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Mathematics and Science
Achievement in New Zealand

The Trends in International Mathematics and Science Study, 2002-2003 (TIMSS-02/03) is the third
cycle of this international study of mathematics and science achievement conducted under the
auspices of the International Association for the Evaluation of Educational Achievement (IEA).
The study was administered in New Zealand and other Southern Hemisphere countries in late
2002 and in Northern Hemisphere countries in early 2003. The study involved students
equivalent to New Zealand’s Year 5 and Year 9 students from 25 and 46 countries respectively.
This report presents some of the main results for New Zealand at the Year 9 level, placed in an
international context. There is a separate report for Year 5.

Key points

Mathematics achievement

e New Zealand Year 9 students, on average, achieved significantly' above the
international mean in mathematics for the 46 countries participating in TIMSS-02/03.
However, New Zealand’s performance relative to other countries that had participated
in the previous assessments essentially did not change over the eight years since the
first assessment in 1994-1995.

e The New Zealand student mean was similar to those reported for students in
Australia, Scotland, Sweden, and the United States, but was significantly lower than
the means for students in 13 countries including Singapore, Korea, Hong Kong (SAR),
Chinese Taipei, Japan, Belgium (Flemish), and the Netherlands.

Science achievement

e New Zealand Year 9 students, on average, achieved significantly above the
international mean in science for the 46 countries in TIMSS-02/03. Furthermore,
New Zealand’s performance relative to countries that had participated in the
previous assessments returned to about the same level as in 1994-1995, after
decreasing in 1998-1999.

e The New Zealand student mean was similar to those for students in Australia,
Sweden, and the United States, but significantly lower than the means for students
in eight countries including Singapore, Chinese Taipei, Korea, Hong Kong (SAR),
Estonia, and Japan.

Students, classroom and school context
e New Zealand Year 9 students were less likely to express a high level of self-confidence
in mathematics and science than Australian, American, and Scottish students.

¢ New Zealand Year 9 students’ views on the value of mathematics and science were
comparable to many other countries. However, Year 9 students in 2002 were more
likely to report that they enjoyed learning science than their Year 9 counterparts did

The remaining key points continue on the next page ...

I The use of ‘significant’ refers to statistical significance at the 0.05 level.
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in 1994 and 1998. In mathematics on the other hand proportionately more students
reported that they did not enjoy learning this subject compared to their counterparts
in previous assessments.

e Proportionally more New Zealand Year 9 students attended schools where principals’
perceptions of school climate were very positive than was observed internationally.

e There has been a significant increase between 1994 and 2002 in the proportion of
New Zealand Year 9 students attending schools where principals felt that resource
shortages had no or minimal impact on the schools’ ability to provide instruction in
either mathematics or science.

The background to TIMSS-02/03

TIMSS-02/03 was the third in a cycle of studies designed to measure trends in
mathematics and science at the middle primary and lower secondary levels. It involved
46 countries or education systems at the lower secondary level, and 25 of these
participated at the middle primary level.? This cycle was carried out in New Zealand
(and in other Southern Hemisphere countries) in late 2002 and involved approximately
4300 Year 5 and 3800 Year 9 students, and 600 teachers from a total of 390 schools.
TIMSS-02/03 was administered in Northern Hemisphere countries in early 2003.3

The first cycle, referred to as TIMSS-94/95, was administered at three educational
levels during 1994 and 1995. TIMSS-98/99, the second study administered in New
Zealand in late 1998, was not as extensive as TIMSS-94/95 as the focus was only on
Grade 8 (Year 9 equivalent) students.*

TIMSS-02/03 examines student achievement by:

e comparing students’ achievement with their overseas counterparts in TIMSS-02/
03 (international comparison).

e comparing students’ achievement with their national counterparts in TIMSS-94/
95 and, in the case of Year 9 students, with their TIMSS-98/99 counterparts
(historical trend) as well.

The publication, TIMSS Assessment Frameworks and Specifications,® provides a
foundation for TIMSS-02/03 assessment and future cycles. The frameworks defines the
content and cognitive skills to be assessed with a particular focus on objectives specific
to the international Grades 4 and 8 (Years 5 and 9). They also encompass the
mathematics and science curricular goals regarded as important in most participating
countries, and, therefore, represent a consensus among participating countries about
the mathematics and science students at these educational levels should be expected
to have learned.

TIMSS Assessment Frameworks and Specifications also describes the contextual
framework associated with students’ learning, as well as providing an overview of
the design of the assessment.®

2 A full list of the participating countries and education systems can be found at the end of this report. Four
benchmarking participants also participated in this cycle.

% The Comparative Education Research Unit was responsible for carrying out the TIMSS-02/03 activities in
New Zealand. This unit is located within the Research Division of the Ministry of Education.

* New Zealand also chose to do a replication of the middle primary 1994-1995 assessment with Year 5
students in 1998.

% Mullis, et al. (2001). Please refer to end of this report for details of the full reference for the framework.

¢ Depending on the policy of participating countries, the new design enabled Grade 8 students to use
calculators in the second testing session. However, the questions included in this session did not necessitate
the use of calculator in order for them to be answered correctly. All trend items were included in the first
testing session and calculators were not permitted to be used during this session. Calculators were not
permitted at the Grade 4 level.



This summary is divided into two sections that reflects how TIMSS is conceptually
organised. Section 1 looks at Year 9 student achievement and attitudes,” and is often
referred to as the attained curriculum. Section 2 focuses on contextual information
important to aid the interpretation of the student outcome results. Aspects of some
of the national-level contextual information, the intended curriculum, are presented,
as well as information on the classroom and school contexts in which learning was
taking place, the implemented curriculum.

SECTION 1

Achievement in mathematics for Year 9 students

Figure 1 shows the mean mathematics score and distribution of scores for each of the
46 countries and for the four benchmarking participants. The mean mathematics score
for New Zealand Year 9 students, 494 scale score points,® was significantly above the
international country mean of 467.° In previous cycles, New Zealand students achieved
typically around the international mathematics mean. However, because of the large
number of countries in this cycle and the extremely wide range of achievement across
countries it is more meaningful to look at New Zealand’s performance relative to
particular groups of countries. Essentially, there were seven groupings of countries
scoring significantly above the mean. The first and highest grouping with just one
country was Singapore. The second-highest grouping was Korea, Hong Kong (SAR),
and Chinese Taipei. The performance of Year 9 students was such that New Zealand

is in the sixth-highest scoring grouping of countries. Year 9 students’ performance was
about the same as the performance of students from Australia, United States,
Lithuania, Sweden, Scotland, Israel, Slovenia, and Italy.'

As well as looking at performance in the 2002-2003 assessment, it is also useful to
know if New Zealand’s relative standing has changed over the 8-year period. Eighteen
countries, including New Zealand, have participated in all three TIMSS assessments.
An initial examination of mean mathematics scores for the 18 countries show that
New Zealand’s performance relative to the country average for these ‘trend’ countries
remains largely unchanged.

™ TIMSS was designed to measure achievement in content as well as in the use of particular cognitive skills,
such as reasoning and conceptual understanding. Achievement results for the cognitive dimensions of the
assessment are to be reported internationally in 2005.

S Item Response Theory (IRT) scale scores summarise the achievement results on a scale using information on
the characteristics of both the test items and students taking the test. For further details, readers should
refer to the TIMSS 2003 Technical Report referenced at the end of this report.

% The international country mean (hereafter referred to as the ‘international mean’) was obtained by
averaging the mean scale scores for each of the 46 countries.

- England did not satisfy the sampling requirements at the lower secondary level. Adjustments were made to
their data to take into account any possible bias. The information reported for England reflects these
adjustments. Although England did not satisfy guidelines for participation its mean of 498 would place it in
the same group as New Zealand. Similarly, the benchmarking participants, the Basque Country and
Indiana. Quebec and Ontario would fall into the fourth-highest performing group.




Figure 1: Distribution of mathematics achievement in 2002-2003
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Trends in mathematics achievement'

The following discussion focuses on the trends in mathematics achievement for

New Zealand Year 9 students in 2002 compared with their Year 9 counterparts in

the previous two assessments in 1994 and 1998. Thirty-five countries and three of
the benchmarking participants have taken part in both or at least one of TIMSS-94/95
or TIMSS-98/99.12

There was no significant change in the mathematics performance of New Zealand’s
Year 9 students over eight years. Other countries where there has been no discernable
change include Australia and Scotland. Several countries showed increases in mean
achievement over the period 1994-1995 to 2002-2003, including Lithuania (472 to 502)
and the United States (492 to 504), while others some showed significant decreases.
Examples include Bulgaria (527 to 476) and Norway (498 to 461). Table 1 shows the
change in the mean mathematics scores, ordered from the largest increase to largest
decrease, over the three TIMSS assessments for 10 countries/territories.

