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FOREWORD

Australia, through the Australian Council for Educational Research (ACER), has taken part in
most of the studies carried out under the auspices of the International Association for the
Evauation of Educational Achievement (IEA). These studies, which have occurred over a
timespan of almost 40 years, have become progressively better at validly assessing student
achievement in a wide variety of school subject areas. With their underlying aim of improving
both students' learning opportunities and learning outcomes, they have also succeeded in
measuring many characteristics of students, teachers and schools that might account for
differences in student achievement from country to country.

Until recently, one very important cluster of variables has either not been measured in these
studies or has been measured only superficialy by questionnaire — namely, variables pertaining
to what actually goes on in classrooms. What content are the students exposed to, and what
strategies are used to teach it? Instinctively, it seems that differences in these variables should be
important in relation to achievement differences.

In parallel with the Third International Mathematics and Science Study (TIMSS), carried out in
more than 40 countries in 1995, the IEA was adventurous enough to include a pioneering
companion study in which mathematics lessons were videotaped in three countries. The results
and methodology from this video component created a great deal of interest among educators. To
some extent, their interest was fuelled by articles, reports, and publicly released illustrative
snippets of the videotaped lessons. To a larger extent, all who heard the Director of the TIMSS
1995 Video Study (Professor James Stigler of the University of California at Los Angeles) were
inspired to appreciate what the methodology could offer to studies of classroom teaching and
learning.

In Australia, educators and researchers were fortunate to hear Professor Stigler speak about the
project on two occasions. The first was in mid 1994 when he was a keynote speaker at the 17th
Annual Mathematics Education Research Group of Australasa (MERGA) Conference, and
visited some university Education faculties. The second was late in 1997 when he was a keynote
speaker at the ACER inaugural annual Research Conference held in Melbourne.

Among the audience at the ACER Conference were representatives from most education system
offices throughout the country. When the possibility of participating in the expanded TIMSS
1999 Video Study arose in 1998, the Commonwealth, State and Territory Departments were
pleased to accept and support the opportunity.
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EXECUTIVE SUMMARY

The broad purpose of the Third International Mathematics and Science Study (TIMSS) Video
Study was to investigate and describe Year 8 mathematics and science teaching practices in a
variety of countries. The seven countries involved in the TIMSS 1999 Video Study were
Australia, the Czech Republic, Hong Kong SAR,* Japan,” the Netherlands, Switzerland, and the
United States. The initial TIMSS survey of students mathematics and science achievement took
place in 1995. On average, students from the United States were significantly outperformed on
the TIMSS 1995 mathematics assessment by students from the other six countries that
participated in the 1999 video study.

The TIMSS 1999 Video Study was conducted by LessonLab, Inc. (Santa Monica, Cdifornia)
under contract to the Nationa Center for Education Statistics (NCES), U.S. Department of
Education. The U.S. National Science Foundation and the participating countries provided
additional funding for the study. Half of the funding for Australia’'s participation was provided by
NCES, with the other half provided jointly by the Commonwedth, State and Territory
governments. The Australian Council for Educational Research (ACER) was contracted to
coordinate Australia s participation.

The internationa report of the mathematics component of the TIMSS 1999 Video Study was
released in March 2003.2 This Austraian report, Teaching Mathematics in Australia, includes a
brief summary of the international results, but focuses on making comparisons and commentary
from an Australian perspective. It also includes additional analyses of the Australian data. The
report is accompanied by a CD-ROM containing videos of eight lessons (four from Austraia, and
one each from the Czech Republic, Hong Kong SAR, Japan and the Netherlands) released
publicly to illustrate the report findings and act as a resource for teacher professiona
devel opment programs.

What wasthe Aim of the TIM SS 1999 Video Study?

The ‘video survey’ methodology used in the TIMSS 1999 Video Study enabled very detailed
snapshots of mathematics teaching to be collected. Internationally, a general aim was to use these
snapshots to describe patterns of teaching practices in the participating countries. More specific
aims included:

e development of objective, observational measures of classroom instruction to serve as
quantitative indicators of teaching practices;

e comparison of teaching practices to identify similar or different lesson features across
countries; and

* development of methods for reporting results of the study, including preparation of video
cases for both research and professional development purposes.
Australia s goals for participating in the study emphasised:

e obtaining authentic and rich information on mathematics teaching in Australian lower
secondary schoals;

! For convenience, Hong Kong SAR is referred to as a country. Hong Kong is a Special Administrative
Region (SAR) of the People’s Republic of China.

2 Japan did not collect new mathematics data for the 1999 video study. Lessons taped in 1995 for the more
limited TIMSS 1995 Video Study were reanalysed using the revised and expanded coding scheme
developed for the 1999 study.

® Theinternational report, entitled Teaching Mathematicsin Seven Countries: Results from the TIMSS
1999 Video Sudy (NCES 2003-013), can be accessed or ordered from the NCES website:
http://nces.ed.gov/timss. The report of the science portion of the study will not be released until 2004.
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« ascertaining the extent to which Austraian mathematics teaching in 1999 reflected emphases
in curriculum documents devel oped during the 1990s;

« viewing Australian teaching practices in relation to those Asian countries that were among the
highest achieving countries on the TIMSS 1995 mathematics assessment;

« assembling an information base of classroom practice for professional development purposes;
and

* taking advantage of the opportunity to learn from the study’ s innovative methodol ogy.

A secondary objective in Australia was to examine differences in content and pedagogy between
high and low achieving classrooms.

Why Study Teaching Across Countries?

The TIMSS 1999 Video Study was based on the premise that the more educators can learn about
teaching as it is actually practised, the more effectively they can identify factors that might
enhance student learning opportunities and, by extension, student performance.

Comparing teaching across cultures allows teachers to look at their own teaching practices from a
fresh perspective, providing food for thought about what they are doing well and possible
improvements they might try. It can also reveal alternatives in and stimulate discussion about
choices that are being made for teaching within a country. By highlighting where these differ
from another country’s choices, the merits of different approaches can be debated in relation to
the countries' learning goals. Although a variety of teaching practices is usually found within a
country, it sometimes requires looking outside on€’'s own culture to see something new and
different that might be worth incorporating into one' s repertoire of practices.

Scope of the Study

The mathematics component of the TIMSS 1999 Video Study comprised 638 Year 8 lessons
collected from al seven participating countries. The 50 lessons collected in Japan for the 1995
video study are included in this tally. The required sample size in 1999 was 100 lessons per
country. One lesson per school was randomly selected within each of approximately 100
randomly selected schools per country.*

The Australian sample was randomly selected in such a way that it was proportionaly
representative of all states, territories, school sectors, and metropolitan and country areas.
Altogether 87 of the selected Australian schools and their randomly selected Y ear 8 mathematics
teachers agreed to take part in the study.

In each school the selected teacher was filmed for one complete Year 8 mathematics | esson, and,
in each country (except Japan), videotapes were collected throughout the year to try and capture
the range of topics and activities that can occur across a whole school year. To obtain reliable
comparisons among countries, the data were appropriately weighted to account for the sampling
design.

Processing of the data was a long, complex and labour-intensive undertaking. Several specialist
teams were needed to decide what should be coded, what kinds of codes to use, and how reliably
the codes could be applied. Many revisions were made to codes before a satisfactorily reliable set
was put in place. All coding was done a LessonLab. An Austraian mathematics
educator/researcher, Dr Hilary Hollingsworth, was based at LessonLab for the duration of this
work, together with colleagues in a similar role from the other countries.

* The weighted response rate reached the desired 85 per cent or morein al countries except the United
States, where it was 76 per cent.
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Major International Findings

Internationally, the TIMSS 1999 Video Study of Y ear 8 mathematics teaching showed in general
terms that there is no one way to undertake successful teaching of mathematics. The results
showed that teachers in the high achieving countries included in the study used a variety of
teaching methods and combined them in different ways, thereby providing several perspectives
on effective teaching. All countries shared some common features however, and most countries
were found to have some distinctive features.

Common features across the countries included:

e At least 95 per cent of lesson time, on average, was spent on mathematical work (excluding
the time taken to organise the studentsin relation to their mathematical tasks).

» At least 80 per cent of lesson time, on average, was spent in solving mathematical problems,
regardless of whether the main purpose of the lesson was review of previously learned content
or presentation or practice of new content.

» Lessons generally included some review of previous content as well as some attention to new
content.

* Most of the time, lessons included some public, whole-class work and some private,
individual or small group work — during their private work time, students mostly worked
individually rather than in pairs or groups.

» At least 90 per cent of lessons made use of atextbook or worksheet of some kind.

» Teachers talked much more than students, both in terms of numbers of words and in terms of
length of utterances. The ratio of teacher to student words was at least 8:1. Most teacher
utterances were at least 5 words long while most student utterances consisted of fewer than 5
words.

Distinctive features found related to the introduction of new content, the emphasis on review of
previous content, the use of various strategies to make |essons more coherent, the topics covered,
the procedural complexity of the problems discussed and set, and classroom practices regarding
use of individual work time and use of class time for homework. Findings on these and other
variables are presented below from an Australian perspective.

What Werethe Major Australian Results?

The Australian results are summarised here in two sections, according to whether they were
provided as contextual information in the Teacher Questionnaire or whether they were derived
from the observational datain the videotapes.

Contextual information
On teacher qualifications and experience:

« Sixty-four per cent of the Australian teachers had a major study in either mathematics or
mathematics education compared with at least 90 per cent in the Czech Republic and the
Netherlands and only 41 per cent in Hong Kong SAR. However, 93 per cent of the Australian
teachers had at least a minor study in one of these areas. Almost al teachers in all the
countries were qualified to teach, including al in Australia, though four of the Australian
teachers had primary training only.

e The number of years that the Australian teachers had been teaching mathematics ranged from
1 year to 38 years, with amean of 16 years and a median of 15 years. This placed them in the
middle range between medians of 7 years in Hong Kong SAR and 21 years in the Czech
Republic.
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On work responsibilities:

Australian teachers reported spending, on average, 36 hours per week either teaching or
engaging in other school-related activities, including 12 hours actually teaching mathematics.
This placed them at the lower end of the international findings. Teachers in the Netherlands
taught mathematics for 20 hours a week, on average, while teachers in Switzerland were
similar to Australia in this respect. However, no account was taken of whether teachers were
employed full- or part-time, which seems likely, from the overall hours reported, to have had a
greater effect in Australiathan in other countries.

On the typicality of the videotaped lessons:

Eighty per cent of Australian teachers thought that the difficulty of the mathematics content of
the videotaped |esson was about the same as usual. Internationally, 75 per cent or more of the
lessons were said to be typical in this respect. With regard to the influence of the video camera
on their teaching, 80 per cent of the Australian teachers said there was little or no effect. More
than 90 per cent of the teachers in the Netherlands and the United States thought that their
lesson was about the same as usual, but only 38 per cent of the teachersin the Czech Republic
shared this belief.

Along with teachers in the Netherlands, Switzerland and the United States, three-quarters of
the Australian teachers said that their students' behaviour during the videotaped lesson was
about the same as usual. The Czech Republic had the lowest percentage (44%) in this respect,
with Czech teachers describing their students as ‘less active’ and ‘ more shy and afraid to give
wrong answers' than usual.

The Australian teachers reported spending more time (39 minutes, on average) than usual (24
minutes) in planning their lessons. The difference in average times spent in preparation was
highest (about 20 minutes) in the Czech Republic and Hong Kong SAR, and lowest (four
minutes) in the Netherlands. Average preparation time for normal lessons ranged from 12
minutes per lesson in the Netherlands, to more than 30 minutes per lesson in the Czech
Republic, Switzerland and the United States.

On the intended goals for the lessons:

Between 75 and 95 per cent of the teachers per country identified a“ content’ goal asthe ‘main
thing' they wanted their students to learn from the videotaped lesson (Australia was lowest in
this respect). ‘Process goals (most often concerned with using routine operations or
calculations) were identified for 90 per cent of Australian lessons and more than 90 per cent of
lessons in al other countries. ‘Perspective’ goals, such as developing students' interest or
confidence in doing mathematics, were much less common, ranging from almost none in
Hong Kong SAR to 23 per cent of the lessons in Switzerland. This kind of goal was identified
for 14 per cent of the lessonsin Australia.

Observations from the videotapes
In relation to the general features common to al countries:

On average, 95 per cent of lesson time was spent on mathematical work in Australia.

On average, 81 per cent of lesson time was devoted to solving mathematical problems in
Australia — the highest average percentage (91%) was observed in the Netherlands,
significantly higher than in any other country except the United States (85%).

On average, 36 per cent of lesson time in Australia was devoted to reviewing previous
content. Highest in this respect was the Czech Republic (58 per cent of lesson time), which
was significantly higher than any other country except the United States (53%). Numerically
lowest were Hong Kong SAR and Japan (24%), but this percentage was not significantly
different from that in the remaining countries, including Australia.
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Australia and the United States had the numericaly highest percentage of lessons (28%) that
were entirely review. However, only Hong Kong SAR and Japan (8 and 5 per cent of lessons,
respectively) differed significantly from Australiain this respect.

On average, new material was introduced in the Australian lessons for 30 per cent of the
lesson time. Japan, at 60 per cent of lesson time, was significantly higher than al the other
countries. As well as in Australia, between 30 and 40 per cent of lesson time was spent on
presenting new materia in Hong Kong SAR, the Netherlands and Switzerland. Lowest were
the Czech Republic and the United States (22 and 23 per cent, respectively), though this was
not significantly different from the percentages in Australia and the Netherlands.

Australia had one of the most equal partitions of lesson time into whole class versus ‘ private
work activities (52 and 48 per cent of the time, respectively). The time proportions were
similar to Australia’s in the Netherlands and Switzerland, and most different in Hong Kong
SAR, where an average of 75 per cent of lesson time was spent on whole class work.

Australia had the numerically highest percentage of private work time spent working in pairs
or small groups (27%), most commonly in pairs, though this was not significantly different
from the time in Japan, the Netherlands, Switzerland or the United States. Lowest was Hong
Kong SAR, where ailmost all students worked individually during their private work time.

Ninety-one per cent of the Australian lessons made use of atextbook or workshest.

The ratio of teacher to student wordsin the Australian lessons was 9:1 — Hong Kong SAR had
the highest ratio, at 16:1.

In relation to other aspects of lesson organisation:

Australia had the numerically lowest percentage of lesson time devoted to problems worked
on ‘publicly’ (26 per cent, on average), when the whole class worked on the same problem
simultaneoudly, either by themselves or together with the teacher. The Netherlands and
Switzerland were similar to Australiain this respect. The percentage of time spent on publicly
worked problems was significantly higher in the other four countries and numerically highest
in Japan (64 per cent, on average). Correspondingly, a greater proportion of time was spent in
Australia, the Netherlands and Switzerland on ‘concurrent’ problems assigned as seatwork
than in the other countries.

The Austrdian lessons fared relatively well on aspects of coherence such as use of goal
statements. The Czech Republic, where 91 per cent of the lessons contained at least one goal
statement, was higher than all of the other countries in this respect. Australia, at 71 per cent,
was similar to Japan, numerically higher than the United States (59%) and Hong Kong SAR
(53%), and significantly higher than Switzerland (43%) and the Netherlands (21%). Summary
statements were used in no more than about a quarter of the lessons within a country, which
occurred in Japan, the Czech Republic and Hong Kong SAR. In Australia, only 10 per cent of
the lessons included a summary statement, while in Switzerland and the Netherlands summary
statements were rarely used.

Homework was assigned in about 60 to 80 per cent of the sampled lessons per country (62 per
cent in Australia), except in Japan (36 per cent of lessons). This does not mean that Japanese
students do less mathematics outside of class than their counterparts in other countries, as
many Japanese students take part in supplementary private lessons. In Australia, on average,
only about one minute of lesson time was spent in discussing previous homework problems,
and about four minutes were spent beginning new homework. The Netherlands spent more
time, on average, going over previousy assigned homework (16 minutes per lesson) than
most of the other countries, and more time, on average, beginning work on new homework
(10 minutes per lesson) than all the other countries.
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On mathematics topics covered during the lessons:

» There were indications that the curricular level of the Australian Y ear 8 mathematics lessons,
particularly the algebra content, was lower than in most of the other six countries (Switzerland
was similar to Australia in some aspects of content).

On the problems set and the way(s) they were solved:

» Forty-five per cent of problems per Australian lesson, on average, were classified as
‘applications’, compared with 74 per cent in Japan. Numerically lowest were the Czech
Republic and the United States (about 35%). The percentage in Japan was significantly higher
than that in any other country except Switzerland (55%).

» Despite the proportions of problems classified as applications, in most countries the problems
set tended to be rated as low in procedural complexity (requiring four or fewer steps to solve).
In the Czech Republic, Hong Kong SAR, the Netherlands, Switzerland and the United States,
about two-thirds of the problems, on average, were classified as being low in procedural
complexity. More than three-quarters of the problems were placed in this category in
Australia, numerically the highest of any country though significantly different only from
Japan (17%). Apart from in Japan (39%), only 6 to 12 per cent of problems per country were
considered to be high in procedural complexity.

* In all countries except Japan, at least 65 per cent of problems set for students to do in class
were repetitions of one or more problems they had done earlier in the lesson. In Australia, 76
per cent of problems werein this category, 13 per cent were mathematically related, 8 per cent
were thematicaly related, and 4 per cent were unrelated to previous problems. Hong Kong
SAR (24%) and Japan (42%) were significantly higher than Austraia in the proportion of the
mathematics problems set that were mathematically related to earlier problems.

» Along with the emphasis on repetition, the majority of problemsin all countries except Japan
involved emphasis on correct use of procedures to solve them (see Figure 1).° Problems
intended to involve higher-level processes, such as making mathematical connections or
reasoning mathematically, were much less common, ranging from about one-sixth of
problems in Australia, the Czech Republic, Hong Kong SAR and the United States, to one-
quarter in the Netherlands and more than one-half in Japan.

Figurel  Average percentage of problemsper Year 8 mathematics|esson of each
problem type
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® Switzerland was not included in this analysis.
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« In Austraia, the Czech Republic and the United States, around one-third of problems per
lesson, on average, were solved publicly by giving the answer only (see Figure 2).° Lessonsin
Australia and the United States contained the smallest percentages of problems (2 and 1 per
cent, respectively) solved publicly by making mathematical connections. In Australia, only 8
per cent of the 15 per cent of problems intended to be solved by making mathematical
connections were actually solved that way publicly.

Figure2  Average percentage of problemsper Year 8 mathematics lesson solved publicly
using processes of each type
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e On average, just over a quarter of problems in Australia were set up with use of real-life
connections, significantly more than in Japan where almost 90 per cent of problems were
formulated in mathematical language and symbols only. The Netherlands (42%) was higher
than all countries except Australiaand Switzerland in its use of real-life scenarios.

* Problems involving proofs were almost non-existent in all countries except Japan, where at
least one problem involving a proof occurred in 39 per cent of the lessons.

* More than 90 per cent of problems in all countries except Japan (83%) were presented to
students as having only one solution. Very little encouragement was given to students
anywhere to think of and discuss other possible solutions or solution methods.

Lesson signature

The concept of ‘lesson signatures’ is used to show the way that lesson activities change during
the course of a lesson. Lesson signatures consist of several horizontal histograms, one for each
major lesson activity (e.g., teacher lecture, review, whole class working with the teacher in
solving one or more problems, seatwork, and so on). More emphasis on an activity shows in
thicker parts of the histogram for that activity.

The lesson signature for Australia, included in Chapter 6, shows that 87 per cent of the
videotaped lessons began with review of previously learned content. Most lessons focused on
review for about the first 20 per cent of the lesson time. From about a third of the way into the
lesson, a majority of the Australian teachers began introducing new content, representing an
average of 56 per cent of the lesson time when practising the new content is also taken into
account. Very few problems were worked on publicly (by the teacher working together with the
whole class) after the first quarter of the lessons. For the remainder of the lesson time, students
usually worked individually on problems that asked them to repeat procedures that had been
demonstrated earlier in the lesson.
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The average picture of Australian lessons illustrated by the lesson signature closely supports the
hypothesised model of an Australian Year 8 mathematics lesson proposed by mathematics
educators at the beginning of the study (shown in Appendix D). However, while the aggregate
picture supports expectations, some large departures from the overall pattern were observed for
individual lessons. The timelines of activities displayed in Chapter 6 for the four Australian
lessons publicly released provide a good example of the range of variability observed.

Adjusting Teaching According to Students' Needs

As explained above, the international results show that there is no one way that mathematics is
taught to Year 8 students in the various high-achieving TIMSS countries. In both Australia and
Switzerland, an additional research question was posed: ‘Do teachers tend to use different
strategies when teaching classes of different skill levels? To help investigate this question, al or
part of the TIMSS 1995 mathematics test was given to the videotaped classes in these two
countries as a measure of achievement.

Looking at groups of classes categorised as higher achieving or lower achieving on the TIMSS
test items in Australia, the answer to whether teachers adjust their teaching to help cater for
differences in students skill levelsis ‘Yes and no’. Insofar as the question can be answered by
the variables measured in the study, there is evidence of:

» some differences in subject matter (more emphasis on algebra in the higher achieving group,
more on measurement in the lower achieving group);

» more teacher awareness of students’ interests, thinking and difficulties in the lower achieving
group than in the higher achieving group;

« differences in the ways that problems were worked on (more time spent on ‘independent’
problems — problems set one at atime for the whole class to work on either by themselves or
with the teacher or both —in the higher achieving group, more on problems set as a batch to be
done as seatwork in the lower achieving group);

* more usg, in the lower achieving group than in the higher achieving group, of having students
work in collaborative pairs or small groups;

» more lessons involving introduction and practising of new content in the higher achieving
group than in the lower achieving group, though no difference in the relative time spent on
new and previously learned content; and

» more interaction between teacher and students in the lower achieving group than in the higher
achieving group.

Most of the above findings were expected and generally illustrate appropriate adjustment of
teaching strategies for students of different skill levels. There were other variables, however,
where differences were expected but were not found. The most crucial of these were that there
was no difference in the level of procedural complexity of the problems undertaken in the two
groups of classes or in the relative sophistication of the skills needed to solve them. Even in the
higher achieving classes the students tended to be set large numbers of low procedural
complexity, routine problems. Higher-level processes such as mathematical reasoning or making
reference to mathematical relationships were hardly ever used for problems solved publicly in the
Australian lessons, regardless of the skill level of the class.
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Implications of the Study for Mathematics Teaching in Australia

The final chapter of the report includes reactions and comments from four Australian
mathematics educators on what, in their view, the findings mean for mathematics education in
Australia. While they have different roles in the Australian mathematics education community
(two are academics, one is a secondary teacher whose class was one of the videotaped classes,
and one represents the Australian Association of Mathematics Teachers), their reactions to the
findings are more similar to than different from each other.

In their comments, we are reminded of Australian students' track record in internationa studies
of mathematics achievement. Australia performs relatively well in these studies and has done so
over four decades. There is no compelling reason for Australian Year 8 mathematics teaching
practices to be abandoned in favour of adopting methods used somewhere else. For a start, the
highest achieving countries use methods that differ from each other in many respects. As one of
the commentators notes, ‘' Learning and teaching mathematics occurs in, and responds to, widely
differing social, cultural and educationa contexts. Thereisn’'t a“silver bullet”!”.

However, there are some strong threads running through the study’s findings that indicate that
some overhaul of Year 8 mathematics teaching in Australia is warranted. Australian students
would benefit from more exposure to less repetitive, higher-level problems, more discussion of
aternative solutions, and more opportunity to explain their thinking. Using the lessons filmed for
this study as a guide, there is an over-emphasis in Australian Y ear 8 mathematics, as in some of
the other countries, on ‘correct’ use of the ‘correct’ procedure to obtain ‘the’ correct answer.
Opportunities for students to appreciate connections between mathematical ideas and to
understand the mathematics behind the problems they are working on are rare.

Another of the commentators notes that the Australian results expose ‘a syndrome of shallow
teaching, where students are asked to follow procedures without reasons’, and that more than
‘shalow teaching’ is needed for students conceptua understanding and problem solving abilities
to improve. Australian students aready perform relatively well in international mathematics
studies. With more exposure to more challenging material, at all levels but particularly in more
able classes of students, it seems likely that Australiawould perform even better.

Changing teaching practices takes time and resources. The total set of 28 publicly released
lessons from the TIMSS 1999 Video Study provides a wealth of examples from Australia and
other countries that could be used as the stimulus for discussions in professional development
programs. In some of the lessons, students can be seen working on longer, more challenging
problems, sometimes discussing their solutions with the teacher in front of the class. A message
for Australia from the study’s findings is that it would be beneficial to reduce the time students
are expected to spend in solving large numbers of short, repetitive problems, and to use the freed
time to work on fewer, more varied, more chalenging (but accessible) problems, each for a
longer time. Such a change could be made without major disruption to timetables, or ‘changing
the whole world’, as one of our commentators notes.
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Chapter 1
INTRODUCTION

This chapter describes the background to the TIMSS 1999 Video Study, and Australia’s
involvement in the study. It outlines the contents of the remaining chapters and concludes with a
summary of the international results of the study.

The TIMSS 1999 Video Study

The 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 practicesin
Y ear 8 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 a., 1999) by investigating
teaching in science as well as mathematics, and sampling classroom lessons from more countries
than the TIMSS 1995 Video Study.

The TIMSS 1995 Video Study included only one country, Japan, with a relatively high score in
Y ear 8 mathematics as measured by TIMSS. It was tempting for some audiences to prematurely
conclude that high mathematics achievement is possible only by adopting teaching practices like
those observed in Japan. The TIMSS 1999 Video Study addressed this issue by sampling Year 8
mathematics lessons in more countries — both Asian and non-Asian countries — where students
performed well on the TIMSS 1995 mathematics assessment. Countries participating in the
TIMSS 1999 Video Study were Australia, the Czech Republic, Hong Kong SAR,? Japan, the
Netherlands, Switzerland, and the United States.

Table 1.1 below lists the countries that participated in the TIMSS 1999 Video Study along with
their scores on the TIMSS 1995 and TIMSS 1999 mathematics assessments. 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.®

The TIMSS 1999 Video Study was conducted by LessonLab, Inc. (Santa Monica, Cdifornia)
under contract to the National Center for Education Statistics (NCES), U.S. Department of
Education. The U.S. National Science Foundation and the participating countries provided
additional funding for the study.

Goals of the study

In addition to the broad purpose of describing teaching in seven countries, including a number
with records of high achievement in Year 8 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 practicesin each country;

TIMSS was conducted in 199495 and again in 1998-99. For convenience, reference will be made to
TIMSS 1995 and TIMSS 1999 throughout the remainder of this report. In other documents, TIMSS 1995
isalso referred to as TIMSS 1994, and TIMSS 1999 is al so referred to as TIMSS 1998 and TIMSS-R
(TIMSS-Repest).

For convenience, in this report Hong Kong SAR isreferred to as a country. Hong Kong is a Special
Administrative Region (SAR) of the People's Republic of China.

Of the countries that participated in the TIMSS 1999 Video Study, only one experienced a significant
change in mathematics achievement at Y ear 8 between 1995 and 1999. The average mathematics
achievement of Y ear 8 students in the Czech Republic was lower in 1999 than in 1995, as measured
through TIMSS (Mullis et a., 2000).
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e To compare teaching practices among countries and identify similar or different lesson
features 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 afinal 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 devel opment purposes.

Tablel.l Averagescoreson TIMSS 1995 and TIM SS 1999 mathematics assessments of
TIMSS 1999 Video Study participating countries

1995 1999
Country Average score Average score
Australia’ (AU) 519 525
Czech Republic (C2) 546 520
Hong Kong SAR (HK) 569 582
Japan (JP) 581 579
Netherlands? (NL) 529 540
Switzerland® (SW) 534 -
United States (US) 492 502

! Rescaled TIMSS 1995 mathematics scores are reported here.

2 Nation did not meet international sampling guidelinesin 1995; the Australian sample was 4% below the
internationally specified response rate and the Netherlands’ sample was 15% below (Beaton et a., 1996).

3 Switzerland did not participate in TIMSS 1999.

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

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

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 froma U.S. Perspective, 1995 and
1999 (NCES 2001- 028). U.S. Department of Education. Washington, DC: National Center for Education Statistics.

Why study teaching across countries?

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
relationships between classroom teaching and learning are complicated, it is well documented
that teaching makes a difference in students’ learning (Brophy & Good, 1986; Hiebert, 1999;
National Research Council, 1999).

The TIMSS 1999 Video Study is based on the premise that the more educators and researchers
can learn about teaching as it is actually practised, the more effectively they can identify factors
that might enhance student learning opportunities and, by extension, student achievement. By
providing rich descriptions of what actually takes place in mathematics classrooms, the video
study can contribute to further research into features of teaching that most influence students
learning.

Comparing teaching across cultures has additional advantages.

» It allows educators to examine their own teaching practices from a fresh perspective by
widening the known possibilities. In addition to examining how teachers in their own country
approach mathematics, opening up the lens to include an examination of how teachers in
another country approach the same topic can make one’'s own teaching practices more visible
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by contrast and therefore more open for reflection and improvement (Stigler & Hiebert, 1999;
Stigler, Gallimore & Hiebert, 2000; Carver & Scheier, 1981; Tharp & Gallimore, 1989).

e It can reved aternatives and stimulate discussion about the choices being made within a
country. Although a variety of teaching practices can be found within a single country, it
sometimes requires looking outside one's own culture to see something new and different.
These observations, combined with carefully crafted follow-up research, can stimulate debate
about the approaches that may make the most sense for achieving the learning goals defined
within a country.

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 (e.g., National Research Council, 1999; Floden, 2001; Wittrock,
1986). In particular, Year 8 students 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
descriptions of teaching in the TIMSS 1999 Video Study with students' levels of achievement as
documented in TIMSS 1999 (Mullis et a., 2000). Moreover, in most of the participating
countries the videotaped classrooms were not the same ones in which students took the
achievement tests.

Why study teaching using video?

Traditionally, attempts to measure classroom teaching on a large scale have used teacher
questionnaires. Questionnaires are economical and simple to administer to large humbers of
respondents and responses 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 teachersto remember classroom events and interactions that happen
quickly, perhaps even outside of their conscious awareness. Moreover, different questions can
mean different things to different teachers (Stigler et a., 1999).

Direct observation of classrooms overcomes some of the limitations of questionnaires but
important limitations remain. Significant training problems arise when used across large samples,
especialy across cultures. A great dea of effort is required to ensure that different observers are
recording behaviour 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.

Video offers a promising aternative for studying teaching (Stigler, Gallimore & Hiebert, 2000).
Using national video surveys to study teaching has special advantages.

* Video enables detailed examination of complex activities from different points of view. Video
preserves classroom activity so it can be slowed down and viewed multiple times, by many
people with different kinds of expertise, making possible detailed descriptions of many
classroom lessons.

« Callecting a random national sample provides information about students experiences across
a range of conditions, rather than the exceptional experiences. The ability to generalise
nationally can elevate policy discussions beyond the anecdotal. Therefore it is important to
know what actual teaching looks like, on average, so that national discussions can focus on
what most students experience.

Collection of data by video also presents many challenges (see Jacobs et al., in press), such as
ensuring that standardised filming procedures are used in al countries;, determining what
information to extract from the classroom events recorded on the tape and how to quantify the
information so that it can be analysed in a meaningful way; and investing sufficient time and
expertise to develop codes to describe the data and to train coders so that the data are reliable.
Some information on how these aspects were dealt with in the TIMSS 1999 Video Study is given
in Appendix A.
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Sampling and methodology

The TIMSS 1999 Video Study final sample comprised a total of 638 Y ear 8 mathematics |essons
collected from the seven participating countries. This includes the Japanese lessons that were
collected as part of the TIMSS 1995 Video Study.®

For each country, the lessons were randomly selected to be representative of Y ear 8 mathematics
lessons overadl. In each case, a teacher was videotaped for one complete lesson, and in each
country, videotapes were collected across the school year so as to try to capture the range of
topics and activities that can take place throughout an entire school year.’ In each sampled
school, no substitution of a teacher or a class period was allowed. The designated class was
videotaped once, in its entirety, without regard to the particular mathematical topic being taught
or type of activity taking place. The only exception was that teachers were not videotaped on
days when a test was scheduled for the entire class period. Teachers were asked to do nothing
special for the videotape session, and to conduct the class as they had planned. To obtain reliable
comparisons among the participating nations, the data were appropriately weighted to account for
sampling design. Sampling and participation rate information can be found in Appendix A.

A similar videotaping protocol was followed for both the 1995 and 1999 video studies. However,
in the TIMSS 1999 Video Study two cameras were used to film each lesson, whereas in the
TIMSS 1995 Video Study only one camera was used. In the 1999 study, one camera followed
what an attentive student would be looking at during times of public discussion, usualy the
teacher, and followed the teacher and sampled students' activities during private work time. A
second camera was stationary and maintained a wide-angled shot of the students.

A series of codes was developed for and applied to the TIMSS 1999 video data by a team of
individuals that included bilingual representatives from each country, as well as speciaists in
mathematics and mathematics education.” Each code used had an inter-coder reliability of at least
85 per cent. An international team that included representatives from each country and a
mathematics education specialist oversaw the mathematics code devel opment process. This team
worked closely with two advisory groups: a group of National Research Coordinators
representing each of the countries in the study, and a steering committee consisting of five North
American mathematics education researchers.

More information about the methodology used in the study can be found in Appendix A and in
Volume 1 of the TIMSS 1999 Video Study Technical Report (Jacobs et al., in press).

Australia’ s Participation in the TIM SS 1999 Video Study

As stated in the Foreword to this report, educators in Australia were interested in being part of the
TIMSS 1999 Video Study because of its potential to provide superior information on classroom
teaching practices than is possible through more conventional means such as questionnaires.
Typicaly, high quality measures of student achievement are developed for international studies,
but there has been an ongoing need for good measures of teacher behaviour. The potential of the
video methodology to provide illuminating materials to assist teachers in their professional
development was also recognised by Australian educators when they were considering the
possibility of involvement in the study.

* See Appendix A for further details.

> Japan only agreed to collect new data for the science component of the 1999 video study. The Japanese
mathematics lessons collected for the TIMSS 1995 Video Study were re-analysed using the revised and
expanded coding scheme developed for the 1999 study.

® The sample of Japanese lessons collected for the 1995 study and re-analysed for the 1999 study did not
include lessons drawn from across the full school year; most were collected over afour-month period
(Stigler et a., 1999). However, while the sampling of the lessons was less than ideal, there is no evidence
that the Japanese Y ear 8 mathematics data are not representative of teaching at that time.

" Native English speakers coded the Australian lessons.
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Australia’ s goals for participation in the TIMSS 1999 Video Study placed particular emphasis on:

e Obtaining authentic and rich information on mathematics and science teaching in Australian
lower secondary schools, which, because of the study’ s design, could be aggregated to provide
nationa ‘profiles’ of teaching in these aress;

« Ascertaining the extent to which mathematics teaching in 1999 reflected emphases formalised
in A National Satement on Mathematics for Australian Schools® (Australian Education
Council, 1991);

e Examining Australian teaching practices in relation to those in the highest-achieving Asian
countries;’

e Assembling an information base of classroom practice, primarily for professional
devel opment purposes; and

« Taking advantage of the opportunity to learn from, as well as help shape some aspects of, the
study’ s innovative methodol ogy.

A secondary objective was to examine differences in content and pedagogy between high and
low achieving classrooms. This was made possible by administering the International Benchmark
Test (IBT) in mathematics (level 2), an abbreviated version of the TIMSS 1995 mathematics test
for 13 year olds, to students in the videotaped classes.*

Half of the funding for Australia’s participation in the study was provided by NCES, with the
other half provided jointly by the Commonwesalth, State and Territory governments. The
Australian Council for Educational Research (ACER) was contracted to coordinate Australia's
participation.™

The sample

Detailed information on the designed and achieved Australian samples is provided in Appendix
A. Briefly, 87 mathematics classes were filmed. They were located in all states and territories,
though the non-respondents were concentrated in New South Wales, which was experiencing
protracted industrial problems.’ Schools were selected with a probability proportiona to their
Y ear 8 enrolment. They came from all sectors and from both metropolitan and country areas.

The methodology required that videographers, trained in the standard procedures for the study, be
sent to the sampled schools. A huge number of kilometres was covered to visit schools in all
corners of the country — including rural Western Australia, outback and mid-north Queendand,
outback New South Wales, and the west coast of Tasmania, as well as to al capital cities and
many surrounding towns.

The intention was that filming of lessons should be done throughout the 1999 school year.
However, funding for the study was not assured in time for school visits to be made in the first
term of 1999. Filming began in second term, but, due to lag time in arranging schedules, most
filming was donein terms 3 and 4. A few lessons were filmed in the first term or very early in the

8 This document was the forerunner of similar, state-based documents devel oped during the 1990s.

° Although Australia’s performance in the TIMSS 1995 achievement study was high relative to that of a
large number of countries, and our students achieved at an equivalent or better level than their
counterparts in all English-speaking countries, the federal Minister of Education at the time was
concerned because Australia’ s performance was below that of our * Asian trading partners'.

The International Benchmark Tests in mathematics and science, constructed with permission from the
International Association for the Evaluation of Educational Achievement (IEA), are published by ACER.

1 Dr Jan Lokan was the Australian project director from 1998-2001. Barry McCrae took over as project
director at the beginning of 2002. Dr Hilary Hollingsworth was the Australian research associate (based
at LesssonL ab) throughout the mathematics portion of the study.

12 Nevertheless, New South Wales was represented by 19 schools. Disparities in representativeness of the
achieved sample were compensated for in the analyses by statistical weighting.
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second term of 2000. Inevitably, because of the cost of travel to other states from Melbourne,
substantia clustering of lessons by out-of-state locality and time of filming occurred (Victoria
was the only state in which lessons were filmed in all four terms). Overal (based on unweighted
data), 3 per cent of the filmed lessons took place in first term, 16 per cent in second term, 51 per
cent across term 3, and 30 per cent across all but the last two or three weeks of term 4. This
distribution was not ideal, but was the best that could be achieved.

About ThisReport

This report focuses on Augtralia’s participation in the TIMSS 1999 Video Study and the findings
of particular relevance to Australia. The full results of the study can be found in the international
report, Teaching Mathematics in Seven Countries: Results from the TIMSS 1999 Video Sudy
(Hiebert et al., 2003)*3, hereinafter referred to as Teaching Mathematics in Seven Countries, from
which much of the present report is drawn. This chapter concludes with an overview of the
international findings of the study.

