in Australia, the Czech Republic, the Netherlands, and the
United States by having significantly more mini-lectures delivered by teachers.

Eighth-grade mathematics lessons in Hong Kong SAR had more short utterances (1, 2, 3, or 4
words) and fewer longer utterances (5+ and 10+ words) delivered by students than lessons in all
the other countries for which these analyses were conducted. Lessons in the Czech Republic had
significantly more 5+ word utterances delivered by eighth-graders than lessons in Hong Kong
SAR, the Netherlands, and the United States, and fewer short utterances (1, 2, 3, or 4 words)
delivered by students than lessons in the Netherlands and the United States.

In broad terms, the eighth-grade mathematics lessons in all the countries revealed many brief
opportunities for students to talk while mathematical work was being done, and very few long
opportunities. This is similar to the pattern often reported in the literature, in which teachers
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talk and students listen (Cazden 1988; Goodlad 1984; Hiebert and Wearne 1993; Hoetker and
Ahlbrand 1969; Tharp and Gallimore 1989).

Resources Used During the Lesson

This chapter concludes by identifying the kinds of supportive materials that were used during
the videotaped eighth-grade mathematics lessons. These include audio-visual equipment, print
material, particular types of physical materials, and technology. In all cases, the resource was
marked if it was used at any point in the lesson. If the materials and technology were present but
not used, they were not included in these analyses.

e Chalkboard: Included chalkboards and whiteboards.
* Projector: Included overhead, video, and computer projectors.
* Textbook/worksheets: Included textbooks, review sheets, study sheets, worksheets, and the like.

* Special mathematics materials: Included materials such as graph paper, graph boards, hun-
dreds tables, geometric solids, base-ten blocks, rulers, measuring tape, compasses, protractors,
and computer software that simulates constructions of models [k Video clip example 5.18].
When special mathematics materials were used for presenting or solving a mathematics prob-
lem, they were included also in the earlier description of physical materials and analyzed by
percentage of problems, figure 5.3.

* Real-world objects: Included objects such as cans, beans, toothpicks, maps, dice, newspapers,
magazines, and springs [& Video clip example 5.19]. When real-world objects were used for
presenting or solving a mathematics problem, they were included also in the earlier descrip-
tion of physical materials and analyzed by percentage of problems, figure 5.3.

* Calculators: Included computational and graphing calculators, but each was marked separately
[&k Video clip example 5.20].

e Computers [@k Video clip example 5.21].

Table 5.6 depicts the percentage of eighth-grade mathematics lessons during which a chalkboard,
projector, textbook or worksheet, special mathematical materials, and real-world objects were
used. Chalkboards were used in a smaller percentage of lessons in the United States (71 percent)
than in all the other countries except Switzerland. Perhaps as a substitute, projectors were used
in a higher percentage of lessons in Switzerland and the United States (49 percent and 59 per-
cent, respectively) than they were in all the other countries (ranging from 3 to 23 percent).
Nearly all lessons in all the countries used either a textbook or worksheet, ranging from 91 per-
cent of Australian lessons to 100 percent of Czech and Dutch lessons.
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TABLE 5.6. Percentage of eighth-grade mathematics lessons during which a chalkboard, projector, text-
book/worksheet, special mathematics material, and real-world object were used, by country:
1999

Resources used

Special

Textbook/ mathematics Real-world
Chalkboard? Projector3 worksheet?4 materials® objectsé

Country Percent
Australia (AU) 97 16 91 44 21
Czech Republic (CZ) 100 23 100 66 10
Hong Kong SAR (HK) 97 12 99 30 4
Japan' (JP) 98 11 92 86 19
Netherlands (NL) 96 3 100 81 7
Switzerland (SW) 90 49 95 32 20
United States (US) 71 59 98 44 15

1Japanese mathematics data were collected in 1995.

2Chalkboard: AU, CZ, HK, JP, NL>US.

3Projector: CZ>NL; SW, US>AU, CZ, HK, JP, NL.

ATextbook/worksheet: HK>JP.