Table 1: Trends in mathematics achievement at lower secondary level for 10
selected countries/territories

Mean mathematics score (s.e.) Overall change
1994-1995 to
Countries 1994-1995 1998-1999 2002-2003 2002-2003
Hong Kong, SAR 569 (6.1) 582 (4.3) 586 (3.3) A 17(7.0)
United States 492 (4.7) 502 (4.0) 504 (3.3) A 12(5.8)
Scotland 493 (5.7) ~ 498 (3.7) 4(6.7)
Hungary 527 (3.2) 532 (3.7) 529 (3.2) 3 (4.5)
England * 498 (3.0) 496 (4.1) 498 (4.7) 1(5.6)
Australia 509 (3.7) ~ 505 (4.6) - 4(6.0)
New Zealand 501 (4.7) 491 (5.2) 494 (5.3) - 7(7.1)
Japan 581 (1.6) 579 (1.7) 570 (2.1) v -11(2.6)
Belgium (Flemish) 550 (5.9) 558 (3.3) 537 (2.8) v -13(6.5)
Sweden 540 (4.3) ~ 499 (2.6) v -41(5.0)
Notes:

A increase in mean achievement was significant.
v decrease in mean achievement was significant.

Standard errors are in parentheses. Because results are rounded to the nearest whole number
some totals may appear in consistent.

~ Data not available either because population coverage was different in 1998-1999 or country
did not participate .

* England did not satisfy guidelines for sample participation rates in 2002-2003.
Source: Exhibit 1.3 in Mullis, et al. (2004).

- In order to be able to make comparisons across cycles, the IRT scaling methods employed enabled the
achievement results to be placed on the same scale.

2 Includes England although it did not satisfy sampling requirements in 2002-2003.




International mathematics benchmarks™

The TIMSS-02/03 mathematics scale summarises student achievement on test items
designed to measure a wide range of student knowledge and understanding. Four
points on each scale were identified by the international mathematics expert group for
use as international benchmarks at the lower secondary level.!*

The International Mathematics Benchmarks for Grade 8 (Year 9 equivalent)

e The Advanced benchmark corresponds to a score at or above 625. Students
reaching this benchmark can organise information, make generalisations,
solve non-routine problems, and draw and justify conclusions from data. They
can compute percentage change and apply their knowledge of numeric and
algebraic concepts and relationships to solve problems. Students can solve
simultaneous linear equations and model simple situations algebraically. They
apply their knowledge of measurement and geometry in complex problem
situations. They can interpret data from a variety of tables and graphs,
including interpolation and extrapolation.

e The High benchmark corresponds to a score at or above 550. Students can
apply their understanding and knowledge in a wide variety of relatively
complex situations. They can order, relate, and computer with fractions and
decimals to solve word problems, operate with negative integers, and solve
multi-step word problems involving proportions with whole numbers. Students
can solve simple algebraic problems including evaluating expressions, solving
simultaneous linear equations, and using a formula to determine the value of a
variable. Students can find areas and volumes of simple geometric shapes and
use knowledge of geometric properties to solve problems. They can solve
probability problems and interpret data in a variety of graphs and tables.

e The Intermediate benchmark corresponds to a score at or above 475. Students
can apply basic mathematical knowledge in straightforward situations. They can
add, subtract, or multiply to solve one-step word problems involving whole
numbers and decimals. They can identify representations of common fractions
and relative sizes of fractions. They understand simple algebraic relationships
and solve linear equations with one variable. They demonstrate understanding
of properties of triangles and basic geometric concepts including symmetry and
rotations. They recognise basic notions of probability. They can read and
interpret graphs, tables, maps, and scales.

e The Low benchmark corresponds to a score at or above 400. Students have
some basic mathematical knowledge. The few items at this level provide some
evidence that students can do basic computations with whole numbers without
a calculator. They can select the two-place decimal closet to a whole number.
They can multiply two-place decimal numbers by three-place decimal numbers
with calculators. They recognize some basic terminology and read information
from a line on a graph.

Source: Exhibit 2.1 in Mullis, et al. (2004).

% A scale anchoring exercise was undertaken by the international researchers in order to describe performance
at these benchmarks.

' The mathematics benchmarks in previous cycles were defined at the 90th, 75th, 50th, and 25th percentiles
using achievement information from all countries.




Year 9 student performance against international mathematics benchmarks
The proportions of New Zealand Year 9 students reaching the international
benchmarks for mathematics in each assessment are presented in Table 2. As a
comparison, the international mean proportions are also shown. There were some
decreases in the proportions of New Zealand students reaching the international
Median and Lower Quarter benchmarks from 1994 to 1998, but they were found not
to be of statistical significance.

Table 2: Trends in the proportions of New Zealand Year 9 students achieving at
or above the international mathematics achievement benchmarks

New Zealand students (%) International mean (%)
International benchmark | 1994-95 | 1998-99 | 2002-03 | 1994-95 | 1998-99 | 2002-03
Advanced (625) 6 6 5 11 10 8
High (550) 28 26 24 37 31 28
Intermediate (475) 64 57 59 69 57 56
Low (400) 89 84 88 89 80 80
Notes:

1. International means calculated for trend countries only.

2. The proportions of New Zealand Year 9 students reaching the benchmarks in 2002 were not
significantly different from the proportions of Year 9 students reaching the same benchmarks
in 1994 and 1998.

Source: Exhibit 2.3 in Mullis, et al. (2004).

Figures 2 and 3 are examples of mathematics questions that Year 9 students achieving
at or above the Advanced and Intermediate benchmarks respectively were likely to
have answered correctly. The proportions of students answering the questions correctly
are presented for a selection of countries, including England. Content of both questions
was judged to be in the intended curriculum for New Zealand Year 9 students.

Note that the question used in Figure 2, is part of problem-solving and inquiry task
referred to as Phone Plans. The entire task consisted of three questions with this
question being the first. The question shown in Figure 3 was also used in the second
cycle of TIMSS.




Figure 2: Mathematics assessment question item that students achieving at or above
the Advanced international benchmark were likely to have answered correctly'
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Figure 3: Mathematics assessment question that students achieving at or above the
Intermediate international benchmark were likely to have answered correctly '°

Number. Students were required to solve a word problem involving subtraction of

a two-place decimal number from another.
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% International version of the item is presented in the figure.
1 International version of the item is presented in the figure.
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Mathematics achievement and gender

On average, internationally there was no significant difference between girls’ and boys’
mean mathematics achievement. New Zealand, along with Sweden, Hong Kong (SAR),
and Japan was one of 28 countries to show no significant gender difference.!” For

the remaining 18 countries the gender difference favoured girls in nine countries

(e.g. Bahrain, Jordan, and Singapore), while for the other nine the direction of the
gender difference favoured boys (e.g. Chile, Tunisia, and the Belgium (Flemish)).

In terms of changes in girls’ or boys’ achievement, there was no consistent pattern
across the 35 trend countries. In New Zealand’s case, girls in 2002 performed about
the same as girls did in 1994 and 1998, whereas boys’ mean achievement increased
over the 1998-2002 period after decreasing from 1994 to 1998. (See Table 3 for
details.) Norway and Cyprus are examples of where the mean achievement of both
girls and boys decreased significantly over the eight-year period, while the mean
achievement of both girls and boys increased significantly in Lithuania and Israel.
Hong Kong (SAR) and Korea are examples of where the mean achievement of girls
increased significantly while that of boys stayed about the same.

Table 3: Trends in New Zealand Year 9 students’ mean mathematics achievement,
by gender

Mean mathematics score (s.e.) Change
New Zealand 1994 1998 2002 1994-2002
Girls 497 (5.3) 495 (5.5) 495 (4.8) -1(7.2)
Boys 505 (6.1) 487 (7.6) 493 (7.0) -12(9.3)

Notes:
1. The decreases for boys and girls over the 8-year period were not statistically significant.

2. Standard errors appear in parentheses. Because results are rounded to the nearest whole
number, some totals may appear inconsistent.

Source: 1994 and 1998 mean scores Chamberlain & Walker (2001); Exhibit 1.5 in Mullis,
et al. (2004).

Achievement in the mathematics content areas

Content scale scores were calculated separately from the overall mathematics score in
order to provide additional information for countries around curricular variations
within mathematics. More importantly, it allows each country to examine their
students’ strengths and weaknesses in mathematics.

The mathematics test consisted of five content areas:

e Number

e Algebra

® Measurement
* Geometry

* Data

New Zealand students achieved significantly above the international means in all
content areas, but relative to their overall mathematics performance Year 9 students
were weakest in Number, while Data was an area of relative strength.

In terms of trends, there was no change in Year 9 performance in any of the areas over
the four-year period from 1998 to 2002. There were no significant gender differences
detected across the different content areas.

7 Includes England.




Achievement in science for Year 9 students

Figure 4 shows that the science mean of 520 for New Zealand Year 9 students was
significantly above the international country mean of 474. In TIMSS-98/99 New Zealand
students also achieved on average significantly above the international science mean.
As was observed with mathematics achievement, there was also an extremely wide
range of achievement in science across the 46 countries, and so to examine New
Zealand’s performance relative to particular groups of countries is more meaningful.