Chapter 2 discusses the context of the videotaped lessons. It presents information gathered about
the teachers and students involved in the study, and examines the typicality of the filmed lessons.
Chapter 3 provides information on the structure of the lessons and their main pedagogical
components. The mathematical content of the lessons is examined in Chapter 4, focusing on the
mathematical problems presented during the lessons and how they were solved. In Chapter 5, the
Australian students' results on the IBT mathematics test are used to investigate whether there
were evident differences in pedagogy and content between groups of classes contrasted on
mathematics achievement.

Chapter 6 draws on the analyses of the previous four chapters to identify the features that
characterised Year 8 mathematics teaching in Australia. In the fina chapter, Chapter 7, four
Australian mathematics educators, Associate Professor Alistair Mcintosh (University of
Tasmania), Sue Martin (one of the participating teachers), Will Morony (Executive Officer,
Australian Association of Mathematics Teachers), and Professor Kaye Stacey (University of
Melbourne), discuss the implications of the findings of the TIMSS 1999 Video Study for
mathematics teaching in Australia.

Statistical analyses

Unless otherwise indicated, the source of all international data and statistics presented in this
report is: U.S. Department of Education, National Center for Education Statistics, Third
International Mathematics and Science Study (TIMSS), Video Study, 1999. All Japanese
mathematics data were collected in 1995. The following abbreviations are used throughout the
report for the seven participating countries: AU (Australia), CZ (Czech Republic), HK (Hong
Kong SAR), JP (Japan), NL (Netherlands), SW (Switzerland), US (United States).

For al analyses presented in this report, comparative terms such as ‘higher’ and ‘lower’ are
applied only to differences that are statistically significant — at the .05 level unless otherwise
indicated. All tests for significance were two-tailed and Bonferroni adjustments were made when
more than two groups were compared simultaneously (e.g., a comparison among al seven
countries)™. Weighted data were used in the tests. More detail can be found in Appendix A.

Test results are listed below each table and figure in which comparative data are presented. For
example, AU>CZ, NL indicates that Australia's average is greater than those of the Czech
Republic and the Netherlands. Only comparisons that were determined to be significant are
listed.” Because tests take into account the standard error for the reported differences, a large

13 This can be accessed or ordered from the NCES website: http://nces.ed.gov/timss
14 See Appendix B.

5 Note that, if fewer than three lessons within a country had an observed code, no pairwise comparisons
involving that country are reported — see Appendix A.
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apparent difference in data may not be significant. Similarly, a difference between averages of
two countries may be significant while the same difference between two other countries may not
be significant.

Public release videos

Accompanying thisreport isa CD-ROM containing eight full-length lesson videos and associated
materials: four from Australia, and one each from the Czech Republic, Hong Kong SAR, Japan,
and the Netherlands. Throughout Chapters 3 and 4, reference is made to various time segments of
these public release lessons to illustrate lesson features that are being discussed. For example, AU
PRL 1 (00:42:26) refers to the 42 minute 26 second point of the TIMSS 1999 Video Study
Australia Public Release Lesson 1.

Altogether there are twenty-eight TIMSS 1999 Video Study public release videos, four from each
of the seven participating countries. They are available as a set of four CD-ROMs'™ and include,
in addition to lesson videos, accompanying materials such as a transcript in English and the
native language, lesson plans, textbook and worksheet pages, and commentaries by teachers,
researchers, and National Research Coordinators. These public release videos are intended to
augment the research findings, support teacher professional development programs, and
encourage wide public discussion of teaching and how it can be improved.

Overview of the TIMSS 1999 Video Study Results

Most of the findings identified here are discussed further, at least from Australia s perspective, in
the remaining chapters. More detail can be found in Teaching Mathematics in Seven Countries,
including (in Chapter 6) discussion of the features that characterise Y ear 8 mathematics teaching
in each of the other six countries involved in the study.

What was the main conclusion of the TIMSS 1999 Video Study?

> A broad conclusion that can be drawn from the findings is that no single method of
teaching Year 8 mathematics was observed in the seven countries that participated
in the study.

All the participating countries shared some general features of Year 8 mathematics teaching.
However, each country combined and emphasised instructional features in various ways,
sometimes differently from al the other countries, and sometimes no differently from some
countries.

Similarities across the countries

As just mentioned, Year 8 mathematics lessons in all seven countries shared some general
features. In particular, the following points can be made:

« On average, at least 95 per cent of lesson time was spent on mathematical work.”” This
excludes time spent on mathematical organisation work.

e At least 80 per cent of lesson time, on average, was devoted to solving mathematical problems
(either asawhole class, individually, or in small groups). Solving mathematical problems was
the main activity in Year 8 mathematics classes irrespective of the purpose of the lesson
segment (reviewing previously learned content, introducing new content, or practisng new
content).

* Generadly, lessons included some review of previous content as well as some attention to new
content.

* Most of the time, lessons were organised to include some public, whole-class work and some
private, individual or small-group work. During the time that students worked privately, the

1 The CD-ROM package can be ordered online from the LessonLab web site: http://www.lessonlab.com

7 The definitions of terms, such as ‘ mathematical work’, that have a specific meaning in the study are
given asthey arisein Chapters 3 and 4.
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most common pattern across the countries was for students to work individualy, rather than in
pairs or groups.
e At least 90 per cent of lessons made use of atextbook or worksheet of some kind.

» Teachers talked much more than students, at a ratio of at least 8:1 words, respectively. On
average, for the six countries analysed, at least 71 per cent of teacher utterances consisted of
at least 5 words whereas at least 66 per cent of student utterances consisted of fewer than 5
words.™®

Differences among the countries

Australia, like Switzerland, did not differ significantly from all other countries on any one feature
of Year 8 mathematics teaching. By contrast, Japan differed from all other countries on 15 per
cent of the analyses conducted for the report, and the Netherlands differed on 9 per cent of the
analyses.”® The Czech Republic, Hong Kong SAR, and the United States differed on between 1
and 3 per cent of analyses.

Japanese |essons often featured relatively few problems, with students spending a relatively long
time on each one. For example, in JP PRL 1, only two problems are worked on — the first for
about 45 minutes and the second for about eight minutes. Dutch lessons featured a relatively
greater emphasis, than classes in the other countries, on the independent, private work of students
compared with public, whole-class work. Thisis a corollary of Dutch students being expected to
take responsibility for their own learning — as is emphasised by the teacher in NL PRL 4
(00:13:40).

Considering the differences among the countries reveals different choices, such as these, which
can be made in teaching Year 8 mathematics classes. These choices may not previously have
been considered, or even imagined, by teachers of some countries.

Pedagoqical differences

Despite the similarities in the ways in which lessons in the seven countries were organised, a
closer look reveals that there were significant differences in the relative emphasis placed on
different aspects of the lessons.

» Studentsin Australia, the Netherlands, and Switzerland spent more time (53 to 61 per cent of
lesson time) on average than students in the other four countries working on sets of problems
(termed concurrent problems), and less time (26 to 31 per cent of lesson time) working on
single problems (independent problems).

e |In Japan, on average, more time (15 minutes) was spent working on each independent
problem than in the other countries (2-5 minutes). Further, the average percentage (98%) of
problems per lesson that were worked on for longer than 45 seconds was greater than in the
other countries (55 to 78 per cent). Japanese students spent most of their time during
mathematics lessons working on a few, independent problems.

* Lessons in Japan placed greater emphasis on introducing new content (60% of lesson time)
than lessons in the other six countries (22 to 39 per cent of lesson time). Lessons in the Czech
Republic placed greater emphasis on reviewing previously learned content (58% of lesson
time) than al the other countries except the United States (53%). Hong Kong SAR spent a
higher percentage of lesson time (37%) on practising new content than the Czech Republic,
Japan and Switzerland (16 to 24 per cent), but not significantly higher than the other three
countries (25 to 26 per cent).

18 switzerland was excluded from this analysis because English transcripts were not available for all
lessons.

19 This does not take into account differences between participating countries based on responses to the
Teacher Questionnaire.
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Although in al seven countries the vast majority of class time was spent in public or private
interaction, countries divided their time between these two interaction types somewhat
differently. In Hong Kong SAR, a greater percentage of lesson time (75%) was spent in public
interaction than in the other countries (44 to 67 per cent). In the Netherlands, a greater
percentage (55%) of lesson time was spent in private interaction than in al the other countries
except Australia (48%).

A higher percentage of lessons (91%) in the Czech Republic contained goal statements
provided by the teacher than in al the other countries except Japan (75%). Goa statements
were provided in alower percentage (21%) of lessons in the Netherlands than in all the other
countries. For all the countries, lesson summaries were considerably less common (contained
in 0 to 28 per cent of lessons) than goal statements.

Different meanings can be associated with the same lesson component. For example, both AU
PRL 3 and CZ PRL 1 begin with a review of previoudy learned work (at 00:00:33 and
00:00:19, respectively). In the Australian lesson, this involves having all students work
privately on a set of short ‘warm-up’ problems. By contrast, in the Czech lesson it involves
having two students work a review problem on the board at the front of the room and be
publicly ‘graded’.

Differencesinvolving the mathematical problems presented

Particular differences were found among countries with regard to the mathematical problems
presented and the ways in which they were worked on during the lesson. In general, these
differences were consistent with the differences already noted in how lesson time was spent in
the seven countries.

In all seven countries, at least 82 per cent of the problems per lesson, on average, addressed
three major curriculum areas. number, geometry (measurement and space), and agebra. In the
Czech Republic, Hong Kong SAR, the Netherlands, and the United States, about 40 per cent
of problems involved algebra. The percentages for algebrain Australia (22%), Japan (12%)%,
and Switzerland (22%) were much lower.

In each country, except Japan, at least 63 per cent of the mathematical problems per lesson, on
average, were of low procedural complexity and up to 12 per cent of the problems were of
high procedural complexity. Japanese lessons, by contrast, contained fewer problems of low
complexity (17%) than all the other countries, and more problems of high complexity (39%).

Problems involving mathematical proofs were evident to a substantial degree only in Japan,
and significantly more so than in the other countries. On average, 26 per cent of the
mathematical problems per lesson in Japan included proofs and 39 per cent of Japanese
lessons contained at |east one proof.

In al the countries, on average, at least 93 per cent of the mathematical problems presented
within the lessons were related to previous problems in some way. However, only in Japan
were the majority of problems per lesson related mathematically in ways other than repetition.
Across all the other countries, at least 65 per cent of problems were repetitions, significantly
more than for Japanese lessons (40%).

In the Netherlands, a smaller percentage (40%) of problems per lesson, on average, were set
up using mathematical language or symbals, rather than using a real-life connection, than in
the other six countries (69 to 89 per cent).

Japanese lessons contained a higher percentage (74%) of problems per lesson, on average, that

required students to do more than just practise procedures than all the other countries except
Switzerland (55%).

% Asnoted previously, Japanese data were collected only over a portion of the school year (in 1995).
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« For problems for which a solution was reached publicly:**

0 On average, in al the six countries, except Japan, the majority of the problems per lesson
(at least 57%) focused on using procedures. By contrast, in Japan, the majority (54%) of
problem statements implied that connections had to be made between mathematical ideas,
facts, or procedures. This was more than in the other five countries except for the
Netherlands (24%).

o In Austraia (36%), the Czech Republic (33%), and the United States (36%), larger
percentages of problems per lesson, on average, were solved by giving the answer only
than in the other three countries. Australian (2%) and United States (1%) lessons contained
the smallest percentages of problems solved by making reference to the mathematical
relationships involved. Japan (37%) had a higher percentage than al the other countries
except the Netherlands (22%).

In summary

The results of the TIMSS 1999 Video Study suggest that there are many similarities across
countries in the teaching of Year 8 mathematics, especialy in the basic ingredients used to
construct lessons. However, countries do not necessarily combine and emphasise these
ingredients in the same way. A comparison of the instructional practices of Japan and Hong Kong
SAR (summarised in Table 1.2), the two highest achieving countries on the TIMSS 1995 and
TIMSS 1999 mathematics assessments (see Table 1.1), clearly illustrates these two maor
findings of the study.

Tablel.2 Similaritiesand differences between Year 8 mathematicslessonsin Japan and
Hong Kong SAR on selected variables

Lesson variable Japan® Hong Kong SAR

Reviewing 24% of lesson time 24% of lesson time

New content 76% of lesson time 76% of lesson time

— Introducing new content —60% of lesson time —39% of lesson time

— Practising new content —16% of lesson time — 37% of lesson time

Problems (as stated) Making connections (54% of Using procedures (84% of
problems) problems)

Private work activity Something other than practising Practising procedures (81% of
procedures or amix involving work time)
practising (65% of work time)

1 Japanese mathematics data were collected in 1995.

Reviewing: No difference detected

Introducing new content: JP>HK

Practising new content: HK>JP

Making connections problems: JP>HK

Using procedures problems: HK>JP

Percentage of private time devoted to something other than practising procedures or amix: JP>HK
Percentage of private time devoted to practising procedures: HK>JP

In both Hong Kong SAR and Japan, 24 per cent of lesson time, on average, was spent on
reviewing previous content, and 76 per cent was spent on new content. However, the new
content introduced in mathematics lessons in these countries was worked with in different ways.
In Japanese lessons, more time (than in al the other countries) was devoted to introducing the
new content and in Hong Kong SAR more time (than in the Czech Republic, Japan, and
Switzerland) was devoted to practising the new content. Consistent with this emphasis, a larger

21 Switzerland was excluded from this analysis.
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percentage of mathematical problems in Japanese Year 8 mathematics lessons (than in all the
other countries except the Netherlands) were presented with the apparent intent of asking
students to make mathematical connections, and a larger percentage of mathematical problemsin
Hong Kong SAR lessons (than in al the other countries except the Czech Republic) were
presented with the apparent intent of asking students to use procedures. These different emphases
are reinforced by noting that alarger percentage of private work time in Hong Kong SAR lessons
(adlong with those in the Czech Republic) was devoted to repeating procedures already learned
than in Japanese (and Swiss) lessons.

The results of the TIMSS 1999 Video Study make it clear that an international comparison of
teaching, even among mostly high achieving countries, cannot, by itself, yield a clear answer to
the question of which method of mathematics teaching may be best to implement in a given
country. Furthermore, a particular country might have specific learning goals that are highly
valued and for which particular methods of teaching may be better aligned than others.
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Chapter 2
CONTEXT OF THE AUSTRALIAN LESSONS

This chapter describes the context of the sampled lessons, in particular the Australian lessons.
Many factors define the context of a school mathematics lesson. These include, among other
things, school conditions and resources, characteristics of the teachers, their expectations for
mathematics teaching and learning, the lesson topic(s), the ability levels of the students and
where the lesson fits in the curricular sequence. Data on most of these factors, and other aspects,
were collected by means of questionnaires answered by the teachers and students of the
videotaped classes.

Each of the 87 Austradian teachers returned a completed Teacher Questionnaire. Student
Questionnaires were returned from 86 of the 87 schools, though in some schools not dl students
completed a questionnaire. According to enrolment data provided by the teachers, there were
close to 2300 students enrolled in the videotaped classes. In total, 1942 Student Questionnaires
were returned — a response rate of approximately 85 per cent. Depending on the time of year,
other studies suggest that between 5 and 10 per cent of students would have been absent from
school on the day of filming. The remaining 5-10 per cent of enrolments, about 130-230
students, comprised those students who participated in the study but did not complete the
questionnaire, and those students who did not participate, either because they did not return a
signed permission slip or because their parents refused permission.

The Schools

The sample

The distribution of sampled schools by state, sector and metropolitan/country area is given in
Appendix A. Sixteen schools in the achieved sample of 87 schools were single-sex schoals, eight
for boys and eight for girls. Most of the single-sex schools were from the Catholic sector, though
three of them were government secondary schools. No fully selective school was included in the
sample, but three teachers said their schools had programs for gifted students. Eight teachers said
their schools were recognised disadvantaged schools or had special needs programs (Special
Education, English as a Second Language (ESL), or remedial programs). One further school
catered especialy for students with behavioural problems, and another was a vocationa school
attached to a Technical and Further Education (TAFE) college.

Overwhelmingly, teachers said that their schools accepted ‘all who want to come’, though some
in private schools aso mentioned the need for people to be able to pay the fees and some
mentioned a religious preference. Four of the government schools accepted overseas students on
afee-paying basis. Only five private schools used entry tests, typically for placement rather than
selection, and two government schools used tests for out-of-residential-zone applicants. On the
whole, the Australian school sample, as would be expected, was strongly comprehensive.

Resources

Some information on school resources relevant to mathematics teaching was provided by the
teachers in their questionnaire responses. Twenty-four per cent of the Australian teachers
indicated that lack of materials or inadequate facilities affected how they taught their videotaped
lesson either ‘quitealot’ or ‘agreat deal’. More generally, lack of accessto computers, computer
software and internet connections were felt most strongly, with only 30 to 35 per cent of teachers
indicating that they had sufficient access to these items in their classrooms.” By contrast, two-

! The questionnaires are available online at http://www.lessonlab.com

2 The questionnaire data were collected in 1999 and 2000. It is likely that schools would have increased
their computing facilities since that time, particularly internet access.
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thirds of the teachers said they had sufficient access to audio-visual equipment, calculators, and
reference materials (books, journals, magazines).

The Teachers

Teachers were asked their gender and some basic information about the class that was filmed,
such as the number of boys and girls enrolled in the class, how often the class met each week and
for how long. They were also asked about their formal education, their preparation for teaching,
their years of teaching experience, their current teaching responsibilities and their attitudes
towards teaching. Teachers' responses about themselves and some of the variables pertaining to
qualifications, experience and attitudes, based on weighted data, are tabulated in this section.
Information about the classesis reported in the next section.

Gender

Sixty-three per cent of the Australian mathematics lessons were taught by males, a dightly higher
percentage than the 58 per cent reported for the TIMSS 1999 student assessment (Mullis et al.,
2000). A breakdown of teacher gender is not included by country in the TIMSS 1999 Video
Study international report Teaching Mathematics in Seven Countries (Hiebert et al., 2003).
However, in the TIMSS 1999 student assessment, a majority of classes was taught by a mae
teacher in each of the six countries that aso participated in the video study, except for the Czech
Republic (27%) and the United States (40%). Switzerland did not take part in TIMSS 1999, but
in TIMSS 1995, 87 per cent of students were taught by males (Beaton et al., 1996).

Educational preparation

Teachers identified the major and minor area(s) of study for their undergraduate degrees, and
post-graduate studies where applicable. Only 3 per cent of the Australian teachers did not have at
least a bachelor’s degree, and 12 per cent had a post-graduate qualification, usually a Graduate
Diplomain Education or equivalent. All were qualified teachers, although 4 per cent had training
for primary level only. Two of the three who did not have a degree had done only primary
training and the other, with a Diploma of Engineering, was teaching in a school, now
comprehensive, that had formerly been a technical school. Across the participating countries,
between 97 and 100 per cent of the lessons were taught by qualified teachers.

Table 2.1 shows the percentage of lessons in each participating country, except Japan, taught by
teachers who identified one or more major fields of study.® As the table indicates, 96 per cent and
90 per cent of the Year 8 mathematics lessons in the Czech Republic and the Netherlands,
respectively, were taught by teachers who reported having a maor in mathematics or
mathematics education, either at the undergraduate or postgraduate level, or both. These
represent a greater percentage of lessons than in the other four countries, ranging from 41 per
cent in Hong Kong SAR to 64 per cent in Austraia*

When minor fields of study are taken into account, between 83 and 99 per cent of lessonsin dl
the countries except Switzerland (58%) were taught by teachers who identified mathematics or
mathematics education as their magjor or minor area of study. In Australia, 93 per cent of lessons
were in this category. A further 3 per cent of Australian lessons were taught by teachers who had
undertaken major or minor studies in science, leaving 4 per cent taught by teachers whose
qualifications were lacking in at least a minor in tertiary-level mathematics or science.

% The TIMSS 1995 Video Study used a different Teacher Questionnaire. Results from the Japanese data
are not included in most of the analyses of this chapter; they can be found in Stigler et a. (1999).

* The percentage of lessons taught by teachers who reported various major fields of study might 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 TIMSS 1999 assessment in Australia, also with alimited
sample but twice the size (one class from each of 184 schools), indicated that 72 per cent of the
mathematics teachers had studied mathematics as a major subject (Zammit, Routitsky & Greenwood,
2002).
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Table2.1 Percentageof Year 8 mathematicslessonstaught by teacher sidentifying one or
more major fields of tertiary study

Country
AU (074 HK NL Sw us
Major field Percentage
Mathematics' 64 96 41 90 61 57
Science’ 28 41 33 44 35 17
Education 25 18 9 13 11 50
Other 30 32 35 23 19 27

1 Mathematics includes teachers' responsesindicating amajor field of study in either mathematics or mathematics
education.

2 scienceincludes teachers' responsesindicating amajor field of study in science, science education, or any of the
various fields of science (e.g., physics, chemistry, biology).

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

Science: NL>US

Education: US>CZ, HK, NL, SW

Other: No difference detected

Note: Percentages for each country 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.

Teaching experience

In addition to formal education and teaching qualifications, teachers bring a variety of
professional experiences 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 generd,
and aso how many years they had been teaching mathematics. On average, Y ear 8 mathematics
lessons in Australia, the Czech Republic and Switzerland were taught by teachers who reported
teaching at least 17 years (see Table 2.2), with a similar average number of years specifically
teaching mathematics (16, 21, and 18 years, respectively). Comparatively, Year 8 mathematics
lessons in Hong Kong SAR and in the Netherlands were taught by teachers who reported fewer
years' teaching on average (10 and 13 years, respectively), and specifically teaching mathematics
(10 and 11 years, respectively), than their counterparts in Australia, the Czech Republic and
Switzerland.

Except for the Netherlands, the data on teaching experience is consistent with that reported from
TIMSS 1995° (Beaton et al., 1996). On that occasion, between 55 and 80 per cent of the students
in all countries except Hong Kong were taught by teachers with at least 10 years experience. In
Hong Kong, 53 per cent of students had teachers with no more than 5 years experience. The
range of teaching years in Australia was from 1 to 42, the mean number of years teaching was
15, and the modal number of years was 20 (Lokan, Ford & Greenwood, 1996).

® Corresponding information was not reported from the TIMSS 1999 student assessment.
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Table2.2 Mean, median, and range of number of yearsthat teachersreported teaching
in general and teaching mathematics

Country
Teaching experience AU Cz HK NL SW us
Years teaching
Mean 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
Mean 16 21 10 11 18 12
Median 15 21 7 11 20 10
Range 1-38 2-41 1-34 1-32 0-39 1-40

Y ears teaching (mean): AU, CZ, SW>HK, NL; CZ>US

Y ears teaching mathematics (mean): 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 per cent of
the lessons fall. Range gives the lowest number of years and the highest number of years reported within a country.

Work responsibilities

Teachers have many responsibilities, both related and unrelated to their mathematics teaching. To
help 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 atypical week.

Table 2.3 shows that Y ear 8 mathematics lessons differed in 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 aweek on average,
in 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, than teachers 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
with teachers in the Czech Republic, Hong Kong SAR, and Switzerland. Dutch lessons were
taught by teachers who also reported spending less time on average doing other school-related
activities compared with teachersin Hong Kong SAR and Switzerland.

Some of the results for Australia seem low and warrant additional comment. First, the teachers
were not asked about full-time or part-time teaching status. Inspection of the Australian data
suggests that up to a quarter of the teachers may not have been full-time. Taking hours spent both
at school and at home on school-related activities, 25 per cent of the Australian teachers reported
spending less than 29 hours in total, which would probably not have constituted a full-time
workload, and 16 per cent reported spending less than 25 hours in total, certainly not a full-time
workload. The average number of hours teaching mathematics together with other subjects
shown in the table is particularly low compared with that reported by teachers from the other
countries. Other countries may also have had teachers working part-time, but the effect of not
distinguishing them from full-time teachers in the analysis seems likely to have been greatest in
Australia
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Table2.3 Averagehoursper week that teachersreported spending on teaching and other
school-related activities

Country

AU Cz HK NL SW us
Activity Hours per week
Teaching mathematics 12 14 13 20 11 18
Teaching other classes 4 8 6 3 13 4
Meeting with other teachers 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 activities 6 8 7 4 9 5
Total 36 42 41 39 42 42

All teaching and other school-related activities: CZ, SW, USSAU

Teaching mathematics: CZ, HK>SW; NL, US>AU, CZ, HK, SW

Teaching other classes: CZ>AU, NL, US; HK>NL; SW>AU, CZ, HK, NL, US
Meeting with other teachers to work on curriculum and planning issues: AU, SW>HK
Mathematics-related work at school: AU, CZ, HK, US>NL, SW

Mathematics-related work at home: NL>CZ, HK, SW

Other school-related activities: HK>NL; SW>NL, US

Note: Average hours per week were 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.

Confidence

Teachers were asked several questions about their attitudes to teaching in general and to teaching
mathematics. Comparative data on these questions were not included in Teaching Mathematicsin
Seven Countries, but it is interesting to note that the Australian teachers taking part in the video
study generaly expressed positive to very positive attitudes to their work. Sixty-four per cent
strongly agreed, and a further 26 per cent agreed, that they had ‘a strong mathematics
background’ in the subject areas they were teaching. Only 5 per cent were not proud of the
quality of their teaching and only 6 per cent disagreed that they were effective teachers.

Comparative data from TIMSS 1999 (Mullis et a., 2000) show that, in Australia, the Czech
Republic and the United States, the percentages of teachers who judged themselves to be ‘very
well prepared’ to teach Year 8 mathematics topics were al significantly above the international
average (73%). The percentage of teachers in this category in the Netherlands was higher in
absolute terms but not significantly different from the international average, while the percentage
in Hong Kong SAR was very close to the international average. Teachers in Japan were the
exception, in that only 23 per cent of them believed themselves to be very well prepared. In the
main, TIMSS 1999 found that higher student achievement in mathematics was related to higher
levels of teachers’ confidence in their preparation, but the result for Japan, a country with high
student achievement, highlights that other factors are involved.

Familiarity with current ideas

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 palicies, values, and goals of each nation’s education system, these items were
intentionally phrased in a broad way so that 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 2.1 shows some contrasting results. On average, more Australian, Dutch, Swiss, and
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United States lessons, with at least 69 per cent agreement, were taught by teachers who believed
they were familiar with current ideas in mathematics teaching and learning, compared with Czech
and Hong Kong SAR lessons. By contrast, 63 per cent of Czech and Hong Kong SAR lessons
were taught by teachers who had no opinion about their familiarity with current ideas.

Figure2.1 Percentagedistributions of lessons accordingtoteachers ratingsof their
familiarity with current ideasin mathematicsteaching and learning
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No opinion: CZ, HK>AU, NL, SW, US

Disagree: No difference detected (NL excluded from the analysis)

Note: Percentages may not sum to 100 because of rounding and missing data.

One objective for Australia of participating in the video study was ascertaining the extent to
which mathematics teaching in 1999 reflected emphases formalised in A National Satement on
Mathematics for Australian Schools (Australian Education Council, 1991). In this context, it is
interesting to note that only about a quarter of the Australian teachers, when asked to identify
documents they were aware of, mentioned their state’'s curriculum documents as sources of
current ideas for mathematics teaching and learning, and only one teacher specifically mentioned
the National Satement.® More commonly, professional development days, other teachers,
journals, and mathematics associations were mentioned in relation to sources of current ideas.

The Students

Some brief descriptive data, from unweighted responses to the Student Questionnaire, are
provided here as an indication of the composition of the selected classes. Overall, there were
approximately equal numbers of boys (51%) and girls (49%) in the Australian classes. Almost
4 per cent identified themselves as Indigenous Australians, which is a little higher than expected
from school data, but not out of line with Australian Census data from 2001. Eighty-nine per cent
of the students, 69 per cent of their mothers, and 67 per cent of their fathers were born in
Australia, while 97 per cent of the students said they spoke English at home at least half the time.
These data differ by no more than three per cent from the data reported for TIMSS 1995 and
TIMSS 1999 (L okan, Ford & Greenwood., 1996; Zammit, Routitsky & Greenwood, 2002).

® 1t islikely that more teachers would mention their state's curriculum documents nowadays.
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“Number of books in the home' has been used in many IEA studies as a surrogate measure of
education and culture in the home. The percentages obtained in Australia in the present study are
again within a point or two of those reported in both TIMSS 1995 and TIMSS 1999, with about
40 per cent of students coming from homes with more than 200 books and only about 10 per cent
coming from homes with fewer than 50 books.

Agerange and curriculum level

It is important to note, as part of the context of the Australian lessons in the video study, that
Year 8 students in the various Austraian states and territories differ, on average, by as much as
seven months in age, because of state-based policy differences in school starting age. It is
virtually impossible to disentangle age—grade curriculum issues, but, having had a year less of
formal schooling in some of the states, it is possible that Year 8 students in those states may
experience some lower level curriculum content, on average, in relation to their counterparts in
the other states.

In order to meet the sampling guidelines on student age for the TIMSS 1995 student assessment,
students (as in England) had to be sampled from Year 9 in four of the eight Australian states and
territories, covering close to 40 per cent of the student age cohort. The TIMSS 1999 Video Study
Is characterised as a study of mathematics teaching in Year 8 classrooms, not as a study of
teaching a specified age group. It is expected that the Australian students in the study would have
been several months younger, on average, than the students in the other participating countries
and that this may have had some curriculum effect.

The L essons

Features of the sampled lessons are described in this section, as distinct from characteristics of
the schools, teachers and students addressed so far in this chapter, and mathematical content and
pedagogy which are each the focus of a separate chapter.

Overall instructional time for mathematics

Before the data on lesson duration for the sampled lessons are presented, it is informative to
consider the amount of mathematics instruction time across a full school year in the various
countries. Countries differ in the number of lessons conducted per week and the number of
school weeks per year. By using the estimated median work time per lesson within a country,
however, it is possible to estimate the amount of time Year 8 students might spend studying
mathematics in school during aweek and during the entire school year.

Based on estimates of the number of Y ear 8 mathematics lessons per week and per year in each
country,” estimates 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 different school calendars and it was deemed inappropriate to develop one
estimate to represent all three regions. Table 2.4 displays the results.

The estimates in Table 2.4 should be considered indicative rather than definitive, particularly as
they are limited to in-school instruction and may not accurately reflect the total amount of
instruction that students receive in other settings.® For this reason, it was deemed inappropriate to
compare them statigtically. Nonetheless, the data in the table serve as a reminder that it is
inappropriate to presume that the individual lesson duration reported in the next section describes
the relative time spent by students in each country studying mathematics in school. For example,
whereas Y ear 8 mathematics lessonsin Hong Kong SAR had the shortest mean duration of all the

" These estimates were provided during the study by the National Research Coordinators and may differ
from estimates from education authorities, other mathematics educators, or teachers in these countries.

8 Across 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 assistance, or study groups.
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countries (see Table 2.5), when taking into account the number of lessons per week and per year,
Hong Kong SAR liesin the middle range of estimated time over the school year.

Table2.4 Estimated median time spent in Year 8 mathematical work per week and per

year
Estimated median timein Estimated median timein
mathematical work per mathematical work per
Country week (minutes) year (hours)
Augtralia (AU) 174 113
Czech Republic (C2) 179 20
Hong Kong SAR (HK) 175 105
Japan® (JP) 200 116
Netherlands (NL) 127 84
United States (US) 179 107

1 The estimate for Japan is based on data collected in 1995.

Classsize

Regular class sizes in the Australian sample ranged from 10 to 35. One school, which was using a
team teaching approach, reported an enrolment of 73 students from three classes combined.
Leaving out this large ‘class' and using weighted data, the average class size was 25.8 students,
with a median of 26 and mode of 25. Fifteen per cent of classes had 20 or fewer students, a
further 28 per cent had between 21 and 25 students, 38 per cent had between 26 and 30 students,
and 19 per cent had between 31 and 35 students (all but four of this group had 31 or 32 students).

Teachers were asked whether the number of students in their class limited them from reaching
their ideal for the videotaped lesson. Some teachers answered that their class was too large —
some directly (4%), and some by implication (10%), by mentioning, for example, insufficient
classroom space, or too much noise, or little opportunity to give students individua attention.
The actua sizes of the classes thought to be too large varied from 22 to 35 students, though
mostly they were above the Australian average of 26. The teacher of one of the largest classes,
with 35 students, commented that the size was *a challenge, not alimitation’.

Duration

The length of a mathematics lesson provides the most basic element of lesson organisation.
Although amount of time does not, by itself, account for students' learning opportunities, it is a
necessary ingredient for learning (National Research Council, 1999) and is therefore a good
starting point for describing lessons. How the teachers and students filled in the lesson time with
mathematical work will become apparent in later chapters of this report.

To ensure that the mathematics lessons filmed for this study were captured in their entirety, the
data collection protocol called for cameras to be turned on well before the lesson started and for
filming to continue for some minutes after the lesson ended. To determine 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
materials and left the classroom.
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The lesson duration mean, median, range, and standard deviation of the videotaped lessons in
each country are displayed in Table 2.5. One feature of lesson length that isimmediately apparent
is that that there was a large range in length in some countries. With regard to mean length, the
Hong Kong SAR lessons were shorter than those of all the other countries, and Japanese lessons
were longer than those of three countries. Because of the large variations, however, the median
length is probably the best measure for gauging the length of atypical lesson. The large range of
lengths in some countries was due, in part, to what some countries call ‘ double lessons’, in which
two traditional instructional periods are joined.

Table2.5 Mean, median, range, and standard deviation (in minutes) of the duration of
videotaped lessons

Standard

Mean Median Range deviation
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

1 Japanese mathematics data were collected in 1995.

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

Standard deviation: AU, HK>CZ, JP; US>CZ, JP, NL, SW

Note: For each country, the mean is calculated as the sum of the number of minutes of each lesson divided by the
number of lessons filmed for that country and the median is the number of minutes below which 50 per cent of the
country’s lessons fell. The range shows the lowest number of minutes and the highest number of minutes observed
within the country.

Figure 2.2 displays the distribution of lesson durations for each country and 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 across
countries. Whereas Table 2.5 shows that the ranges in lesson duration differed widely, the box
and whisker plots in Figure 2.2 reveal that the majority of lessons in all countries except
Audtraliafall within a narrower range.

In Australia’ s case, it can be seen that a quarter of the videotaped |essons were shorter than about
38 minutes while another quarter were longer than about 57 minutes. In fifteen cases, the
videotaped lesson was a ‘double lesson’. All four of the Australian public release lessons were
single lessons, but AU PRL 4 was a much longer lesson (69 minutes) than the other three lessons
(43-46 minutes). The teacher commented as follows:

All classes in our school are 75 minutes long. We moved to this lesson length after a whole

school discussion on optimum learning time. Increased time was seen to benefit group work

and allow for conclusions and reflections on activities. In Mathematics this often means two

concepts need to be developed in the class to complete the curriculum. In most classes the

plan would include approximately three changes in activity. (AU PRL 4, Teacher’s

Commentary, 00:00:29)

If only the single periods are considered in the full Australian sample, the mean and median
lesson times were 43 and 44 minutes, respectively, but the standard deviation (8 minutes) was
still large compared with that in the Czech Republic, Japan and Switzerland. The double periods
had a mean length of 69 minutes and median of 70 minutes, again with a standard deviation of



22 Teaching Mathematicsin Australia
Results from the TIMSS 1999 Video Study

8 minutes. Variations in lesson duration within Australia are noticeable between states, possibly
carried forward from years ago when most schools were centrally administered and had much
less autonomy in determining their day-to-day procedures.

Figure2.2 Box and whisker plotsshowing thedistribution of videotaped lesson durations
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1 Outliers are values from 1.5 to 3.0 box lengths from the upper or lower edge of the box.

2 Extremes are values greater than 3.0 box lengths from the upper or lower edge of the box.

3 Japanese mathematics data were collected in 1995.

Note: The shaded box represents the interquartile range, containing 50 per cent of the lessons. The lines extending from
the box indicate the highest and lowest values, excluding outliers and extremes (see notes 1 & 2). The horizontal line
within the box indicates the median lesson time (half of the numbers fall above or below this value).

As stated previoudly, the definitions of the beginning and end of a lesson reflect a deliberate
intention to capture the length of the whole 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 ‘non-mathematical segments'.
Nevertheless, the recorded time for a given lesson was nearly always less than the officialy
designated length of that class period.

When students need to move from one classroom to another, as is common in Australian
secondary schools, it can be expected that a few minutes of supposed ‘lesson’ time will be used
in this way. Comparison of the Australian teachers’ responses about lesson duration with the
duration observed for the videotaped lessons showed about 30 per cent differing by less than
three minutes. A further quarter differed by between three and five minutes. All the others,
amost half of the videotaped lessons, differed in duration by at least six minutes from the
designated lesson time, some by as much as ten minutes. While some of these differences may
have been due to the unusua circumstance of having cameras and visitors in the classroom, they
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may indicate inefficient practices that could be improved. The significant loss of time, if aregular
occurrence, would be expected to be particularly crucial for shorter designated class periods.

Lesson goals

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 genera topic 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 coded along each of three dimensions. content, process, and
perspective (more than one dimension could apply). These dimensions were based on the coding
scheme devel oped for the TIM SS mathematics curriculum framework (Robitaille, 1995; Schmidt,
McKnight, Vaverde, Houang, & Wiley, 1997). 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 mathematics to everyday situations. Perspective goals included those
aimed at promoting students’ ideas and interest in mathematics and learning, such as ‘to see that
mathematicsis fun’, and ‘to learn to be neat and orderly in their work’.

The results of applying this coding scheme to teachers' reported goals for the videotaped lessons
are summarised in Figure 2.3, which presents the percentage of Year 8 mathematics lessons
taught by teachers who identified specific content, process, or perspective goas by country.
Between 75 and 95 per cent of the lessonsin dl countries were taught by a teacher who listed a
content goal for the lesson, and between 90 and 98 per cent of lessons were taught by a teacher
who listed a process goal for the lesson. Much smaller percentages, between 4 and 23 per cent of
lessons, were taught by ateacher who identified a perspective goal.

