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Executive Summary

This report presents a descriptive overview of the mathematics and science
achievement results for Year 9 students. It uses the third (or 2002-2003) cycle of the
Trends in International Mathematics and Science Study (TIMSS) in which

New Zealand participated during 2002. TIMSS, administered on a four-yearly cycle,
was first administered in 1994-1995 and again in 1998-1999. The third cycle builds a
comprehensive picture of trends in mathematics and science achievement for Year 9
students after one year of secondary schooling. Data collected in this cycle are viewed
in the context of the baseline data collected in New Zealand in 1994 along with data
collected four years later in 1998. As well as describing student achievement results
for the third cycle, this report reflects on and integrates the findings for the two
previous cycles.

Background

The first cycle, TIMSS-94/95, was on a scale much larger than the later cycles. It
involved New Zealand’s Years 4 and 5 students, Years 8 and 9 students, and Years 12
and 13 students in their final year of schooling. The results from this cycle showed the
performance of New Zealand’s Years 8 and 9 students in both mathematics and science
relative to other countries to be about ‘average’. The performance in mathematics and
science literacy of our senior school leavers placed New Zealand amongst the higher-
performing countries. However, the results for the middle primary cohort brought to
the forefront concerns about mathematics and science education. The study showed
that Years 4 and 5 students were generally achieving well below the international mean
in mathematics and to be very weak in some aspects of science.

Coinciding with the release of the Years 4 and 5 results came reports of difficulties

that teachers, particularly in the primary sector, were experiencing with implementing
the then new curricula. These two concerns led to the establishment, in mid-1997,

of the Mathematics and Science Taskforce to provide advice on the type and level of
support that classroom teachers needed in order for them to implement the curricula.
A series of recommendations, which included a need for appropriate teacher resource
materials, were made by the Taskforce in late 1997. Most of the recommendations were
put into place, along with a number of other Ministry of Education initiatives which
have focused on improving student outcomes in mathematics and science. These events
provide a backdrop to New Zealand’s continuing participation in TIMSS; TIMSS has
allowed New Zealand not only to monitor its performance relative to other countries,
but to monitor changes within the New Zealand system.

What was assessed in TIMSS-02/03?

TIMSS assesses two learning areas: mathematics and science. The design of the study
is such that a range of cognitive skills are tested in the context of these two learning
areas using a variety of test question formats.

In mathematics the test questions require students to use their knowledge skills,
application skills, and their problem-solving and reasoning skills in five domains of
mathematics: number, algebra, measurement, geometry, and data.

In science the test questions assess students’ knowledge, their conceptual
understanding, and reasoning and analytical skills to solve problems from five domains:
life science, chemistry, physics, earth science, and environmental science.




How well did the final assessment match with the New Zealand
intended curricula?

One of the key activities used to determine how well the TIMSS assessments aligned
with each participating country’s (including New Zealand’s) intended curricula was
the Test-Curriculum Matching Analysis (TCMA). For each of the final set of assessment
questions, it was ascertained whether or not the content of each question was in the
intended curricula for students.*

In determining whether or not the content of the test questions was appropriate for
New Zealand’s Year 9 students at the end of their first year of secondary schooling,
Level 5 (and preceding levels) in Mathematics in the New Zealand Curriculum and
Science in the New Zealand Curriculum was used as the basis for this task. Level 5 was
chosen and subsequently divided into two — content that was likely to be covered at
Year 9 and content likely to be covered at Year 10. Results from the TCMA found that
90 percent of the mathematics and 80 percent of the science questions were judged to
be in the intended curricula for Year 9 students.

At what level of the curriculum were students working in 2002?

Based on the estimations of the mathematics and science teachers of the Year 9
students who participated in TIMSS in 2002, the majority of students were, or had been
working, at Level 4 of each of the mathematics strands and Level 4 and/or Level 5 of
each of the science strands.

Who was assessed?

In 2002, 3,801 New Zealand Year 9 students from 169 schools took part in the
assessment. Just over 400 teachers of mathematics and science took part.