Five groupings of countries can be identified that scored significantly above the mean.
The first and highest-performing grouping of countries included only two - Singapore
and Chinese Taipei. Korea, Hong Kong (SAR), Estonia, and Japan are the second-
highest performing group of countries. The performance of Year 9 students was such
that New Zealand is in the fourth-highest grouping of countries. Year 9 students’
performance was about the same as the performance of students from United States,
Australia, Sweden, Belgium (Flemish), Scotland, and Malaysia, and higher than
Norway, Italy, and Israel.'$

As well as looking at achievement in the 2002-2003 assessment, it is also useful to
know if New Zealand’s performance relative to other countries had changed over
the 8-year period. As noted previously, 18 countries, including New Zealand, have
participated in all three TIMSS assessments. An initial examination of mean science
scores for the 18 countries show that New Zealand’s performance relative to the
country average for these ‘trend’ countries improved since the second cycle in
1998-1999 after decreasing slightly after the first assessment in 1994-1995.

Trends in science achievement™

New Zealand’s Year 9 students’ mean achievement did not change significantly over
the eight years, although a small increase in mean achievement was observed from
1998 to 2002. Other countries where there has been no discernible change include
Singapore and Scotland. Several countries showed significant increases in mean
achievement over the period 1994-1995 to 2002-2003. Lithuania showed a marked
increase in their mean achievement (464 in 1995 to 519 in 2003), so to did Hong Kong
(SAR, 510 to 556) and the United States (513 to 527). Bulgaria showed a very large
decrease (545 to 479), along with Belgium Flemish (533 to 516) and Cyprus (452 to
441). Table 4 shows the change, in order of the largest increase to the largest decrease,
in mean science achievement for 10 countries/territories.

8 Although England did not satisfy guidelines for participation its mean of 544 would place it in the third-
highest performing group of countries. Ontario would also fall into the third-highest performing grouping,
while Indiana and Quebec are in the fourth-highest grouping and the Basque Country is in the fifth-highest
grouping.

- In order to be able to make comparisons across the three assessments, TIMSS-94/95, TIMSS-98/99,
and TIMSS-02/03, the IRT scaling methods employed enabled the achievement results to be placed on the
same scale



Figure 4: Distribution of science achievement in 2002-2003
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Adash (-) indicates comparable data are not available.
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Table 4: Trends in science achievement at lower secondary level for 10 selected
countries/territories

Mean science score (s.e.) Overall change
1994-1995 to
Countries 1994-1995 1998-1999 2002-2003 2002-2003
Hong Kong, SAR 510 (5.8) 530 (3.7) 556 (3.0) A 46 (6.6)
United States 513 (5.6) 515 (4.6) 527 (3.1) A 15(6.4)
Australia 514 (3.9) ~ 527 (3.8) A 13(5.5)
England * 533 (3.6) 538 (4.8) 544 (4.1) 11 (5.5)
Scotland 501(5.6) ~ 512 (3.4) 10 (6.6)
New Zealand 511 (4.9) 510 (4.9) 520 (5.0) 9 (7.0)
Hungary 537 (3.1) 552 (3.7) 543 (2.8) 6(4.2)
Japan 554 (1.8) 550 (2.2) 552 (1.7) -2(2.5)
Belgium (Flemish) 533 (6.4) 535 (3.1) 516 (2.5) v -17(6.8)
Sweden 553 (4.4) ~ 524 (2.7) v -28(5.2)
Notes:

A increase in mean achievement was significant.

v decrease in mean achievement was significant.
Standard errors are in parentheses. Because results are rounded to the nearest whole number
some totals may appear inconsistent.

* England did not satisfy guidelines for sample participation rates in 2002-2003

~ Data not available either because population coverage was different in 1998-1999 or country
did not participate.

Source: Exhibit 1.3 in Martin, et al. (2004).

International science benchmarks*

As with mathematics, the TIMSS-02/03 science scale summarises student performance
on test items designed to measure a wide range of student knowledge and
understanding. Four points on each scale were identified by the international science
expert group for use as international benchmarks.?!

2= As with mathematics, a scale anchoring exercise was undertaken by the international researchers in order to
describe performance at these benchmarks for science.

21 As with mathematics, the science benchmarks in previous cycles were defined at the 90th, 75th, 50th, and
25th percentiles using achievement information from all countries.



The International Science Benchmarks for Grade 8 (Year 9 equivalent)

e The Advanced benchmark corresponds to a score at or above 625. Students
reaching this benchmark demonstrate a grasp of some complex and abstract
science concepts. They can apply knowledge of the solar system and of Earth
features, processes, and conditions, and apply understanding of the complexity
of living organisms and how they relate to their environment. They show
understanding of electricity, thermal expansion, and sound, as well as the
structure of matter and physical and chemical properties and changes. They
show understanding of environmental and resource issue. Students
understand some fundamentals of scientific investigation and can apply basic
physical principles to solve some quantitative problems. They can provide
written explanations to communicate scientific knowledge.

e The High benchmark corresponds to a score at or above 550. Students
demonstrate conceptual understanding of some science cycles, systems, and
principles. They have some understanding of Earth’s processes and the solar
system, biological systems, populations, reproduction and heredity, and
structure and function of organisms. They show some understanding of
physical and chemical changes, and the structure of matter. They solve some
basic physics problems related to light, heat, electricity, and magnetism, and
they demonstrate basic knowledge of major environmental issues. They
demonstrate some scientific inquiry skills. They can combine information to
draw conclusions; interpret information in diagrams, graphs and tables to
solve problems; and provide short explanations conveying scientific knowledge
and cause/effect relationships.

e The Intermediate benchmark corresponds to a score at or above 475.
Students can recognise and communicate basic scientific knowledge across a
range of topics. They recognise some characteristics of the solar system, water
cycle, animals, and human health. They are acquainted with some aspects of
energy, force and motion, light reflection, and sound. Students demonstrate
elementary knowledge of human impact on and changes in the environment.
They can apply and briefly communicate knowledge, extract tabular
information, extrapolated from data presented in a simple linear graph, and
interpret pictorial diagrams.

e The Low benchmark corresponds to a score at or above 400. Students
recognise some basic facts from the life and physical sciences. They have some
knowledge of the human body and heredity, and demonstrate familiarity with
some everyday physical phenomena. Students can interpret some pictorial
diagrams and apply knowledge of simple physical concepts to practical
situations.

Source: Exhibit 2.1 in Martin, et al. (2004).

Year 9 performance against international science benchmarks
Proportionately more Year 9 students reached the Low benchmark in 2002 than either
Year 9 cohorts did in 1994 and 1998. Furthermore, proportionately more Year 9
students in 2002 than in either 1994 or 1998 reached the Intermediate benchmark.

In contrast to this, the 2002 cohort were less likely to reach the Advanced benchmark
than either the 1994 or 1998 cohorts. Table 5 shows the proportions of Year 9 students
reaching each international science benchmark for each TIMSS assessment.




Table 5: Trends in the proportions of New Zealand Year 9 students achieving at or
above the international science achievement benchmarks

New Zealand students (%) International mean (%)
International benchmark | 1994-95 1998-99 | 2002-03 1994-95 1998-99 | 2002-03
Advanced (625) 9 10 7 11 9 7
High (550) 34 35 35 37 30 30
Intermediate (475) 67 v 66 v 73 A 69 58 61
Low (400) 89 v 88 v 94 a 90 81 84
Notes:

1. International means calculated for trend countries only.

2. The proportion of New Zealand Year 9 students reaching the Intermediate benchmark in 2002
was significantly higher () than the proportions reaching this benchmark in 1994 and 1998 (V).
The proportion of Year 9 students reaching the Low benchmark in 1994 and 1998 were
significantly lower (¥ ) than the proportion reaching this same benchmark in 2002.

Source: Exhibit 2.3 in Martin, et al. (2004).

Figures 5 and 6 are examples of two science questions that Year 9 students were likely
to have answered correctly if they had reached the Advanced and High science
benchmarks respectively. The proportion of students answering the questions correctly
from a selection of countries, including England, are also presented. Content of both
questions was judged to be within the intended curriculum for Year 9 students. The
question shown in Figure 6 was also used in TIMSS-98/99.

Figure 5: Science assessment question that students achieving at or above the
Advanced international benchmark were likely to have answered correctly

Physics. Students were required to describe a spectrum can be seen when sunlight
passes through a prism.
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Figure 6: Science assessment question that students achieving at or above the High
international benchmark were likely to have answered correctly

Life Science. Students were required to demonstrate their understanding of the effect
of changing the ecological balance within a community.