Figure2.3 Percentage of lessonstaught by teacherswho identified content, process, or
per spective goalsfor the lesson
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Within-country comparisons indicated no difference in both the Czech Republic and Hong Kong
SAR between the percentages of videotaped mathematics lessons taught by teachers who
identified content and process goals for the lesson. In Australia, the Netherlands, Switzerland and
the United States, a larger percentage of lessons were taught by teachers who identified process
goals than content goals. A smaller percentage of lessonsin all countries were taught by teachers
who identified perspective goals than either content goals or process goals.

Process goals for the videotaped lessons are of special interest because these goals could range
from practising routine operations (e.g., computations and symbol manipulation) to reasoning
mathematically (e.g., logical reasoning and explaining relationships). The TIMSS 1995 Video
Study found significant differences among the three participating countries (Germany, Japan and
the United States) in the emphasis teachers placed on developing skills versus thinking and
reasoning mathematically (Stigler et al., 1999).

As Figure 2.3 shows, at least 90 per cent of the videotaped lessons were taught by teachers who
identified a process goa for the lesson. Table 2.6 presents a breakdown of the nature of the
process goals identified. In all countries, using routine operations or calculations was the goal
most commonly mentioned (by between 40 and 51 per cent of the teachers). Between 5 and 19
per cent of lessons were taught by teachers who mentioned reasoning mathematically, between
11 and 16 per cent were taught by teachers who mentioned applying mathematics to real world
problems, and between 11 and 19 per cent were taught by teachers who mentioned knowing
mathematical content. Between 6 and 15 per cent of lessonsin all of the countries, except Hong
Kong SAR, 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 problems.

Table2.6  Percentage of lessonstaught by teacherswho identified specific process goals
for the lesson

Country

AU cz HK NL SW us
Process goal Percentage
Using routine operations 40 51 51 42 44 41
Reasoning mathematically 7 9 17 19 5 8
Applying mathematicsto real-
world problems 12 16 11 16 14 14
Knowing mathematical content 16 11 13 12 18 19
Other process goal 14 6 ¥ 10 12 15
No process goal identified 10 6 5 ¥ 7 4

* Fewer than three cases reported (country excluded from the relevant analysis)

No between-country differences were detected on any of the specific process goals.

Note: Teachers' responses were coded into one category only. Percentages may not sum to 100 because of rounding
and missing data.

A lesson does not aways 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, the teachers were similarly satisfied that their lessons played out as they
had intended, with at least 83 per cent responding that they were satisfied in this respect.
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Embodiment of current ideas

As seen earlier in the chapter (see Figure 2.1), around 70 per cent or more of the teachers in
Australia, the Netherlands, Switzerland and the United States believed that they were familiar
with current ideas in mathematics teaching and learning, while only a quarter of the teachers
believed this to be so in the Czech Republic and Hong Kong SAR (data were not available for
Japan). To understand how teachers might have implemented their knowledge of current idess,
they were asked to rate the degree to which the videotaped |lesson reflected current ideas about
teaching and | earning mathematics.

Figure 2.4 shows that at least 44 per cent of the lessons in all countries except Hong Kong SAR
were taught by teachers who believed that their lessons contained a fair amount or alot of aspects
that reflected current ideas. In particular, United States lessons were taught by teachers who
described their lessons as more consistent with current ideas relative to teachers in al other
countries except Australia. On the other hand, more Hong Kong SAR lessons (61%) were taught
by teachers who reported that the lesson did not reflect current ideas at all compared with lessons
in other countries.

Figure2.4 Percentagedistributionsof lessons by extent to which their teachersrated the
lesson to be in accord with current ideas about teaching and lear ning

mathematics
100 ] — ___ ___
80
@ 44 47
§ 57
L 604 |70 L D A fair amount or a lot
S || 86 QA
o A little
(@]
I | H Not at all
2 40 - a6
g 45
)]
— 33
& 20-
25 -
; § B =
O T T 1

AU Ccz HK NL SwW us
Country

* Fewer than three cases reported

A fair amount or alot: AU, CZ, NL, SW, US>HK; AU, US>CZ; US>NL, SW
A little: CZ, NL, SW>US; CZ>HK

Not at all: HK>CZ, NL, SW (AU and US excluded from the analysis)

Note: Percentages may not sum to 100 because of rounding and missing data.




26 Teaching Mathematicsin Australia
Results from the TIMSS 1999 Video Study

Typicality
Being videotaped could have affected the typicaity and quality of the lesson. How typical were
the videotaped Australian lessons?

> The Australian teachers believed that their lessons were about the same as usual
with regard to their teaching, the difficulty of the content, and their students’
behaviour. However, they spent more time than usual in planning their lessons.

Severa questionnaire items asked teachers to describe how typical the videotaped lesson and
their planning for it 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.

The course of which the videotaped |esson was part

Teachers were asked if all Year 8 students in the school took the same mathematics course as the
one in the videotaped lesson. A large majority of lessons in the Czech Republic and the
Netherlands (100%), Hong Kong SAR (99%), the French-language area of Switzerland (86%),’
and Australia (82 %) were taught by teachers who reported that Y ear 8 students in their school
were required to take the same mathematics course. By contrast, 75 per cent of lessons in the
United States were taught by teachers who reported that not all students in their school took the
same mathematics course.

Questions such as this one often lead to difficulties in interpretation in Australia. Within each
state, curriculum guides indicate course content appropriate either to a year level or, more
commonly, to aband of two years that constitutes a‘level’ within the curriculum. Thus, it isnot a
simple matter to definea‘Year 8 curriculum’ even at the state level. Nevertheless, until the upper
secondary years, all students in a state are in theory expected to cover the same curriculum in the
core subjects, of which mathematics is one. In some schools, however, students are grouped into
classes of different ability levels for mathematics instruction. Indeed, six of the Australian
teachersin the study reported that their class comprised higher ability students and three that their
class contained only low ability students. In such classes, the teachers may have been teaching
additional material or more basic material, depending on the students capabilities (some of the
teachers annotated their questionnaires to this effect), and it is a matter of interpretation as to
whether the students were taught the same ‘course’ as was taught to other Year 8 classes in the
school.

Students’ behaviour

A teacher’s ability to conduct a successful lesson is related, in part, to students behaviour. A
second question examining the typicality of the videotaped lesson asked teachers to rate their
students’ behaviour during the lesson. As shown in Figure 2.5, at least half of the lessonsin each
country were taught by teachers who reported that the students behaved about the same as usual,
except in the Czech Republic (44%). Forty-one per cent of Czech lessons were taught by teachers
who replied that their students did not behave as well as they usually did. On a follow-up
question, these Czech teachers described their students as less active (64%), more shy and afraid
to give wrong answers (44%), or less focused (9%) than usual. The percentage of lessons in
Australia for which the students’ behaviour was reported to have been ‘worse than usual’ was
low, at only 5 per cent.

° The teachers in the German- and Italian-language 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.
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Figure2.5 Percentagedistributionsof videotaped lessons by teachers ratings of their
students’ behaviour during thelesson
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Teaching methods

With respect to pedagogy, the teachers were asked, ‘How often do you use the teaching methods
that are in the videotaped lesson? . The two response options of ‘often’ and ‘almost aways
accounted for between 74 and 97 per cent of the responses in each of the six countries.’® Across
the countries, no more than 26 per cent of lessons (recorded in both Australia and Hong Kong
SAR) were taught by teachers who reported that they ‘sometimes' or ‘seldom’ used the teaching
methods captured on the videotape.

Influence of videotaping

A comment that is often made about studies of this kind is that lessons cannot be ‘typical’
because of the presence of the camera and the videographer. To check the teachers' perspectives
on this, they were asked specifically about the influence of the videotaping on their teaching of
the class. Teachers 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 2.6, between 80 and 91 per
cent of the videotaped lessons in Australia, the Netherlands, Switzerland, and the United States
were taught by teachers who reported that their lesson was ‘about the same’."* Fewer Czech
teachers than in the other five countries thought their lesson was * about the same’, whereas more
teachersin the Czech Republic and Hong Kong SAR thought their lesson was ‘ worse than usual’ .

19 Data not shown: see Hiebert et al. (2003), Figure 2.4

! The same question was asked of the Japanese teachersin the TIMSS 1995 Video Study. They reported
that the videotaped |esson was better than usual in 12 per cent of the lessons, the same as usual in 61 per
cent of the lessons, and worse than usual in 27 per cent of the lessons (Stigler et al., 1999).
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Figure2.6 Percentagedistributionsof teachers ratings of theinfluence of the cameraon
their teaching of the videotaped lesson
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* Fewer than three cases reported

Better than usual: CZ>AU, SW, US (HK and NL excluded from the analysis.)
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Worse than usual: CZ, HK>AU, NL, SW, US

Note: Percentages may not sum to 100 because of rounding and missing data.

Amount of planning

In anticipation of being filmed, the teachers could have invested more effort in planning alesson,
potentially altering how they would normally teach. Teacher reports of how many minutes they
spent planning for the videotaped |esson and how many minutes they typically spent planning for
a similar mathematics lesson are shown in Figure 2.7. Teachers in the Netherlands reported
spending less time planning for the videotaped lesson, and less time planning for similar essons,
than teachersin the other five countries.

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 usua. On the other hand, no difference was detected in
the Netherlands or the United States in the average amount of time teachers spent planning for
the videotaped lesson compared with the amount of time they usually spent planning for alesson.
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Figure2.7 Averagelength of timethat teachersreported planning for the videotaped
lesson and for similar Year 8 mathematics lessons
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Note: Average length of time was calculated as the sum of minutes reported for each lesson divided by the number of
lessons within a country.

Difficulty of content

Another item assessing lesson typicality explored the difficulty of the mathematics content of the
lesson. Teachers were asked if the content for their Year 8 students was more difficult, less
difficult, or about the same level of difficulty as most lessons."” Between 75 and 92 per cent of
the videotaped lessons in each country were taught by teachers who identified the content level as
‘about the same’ as for most lessons. In Australia, 80 per cent of teachers responded ‘about the
same’, while 6 per cent responded ‘more difficult’ and 13 per cent responded ‘less difficult’.

Fit of lesson in curricular sequence

An individua mathematics lesson is normally embedded in a sequence designed to teach a
particular topic in the curriculum. Lessons that are not part of a sequence might be suspected to
be atypical lessons conducted especialy 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 per
cent of the videotaped lessons in all countries were taught by teachers who reported that the
lesson was part of a sequence, with no between-country difference found.”® Fewer than three
stand-alone lessons were reported in the Czech Republic. Otherwise, the percentage of stand-
aone lessons ranged from 2 per cent in Australia and the Netherlands to 8 per cent in Hong Kong
SAR and the United States. The Australian lessons in this category were specifically identified by
the teachers as ‘review’ lessons prior to a yearly or half-yearly exam, and therefore not typical
examples of their teaching.

12 Data not shown: see Hiebert et al. (2003), Figure 2.6

3 The same question was asked of the Japanese teachers in the TIMSS 1995 Video Study. Ninety-six per
cent of lessons were taught by teachers who reported that the videotaped lesson was part of a sequence
(Stigler et a., 1999).
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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 5in
the unit). Table 2.7 shows that, on average, the total number of lessonsin the larger unit of which
the videotaped lesson was a part ranged from 9 to 15. The average length of units in the Czech
Republic (15 lessons per unit) was significantly longer than the average length in all the other
countries except Switzerland. On average, the lessons captured on videotape were located within
the middle third of the lessons within a unit.

Table2.7 Averagenumber of lessonsin unit and placement of the videotaped lesson in

unit

Average number of lessons  Average placement of the
Country 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

Average number of lessonsin unit: CZ>AU, HK, NL, US

Summary

The Australian sample for the TIMSS 1999 Video Study consisted of 87 Year 8 classes from all
states and territories, from all sectors, and from both metropolitan and country areas.
Internationally, a total of 638 Year 8 classes from seven countries were filmed. This chapter
presented information about the teachers of those classes, including their academic qualifications
and teacher training, their teaching experience, their familiarity with current ideas, and their goals
for the videotaped lessons. In addition, information was presented on a range of characteristics of
the lessons themselves, in particular, the duration of the lessons. Most of the information in the
chapter was derived from the questionnaire answered by the teachers, but some arose from
analysis of the lesson tapes. Data were not available for Japanese teachers on most of the
questionnaire variables.

A finding common to all six countries was that all, or almost all, of the videotaped classes were
taught by teachers who were certified to teach. Further, teachers in most of the countries
(including Australia) were well qualified to teach mathematics at Year 8 level. Teachers nearly
always identified process goals for their lessons, and generally identified content goals, but
identified perspective goalsrelatively rarely (Figure 2.3).

The median observed duration of lessons was around 45 minutesin all countries, except for Hong
Kong SAR (36 minutes) and Japan (50 minutes) (Table 2.5). In all countries, except Australia,
there was relatively little variation in the durations of most lessons (Figure 2.2).

Importantly for the credibility of the results of the study, the teachers involved perceived their
videotaped lessons to be typica of their Year 8 mathematics teaching, especialy with regard to
teaching methods, difficulty of content, and its fit within a curriculum unit (Table 2.7). In all
countries except the Czech Republic, the mgjority of teachers thought that their lesson, and their
students’ behaviour, was about the same as usua (Figures 2.5 & 2.6). However, teachers in
Australia, the Czech Republic, Hong Kong SAR, and Switzerland, spent more time than usual
planning for the videotaped lesson (Figure 2.7).
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Key results concerning Australia reported in this chapter include the following:

In Austraia, 64 per cent of the teachers had a magor study in either mathematics or
mathematics education (Table 2.1), 93 per cent had at least a minor study in one of these
areas, and all were qualified to teach. However, four teachers had primary training only.

The number of years that the Australian teachers had been teaching mathematics ranged from
1 year to 38 years, with a mean of 16 years and a median of 15 years (Table 2.2). Sixty-three
per cent of the teachers were males.

Australian teachers reported spending, on average, 36 hours per week either teaching or
engaging in other school-related activities, including 12 hours actually teaching mathematics.
However, no account was taken of whether they were employed full- or part-time (Table 2.3).

Close to 70 per cent of the Australian teachers agreed that they were familiar with ‘current
ideas’ in mathematics teaching and learning, and a similar percentage said that the videotaped
lesson was ‘a fair amount or alot’ in accord with such ideas (Figures 2.1 & 2.4). However,
several Australian teachers said they were not familiar with current ideas and that they were
not aware of sources of information about them.

Seventeen per cent (15) of the 87 videotaped Australian lessons were ‘double periods'. The
mean and median observed durations of single-period lessons were 43 minutes and 44
minutes, respectively, with a standard deviation of 8 minutes.

Process goals (most often concerned with using routine operations or calculations) were
identified for 90 per cent of Australian lessons, content goals for 75 per cent of lessons, and
perspective goals for 14 per cent of lessons (Figure 2.3 and Table 2.6).

Eighty per cent of Australian teachers thought that their teaching of the videotaped lesson
(Figure 2.6), and the difficulty of the content, were about the same as usual. Seventy-four per
cent of the teachers reported that they often used the teaching methods they employed in the
videotaped lesson, and 73 per cent thought their students' behaviour was about the same as
usual (Figure 2.5). However, Australian teachers spent more time (39 minutes, on average)
than usual (24 minutes) in planning their lessons.



32 Teaching Mathematicsin Australia
Results from the TIMSS 1999 Video Study



33

Chapter 3
PEDAGOGICAL ELEMENTS

Chapter 2 presented contextua information related to the video lessons. This chapter presents
information on the way in which the lessons were organised. The following pedagogical e ements
are examined:

e Theamount of time spent studying mathematics during classroom lessons;

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

e The ways in which lessons were partitioned among reviewing old materid, introducing new
materia and practising new material;

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

e Thewaysinwhich key ideas were clarified and lesson flow was enhanced or interrupted;
» Thediscourse evident during classroom lessons,

* Therole of homework; and

» Theresources used during classroom lessons.

These are some of the elements that together shape the learning environment for students. The
research literature does not definitively suggest a preferred combination of these elements, or a
right or wrong way of arranging them. Exploring the choices made by teachers in different
countries provides an opportunity to gauge whether the choices made by Australian teachers are
the best choices to achieve their learning goals.

Time Spent Studying M athematics

As reported in Chapter 2, the median lesson length for the Australian videotaped lessons was 45
minutes. Although lesson length provides the boundaries of possible instruction time, the
measure of most interest is the time actually spent working on mathematics. How much time did
Australian Y ear 8 students spend studying mathematics?

> In all the countries, including Australia, most lessons focused almost entirely on
mathematical work (at least 95 per cent of lesson time).

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. The codes captured the following ways in which time was spent during the
lessons:

« Mathematical work: Time spent on mathematical content presented either through a
mathematical problem or outside the context of a problem, e.g., talking or reading about
mathematical ideas, solving mathematical problems, practising mathematical procedures, or
memorising mathematical definitions and rules.

» Mathematical organisation: Time spent preparing materials or discussing information related
to mathematics, but not qualifying as mathematical work, e.g., distributing materials used to
solve problems, discussing the marking scheme to be used on a test, or distributing a
homework assignment.

* Non-mathematical work: Time spent on non-mathematical content, e.g., talking about a social
function, disciplining a student while other students wait, or listening to school
announcements on a public-address system.
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e Break: Time during the lesson, or between double lessons, that teachers designated as an
official 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 Year 8 mathematics lesson was coded into just one of these five types.

Figure 3.1 shows that, in all seven countries, an average of between 95 and 98 per cent of Year 8
students’ lesson time focused on mathematical work. In Australia, 95 per cent of lesson time
focused on mathematical work, or, putting this another way, only 5 per cent of time was not
devoted to mathematical work. Multiplying by the median lesson time yields an estimated
median time of only 2.25 minutes per lesson that Australian students were not engaged in
mathematical work.

Nevertheless, Australian Year 8 students spent more lesson time (4%), on average, involved in
mathematics organisation tasks than students in the Czech Republic, Hong Kong SAR, Japan and
Switzerland. An example of a mathematics organisation segment in an Australian lesson can be
viewed in AU PRL 3. In the segment, 41:00-43:10, the teacher and students pack up a set of
calculators they had used during the lesson.

Figure3.1 Percentage of lesson time devoted to mathematical work, mathematical
organisation, and non-mathematical work
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Non-mathematical work: NL> CZ, HK, JP, SW

Mathematics organisation: AU>CZ, HK, JP, SW; NL>CZ; US>CZ, JP, SW

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

Note: Percentages may not sum to 100 because of rounding. For each country, the average percentage was cal cul ated
as the sum of the percentages within each lesson, divided by the number of lessons.
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TheRole of Problems
Given that most of the lesson time focused amost entirely on mathematical work, what did
Australian Y ear 8 students do during mathematical work time?

> In all the countries, including Australia, at least 80 per cent of Year 8 students’
lesson time, on average, was spent solving problems.

While reviewing the videotapes, it became apparent that a considerable portion of lesson time
was spent solving mathematical problems. During the remaining mathematical work time, the
teacher might, for example, give a brief lecture. Therefore, mathematical work time was divided
into mathematical problem segments and mathematical non-problem segments.

* Problem segments: 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
challenging problems. Although problems could be relatively undemanding, they needed to
require some degree of thought by Year 8 students. Simple questions asking for immediately
accessible information did not count as problems. Mathematical exercises of the following
kinds were common:

0 Adding, subtracting, multiplying, and dividing whole numbers, decimals, fractions,
percentages, and algebraic expressions,

0 Solving equations;

0 Measuring lines, areas, volumes, angles,

o0 Plotting or reading graphs; and

0 Applying formulasto solve rea-life problems.

« Non-problem segments: A non-problem segment was defined as mathematics work outside
the context of a problem. Without presenting a problem statement, teachers (or students)
sometimes engaged in:

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

Relating mathematics to situations in the rea world;

Pointing out relationships among ideas in the videotaped |esson and previous lessons,
Providing an overview or asummary of the major points of the lesson; and

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

O O 0o o oo

Figure 3.2 shows the average percentage of Year 8 mathematics lesson time devoted to problem
and non-problem segments. Working on mathematica problems constituted a majority of
Australian lesson time (81% on average). A greater percentage of lesson time was spent on
mathematical problems in the Netherlands (91%) than in Australia and al the other countries
except the United States.
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Figure3.2 Average percentage of lesson time devoted to problem and non-problem
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Note: Percentages sum to average percentage of lesson time devoted to mathematical work per country (see Figure
3.1). For each country, average percentage was calculated as the sum of the percentages within each lesson, divided
by the number of lessons.

I ndependent, concurrent, and answered-only problems

Solving problems made up a large part of Year 8 students mathematical work. What types of
problems did Australian students work on?

> Australian Year 8 students spent more time per lesson, on average, working on
‘concurrent’ problems than on ‘independent’ or ‘answered-only’ problems.

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. These problems might have been solved publicly — as a whole class — or they
might have contained a private work phase when students worked on them individualy or in
small groups.

e Concurrent problems: Presented as a set of problems, usually as an assignment from a
worksheet or the textbook, to be worked on privately. 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 students spent working on
any individual problem of thiskind.

» 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. 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 only answers to problems completed as homework.
Distinguishing among the problem types was also important because a teacher’s selection of
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problems determines, in part, the structure and organisation of lessons. More than that, however,
separating out the independent problems, for which it was possible to mark beginning and ending
times, allowed further analyses of the nature of these problems.

Table 3.1 displays the average number of independent and answered-only problems per Year 8
mathematics lesson. The number of concurrent problems assigned per lesson is not reported
because it provided little reliable information about what happened during the lesson. Concurrent
problems were assigned as a group to be worked on privately. Sometimes the problems were
worked on 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.

In Australia, an average of seven independent problems were worked on per lesson. In Japan, an
average of three independent problems were worked on per lesson, significantly fewer than in all
the other countries except Australia Answered-only problems were rare, on average, in all
countries. In Australia, on average, only one answered-only problem occurred per lesson.

Table3.1 Averagenumber of independent and answered-only problems per lesson

Independent Answered-only
Country problems problems
Australia (AU) 7 1
Czech Republic (C2) 13 0
Hong Kong SAR (HK) 7 0
Japan (JP) ¥
Netherlands (NL) 8 2
Switzerland (SW) 5 3
United States (US) 10 5

* Fewer than three cases reported
Independent problems: CZ>HK, JP, NL, SW; HK, US>JP, SW; SW, NL>JP
Answered-only problems: US>CZ, HK (JP excluded from the analysis)

Figure 3.3 shows the percentage of Year 8 mathematics lesson time devoted to the different
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 3.1 and
Figure 3.3 provide a snapshot of the roles that mathematical problems played in the lessons
within and across countries.
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Figure3.3 Average percentage of lesson time devoted to independent problems,
concurrent problems, and answer ed-only problems
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Note: For each country, average percentage was calculated as the sum of the percentages within each lesson, divided
by the number of lessons. Percentages sum to average percentage of |esson time devoted to problem segments per
country, athough in some cases they do not because of rounding or missing data.

Figure 3.3 indicates that part of the time in the videotaped lessons was spent solving independent
problems and part of the time was spent working on concurrent problems, although in somewhat
different proportions across the participating countries. Students in Australia, the Netherlands,
and Switzerland spent more time on average than students in the other four countries working on
concurrent problems. Conversely, 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. Further, Australia, the Netherlands, and Switzerland spent proportionally
more time on concurrent problems than on independent problems, while the reverse was true in
the remaining four countries.

Examples of concurrent problem segments in Australian lessons can be viewed in AU PRL 2
(00:38:02—-00:44:31), AU PRL 3 (00:16:45-00:20:32 and 00:20:37-00:24:16), and AU PRL 4
(00:46:53-00:55: 32 and 00:55:54-01:07:38).

Time spent per problem
As noted earlier, it was possible to examine independent problems more carefully than concurrent

problems because the exact time spent working on each problem could be calculated. How much
time did Australian students spend per independent problem?

> In Australian Year 8 mathematics lessons, significantly less time was spent working
on an independent problem than in Japanese Year 8 lessons (Australia 3 minutes
per independent problem, on average, and Japan 15 minutes per independent
problem, on average).
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Figure 3.4 shows the number of minutes, on average, devoted to each independent problem in a
lesson in each country. On average, more time (15 minutes) was spent working on each
independent problem in Japan than in al the other countries (2-5 minutes). More time per
problem could mean that the problems were more challenging, that the class spent more time
discussing the problem, or simply that the teacher allowed more time for students to solve the
problem.

Figure3.4 Averagetimeper independent problem per lesson
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The number of independent problems and time per independent problem were calculated by
averaging across lessons. Naturaly, there were variations among lessons with regard to the
average time spent per independent problem. To get a sense of the variation within Australia and
the other 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 3.5 shows this
variation within each country.
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Figure3.5 Distribution of lessons based on average length of independent problems
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! Outliers are values from 1.5 to 3.0 box lengths from the upper or lower edge of the box.

2 Extremes are values greater than 3.0 box lengths from the upper or lower edge of the box.

Note: The shaded box represents the interquartile range, containing 50 per cent 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.

As is evident in Figure 3.4, the average length of time per independent problem was higher in
Japan than in the other countries. Figure 3.5 further shows that the magjority of lessons in
Australia and all of the other 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 approximately 10-20 minutes, but lessons with average problem times as long as 30
minutes were not uncommon. In Australia, most lessons had average independent problem times
from 1-3 minutes and lessons with average problem times longer than approximately 5 minutes
were uncommon. An example of a particularly long independent problem in an Australian lesson
can be viewed in AU PRL 1. In the segment 00:13:10-00:42:12, the teacher and students work
on one independent problem for a period of 29 minutes. The problem focuses on the investigation
of exterior anglesin polygons.

By itsdlf, 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
constrain 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, 2001).

Another way to examine the time spent on problems is to ask what percentage of problems was
worked through relatively quickly. Because a mathematical problem was defined to include
simple, even routine, exercises, it could be the case that some problems, even a substantia
percentage of problems, were worked through relatively quickly (less than 45 seconds). One
would not necessarily expect these kinds of problems to provide the same learning opportunities



Pedagogical Elements 41
Chapter 3

as those that, for whatever reason, required more time to complete (National Research Council,
2001).

What percentage of Australian problems was worked through relatively quickly?

> The percentage of problems per lesson, for which time could be reliably determined,
that lasted at least 45 seconds, was significantly lower in Australia than in Hong
Kong SAR, Japan, the Netherlands, and Switzerland.

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 (see
Appendix A) regarding a criterion that might separate many of the more routine exercises in the
sample of Y ear 8 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. Figure 3.6 presents the percentage of independent and
concurrent problems that exceeded 45 seconds, per Y ear 8 mathematics lesson, in each country.

Figure3.6 Average percentage of independent and concurrent problemsworked on for
longer than 45 seconds
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Note: Concurrent problems with no publicly presented solution were excluded. For each country, average percentage
was calculated as the sum of the percentages within each lesson, divided by the number of lessons.

In al of the countries, the majority of problems per lesson, for which time could be reliably
determined, were worked on for at least 45 seconds. Notably, ailmost all of the problems in Japan
(98%) met this threshold criterion, a higher percentage than in any other country. This is
consistent with findings reported earlier that Japan had the least number of independent problems
worked on in each lesson (3, on average) and the longest time spent on each independent problem
(15 minutes, on average).

By contrast, on average, Australia had 7 independent problems per lesson, only 3 minutes was
spent on each independent problem, and 45 per cent of problems were worked on for less than 45
seconds. These findings seem at odds with A National Statement on Mathematics for Australian
Schools which advocates that students should be encouraged to persist with tasks for increasing
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periods of time, and to work by themselves on problems from beginning to end (Australian
Education Council, 1991, pp. 40 & 67). It brings the nature of the tasks that Australian students
are set into question.

The Purpose of Different Lesson Segments

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

e Reviewing: This category focused on the review or reinforcement of content presented
previoudy. These segments typically involved the practice or application of atopic learned in
aprior lesson, or the review of an idea or procedure learned previoudy. Examplesincluded:

o0 Warm-up problems and games, often presented at the beginning of alesson;
0 Review problems intended to prepare students for the new content;

0 Teacher lecturesto remind students of previously learned content;

0 Checking the answers for previousy completed homework problems; and
0 Quizzesand grading exercises.

« Introducing new content: This category focused on introducing content that students had not
worked on in an earlier lesson. Examples of segments of this type included:

0 Teacher expositions, demonstrations, and illustrations;

0 Teacher and student explorations through solving problems that were different, at least in
part, from problems the students had worked on previoudly;

0 Classdiscussions of new content; and

0 Reading textbooks and working through new problems privately.

« Practising new content: This category focused on practising or applying content introduced in
the current lesson. These segments only occurred in lessons where new content was
introduced. They typically took one of two forms: the practice or application of atopic 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:

0 Working on problems to practise or apply ideas or procedures introduced earlier in the
lesson;
0 Classdiscussions of problem methods and solutions previously presented; and

0 Teacher lectures summarising or drawing conclusions about the new content presented
earlier.

Segments coded as non-mathematical activity or mathematical organisation were incorporated
into the immediately following purpose segment, except when they appeared at the end of a
lesson 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’.

An entire Year 8 mathematics lesson might have had the same purpose throughout, or it might
have been segmented into different purposes. How much time was spent on these various
purposesin Australian lessons?

> In Australia, on average, there was no significant difference in the amount of lesson
time devoted to each purpose. However, a greater percentage of Year 8
mathematics lesson time, on average, was spent studying new content (i.e., either
introducing or practising new content) than reviewing previously introduced content.

Figure 3.7 displays the average percentage of lesson time devoted to each of the three purpose
types.
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Figure3.7 Average percentage of lesson time devoted to various pur poses
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Note: For each country, average percentage was calculated as the sum of the percentages within each lesson, divided
by the number of lessons. Percentages may not sum to 100 because of rounding and the possibility of coding portions
of lessons as ‘ not able to make a judgment about the purpose’.

A typical Australian Year 8 mathematics lesson began with a review of previously learned
content (an average of 36 per cent of lesson time), followed by the introduction of new content
(30 per cent of lesson time), and the practising of this new content (26 per cent of lesson time).
Typically, the review of previously learned content was conducted as a whole class activity led
by the teacher, whereas the practising of new content was done by setting students to work
individually (or, occasiondly, in pairs or small groups) on sets of problems. Comments from the
teachers of the Australian public release lessons illustrate this pattern.

| start every lesson with 10 quick questions which are revision questions from the previous

lesson... (AU PRL 2, Teacher Commentary, 00:00:05)

Generaly, | will ask the students 10 quick questions or give them a lateral thinking problem

to bring them to focus so that workbooks are opened etc. and no time is wasted once the

lesson proper begins. This | find useful to revise any formulas which might be used during

the forthcoming lesson. (AU PRL 3, Teacher Commentary, 00:00:33)

Teachers in all of the participating countries engaged students in the various purpose segments,
but they differed in the emphases that they placed on reviewing previously introduced content
and studying new content. More of the lesson time in Japan was spent introducing new content
(on average, 60 per cent of lesson time) than in lessons in Australia and the other five countries.
In Australia, Hong Kong SAR, Japan, the Netherlands, and Switzerland, a greater percentage of
Y ear 8 mathematics |esson time was spent on new material relative to previoudy learned material
(compare the lower section of each column of Figure 3.7 with the sum of the two upper sections).
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.
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An additiona lens through which to view the distribution of lesson segments devoted to review
of old content, versus those devoted to the introduction and practice of new content, is the
percentage of lessons that focused on only one purpose. A question of specia interest is whether
any Year 8 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, but less likely to have opportunities to learn new material. How
many Australian lessons were limited only to review?

> Australia, along with the United States, had the highest percentage of lessons that
were entirely review (28%); Japan had the lowest percentage of lessons that were
entirely review (5%).

Figure 3.8 displays the percentage of lessons that were entirely review for each country. With
more than one-quarter of lessons devoted to review, Austraian students may have had more
opportunities to consolidate content that was previously introduced to them than students in most
other countries. However, it also indicates that there may have been less emphasis on students
accepting responsibility for their own learning than in some of the other countries.

Figure3.8 Percentage of lessonsthat wereentirely review
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Classr oom I nteraction

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 al students participate (at least by
listening), 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 Year 8 mathematics lessons in the TIMSS 1999 Video Study
sample, the Mathematics Code Development Team observed that some teachers in the seven
participating countries occasionally used interaction types different from these two. To capture
al theinteraction structures, five types of classroom interaction were defined:
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« Public interaction: Public presentation by the teacher or one or more students intended for all
students.

e Private interaction: All students work at their seats, either individualy, in pairs, or in small
groups, often while the teacher circulates around the room and interacts privately with
individual students.

e 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.

» 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. What was the nature of classroom interaction in the Australian
lessons?

> Year 8 mathematics lessons in Australia devoted relatively equal amounts of time,
on average, to public and private interaction categories.

Table 3.2 displays the average percentage of lesson time devoted to public, private, and ‘ optional,
student presents information.” ‘Optional, teacher presents information’ and ‘mixed private and
public work’ together accounted for no more than 2 per cent of the lesson time in each country,
on average, and are not shown in the table.

Table3.2 Average percentage of lesson time devoted to ‘publicinteraction’, ‘private
interaction’ and ‘optional, student presentsinformation’

Optional, student

Public interaction Private interaction presents information

Country Per cent

Australia (AU) 52 48 0
Czech Republic (C2) 61 21 18
Hong Kong SAR (HK) 75 20 5
Japan (JP) 63 34 3
Netherlands (NL) 44 55 T
Switzerland (SW) 54 44 1
United States (US) 67 32 1

* Fewer than 3 cases reported (NL excluded from the relevant analysis)

Public interaction: CZ>NL; HK>AU, CZ, JP, NL, SW; JP>AU, NL; US>AU, NL, SW

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

Optional, 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 percentages within each lesson, divided
by the number of lessons.

In all the countries the vast majority of class time was spent in either public or private interaction;
but countries divided their time between them somewhat differently. In Australia, there was no
significant difference between the percentage of lesson time spent in public and private
interaction. In Hong Kong SAR, a greater percentage of lesson time was spent in public
interaction (75%) than in al of the other countries except the United States. In the Netherlands, a
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greater percentage of time (55%) was spent in private interaction compared to al of the other
countries except Australia. The Czech Republic was the only country to spend a substantial
portion of time (18%) in the mixed type referred to as ‘optional, student presents information.’
An example of this mixed type of interaction can be viewed in CZ PRL 1 (00:01:35-00:06:52).
Almost no time was spent in this interaction typein Australia.

Varying the type of classroom interaction provides one way for teachers to structure the lesson
and to emphasise different 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 did Australian Year 8 mathematics teachers change interaction types (i.e., switch
among the five defined categories) during alesson?

> Australian mathematics teachers made shifts in interaction types, on average, five
times per Year 8 mathematics lesson.

Shifts in interaction types during lessons ranged across the countries from three in the
Netherlands to eight in Japan.! Teachers in Japan and the Czech Republic made more shifts than
teachers in all the other countries, changing interaction types between seven and eight times per
lesson, respectively. For al the countries, the number of interaction shifts was significantly
greater than the number of purpose shifts (Australia: two purpose shifts, five interaction shifts). It
appears that teachers in al the countries used changes in interaction types to vary the learning
environment more often than they used changesin the purpose of the activity.

Group work

As noted earlier, private interaction was defined as the time when students were working
individualy, in pairs, or in small groups. How often did Australian students work alone? How
often did they work with their peers?

> In all countries, students worked individually more often than they worked in pairs or
groups during private interaction time. The percentage of lesson time devoted to
working in pairs or groups was highest in Australia (about 13 per cent).

Figure 3.9 displays the average percentage of private interaction time during which students
worked individualy, or in pairs and groups. Across all the countries, on average, at least 73 per
cent of private work time involved students completing tasks individually. The percentages
ranged from 73 per cent in Australiato 95 per cent in Hong Kong SAR. Comparing percentages
of time within countries shows that working individually was a more common activity for
studentsin all the countries than was working together during private work time.

Australian students spent significantly more private interaction time in pairs or groups than
students in the Czech Republic and Hong Kong SAR. The percentage of total |esson time devoted
to pair and group work, an objective advocated in A National Statement on Mathematics for
Australian Schools (Australian Education Council, 1991, p. 49), was highest in Australia (about
13 per cent®).

Group work was observed in all four of the Australian public release lessons.

Working at the computer in groups of two... alows for student discussion, interaction, peer
tutoring. Having a third person in a group is sometimes necessary but not ideal as they may
not participate fully. Here the groups are chosen by the students. (AU PRL 1, Teacher
Commentary, 00:19:05)

The maths coordinator at our school encourages the teachers to do group activities in their
lessons. Thisisin line with current practice... | chose this lesson as a group activity because
one of the other teachers at my school had used this lesson quite successfully, although | had
not done it myself. | allow the students to choose their own groups where possible, because
they are comfortable sharing ideas with their friends. They also tend to choose friends with

! Datanot shown: see Hiebert et al. (2003), Table 3.7
2 Calculated by combining data from Table 3.2 and Figure 3.9
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similar ability, which extends the advanced students and helps with the self-esteem of the
less able students. | believe that students learn better when they are able to collaborate. (AU
PRL 2, Teacher Commentary, 00:04:51)

Figure3.9 Average percentage of privateinteraction time that studentsworked
individually or in pairsand groups

100 -
E =K 24 20
27 %
80 -
60 -
92 95 %0 OWorked in pairs and
40 73 76 74 80 groups
B Worked individually
0 4
AU (074 HK JP NL SW us

Country

Percentage of private time

N
o
L

Worked individually: CZ>AU, JP, SW; HK>AU, JP, SW, US; NL>SW

Worked in pairs and groups. AU, JP, SW>CZ, HK; US>HK

Note: For each country, average percentage was calculated as the sum of the percentages within each lesson, divided
by the number of lessons.

Pedagogical Featuresthat Influence Lesson Clarity and Flow

Another set of pedagogica elements of alesson concerns 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 and lesson summary statements

Two ways that teachers can help students identify the key mathematical points of alesson are 1)
to describe the goal of the lesson, and 2) to provide alesson summary.

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. To count as a god
statement, the statement had to preview the mathematics that students encountered during at |east
one-third of the lesson time. How often did Australian teachers present goa statements in
lessons?

> Seventy-one per cent of the Australian Year 8 mathematics lessons contained at
least one goal statement.

A second kind of aid to help students recognise the key ideasin alesson 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. How often were lesson summary statements made in
Australian lessons?