5Special mathematics materials: CZ>HK, SW; JP>AU, CZ, HK, SW, US; NL>AU, HK, SW, US.

6Real-world objects: AU, SW, US>HK.
NOTE: Percentage of lessons reported for Japan with respect to chalkboard, projector, and textbook/worksheet use differs from that
reported in Stigler et al. (1999) because the definitions were changed for the current study. The tests for significance take into account the
standard error for the reported differences. Thus, a difference between averages of two countries may be significant while the same differ-
ence between two other countries may not be significant.

SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Special mathematics materials were used in 86 percent of Japanese eighth-grade mathematics
lessons, a higher percentage than Australia, the Czech Republic, Hong Kong SAR, Switzerland,
and the United States (ranging from 30 to 66 percent of lessons). This is consistent with the
findings presented earlier on the use of physical materials for solving individual problems in
Japan (figure 5.3). As stated earlier, however, the use of physical materials seemed to be related to
the mathematical topic covered in the lesson, and the relative differences between Japan and
some of the other countries changed when considering only two-dimensional geometry prob-
lems (figure 5.4).

In contrast to Japan, the Netherlands showed a different pattern when considering the percent-
age of lessons in which special mathematics materials were used (table 5.6, 81 percent) and the
percentage of problems per lesson that involved the use of physical materials (figure 5.3, 3 per-
cent). One possible explanation for this difference is that Dutch teachers could have used special
materials for a single problem, thus accounting for the relatively high percentage of lessons but
the relatively low percentage of problems. Or, special mathematics materials could have been
used primarily during non-problem segments. Another explanation is that the two codes do not
include the same materials—special mathematics materials included materials not counted as
physical materials (e.g., graph paper).

With the increasing use of technology in all aspects of society, there is special interest in the use
of calculators and computers in mathematics class (Fey and Hirsch 1992; Kaput 1992; Ruthven
1996). The use of computational calculators is a contested issue, with opponents concerned that
calculator use, especially in the early grades, will limit students’ computational fluency and
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advocates arguing that calculators are an increasingly common tool that can be used in the class-
room to facilitate students’ learning (National Research Council 2001a).

Figure 5.18 shows that calculators used for computation (i.e., those not equipped with graphing
capability or whose graphing capability was not utilized) were found more frequently in the
Netherlands (in 91 percent of lessons) than in Australia, the Czech Republic, Hong Kong SAR,
Switzerland, and the United States, where the range of use was 31 percent to 56 percent of
eighth-grade mathematics lessons.

FIGURE 5.18.  Percentage of eighth-grade mathematics lessons during which computational calculators were
used, by country: 1999
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*Reporting standards not met. Too few cases to be reported.

1Japanese mathematics data were collected in 1995.

2AU=Australia; CZ=Czech Republic; HK=Hong Kong SAR; JP=Japan; NL=Netherlands; SW=Switzerland; and US=United States.
NOTE: NL>AU, CZ, HK, SW, US; SW>CZ. The tests for significance take into account the standard error for the reported differences. Thus, a dif-
ference between averages of two countries may be significant while the same difference between two other countries may not be significant.
SOURCE: U.S. Department of Education, National Center for Education Statistics, Third International Mathematics and Science Study
(TIMSS), Video Study, 1999.

Calculators used for graphing were rarely seen in the eighth-grade mathematics lessons in the
participating countries, except in the United States where they were used in 6 percent of the les-
sons. In all the other countries, graphing calculators were observed too infrequently to calculate
reliable estimates for their use.

Computers were used in 9 percent of Japanese, 5 percent of Hong Kong SAR, 4 percent of
Australian, and 2 percent of Swiss eighth-grade mathematics lessons. No differences were detect-
ed in computer use among these countries (not shown in tables or figures). In the Czech
Republic, the Netherlands, and the United States, computers were used too infrequently to pro-
duce reliable estimates.
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Summary

In many ways, the issues addressed in this chapter are at the heart of mathematics teaching. The
ways in which mathematics is presented and the ways in which teachers and students interact
about the mathematics are direct indicators of the nature of teaching and the nature of learning
opportunities for students. Chapters 2, 3, and 4 set the stage for this chapter, and the findings
presented here provide more detailed information about eighth-grade mathematics teaching in
each country.