Selected countries Percentage of
students gaining
full credit
Malaysia 68 A
England 57 A
Australia 50 A
Netherlands 45 A
United States 44 A
Scotland 42 A
The disgram sheve shaws a rommunmiy ranastmg o mcs, snakea and Iran, Islamic Rep. of 40 A
whsml planis
New Zealand 35
What weuld happn to this compenity o peaph: killed the enakes? -
International 33
Japan 31
‘baﬂﬂm; Hhgre are o Jhakes y Wik
Italy 27 Vv
woald gef mare ice , Thiy would
A country percentage significantly
¢ adde lesy ...I.I'I-'-L- et Flﬂ*i i higher than international mean.
WV country percentage significantly
lower than international mean.

Copyright © by IEA, Amsterdam.
Source: Exhibit 2.10 in Martin, et al. (2004).

Science achievement and gender

Across most of the 46 countries boys, on average, achieved significantly higher science
scores than girls. Boys in Australia, Belgium (Flemish), and Hungary, for example,
typically achieved scores at least 20 scale score points higher than girls from these
countries. There were however some exceptions: New Zealand, along with Egypt,
Chinese Taipei, Estonia, and seven other countries exhibited no significant difference
between girls’ and boys’ mean science achievement, while girls in Jordan and Bahrain
typically achieved science scores at least 25 scale score points higher than boys.

In terms of changes in girls’ and boys’ achievement, there was no consistent pattern
across the 35 trend countries. In New Zealand’s case, the mean for girls increased
significantly over the 8-year period, with girls in 2002 achieving, on average, 18 score
points higher than their 1994 female counterparts. Year 9 boys’ mean achievement
remained at about the same level. The United States and Hong Kong (SAR) are examples
of where the mean achievement of both girls and boys increased significantly over the
eight-year period, while in Bulgaria and Cyprus the mean achievement of both girls and
boys decreased significantly. Korea and Scotland are examples of where the mean
achievement of girls increased significantly while that of boys stayed about the same.




Table 6 shows the mean scores for New Zealand Year 9 girls and boys for each of the
three TIMSS assessments.

Table 6: Trends in New Zealand Year 9 students’ mean science achievement, by gender

Mean science score (s.e.) Change
New Zealand 1994 1998 2002 1994-2002
Girls 497 (5.6) 506 (5.4) 515 (4.8) 18 (7.5) A
Boys 524 (6.1) 513 (7.0) 525 (6.7) 1(9.0)

Notes:

1. The increase in girls’ mean science achievement was statistically significant. There was no
significant change in boys’ mean achievement.

2. Standard errors appear in parentheses. Because results rare rounded to the nearest whole
number, some totals may appear inconsistent.

Source: 1994 and 1998 mean scores, Chamberlain & Walker (2001); Exhibit 1.5 in Martin, et al.(2004).

Achievement in the science content areas
The science test was designed to enable reporting in five content areas:

e Life Science

e Chemistry

e Physics

e Earth Science

e Environmental Science

New Zealand students performed significantly above the international means in all
content areas. No science area really stood out to be an area of relative strength for
Year 9 students, although Chemistry was an area of relative weakness. Chemistry was
also an area of relative weakness for Dutch and Australian students, while for Chinese
Taipei and Lithuanian students, for example, it was area of relative strength.

In terms of trends for New Zealand, Physics was the only area to record a significant
increase in achievement since 1998.

Statistically significant gender differences, which favoured Year 9 boys, were reported
for two of the five areas content areas- Earth science and Environmental science.
Internationally, Physics and Earth science were the two areas that accounted for most
differences and in almost all countries, boys outperformed girls in these areas.

Attitudes towards mathematics and science

Encouraging positive attitudes around the learning of mathematics and science is
an important goal for most education systems. The following discussion looks at
students’ rating of their own abilities in learning mathematics and science and the
value of learning.

Self-confidence in mathematics and science

The Students’ Self-Confidence in Mathematics (SCM) Index summarises students’
perceptions of their abilities in mathematics, using their responses to four questions.?
On average internationally, 40 percent of students were confident with learning
mathematics (i.e. at the high level of SCM Index). Scottish (52%), American (51%), and
Australian (50%) students, were more likely report a higher level of confidence than
New Zealand students (43%). Chinese Taipei (26%) and Japanese (17%) students were
the least confident.

22 The statements were: “I usually do well in mathematics”; “Mathematics is more difficult for me than for many of
my classmates”; “Mathematics is not one of my strengths”; and “I learn things quickly in mathematics”.




A similar index summarises students’ self-confidence in science (SSC).% On average,
across the 27 countries that taught science as a general integrated subject,?* 48 percent
of students had a high level of self-confidence in science; this compared with 41
percent of New Zealand students, 49 percent in Australia, 56 percent of students in

the United States, and 59 percent in Scotland and Israel.

Both indices were associated with achievement. (See Figure 7). That is, within countries
including New Zealand, students that had a high level of self-confidence, on average,
achieved higher scores than those students with lower levels of self-confidence. For
example, New Zealand students at the high level of the SCM Index scored, on average,
about 80 score points higher in mathematics than students at the low level of the SCM
Index. However, across countries the pattern was a little more complex; some of the
Asian-Pacific countries with high mean achievement had relatively small proportions
(less than 25%) of students in the high self-confidence category.

Figure 7: Proportions and mean achievement for students at each level of the
self-confidence indices
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Students at the high level of either of these indices were generally very confident in their abilities
in either mathematics or science.

Source: Exhibit 4.9 in both Mullis, et al. (2004) and Martin, et al. (2004).

23 The statements were the same as those noted in footnote 22, but refer to science instead of mathematics.
2+ Includes England.




Students views on the value of mathematics and science

Two further indices - Students Valuing Mathematics (SVM) Index and Students Valuing
Science (SVS) Index - were developed on the basis of students’ responses to questions
which gauged their attitudes towards mathematics and science.

New Zealand Year 9 students generally held views on the utility of mathematics and
their enjoyment of it as an area of learning that were similar to the international
averages. Fifty-six of Year 9 students were positive with their views of mathematics
(i.e. at the high level of SVM Index), 36 percent were relatively moderate with their
views (i.e. at the medium level), and eight percent were negative with their views of
mathematics (i.e. at the low level). The international averages were 55 percent, 35
percent, and 10 percent respectively. There was however considerable variation across
countries. For example, the proportion of students who held positive views (i.e. at the
high level) ranged from 85 percent of Moroccan students to just 16 percent of Dutch
students.

At 40 percent, the proportion of New Zealand Year 9 students with positive attitudes
towards science (i.e. they were at the high level of the SVS Index) was the same as the
proportion of Year 9 students who held relatively moderate views (40% at the medium
level), but less than the international average of 57 percent. Twenty-one percent of
New Zealand students held negative attitudes toward science (i.e., they were at the low
level of the SVS Index). By comparison, the international mean proportion at this level
was 12 percent. It was also found that the proportions of Australian, English, and
Norwegian students at each level were similar to the New Zealand proportions; Korean
and Japanese students were the least positive (19% and 17% at the high level
respectively), while Botswanan, Egyptian, Ghanaian, and Jordanian were the most
positive (83% or more at the high level).

Within most countries, including New Zealand, attitudes towards mathematics and
science were related to achievement. That is, students at the high level of the index on
average achieved higher scores than students at the low level.

Trends in “I enjoy learning mathematics” and I enjoy learning science”

An important component to each of the indices described above was the degree to
which students enjoyed learning mathematics and learning science. To provide more
information on the changes since 1994-1995, Figure 8 presents the findings for the
three assessment cycles.

New Zealand’s Year 9 students in 2002 were more definite about whether or not they
enjoyed mathematics compared to their counterparts in previous assessments. A
significantly higher proportion of students (3 percentage points) were very positive with
their view in 2002 than in either 1994 or 1998. This change however was largely offset
by the significant increase (12 percentage points) disagreeing with the statement.



Figure 8: Trends in New Zealand Year 9 students’ reports of enjoyment of
mathematics and science

A. “I enjoy mathematics”
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1. The percentages of students who “agreed a lot” in 1994 and 1998 were significantly lower than
the percentage in 2002.

2. The percentages of students who “agreed a little” in 1994 and 1998 were significantly higher
than the percentage in 2002.

3. The percentages of students who “disagreed” in 1994 and 1998 were significantly lower than
the percentage in 2002

B. “I enjoy science”
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Notes: Science

1. The percentages of students who “agreed a lot” in 1994 and 1998 were significantly lower than
the percentage in 2002.

2. The percentages of students who “agreed a little” in 1994 and 1998 were significantly higher
than the percentage in 2002.

3. There were no significant changes across years for students who disagreed with the statement.

Source: Exhibit 4.11 in both Mullis, et al. (2004) and Martin, et al. (2004).

Students’ views on enjoying science appeared to have shifted from being moderately
positive to very positive, with 11 percentage points more students in 2002 than in 1998
and 1994, endorsing that they enjoyed learning science a lot.




SECTION 2

In order to assist with the interpretation of the student outcome results, an overview of some
of the contextual information that was sought from students, teachers, and school principals
is presented in this section. In addition, the international researchers also gathered extensive
data on curricula, some of which has been summarised here. The selection of the information
presented was made based on the relevancy of the findings for New Zealand.?