> For all of the participating countries, lesson summaries were less common than goal
statements. Lesson summaries were found in 10 per cent of lessons in Australia.
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Figure 3.10 displays the percentage of lessons that contained goal statements and lesson summary
statements. A higher percentage of lessons in the Czech Republic contained goal statements
provided by the teacher (91%) than in all the other countries except Japan. By contrast, goal
statements were provided in a lower percentage of lessons (21%) in the Netherlands than in all
the other countries.

Figure 3.10 Percentages of lessonsthat contained goal statements and lesson summary
statements
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Lessons contained at least one goal statement: AU>NL, SW; CZ>AU, HK, NL, SW, US; HK, JP, SW, US>NL
Lessons contained at |east one summary statement: CZ> SW, US; HK, JP>SW (NL excluded from the analysis)

Lesson summaries were found in at least 21 per cent of Y ear 8 mathematics lessons in Japan, the
Czech Republic and Hong Kong SAR, and in 10 per cent of lessons in Australia. In the other
countries, less than 6 per cent of lessons included summary statements. Given the emphasis on
summarising lessons in teacher training in Australia, the number of lessons in which lesson
summary statements were made may seem lower than expected. One possible reason for this may
be that teachers did not complete their lessons, as planned, during the time available. A comment
in one of the Australian public release lessons indicates that the teacher ‘unfortunately... was
unable to complete the lesson’ (AU PRL 3, Teacher Commentary). In addition, some teachers
indicated in their gquestionnaire responses that ‘insufficient time to finish what | planned to teach’
was a limitation of the videotaped lesson compared to how they would idedlly like to teach that
lesson.

An example of an Australian teacher providing a goal statement can be viewed in AU PRL 2.
Following is the teacher’ s commentary related to that segment:

| explained the aim of the lesson so that the students would understand the goal that they
were trying to achieve... (AU PRL 2, Teacher Commentary, 00:07:02)

An example of an Australian teacher presenting a lesson summary statement can be viewed in
AU PRL 1. According to the teacher:

| wanted the students to get a feel for the results that the class had found. | knew that this
activity would take more than one class period. Not all students have yet written a
satisfactorily worded conclusion about the exterior angles of a pentagon. All students then
need to see what happens for exterior angles of other polygons, and write a more general
conclusion. These issues will be taken up in the next class. (AU PRL 1, Teacher
Commentary, 00:42:26)
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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 developing the
key ideas (Stigler & Hiebert, 1999). One kind of interruption comes from outside the classroom.
Examples of outside interruptions include announcements over the intercom, individuals from
outside the class requiring the teacher’s attention, and talking to a student who has arrived late.
How often were Australian lessons interrupted?

> In Australia, 30 per cent of lessons were interrupted. However, on average, such
interruptions occupied less than one minute of lesson time in total.

Figure 3.11 displays the percentage of Year 8 mathematics lessons in which at least one outside
interruption occurred. Around 30 per cent of lessons were interrupted in Australia, Hong Kong
SAR, the Netherlands, and the United States. A larger percentage of lessons were interrupted in
the Netherlands than in Japan. Other apparent differences between countries are not significant.

Figure 3.11 Percentage of lessonswith outsideinterruptions
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Thirty per cent of Australian lessons with interruptions may seem like a large number. However,
outside interruptions were classified as non-mathematical work and, as reported earlier in the
chapter (Figure 3.1), on average, only 1 per cent of lesson time (less than one minute) in
Australia involved non-mathematical work. Hence, although there is no available direct measure
of their length, on average, outside interruptions did not take much lesson time. Often they
consisted of only an announcement made over the intercom, or one comment made by the teacher
(for example, to alate student or a messenger from another class). On the other hand, it could be
that the extent of outside interruptions was less than usual because filming was taking place.
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Classroom Talk

The ways in which active student participation in classroom discourse affects learning is an
enduring controversy in teaching research (Goldenberg, 1992/1993). Although most studies show
that teachers tak the majority of the time while their students are listeners (Goodlad, 1984;
Hoetker & Ahlbrand, 1969), there is disagreement over the effect of this pattern on learning.
Advocates of student talk argue that limited student talk reduces learning opportunities towards
low-level skills and factually oriented instruction (Bunyi, 1997; Cazden, 1988). They suggest that
student interaction increases opportunities for students to elaborate, clarify, and reorganise their
own thinking (Ball, 1993; Hatano, 1988). Others argue that student learning is best fostered by
explicit or direct teaching, where teachers necessarily have substantially more talk opportunities
than students (Gage, 1978; Walberg, 1986). A third view suggests the optimum ratio of teacher to
student talk is a function of the content students are to learn (Goldenberg, 1992/1993). In
summary, there is no broad consensus regarding the impact of student participation 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-
dominated in terms of opportunities to talk.

In Australia, active involvement of students, including a focus on student talk, is encouraged in A
National Statement on Mathematics for Australian Schools (Australian Education Council, 1991,
pp.17 & 19). How often did studentstalk publicly in the Australian Y ear 8 mathematics lessons?

> In all the participating countries, including Australia, teachers spoke more words
publicly per lesson than students (a ratio of at least 8:1 words). In Australian
lessons, on average, teachers spoke 9 words to every one student word, 79 per cent
of teacher utterances consisted of at least 5 words, and 71 per cent of student
utterances consisted of fewer than 5 words.

Computer-assisted text analyses were applied by the speciadist Text Analysis Group (see
Appendix A) to English transcripts of all segments of public interaction to quantify how often
Year 8 students talked during mathematics lessons.®> To account for the variation in lesson
durations and average public interaction time, comparisons examined teacher and student talk
standardised for 50 minutes of lesson time. 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. The average number of teacher and student words per lesson was relatively uniform
across countries. The number of teacher words ranged from 5148 in Japan to 5902 in the United
States. Australian teachers spoke, on average, 5536 words per lesson. The number of student
words ranged from 640 in Hong Kong SAR to 1018 in the United States. Australian students
spoke, on average, 810 words.*

A second indicator of the relative share of talk time afforded to students during public interaction
is the ratio of teacher to student talk. Figure 3.12 shows the ratio of teacher to student talk per
lesson. In all the countries teachers spoke more words than did students per lesson, at aratio of at
least 8:1. Hong Kong SAR Year 8 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).

% English transcriptions of Swiss |essons were not available for text analyses.
“ Data not shown: see Hiebert et al. (2003), Figure 5.14
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Figure3.12 Averagenumber of teacher wordsto every one student word per lesson
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Note: Analyses were based on English transcripts of public interaction segments of lessons. English transcriptions of
Swiss lessons were not available for text analyses.

A third indicator of opportunity to talk during lessons is the length of each utterance. For
purposes 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 separate utterance, if audible. Transcribers were instructed to identify a new utterance any
time a new speaker began taking, and to note who was speaking (e.g., teacher or student).
Longer student 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
typically restricted to single words or short phrases (Cazden, 1988; Goldenberg, 1992/1993).

Figures 3.13 and 3.14 display the average percentage of teacher and student utterances of
different lengths per lesson. Between 71 and 82 per cent of all teacher utterances on average per
lesson contained at least 5 words (Figure 3.13). In contrast, between 66 and 77 per cent of student
utterances on average per lesson contained fewer than 5 words (Figure 3.14). In none of the
countries did the number of longer student utterances (10+ words) exceed 9 per cent. However,
there were differences between countries on specific dimensions, indicating that lessons in some
countries provided different opportunities than others, although in absolute terms none of these
differencesislarge.
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Figure3.13 Average percentage of teacher utterances of each length per lesson

100 +
[%2]
§ 79 80 8_2 77 81
= 80 — — - o
£ B 1-4 word teacher
= utterances
% 60 +
s 05+ word teacher
3 11 b
S 40 - B5 35 , h3 utterances
(0]
g 1 24 p5 025+ word teacher
c 20 18 19
& | utterances
o 20
@
o

o _
AU Cz HK JP NL us
Country

Percentage of teacher utterances that were 14 words: JP>AU, CZ, HK, US; NL>CZ, HK, US

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

Percentage of teacher utterances that were 25+ words: AU, CZ, JP, US>NL; HK>AU, CZ, NL, US

Note: Percentage of teacher utterances that were 25+ words is a subset of teacher utterances that were 5+ words.
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Figure 3.14 Average percentage of student utterances of each length per lesson
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Percentages of 1-4 word student utterances and 5+ word student utterances may not sum to 100 because of rounding.
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What were some of the differences between Australia and the other countries? Year 8
mathematics lessons taught by Japanese teachers had significantly more short utterances (1, 2, 3,
or 4 words in length) by teachers, and significantly fewer 5+ word utterances by teachers, than
those in Australia. Lessons taught by Dutch teachers had fewer ‘mini-lectures’ (utterances of 25+
words) than did lessons taught by mathematics teachers in Australia. By contrast, the
mathematics lessons in Hong Kong SAR were distinct from lessons in Australia by having
significantly more mini-lectures delivered by teachers. Lessons in Hong Kong SAR also had
more short utterances (1, 2, 3, or 4 words), and fewer longer utterances (5+ and 10+ words),
delivered by students than lessons in Australia and all the other countries for which these
analyses were conducted.

An example of one Austrdian teacher’s attempt to encourage student talk can be viewed in the
segment 00:34:20-00:34:44 of AU PRL 2. Following is the teacher’s commentary related to that
segment:

This was another example of where the student described the answer in her own words,

which was different from the conventional maths description. | feel that it is important to

listen carefully to a student’s answer and not to judge it on what you expect to hear. (AU PRL

2, Teacher Commentary, 00:34:35)

In broad terms, the Year 8 mathematics lessons in all the countries reveaed many brief
opportunities for students to talk while mathematical work was being done, and very few long
opportunities. Thisis similar to the pattern often reported in the literature, in which teachers talk
and students listen (Cazden, 1988; Goodlad, 1984; Hoetker & Ahlbrand, 1969).

The Role of Homewor k

The decision to incorporate homework within a lesson can have a direct impact on how that
lesson is organised. That is, teachers can review problems students completed prior to the lesson,
alow students to begin homework problems assigned for a future lesson, or both. How frequently
did Australian teachers assign homework?

> Homework was assigned in 62 per cent of Australian Year 8 mathematics lessons.

Figure 3.15 displays the percentage of lessons in which homework was assigned. Homework was
assigned in at least 57 per cent of the lessons in all countries except Japan. However, the time
spent by teachers and students working on, or discussing, homework assignments during the
lesson varied. Students in the Netherlands spent an estimated 10 minutes per lesson, on average,
beginning their homework assignment during the lesson.” This was significantly more time than
in all the other countries (ranging from 1 minute in Japan to 4 minutes in Austraia and
Switzerland).®

The ways in which homework problems completed for the videotaped lesson were corrected and
discussed also varied. In Australia, on average, teachers spent an estimated 1 minute per lesson
correcting or discussing, on average, 3 problems that had been previoudy assigned as homework.
This was significantly less time and significantly fewer problems than teachers and students in
the Netherlands (an estimated 16 minutes per lesson and 12 problems per lesson). The average
number of problems per lesson previously assigned as homework, and the average time spent
going over this homework, were both more in the Netherlands than in Australia, the Czech
Republic, Hong Kong SAR and Japan.’

® This number includes the exact amount of time spent on all independent and answered-only problems
assigned as homework, plus an estimate of the length of time spent on all concurrent problems
previously assigned as homework. This estimate was calculated 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 assigned as future homework.

® Data not shown: see Hiebert et al. (2003), Table 3.8
" Datanot shown: see Hiebert et al. (2003), Table 3.9
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Figure 3.15 Percentage of lessonsin which homework was assigned
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While homework played some role in Australian Year 8 mathematics lessons, it was not treated
as a central part of the lessons as it was in the Netherlands. In some Australian lessons,
homework assignments were monitored or collected at the beginning of lessons for later
correction, instead of being discussed during the lesson. In other lessons, homework was
monitored while students worked on other activities during the lesson. The teachers of the
Australian public release lessons, as well as the Australian National Research Coordinator, made
specific comments about the role of homework during lessons and how it is normally handled.

For some lessons completion of assigned homework or other material would be monitored at

this stage of the lesson, or students might place completed work in a designated place at the

front of the room. (AU PRL 1, Teacher Commentary, 00:02:50)

I check the homework and record who has done it. | do this when they are doing individual

work so that | can answer any problems [questions] that they have on an individual basis.

(AU PRL 2, Teacher Commentary, 00:39:55)

The teacher is recording whether the student did the homework; she is not correcting it. It is

up to the student to raise any difficulties that she had with the homework. This approach to

checking homework becomes more and more common in later years in Australian schools.

However, at Year 8 it is quite common for homework to be collected and marked by the

teacher. (AU PRL 2, National Research Coordinator Commentary, 00:41:40)

Our school policy encourages homework to be set and checked regularly (if not daily).

Students can lose marks, get detentions, have letters [sent] home if there is a persistent

problem with incomplete work. (AU PRL 4, Teacher Commentary, 00:21:46)

Homework was a relatively minor part of the lesson, on average, in the Czech Republic, Hong
Kong SAR, and Japan. However, it should not be concluded that students in these countries do
less mathematics outside of class than their counterparts in the other countries (see, for example,
Schiimer (1999) for a discussion of the role in Japan of voluntary studies at home and private
supplementary lessons).
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Resour ces Used

This chapter concludes by identifying the kinds of supportive materials that were used during the
videotaped Y ear 8 mathematics lessons. Uses of the following kinds of resources were coded. In
al 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.

» Blackboard: Included blackboards and whiteboards.
* Projector: Included overhead, video, and computer projectors.
« Textbook/worksheets: Included textbooks, review sheets, study sheets, and worksheets.

o Special mathematics materials: Included materials such as graph paper, graph boards,
hundreds tables, geometric solids, base-ten blocks, rulers, measuring tape, compasses,
protractors, and computer software that simulates constructions of models.

» Real-world objects: Included objects such as cans, beans, toothpicks, maps, dice, newspapers,
magazines, and springs.

» Calculators: Included computational and graphing calculators, but each was marked
Separately.

e Computers.

How often were resources, other than calculators and computers, used in Australian Year 8
mathematics |essons?

> At least 90 per cent of lessons in all countries, including Australia, used either a
textbook or worksheet (Australia: 91%). Nearly all lessons (97%) in Australia used
blackboards, but relatively few (16%) used overhead projectors.

Table 3.3 depicts the percentage of Year 8 mathematics lessons during which a blackboard, a
projector, a textbook or worksheet, special mathematical materials, and real-world objects were
used. In the United States, less use was made of a blackboard, and more use of a projector, than
in al the other countries. One obvious reason for the low percentage of projector use in the
Netherlands is the relatively low amount of lesson time (44%) spent in public interaction (Table
3.2). In Australia, it appeared that in many cases where overhead projectors were used, they were
set up permanently in the classroom.

The fact that real-world objects were used in 21 per cent of lessons in Australia, the numerically
highest percentage of any country, may not be surprising given the emphasis placed on thisin A
National Statement on Mathematics for Australian Schools (Australian Education Council, 1991,
p. 78).



56 Teaching Mathematicsin Australia
Results from the TIMSS 1999 Video Study

Table3.3 Percentage of lessons during which variousresour ce materials were used

Resources used
Specia
Textbook/ mathematics Real-world
Blackboard Projector workshest materials objects

Country Per cent

Australia (AU) 97 16 91 44 21
Czech Republic (C2) 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

! The Japanese sample contained a high percentage of two-dimensional geometry problems rel ative to the other
countries.

Blackboard: AU, CZ, HK, JP, NL>US

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

Textbook/worksheet: HK>JP

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

Real-world objects: AU, SW, US>HK

Note: Percentage of lessons reported for Japan with respect to blackboard, projector, and textbook/worksheet use
differs from that reported in Stigler et al. (1999) because the definitions were changed for the current study.

Calculators and computers

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

In 1987, al Australian education systems endorsed a national calculator policy that
recommended all students use calculators at all year levels, K—12 (Curriculum Development
Centre & Australian Association of Mathematics Teachers, 1986). The Australian Education
Council further endorsed that recommendation in its National Statement on Mathematics for
Australian Schools in 1991. How often were computational calculators (i.e., non-graphics
calculators) used in the Australian Y ear 8 videotaped mathematics lessons?

> Computational calculators were used in 56 per cent of lessons in Australia.

Figure 3.16 displays the percentage of lessons during which computational cal culators were used.
Computational calculators were used more frequently in the Netherlands than in all the other
countries. Calculators used for graphing were rarely seen in the Year 8 mathematics lessons in
the participating countries, except in the United States where they were used in 6 per cent of the
lessons. In al the other countries, including Australia, graphing calculators were observed too
infrequently to calcul ate reliable estimates for their use.®

8 Itislikely that graphing calculators are used more frequently in Australian Y ear 8 mathematics classes
nowadays than was the case in 1999-2000 when these data were collected.
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Figure 3.16 Percentage of lessons during which computational calculatorswere used
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* Fewer than three cases reported: the Japanese sample contained a high percentage of two-dimensional geometry
problems relative to the other countries.
NL>AU, CZ, HK, SW, US; SW>CZ (JP excluded from the analysis)

How often were computers used in the videotaped Y ear 8 mathematics | essons?

> Computers were used in relatively few of the lessons across the countries (Australia:
4 per cent of lessons).

AU PRL 1 isan example of an Australian lesson that used computers. In the segment 00:13: 10—
00:42:12, students use a software geometry package to investigate the exterior angles of
polygons. Overall, however, it appears that the use of computers in 1999-2000 was lagging
behind the expectations of A National Statement on Mathematics for Australian Schools
(Austraian Education Council, 1991, p. 14).

Summary

Teaching can be analysed from many perspectives. The approach taken in this study was to focus
on features of teaching that seem likely to influence the learning opportunities for students
(Brophy 1999; National Research Council, 1999, 2001; Stigler et a., 1999), and the way these
featuresfit together.

In this chapter, results were presented on pedagogical elements of the videotaped Year 8
mathematics lessons. These elements helped shape the kinds of learning experiences that were
likely to occur, and are direct indicators of the nature of the teaching. The results of this chapter
represent some basic teaching choices that appeared in the lessons of Australia and the other
participating countries.

At one level, it appears that educators in the seven countries made similar pedagogical choices.
They used many of the same basic ingredients. Virtualy all Year 8 lessons contained
mathematical problems, and most of the instructional time was devoted to solving problems
(Figure 3.2). Some problems were presented for class discussion and some were assigned as a set
for working on privately (Table 3.1 and Figure 3.3). Across al lessons, teachers devoted some
time to reviewing old content, introducing new content, and practising new content (Figure 3.7).
Work was accomplished through two primary social structures: working together as awhole class
and working privately (Table 3.2). In all countries teachers spoke more words publicly than
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students (Figure 3.12). Nearly al lessons used either a textbook or worksheet (Table 3.3), and
computers were used in relatively few lessons across countries.

A closer look reveals, however, that there were detectable differences among countries in the
relative emphasis they placed on different pedagogical elements. What were the pedagogical
features and emphases of Australian lessons that were similar to and different from the other
countries?

Key results concerning Australia reported in this chapter include the following:

Australian Year 8 teachers and students, like those in every country, spent a very high
percentage of lesson time engaged in mathematical work (Figure 3.1).

Mathematics in Australian Year 8 classes, and classes in al other countries, was taught
predominantly through solving problems (Figure 3.2).

Australian Y ear 8 students spent more time working on sets of ‘concurrent problems’ than on
‘independent’ or ‘answered-only’ problems (Figure 3.3).

Just under half of the problems presented in Australian Year 8 lessons were worked through
relatively quickly (Figure 3.6), and significantly less time was spent working on each
independent problem than in Japan (Figure 3.4).

In Australia, a greater percentage of lesson time was spent either introducing or practising
new content than reviewing previoudly introduced content (Figure 3.7).

Australia and the United States had the highest percentage of 1essons (28%) that were entirely
review (Figure 3.8).
Relatively equal amounts of time were devoted to public work and private work in Australian
lessons (Table 3.2).

The percentage of lesson time (13%) devoted to working in pairs or groups was highest in
Australia (Table 3.2 and Figure 3.9).

Goal statements occurred in 71 per cent of Australian lessons, but summary statements only
occurred in 10 per cent of lessons (Figure 3.10).

Australian Year 8 teachers spoke 9 words to every one word spoken by their students during
‘publicinteraction’ (Figure 3.12).

Homework was assigned in 62 per cent of Australian Y ear 8 lessons (Figure 3.15), but very
little public class time was devoted to discussing, or working on, homework problems.

A blackboard or whiteboard was used in nearly al Australian lessons, and a textbook or
worksheet was used in 91 per cent of lessons (Table 3.3).
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Chapter 4
MATHEMATICAL CONTENT

Chapter 3 presented information on the way in which Year 8 mathematics lessons were
organised, by examining some of the pedagogical elements of the videotaped lessons. The other
main aspect of alesson that influences students opportunities to learn mathematics is, of course,
its mathematical content. This chapter describes the mathematical content of the videotaped
lessons, and the way in which that content was treated.

As reported in Chapter 3, most of the mathematics instruction in the participating countries
occurred through presenting and solving problems (Figure 3.2). Accordingly, this activity is
explored in detail. The following aspects are examined:

» The context in which problems were presented;

e The mathematical demands of problems;

* How problemsin alesson were related to each other;

« How problems were worked on during the lessons; and

* Thekinds of mathematical processes that were used to solve problems.

Topics Covered During the L essons

The filmed lessons in the TIMSS 1999 Video Study were obtained by sampling steadily over the
school year (except for the 1995 Japanese sample’). This means it is reasonable to presume that
each country’ s sample is somewhat representative of the topics covered during Y ear 8 as awhole.
What topics were covered during the Australian lessons?

> In Australian lessons, on average, 36 per cent of problems dealt with Number, 29
per cent with Geometry (Measurement and Space), 22 per cent with Algebra, and 9
per cent with Statistics. There were indications that the general curricular level of
Australian Year 8 mathematics lessons was lower, and the algebra content less
demanding, than in most of the other countries.

One way of describing the topics included in the lessons was to labdl each mathematical problem
dealt with in alesson as pertaining to a specific topic. The topics addressed by the mathematical
problems were grouped into five major categories and several sub-categories.

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

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

o  Satistics: Probability, statistics, and graphical representation of data;

» Algebra: Operationswith 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,
wheresas in other |essons the problems were from more than one sub-category, and in some cases,
more than one major category. Fifty per cent of the Australian lessons contained problems from
more than one major content category.? Table 4.1 shows the average percentage per Y ear 8 lesson
of mathematical problems within each major content category and within sub-categories for

! Asnoted in Chapter 1, Japanese data were collected over only a portion of the school year (in 1995).
2 Data not shown: see Hiebert et al. (2003), Figure 4.8
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number, geometry and agebra. Note, however, that because the sample was not chosen to
represent systematically the curriculum in each country, no statistical comparisons were made.

In al seven countries, at least 82 per cent of the problems per lesson, on average, addressed three
major curriculum areas. number, geometry, and algebra. In the Czech Republic, Hong Kong
SAR, the Netherlands, and the United States, about 40 per cent of problems involved algebra.
The percentages of problems involving algebra for Austraia (22%), Japan (12%)," and
Switzerland (22%) were much lower. In Hong Kong SAR, on average, 14 per cent of the
problems per lesson involved trigonometry, but trigonometry problems occurred too infrequently
to report reliable estimates in the other countries.

Table4.1 Average percentage of problems per lesson within each topic area

Country
Topicarea AU Cz HK JP NL SW US
Number 36 27 18 ¥ 16 42 30
Whole numbers, fractions, decimals 15 13 5 ¥ 6 20 17
Ratio, proportion, percent 19 4 10 ¥ 6 19 6
Integers 2 9 3 ¥ 4 3 8
Geometry 29 26 24 84 32 33 22
M easurement (perimeter and area) 10 6 3 11 9 12 13
Two-dimensional geometry 14 15 17 73 15 17 4
Three-dimensional geometry 5 6 5 ¥ 9 4 5
Satistics 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 linear equations 15 21 23 12 33 14 27
and inequalities
Higher-order functions ¥ 6 6 ¥ 3 3
Trigonometry T T 14 ¥ T T t
Other T 1 ¥ T T 1

* Fewer than three cases reported
Note: Percentages may not sum to 100 because of rounding and missing data. For each country, average percentage
was calculated as the sum of the percentages within each lesson, divided by the number of lessons.

In Australia, the number of mathematical problems per lesson varied widely. Two lessons
contained no independent or concurrent problems, whereas in three lessons more than 100
problems were set. In one lesson, 135 problems were set for students to do, including 124 low
procedural complexity algebra problems.® Another lesson contained 108 problems, including 101
low procedural complexity number problems. The mean number of problems per lesson in
Australiawas 27.4, with at least 50 problems set in 20 per cent of the videotaped lessons.

Because of the variation in numbers of problems per lesson, the data in Table 4.1 does not
necessarily reflect the relative emphasis given to the various topic areas across the lessons within
a country. In Australia, according to responses to the Teacher Questionnaire, the weighted
percentage of lessons per major topic category was: Number 23%, Geometry 29%, Statistics
10%, Algebra 21% and Trigonometry 3%. The topics of the remaining 14 per cent of lessons
were given as ‘ problem solving and logical reasoning’ (10%), and ‘review’ (4%).

% See ‘Mathematical Demands of Problems’ later in this chapter for a discussion of procedural complexity.
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Curricular level of the content

The Mathematical Quality Analysis Group (see Appendix A) examined country-blind written
records of 20 lessons selected from each country’s sample, except for Japan. One of the codes
developed by the group placed each lesson in the subsample into one of five curricular levels,
from elementary (1) to advanced (5). The moderate or mid level (3) was defined to include
content that usually is encountered by students just prior to the standard topics of a beginning
algebra course that often istaught in Year 8 in the United States. One rating was assigned to each
lesson based on the rating that best described the content of the lesson, taken as awhole.

Figure 4.1 shows the percentage of Year 8 mathematics |essons assigned to each rating. Because
these analyses were limited to a subset of the total sample of lessons, the percentages were not
compared statistically and the results should be interpreted with caution as they may not be
representative of the entire sample. However, it is of concern that 17 (85%) of the 20 Australian
lessons were rated as having ‘elementary’, ‘elementary/moderate’, or ‘moderate’ content, while
none of the lessons was given the ‘advanced’ content rating.

Figure4.1 Percentage of lessonsat each content level in subsample
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Note: Lessons included here are a random subsample of lessons in each country. Results should be interpreted with
caution because they might not be representative of the entire sample. A moderate ranking was defined to include
content that usually is encountered by students just prior to the standard topics of a beginning algebra course that is
often taught in Year 8 in the United States.

Problem Context

A National Satement on Mathematics for Australian Schools (Australian Education Council,
1991) statesthat * All students should be involved in applying mathematics to practical problems.’
(p- 59). How often were Australian students required to apply mathematics to real-life situations?

> In Australia, on average, 45 per cent of problems per mathematics lesson were
applications, but not necessarily real-life applications. On average, in Australia,
27 per cent of problems per lesson had a real-life setting.
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Real-life situations

Mathematical problems can be presented to students within a real-life context or by using only
mathematical language with written symbols. The ‘ chocolate chip cookies' problemin AU PRL 3
(00:03:34) is an example of a problem with a real-life connection. Figure 4.2 shows the
percentage of problems per Year 8 mathematics lesson that were presented or set up using real-
life situations. If teachers brought in real-life connections later, when solving the problems, this
was coded separately.

In Australia, on average, 27 per cent of problems per lesson were set up using rea-life
connections. This was a greater percentage than in Japan (9%), which, conversely, had a greater
percentage (89%) of problems that were set up using mathematical symbols or language only
than Austraia (72%). The Netherlands had a smaller percentage (40 per cent per lesson, on
average) of problems that were set up using mathematical symbols or language only than in any
other country, and a higher percentage (42%) that were set with a real-life connection than in all
the other countries except Australia and Switzerland.

Figure4.2 Average percentage of problems per lesson set up with the use of areal-life
connection, or set up using mathematical language or symbols only
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Set up contained areal-life connection: AU, SW>JP; NL>CZ, HK, JP, US

Set 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
percentages within each lesson, divided by the number of lessons.

Applications

Working on mathematical problems can take a variety of forms. For example, students can be
taught a particular procedure and then be asked to practise 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. 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
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have aready learned and practised. 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. Figure 4.3 shows a problem
set up without areal-life connection that was classified as an application.

Figure4.3 Example of an application problem: ‘Find the measure of angle x.’

Figure 4.4 shows the percentages of problems per lesson, on average, classified as applications
across the participating countries. Japanese lessons contained a higher percentage of applications
per lesson (74%) than did lessons from Australia (45%) and all the other countries except
Switzerland (55%).

Figure4.4 Average percentage of problems per lesson that wer e applications
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JP>AU, CZ, HK, NL, US; NL>US; SW>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
percentages within each lesson, divided by the number of lessons.
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M athematical Demands of Problems

Two characteristics of the mathematics presented during lessons are its complexity, and the kind
of reasoning that is involved when doing the mathematics.

Procedural complexity

The complexity of a problem depends on a number of factors, including the experience and
capability of the student. One kind of complexity 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. How complex were the problems presented in the Australian lessons?

> Like all the other countries except Japan, most of the problems (77%) presented in
the Australian lessons were of low procedural complexity, and few (8%) were of high
procedural complexity.

Every independent or concurrent problem worked on or assigned during each lesson was
classified as low, moderate, or high procedural complexity according to the following definitions:

» Low complexity: Solving the problem, using conventional procedures, requires four or fewer
decisions (small steps) by the students. The problem contains no sub-problems, or tasks
embedded in larger problems that could themselves be coded as problems.

0 Example: Solvethe equation: 2x + 7 = 2.

e Moderate complexity: Solving the problem, using conventional procedures, requires more
than four decisions by the students and can contain one sub-problem..

0 Example: Solvethe set of equationsfor xandy: 2y =3x—4; 2x +y = 5.

e High complexity: Solving the problem, using conventional procedures, requires more than
four decisions by the students and contains two or more sub-problems.

0 Example: Graph the following linear inequalities and find the area of intersection: y > -1,
y<X+4;Xx<2

Figure 4.5 shows the average percentage of problems per Y ear 8 mathematics lesson that were of
each complexity level. In each country, except Japan, at least 63 per cent of the mathematical
problems per lesson, on average, were of low procedural complexity and no more than 12 per
cent of the problems were of high procedural complexity. Japanese lessons contained fewer
problems (17%) of low complexity than Australia (77%) and al the other countries, and more
problems (39%) of high complexity (Austraia: 8%).

An example of alow complexity problem can be found in AU PRL 4 (00:03:23). An example of
a high complexity problem can be found in AU PRL 2 (00:06:52).

Because the Japanese sample contained lessons with high percentages of two-dimensional
geometry 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. In fact, when comparing
just two-dimensional geometry problems, the procedural complexity of problems in Japanese
lessons is more like those in the other countries. However, there till are a smaller percentage of
low complexity problems in Japan than in Australia, Hong Kong SAR, and the Netherlands, and
alarger percentage of high complexity problems in Japan than in Australia and Hong Kong SAR.
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Figure4.5 Average percentage of problems per lesson at each level of procedural

complexity
100 - —
c 6] 8] 6] 6]
(]
) 16
% 80 - I 29 39 2 27
[}
o
[2]
E 60 7 [ @ High complexity
g OModerate complexity
.g 40 1 Fal 45 . B Low complexity
o 63 65 67
g
S 20+
=
&
0 T T T T T
AU HK JP NL SW US

Country

High complexity: JP>AU, CZ, HK, NL, SW, US

Moderate complexity: HK>AU; JP>AU, SW

Low 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 percentages within each lesson, divided by the number of lessons.

Mathematical reasoning

One of the features that distinguish mathematics from other school subjects is the special forms
of reasoning that can be involved in solving problems (National Research Council, 2001). One
such form of special reasoning is deductive reasoning, the kind of reasoning required to complete
amathematical proof. How often were mathematical proofs present in Australian lessons?

> Fewer than 3 of the 87 Australian Year 8 mathematics lessons contained a formal,
or informal, mathematical proof.

All independent and concurrent mathematical problems 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. Figure 4.6 shows that proofs were evident to a
substantial degree only in Japanese lessons, and practically not at all in Australian, Dutch and
United States lessons. Similar results were found when comparing, across countries, the average
percentages of all problems per lesson that included proofs, and when comparing just two-
dimensional geometry problems.*

* Data not shown: see Hiebert et al. (2003), Figures 4.3 & 4.5
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Figure4.6 Percentage of lessonsthat contained at least one pr oof

100 +
80 -
60 -

39
40 ~

Percentage of lessons

20 12 1
5
ot mm . n B
AU Cz HK JP NL SW us
Country

* Fewer than three cases reported

JP>CZ, HK, SW (AU, NL and US excluded from the analysis)

Note: The percentage reported for Japan differs from that reported in Stigler et a. (1999) because the definition for
proof was changed for the current study.

The apparent lack of occurrence of deductive reasoning in Australian Y ear 8 mathematics |essons
was supported by an analysis of the Mathematics Quality Analysis Group which found that none
of the subsample of 20 Australian lessons contained instances of deductive reasoning. With
regard to other special forms of mathematical reasoning, the group found that 25 per cent of the
Austraian subsample lessons contained instances of ‘developing a rationale’,” 10 per cent
contained instances of generalisations, and 10 per cent involved demonstrating that a conjecture
cannot be true by showing a counter-example.

Relationships Among Problems

Because mathematical problems were used as vehicles for much of the content of the videotaped
lessons, the mathematical coherence of a lesson depended, at least in part, on the way in which
the problems within the lesson were related to each other. How were the problems in Austraian
lessons related?

> Three-quarters of the problems presented in Australian lessons were repetitions of
preceding problems. Very few (4%) were unrelated to any preceding problem.

The mathematical relationships among all the problems (both independent and concurrent
problems) presented during the videotaped lessons were coded. Each problem, except the first
problem in the lesson, was classified as having one (and only one) of four kinds of relationships:

» Repetition: The problem was the same, or mostly the same, as a preceding problem in the
lesson. It required essentially the same operations to solve athough the numerical or algebraic
expression might be different.

« Mathematicaly related: The problem was related to a preceding problem in the lesson in a
mathematically significant way. This included using the solution to a previous problem for

® This was defined as ‘explaining or motivating, in broad mathematical terms, a mathematical assertion or
procedure’ . If such explanations took ‘a systematic logical form’, they were coded as deductive
reasoning.
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solving this problem, extending a previous problem by requiring additional operations,
highlighting some operations of a previous problem by considering a smpler example, or
elaborating a previous problem by solving asimilar problem in a different way.

Thematicaly 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
mathematically related as well, it was coded only as mathematically related.

Unrelated: The problem was none of the above. That is, the problem required a completely
different set of operations to solve than previous problems and was not related thematically to
any of the previous problemsin 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
opportunities 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, 2001).
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 practise procedures for
solving problems of particular kinds. Unrelated problems, by definition, divide the lesson into
mathematically unrelated segments. Figure 4.7 shows the average percentage per Year 8
mathematics lesson of problems having each kind of relationship.

Figure4.7 Average percentage of problems per lesson related to previous problems
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On average, across al the countries, at least 93 per cent of problems per lesson were related in
some way to preceding problems, and, except for Japan, at least 65 per cent of the problems per
lesson were repetitions. Japanese lessons contained a lower percentage of problems per lesson
(40%) that were repetitions than lessons in Australia (76%) and al the other countries, and a
higher percentage of problems per lesson (42%) that were mathematically related (Australia
13%).

Overal, the results on mathematical relationships indicated that, in al the participating countries,
most of the mathematics discussed and studied within the videotaped Y ear 8 lessons was related.
For many lessons in most of the countries, including Australia, however, the relatedness seemsto
have been achieved, in large part, through repetition. Only in Japan were the majority of
problems per lesson related mathematically in ways other than repetition.

Examples of problems related in two different ways can be found in HK PRL 1. At 00:12:18, the
class goes over five problems; the latter four problems were each coded as repetitions. At
00:21:05, the class works on three problems; the third problem was coded as ‘mathematically
related’ to the preceding problems. The nine short review exercises at the start of AU PRL 3
(00:00:33) are examples of unrelated problems.

Presentation of Solutions

Public discussion of solutions to problems presented during alesson suggests that the whole class
was working on the same problem and allows the possibility that the teacher and students might
have discussed the problem. On the other hand, no public presentation means that students were
expected to complete the problem privately, with no follow-up discussion during the lesson.
Different students might, or might not, be solving the same problems. Were answers to problems
presented publicly in Australian Y ear 8 mathematics |essons?

> Answers were presented publicly to most (91%) independent problems in Australian
lessons, but answers were presented publicly to less than one-half (38%) of
concurrent problems.

Figure 4.8 shows the percentage of problems per lesson whose solutions were presented publicly,
with independent and concurrent problems displayed separately. On average, across al the
countries, at least 88 per cent of independent problems per lesson included the public
presentation of a solution (Austraia: 91%). This finding is not surprising because independent
problems were defined as problems presented individually, worked on for a clearly definable
period of time, and with the possibility that they would be solved through awhole class activity.

Concurrent problems, on the other hand, were defined as a set of problems to be worked on
privately, perhaps over the span of several days. They could have been set from a textbook, with
the answers given ‘a the back’ of the textbook. Understandably therefore, in all countries, a
smaller percentage of concurrent problems than independent problems included the public
presentation of a solution. The Netherlands had the lowest percentage (16%), significantly lower
than the percentagesin all the other countries. Australia had the second lowest percentage (38%),
but only the Czech Republic (76%) and Hong Kong SAR (61%) had significantly higher
percentages.



Mathematical Content 69
Chapter 4

Figure4.8 Average percentage of problems per lesson for which a solution was presented
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Alternative solution methods

In solving problems, key learning opportunities are created by the ways in which methods for
solving problems are developed and discussed (Hiebert et al., 1996; Schoenfeld, 1985). One
approach is for the teacher to demonstrate one method for solving a problem and then for the
students to practise the method on similar problems. This is a common approach in the United
States (Fey, 1979; Stigler & Hiebert, 1999), as well as in other countries (Leung, 1995).
However, there are some compelling theoretical arguments, along with some empirical data, to
suggest that students can benefit from both examining aternative solution methods and being
allowed some choice in how they solve problems (Brophy, 1999; National Research Council,
2001).