The observations below summarize some of the key findings in this chapter. The majority of
these findings have to do with the way in which mathematics problems were presented and
worked on during lessons.

* Fighth-grade mathematics lessons in the Netherlands emphasized the relationships between
mathematics and real-life situations to a greater extent than most of the other countries (fig-
ure 5.1). Forty-two percent of the problems per lesson in the Netherlands, on average, were set
up with a real-life connection. By contrast, in the other countries, between 9 and 27 percent of
the problems per lesson were set up with a real-life connection.

* Applications—problems that ask students to decide how to use procedures rather than just
execute them—were a feature of eighth-grade mathematics problems in Japanese lessons (74
percent of problems per lesson) to a greater degree than in all the other countries except
Switzerland (55 percent of problems per lesson) (figure 5.6).

* Eighth-grade students presenting and examining alternative solution methods for mathemat-
ics problems was not a common activity in any of the countries (tables 5.1 and 5.2), despite
their discussion in the literature. Using a generous criterion, alternative solution methods were
presented for 17 percent of the mathematics problems per lesson in Japan, a higher percentage
than found in Australia, the Czech Republic, and Hong Kong SAR. Using stricter criteria that
required the solution methods to be examined publicly and students to present at least one of
the methods, the percentages dropped to 9 percent of problems per lesson in Japan and no
more than 3 percent in all the other countries (table 5.3).

* Tracing the life of mathematics problems from when they were presented to when their solu-
tions were stated publicly showed some significant differences among countries in terms of the
types of problems presented and in the changes that occurred as they were solved:

o A larger percentage of eighth-grade mathematics problems in Japan (54 percent) than in
most of the other countries were stated in a way that suggested making mathematical con-
nections or exploring mathematical relationships (figure 5.8). In contrast, a larger
percentage of mathematics problems in Hong Kong SAR (84 percent) than in most of the
other countries were stated in a way that suggested using procedures (figure 5.8).

o As problems were solved, the mathematical processes that were made visible for the eighth-
graders were often different from those implied by the statement of the problem (figures
5.10-5.12). For example, mathematics teachers transformed some of the problems stated as
making connections into problems that focused on using procedures. Lessons taught by
mathematics teachers in Australia and the United States retained the making connections
focus of problems less often than lessons in the other countries (8 percent of the making
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connections problems and less than 1 percent of the making connections problems, respec-
tively; see figure 5.12).

e Students in different countries were expected to do different kinds of work during private
time. More private work time per lesson in the Czech Republic and Hong Kong SAR was
devoted to repeating procedures students had already learned (84 and 81 percent, on average,
respectively) compared to Japan and Switzerland (28 and 62 percent, on average, respectively)
(figure 5.13). Eighth-grade students in Japan were expected to do something other than
repeating procedures, such as adapting procedures to solve new kinds of problems, during a
greater percentage of lesson time than in all the other countries (figure 5.13).

¢ In all the countries, eighth-grade mathematics teachers did most of the talking during the les-
sons. The ratio of teacher talk to student talk per lesson ranged from 8:1 (the United States) to
16:1 (Hong Kong SAR). The ratio for teacher talk to student talk was higher in lessons in
Hong Kong SAR than in Australia, the Czech Republic, and the United States (figure 5.15). In
broad terms, lessons taught by teachers in all the countries provided many brief opportunities
for students to talk during periods of public interaction, and fewer opportunities for more
extensive discussion (figure 5.17).

The findings presented in this and earlier chapters address different aspects of classroom prac-
tice. Dissecting classroom practice into separate dimensions and variables is essential for
studying it, but separating teaching into distinct features can mask the fact that all of these fea-
tures interact to create systems of teaching (Stigler and Hiebert 1999). It is important now to
step back and ask how these findings fit together. What can be learned about teaching in each
country by looking across the chapters and piecing the results together? That is the task under-
taken in chapter 6.
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