Students’ backgrounds: speaking the language of the test at home

About seven percent of New Zealand Year 9 students in 2002 reported that they
‘sometimes’ or never’ spoke the test language, specifically English, in the home. This
was about the same as the proportion reported for Australia (8%) and the United States
(6%). Countries with very large proportions of students (more than 65%) who rarely
(sometimes or never) spoke the test language at home were Botswana, Philippines,
Ghana, and Lebanon.

This study provides evidence of a relatively strong relationship between speaking the
language of the test and achievement in both mathematics and science. That is,
students who frequently spoke the test language at home generally performed better
than students who rarely spoke the language at home. In New Zealand’s case this
positive relationship was observed in science with Year 9 students who always spoke
English scoring typically 30 scale score points higher than students who rarely did.2
However, for mathematics the converse was found with Year 9 students who always
spoke English scoring about 15 scale score points lower than students who rarely spoke
English. (See Figure 9 for details.) The result in mathematics was similar to the pattern
observed in Australia, however in science the difference in achievement was one-third
that observed in New Zealand, at less than 10 scale score points.

Figure 9: The degree to which New Zealand Year 9 students spoke English at home
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Source: Exhibit 4.3 in both Mullis, et al. (2004) and Martin, et al. (2004).

From a trend point of view, the difference in mean science achievement for

New Zealand students in the two language categories - speaking English frequently
and rarely speaking English - in 2002 was about half that observed in 1998 (i.e. the
difference decreased from 65 scale score points to about 30).

25 To summarise the vast amount of information concisely, the international researchers often combined
respondents’ answers to sets of questions to form indices. Cut-off points were established so that the high level
of an index generally corresponded to conditions or activities generally associated with high achievement,
while a low level was associated with low achievement. Information discussed in Section 2 is often presented
in this format.

26 The significance of the difference between the mean scores for the two groups of students has not been tested here.



The mathematics and science curricula

In order to provide countries with a curriculum context for interpreting the TIMSS-02/
03 results, three sources of information on countries’ intended and implemented
curricula were used.

Firstly, curricula specialists?” in each country were asked to indicate whether or not
each of the 45 mathematics and 44 science topics covered in the TIMSS Assessment
Frameworks and Specifications was included in their country’s intended curricula for
the student target group.?® As already noted, the framework was designed to ensure
the inclusion of the goals of mathematics and science education considered important
for a significant number of countries. Therefore, not all topics would necessarily be in
the intended curricula for all countries. If the specified topics were in the intended
curricula of a country, the respondent was asked to indicate whether the topics were
intended to be taught to “all or almost all students” or only to “the more able students”.

Information on the implemented curricula was also sought. In many instances teachers
need to interpret and adapt the intended curricula according to their views of the
needs, abilities, and interests of their students. To ascertain the extent to which
students had been exposed to the TIMSS-02/03 framework topics, i.e. the implemented
curricula, teachers of the students assessed were also asked about coverage. Science
and mathematics teachers were asked to indicate, for their class, whether each of the
topics had been taught either prior to or during the year of the assessment, or the topic
had not yet been taught or just introduced at the time of the assessment.?

A third exercise, called the Test-Curriculum Matching Analysis (TCMA), was
undertaken after the assessment was completed. This required curricula specialists in
each country to indicate, for each of the final set of assessment questions, whether or
not the content of of each question was in the intended curricula for students at each
educational level.*® 3!

Figures 10 and 11 below summarise the curricula information for mathematics and
science respectively. They show the proportion of the topics in each content area
judged to be in the intended curricula for Year 9 students (the first measure).*?
Superimposed on these data are the teachers’ reports on the implemented curricula
which show the average proportion of Year 9 students whose teachers reported that
they had been topics in each content area either prior to or during 2002.** Since this
information was obtained at the class level, it is possible to view this information in
terms of the average percentage of topics for each content area - for example - an
average of 94 percent of the Number topics were or had been taught to Year 9
students. The tables alongside each graph present the proportion of the final set of
assessment questions judged to be in New Zealand’s intended curriculum (the TCMA).

27 In New Zealand, this involved curriculum and assessment experts from within and outside the Ministry
of Education.

8- For science, this included using intended curricula for science, health and physical education, and
social studies.

2% Science teachers were asked to consult with other teachers particularly for a few topics that were covered
under health and physical education, and social studies curricula.

%0- Countries also had the opportunity to provide input into decisions about the final set of items to be used
during the development phase, and after the field testing.

31 In New Zealand, this involved curriculum and assessment specialists from outside the Ministry of Education.

32 The percentages for each mathematics topic are presented in Exhibits 5.8 through to 5.12 in Mullis, et al.
(2004) and Exhibits 5.9 through to 5.13 in Martin, et al. (2004) for the science topics.

33 For each topic, the percentage of students whose teachers indicated that yes to “mostly taught before this
year” or “mostly taught this year” was calculated. For each content area, the average across the percentages
of students taught the topics was calculated.




Figure 10: Match between TIMSS-02/03 assessment topics, test questions and New
Zealand’s intended and implemented mathematics curriculum

A. Topic Match
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B. Test-Curriculum Matching Analysis

Mathematics content Number of Questions in NZ
reporting category questions intended curriculum (%)
Number 57 89

Algebra 47 81
Measurement 31 100
Geometry 31 90

Data 28 96

Overall 194 90

Source: Exhibits 5.6 and 5.7 and Appendix C in Mullis, et al. (2004).

In mathematics, there appears to be a reasonable match between the intended and
implemented curricula for New Zealand Year 9 students in relation to the TIMSS-02/03
mathematics assessment framework. Measurement and Data were the two areas with
the best match between New Zealand’s intended curriculum, while Algebra did not
match as well. However, it is interesting to note that, according to their teachers, more
students were taught Algebra topics along with Number topics than would be expected.
The overall proportion of assessment questions (90%) judged to be appropriate for Year
9 students was also reasonably high.

In science too there appears to be a reasonable match between the intended and the
implemented curricula, in relation to the science TIMSS-02/03 framework. However,
the degree to which New Zealand’s intended curriculum aligned with the framework is
not as ‘good’ a match as mathematics. To some extent this probably reflects the nature
of Science in the New Zealand Curriculum, with its relatively broad achievement
objectives for what should be learnt at each level rather than at a particular year of



schooling. Deciding on whether the topics were intended for Year 9 students or for Year
10 students was the challenge rather than the topics per se. Many of the topics were
judged to in the science curriculum and this is reflected in the combined proportions
for “intended to be taught to all” and “intended to be taught to more able students”.

Content of proportionately fewer of the science questions than the mathematics
questions were judged to be in the New Zealand intended curriculum (80% compared
to 90%). This does not necessarily mean that students had never encountered the
content of 20 percent of the science questions. For example, a question on forces and
motion judged not to be in the intended curriculum for Year 9 students, was answered
correctly by 82 percent of students.

Figure 11: Match between TIMSS-02/03 assessment topics, test questions and
New Zealand’s intended and implemented science curriculum

A. Topic Match
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B. Test-Curriculum Matching Analysis

Science content Number of Questions in NZ
reporting category questions intended curriculum (%)
Life science 57 84

Chemistry 31 71

Physics 46 78

Earth science 32 94
Environmental science 28 71

Overall 194 80

Source: Exhibits 5.7 and 5.8 and Appendix C in Martin, et al. (2004).

The TIMSS-02/03 Earth science topics aligned best with New Zealand’s curriculum and
this was also reflected in the proportion of science assessment items judged to be
appropriate for Year 9 students. However, according to their teachers, proportionately
few Year 9 students had been exposed to these topics. Environmental science had the
lowest reported concurrence with the assessment framework.




Curricula match internationally

As already noted at the beginning of this section, not all topics incorporated in the
TIMSS-02/03 assessment were in all countries’ intended curricula, and for this reason
the curricula of some countries aligned more closely to the framework than do the
curricula for other countries. For example, 76 percent of all the mathematics topics
were judged to be in the intended curriculum for all or almost all New Zealand Year 9
students, compared to 54 percent for the Netherlands, 69 percent for Australia and
Chinese Taipei, but lower than the 89 percent reported for England and 98 percent for
the United States. In science, 57 percent of all the topics matched the New Zealand’s
science curriculum for all or almost all Year 9 students. This compared with 23
percent reported for Belgium (Flemish), 52 percent for Korea, 55 percent for Australia,
73 percent for the Netherlands, and 100 percent for Jordan.

The relationship between achievement and the degree to which topics and/or
assessment items matched countries’ curricula is very complex and beyond the scope
of this summary. However, the test-curricula matching shows that for many countries
when test questions that are judged not to be appropriate for Grade 8 students are
removed, there are no discernable changes in the mean scores.

Classroom context for learning

Characteristics of teachers**

On average internationally, the majority of students (about 60 percent) were taught
mathematics and science by teachers in their 30s and 40s, and by female teachers.
New Zealand’s Year 9 students were also being taught mathematics and science by
teachers in their 30s and 40s. Male teachers were more likely to be teaching them
mathematics (55% of students), but students were equally likely to be taught science
by male or female teachers (50% of students).