Were alternative solution methods presented in Australian lessons, and were students encouraged
to choose their own method when solving a problem?

> In Australia, and in all the other countries except Japan, alternative methods of
solution were rarely presented or encouraged.

A solution method was defined as a sequence of mathematical steps used to produce 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.

Allowing student choice of solution method when solving a problem was coded 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 explicitly asked to choose one of the identified
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methods. However, situations where there might have been an unspoken understanding in the
classroom that students were free to choose their own solution methods, if they occurred, were
not included. Hence, this code is more an indication of when students were encouraged to choose
their own method of solution than it is of when students were allowed to do so.

Table 4.2 shows that in Australia and all the countries, except Japan, 5 per cent or fewer of the
problems per Year 8 mathematics lesson, on average, included the public presentation of
aternative solution methods. The percentage for Japan (17%) was higher than that for Australia
(2%), the Czech Republic (2%), and Hong Kong SAR (4%). Table 4.2 aso shows that no more
than 9 per cent of problems per lesson in al the countries, except Japan (15%), were
accompanied with a clear indication that students could select their own solution method.

Table4.2  Average percentage of problems per lesson for which more than one solution
method was presented, and for which choice of method was encour aged

Average percentage of Average percentage of problems
problems per lesson with more  per lesson in which student choice
than one solution method of solution method was
Country presented encouraged
Australia (AU) 2 8
Czech Republic (C2) 2 4
Hong Kong SAR (HK) 4 3
Japan (JP) 17 15
Netherlands (NL) 5 ¥
Switzerland (SW) 4
United States (US) 5

* Fewer than three cases reported (NL excluded from the relevant analysis)

Problems per lesson with more than one solution method presented: JP>AU, CZ, HK

Problems per lesson in which student choice of solution method was encouraged: No difference 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
percentages within each lesson, divided by the number of lessons.

An example of an Australian teacher’s presentation of an alternative method of solution, to one
presented earlier in the lesson (at 00:14:04), can be viewed at 00:43:18 of AU PRL 4. Following
Is the teacher’ s perspective on presenting a choice of solution methods:
If aclassis struggling with a concept | will only give one method of approaching a problem.
Wherever possible | present a choice of methods to a class. We often take a vote or a survey
to see which method each student prefers. | like more able students to see that there are
choices and a variety of correct methods to solve problems, though care must be taken not to
confuse with information overload. (AU PRL 4, Teacher's Commentary, 00:43:33)

Problem summaries

After a problem has been solved, teachers might summarise the mathematical points that the
problem illustrates. This is one way of clarifying for students what they have just learned by
solving the problem, or what mathematical concepts or procedures are important to remember for
future work. Did Australian teachers summarise problems after they had been solved?

> On average, only 9 per cent of problems per lesson were summarised by Australian
teachers.

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. The summary must have been provided after the solution was
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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 discussed earlier (in Chapter 3).

Table 4.3 shows that in Japanese Y ear 8 mathematics lessons, a higher percentage (27 per cent,
on average) of problems per lesson were summarised by the teacher compared to lessons from
Australia (9%) and all the other countries.

Table4.3 Average percentage of problems per lesson that were summarised

Country Average percentage
Australia (AU) 9
Czech Republic (C2) 11
Hong Kong SAR (HK) 13
Japan (JP) 27
Netherlands (NL) 5
Switzerland (SW) 13
United States (US) 6

CZ, HK>NL; HK>US; JP>AU, CZ, HK, NL, SW, US; SW>NL, 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). Analyses do not include concurrent problems for which a solution was
not publicly presented. For each country, average percentage was calculated as the sum of the percentages within
each lesson, divided by the number of lessons.

An example of a problem summary can be viewed at 00:27:31 in HK PRL 1. In this example, the
teacher summarises three problems the class have just worked on. She explains that in the first
case the answer is positive or negative, in the second case the answer is positive, and in the third
case thereis no solution.

M athematical Processes I nvolved with Problems

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 & Henningsen, 1996; Stein & Lane, 1996; Smith, 2000).

Mathematical processesimplied by problem statements

The statements of problems imply that particular kinds of mathematical processes will be
engaged in their solution. What kind of mathematical process was the focus of problems set for
Australian students?

> In Australia, and all other countries except Japan, the majority of problems per
lesson (for which a solution was reached publicly) focused on using procedures.

The problem statements were classified as one of three types based on the kinds 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 only applied to all independent and concurrent problems for which
a solution was reached publicly.®

The three types of problem statements were defined as follows:

® 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.
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e Using procedures. Problem statements that suggested the problem was typicaly solved by
applying a procedure or set of procedures. These include arithmetic with whole numbers,
fractions, and decimals, manipulating algebraic symbols to simplify expressions and solve
eguations, 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 anisoscelesright triangle’ were classified as stating concepts.

e Making connections. Problem statements that implied the focus of the problem was on
constructing relationships among mathematical ideas, facts, or procedures. Often, the problem
statement suggested that students would engage in specia forms of mathematical reasoning,
such as conjecturing, generalising, and verifying. Problem statements such as ‘Graph the
equationsy = 2x + 3, 2y = x — 2, and y = —4x, and examine the role played by the numbersin
determining the position and sope of the associated lines were classified as making
connections.

The average percentage of problems per lesson of each statement type are shown in Figure 4.9
for each participating country where data were available.

Figure4.9 Average percentage of problems per lesson of each problem statement type
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Figure 4.9 shows that in all the countries, except Japan, more than one-half of the problem
statements per Y ear 8 mathematics lesson focused on using procedures. Hong Kong SAR lessons
contained a larger percentage (84%) of problem statements classified as using procedures than
Australia (61%) and all the other countries except the Czech Republic (77%). Problem statements
that focused on stating concepts were found in Australian lessons (24%) more frequently than in
the Czech, Hong Kong SAR, and Japanese |essons (which ranged from 4 to 7 per cent). Although
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mathematics lessons in al the countries included problem statements that focused on making
connections, the lessons from Japan contained a larger percentage of these problems (54%) than
Australia (15%) and all the other countries except the Netherlands (24%).

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, including Australia, 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 detectabl e 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

When teachers work through problems, the kinds of processes that students actually engage in, or
see others use, might be different from those implied by the problem statements. It is these
mathematical processes used when solving problems that appear to shape the kind of learning
opportunities available for students, and that have been shown to influence the nature of students
learning outcomes (Stein & Lane, 1996).

What mathematical processes were actually used when problems were solved publicly in
Australian classes?

> In Australian classes, problems were most often solved publicly by stating
procedures (41%) or by giving the results only (36%). Only 2 per cent of problems
were solved by referring to the mathematical relationships or reasoning involved.

Each problem was classified into exactly one of 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. The categories 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
without any discussion of how or why it was attained.

» Using procedures: The problem was completed agorithmically, with the discussion focusing
on steps and rules rather than the underlying mathematical concepts.

o 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.

Figure 4.10 shows that, in Australia (36%), the Czech Republic, and the United States, a larger
percentage of problems per lesson, on average, were completed publicly by ‘giving results only’
than in the other three countries included in this analysis. *Giving results only’ occurred least
frequently (3 per cent, on average) in Japanese lessons. ‘Using procedures’ ranged from 27 per
cent to 55 per cent of problems per lesson across dl the countries (Austrdia: 41%), and from 8 to
33 per cent of problems per lesson were solved and discussed publicly by ‘stating concepts
(Australiaz 20%). A higher percentage (37%) of problems per lesson were solved publicly
through ‘making connections' in Japanese lessons than in al the other countries except the
Netherlands. Australian and United States |essons contained the smallest percentages of problems
implemented as ‘making connections (2 per cent and 1 per cent of problems per lesson,

respectively).
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Figure4.10 Average percentage of problems per lesson solved publicly by explicitly using
processes of each type
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Comparing Figures 4.9 and 4.10 indicates that the processes made explicit for students while
solving problems publicly were not necessarily identical to those suggested by the problem
statements. By tracing each problem through the lesson, it was possible to see what happened to
problems of various types as they were being solved.

For problems solved publicly in Australian Year 8 mathematics lessons, it was found that, on
average, the majority of both ‘using procedures’ problems and *stating concepts problems were
in fact solved using the types of mathematical processes implied by the problem statements.’
However, as is shown in Figure 4.11, in Australia only 8 per cent of ‘making connections
problems were in fact solved that way, alower percentage than all the other countries except for
the United States. Thirty-eight per cent of ‘making connections problems were solved by ‘giving
results only’, a higher percentage than all the other countries except for the United States.

An example of a ‘making connections problem that is solved publicly by using procedures can
be viewed in AU PRL 4 (00:18:25). Although the problem statement asks students to justify a
particular mathematical relationship, they do not reason about why this mathematical relationship

" Data not shown: see Hiebert et al. (2003), Figures5.10 & 5.11
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holds true. The public discussion consists only of a procedural verification based on the given
examples.

Figure4.11 Average percentage of ‘making connections' problems per lesson solved
publicly by explicitly using processes of each type
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Mathematical processesinvolved in private work

In all the countries, between 20 and 55 per cent of lesson time, on average, was devoted to
private work (Table 3.2). That is, Y ear 8 students were asked to complete mathematical problems
by working on their own or in small groups. How did Australian students spend their private
work time?

> As in all countries except Japan, Australian students spent the majority of private
time during lessons working on problems that required them to repeat procedures.

Less information was available to eval uate 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.
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‘Something other’ might have been developing solution procedures that were new for the
students or modifying solution procedures they already had learned.

Each private work segment was marked for whether students worked on an assignment with
problems that required them to repeat procedures, do something other than repetition, 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 4.12 shows that in Japan, on average, alarger percentage (65%) 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, than in Australia (24%) and the other five
countries. Japanese students spent 28 per cent of private work time repeating procedures, a
smaller percentage than in Australia (65%) and the other countries.

Figure4.12 Average percentage of privatework time per lesson devoted to repeating
procedures, and to something other than repetition or a mix of both
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Taking the percentages of lesson time devoted to private work (see Table 3.2) into account shows
that Australian students spent about 31 per cent of lesson time working privately on problems
that required them to repeat procedures, and about 12 per cent of lesson time working privately
on problems that required them to do something other than repetition, or a mix of repetition and
something other than repetition. The corresponding percentages for Japan were about 10 per cent
and 22 per cent, respectively. An example of a private work assignment requiring something
other than repeating procedures can be viewed in AU PRL 1 at 00:16:11. In this example,

8 Switzerland was included in this analysis.
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students have to construct a pentagon on the computer, and then move the vertices or sides of the
pentagon to see if the sum of the exterior angles changes. They conjecture what the sum might be
and then see if their conjecture holdstrue.

Prior to this exercise, students examined a five-point star inscribed in a circle and concluded that
the sum of the angles does not change when you move the points around the circle, and that the
sum of the inscribed anglesis always 180 degrees. Therefore, in their examination of the exterior
angles of a pentagon, students are doing something more than repeating procedures they have
aready |learned.

Summary

In this chapter, results were presented on the mathematical topics covered during the videotaped
Year 8 mathematics lessons, and on the ways in which mathematical problems — the main
vehicles for conveying mathematical content across the seven participating countries — were
posed and worked on during the lessons.

In all the countries, three major topic areas — number, geometry, and algebra — were the subject of
at least four-fifths of the problems presented during the lessons (Table 4.1). Up to 10 per cent of
problems dealt with statistics, and, in Hong Kong SAR, an average of 14 per cent of problems per
lesson concerned trigonometry. A common finding across countries regarding the problems
worked on publicly during the lessons was that the mathematical processes used were often
different from those implied by the problem statements — in particular, problems were solved *‘at
alower level’ (e.g., by giving the results only).

The results in this chapter suggest that the purpose segments found to characterise lessons in
Chapter 3 (Figure 3.7) were filled with mathematical problems that, in general, were consistent
with the relative emphasis on particular purposes found in several countries. Japan's relative
emphasis on introducing new content is consistent with its relatively high percentage of
mathematically related problems per lesson and relatively low percentage of repetition problems
(Figure 4.7). Hong Kong SAR'’s relative emphasis on practisng new content, and the Czech
Republic’s and the United States' relative emphasis on review, are consistent with the relatively
large percentage of repetition problems per lesson in these countries. A large percentage of
repetition problems were also found, however, in the other countries — Australia, the Netherlands,
and Switzerland. It is reasonable to conjecture that repetition becomes the most common
problem-related activity for teaching Year 8 mathematics unless there is a clear emphasis on
introducing new concepts or procedures.

The results in Chapter 3 showed that, on average, Japanese Year 8 mathematics lessons were
characterised by devoting lesson time to solving relatively few problems (Table 3.1) and
spending arelatively long time on each one (Figure 3.4). It appears that this structure was filled
with problems possessing a unique content character, compared to all the other countries, based
on a number of features. The problems in Japanese Y ear 8 mathematics lessons were of higher
procedural complexity (Figure 4.5), they included proofs more often (Figure 4.6), they were
related to each other more often in mathematically significant ways (Figure 4.7), and they
focused on making connections (Figure 4.9). Further, these problems were solved publicly in a
relatively distinctive manner. Alternative solutions were presented more often (Table 4.2), as
were problem summaries (Table 4.3), and, for over one-third of the problems, the teachers made
reference to the mathematical relationships or mathematical reasoning involved in the solutions
(Figure 4.10).
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Key results concerning Australia reported in this chapter include the following. Unless Australia
is specifically mentioned, a similar finding applies to all countries except Japan.

There were indications that the general curricular level of Australian Year 8 mathematics
lessons was lower, and the algebra content less demanding, than in most of the other
participating countries (Figure 4.1 and Table 4.1).

In Australia, just over one-quarter of problems per lesson had a rea-life setting, and
approaching one-half could be regarded as applications (Figures 4.2 & 4.4).

Most of the problems presented were of low procedural complexity, and few were of high
procedural complexity (Figure 4.5).

Proofs were hardly ever required (Figure 4.6), and instances of deductive reasoning were very
hard to find in general.

The magjority of problems per lesson were essentially the same as a preceding problem in the
lesson (Figure 4.7).

Alternative methods of solving problems, and problem summaries, were rarely presented or
encouraged (Tables4.2 & 4.3).

The maority of problems presented publicly were worded to suggest that they should be
solved by using procedures (Figure 4.9), and the majority of private time was spent working
on problems that required students to repeat procedures (Figure 4.12).

When problems were solved publicly, most often they were solved by using procedures or by
giving results only. In Australia, over one-third of problems were solved publicly by giving
results only, and only 2 per cent were solved by making reference to the mathematical
relationships or reasoning involved (Figure 4.10).
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Chapter 5

MATHEMATICSTEACHING IN HIGHER AND LOWER
ACHIEVING CLASSES

One of Australias aims for participating in the TIMSS 1999 Video Study was to gain
understanding of any differences found between Year 8 mathematics teaching practices in
Australia and those in the high achieving Asian countries in the TIMSS 1995 and 1999
assessment studies (see Chapter 1). Another perspective on teaching practices in relation to
achievement can be gained from extensions to the 1999 Video Study that were undertaken in both
Australia and Switzerland, where measures of mathematics achievement were administered to the
students in the videotaped classes. In both countries it was thought that achievement data would
enhance the study by providing the opportunity to look at teaching practices in relation to the
quality of student outcomes, even though there would be only one snapshot of teaching and
learning for each videotaped class.

In their extended study, Switzerland used the full ‘Population 2 (Year 8 in most countries)
mathematics tests from the TIMSS 1995 and TIMSS 1999 assessments, as well as additional
questionnaires for teachers and students. In Australia, because a full TIMSS mathematics test at
this level would require 90 minutes of testing time, a subset of 50 items from the TIMSS 1995
assessment was administered. The 50 items were assembled into what is known in Austraia as
the International Benchmark Test in Mathematics (IBT-M), Level 2, published by the Australian
Council for Educational Research." Thistest is designed to be completed in one hour.

The analyses reported in this chapter, where teaching practices are examined in groups of classes
contrasted by achievement level, are at best exploratory because each class was looked at on only
one occasion and variation between lessons for any given teacher would be expected. Further, it
is not possible to conclude from the single occasion data that any difference between teaching
practices in classrooms contrasted by achievement level is a determining factor in the students
achievement. It is equally plausible that differences found could be a consegquence of differences
in students' ability levels. Either way, however, it isinteresting to identify differencesin teaching
practices associated with differences in student achievement. Other studies can ask the question
‘Are there differences in teaching practices that help some classes of students to achieve better
than others?, while this study asks ‘Do teachers tend to use different strategies when teaching
classes of different skill levels?.

Natur e of the Data

Data on lesson content and teaching practices arising from the TIMSS 1999 Video Study involve
judgments made by coders, but these are predominantly ‘low inference’ in nature, documenting
events rather than offering judgments on quality. However, as explained in Appendix A,
specialist coding groups provided higher inference data on some aspects for all or some of the
videotaped lessons. Judgments were made of the procedural complexity of every problem dealt
with in al of the lessons, and of the relationship among problems within lessons. Ratings on
several dimensions of lesson quality were assigned in a subsample of 20 lessons per country, but
these data were not included in the analyses undertaken for this chapter because of the small
sample size.

As we saw in Chapter 4, ‘procedural complexity’ was defined as ‘the number of stepsit takes to
solve a problem using a common solution method'. This kind of complexity was coded because it
IS less dependent on students' prior experience or ability than would be, for example, level of

! Thistest, and an equivalent one in science, were constructed and published with permission from the
International Association for the Evaluation of Educational Achievement (IEA) in Amsterdam.
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mathematical content. Procedural complexity was rated as low if four or fewer decisions needed
to be made to solve the problem; as moderate if more than four decisions were needed and up to
one sub-problem was present; and as high if more than four decisions were needed and two or
more sub-problems were present. Procedural complexity is of interest because it is an aspect of
whether the students would have been challenged by their mathematics lesson.

The relationship among problems within a lesson was described by classifying second and later
problems worked on according to whether they were: 1) a‘repetition’ of the previous problem; 2)
‘mathematically related’ to a prior problem in a significant way; 3) ‘thematically related’ in that
they were on a similar topic or part of alarger cover story; or 4) ‘unrelated’. A problem that was
both mathematically and thematicaly related was coded as the former. The dimension of how
problems are related is of interest because it is an indicator of the clarity and coherence of the
lesson.

Apart from the ratings on these variables, most other data from the videotaped |essons are not
evaluative in nature. However, among the large number of variables pertaining to teachers
pedagogical strategies and the structure and content of lessons available from the video study, are
many that could be expected, based on mathematics education research literature, to be
characteristic of good mathematics teaching. In terms of classes contrasted on mathematics
achievement, it is of course desirable that both higher and lower achieving students experience
good teaching. Many variables would be expected to be similar in the two groups of classes,
including teacher qualifications and experience, time spent on lesson planning, and aspects such
as lesson clarity and coherence.

Hypothesised Differences

It is also recognised as good pedagogy to adjust one's teaching methods to cater for students
current skills and abilities. Variables where a difference between higher and lower achieving
classes might be expected include:

« Higher in higher achieving classes. type and level of mathematical content; procedural
complexity of problems; incidence of longer duration problems; problems involving
mathematical thinking; use of mathematical language and symbols; incidence of new topics,
homework requirements; and time spent by students in working independently.

e Higher in lower achieving classes: use of real-life connections and concrete materials;
incidence of problems that are repetitions; problems focusing on correct use of procedures,
percentage of time spent in review; time spent on new material; time spent in group work;
discussion of homework during class time; and extent of student and teacher talk.

These, and other, variables were examined for significant differences after the Australian classes
were assigned to two groups based on mathematics achievement. Given the exploratory nature of
the analyses and the relatively small sample of classes, differences significant at the .10 level are
regarded as worthy of consideration. However, most of the differences identified here were
significant at least at the .05 level.

Unless stated otherwise, all results presented in the chapter are based on weighted data
Significance tests were simple t-tests or chi-squared tests with adjustments made to standard
errors for design effects arising from the two-stage sampling.

Classes Contrasted on M athematics Achievement

Mathematics achievement data were available for 75 of the 87 classes in the Australian video
study sample. Teachers could choose whether to administer the IBT-M test on the same day as
the lesson was videotaped or on a day shortly afterwards. A few teachers did not want their
students to give up lesson time to do the test and some, having agreed to administer it, were not
ableto fit it in. Given the industrial situation in many schools at the time, the researchers did not
press the issue.
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Class means on the 50-item test ranged from 13.5 to 43.8. Two classes identified by their teachers
as remedial classes did not do the test. The highest scoring three classes were al identified by
their teachers as accelerated or extension classes. The class means were approximately normally
digtributed, with a mean of 28.7 and median of 27.9. Given a desired minimum of 30 classes per
achievement group for further analysis, there were not enough classes with data to form high,
medium and low groups. Two contrasting groups were set up containing 32 classes each. Eleven
classes scoring around the median were omitted, to minimise incorrect allocation of classes to
groups. Class means in the higher group ranged from 29.5 to 43.8, and those in the lower group
ranged from 13.5 to 26.9.

Results of Analysesof the Teacher Questionnaire
Teacher characteristics, workloads and attitudes

As hoped, the teachers of higher and lower achieving classes did not differ in their qualifications
and years of teaching experience. As seen in Chapter 2, the teachers of the whole sample of
Australian classes in the video study had been teaching for a median of 17 years. It is known
from official records that median teacher age in Australian secondary schools would have been
about 47 years in 1999, which suggests that the video study sample teachers were younger and
possibly less experienced than the Australian average. The most likely scenario is that schools
were deploying their more experienced teachers to teach mathematics at higher year levels. As
indicated here, though, they were not deploying more experienced teachers differentialy, on
average, to teach higher or lower stream classes a Y ear 8.

Some significant differences were found in teaching responsibilities, however, and aso in
teachers' attitudes and beliefs. The teachers of classes in the higher achieving group taught
mathematics for 14 hours a week on average, while their colleagues responsible for the lower
achieving classes taught mathematics for only 10.5 hours per week on average (difference
significant at p < .05). A corollary of these data, as might be expected, is that teachers of the
lower achieving classes tended to spend more time teaching other subjects than teachers of the
higher achieving classes. The former spent 12.9 hours a week and the latter spent 9.7 hours a
week, on average, which was significantly different at the .10 level. A few of the lower achieving
classes were remedia classes, who may have had Special Education teachers with responsibilities
for teaching in severa subject areas. If this were the case, it would help explain the differencesin
teaching responsibilities between the two groups of classes.

No difference between the teachers of the higher and lower achieving Austrdian classes was
found in the amount of time spent in planning for the videotaped lesson or in the amount of time
per lesson normally spent in planning. In all seven countries, teachers spent more time in
planning for the videotaped lesson than for a normal lesson, though the difference in the
Netherlands and Switzerland was small (about 5 minutes). In Australia the difference was 15
minutes per lesson in the whole sample (averages of 39 minutes for the videotaped lesson and 24
minutes for a normal lesson). The teachers of the higher and lower achieving class groups did not
differ from each other in lesson planning times.

Teachers were asked several questions about their attitudes to teaching in general, to mathematics
teaching, and to mathematics. A 4-point scale, from ‘strongly disagree’ to ‘strongly agree’, was
used. The means on a selection of the attitude questions for the teachers of the higher and lower
achieving groups of classes are presented in Table 5.1. The questions were randomly placed in a
list of 30 statements.
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Table5.1 Mean scoresof teachersof Australian higher and lower achieving classeson
selected attitudeitems

High group Low group
ltem* mean mean
Teaching mathematics is rewarding work. 31 34
| have a strong mathematics background in the areas | teach.? 34 38
| am enthusiastic about teaching mathematics. 3.6 37
| am often impressed with the quality of thinking of my students. 33 3.0
If | had to choose, | would become a teacher again. 31 33
| enjoy teaching students of this age level .2 34 3.8
| prefer to teach a class that has students of different ability levels? 21 2.6
| am proud of the quality of my teaching. 34 3.2
| think that | am an effective teacher. 33 3.2

1 A 4-point scale was used, with 4 indicating strong agreement.
2 Difference significant at p < .05

The differences in mean scores are quite small, but teachers' responses within a group were fairly
uniform on some items, leading to very small standard errors. No difference was found between
the groups on several important variables, such as attitude to teaching in general and belief in
one's ability as a teacher. Teachers of the lower achieving classes were more likely to enjoy
teaching students of this age level than teachers of the higher achieving classes were, though they
aso had a stronger preference for teaching classes of mixed ability. In addition, they were more
likely to agree that they had a strong mathematics background than did the teachers of the higher
achieving classes. The differences for ‘teaching mathematics is rewarding work’ and for being
‘often impressed with the quality of their students' thinking' did not quite reach significance at
the .10 level.

Aimsfor the lessons

Teachers were asked to identify the topic(s) of their videotaped lesson by ticking as many as were
relevant from a given list. The list of 22 topics, many of which were sub-topics rather than
broader areas, was compiled from curriculum documents supplied from each country to the
questionnaire developers. Teachers were also asked to give a brief description of the unit or
sequence of lessons of which the taped lesson was part, and the main thing(s) that students were
expected to learn from the unit.

The magjority of teachers ticked more than one of the 22 topics as the intended focus of their
videotaped lesson. Occasionally the topics a teacher ticked came from different main areas (e.g.,
algebra and geometry), but usually this was not the case. No difference was found between higher
and lower achieving classes in the number of topic goals indicated by the teachers (on average,
3.2 goals per lesson compared with 2.5). There was aso no difference at the .05 level between the
two groups of classesin the main topic areas nominated by the teachers, though there was a trend
(significant at the .10 level) for more focus on algebra in the higher achieving group (29 per cent
of teachers compared with 14 per cent in the lower achieving group). There was a difference
similar in magnitude for geometry goals (45 per cent in the higher group and 31 per cent in the
lower) but this was not statistically significant.

Teachers' responses concerning the ‘main thing' they wanted their students to learn from the
sampled lesson were coded on three dimensions — content, processes, and perspectives.
‘Processes’ included ‘knowing', ‘operations or calculations’, ‘mathematical thinking’, and so on,
and ‘perspectives' included such aspects as developing ‘interest’, ‘awareness’ and ‘ confidence'.
In the international coding, 25 per cent of the Australian teachers apparently did not nominate a
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content goal in answering this question. When looking at their actual questionnaires, however, it
is clear that several teachers thought they did not need to mention a content area again, as they
had aready written it in other places. For example, one teacher wrote that the most important
thing was for students ‘to understand the concept and its applications' in alesson that was clearly
on the topic of ratios.

Table 5.2 shows the percentages of classes in the higher and lower achieving groups whose
teachers identified the various content, process, and perspective goals as most important for their
lesson. Most pairs of percentages were not significantly different. There is some evidence of less
difficult content in the lower achieving group in that there was significantly more focus on
measurement, which is categorised as lower level geometry in Teaching Mathematics in Seven
Countries (p. 69). The percentages focusing on other geometry and algebra were numerically
higher in the higher achieving classes but the differences were not significant.

Table5.2 Incidence of goalsidentified asmost important for the Australian higher and
lower achieving classes
Content goal % Process goal % Per spective goal %
Number Knowing mathematical content Developing mathematical dispositions'
High group 25 High group 16 High group 4
Low group 12 Low group 17 Low group 15
M easurement? Using routine operations Awareness of mathematicsin life
High group 2 High group 44 High group 0
Low group 17 Low group 31 Low group 6
Geometry Using mathsin real world problems | Increasing students’ confidence
High group 28 High group 13 High group 0
Low group 16 Low group 11 Low group 3
Algebra Developing problem solving skills | Encouraging good attitude to maths
High group 27 High group 9 High group 5
Low group 14 Low group 9 Low group 0
Statistics/Data Thinking mathematically None, or ‘other’®
High group 8 High group 7 High group 91
Low group 12 Low group 8 Low group 76
None, or ‘other’® None, or ‘other’®
High group 10 High group 10
Low group 29 Low group 23

! Difference significant at p < .10
2 Difference significant at p < .05
% In each case there were asmall percentage of goals categorised as ‘ other’ (between 1 and 6 per cent).

It was expected that there would be more emphasis on higher-level skills, such as thinking
mathematically and developing problem solving capabilities, in the higher achieving group, and
relatively more emphasis on use of routine operations in the lower achieving group. The data did
not support this expectation. The table aso shows a tendency for more emphasis on attitudinal
goas in the lower achieving classes than in the higher achieving classes — for example,
‘devel oping mathematical dispositions’ such as objectivity, inventiveness and curiosity.

To provide further information on the videotaped lessons, teachers indicated which ideas and
skills taught in the lessons were ‘mainly review’ and which were ‘mainly new’ to the students.
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Six variables were derived from their responses, according to whether a content, process, or
perspective idea or skill was mentioned as mainly review, and likewise as mainly new. Mentions
of each type of review idea or skill occurred in more than 90 per cent of the classes in each
achievement group. Table 5.3 shows the percentage of classes by achievement group for the
‘mainly new’ ideas and skills, which occurred significantly more often for content (p = .07) and
processes (p = .06) in the higher achieving than the lower achieving classes. Teachers of the
lower achieving classes may have introduced less new content into their sampled |essons than
teachers of the higher achieving classes, but they said they were significantly more comfortable
in trying new teaching techniques (p < .05), as revealed by their responses to another question.

Table5.3 Incidenceof ‘new ideasand skills in the Australian higher and lower
achieving classes

New idea or skill category High group % Low group %
Content* 94 75
Process' 94 78
Perspective 94 80

! Difference significant at p < .10

The teachers descriptions of the unit of lessons of which the sampled lesson was a part also
provided relevant information on the mathematics the students were experiencing (stand-alone
lessons were rare). Some units did not fit within a mathematics topic area, being described by
their teachers as, for example, ‘problem solving and communication of results — developing the
courage to try’, or ‘applied maths in a variety of investigations . Where the descriptions did fit
into a content category, the differences identified above were supported: there was significantly
more emphasis on algebra in the higher achieving classes and on measurement in the lower
achieving classes.

At a broader level, teachers were asked to list the three most important things they wanted their
students to learn from * studying mathematics this year’. Their responses were once again coded
on the three dimensions of content, processes and perspectives. Considering the year as a whole,
there was no difference between the higher and lower achieving groups in content goals
mentioned by their teachers, or in most of the process goals. A difference was found (p = .06) for
the process of communicating mathematics — becoming familiar with mathematical language and
‘being able to talk and write mathematics . More value was placed on this process by the teachers
of the lower achieving classes than by the teachers of the higher achieving classes.

Perspective goals played a larger part in teachers aims for the year than for the videotaped
lesson, as can be seen by comparing the percentagesin Table 5.4 with thosein Table 5.2.

Table5.4 Incidence of perspective goalsidentified asimportant for theyear in the
Australian higher and lower achieving classes

Per spective goal High group %" Low group %"
Developing mathematical dispositions’ 42 18
Increasing awareness of mathematicsin life 34 23
Increasing students’ confidence? 32 59
Encouraging positive attitudes to maths 49 33

! Percentages do not add to 100 because teachers could nominate up to three goals.
2 Difference significant at p < .05




M athematics Teaching in Higher and Lower Achieving Classes 85
Chapter 5

What is most interesting about the results in Table 5.4 is the change in emphasis on perspectives
to the higher achieving classes from the lower achieving classes. When the year as a whole was
considered, significantly more teachers of the higher achievers stated the goal of developing
mathematical dispositions in their students than did teachers of the lower achievers, which is a
reversal of the situation from the videotaped lesson. The strong emphasis on increasing the
confidence of students in the lower achieving classes compared with the higher achieving classes
is aso noteworthy.

Tailoring the lessons:. teachers’ intentions

To what extent do the teachers questionnaire responses indicate differences in the teachers
intentions for their higher and lower achieving classes?

> Teachers of the higher achieving classes indicated more focus on algebra and
teachers of the lower achieving classes indicated more focus on measurement, in
some contexts. Teachers of the higher achieving classes indicated more introduction
of new material, while teachers of the lower achieving classes indicated more
consideration of their students’ interests, thinking and difficulties.

Some of the results described in the previous section suggest that teachers were tailoring their
lessons to the likely higher and lower skill levels, on average, of the studentsin higher and lower
achieving groups of classes. For example, there was a tendency (significant at the .10 level) for
more focus on algebrain the higher achieving group than in the lower achieving group. In terms
of the most important thing the teachers wanted their students to learn from the lesson,
significantly more of the lower achieving group teachers mentioned a measurement topic, which
was characterised internationally as lower level geometry. Teachers claimed to have introduced
more new material to students in the higher than in the lower achieving classes. There was also a
difference on an item embedded in a list of sources of ideas for the videotaped lesson, most of
which were resources such as teacher guides, which asked to what extent the teachers used
‘knowledge about your students interests, thinking, or difficulties when planning their lesson.
Teachers of the lower achieving classes acknowledged that they used this factor significantly
more often than did teachers of the higher achieving classes (p < .05).

It was expected that more emphasis might have been placed on higher-level skills, such as
mathematical thinking and conceptual understanding, in the higher achieving group and on
lower-level skills, such as carrying out routine operations, in the lower achieving group. The
teachers' responses did not support these expectations. A comparatively greater emphasis on
mathematics in real world contexts was hypothesised for the lower achieving group, but was not
borne out by the teachers' responses either.

What was Observed in the Videotaped L essons?

The variables discussed in this chapter so far have arisen from the Teacher Questionnaire. Coded
observations of events in the videotaped lessons will now be drawn on to describe what actually
happened in the groups of classes. Results on many of the variables included in this section are
presented in Chapters 3 and 4 for Australia as a whole and discussed in relation to the other
countries' results. In this section, results for higher and lower achieving classes are described for
lesson structure and coherence, lesson events, mathematical problems worked on, and use of
resources and contexts. The lessons of the higher and lower achieving Australian classes did not
differ significantly in length, but nevertheless there was a numerical difference of 6 minutes in
average time, considered sufficient to make comparisons of frequencies dubious. For this reason,
most of the analyses undertaken for this section are based on percentages.

Lesson structure and coherence

As mentioned in Chapter 3, 95 per cent of the lesson time in Australia, on average, was spent in
mathematical work and a further 4 per cent was used for organisationa tasks connected with the
mathematics that the students would be or were doing — distributing worksheets, for example.
The higher and lower achieving Australian classes did not differ from each other in these aspects.
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We also saw in Chapter 3 that mathematical work time was mainly spent in working on problems
but also could be, for example, the teacher giving a lecture or demonstration or the students
reading material from a textbook. The percentage of lesson time devoted to working on problems
in the higher achieving classes (84 per cent) was significantly greater (p = .07) than that in the
lower achieving classes (75 per cent), athough time working on problems was clearly the
dominant element in all classes.

Another aspect of lesson structure reflects whether students spent their mathematical work time
in public interaction (whole class interacting publicly with the teacher) or private interaction
(students working individually, or in small groups, who could interact with the teacher on an
individual basis). Together with the Netherlands and Switzerland, Australia had the closest to
egual allocation of time to public and private interaction, 52 and 48 per cent, respectively (Table
3.2). In the higher and lower achieving Australian classes, there was a tendency for more private
interaction in the lower group than in the higher group (51 per cent compared with 43 per cent of
thetime, p <.10). Thiswould have alowed teachers to work more extensively with their students
on an individual basisin the lower achieving classes.

During private interaction time in the Australian lessons, students on average worked individually
for 73 per cent of the time and in pairs or small groups for 27 per cent of the time (Figure 3.9).
The corresponding statistics were 80 per cent working individually and 20 per cent working in
pairs or small groups in the Australian higher achieving classes, while in the lower achieving
classes it was 64 per cent working individually and 36 per cent working with one or more group
members. These differences were statistically significant at the .10 level.

There is agreement in the literature that lessons are easier for students to follow and learn from if
they are well structured and coherent. Lessons are more coherent if teachers provide ‘advance
organisers’ to orient the students about what is going be covered and summaries to review what
was covered, and do not switch much from topic to topic. Overall, at least one goal statement was
given in more than 70 per cent of the Australian video study lessons but summary statements
were provided in only 10 per cent (Figure 3.10). While numerically more of the lower achieving
than the higher achieving Australian lessons included a goa statement (75 and 60 per cent,
respectively), and more of the higher than the lower achieving lessons included a summary (17
and 8 per cent, respectively), the differences were not statisticaly significant. The higher and
lower achieving class groups also did not differ in the extent of outside interruptions that would
have disturbed the lesson flow — such interruptions occurred in about 30 per cent of each group’s
lessons. Nor was there was any difference between the higher and lower achieving classes in the
percentage of lessons in which all problems were on the same topic (46 and 52 per cent of
lessons, respectively).

Other lesson events

A further aspect of the division of time within lessons is whether the lessons' tasks involved
review of previously presented material, or coverage and practice of new material. Along with
most other countries, relatively more time was spent working on new material than reviewing
previoudly learned content in the Australian lessons as a whole (Figure 3.7). Figure 5.1 shows the
breakdown of the higher and lower achieving Australian class groups on variables pertaining to
the various purpose types of lessons. The differences in average percentage of lesson time spent
on previous and new content in the two groups of classes just failed to reach significance at the
.10 level. In terms of occurrence, rather than time spent, significantly more lessons in the higher
achieving class group involved the introduction of new content than lessons in the lower
achieving class group (p < .01). If practising new content is considered as well, there was clearly
agreater focus on new material in the higher achieving classes than in the lower achieving classes
(dsop<.01).
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Figure5.1 Occurrence and duration of lesson purpose typesin the Australian higher and
lower achieving classes
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Another important element of classroom instruction that was monitored in the video study is the
nature and extent of classroom talk. While there is no consensus from research on the role that
teacher and student classroom talk plays in students' learning (see Chapter 3), current views on
mathematics teaching in Australia advocate student participation in lessons, including
involvement in classroom talk as well as other aspects such as hands-on use of equipment. In
their video study questionnaire, teachers were asked if their lesson was ‘in accord with current
ideas about the teaching and learning of mathematics’, and if so, in what way. Their answers had
to be written in, with no prompts supplied. Many aspects were mentioned, but the one most
commonly stated was ‘students actively involved'. There was a highly significant difference
between the percentages of teachers in the higher and lower achieving class groups who gave this
response (7 per cent and 36 per cent, respectively). That is, the teachers of the lower achieving
classes believed their lessons embodied this feature much more than did the teachers of the higher
achieving classes.