Academic preparation to teach mathematics and science

More than four-fifths (83%) of New Zealand’s Year 9 students were taught mathematics
by teachers who reported that their highest educational qualification was a bachelor’s
degree or higher (e.g. honours or masters degree). Just under one-fifth (18%) of Year 9
students’ mathematics teachers reported that their highest qualification was a (non-
degree) primary teacher-education diploma/certificate. About half (51%) of Year 9
students were taught mathematics by teachers who had taken mathematics as a major
area of study. This proportion was not dissimilar to the Netherlands (49% of students)
and the United States (48%), but lower than Australia (61%) and Scotland (76%).%

By way of comparison, 96 percent of Belgium (Flemish) students were taught
mathematics by teachers with a major in the discipline.

Science teachers who reported their highest qualification to be bachelor’s degree or

a higher qualification (e.g. honours or masters degree) taught 94 percent of Year 9
students, while those who reported their highest educational qualification was a
(non-degree) primary teacher education diploma/certificate taught the remainder
(6%). Science teachers of 90 percent of Year 9 students reported that they had majored
in a science subject - biology, physics chemistry or earth science (geology or physical
geography). This proportion was higher than the international average, 82 percent.
Most of New Zealand teachers had reported majoring in biology (59% of students) or
chemistry (53% of students).?* Other major areas of study included science education
(33% of students) and mathematics (32% of students).

% Responses were from the teachers of a representative sample of students and are therefore not necessarily
representative of all teachers at this level.

95 The proportion for England was 76%.
% Teachers could major in more than one of these subjects, and the percentages reported reflect this.



In-service teacher professional development

Information about teachers’ participation in professional development in a number
of different aspects of mathematics and science teaching over the period 2001-2002
was sought.

There were six different aspects of mathematics teaching — Figures 12 and 13
summarise teachers’ reports on participation in each of these aspects. Compared to
the international means, the proportions of Year 9 students whose mathematics and
science teachers had had professional development in three areas — content,
curriculum, and assessment — were relatively high.

Figure 12: Teachers’ participation in professional development in mathematics
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Source: Exhibit 6.7 in Mullis, et al. (2004).

Figure 13: Teachers’ participation in professional development in science
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Mathematics instruction time

The mean yearly instruction time for mathematics in New Zealand as reported by
schools was 136 hours, or 14 percent of total instruction time. The international mean
indicated that students received an average of 123 hours per year for mathematics,

or 12 percent of total instructional time.

Time allocated to mathematics content areas

Teachers also provided information on the proportion of mathematics instructional
time allocated to the mathematics content areas covered in the TIMSS-02/03
assessment. These areas were:

e Number (e.g. whole numbers, fractions, decimals, ratio, proportion, percentages)
e Algebra (e.g. patterns, equations and formulas, relationships)
e Measurement (e.g. attributes and units, tools, techniques)

e Geometry (e.g. lines and angles, shapes, congruence and similarity, spatial
relationships, symmetry and transformations)

e Data/Statistics (e.g. data collection and organisation, data representation,
interpretation, probability)

e Other?”

Figure 14 summarises the estimated average percentage of time mathematics teachers
of New Zealand Year 9 teachers allocated to each of the areas during 2002. It also
shows the international mean proportions.

New Zealand Year 9 students were likely to receive nearly half of their instruction in
mathematics in either Number or Algebra with, on average, 25 percent and 23 percent
of instructional time dedicated to each of these areas respectively. The percentage of
time New Zealand teachers allocated to each content area was virtually the same as
the percentages reported by Australian teachers. Data were not available for England
and Scotland. On average, internationally teachers were most likely to spend their time
on Algebra (27%) and Geometry (26%).

Figure 14: Teachers’ reports of the percentage of time allocated to five mathematics
content areas during the school year (2002-2003)
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Source: Exhibit 7.4 in Mullis, et al. (2004).

37 Not a category assessed by TIMSS-02/03. New Zealand teachers included problem solving and trigonometry
in this category.



Classroom activities

Problem solving is a very important element of mathematics education in New Zealand
and in many other countries. To examine the emphasis given to problem solving, both
teachers and students were asked how often three approaches were undertaken during
their mathematics lessons: relating what is being learned in maths to students’ daily
lives, explaining answers, and students decide on their own procedures for solving
complex problems. The information as reported by teachers is presented in Table 7.

Table 7: Teachers’ reports on doing problem-solving activities with their students
for selected countries/territories

Selected countries Percentage of students whose teachers reported that their
students did the activity for at least half of their lessons
Relate what is being Decide procedures
learned in maths to Explain answers for solving complex
students’ daily lives problems
Australia 39 64 23
Belgium (Flemish) 32 78 22
Chinese Taipei 27 58 24
Estonia 62 91 80
Korea 50 75 52
Netherlands 26 62 19
New Zealand 57 75 35
Scotland 41 69 25
United States 66 80 62
International
(all countries) 50 78 45
England* 46 75 45

*England did not satisfy guidelines for sample participation rates.
Source: Exhibit 7.8 in Mullis, et al. (2004).

Year 9 students’ reports however differed to those of their teachers. Just over two-thirds
of New Zealand Year 9 students (68%) said they were asked to explain answers in at
least half of their mathematics lesson, about the same as the international average
(67%), while about one-half (49%) reported that they decided on the problem-solving
procedures this frequently (internationally, 53%). Interestingly, whereas New Zealand
teachers of more than half of Year 9 students (57%) reported they related what was
being learned to their daily lives, Year 9 students themselves (40%) reported that this
was the area that received the least attention. These differences between students’
and teachers’ reports were consistent with observations made internationally.

Out-of-school study time for mathematics

Studying outside of school or homework provides additional opportunities for students
to be learning mathematics. It allows students to consolidate and extend the learning
that has taken place in a class setting. Both teachers and students were asked for
information about assigning or being assigned mathematics homework, and the time it
took to complete the homework. Internationally, the information was summarised into
two separate indices, however for the purpose of this summary, only the findings for
the student index are presented.




Students at the high level of the Students Spend Doing Mathematics Homework (TMH)
Index reported they were assigned more than 30 minutes of mathematics homework
at least 3 to 4 days per week. Students who reported that they were given no more
than 30 minutes of mathematics homework twice per week were assigned to the low
level of the index. The middle level included all other response combinations.?®

For mathematics, on average, across all countries, 26 percent of students were at the
high level of the TMH Index (i.e. assigned mathematics homework nearly everyday and
more than 30 minutes worth). Countries, whose students were at the high level of the
index included Romania (68%) and Italy (54%). The proportion of New Zealand
students at this level of the index was 14 percent, about the same as that reported for
Belgian-Flemish students (13%) and Korean students (11%), higher than for Scotland
(8%) and Japan (6%), and lower than Australia (19%) and Norway (26%).

Nineteen percent of students on average internationally were at the low level (i.e.
relatively little mathematics homework). There were nine countries where more than
30 percent of students were at the low level including some very high performing
countries, such as Chinese-Taipei, Korea, and Japan, as well as moderately-performing
countries, such as New Zealand, Australia, and Sweden.

The relationship between achievement and mathematics homework varied
considerably across the countries. For some there was a straight linear relationship.
That is, in some cases students at the high level of the index had on average higher
achievement than those at the low level (e.g. Singapore), or vice versa (e.g. Sweden).

In some other countries, for example, New Zealand and Scotland, students in the
medium category had, on average, higher achievement than students in either the high
or low categories.

Factors limiting mathematics instruction

Teachers were asked to indicate the extent to which six characteristics of their students
- differing academic abilities, background, special needs, low morale, uninterested, and
disruptive students - limited how they taught mathematics to their students.

To summarise this information concisely, teachers’ responses to each of the six
statements were combined to form the Teaching Mathematics Classes with Few or no
Limitations on Instruction (MCFL) Index. Students were assigned to the high level of
the index if on average their teachers reported that these factors impacted only a little
(or less) and to the low level if typically these factors impacted to at least some extent.
The remaining students were assigned to the medium level.

The proportions of students at each level of the index varied considerably across
countries with the Netherlands and Egypt recording the highest proportions (about 80%)
at the high level (i.e. diversity and instructional challenges did not limit the teacher) to
low proportions for Chinese Taipei, Botswana, and Morocco (<20%). The proportion of
New Zealand students at the high level was 40 percent, with 21 percent at the low level.
These were about the same as the international averages. (See Figure 15 for details.)

38 Specifically, students at the high level reported that they were assigned mathematics homework “every day”
or “3 or 4 times a week” and they were given “31-60” or “61-90” or “more than 90” minutes of mathematics
homework. The low level indicates students responded they were never given mathematics homework or they
were given it “1 or 2 times a week” or” less than once a week” and they were given 15-30 minutes or “fewer
than 15 minutes”.



Figure 15: Teaching Mathematics Classes with Few Factors that Limit Instruction
(MCFL) Index
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Students were assigned to the high level of the index if in general their mathematics teachers
reported that instructionally challenging and diverse students either impacted very little or not at
all on their teaching.

Source: Exhibit 7.2 in Mullis, et al. (2004).

The figure also illustrates the relationship between the impact of certain student
characteristics on classroom practice and mathematics achievement for New Zealand
and internationally. That is, higher mathematics achievement was associated with
classes with less diversity and few instructional challenges while lower mathematics
achievement was associated with classes with greater diversity and more instructional
challenges. In New Zealand, the difference between the mean scores for the 40
percent of Year 9 students at the high level of the index and the 21 percent of Year 9
students at the low level was 28 scale score points. It is interesting to note that for
Australia, with similar proportions at each level of the index, the difference was greater
at 90 scale score points. On average internationally, the difference was about 31 scale
score points.

Science instruction time

The mean yearly instructional time for science in New Zealand was 132 hours, or 14
percent of total instruction time. Across all countries with general/integrated science
programmes (27) students received an average of 120 hours, or 12 percent of total
instructional time.

Time allocated to science content areas
Teachers also provided information on the proportion of science instructional time
allocated to six major content areas of science TIMSS-02/03. These areas were:

e Life science (e.g. types, characteristics and classification of living things; ecosystems;
adaptation and natural selection)

e Chemistry (e.g. classification, composition and particulate structure of matter;
properties and uses of water; chemical change)

e Physics (e.g. physical states and change in matter; energy types, sources and
conversions; light; sound and vibration)




e Earth science (e.g. earth’s structure and physical features; earth’s processes, cycles
and history)

e Environmental science (e.g. changes in population; use and conservation of natural
resources; and changes in environments)

e Other®

New Zealand teachers typically spent most of their instructional time in science for the
year on Life science (28%) followed by Chemistry (24%) and Physics (24%). The
proportion of time New Zealand science teachers allocated to each area was similar to
the respective international averages. Figure 16 summarises the (estimated) average
percentage of time New Zealand Year 9 teachers allocated to each of the science areas
during 2002. It also shows the international mean proportions.

Figure 16: Teachers’ reports of the percentage of time allocated to six science
content areas during the school year (2002-2003)
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Source: Exhibit 7.4 in Martin, et al. (2004).

Scientific investigation

In order to measure the emphasis placed on an important aspect of science education -
scientific investigation - teachers were asked how often they undertook each of the six
activities with their students.

Across the 27 countries who offered an integrated science programme, the two
activities most likely to be undertaken during a science lesson were ‘relating what
students learn in science to their daily lives’ and ‘writing explanations about what
they had observed during an investigation’. New Zealand science teachers were no
exception, while organising their Year 9 students into ‘small groups to work on
experiments or investigations’ was another approach commonly used. Year 9 students
were, however, less likely to watch their teacher undertake experiment/investigations,
and plan or design their own experiment/investigations compared with students

in many other countries. Table 8 presents the information for New Zealand and

a selection of countries who teach science as an integrated learning area.

39 New Zealand teachers tended to include scientific investigation, work for science fairs, laboratory work/
safety issues in this category.



Table 8: Teachers’ reports on doing science investigations with their students for
selected integrated-science countries

Selected Percentage of students whose teachers reported doing the activity at least
countries for half the lessons
Watching tchr | Design or plan Conduct Work Write Relate what
demonstrate expt’s or expt’s or together in explanations students
an expt or invest'ns invest’ns grpson expt’s | aboutwhat | are learning
invest'n or invest'ns observed in science
and why to their
daily life
Australia 17 19 73 71 68 63
Japan 39 35 77 81 69 54
New Zealand 17 16 61 66 61 71
Norway 8 21 36 35 31 54
Scotland 24 18 82 85 83 56
Sweden 26 35 71 74 64 74
United States 21 29 49 65 56 78
International 38 31 54 57 61 76
(all countries)
England* 30 14 66 68 69 64

*England did not satisfy guidelines for sample participation rates.
Source: Exhibit 7.6 in Martin, et al. (2004).

Out-of-school study time for science

As with mathematics, homework in science also provides an additional opportunity for
consolidating and extending the learning that has taken place in a class setting. Both
teachers and students were asked for information about assigning or being assigned
science homework and the time it took to complete the homework. Internationally, the
information is summarised into two separate indices: one for teachers and one for
students. However, for the purpose of this summary, only students’ reports are
presented here. Students were assigned to a high, medium, or low level of the Time
Students Spend Doing Science Homework (TSH) Index according to the frequency they
were assigned science homework and the amount of time it was expected to take.*

For countries that taught science as an integrated subject, the overall average
proportion at the high level of the TSH Index was just six percent. However, the range
across countries was wide. Students from Ghana and Egypt were most likely to be at
the high level, 25 percent and 23 percent respectively. New Zealand’s proportion of 10
percent was similar to Chinese Taipei (12%) and Australia (9%). As with mathematics,
the relationship between achievement and science homework varied considerably
across the countries. However, on average internationally, students at the high level
of the index tended to have lower performance than students at the low level of the
index. In New Zealand’s case, the relationship was curvilinear — Year 9 students in the
medium category had, on average, higher science achievement (531) than students

in either the high (519) or low categories (518).

0. See footnote 38 for details of how students were assigned to each level of the index.




Factors limiting science instruction

Science teachers, like their colleagues who taught mathematics, were asked to indicate
the extent to which six characteristics of their students - differing academic abilities,
background, special needs, low morale, uninterested, and disruptive students - limited
how they taught their students.

To summarise this information concisely, teachers’ responses to each of the six
characteristics were combined to form the Teaching Science Classes with Few or no
Limitations on Instruction (SCFL) Index. Students were assigned to the high level of the
index if, on average, their teachers reported that these factors impacted only a little (or
less) and to the low level if typically these factors impacted at least to some extent. The
remaining students were assigned to the medium level.

The proportions of students at each level of the index varied considerably across
countries, with the Netherlands and Lithuania recording the highest proportions (about
70%) at the high level (i.e. diversity and instructional challenges did not limit science
teaching) to low proportions for Bahrain, Cyprus, Botswana, Iran, and Morocco (<20%).
Forty percent of New Zealand Year 9 students were at the high level, 20 percent, at the
low level, while the remainder were at the medium level of the index; these proportions
were about the same as the international averages.

Figure 17 illustrates the relationship between these limiting factors and science
achievement internationally and for New Zealand. That is, higher science achievement
was associated with classes with less diversity and few instructional challenges while
lower science achievement was associated with classes with greater diversity and more
instructional challenges. For New Zealand, the difference between the mean science
scores for Year 9 students at the high and low levels of the index was about 67 scale
score points, more than double the difference reported for mathematics. Internationally
the difference was only about 30 score points.

Figure 17: Teaching Science classes with Few Factors that Limit Instruction
(SCFL) Index
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Students were assigned to the high level of the index if in general their science teachers reported
that instructionally challenging and diverse students either impacted very little or not at all on
their teaching.

Source: Exhibit 7.2 in Martin, et al. (2004).



School contexts for learning and instruction

The following section provides a brief overview of just some of the information collected
from school principals (and in some instances, teachers) in order to provide a school-
level context for learning mathematics and science.

Availability of school resources

To measure the extent to which shortages of school resources affected schools’ capacity
to provide instruction, TIMSS-02/03 constructed an index of availability of resources for
both of mathematics (ASRMI Index) and science (ASRSI Index). There were two types of
school resources: those of a general nature (e.g. lighting/heating, and instructional
materials and space) and those relating specifically to mathematics (e.g. calculators)
and to science (e.g. laboratory equipment and materials).

Students attending schools where principals reported that both types of shortages had
‘little’ or ‘no’ effect on instructional capacity were in the high category of the index.
Students at the medium level were in schools where one type of shortage affected
instruction ‘some’ or ‘a lot’ and the other type had ‘little’ or ‘no’ effect. Students in
the low category were in schools where both types of shortages impinged on schools’
capacity to provide instruction ‘some’ or ‘a lot’.

Relatively high proportions of New Zealand Year 9 students attended schools where
shortages or inadequacy of resources had no or minimal impact on the provision of
instruction in either learning area (i.e. about 45% at the high level of each index).
Nine countries had higher proportions than New Zealand, including Australia (about
55% for both), and Singapore with the highest proportions on both indices (at around
90%). By way of contrast, just four percent of Bostwanan students and three percent
of Bulgarian students were at the high of the mathematics index and science index
respectively. On average, internationally 26 percent of students were at the high level
of both indices.

More importantly for New Zealand, is the trend information collected since the first
assessment in 1994. Figure 18 summarises this information by showing the
proportions of students at each level of index for each assessment and learning area.




Figure 18: Trends in the proportions of New Zealand Year 9 students at each level
of the School Resources in Mathematics (ASRM) Index and the Availability of School
Resources in Science (ASRS) Index

A. Availability of School Resources in Mathematics Index
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1. The percentage of students at the high level in 2002 was significantly higher than the
percentage for 1994.