One perspective on student involvement is available from the Text Analysis Group’s quantitative
analysis of public classroom talk in the videotaped lessons. Some of their data are included in
Chapter 3, in Figures 3.12 to 3.14. To account for variations in lesson length, variables were
created that standardised student and teacher talk to a lesson length of 50 minutes. As mentioned
in Chapter 3, Australian teachers spoke 5536 words per lesson, and Australian students spoke 810
words per |esson, on average.

How student and teacher talk was distributed in the higher and lower achieving Australian classes
is shown in Table 5.5. The groups of classes did not differ on teacher talk but there were clearly
significant differences between the groups in numbers of words spoken by the students. The
differences found agreed with the claims made by significantly more of the teachers of classesin
the lower achieving group, reported in the preceding paragraph but one, that their lessons were
structured to provide opportunity for student involvement.
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Table5.5 Averagenumbers of words spoken during public interaction by teachers and
studentsin the Australian higher and lower achieving classes

Words spoken per lesson® High group Low group
Overall number of teacher words 5496 5284
Number of teacher words — mathematical content 3784 3635
Overall number of student words” 617 900
Number of student words — mathematical content 437 629
Proportion of overall student to teacher words? 0.10 0.15

1 Normalised to alesson length of 50 minutes
2 Difference significant at p < .05

Work on mathematical problems

The most important component of mathematics lessons in all countriesin the TIMSS 1999 Video
Study was time devoted to working on solving problems. Eighty per cent or more of lesson time
in each country was spent in this way (Figure 3.2). Early in Chapter 3, the three ways in which
problems were categorised for analysis were explained — as ‘independent’ or self-contained
problems that could be worked on either by the whole class or by students working
independently; as ‘concurrent’ problems given to students as a set to work on privately; and as
‘answered only’ problems, usually from homework or a test. For Australia, the average numbers
of independent and answered-only problems per lesson were 7 and 1, respectively (Table 3.1).
Although the number of concurrent problems assigned to students was determined, it was often
not clear how many were worked on in any given lesson. Nevertheless, the time taken for this
activity could be measured. The percentage of lesson time devoted to each of the three kinds of
problem is given in Figure 3.3. This shows that Australia had one of the highest percentages of
lesson time spent on concurrent problems (54%) and correspondingly one of the lowest
percentages of lesson time spent on independent problems (26%). The incidence of answered-
only problems was very small in Australia, rounding to O per cent.

In the groups of Australian higher and lower achieving classes, there were substantial differences
in the use of lesson time for independent and concurrent problems, and aso in the average length
of time per problem, as shown in Table 5.6.

Table5.6 Allocation of lesson time by problem typein the Australian higher and lower
achieving classes

Timeuse High group Low group
Percentage of lesson time on | Ps* 44 13
Percentage of lesson time on CPs* 40 61
Percentage of problem time on CPs' 48 85
Average duration per IP (minutes)* 5.2 15

! Difference significant at p < .01
Note: IP = independent problem; CP = concurrent problem, as defined in Chapter 3

Working on an independent problem could mean severa things, including solving the problem
publicly in whole class discussion with the teacher; solving it independently or perhaps in pairs,
followed by class discussion; or students solving it, with the teacher then just giving the answer.
The latter occurred very little in Australia, as mentioned above. The longer average duration per
independent problem in the higher achieving Australian classes may mean that the problems were
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discussed for longer in the class as awhole, or were more challenging and required more time to
solve, or a mixture of both.

Table 5.5 shows that there was more student talk in the lower achieving classes than the higher
achieving classes as a whole and no difference between them in amount of teacher tak. If the
analysis is redtricted to the lesson segments devoted to independent problems only, there is no
difference in student talk but a significant difference in teacher talk (standardised to a lesson
length of 50 minutes) between the two groups of classes, with more teacher talk in the higher
achieving group. This can probably be explained by the difference in time devoted to independent
problems. However, it is interesting to note that the ratio of teacher to student talk in the higher
achieving classes while working on independent problemswas 8 to 1, but it was only 5to 1 in the
lower achieving classes. These ratios imply that there was relatively more student involvement in
public discussion of independent problems in the lower achieving classes than in the higher
achieving classes.

The emphasis on having students solve problems from worksheets or a textbook in the lower
achieving classes is clear from the data shown in Table 5.6 on time spent on concurrent problems.
Concurrent problems would not necessarily be easier than independent problems, though the
concentration of lesson time on them in the lower achieving classes suggests that in Australia
they may have been. Further perspectives on the findings discussed in relation to Table 5.6 are
given in the following paragraphs, where various characteristics of the independent and
concurrent problems within the higher and lower achieving class groups are examined and
discussed in relation to the differential emphasis on the two problem types.

Table 5.7 provides severa insights into aspects of the independent and concurrent problems, and
the way that the two problem types were used in the higher and lower achieving class groups.

Table5.7 Characteristicsof independent and concurrent problemsworked on in the
Australian higher and lower achieving classes

Independent problems Concurrent problems

Problem characteristic Highgroup Lowgroup Highgroup Low group
Percentage of problems:

With no choice of solution method 92 91 82 97

Worked on for less than 45 seconds 39 22 88 88

Involving real-life context in set up 19 36° 21 36

Involving students’ use of physical materials 7 2 14 5

Containing atable 8 5 10 33?

Containing math. symbols/language only 807 61 79 64

With a problem summary 152 6 3 3
Percentage of lessons with:

At least one problem with more than one 212 5 8 4

solution presented publicly, at least one of

which was suggested by students

At least one problem with more than one 39° 5 8 5
solution presented publicly, suggested by a

student or the teacher

At least one problem with a problem 513 13 8 12
summary

! Difference significant at p < .05
2 Difference significant at p < .10
3 Difference significant at p < .001
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Table 5.7 shows that concurrent problems assigned to students on worksheets or from a textbook,
which the students usually undertook as ‘seatwork’, were overwhelmingly short in duration and
most offered no choice of solution method. Although there was a significant difference, at the .05
level, between the higher and lower groups of classes in the percentages of concurrent problems
with no choice of solution method, the percentage was still high (82%) even in the higher
achieving group. Smaller percentages of independent problems than concurrent problems took
less than 45 seconds to solve on average, but, regardless of time taken, almost all the independent
problems involved no choice of solution method. Although the percentage of problems with more
than one solution method was very small, the percentage of lessons in which at |east one problem
had more than one solution method suggested was greater. More lessons had independent rather
than concurrent problems with more than one solution, and significantly more such lessons
occurred in the higher achieving classes. Although 18 per cent of the concurrent problems in the
higher achieving classes had a choice of solution method, these were concentrated in only 8 per
cent of the classes.

It was expected that more use would be made of real-life contexts in the lower achieving classes
than in the higher achieving classes. This was borne out by the data for independent problems but
was hot significantly different for concurrent problems. It was also expected that more use of
physical materials would be made in the lower achieving classes. However, the percentages of
problems involving students' use of physical materials were numerically higher, for both kinds of
problems, in the higher achieving classes compared with the lower achieving classes, although
the differences were not statistically significant. A further aspect that differentiated problem types
and also higher and lower achieving classes in the way that the problems were dealt with lay in
the use of problem summaries. Just as learning may be enhanced through lesson content being
summarised, it seems likely to be a good pedagogical strategy to summarise problems. The
percentage of lessons containing at least one summarised problem was much higher than the
actual percentage of problems that were summarised, as can be seen from the table. Not
surprisingly given their definition, it was mostly independent problems that were summarised, but
this occurred more commonly in the higher achieving classes than in the lower achieving classes.

The variety of problems within each problem type is shown in Table 5.8. Problems were coded
according to whether they were a repetition of a prior problem (i.e., requiring the same operations
to solve), mathematicaly related in a significant way, thematically related (i.e., on asimilar topic
or connected to other problems by a cover story), or unrelated. None of the comparisons of
percentages between higher and lower achieving classes was significant, but the data extend the
perspective from Table 5.7 that the majority of problems were short and likely to be tasks
involving routine procedures, as was shown in Chapter 4 for the whole sample (Figure 4.9).
About 70 per cent of students private time working on problems in the lower achieving
Australian classes was spent in doing no more than repeating procedures, and about 60 per cent
was spent likewise in the higher achieving classes, adding further to the impression of emphasis
on routine work.

Table5.8 Relationship of problemsto previous problemsin the Australian higher and
lower achieving classes

Independent problems % Concurrent problems %
Relationship Highgroup Low group Highgroup Low group
Repetition 63 54 77 84
Mathematically related 14 18 14 8
Thematically related 15 16 5
Unrelated 8 11 3 1

Note: Thefirst problem in each lesson was excluded.
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Problems worked on publicly were also coded according to whether they were presented as
‘using procedures, as ‘stating concepts, or as ‘making connections problems. For the
Australian lessons as a whole, as mentioned in Chapter 4, the mgjority of the first two kinds of
problems were solved using the processes implied by the problem statements. However, fewer
than one in ten of the ‘making connections problems were actually solved that way (Figure
4.11). It might be expected that ‘making connections' processes would be more likely to be used
in the higher than in the lower achieving classes, but this was not found. There was no difference
in the percentages of problems in each of the three categories between the higher and lower
achieving classes. Significantly more of the ‘using procedures problems were solved by using
procedures in the lower achieving classes than in the higher achieving classes (71 per cent
compared with 57 per cent, significant at p < .05). Almost 10 per cent of the ‘using procedures
problems were actually solved by stating concepts in the higher achieving classes, which hardly
ever occurred in the lower achieving classes (difference significant at p < .01).

Still further reinforcement of the view that mathematical problems assigned to Year 8 studentsin
Australia, whether or not the students were in high achieving classes, were mostly
straightforward, routine exercises with little to challenge the students, arises from the data
presented in Figure 5.2. The procedural complexity categories are defined briefly earlier in this
chapter (under ‘Nature of the data’) and more fully in Chapter 4.

Figure5.2 Procedural complexity level of independent and concurrent problemsin the
Australian higher and lower achieving classes
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The percentage of problems rated as low in complexity was 10 per cent higher in Australia than
in any other country (though not always significantly different). There may be a case for focusing
on routine problems in lower ability classes, to help students achieve some success in solving
them. But what kinds of problems led to such a high percentage of low complexity ratings in the
higher achieving classes? In fact, in eight of the 32 classes in the higher achieving group, the
majority of problems were not rated as being of low complexity. Five of these were geometry
lessons, two involved extended projects in statistics, and one was a number lesson with mostly
conceptual work about relationships among fractions, decimals, ratios and so on.

However, in ten of the lessons, all problems were classified as being of low complexity. Six of
these were algebra lessons, in which students were given large numbers (135 in one case) of
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expressions to simplify, factorise or expand, or simple eguations to solve. Two were
measurement lessons with 20 or more areas or volumes to calculate, one was a humber lesson
with many ratios to work on, and another was a number lesson with several problems where
interest had to be calculated. In the remainder of the higher achieving classes, which had most but
not all problems classified as being of low complexity, six were algebralessons (again with many
repetitive exercises); four were number lessons in ratio or rate; two were statistics lessons on
constructing frequency distributions; and two were geometry lessons about congruent triangles.

It is true that only one lesson was filmed for each teacher and a lesson on a different day or topic
may well have been different. On the other hand, lessons were filmed at different times of the
year to ensure a cross-section of topics and stages in students' learning. The fact that many short,
repetitive and low complexity tasks were so dominating in Australian Y ear 8 algebra lessons and,
to a lesser extent, in number lessons, leaves a strong impression of mathematics lacking in both
interest and challenge for students.

Homework

Chapter 3 presented findings on the incidence of homework in Australian lessons, both worked
on during the videotaped lesson and set for the next lesson, in comparison with other countries.
According to the Teacher Questionnaire responses, 24 of the 32 higher achieving classes had
been set homework that was due on the day of the videotaped lesson, compared with only 12 of
the 32 lower achieving classes. The weighted percentages observed for homework being set were
72 and 44 per cent, respectively, in the higher and lower achieving classes (significantly different
at p < .05). Teachers who had set homework estimated that students would need 21 minutes, on
average, to complete it in both the higher and lower achieving class groups. Very little time, only
about a minute, was actually spent in both groups of classes on publicly reviewing homework
problems set previoudly.

There was a significant difference (p < .05) in the percentage of lesson time, on average, spent in
discussing problems for future homework in the higher achieving than in the lower achieving
class group, though this represented only about 6 minutes per lesson in the higher group and
about 2 minutes per lesson in the lower group. Clearly, working on homework during lesson time
was not amajor element of Australian mathematics lessons.

The type of homework exercise set, according to the teachers descriptions, was similar in the
higher and lower achieving classes. Completing worksheets or textbook exercises, or revising
material for an exam or test, were the activities usually set by the teachers who assigned
homework during the videotaped lessons. In only one case were students asked to do some
reading related to the next lesson and in two cases students were asked to continue work on their
class projects.

Tailoring the lessons: what was observed

It was noted earlier that there was some difference in teachers' intentions for the groups of classes
categorised as higher and lower achievers in mathematics. To what extent were differences
observed?

> Differences were observed on several aspects where differences were expected, but
not on several others that were expected. In particular, there was no difference
observed in the level of procedural complexity of problems assigned in the higher
and lower achieving classes. A large majority of the problems in both groups were
rated by specialist mathematics coders as being of low procedural complexity.

As intended, more focus was placed on algebra topics by the teachers of the higher achieving
classes, but, as other analyses have shown, the material presented in these lessons was not
necessarily more complex than material that was presented in lessons on other topics. The
teachers of higher achieving classes were not found to emphasise higher-order skills such as
mathematical thinking more extensively in their classes than were teachers of the lower achieving
classes.
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More use was made of lesson time in the higher achieving than in the lower achieving classes to
work on problems, and proportionally more time was spent on problems classified as
‘independent’ rather than as ‘ concurrent’. The greater time spent working on concurrent problems
in lower achieving classes allowed teachers more time to circulate and help students individualy.

As expected, more time was spent in the higher achieving class group in practising new content,
and in presenting and practising new content considered together, than in the lower achieving
class group. Some element of challenge was revealed for the higher achieving group in that more
of their concurrent problems involved a choice of solution method than in the lower achieving
group, but the percentage of problems involving choice was still quite small (less than 20 per
cent). There may have been more challenge in the independent problems presented in the higher
achieving classes since they required more time to solve than in the lower achieving classes, but
this was not the case for concurrent problems. Overall, there was evidence of problems that
required sustained attention in only a handful of the Australian classes.

Teachers of the lower achieving classes believed that their students were more actively involved
in their lessons and this was borne out by the analyses of classroom talk. There was relatively
more class discussion of independent problems in the lower achieving than in the higher
achieving classes, which could be considered appropriate in relation to ensuring that the students
could understand what they were doing. As expected, more use was made of real-life contextsin
independent problems presented to the lower achieving class group than in the higher achieving
class group, but the expected difference in use of concrete materials was not found.

The lessons were not tailored to the different skill levels between the higher and lower achieving
class groups in crucial aspects relating to the difficulty and complexity of the problems worked
on during the lesson. Higher-level processes such as making reference to mathematical
relationships or mathematical reasoning were rarely used for the problems solved publicly in
Australian lessons, regardless of the achievement level of the class. Both independent and
concurrent problems were overwhelmingly rated as being of low procedural complexity in both
groups of classes.

Discussion and Summary

In general terms, the TIMSS 1999 Video Study has shown that there is no one way to undertake
successful teaching of mathematics. As discussed in Chapter 1, results showed that teachersin the
high achieving countries included in the study used a variety of methods and combined them in
different ways, thereby providing several perspectives on effective teaching.

Data from the study are limited mostly to observational variables that describe factual aspects of
classroom life. A few variables for the whole sample were coded in an evaluative way, but in
addition it is useful to compare the observationa data with established findings from the research
literature.

Very briefly, lesson features that have been found to be positively associated with student
learning outcomes, and that were measured in the video study, include:

* Lessons should be structured so that students have a variety of opportunities for learning, for
example through time spent in whole class discussions and in working on their own or in
cooperative group work (e.g., Brophy & Good, 1986; Good, Mulryan & McCadlin, 1992;
Grouws & Cebulla, 2000).

e Lessons should be structured as a coherent whole, with clear goa statements and stated
relationships of previous work to new materia (e.g., Brophy & Good, 1986; Stigler & Perry,
1988).

« Teachers should sequence mathematical problems in such a way that students are encouraged
to see mathematical connections, relationships and structure in the topic they are studying
(e.g. Stein & Lane, 1996; Hiebert et a., 1997).
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Practice is an important aspect of classroom learning, but needs to include focus on applying
new material to new situations (e.g., Hanna, 1987).

Time should be invested in lesson planning (e.g., Sternberg & Horvath, 1995).

Students should be encouraged to find their own solution methods and to examine different
solution methods (e.g., Grouws & Cebulla, 2000).

To be supportive of learning, classroom environments need to set high expectations,
encourage students to be self-regulating, and to engage students in their learning (e.g.,
Nickerson, 1988; Gore, 2000; Lokan, Greenwood & Cresswell, 2001).

For students to develop in their conceptual understanding and mathematical thinking, they
must be given tasks that are mathematically challenging and significant (e.g. Askew, Brown,
Rhodes, Johnson & Wiliam, 1997; Fraivillig, 2001).

These established findings provide a frame of reference against which to compare the results
reported in this chapter concerning higher and lower achieving Year 8 mathematics classes in
Australia

Most lessons were structured to provide students with both time spent in whole class
discussions and time spent working on problems on their own or in small groups. Significantly
more private interaction time (36 per cent, on average), was spent working in pairs or groups
in the lower achieving classes than in the higher achieving classes (20 per cent, on average),
which would allow teachers to interact more with their students in the lower achieving classes
and would be considered an appropriate pedagogical strategy.

The maority of lessons included at least one goa statement, but very few included summaries
at the end of either a section or the lesson. Few connections of mathematical ideas or
relationships were made — rather, most problems were connected by being repetitions of
previous problems (Table 5.8). There was no difference in any of these variables between the
higher and lower achieving classes, as would be expected for organisational aspects such as
including goal and summary statements. However, the lack of emphasis on higher-level
processes such as making connections and mathematical reasoning, even in the higher
achieving classes, suggests that opportunities are being missed especialy for these latter
students.

Students were provided with considerable opportunity to practise new material, but the large
incidence of repetition in the problems set for them indicates that some of the practice time
could have been more productively used. Significantly more lesson time was spent in
presenting and practising new material in the higher achieving than in the lower achieving
classes (69 per cent compared with 40 per cent, on average) (Figure 5.1). It is probably an
appropriate pedagogical strategy to spend proportionately more time in review tasks, to
consolidate concepts and procedures, in lower achieving classes.

There was no difference, on average, in the time spent in lesson planning by teachers of the
higher and lower achieving classes.

Opportunity was provided for students to find and examine different solution methods for a
small percentage of problems in a small percentage of lessons. While significantly more
opportunity to do this was provided to students in the higher than in the lower achieving
classes, more than 80 per cent of their problems still involved no choice of solution method
(Table 5.7). The research literature suggests that students would benefit from more
opportunity to view problemsin different ways.

Teachers of the lower achieving classes believed more strongly than teachers of the higher
achieving classes that their students were engaged with their mathematics learning. Some
support for this belief arises from the greater actual and relative student talk in the lower
achieving class group (Table 5.5).
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e The emphasis on problems of low procedural complexity (Figure 5.2) in the higher achieving
classes as well as in the lower achieving classes suggests that opportunity is being missed to
enhance students' performance by exposing them to more intellectually challenging topics and
situations. Teachers' expectations for their students were not directly measured or observed in
the video study, but the inference that expectations could be higher, especially in the higher
achieving classes, is hard to avoid.

Caveats

The focus of this chapter has been on similarities and differences, in content and teaching
practices, in groups of higher and lower achieving Year 8 mathematics classes. Comparisons
have been made between the two groups of classes on a large number of variables considered one
at atime. In larger samples of classes, it would be informative to carry out analyses of the likely
important teaching practice variables, considered as an interacting set, at the same time taking
home background into account. It was not feasible to perform such an analysis in the relatively
small sample of contrasted Australian classes available in this study.

When reading this chapter, it needs to be remembered that the Australian sample as a whole was
often quite similar to other countries in the study on many of the variables analysed for the
contrasted groups of classes. In considering the results of these analyses, the comparisons
presented in Chapters 3 and 4 also need to be borne in mind. Overall, the results do imply that our
Y ear 8 students, particularly our better students, are not being challenged enough, but Australiais
not alonein this respect.
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Chapter 6
FEATURESOF MATHEMATICSTEACHING
IN AUSTRALIA

The TIMSS 1999 Video Study set out to revea similarities and differences in teaching practices
among the seven participating countries, and to consider whether distinctive patterns of Year 8
mathematics teaching could be detected in each country. In earlier chapters, differences between
Australia and the other countries have been reported feature by feature. Beyond comparing
countries on individual features, another approach that can provide additional insight is to look
inside each country, at constellations of features that describe the way in which lessons were
constructed. The relationships among features of mathematics teaching in Australia are explored
in this chapter.

L esson Signatures

If there are features that characterise teaching in a particular country, there should be enough
similarities across lessons within the country to revea a particular pattern to the lessons in each
country. If this were the case, then overlaying the features of all of the lessons within a country
would reveal apattern or, as labelled here, alesson signature.

The analyses presented to this point in the report have focused on the presence of particular
lesson features. In contrast, lesson signatures take into account when features occurred in the
course of alesson, and consider whether and how basic lesson features occurred concurrently.
The lesson signature presented in this chapter was created by considering three dimensions that
provide a dynamic structure to lessons: the purpose of the activities, the type of classroom
interaction, and the nature of the content activity. These three dimensions each comprised
selected lesson features analysed in the video study. To create a lesson signature, each Year 8
mathematics lesson was exhaustively subdivided along each of the three dimensions by marking
the beginning and ending times for any shifts in features. In this way, the dimensions could be
linked by time through the lesson. This allowed an investigation into the ways in which the
purpose segments, classroom interaction phases, and content activities appeared, occurred
concurrently, and changed, as the lessons proceeded.

The lesson signature for Australia shown later (Figure 6.1) was constructed by asking what was
happening along the three dimensions during each minute of every Australian Year 8
mathematics lesson." Each variable or feature within a dimension is listed separately, and is
accompanied by its own histogram which represents the frequency of occurrence across all the
lessons in Australia, expressed as a percentage of the Year 8 mathematics lessons. The histogram
increases in height by one pixel® for every 5 per cent of lessons marked positively for a feature at
any given moment during the lesson time, and disappears (due to technological limitations) when
fewer than 5 per cent of lessons were marked positively.

Along the horizontal axis of the lesson signature is a time scale that represents the percentage of
time that has elapsed in a given lesson, from the beginning to the end of a lesson. The percentage
of lesson time was used to standardise the passing of time across lessons, which varied widely in
length, from as little as 28 minutes to as much as 90 minutes in Austraia (Table 2.5).

! The analysis used to develop the lesson signatures divided each lesson into 250 segments, each
representing 0.4 per cent of the total lesson length. For example, the analysis accounts for how a 50
minute lesson was coded approximately every 12 seconds.

2 Pixel is short for ‘picture element’. A pixel isthe smallest unit of visual information that can be used to
build an image. In the case of the printed page, pixels are the little dots or squares that can be seen when
agraphicsimageis enlarged or viewed up close.
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Representing the passing of time in this way provides a sense of the point in a lesson that an
activity or event occurred, relative to the point in another lesson that the same activity or event
occurred. For example, if lesson A was twice as long as lesson B, and the first mathematical
problem in lesson A was presented 6 minutes into the lesson and the first mathematical problem
in lesson B was presented 3 minutes into the lesson, the lesson signature would show that the first
mathematical problem in both lessons occurred at the same relative time.

To assist the reader in gauging the passing of time in the lessons, the lesson signature has vertical
lines marking the start of the lesson, the 20, 40, 60, and 80 per cent marks of the lesson time, and
the lesson end. By following the histogram of a particular feature from the zero to the 100 per
cent of time markings, one can get a rough idea of the percentage of lessons that included the
feature at various moments throughout the lesson. For example, alesson signature may show that
100 per cent of lessons begin with review, but by the midpoint of a lesson, the percentage of
lessons that are focused on review has decreased.

Because the signature displays 15 histograms, it is often difficult to assess the exact frequency of
agiven code at a particular moment in the lesson. Therefore, as an additional aid to the reader, a
table that lists the percentage of lessons that included each feature from the zero to 100 per cent
time marks (in increments of 20) isincluded in Appendix C (Table C.1).

Comparing the histograms of features within or across dimensions provides a sense of how those
features were implemented as lesson time elapsed. Patterns may or may not be easily identified.
Where patterns are readily apparent, this suggests that many lessons contained the same sequence
of features. Where patterns are not readily apparent, this suggests variability within a country,
either in terms of the presence of particular features or in terms of their sequencing. Furthermore,
if the histograms of particular features are al relatively high at the same time in the lesson, this
suggests that these features are likely to be happening at the same time. However, in any single
lesson observed in a country, this may or may not be the case. Thus, the histograms provide a
general sense of what occurs as lesson time passes rather than explicitly documenting how each
lesson moved from one feature to the next.

As noted above, a set of features within each of three dimensions (i.e., purpose, classroom
interaction, and content activity) are displayed aong the left side of the lesson signature. Within
each dimension, the features that are used to represent each dimension are mutually exclusive
(that is, alesson was coded as exhibiting only one of the features at any point in time). However,
in the interest of space, some low frequency features in two of the dimensions are not shown. For
classroom interaction, the features not shown are ‘optional, teacher presents information’ and
‘mixed private and public interaction’ (these two features, combined, accounted for less than
one per cent of lesson time in Australid). For content activity, the feature not shown is ‘non-
mathematical work’ (accounting for 1 per cent of lesson timein Australia, Figure 3.1).

Most of the features presented in the lesson signature are defined and described in detail in
Chapters 3 and 4. The lesson signature shows additional detail about independent and concurrent
problems. As stated earlier, independent problems were presented as single problems and worked
on for a clearly recognisable period of time. Concurrent problems were presented as a set of
problems that were worked on privately for a time. To provide the reader with a sense of the
utilisation of independent problems in the lessons, independent problems are grouped into four
categories. the first independent problem worked on in the lesson, the second to fifth independent
problems worked on in the lesson, the sixth to tenth independent problems worked on in the
lesson, and the eleventh and upwards independent problems worked on in the lesson. For
concurrent problems, it was possible to distinguish between times when they were worked on as
whole class, public discussion (concurrent problems, classwork), and times when they were
worked on as individual or small group work (concurrent problems, seatwork). These two
features are displayed in the lesson signature as well.
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The Lesson Signaturefor Australia

The lesson signature shown in Figure 6.1 provides a view, at a glance, of how Australian Year 8
mathematics lessons were coded for each of the three dimensions shown to the left of the graph
(i.e, purpose, classroom interaction, and content activities).®> The following discussion of
Australia's lesson signature is supplemented by findings reported in previous chapters. In this
way, the lesson signature becomes a vehicle for pulling together the many pieces of information
about Australian Y ear 8 mathematics lessons contained in this report.

Mention is made in the discussion of the ‘hypothesised Australian country model’. At the outset
of the study, hypothesised country models — holistic representations of a ‘typical’ mathematics
lesson in each country — were developed to assis, in turn, with the development of the coding
system. Six dimensions were used to create the models: Purpose, Classroom routine, Actions of
participants, Content, Classroom talk, and Climate. The hypothesised Australian country model is
presented in Appendix D (Figure D.1). The hypothesised models for the other participating
countries are presented in Appendix E of Teaching Mathematics in Seven Countries, together
with a description of the process by which they were developed.*

Purpose

Eighty-nine per cent of Year 8 Australian mathematics lessons included some portion of time
during the class period devoted to review, representing an average of 36 per cent of time per
lesson (Figure 3.7). Moreover, 28 per cent of mathematics lessons were found to spend the entire
lesson time in review of previously learned content, among the highest percentages of all the
countries (Figure 3.8). As visible on the lesson signature, 87 per cent of the Australian Year 8
mathematics lessons began with a review of previoudy learned content. A majority of Australian
lessons focused on review through the first 20 per cent of lesson time, with a decreasing
percentage of lessons going over previously learned content during the remainder of the lesson
(Figure 6.1 and Table C.1).

Starting about 30 per cent of the way into the lesson, and continuing to the end, a majority of
Australian lessons engaged students with new content, representing an average of 56 per cent of
time per lesson (Figure 3.7), with the practising of new content becoming an increasing focus in
the last quarter of the lesson.

Classroom interaction

In terms of the interaction format in which Y ear 8 students and teachers worked on mathematics,
Australian lessons were found to show no detectable difference in the percentage of lesson time
devoted to whole class, public interaction versus private, individual or small group interaction
(52 and 48 per cent, on average, respectively, Table 3.2). The majority of Australian lessons were
conducted through whole class, public interaction during roughly the first third of lesson time,
and again at the very end of the lesson (Figure 6.1 and Table C.1). In between those two periods
of time in the lesson, Year 8 Austraian students were found to be engaged in private work in a
majority of lessons, usualy with students working individually on problems that asked them to
repeat procedures that had been demonstrated earlier in the lesson (73 per cent of private
interaction time per lesson was spent working individually, on average, Figure 3.9; 65 per cent of
student private work time was spent repeating procedures that had been demonstrated earlier in
the lesson, Figure 4.12).

% For the lesson signatures of the other TIMSS 1999 Video Study countries, see Hiebert et al. (2003), ch. 6.
* No model is presented for Japan.
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In the hypothesised Australian country model, experts posited that there would be a
‘practice/application’ period in the typical Year 8 Australian mathematics lesson during which
students would often be assigned a task to complete privately while the teacher moved about the
class assisting students (Figure D.1). As the lesson signature shows, during the time in the lesson
when the main purpose of Australian lessons was the practice of new content (at least the last
third of the lesson), a maority of Australian lessons were found to have students working
individually or in small groups (private interaction; Figure 6.1 and Table C.1).

Content activities

A brief period of mathematical organisation work (e.g., distributing materials) was common at
the beginning of Australian lessons. However, during the first half of the Australian mathematics
lessons there does not appear to be any consistent pattern in the types of problems that are
presented to students (Figure 6.1 and Table C.1). That is, teachers conveyed previously learned or
new content to students by presenting mathematics outside the context of a problem (e.g., giving
definitions or concepts, pointing out relationships among ideas, or providing an overview of the
lesson), or by having their students work on independent problems, or sets of problems
(concurrent problems), either as whole class or as seatwork.

During most of the last half of the Australian Y ear 8 mathematics lessons, however, a majority of
lessons were found to employ sets of problems (concurrent problems) as a way to focus on new
content. Year 8 Australian students were found to spend 54 per cent of lesson time working on
concurrent problems (Figure 3.3), with 45 per cent of independent and concurrent problems (in
total) worked on for less than 45 seconds each (Figure 3.6).

Almost half the Australian lessons ended with some mathematical organisation work (e.g.,
collecting materials, distributing a homework assignment).

Variability in Lessons

The lesson signature in Figure 6.1 illustrates ‘the pattern’ of Y ear 8 mathematics teaching across
the 87 Australian lessons videotaped. However, as noted earlier, much variability occurs between
individual lessons. One way to examine this variability is to look at some individual lesson
displays. Figure 6.2 shows individual lesson displays for each of the four Australian public
release lessons.

The displays in Figure 6.2 present the same three dimensions of lesson structure shown in the
Australian lesson signature: the purpose of the activities, the type of classroom interaction, and
the nature of the content activity. However, in contrast to the lesson signature, the scale for the
lesson displays is elapsed time in minutes rather than per cent of time elapsed, alowing
variability in lesson duration to be shown. Furthermore, two additional features analysed in the
study have been added to the displays: goal statements and lesson summaries. These are marked
on the displays by vertical lines at the time pointsin the lesson where they occurred.

How do the four lessons vary from one another? At the most obvious level, the range in lesson
duration was from 39 minutesin Lesson 1, to 1 hour and 9 minutesin Lesson 4. Lessons 1, 2, and
3 were dl relatively close to the average Australian lesson length of 47 minutes (39 minutes, 45
minutes, and 41 minutes respectively). In Lesson 1, there appeared to be a delay at the beginning
of the lesson as the teacher waited for students to arrive; the actual videotaped portion of the
lesson was around 43 minutes.”

® The duration of alesson was calculated from the time when the teacher first engaged in talk intended for
the entire class (see Chapter 2).
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With respect to purpose, the profiles of each of the lessons look somewhat different. All four
lessons began with a review segment of at least 3 minutes, but that was the extent of their
similarity in this area. In Lesson 1, following a 3-minute review, the remainder of the lesson
focused on new content. In Lesson 3, an almost opposite profile was apparent. The review
segment in that lesson lasted for 33 minutes and was followed by an 8-minute segment focused
on new material. The profile of Lesson 2 with respect to purpose most closely resembles the one
reported as typical for Australia. Following a 4-minute review segment, new content was
introduced for a period of 33 minutes and that was followed by an 8-minute segment of practice.
In Lesson 4, following a 4-minute review segment, the lesson alternated six times between new
and practice purpose segments during the remainder of the lesson.

Variability was also evident in regards to classroom interaction. The profiles of Lessons 1 and 2
have some similarity in that the lessons began with public interaction, had a substantial amount of
time in private interaction, and concluded with a short period of public interaction. In Lesson 3,
interaction types changed more frequently than in Lessons 1 and 2, and the periods of time in
each interaction type were comparatively short. In Lesson 4, interaction types also changed more
often than in Lessons 1 and 2, but the time spent in each interaction type was somewhat longer
than in Lesson 3.

The four lessons a so varied according to content activity. Lessons 2 and 4 look most alike on this
dimension. They included a small amount of time on a non-problem segment towards the
beginning of the lesson, then alarge portion of lesson time on independent problems, followed by
asmaller portion of time on concurrent problems toward the later part of the lesson. Lesson 1 had
a unique profile regarding content activity for an Australian lesson. It began with a non-problem
segment of about 10 minutes, during which the teacher reviewed previous work and introduced
new material, while the remainder of the lesson was spent working on a single independent
problem. In Lesson 3, most of the lesson was spent on independent problems, but there was an
8-minute segment of concurrent problem work in the middle of the lesson. Lesson 3 ended with a
mathematical organisation segment (collection of calculators).®

Lessons 1, 2 and 3 each featured a goal statement soon after the start of the lesson. Lesson 1
finished with a summary statement, while there is a summary segment in Lesson 4 after about 60
per cent of the lesson time has elapsed, immediately prior to the class being set to work on some
eXercises.

How M athematicswas Worked On

The delivery of content in Australian lessons is revealed in analyses presented earlier in the
report, but this is not readily evident in the lesson signature. For example, when taking into
consideration al of the problems presented in the Y ear 8 Australian mathematics lessons, except
for answered-only problems, 61 per cent of problems per lesson were found to be posed by the
teacher with the apparent intent of using procedures — problems that are typically solved by
applying a procedure or set of procedures. Thisis a higher percentage than the percentage posed
by the teacher with the apparent intent of either eliciting a mathematical convention or concept,
or making connections between ideas, facts, and procedures (‘stating concepts’ and ‘making
connections'; 24 and 15 per cent, respectively, Figure 4.9).

Further, when the problems introduced in the lesson were examined a second time for processes
made public while working through the problems, 77 per cent of the problems per lesson in
Australia were found to have been solved by focusing on the procedures necessary to solve the
prablem, or by simply giving results only without discussion of how the answer was obtained
(Figure 4.10). When the 15 per cent of problems per lesson that were posed to make
mathematical connections were followed through to see whether the connections were stated or
discussed publicly, only 8 per cent per lesson were found to be solved by explicitly and publicly

® Note that the teacher ran out of time to complete the lesson as planned — see AU PRL 3, Teacher
Commentary (00:40:51).
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making the connections (Figure 4.11). Overall, reference to the mathematical relationships or
reasoning involved was made in only 2 per cent of problems solved publicly in Australian lessons
(Figure 4.10). This was a significantly lower percentage than in the five other countries included
in the analysis,” except for the United States.

Alternative methods of solution, and problem summaries, were rarely presented or encouraged in
Australian Y ear 8 mathematics lessons (Tables 4.2 & 4.3). Further, problems requiring a formal,
or informal, proof, or instances of deductive reasoning, hardly ever occurred (Figure 4.6).

Finaly, when experts examined the problems worked on or assigned during each lesson for the
level of procedural complexity — based on the number of steps it takes to solve a problem using
common solution methods, 77 per cent of the problems per Year 8 mathematics lesson in
Australia were found to be of low procedural complexity, among the highest percentages of dl
the countries (Figure 4.5). The emphasis on repetitive, low procedural complexity problems was
observed in both higher and lower achieving Australian classes (Tables 5.8 and Figure 5.2).

Summary

The observations and findings discussed throughout this report suggest that, on average, Year 8
Australian mathematics lessons were conducted through a combination of whole class, public
discussion and private, individual student work, with an increasing focus on students working
individually on sets of short problems that were solved by using similar procedures as new
content was introduced into the lesson and practised.

More specifically, atypical Australian lesson began with a review of previously learned content,
conducted as a whole class activity led by the teacher. This was followed by the introduction of
new content, through a mixture of public and private interaction, and finally the practising of new
content by setting students to work individually (or, occasionally, in pairs or small groups) on
sets of problems.

The features of a typical Australian Year 8 mathematics lesson are captured in the lesson
signature for Australia (Figure 6.1). However, although the lesson signature illustrates the typical
Australian lesson ‘pattern’, there was considerable variability between individua Australian
lessons (asillustrated in Figure 6.2).

Like all seven countries that participated in the TIMSS 1999 Video Study, a mgjority of timein
Australian lessons was spent working on mathematical problems (Figure 3.2). The results of the
study suggest that Australian teachers could use this time more profitably by:

» setting fewer, more challenging problems for their students; and

< highlighting the mathematical connections and reasoning involved in their solution more
often.

It appears aso that higher ability students, at least, would be better served with some more
challenging content — in particular, algebra beyond technique practice.

In the next and final chapter of this report, four Australian mathematics educators present their
views on the implications of the results of the video study for mathematics teaching in Australia.

" Asnoted in Chapter 4, Switzerland was not included in this analysis.
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IMPLICATIONSFOR MATHEMATICSTEACHING
IN AUSTRALIA

The TIMSS 1999 Video Study has revedled that there are many choices to make in Year 8
mathematics teaching: choices about pedagogy and lesson organisation, and choices about
mathematical content and how it is presented. Most of these choices apply for mathematics
teaching at any level of secondary schooling. But what choices should be made?

Four Australian mathematics educators, Associate Professor Alistair McIntosh (University of
Tasmania), Sue Martin (a teacher participant in the study), Will Morony (Executive Officer,
Australian Association of Mathematics Teachers), and Professor Kaye Stacey (University of
Melbourne), were each invited to discuss (in about 1500 words) the implications of the findings
of the TIMSS 1999 Video Study for mathematics teaching in Australia. They were provided with
a copy of Teaching Mathematics in Seven Countries, the accompanying CD-ROM of illustrative
video clips, and the twenty-eight public release videos. They worked independently of each other
and were not aware of any additional information about the study contained in this report.

Mclintosh hopes that the report will make people sit up and do something about a ‘ depressing’
picture of how we ‘try to incul cate confidence, competence and enjoyment of mathematics in our
young teenagers . He contrasts the impression of ‘a lot of pretty boring, artificial, low-level,
irrelevant, mentally stifling lessons being delivered round the globe’, with some ‘really
stimulating and exciting examples of teaching’ among the public release videos.

While recognising that some aspects of current practice clearly need reviewing, Martin warns
against an overreaction: ‘We should look at what is good practice and keep it’, and ‘ Should
teachers in Australia spend more time discussing solutions publicly? Some would argue that we
are doing better because we spend more time with the individual.” She discusses changes to
school conditions that would facilitate different teaching practices, but demonstrates by reflecting
on her own videotaped lesson that ‘Teachers can change their teaching practices without
changing the whole world'. She shows thereis away ahead.

Martin's note that she ‘felt analysed and examined within an inch of my utterances' reminds us of
the debt that we owe the participating teachers, as Morony comments at the end of his response.
Morony begins by reminding us of the national context in which the results need to be
considered, including the overall high performances of Australian students on the TIMSS 1995
and 1999, and PISA 2000, assessments. He notes that, although new alternatives to current
practice emerge in the report, ‘whether these are useful in the context of Australian classrooms
can only be determined by Austraian teachers. He also notes the need, when considering the
results, to take into account how the various terms used in the report are defined. Morony
highlights the usefulness of the report, and the public release videosin particular, for professional
development purposesin relation to AAMT’ s ongoing work on professional teaching standards.

Stacey argues that the report’s Australian findings expose ‘a syndrome of shallow teaching,
where students are asked to follow procedures without reasons . She notes the trade-off between
time spent on procedural skills and time spent on higher-order thinking implicitly advocated in A
National Statement on Mathematics for Australian Schools, but observes that the TIMSS
assessments, which have shown some anticipated decrease in performance of routine skills, have
not demonstrated the benefits. She cites research evidence to argue that ‘shallow teaching’ will
not lead to the hoped-for corresponding increase in students conceptual understanding and
problem solving ability. Instead, she argues, lessons must emphasise ‘the thinking processes that
characterise mathematics', and the study shows that ‘this can be done with Y ear 8 students better
than is currently done in the average Australian classroom’.
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A Typical Australian Year 8 Mathematics L esson?

Alistair Mclntosh
University of Tasmania

The TIMSS 1999 Video Study was a project of gigantic proportions and presumably
correspondingly gigantic cost, involving as it did, for mathematics alone, the videoing of 638
Year 8 lessons collected from seven participating countries, followed by an extremely fine-
detailed and multi-faceted analysis of these videos. We in Australia can never hope to reproduce
such avast project, and so we would be foolish not to reap all the benefits from it that we can.

What can we learn or, more practically, what fruitful discussions can arise from study of the 28
lesson videos that are being publicly released, and from the report Teaching Mathematics in
Seven Countries of the results of the study?

Having read the report, and having viewed some half dozen of the videos, | have two somewhat
conflicting feelings. My first reaction is that there are some absolutely fascinating data arising
from the study, which, even if their implications are not clear, certainly resonate or conflict with
impressions of my own about the state of secondary school mathematics, and have several times
made me leave my desk to go and share them immediately with colleagues (for Starters:
‘Teachersin all of the countries talked more than students, at aratio of at least 8:1 words.’).

My second reaction, a depressing one, is that, if these videos and data represent fairly normal
current practice in these countries (and the teachers involved and others say that they do), then
there are a lot of pretty boring, artificial, low-level, irrelevant, mentally stifling lessons being
delivered round the globe in the name of Year 8 mathematics, and it is not surprising that so
many adults don’t want to know anything more about mathematics after they leave schoal. | have
afeeling that if people in 100 years time view these videos, they will wonder how such rubbish
was allowed to continue for so long. (Another chilling corner of my mind suspects that they are
much more likely to say with relief: * Ah, nothing has changed!’). So perhaps, just perhaps, these
videos and the study can act as a clarion call to sanity. Because amongst them are some really
stimulating and exciting examples of teaching.

The report is careful not to be judgmental about the results, though it does make some even-
handed reflections on the reasons for some of the results, and is very helpful in pointing out some
dangers in drawing conclusions, because of the data. For example, because the Japanese data
were all collected at a particular time in the school year, there is a preponderance of lessons on
two-dimensiona geometry. The study is therefore commendably scrupulous in doing additional
comparisons between the Japanese lessons on two-dimensional geometry and the subset of
lessons on two-dimensiona geometry from the other countries. The report is also very careful to
emphasise that the findings are much more diffuse than those of the TIMSS 1995 Video Study,
and it warns repeatedly against the simplistic reaction of looking for features of ‘successful’
countries and then determining how to incorporate these into the practices of other countries. |
found myself therefore, as | read, unusually willing to trust the data and the representation with
the caveats given in the text, and alowed myself to put my own gloss on the data provided.

So | would like to comment on some of the findings which particularly resonated with me, and
which in my view could lead to useful discussions amongst teachers and others. | hope | have not
distorted the data, though | am certainly conscious of being as partial and biased as the next
person in my interpretation. And that is the strength of the report as a basis for discussions. We
will carry our own prejudices to the report, but we must emerge with them tempered by the actual
data. So here goes.

L esson goal's were categorised as ‘ content’, ‘ process or ‘ perspective . Austrdia (Figure 2.1/2.3)*
had the lowest percentage (75%) of teachers who identified a specific content goal for their

! That is, Figure 2.1 in the international report of the TIMSS 1999 Video Study (Hiebert et al., 2003), but
Figure 2.3 in this Australian report of the study.
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lessons. Almost no one anywhere thought of giving a perspective goal, which is a longer term
goal, often an affective goal considering the cumulative effect of this and other lessons on
students’ confidence and interest in mathematics.

Teachers of al the lessons were asked (Figure 2.2/2.1 and Figure 2.3/2.4) whether they were
familiar with current ideas in mathematics teaching and learning, and were also asked to rate the
extent to which they thought that their videoed lessons were in accord with current ideas in
mathematics teaching and learning. For all countries except the Czech Republic and Hong Kong
SAR, between 69 and 77 per cent of teachers thought that they were familiar with current ideas,
whereas the figures for the Czech Republic and Hong Kong SAR were only 25 per cent and 22
per cent, respectively. Moreover only 22 per cent of Hong Kong SAR teachers thought their
lessons were ‘afair amount or alot’ in accord with current ideas and 61 per cent said ‘not at all’.
Isthis a case of false modesty, or aregjection of ‘ current ideas ? We are not told.

It is an interesting and, to me, totally unexpected finding (Figure 3.2/3.1) that the average
percentage of lesson time in mathematics lessons devoted to mathematics work was at least 95
per cent in every country. So much for the common view that lessons are constantly interrupted
by unruly students or externa distractions and interruptions. Moreover (Figure 3.3/3.2) the
average percentage of lesson time devoted to working on problems exceeded 80 per cent in all
countries. However this is not as exciting as it sounds. A problem is defined as ‘events that
contained a statement asking for some unknown information that could be determined by
applying a mathematical operation’. And looking further at the data, the picture of ‘problem
solving' in an Australian classroom seems pretty bleak.

First, when Australian students worked on ‘independent problems’ (that is, problems which were
set one at a time rather than as a batch together) they spent an average of 3 minutes on each.
Moreover only 55 per cent of these problems were worked on for longer than 45 seconds (the
least of any country). The Japanese spent an average of 15 minutes on each problem and 98 per
cent of all their problems lasted more than 45 seconds. The suspicion that this suggests that the
Japanese problems might be more rich or involved is confirmed when one notes (Figure 4.1/4.5)
that, when all problems are categorised as pitched at high, moderate or low procedural
complexity, Australia has much the highest percentage (77%) of all its problems classified as
‘low’.

Even worse, when each problem in a lesson was looked at (Figure 4.6/4.7) in relation to its
predecessors and classified as mathematically related, thematically related, repetitions or
unrelated, Australia had the highest percentage (76%) of problems categorised as ‘repetitions'.

And finaly in looking at lesson content, Australia and the United States (Figure 3.9/3.8) had the
highest percentage of lessons (28%) entirely devoted to review of previous work.

In most countries, very few lessons involved use of materials other than paper, pencil and
calculators. Australia was typical in that 97 per cent of lessons employed the chalkboard or
whiteboard, and 91 per cent involved use of textbooks or worksheets.

Most lessons did not contain even one example of more than one solution being presented to a
problem, or even one example of students having a choice of solution methods, and there were
very few lessons indeed (Australia 8%) in which students presented and examined different
solution methods.

When the ways the mathematical processes used in solving problems were examined (Figure
5.9/4.10) and categorised as making connections, stating concepts, using procedures or giving
results only, Australia and the United States made least use (2% and 1%, respectively) of
‘making connections and had the highest percentages of problems solved by giving results only
or using procedures (77% and 91%). In fact even when an Australian classroom was presented
with problem statements that implied that the problem would focus on making connections,
teachers and students only solved 8 per cent of problems in this way, and in 38 per cent of such
problems the answer alone was given, while a further 31 per cent were solved by using
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procedures. So much for the finding elsewhere by Askew, Brown, Rhodes, Johnson and Wiliam
(1997) that the teacher who makes connections is the most effective teacher of numeracy. One
wonders whether teachers were aware of the difference, or whether they unwittingly turned a
potentially rich mathematical situation into an impoverished one.

Finally back to the opportunities for teachers and students to talk. The researchers counted al the
words spoken by teachers and students in each lesson and found that, on average, teachers in
every country spoke at least 8 words (Australia 9, Hong Kong SAR 16) to every one word spoken
by students. Moreover, over 70 per cent of al teacher utterances in each country contained over
five words (Australia 79%), while at least 66 per cent of student utterances in each country were
of four words or less (Australia 71%).

What overal picture does that give of a typical Australian Year 8 mathematics lesson? The
teacher talks alot, the students mainly reply with very few words, most of the time the students
work, using only paper and pencil, on a repetitive set of low level problems, most presented via
the board or textbooks or worksheets; discussion of solutionsis mainly limited to giving the right
answer or going through the one procedure taught. There islittle or no opportunity for students to
explain their thinking, to have a choice of solution methods or to realise that alternative solution
methods are possible, and very few connections are drawn out between mathematical ideas, facts
and procedures.

Now call me pessimistic, but | don’t think we should be satisfied by that picture of how we try to
incul cate confidence, competence and enjoyment of mathematicsin our young teenagers.

| think it is depressing: | am not sure that it isn’t frightening. And | hope this report makes people
sit up and do something about it.

But I will end on a positive note: Calculators (not graphing calculators) were actually used in 56
per cent of the Australian lessons — as high a percentage as any country except the Netherlands.

Reference

Askew, M., Brown, M., Rhodes, V., Johnson, D., & Wiliam, D. (1997). Effective Teachers of Numeracy.
Final Report. King's College: London.
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The Views of a Secondary Teacher Participant

Sue Martin
New South Wales

I ntroduction

This was a challenging assignment. The brief was not very clear so | have interpreted it in the
way that gives meaning to my participation in the study and as ateacher in a secondary school.

| start by placing myself in the context of the study.

Next, | examine the four reasons given in the report, as answers to the question Why study
teaching in different countries?, from the perspective of how the results of the study have
meaning for ateacher in Australia. The reasons are;

* Reved one' sown practices more clearly;

+ Discover new aternatives;

« Stimulate discussion about choices within each country; and
» Deepen educators understanding of teaching.

| investigate the first two reasons together by looking at the three aspects of teaching defined in
the report, and interpreting how the results of the study apply to mathematics teachers in
Australia, particularly the state of NSW.

| then give my views about the third reason for studying teaching in different countries by
discussing the choices that we have in Australia.

My conclusion puts the fourth and final reason into practice. It is a reflection on my lesson and
how | now understand it, in terms of the findings of the study.

Setting myself in the context
| wasinvolved in the TIMSS 1999 Video Study as ateacher whose Y ear 8 mathematics class was

videotaped.

How did this all start? In 1999, | was approached by the Mathematics Coordinator (and Head
Teacher) at my school and informed that my class had been chosen at random to be part of this
study and then asked if | would be willing to take part in the research. Obvioudly | agreed.

The whole lesson was videotaped from the beginning to the end. Did this change my lesson? Yes
and no.

Yes, in that it made me fedl self conscious about the presence of the videographer and the video
camera. The students were also very aware of this. | also did extra preparation for the lesson, in
that | modified the worksheet a few times and also rehearsed the lesson a few times in my head,
worried that | would overlook something under the pressure of scrutiny. Surprisingly, this did not
happen much and the lesson went more or less according to plan.

No, this did not change my lesson plans. However | thought twice about whether | should give a
lesson that | had never done before. | had taught the topic many times before, but not as a group
lesson. This approach would give the students more opportunity to explore different results and
to discuss these with each other. | wasn't worried at this stage as to whether the lesson would be
successful, because the study emphasised that this should be a normal lesson. Some experiments
work, some don't.

| could not choose the content to be taught, but | could choose how | taught it. The content of the
lesson was ultimately determined by the syllabus written by the Board of Studiesin NSW. This
influenced the program of work, of which the lesson was part, which was written for Year 8 at
my school by the Coordinator. | was expected to teach this unit at thistime.
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Why study teaching in different countries?: Reveal one' s own practices more clearly,
and discover new alternatives

These two reasons were investigated together by looking at the findings for Australia and
comparing these to the other countries with regard to the three aspects of teaching defined in the
report: the structure of lessons, the mathematical content of lessons, and instructional practices.

The way that the learning environment was structured

The length of lessons across the different countries was surprisingly similar. The only variation
from a median of 36 to 50 minutes was that three countries had ‘ double lessons’, which included
Audtralia. Thisrestricts the type of problems that can be studied if problems need to be within the
time all ocated.

The time spent per problem (Figure 3.5/3.4) should have reflected the length of the lessons.
Australia, with double periods, should have been able to have much longer time spent on
problems but it was significantly less than in Japan. All countries, other than Japan, spent less
than 5 minutes per problem on average. Asindicated in the report, the less time devoted to each
problem could mean that the problems were less challenging. The rationale for the NSW Syllabus
for Mathematics 7-10 supports more chalenging problems. It states that ‘The study of the
subject enables students to develop a positive self concept as learners of mathematics, obtain
enjoyment from mathematics and become self-motivated learners through inquiry and active
participation in challenging and engaging experiences.’” (Board of Studies, 2002b, p. 7). This
cannot be achieved unless more time is spent on problems. Australian teachers are not giving
challenging problems if the problems average only three minutes.

Australia dso had a significantly lower percentage of problems that were worked on for longer
than 45 seconds, again indicating that the problems are not challenging.

Australian teachers need to make the problems more challenging by working on fewer problems
for longer. Students need to be able to examine the details of mathematical relationships and to
discuss the reasons that solution methods work.

Australian teachers spend about the same time in public and private interaction but the proportion
of public interaction was significantly lower than in all other countries except the Netherlands.

Private interaction was defined as ‘ the time when students were working individualy, in pairs, or
in small groups . Australia was one of the countries that had a significantly higher percentage of
time spent in private interaction (Table 3.6/3.2). The Key Competencies are generic
competencies described in the syllabus as ‘essentia for the continuing development of those
effective thinking skills which are necessary for further education, work and everyday life'. One
of these competenciesis ‘working with others and in teams' (Board of Studies, 2002b, pp. 9,10).
Teachersin Australiain al subjects are using group work as well as individua work to structure
lessons. This is good. Teachers in Australia have been encouraged to give students individua
attention according to their needs as isreflected in the statistics. Perhaps thisis an area that needs
to be reassessed. More students may benefit from the teacher’ s help through public discussion.

The role of homework was very interesting. Homework is an institution in Australia with both
parents and teachers expecting homework to be set and done. In Austraia, homework was
assigned in 62 per cent of lessons (Figure 3.11/3.15). Teachers in Australia showed some
indication of attending to homework in class, but it was a relatively minor part of the lesson in
the Czech Republic, Hong Kong SAR or Japan. The students from Hong Kong SAR and Japan
did very well in the TIMSS assessment (Table 1.1/1.1)% so is homework really an important tool
in improving the mathematical ability of our students?’

% That is, Table 1.1 in the international report of the TIMSS 1999 Video Study (Hiebert et al., 2003), and
also Table 1.1 in this Australian report of the study.

® However, see discussion after Figure 3.15 in this report. [ Eds]
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The nature of the content

In Australia the Curriculum guidelines play a major role in the content that the teacher can
choose (Table 2.6)* compared to some other countries. In NSW, thereis anew syllabus for Years
7-10, to be implemented in 2004, which incorporates content and outcomes. It is interesting to
note that the aim of the syllabus is not about content, but about ‘ developing student’s thinking,
understanding, competence and confidence in the application of mathematics' (Board of Studies,
2002b, p. 11).

The hypothesised country model (Figure E.1/D.1) suggests that teachers rely on textbooks for
content in the assignment of tasks, the practice/application and re-instruction, and the conclusion.
Even though teachers say that they use the Curriculum guidelines, from this table (and my
experiences), teachers rely on the textbooks for content, knowing that they are written to reflect
the content demanded in the syllabus. In Australia we do not have mandated textbooks, and the
teachers can choose which textbook they use. However in reality, thisis an economic decision as
only one textbook is usually used at each school and this textbook may be used for many years
even after a better textbook becomes available. The textbooks do not vary in content but do vary
in difficulty of problems and suggested teaching methodology. The teacher has the flexibility to
choose the methodology even when they are using a textbook as a primary resource.

Australian teachers are not extending students as much as teachers in Japan, the Czech Republic,
Hong Kong SAR and Switzerland. There were too few mathematics problems that involved
proofs in Australia to calculate reliable estimates. Australian lessons had a large percentage of
repetition problems, whereas in Japan new content was emphasised. Teachers need to consider
giving fewer prablems, of longer duration, that are more difficult and not repetitious.

Instructional practices

The problems should be related to red life situations so that students can ‘apply mathematical
knowledge, skills and understanding to everyday situations and the solution of everyday
problems (Board of Studies, 2002b, p. 11). Australian teachers are presenting mathematical
problems in real life situations (Figure 5.1/4.2) as much as most other countries. They are using
real-world objects more than other countries (Table 5.6/3.3). This is an important aspect of
current teaching practicesin Australia that is being achieved.

The report states that ‘ students can benefit from both examining alternative solution methods and
being allowed some choice in how they solve the problem’. Australia performed poorly here as
only 2 per cent of problems included a public presentation of aternative solutions (Table
5.2/4.2). Teachers need to present more than one solution when it exists. If a student has worked
out a different solution, then they think that they are wrong if it is not discussed, when in fact
they may not be wrong. The students need to have the opportunity to present their own solutions.
Of course this takes more time and fewer problems can be solved.

Teachersin Austraia are giving problems to students but not asking for the higher order thinking
required to make connections, asis shown in Figure 5.9/4.10 and Figure 5.12/4.11. Students need
these skills to have a full understanding of the concepts and to be able to interpret and apply
maths in a variety of contexts. However this is not being done as well as in other countries.
Seventy-seven per cent of problems given were of low procedural complexity (Figure 4.1/4.5)
and this was among the highest percentages in all the countries. This shows that there can be a
substantial improvement here as other countries show that more complex problems can be given
to Year 8 students. Are we, as teachers, underestimating students’ ability?

Why study teaching in different countries?: Discuss choicesfor Australia

‘Classroom practices are the result of choices; they are not inevitable’ (Teaching Mathematicsin
Seven Countries, p. 4). This study is a gtatistical report on mathematics teaching in a variety of
countries. It does compare practices across cultures but it does not identify which choices are

* Data not shown in Australian report
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best. Hence, | propose my answers to these questions, based on my learning, my experiences and
my philosophies about teaching.

Why are teaching practices so common?

Teachers in Audtralia generally have the same structure for lessons, which are, on average 47
minutes long. They review previous work. They then present new work and the students practise
this using many short problems which do not extend the students' thinking. The students do this
individually or in pairs. Then the students are given problems for homework. Teachers use this
format because they were taught this during teacher training or have learned this from their peers.
It has been passed down through generations of maths teachers for many years.

Within this framework, teachersin Australia are using real life examples and materials very well.
They are also using many different resources such as cal cul ators and computers.

Teachers complain that they do not have enough time to get through the content. As aresult, they
have no time for experimenting with lessons. The content of the lessons is driven by the
curriculum. Thisis reflected in the textbooks which teachers rely on for lesson planning and class
exercises.

Teachers do not have time to extend their lessons to consider aternative answers and to discuss
the results. There is no time for promoting higher-order thinking, such as making connections.
These skills and understandings are included in the syllabus but are overlooked in preference for
getting through the content.

The same topics are often taught every year of a student’s time at school, but with increasing
difficulty. This means that previous learning must be revised each year and for many students,
much of the work is not new. This seems awaste of precious time.

Should these methods be retained?

Students are doing well in Australia. We should look at what it is that is good practice and keep
it. Thisincludes the relevance of mathematicsto rea life and the use of a variety of resources.

Teachers are spending a substantial amount of time in helping students in *private interaction’,
while the students are working individually, or in pairs and groups.

Some of the content being studied is best done as a series of short problems, which the students
are able to learn and practise. This method is obviously successful in many countries and should
not be discarded in the belief that it is not an acceptable teaching methodol ogy.

However teachers need to look at the way the lessons are structured and also ways of allowing
the students to construct their own knowledge and understanding.

What other choices can be made?

Teachers need to incorporate fewer problems and include some that are more difficult and
involve more complex procedures. They need to allow more time to solve problems and consider
aternative solutions. Students need to be given more choice in their solutions and need to be
more responsible for their own learning.

There should be more group work with students discussing their problems and collaborating to
find the solutions.

Should teachers in Australia spend more time discussing solutions publicly? Some would argue
that we are doing better because we spend more time with the individual .

What conditions might support the move toward different teaching practices?

Schools can be restructured to include Kindergarten to Year 12. There is a lot of valuable
teaching time lost in NSW because the students come into secondary school from many primary
schools with different mathematics experiences. Much of Year 7 is spent revising maths that has
aready been taught in primary school. There are new schools in Queensland which are designed
as K—12 schools and some NSW private schools have this approach.
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The new NSW syllabus attempts to eradicate this problem by including a continuum of learning
from Kindergarten to Year 10. This includes outcomes and content for Stages 2 and 3 to ‘allow
teachers to build on what students know and do’ (Board of Studies, 2002a, p. 1). The intent may
be there but the redlity is as different as the schools that the students come from.

School timetables can be restructured. Lessons do not have to be of a short duration and of a
fixed length. This would alow the solution of problems to be followed through to their
conclusion. This can be done through double lessons, which some countries do have. Another
solution involves restructuring the whole of the middle school so that lessons are longer and units
of work can incorporate other subjects. Surprisingly, this was not common in any country.

Lessons can be restructured to use time in a different way. There are many ideas for bigger
problems and group work in the textbooks. The teachers need to give a higher priority to these
activities and not to only include them at the end of alesson if thereis enough time for fun.

Teachers have to let go of the textbooks that are content driven. In the new syllabus, the content
can be covered over Stage 4, which is both Year 7 and Year 8. Units can be done in depth in
either of these years. This gets rid of repetition and the students have an opportunity to gain a
superior knowledge and understanding of the concepts. Most topics will be studied again in Stage
5. Of course, new textbooks could reflect thisidea.

Conclusion
Why study teaching in different countries?: Deepen my understanding of teaching

The videotaped lesson that | taught was similar to and very different from the Australian lessons
described in the report. It was similar in that | started with a short quiz which reviewed the
previous lesson, | introduced a new concept, which was worked on privately, the solution was
discussed publicly and then | asked the students to use the textbook to practise this. It was
different because | gave the students one large problem which had four solutions. The students
worked in small groups, finding and discussing their own solutions. Then the students presented
their solutions using their own words and focused on constructing rel ationships between them.

By chance (it just happened to fall on the day of the video) it was a lesson that reflected my views
on teaching.” | believe that the students should construct their own learning, built on their own
experiences. | believe that this can be done well in a group, where students are able to discuss
their ideas with each other and the teacher. It was an experiment and it worked. | allowed them to
think for themselves and they did. | did not expect such good results and | was amazed at the
ideas that they formulated.

The success of a lesson like this will depend on the ability of the students, but are teachers
underestimating the ability of the students? If students in Japan can do this regularly, why can’t
Australian students?

This lesson was achieved within the framework of an average Australian school. The lesson was
53 minutes long and | had a work program to follow. Teachers can change their teaching
practices without changing the whole world.
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® | will add that | was horrified to watch myself. | stumbled. | missed words. | said the wrong thing. |
didn’t finish sentences. | sounded soooo Australian, and then when | realised that the study wasso in
depth that even the words that | said were counted, | felt analysed and examined within an inch of my
utterances. | have to thank the students for being so great.
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Windows on Others Classrooms... Mirrorsfor Our Own

Will Morony
Executive Officer, Australian Association of Mathematics Teachers Inc.

The Australian Context

The release of the results of the TIMSS 1999 Video Study in the report Teaching Mathematicsin
Seven Countries is a major event in the world of research that focuses on international
comparisons in education. It is likely a measure of increasing globalisation that interest and
investment in making such comparisons has increased significantly over the past fifteen or so
years. As important as these studies may be, results are inevitably viewed from within loca
contexts.

In Australia in 2003, the key aspects of the context of school mathematics in which the results
need to be considered include:

e Australian students consistently perform well in studies of achievement, notably the two
TIMSS studies (1995 and 1999), and the more recent Programme for International Student
Assessment (PISA 2000);

« An emphasis on innovation as a key to maintaining Australia's competitive position in the
knowledge economy;

» Developmentsin curriculum thinking that de-emphasise traditional focus on the disciplines;

e Concerns about the supply and retention of teachers of mathematics (and science and
technology); and

« A range of effortsto improve the status, quality and professionalism of teachers.

These factors, and more, will colour the ways we look at the results, what we can take from them
and how the findings assist teachers of mathematics in their work. Importantly, and particularly
in relation to the last point above, the Australian Association of Mathematics Teachers (AAMT)
has been a leader in efforts to come to grips with the issues around teacher professiona
standards. The publication of the Sandards for Excellence in the Teaching of Mathematics in
Australian Schools (AAMT, 2002), and subsequent work to exemplify these and to develop
means for assessing teachers, isimportant Australian work to investigate and describe teaching.

Why isthe TIMSS 1999 Video Study interesting and useful ?

Thefirst thing to note in ng the usefulness of this work is that the teachers involved have,
on the whole, assessed the lessons as fairly typical. No sample of around a hundred lessons can
claim to be representative of the teaching in a given country, but these teachers evaluations of
the lessons as ‘typical’ means that some levels of generalisation can be made.

The whole concept of this study would seem to acknowledge a pervasive trait of teachers — most
are voyeurs. The opportunity to look at the classroom ‘next door’ is aways interesting and
informative. The opportunity to have access to classrooms in other countries multiplies the
potential. The results — including the twenty-eight public release lessons — will alow Australian
teachers to look deeply at themselves. Teachers reflecting on their practice are known to be a
powerful element in their professional development. These materials provide a range of prompts
for teacher reflection — Is that how I/we do it? How is it different? How is it the same? Why do
[/we do it the way we do? — on a huge range of topics.

It is important to note that the presence of information about other countries provides
comparisons that will inform us about ourselves. New alternatives will also emerge, but whether
these are useful in the context of Australian classrooms can only be determined by Australian
teachers. Perhaps the core finding of the whole study is that there is no single method of teaching
mathematics across the countries. Learning and teaching mathematics occurs in, and responds to,
widely differing social, cultural and educational contexts. Thereisn’'t a“‘silver bullet’!
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An important consequence of the public release of videos of twenty-eight of the lessons is that
teachers and others will have an unchanging record that can be looked at — studied — again and
again for different purposes. Add to this the usability of the LessonLab software interface and the
supporting resources that fill out the action on the videos — the Teacher Commentaries are
particularly useful as they allow viewers to see the teacher’ s explanation of aspects of the lesson
— and we have a resource that will be able to be ‘mined’ in different ways and for different
pUrposes over many years.

A model for unpacking teaching of mathematics

The chapters in Teaching Mathematics in Seven Countries that report results provide a
framework for dissecting mathematics lessons.

« Context: teachers qualifications, experience and working week; goals and influences on
these; teachers’ familiarity with current trends.

« Structure of lessons: length; time on task; communication of lesson intentions; organisation of
problems; purposes and types of interactions.

« Mathematical content of lessons. topics; complexity; occurrence of proofs; relationship
between problems.

e Instructional practices: problem context, means of representation and materials used;
development and discussion of different methods of solution; approaches required for solution
of problem; use of private work time; classroom talk; resources used.

This summary does not do justice to the detail of the analysis that led to the development of this
framework, of course. However, having it accessible, described and exemplified by video clips
means that Australian teachers will be able to use it in thinking and talking about mathematics
lessons. It points to components of teaching that can be focused on.

For example, reporting on the extent to which lessons contain a verbal or written goal statement
and/or summary statement provided by the teacher highlights these as potential organisers for the
lesson. These kinds of statements enable the students to better appreciate the purpose of the
lesson. Add thisto the finding that, of the Australian lessons studied, about 70 per cent contained
at least one goal statement (i.e., statement of the lesson’s intent; Figure 3.12/3.10)°, while only 10
per cent contained at least one summary statement (i.e., statements highlighting points that had
been studied in the lesson; Figure 3.13/3.10) and some of the potential for a teacher or group of
teachers to use the framework and findings as prompts to useful consideration of their own
practices becomes apparent.

The TIMSS Video Study raises questions for teachers and others

The above example is one of many of the same kind that can be identified in the data and the
report. Severa of these are discussed below. Some questions that could be prompted are then
outlined. The major implication of Teaching Mathematics in Seven Countries for Australian
teachers will be its capacity to prompt such questions, and to inform teachers' discussions of the
questions and issues that arise.

What influences what teachers do?

Teachers reported that the following factors played a ‘major role’ in influencing their teaching
decisions for the videotaped lesson: curriculum guidelines, 83 per cent; their assessment of
students’ interests or needs, 41 per cent; their own comfort or interest with the topic, 29 per cent
(this is presumably lower for ‘normal lessons’); mandated textbook, 28 per cent; cooperative
work with other teachers, 26 per cent (Table 2.6)". Is this the right kind of mix? How are things

® That is, Figure 3.12 in the international report of the TIMSS 1999 Video Study (Hiebert et al., 2003), but
Figure 3.10 in this Australian report of the study.

" Data not shown in Australian report
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different in the Netherlands where cooperative work with other teachers was a major factor for
nearly 60 per cent of the teachersinvolved?

How iswork assigned to students?

Australian students were found (Figure 3.4/3.3) to spend twice as much time working on a set of
problems (these were called concurrent problems by the researchers) than they did asaclasson a
single problem (independent problems). The balance was found to be similar in the Netherlands
and Switzerland. In the other countries the balance was in the other direction — more time on
independent than concurrent problems. What opportunities would greater use of independent
problems provide, especially in relation to students verbalising mathematics when explaining
their work on a problemthat is a shared experience for the members of the class?

What was working on problems like for the students?

Across the countries the average length of time spent working on independent problems was
between two and five minutes (Australia: 3 minutes) except for Japan where the figure was 15
minutes (Figure 3.5/3.4). Do |/we give complex enough problems to the whole class so that they
can struggle a little? Do I/we give them enough time to try to work on problems? Achieving
short-term goals can be motivating and rewarding, but is there anything in what and how our
Japanese colleagues approach these sorts of whole class problems that can be adapted?

Another finding that may be unexpected is that in these lessons the Australian students worked
individually for around 75 per cent of the time they spend working on problems (Figure
3.10/3.9). Is 25 per cent of the time my/our level of collaborative work?

How complex were the problems set for students?
The researchers defined three levels of procedural complexity:

e Low complexity problems require four or fewer decisions, with no sub-problems (eg solve 2x
+7=2).

* Moderate complexity problems require more than four decisions and can contain a sub-
problem (eg solvefor xandy: 2y = 3x—4; 2x+ y=5).

* High complexity problems require more than four decisons and contain two or more sub-

problems (eg graph the following inequalities and find the area of intersection: y < x + 4; X <
2,y>-1).

This classification is an example of the potentia usefulness of the framework in prompting
reflection on what is being done in our classrooms. The results were that in the Australian lessons
8 per cent of problems were high procedural complexity; 16 per cent moderate complexity; 77 per
cent low complexity (Figure 4.1/4.5). This last figure was the highest numerically of al the
countries, although statistically higher than only Japan. Is this indicative of expecting enough of
Year 8 students?

How much mathematical reasoning is going on?

Proofs were defined as being present 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 logicaly
connected set of steps’. There were so few problems or lessons that contained proofs in the
Australian lessons that researchers were unable to make reliable estimates of their occurrence
(Figure 4.4/4.6). Given the emphasis on thinking, analytical reasoning, communication and
problem solving skills in education for life in the 21st century, am |/are we doing enough to build
these through our focus on mathematical reasoning in the classroom? Are important
opportunities to keep mathematics relevant being missed? It is worth noting that most other
countries seem to be similar. A significant component of proof was only found in the Japanese
lessons.
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How is the mathematics related through the |lesson?

In the Australian lessons, some 76 per cent of the problems after the first were related to previous
problems as repetition (as distinguished from being thematically (8%) or mathematically (13%)
related, or unrelated (4%)) (Figure 4.6/4.7). A related result is that repetition took at least 65 per
cent of the students private work time (Figure 5.13/4.12). Do I/we have a similar focus on
repetition/practice? To what extent does this link to the ‘I'm bored’ response of some/many
students?

What were the problems like?

Researchers distinguished between problems that were set up with some real-life connection, and
those that were wholly set up using mathematical language or symbols. The Australian lessons
were found to have 27 per cent of the former and 72 per cent of the latter (Figure 5.1/4.2). Isthis
around the mix l/we achieve? Is it an appropriate mix given the emphasis on ‘making
mathematics meaningful’, middle schooling philosophy and the like?

The classification of the actual problems set is again interesting and potentially useful for
Australian teachers in their reflections on practice. More than 60 per cent of problems in the
Australian lessons were about using procedures, with 15 per cent designed for making
connections (Figure 5.8/4.9). Should I/we have more emphasis on making connections? |s that
important?...desirable?...achievable?

What talk went on in the classrooms?

The ratio of words spoken by teachers to those spoken by students in the Australian lessons is
9:1, and this is fairly typical (Figure 5.14° and Figure 5.15/3.12). Given this, it is not surprising
that teachers' talk was more in extended utterances (35 per cent being more than 25 words, as
opposed to 7 per cent of the students' talk; Figure 5.16/3.13 and Figure 5.17/3.14). Do |/we talk
that much? Should I/we?

What resources were used in the lessons?

The lessons are analysed for the use of a wide variety of resources. The low use of computersin
the Australian lessons (4%) may reflect the fact that these were 1999 lessons. A relatively low
uptake is still likely, however. Certainly in 2003 computer use is unlikely to approach the 1999
figure of students using computational calculators in 56 per cent of the lessons. Am l/are we
using computers at this sort of level in Year 8 mathematics lessons? What factors might be
inhibiting uptake...availability of hardware and/or suitable software and computer-based
materials?...professional development?...bandwidth into schools?

A note of caution

Thereis no doubt that the TIMSS 1999 Video Study is a highly professional piece of work, but as
with all educational research readers need to look at the findings critically. As part of the
framework the researchers have had to define a range of terms and these may be somewhat
problematic. For example the term problem was defined as ‘events that contained a statement
asking for some unknown information that could be determined by applying a mathematical
operation’. This is a very broad definition that encompasses what Australians might call
‘exercises or even ‘calculations’. Similarly the idea of processis perhaps broader than is usual in
discussions in this country. There are undoubtedly other definitiona differences. These are likely
to spark good professiona discussion as teachers come to discuss the work and findings, and this
isinitself worthwhile.

The researchers have also had to create other definitions as part of the development of the
framework for unpacking teaching and learning. Some examples such as procedural complexity
and categories for classifying problems have been outlined above. Again, it is likely that teachers

8 Data not shown in Australian report
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and others will differ in their views about the appropriateness of these, and this can and will lead
to productive professiona devel opment.

Moving forward in the teaching of mathematics

The magjority of this paper has dwelt on the ways in which the TIMSS 1999 Video Study has
illuminated Australian mathematics classrooms. Making detailed comparisons with other
countries can be useful, but only insofar as it assists with this illumination, and if it provides
images of how things might be done differently.

No matter how the report and the public release lessons are used in teachers' professiona
development, the most productive focus will be on the core concern of teachers of mathematics —
planning their teaching, structuring lessons, identifying the work students need to do, managing
the learning, classroom interactions, resources and so on. In doing this, teachers will benefit from
the work of the AAMT on its professiona teaching standards, as these provide a common
language for talking about teaching mathematics.

There is no doubt that the public release lessons, in particular, provide an engaging stimulus for
teachers to reflect on components of the AAMT professiona teaching standards in relation to
their teaching of mathematics. Teachers in Australia and around the world will be indebted to
these colleagues, for many years to come, for their generosity in sharing their work with others.
Sincere thanks to them all from the mathematics teachers of Australia.
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The Need to I ncrease Attention to Mathematical Reasoning

Kaye Stacey
University of Melbourne

The international report of the TIMSS 1999 Video Study provides a fascinating insight into
national differences and provides a high quality set of findings on teaching mathematics that will
be analysed and discussed for many years. The strength of the sampling, the range of constructs
observed, the detailed analysis and the clarity of presentation of results, al contribute to making
the report extremely useful as a basis for professional development, for research and also for
helping set future directions for improvement.