2. The percentage of students at the medium level of the index in 1994 was significantly lower
than the percentage in 2002.

3. The percentage of students at the low level of the index in 1994 was significantly lower than
the percentage in 2002.

B. Availability of School Resources in Science Index
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1. The percentage of students at the high level in 2002 was significantly higher than the
percentage for 1994.

2. The percentage of students at the medium level of the index in 1994 was significantly lower
than the percentage in 2002.

3. There were no significant differences among the percentages at the low level of the index.

Students at the high level of either of the indices were in schools where shortages of resources had no
or minimal impact on the schools’ capacity to provide instruction in either mathematics or science.

Source: Exhibit 8.3 in both Mullis, et al. (2004) and Martin, et al. (2004).

As both figures show, a positive finding is that in each year, New Zealand principals
were more likely to report that general shortages or those pertaining to mathematics
or science had little or no impact on their school’s capacity to provide instruction is
science and mathematics.



Perceptions of school climate

To measure the extent to which schools had a positive school environment, the
international TIMSS researchers summarised mathematics and science teachers’ views
and school principals’ views on school climate into two indices: Teachers’ Perception of
School Climate (TPSC) Index and Principals’ Perception of School Climate (PPSC) Index.
The indices were based on responses to the following: teachers’ job satisfaction;
teachers’ understanding of school’s curricular goals; teachers’ degree of success in
implementing curriculum; teachers’ expectation for students’ achievement; parental
support for student’s achievement; parental involvement in schools’ activities; students’
regard for school property; and students’ desire to do well at school. The same
questions were presented to both groups of respondents.

For both the TPSC and PPSC Indices, students were assigned to the high level if their
teachers or principals typically had positive or very positive reports for each aspect of
school climate; they were assigned to the low level if they typically had more negative
or very negative reports for each aspect. Figure 19 shows the proportions of Year 9
students at each level of the teacher indices. For comparative purposes, the
international mean proportions are also shown.

Figure 19: Proportions of students at each level of the Teachers’ Perception of
School Climate (TSPC) Index
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Students at the high level of the index were taught by teachers who were positive or very positive
with aspects of school climate.

Source: Exhibit 8.5 in both Mullis, et al. (2004) and Martin, et al. (2004).

Overall, New Zealand teachers tended to hold fairly moderate views about school
climate. However, when compared to their international counterparts, they were more
likely hold very positive views, with proportionately more Year 9 students at the high
level of the teacher indices than was the case for many other countries.

New Zealand principals held relatively very positive views about their school climate,
and were more likely to hold positive views than their teachers did. This pattern was
also apparent across most countries. About one-third of New Zealand’s Year 9 students
(34%) were at the high level of the PPSC Index (i.e. principals on average rated high or
very high on aspects of school climate), the fifth largest proportion internationally.




Figure 20: Proportion and means scores for Year 9 students at each level of the
Principals’ Perception of School Climate (PPSC) Index
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Students at the high level of the index were in schools where principals rated aspects of school
climate positively or very positively.

Source: Exhibit 8.4 in both Mullis et al. (2004) and Martin, et al. (2004).

United States and Scotland were among those countries who recorded the highest
proportions (>40%), and Russian Federation and Latvia recorded the lowest
proportions - one percent or less; the international mean was 15 percent. There was a
positive relationship between principals’ perceptions of school climate and achievement
internationally and in New Zealand as illustrated in Figure 20. The 34 percent of Year
9 students at the high level achieved, on average, scores, about 40 scale score points
higher than the 58 percent of Year 9 students at either the medium level or the eight
percent at the low level.

School and class attendance

Schools’ responses to a series of questions on the seriousness of student absenteeism,
tardiness, and skipping class were combined into the Good School and Class
Attendance Index. Students at the high level were in schools that reported that all three
behaviours were not a problem. When either two or more behaviours were rated as a
serious problem or two behaviours were reported to be minor problems and the third a
serious problem, students were assigned at the low level, while the remainder were
assigned to the medium level.

Just 11 percent of New Zealand Year 9 students were in schools where these
behaviours either never occurred, or if they did they were not a problem (i.e. on the
high level of the GSCA Index) compared to the international average of 23 percent, and
lower than the 56 percent of Italian, 26 percent of Australian, and 17 percent of Dutch
students. The proportion of Year 9 students in New Zealand at the low level of the index
-at least two behaviours were a serious problem or two to be minor and the third a
serious problem - was double (26%) that reported for Australia (13%) and the United
States (10%) and higher than the international average of 19 percent.

In terms of trends, as illustrated in Figure 21, the proportion of students at the
low level of the index was significantly higher than the proportion reported for
New Zealand in 1998.



Figure 21: Trends in the proportions of New Zealand Year 9 students at each level
of the Good School and Class Attendance (GSCA) Index
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Students at the high level of the index were in schools where student absenteeism, tardiness, and
skipping class either never occurred or were not a problem.

Notes:

1. The percentage of students at the low level of the index in 2002 was significantly higher than
the percentage in 1998.

2. There were no significant changes at the other levels.

Source: Exhibit 8.6 in both Mullis, et al. (2004) and Martin, et al. (2004).

Feeling safe at school
Teachers

Teachers were asked to characterise their perceptions of school safety in schools.
This was characterised by how safe was the location of their school; how safe they
felt at school; and how adequate their school’s security policies and practices were.

Compared to other countries New Zealand teachers’ views were very positive, and
teachers who taught mathematics to Year 9 students more so than those who taught
them science. Ninety percent of students were taught mathematics by teachers who
agreed to all aspects of safety compared to an international average of about 72
percent. Only Singapore had a higher proportion (91%). South African and Bostwanan
teachers were the most likely to disagree with the statements, with 28 percent and

32 percent of students respectively at the low level of the index. New Zealand science
teachers were somewhat less likely than their mathematics counterparts to endorse
all statements with 78 percent of students at this level of the index (c.f. 70%, on
average, internationally).




Students

Students were asked, during the month prior to the assessment whether or not they
had experienced any of the following events at school: something of theirs was stolen;
hit or hurt by other students; made to do something they did not want to do by others;
made fun of or called names; left out of activities by their peers. Their responses were
summarised into Students’ Perception of Being Safe in Schools (SPBSS) Index.

On average internationally nearly half of lower secondary students reported being in a
safe environment. That is, they answered “no” to all statements and were place at the
high level of the index. About two-fifths of New Zealand’s Year 9 students (40%) were
in this category. This compared to 43 percent reported for Australia, 59 percent for
Scotland, 63 percent Norway, 66 percent in the Netherlands.*! Swedish students were
the most likely to report being in a safe environment (78%). Nineteen percent of New
Zealand’s Year 9 students were in the low category (i.e. relatively unsafe school
environment - answered “yes” to all these statements). This was higher than the
international average of 15 percent. In several countries, more than one-third of
students were in the low category, including Jordan, the Philippines, Ghana, and
South Africa.

Finally

This summary has merely touched on some key data and trends that form a vast array
of descriptive information, particularly the contextual data, generated by the study.

It is recommended that the findings presented here are not viewed in isolation, and
that readers refer to the international publications for more detail. The reports can be
viewed on the international web site. A national report will also be distributed to
schools in the latter half of 2005 at the same time as been made available on the
ministry’s web site.

4. England 51%. Data not available for the United States.



NOTES:

The countries and education systems that took part in the international study

Forty-six countries or education systems participated at the lower secondary level in
TIMSS-02/03, and 25 of these participated at the middle primary level. There were 4
benchmarking participants. They were:

*Armenia Ghana *Lithuania Saudi Arabia

*Australia *Hong Kong, SAR Macedonia, Rep. of *Scotland
Bahrain *Hungary Malaysia Serbia

*Belgium (Flemish) Indonesia *Moldova, Rep. of *Singapore

Botswana *Iran, Islamic Rep. of ~ *Morocco Slovak Republic

Bulgaria Israel *Netherlands *Slovenia

Chile *|taly *New Zealand South Africa
*Chinese Taipei *Japan *Norway Sweden
*Cyprus Jordan Palestinian Nat. Auth.  *Tunisia

Egypt Korea, Rep. of *Philippines *United States
*England *Latvia Romania Estonia

Lebanon *Russian Federation

Benchmarking participants

Basque Country

*QOntario Province

*Indiana

*Quebec Province

Note:

*Countries that participated at Grade 4 (Year 5 equivalant)
Syrian Arab Republic (Grade 8) and the Republic of Yemen (Grade 4) participated fully in just the
curriculum phase of the study.




Who carried out TIMSS-02/03?

The International Study Centre at Boston College’s Lynch School of Education in the
United States managed the international coordination of the project. The other

organisations involved with the TIMSS-02/03 activities were Statistics Canada in Ottawa

and the IEA Data Processing Centre in Hamburg (Germany).

International TIMSS web site: www.timss.org
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