The results of the original TIMSS assessment study (TIMSS 1995) form a backdrop to the video
study. That study tested mathematics achievement of 13-year-old, 9-year-old and Year 12
students, as well as collecting data on a wide range of variables that might be able to explain
achievement. The international results showed Australia to be doing reasonably well in
mathematics. The Australian 13-year-old students tied for ninth place with 14 countries, out of a
total group of 41 countries tested in the written tests, and in the performance assessment
Australian students were also clearly above average (Harmon et al., 1997; Lokan, Ford &
Greenwood, 1996). Australia was one of the highest achieving of the western English-speaking
countries, doing generally better than England, USA and New Zeadland, but the results
demonstrated clearly the possibilities for improvement.

As responsible scientists, the authors of the international video report carefully refrain from
drawing conclusions about cause and effect from the data in this study: they cannot scientificaly
claim that the features of classrooms in the high achieving countries cause high achievement. In
fact, the main conclusion drawn by the report is only that different methods of teaching can lead
to high achievement. However, if Australia is to use the results of this research to improve its
mathematics achievement, then we need to go beyond the scientifically proven links and ‘join the
dots' to make an interpretable picture. In this short piece, | will outline the main area needing
attention in the joined-dots picture that | see.

The shallow teaching syndrome: procedures without reasons

The average lesson in Australia reveals a cluster of features that together congtitute a syndrome
of shallow teaching, where students are asked to follow procedures without reasons. The
evidence for this syndrome lies in the low complexity of problems undertaken with excessive
repetition, and an absence of mathematical reasoning in the classroom discourse.

Excessive repetition

The video study classified each problem according to its relationship to previous problems. On
average, 76 per cent of problemsin Australian classrooms were repetitions of previous problems
(Figure 4.6/4.7)°. This was the highest percentage'® of the seven countries. The definition of
repetition means that the problems are indeed extremely similar, with only the numbers or other

elements changed. For example, calculating +/(-42 after |42 is not regarded as repetition.

Conversely, Australia had the lowest percentage® of problems (13%) that were ‘mathematically
related’, where students had to extend a previous solution method even in a minor way, asin the
example above. In Hong Kong SAR, which also had a high rate of repetition (69%), nearly twice

® That is, Figure 4.6 in the international report of the TIMSS 1999 Video Study (Hiebert et al., 2003), but
Figure 4.7 in this Australian report of the study.

19| n the international report, claims such as highest are made only where statistically significant. In this
commentary, claims refer to the data and do not necessarily indicate statistical significance. In this
example, Australia has the numerically highest percentage, but thisis not significantly higher than any of
the other countries except Japan.

1 Significantly lower than Hong Kong SAR and Japan
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as many problems were mathematicaly related (24%). Australian students spent 65 per cent of
their individual work time repeating procedures that had just been demonstrated.

Problems of low complexity

The video study classified al problems as being of high, moderate or low procedural complexity,
according to how many (small) steps atypical solution might take. Solving the equation 2x+7 = 2
is of low complexity, whereas solving a pair of simple simultaneous equations is of moderate
complexity. On this measure, Australian lessons had an average of 77 per cent of problems of
low complexity, again the highest of the seven countries (Figure 4.1/4.5)." Since this measure
could well depend on the balance of topics studied, it was repeated for plane geometry. In this
topic, fewer problems were of lower complexity, but again Australia had the highest percentage
of the seven countries.

Absence of mathematical reasoning

The study looked for evidence of mathematical reasoning in two ways. Firstly, they identified all
the lessons where some form of deductive reasoning, even very informal, was evident. Too few
lessons were found in Australiato register (i.e., less than 1 per cent), along with the Netherlands
and the United States (Figure 4.4/4.6). The four other countries ranged from 5 per cent to 39 per
cent (Japan) of lessons.

Secondly, problems were classified, according to the mathematical processes expected to be used
to solve them, as using procedures (e.g., solving a standard equation), stating concepts (giving an
example or interpreting a convention — e.g., by plotting a point) and making connections. This
fina group included linking mathematical concepts, facts and procedures, and making
generalisations and verifying them, all aspects of mathematical reasoning. Figure 5.8/4.9 shows
that 15 per cent of Austradian problems were in this making connections category, a low figure
but similar to that in three other countries.® The actual solutions presented in the class (by
teachers or students) were then also analysed. This showed that in Australia, only 2 per cent of
the total number of problems exhibited evidence of making connections when actually solved
(Figure 5.9/4.10), and this included only 8 per cent of the problems specificaly identified as
making connections. More commonly the public solution was to state a concept, use a procedure
or just give the result (Figure 5.12/4.11). Together these results point to an absence of
mathematical reasoning in the average Australian Y ear 8 mathematics class.

Performance and valued goals

Observing that the average Australian lesson demonstrates shallow teaching is not important
unless it means that it prevents Australia reaching goals that it wants to achieve. So what are
Australian goals?

A central feature of the curriculum in al states over the last two decades and of A National
Satement on Mathematics for Australian Schools (Australian Education Council, 1991) has been
an implicit trade-off between time spent on procedura skills and time on higher-order thinking.
Especialy because of the advent of affordable technology, mathematics curriculum leaders
judged that the ability to carry out detailed arithmetic or algebraic processes was no longer a
highly prized skill. They saw an opportunity to work instead on the poor conceptua
understanding of mathematics and the difficulty of applying mathematica knowledge to red
world or unfamiliar mathematical problems; both of which research had consistently shown are
prevalent around the world. Curriculum documents of the last decades therefore show a reduced
emphasis on computational skill and algebraic procedures, and substantial emphasis on students
obtaining deep understanding of the underlying ideas and being able to use them in real contexts.

Australia's low emphasis on the development of computational skills was evident in
internationally poor results. This was the only major area of the TIMSS 1995 mathematics tests

12 Gignificantly higher than Japan
3 Significantly lower than Japan
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where Australian students were consistently below the international average. To illustrate, the 13-
year-old students had the lowest success rate in the world (25%) on theitem % divided by 5t. In

al of these items, the Asian countries had high success rates, some over 90 per cent. These
results are not, of themselves, particular cause for concern, provided that Australia can see
benefits from the trade off of routine skill for conceptual understanding and problem solving.

Some TIMSS 1995 items tested conceptual understanding. On these items, Australia is generally
above the international average, consistent with its overall position, but the gains on conceptua
understanding seem small in comparison to the loss on the other items. For example, an item
asking 13-year-old students to order three decimals and a fraction had an Australian success rate
of 47 per cent, an international average of 44 per cent and a Singapore success rate of 84 per cent.
Singapore students seem to develop a strong conceptual understanding of number (including
large numbers, fractions and decimals) early and they apply this to achieve high success rates in
most areas of mathematics. Fewer TIMSS written items assessed applying mathematics.
However, asimilar pattern is evident in the results and also in the performance assessment.

In summary, Australia has not achieved the gains that one might have expected. The reduction in
goals for procedura skillsis evident in TIMSS results, and in the video study in the dominance of
low complexity items and possibly also in the relatively slow curriculum pace — only 56 per cent
of lesson time is spent on new material (Figure 3.8/3.7). However, we do not have evidence that
we have yet reaped the desired benefits of better conceptual understanding and problem solving
ability, with real world problems or otherwise.

Linking learning outcomes to lessons with high-level reasoning

The video study demonstrates that the average Australian lesson now focuses on procedures,
learned through repetition without making mathematical connections. In addition, Australia is
only average in frequency of use of real world contexts. What evidence is there that this teaching
method may be a reason for the less-than-expected performance on conceptual understanding and
problem solving ability? The video study provides some indirect evidence (to be noted below),
but the mgjor evidence comes from other research.

In considering teachers' characteristics and their association with children’'s numeracy
performance in Britain, Askew, Brown, Rhodes, Johnson and Wiliam (1997) identified teachers
recognition of deep connections between mathematical ideas as one of the few predictors of high
learning gains by children. Effective teachers of numeracy saw mathematics as richly connected
and adopted classroom strategies that helped children to make links. Teachers whose
mathematics teaching style was oriented to ‘transmission’ or ‘discovery’ (where children worked
out ideas with little teacher input) were less effective. Ma (1999) makes a similar claim,
comparing Chinese and American teachers.

There are a number of quantitative and qualitative studies reporting that higher learning gains are
associated with the classroom use of mathematical tasks that engage students in high-level
cognitive reasoning, including the QUASAR project that substantially improved the achievement
of middle school children in underachieving schools in the United States (see, for example, Stein
& Lane, 1996; Henningsen & Stein, 1997). These studies highlighted, however, that although
good tasks might seem to be the causal mechanism, the teacher influences the choice, timing, and
detail of their implementation in classrooms. A lesson may be more or less successful in
sustaining high level thinking, depending on the actions and pedagogical decisions of the teacher
within the classroom. Ball (2000) also demonstrates how the mathematical climate in a class is
the result of a myriad of teaching decisions, such as what questions to ask, what examples to
choose, which methods to explain, and so on. Opportunities can therefore easily be missed.



122 Teaching Mathematicsin Australia
Results from the TIMSS 1999 Video Study

Two models from the video study, with one conclusion

The video study demonstrates that the two highest achieving countries have different teaching
methods. Stigler and Hiebert (1999) attribute the Japanese success to the way that Japanese
teachers developed lesson plans with deep cognitive content and careful attention to lesson
objectives and mathematical connections (see also Shimizu, 1999). They build lessons around a
smal number of rich problems and sustain an emphasis on mathematical reasoning. The
Australian public release lessons show examples of rich problems being used in Austraian
schools, but the overall averages suggest that their potentia for drawing out mathematical
reasoning and connections is not being realised. Instead, rich problems are being reduced to
problems that are solved by statements of facts or routine procedural work.

The high achievement in Hong Kong SAR is built on different foundations. Like Austrdian
students, Hong Kong SAR students spend most of their time on problems emphasising
procedures, athough they have more problems of moderate complexity and spend more time on
new materia with less repetition. There is also more emphasis on mathematical connections than
in Australia: more lessons have some evidence of proof, and the solutions of 12 per cent of
problems involve making connections. These students seem to get more out of their primarily
procedurally-oriented teaching.

In summary, whether Australia pursues the reform ideal of having students learn mathematics by
deep engagement with rich problems or alternatively seeks to maximise outcomes obtained by
emphasising standard sets of mathematical procedures, there needs to be a greater emphasis on
explicit mathematical reasoning, deduction, connections and higher-order thinking in lessons.
The research evidence indicates that this may increase achievement, but it is aso of a priori
Importance since these are the thinking processes that characterise mathematics. The video study
shows that this can be done with Year 8 students better than is currently done in the average
Australian classroom.
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Appendix A
TECHNICAL INFORMATION

The TIMSS 1999 Video Study was carried out to the same high methodological standards as the
TIMSS 1995 and 1999 assessments and other |EA studies. Procedures were developed to ensure
that data were collected in standardised ways across countries, and that sampling was carried out
according to specifications so that statistically reliable country estimates could be reported. Full
technical details are contained in the technical report of the study (Jacobs et d., in press).

This appendix provides a summary for Australian readers of the technical detals of the
mathematics portion of the study. It is drawn largely from Appendix A of the international report,
Teaching Mathematics in Seven Countries (Hiebert et al., 2003), but is supplemented with some
relevant Australian data.

Sampling

The sampling objective was to obtain a representative sample of Year 8 mathematics lessons in
each participating country, large enough to enable inferences to be made about the nationa
populations of lessons for the countries. In general, the sampling plan followed the standards and
procedures agreed to and implemented for the TIMSS 1999 assessments (see Martin, Gregory &
Stemler, 2000). The school sample was required to be a * Probability Proportiona to Size' (PPS)
sample. A PPS sample assigns a probability of selection to each school according to its enrolment
of Year 8 students as a proportion of the number of Year 8 studentsin schools countrywide (thus,
larger schools have a higher chance of being chosen). Once the schools were selected, one Year 8
mathematics class per school was sampled randomly from lists of classes and timetables provided
by the schools*

Most of the participating countries drew separate samples for the video study and the TIMSS
1999 student assessments. For this and other reasons, the TIMSS 1999 assessment data cannot be
directly linked to the video database, although Australia and Switzerland both extended the study
by having the videotaped students compl ete a written mathematics test.

Sample size

All of the TIMSS 1999 Video Study countries were required to include 100 schoolsin their initial
selection of schools. Switzerland wished to analyse its data by language group, and therefore
selected a nationally representative sample (156 schools) that would also be statistically reliable
for their French-, Italian-, and German-language regions. The Japanese mathematics data, from
the TIMSS 1995 Video Study, included only 50 schools.

The TIMSS 1999 Video Study final sample comprised 638 Y ear 8 mathematics lessons. Table
A.lindicates the sample size and participation rate for each country.

! Some countries, including Australia, also selected and filmed science classes.
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TableA.1 Samplesizeand participation ratefor each country

Number of Percentage of schools that Percentage of schools that
schools that participated, including participated, including
Country participated replacements' — unweighted® replacements' — weighted®
Austraia’ 87 85 85
Czech Republic? 100 100 100
Hong Kong SAR 100 100 100
Japan® 50 100 100
Netherlands’ 85° 87 85
Switzerland’ 140 93 93
United States 83 77 76

! The participation rate including replacement schoolsis the percentage of all schools (i.e., original and replacements)
that participated.

2 Unweighted participation rates were computed using the actual numbers of schools and reflect successin terms of
getting schools to take part.

% Weighted participation rates reflect the probability of being selected into the sample and show success in terms of the
population of schoolsto be represented.

4 For Australia, the Czech Republic, and the Netherlands, these figures represent the participation rates for the
combined mathematics and science samples.

5 Japanese mathematics data were collected in 1995.

® In the Netherlands, a mathematics lesson was filmed in only 78 of the schools.

" In Switzerland, 74 schools participated from the German-language area (99 per cent unweighted and weighted
participation rate), 39 schools participated from the French-language area (95 per cent unweighted and weighted
participation rate), and 27 schools participated from the Italian-language area (77 per cent unweighted and weighted
participation rate).

Sampling within each country

Within the specified guidelines, the participating countries each developed their own strategy for
obtaining a random sample of Year 8 lessons to videotape for the study. For example, in the
German-language area of Switzerland, the video sample was a sub-sample of the TIMSS 1995
assessment schools, and in Hong Kong SAR, most, but not al, of the video sample was a sub-
sample of the TIMSS 1999 assessment schools. In the other countries, separate samples were
drawn for the video and assessment studies.

National Research Coordinators were responsible for selecting or reviewing the selection of
schools and lessons in their country. Identical instructions for sample selection, based on those
used for the TIMSS 1999 assessment study, were provided to all countries. In all cases, countries
provided the relevant sampling variables to Westat, so that they could appropriately weight the
school samples.?

Australian sample

According to specifications, the designed Australian sample consisted of 100 schools. The
sample was randomly selected by computer, with probability proportiona to size of Year 8
enrolment, from the sampling frame of Australian schools maintained by the Australian Council
for Educational Research (ACER).

Prior to selection, the sampling frame was stratified by state and territory. Within these strata,
schools were listed by sector (government, Catholic and independent) in order of enrolment size,

2 Sinceit was based on the TIMSS 1999 assessment sample, the Hong Kong SAR school sample was
selected and checked by Statistics Canada. In the United States, Westat selected the school sample and
LessonLab selected the classroom sample.
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with government and independent schools in descending order and Cathaolic schools in ascending
order. Within the five mainland states, schools were also stratified by metropolitan/non-
metropolitan, based on their telephone codes. As was done for the TIMSS 1999 assessment,
permission was obtained from the sampling referee to exclude schools in remote areas with five
or fewer Year 8 students enrolled (the total number of Year 8 students in such schools across the
country was very small).

The alocation of schools by state and territory was approximately proportional to the estimated
number of students, except that there was some slight undersampling in the largest state, New
South Wales, and a corresponding oversampling in Tasmania and the Northern Territory, both of
which have relatively small enrolments. Permission was obtained from the sampling referee to
slightly undersample non-metropolitan schools,®> which meant that metropolitan schools were
oversampled to maintain the approximate proportional sampling within the states. The 1998
enrolment figures and the designed sample are shown in Table A.2.

TableA.2 Year 8 enrolment and designed Australian sample

Percentage of total Designed sample

State Y ear 8 enrolment Y ear 8 enrolment (no. of schools)
New South Wales 84574 32.8 30
Victoria 61518 238 24
Queensland 50 114 194 19

South Australia 19994 7.8 8
Western Australia 27471 10.7 11
Tasmania 7084 2.7 4
Northern Territory 2385 0.9 2
Australian Capital Territory 4853 1.9 2

Total 258 003 100.0 100

1 Source: Schools Australia 1998, Australian Bureau of Statistics, Catalogue 4221.0

The alocation of the designed sample by state and sector is shown in Table A.3, together with
details of the achieved sample. Asis customary in such studies, schools were initially approached
through their principal. Given the possibly daunting prospect for teachers of having video
cameras in their classrooms, most principals discussed the approach with their teachers before
giving consent for the school to participate. Principals and teachers knew from the initia
approach that a Y ear 8 mathematics class would be chosen at random, and so once the consent to
take part was given, only one school was later lost to the study because the selected teacher did
not wish to be filmed. Altogether, 61 of the originally selected schools participated and the
remainder of the achieved sample was made up with replacement schools.

As can be seenin Table A.3, most of the refusals came from New South Wales, where industrial
problems in both the government and Catholic sectors were experienced for several months prior
to the time of the study. Apart from that circumstance, the response rate was generally excellent.*
Non-metropolitan areas were represented in the achieved samplein al but the two territories (the
Australian Capital Territory has no secondary schools in non-metropolitan areas). Of the 54
government schools where lessons were filmed, 40 were in metropolitan areas; of the 17 Catholic

% This was done to contain the costs of data collection, a very expensive undertaking in a large country like
Australia when teams of videographers have to be sent to the participating schools.

* Disparitiesin representativeness of the achieved sample were compensated for in the analyses by
statistical weighting.
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schools, 14 were in metropolitan areas; and of the 16 independent schools, 13 were in
metropolitan areas. Thus, in the total of 87 schools, 67 were in metropolitan areas and 20 in non-
metropolitan areas. This breakdown is a reasonable reflection of the distribution of schools
countrywide, allowing for the slight undersampling of schools from non-metropolitan areas.

TableA.3 Designed and achieved Australian samples, by state and sector

State

Sector NSwW  VIC QLD SA WA TAS NT ACT  Total
Designed

Government 20 14 12 5 6 3 1 1 62

Catholic 6 6 4 1 3 0 1 1 22

Independent 4 4 3 2 2 1 0 0 16

Total designed 30 24 19 8 11 4 2 2 100
Achieved

Government 12 14 12 4 5 3 1 1 52

Catholic 3 6 4 0 2 0 1 1 17

Independent 4 4 3 2 2 1 0 0 16

Total achieved 19 24 19 6 9 4 2 2 85

Note: In addition to the numbers of schools shown in the table, classesin two extra government schools were filmed.
This came about because in two instances the initially selected schooal at first refused to take part, and hence the
replacement school was approached and agreed to be involved. Later, the originally selected school changed its
mind, and was included in the filming as well. One of the two extra schools was in Queensland and the other wasin
the Northern Territory. The data for the two replacement schools were retained in the database and the weighting of
schoolsin those states was adjusted to retain proportionality of representation.

Videotaped lessons

As noted earlier, only one mathematics class was randomly selected within each school. No
substitution of a teacher or a class period was alowed. The designated class was videotaped
once, in its entirety, without regard to the particular mathematics topic being taught or type of
activity taking place. The only exception was that teachers were not videotaped on days they
planned to give atest for the entire class period.

The complexities of scheduling meant that teachers had to be contacted a short while in advance
of the filming, usually between one and five days ahead. Teachers were asked to do nothing
special for the videotape session, and to conduct the class as they had planned. The scheduler and
videographer in each country determined on which day the lesson would be filmed. If the class
would have been doing atest at the nominated time, arrangements were made for the same class,
taught by the same teacher, to be filmed on another day.

Most of the filming took place in 1999. In some countries filming began in 1998 and ended in
1999, and in other countries, including Australia, filming began in 1999 and ended in 2000. The
goa was to sample lessons throughout a normal school year, while accommodating how
academic years are organised in each country.

It is customary in Australiato inform parents when their children have been selected to take part
in a research study and to provide them with the opportunity to refuse permission for their child
to be involved. In this study, the requirement that each student return a signed permission slip
from their parent(s), agreeing to the student’s participation in the filming, was strictly adhered to
by the researchers.
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Questionnaires
Teacher Questionnaire

To help understand and interpret the videotaped mathematics lessons, questionnaires were
collected from the teachers of these lessons. The Teacher Questionnaire was designed to dlicit
information about the professional background of the teacher, the nature of the mathematics
course in which the lesson was filmed, the context and goal of the filmed lesson, and the
teacher's perceptions of its typicality. Teacher Questionnaire response rates are shown in
Table A.4.

TableA.4 Teacher Questionnaireresponserates

Teacher questionnaire response rate (unwei ghted)

Country Percentage Sample size
Australia 100 87
Czech Republic 100 100
Hong Kong SAR 100 100
Netherlands 96 75
Switzerland 99 138
United States 100 83

Note: Japan did not collect a new mathematics sample for the TIMSS 1999 Video Study.

The Teacher Questionnaire was developed in English and consisted of 27 open-ended and 32
closed questions. Countries could modify the questionnaire items to make them culturaly
appropriate. In some cases, questions were deleted for reasons of sensitivity or appropriateness.
Country-specific versions of the questionnaire were reviewed for comparability and accuracy.”

The open-ended items required development of quantitative codes, a procedure for training
coders, and a procedure for calculating inter-coder reliability. An 85 per cent within-country
inter-coder reliability criterion was used. The reliability procedures were similar to those used in
the TIMSS 1995 assessment to code students' responses to the open-ended tasks (Mullis, Jones &
Garden, 1996; Mullis & Martin, 1998).

Student Questionnaire

Short questionnaires were also distributed to the students in each videotaped lesson.” Student data
are not presented in the international report, but some of the Australian data are reported in
Chapter 2 of this Australian report.

Australian adaptations

Adaptations needed to the questionnaires for Australian use were minor to very minor.
Vocabulary such as ‘elementary school’ and ‘high school’” was changed to ‘primary school’ and
‘secondary school’; ‘grade level’ was changed to ‘year level’; ‘ graduate school’ was changed to
‘postgraduate studies and ‘college courses to ‘university courses’, and so on. Reference to
District level curriculum guides was removed and reference to national curriculum documents
was replaced by reference to ‘your state’ s version of the National Mathematics Statement’. In the
Student Questionnaire, questions referring to race and ethnicity were replaced by questions
asking for country of birth and language(s) spoken at home most of the time, and a question
asking about Aboriginal or Torres Strait |slander status was added.

® The questionnaires are available online at http://www.|essonlab.com
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Video Data Coding

This section provides information about the teams involved in developing and applying codes to
the video data. Group members are not specified in this Australian report, but can be found in
Appendix B of Teaching Mathematics in Seven Countries. For validity and credibility of the
study’s findings, it is crucial that codes developed to describe the data could be applied reliably
by a large team of coders. Thus, a great ded of time and effort was expended to ensure that the
codes were clear and that coders could meet stringent criteria of consistency in their judgments
when applying the codes.

The Mathematics Code Devel opment Team

An international team was assembled to develop codes to apply to the TIMSS 1999 Video Study
mathematics data. The team consisted of country associates (bilingual representatives from each
country) and was directed by a mathematics education researcher.® The Mathematics Code
Development Team was responsible for creating and overseeing the coding process, and for
managing the International Video Coding Team (see below). The team discussed coding idess,
created code definitions, wrote a coding manual, gathered examples and practice materials,
designed a coder training program, trained coders and established reliability, organised quality
control measures, consulted on difficult coding decisions, and managed the analyses and write-up
of the data.

The International Video Coding Team

Members of the International Video Coding Team represented all of the participating countries.
They were fluently bilingual and so could watch the lessons in their original language, and not
rely heavily on the English-language transcripts. In amost all cases, coders were born and raised
in the country whose lessons they coded.

Codersin the International Video Coding Team applied 45 codes in seven coding passes through
each of the videotaped lessons. They aso created a lesson table for each video, which combined
information from a number of codes. For example, the lesson tables noted when each
mathematical problem began and ended, and included a description of the problem and the
solution. These tables served several purposes. they acted as quick reference guides to each
lesson, they were used in the development process for later codes, and they enabled problems to
be further coded by specialist coding teams.”

Coding reliability

Aswith any study that relies on coding, it is important to establish clear reliability criteria. Based
on procedures previoudy used and documented for the TIMSS 1995 Video Study and as
described in the literature (Bakeman & Gottman, 1997), percentage agreement was used to
estimate inter-rater reliability and the reliability of codes within and across countries for all
variables presented in the report. Percentage agreement allows for consideration not only of
whether coders applied the same codes to a specific action or behaviour, for example, but also
alows for consideration of whether the coders applied the same codes within the same relative
period of time during the lesson.

The calculation of * percentage agreement’ in this study is defined as the proportion of the number
of agreements to the number of agreements plus disagreements. Coders established initial
reliability, at or near the beginning of applying codes, on all codes in a coding pass prior to their
actual implementation. After the coders had finished coding approximately half of their assigned
set of lessons (in most cases about 40-50 lessons), they established midpoint reliability. The

® The mathematics team did not include a representative from Japan because Japanese mathematics lessons
were not filmed as part of the TIMSS 1999 video data collection.

" A subset of these lesson tables, from all countries except Japan, was expanded and then coded by the
Mathematics Quality Analysis Group, described below.



Technical Information 133
Appendix A

minimum acceptable reliability score for each code (averaging across coders) was 85 per cent.
Individual coders or coder pairs had to reach at least 80 per cent reliability on each code.’®

Initial reliability was computed as agreement between coders and a master document. A master
document refers to a lesson or part of a lesson coded by consensus by the Mathematics Code
Development Team. To create a master, the country associates independently coded the same
lesson and then met to compare their coding and discuss disagreements until consensus was
achieved. The method of establishing reliability via comparison with master documents is
considered a rigorous and cost-effective aternative to inter-coder reliability (Bakeman &
Gottman, 1997).

Midpoint reliability was computed as agreement between pairs of coders. By half way through
the coding process, coders were considered to be more expert in the code definitions and
applications than the Mathematics Code Development Team. Therefore, in general, the most
appropriate assessment of their reliability was deemed in this study to be a comparison among
coders rather than to a master document. Inter-rater agreement was also used to establish initial
reliability in some of the later coding passes, but only for those codes for which coders helped to
develop coding definitions.

A percentage agreement reliability statistic was computed for each coder by dividing the number
of agreements by the sum of agreements and disagreements, as mentioned above. Average
reliability was then calculated across coders and across countries for each code. In cases where
coders did not reach the established reliability standard, they were re-trained and re-tested using a
new set of lessons. Codes were dropped from the study if 85 per cent reliability could not be
achieved (or if individual coders could not reach at |east 80 per cent reliability).

What counted as an agreement or disagreement depended on the specific nature of each code, and
isexplained in detail in Jacobs et al. (in press). Some codes required coders to indicate atime. In
these cases, coders' time markings had to fall within a predetermined margin of error. This
margin of error varied depending on the nature of the code, ranging from 10 seconds to two
minutes.

After coder training, and retraining as necessary, all assigned codes met, and usually exceeded,
the minimum acceptable reliability standard established for the study. Over about 40 variables,
the mean percentage agreement was just under 96 per cent for both initiad and midpoint
measurements. Least reliable, at 86 per cent agreement for both occasions, were judgments of
what was or was not a ‘public announcement’; most reliable, at almost 100 per cent, were the
variables relating to use of various kinds of equipment. The largest discrepancy, of 10 percentage
points, between initia and midpoint reliability was for judging what was or was not a ‘goal
statement’, which was less easily agreed on after coders became more experienced. The obtained
initial and midpoint reliability values are included in Teaching Mathematics in Seven Countries.

Specialist coding groups

The majority of codes for which analyses were conducted in this report were applied to the video
data by members of the International Video Coding Team, who were cultural ‘insiders and
fluent in the language of the lessons they coded. However, not al of them were experts in
mathematics or teaching. Therefore, several specidist coding teams with different areas of
expertise were employed to create and apply special codes concerned with the mathematical
nature of the content, the pedagogy, and the discourse.

8 The minimum acceptable reliability score for all codes (across coders and countries) was 85 per cent. For
coders and countries, the minimum acceptable reliability score was 80 per cent. That is, the reliability of
an individual coder or the average of all coders within a particular country was occasionally between 80
and 85 per cent. In these cases clarification was provided, but re-testing for reliability was not deemed
necessary.
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M athematics Problem Analysis Group

Members of the Mathematics Problem Analysis Group were individuas with expertise in
mathematics and mathematics education. They developed and applied a series of codes to all of
the mathematical problems in the videotaped lessons, using lesson tables that had been prepared
by the International Video Coding Team.

From textbooks and curriculum materials provided by countries, the Mathematics Problem
Analysis Group constructed a comprehensive, detailed, and structured list of mathematics topics
covered in eighth grade in all participating countries. Each problem marked in a videotaped
lesson was connected to atopic on thelist.

In addition to coding the mathematics topics of problems, the group also coded the procedural
complexity of each problem and the relationships among problems, and identified application
problems (as defined in Chapter 4).

The members of this group each established reliability with the director of the group by coding a
randomly selected set of lessons from each country. Their codes were then compared with those
in a ‘master’ set prepared by the director. Both initial reliability and reliability after
approximately two-thirds of the lessons had been coded were computed. The percentage
agreement was above 85 per cent for each code.

Mathematics Quality Analysis Group

A second specialist group possessed special expertise in both mathematics and mathematics
teaching at the post-secondary level. The same group had previousy been commissioned to
develop and apply codes for the TIMSS 1995 Video Study. The Mathematics Quality Analysis
Group reviewed a randomly selected subset of 120 lessons (20 lessons from each country except
Japan). Japan was not included because the group had already analysed a subsample of the
Japanese lessons as part of the 1995 Video Study.

Specially trained members of the International Video Coding Team created expanded lesson
tables for each of the 120 lessons in the subsample. The resulting tables all followed the same
format: they included details about the classroom interaction, the nature of the mathematical
problems worked on during class time, descriptions of time periods during which problems were
not worked on, mathematical generalisations, labels, links, goal statements, lesson summaries,
and other information relevant to understanding the content covered during the lesson.
Furthermore, the tables were ‘country-blind’, with al indicators that might revea the country
removed. For example, proper names were changed to those deemed neutral to Americans, and
lessons were identified only by an arbitrarily assigned ID number. The Mathematics Quality
Analysis Group worked solely from these written records, and had no access to either the full
transcripts or the video data.

The group created and applied a coding scheme that focused on mathematical reasoning,
mathematical coherence, the nature and level of mathematical content, and the overall quality of
the mathematics in the lessons. The scheme was reviewed by mathematics experts in each
country and then revised based on the feedback received. The group applied their coding scheme
by studying the written records of the lessons and reaching consensus about each judgment.

Because the subsample of 120 lessons contained relatively few lessons (20) from each country, it
might not be representative of the full sample of Y ear 8 mathematics |essons in each country, and
so only descriptive analyses of the group’s coded data were included in Teaching Mathematics in
Seven Countries (as Appendix D); no statistical comparisons were made.

The twenty Australian lessons selected for this analysis comprised two from New South Wales,
seven from Victoria, six from Queensland, two from Western Australia, and one each from South
Australia, Tasmania and the Northern Territory. Fourteen of the twenty schools involved were
government schools, four were Catholic and two were independent. They were chosen from a
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random starting point on a list that was approximately in chronological order of filming. The
selection is not in proportion to the stratified composition of the sample.

Problem Implementation Analysis Team

The Problem Implementation Analysis Team anaysed a subset of mathematical problems and
examined 1) the types of mathematical processes implied by the problem statement, and 2) the
types of mathematical processes that were publicly addressed when solving the problem.

Using the video data, trandated transcripts, and the same lesson tables provided to their problem
analysis colleagues, the Problem Implementation Analysis Team analysed only those problems
that were publicly completed during the videotaped lessons. The team did not analyse data from
Switzerland, since most of the Swiss transcripts were not translated into English.

Reliability was established by comparing codes assigned by the director of the team for a set of
10 lessons from each country with codes assigned by one outside coder. This set of lessons was
randomly selected from lessons that included at least one problem that was publicly completed
during the lesson. Reliability of at least 85 per cent was achieved for all countries.

Text Anaysis Group

The Text Analysis Group used all portions of the mathematics lesson transcripts designated as
public interaction to conduct various discourse analyses. The group made use of specialy
designed computer software for these quantitative analyses of classroom talk.

Because of resource limitations, computer-assisted analyses were applied only to English
translations of lesson transcripts.” In the case of the Czech Republic, Japan, and the Netherlands,
al lessons were translated from the respective native languages, and in the case of Hong Kong
SAR, 66 per cent were trandated (34 per cent of the Hong Kong SAR lessons were conducted in
English). English trandations of Swiss lessons were not available and so were not analysed by
the team.

Statistical Analyses

Most of the analyses presented in Teaching Mathematics in Seven Countries are comparisons of
means or distributions across seven countries for video data and across six countries for
guestionnaire data. The TIMSS 1999 Video Study was designed to provide information about and
compare mathematics instruction in Y ear 8 classrooms. For this reason, the lesson rather than the
school, teacher, or student was the unit of analysisin all casesin the international report.

Analyses for the international report were conducted in two stages. First, means or distributions
were compared across all available countries using either one-way ANOVA or Pearson Chi-
square procedures. For some continuous data, additional dichotomous variables were created that
identified either no occurrence of an event (code = 0) or one or more occurrences of an event
(code = 1). Variables coded dichotomously were usualy analysed using ANOVA, with
asymptotic approximations.

Next, for each analysis that was significant overall, pairwise comparisons were computed and
significance determined by the Bonferroni adjustment. However, if fewer than three lessons
within a country had an observed code, all pairwise comparisons involving that country were first
removed from the analysis.

The Bonferroni adjustment was made assuming all combinations of (the remaining) pairwise
comparisons.™® For continuous variables, Student’s t values were computed on each pairwise

® Transcribers/translators were fluent in both English and their native language, educated at |east to Y ear 8
in the country whose lessons they trandated, and had completed two weeks' training in the procedures
detailed in the TIMSS 1999 Video Study Transcription and Tranglation Manual — see Jacobs et al. (in
press). A glossary of terms was devel oped to help standardise trandation within each country.

19 See Appendix B.
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contrast. Student’s t was computed as the difference between the two sample means divided by
the sguare root of the replication variance estimate for the difference. Determination that a
pairwise contrast was statistically significant with p < .05 was made by consulting the Bonferroni
t tables published by Bailey (1977). For categorical variables, the Bonferroni Chi-sguare tables
published in Bailey were used.

The degrees of freedom were based on the numbers of replicate weights, which were 50 for each
country. Thus, in any comparison between two countries there were 100 replicate weights, which
were used as the degrees of freedom.

All tests were two-tailed. Statistical tests were conducted using unrounded estimates and standard
errors, which also were computed for each estimate. The full set of standard errors for estimates
shown in figures in Teaching Mathematicsin Seven Countries are provided in Appendix C to that
report. The analyses were conducted using data weighted with survey weights, which were
calculated specifically for the classrooms in the TIMSS 1999 Video Study. A full description of
the weighting proceduresisincluded in Jacabs et al. (in press).
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STATISTICAL SIGNIFICANCE
AND MULTIPLE COMPARISONS

Throughout most of the body of this report, a difference between two observed values is labelled
significant if it is gtatigtically significant at the .05 level. That is, a difference is regarded as
significant if a difference of that magnitude, or larger, would be observed less than 5 per cent of
the time when, in fact, there was no difference in corresponding population values.

Although the praobability that a particular difference will falsely be declared significant is low
(5%) in each pairwise comparison, the probability of making such an error increases when
multiple comparisons are made. For example, if six pairwise comparisons are made on a set of
data, the probability that at least one will falsely be declared significant (at the .05 level) is just
over one-quarter (0.26). For 14 comparisons, this probability rises to just over one-half (0.51),
and for 21 comparisons it is nearly two-thirds (0.66). (Looking at it another way, on average,
5 per cent of multiple comparisons —one in twenty — will falsely be declared significant.)

It is possible, however, to make an adjustment when determining the significance of multiple
comparisons that reduces to 0.05 (5%) the probability that at least one comparison will falsely be
declared significant. Consistent with the international report of the video study, and previous
international and Australian TIMSS reports, such an adjustment, based on the Bonferroni
method, was used in determining significance when multiple comparisons were made between,
and within, countriesin this report.

The Bonferroni adjustment was made assuming all possible combinations of pairwise
comparisons. Thus, for example, for comparisons between all seven participating countries on a
particular variable, the adjustment for 21 comparisons was used; for comparisons between six
countries, the adjustment for 15 comparisons was used; and for comparisons within a country on
three levels of avariable, the adjustment for three comparisons was used.

Many readers of this report, however, may only be interested in how Australia compared with the
other participating countries, and not in how the other countries compared among themselves. If
this is the situation, a case can be made for making a ‘limited Bonferroni adjustment for
comparisons between Australia and the other countries that assumes only all possible pairwise
combinations that involve Australia. That is, for example, for comparisons between Australia and
the six other participating countries on a particular variable, using the adjustment for six
comparisons; for comparisons with five countries, using the adjustment for five comparisons.

Other readers may only be interested in comparing Australia with one other country on a few
variables. In this situation, no Bonferroni adjustments may be appropriate, though readers should
bear in mind the above warning that you can expect that 5 per cent of such results would falsely
be identified as significant.

Table B.1 lists all the variables for which data are given in tables or figures in Chapters 2—4, and
for which pairwise comparisons were made between Australia and other participating countries.
For each variable, Table B.1 indicates the countries that were significantly different (at the 0.05
level) from Australia on that variable, using: 1) the ‘full’ Bonferroni adjustment;* 2) the ‘ limited’
Bonferroni adjustment,? and 3) no adjustment to the critical t-value.?

! These are the results that are listed below the relevant table or figure in the report.
2 Thisinformation is not provided in the international report.
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Appendix D
HYPOTHESISED AUSTRALIAN COUNTRY MODEL
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