Year 9 student outcomes in mathematics

Achievement

* New Zealand students’ mean achievement in mathematics in 2002-2003 was
significantly higher than the international country mean for the 46 countries.

e There was no significant change in Year 9 students’ mathematics performance over
the eight years from 1994 to 2002. Internationally, New Zealand’s mean achievement
relative to the country mean for the 18 countries taking part in all three cycles
remained largely unchanged over the eight years.

< Internationally, Year 9 students’ mean achievement in the cognitive domain of
reasoning in 2002-2003 was relatively better than in the areas of knowing and
applying; this was largely explained by girls’ relatively high performance on
questions that demanded these skills.

e There were no significant changes in either Year 9 girls’ or Year 9 boys’ mean
mathematics achievement from 1994 to 2002 and no notable differences between
their mean mathematics achievement.

e There were no significant changes in the mean mathematics achievement of
Year 9 students in any of the four main ethnic groupings. However, a shift in the
relative performance among the groupings was evident with Asian students, on
average, outperforming all other students in 2002.

1 Countries also had the opportunity to provide input into decisions during the development phase on the
topics to be covered in the assessment and after the field testing on the final sets of items.



Relative to their overall performance in 2002, the mathematics content area in which
Year 9 students achieved best was Data. Number was an area of relative weakness,
and more so for Year 9 girls than for Year 9 boys. No significant changes in any of
the content areas were observed from the second cycle in 1998.

Students’ attitudes and beliefs about mathematics

Year 9 students’ reports on the value of mathematics were similar to the
international country means.

Year 9 boys were more likely than Year 9 girls to endorse the value of mathematics;
Asian students were more likely to hold very positive views than were students from
other groupings.

The proportion of Year 9 students reporting they did not enjoy learning mathematics
increased significantly from 1994 to 2002; this was observed for both boys and girls,
and for Pakeha/European and Maori students.

Year 9 students’ levels of self-confidence in learning mathematics were similar to
international country means.

Year 9 boys tended to have a higher level of self-confidence in learning mathematics
than Year 9 girls. Asian students were more likely than students in the other three
main groupings to have a high level of self-confidence.

Year 9 student outcomes in science

Achievement

New Zealand Year 9 students’ mean performance in science in 2002-2003 was
significantly higher than the international country mean for 46 countries.

Overall, there was no significant change in Year 9 students’ mean science
achievement over the eight years from 1994 to 2002. However, there were significant
increases in the mean science achievement of Pasifika and Asian students over

this period.

New Zealand’s mean achievement relative to the country mean for the 18 countries
taking part in all three cycles improved from 1998-1999 to 2002-2003 after
decreasing between 1994-1995 and 1998-1999.

Proportionately more Year 9 students achieved at or above the Low and Intermediate
benchmarks in 2002 than in 1994. This was observed for boys and girls and across
the four main ethnic groupings.

Year 9 girls’ science achievement increased significantly from 1994 to 2002. Year 9
boys’ mean science achievement returned to the same level as it was in 1994, after
decreasing from 1994 to 1998.

The large gender difference, which had favoured Year 9 boys in 1994 had all

but disappeared by 2002, largely explained by the increase in Year 9 girls’ mean
achievement over the period. However, in 2002 Maori boys, on average, achieved
significantly higher science scores than Maori girls, whereas no significant
differences were observed between girls’ and boys’ mean achievement in the
other groupings.

No area of science was found to be a relative strength for Year 9 students in 2002;
Chemistry was an area of relative weakness. Year 9 boys’ mean performance was
significantly higher than girls’ in both Earth Science and Environmental Science.




* In terms of trends, Physics was an area where there had been a significant increase
in achievement since 1998.

Students’ attitudes and beliefs about science

e New Zealand’s Year 9 students tended to be more reticent than their international
peers with their views on the value of science.

* Year 9 boys were more likely than Year 9 girls to place a high value on science;
Asian students were also more likely than students from other groupings to hold very
positive views.

* Year 9 students’ reports on their level of enjoyment of science increased significantly
from 1994 to 2002; this was observed for both girls and boys and for students in all
four ethnic groupings.

* Year 9 students were less likely to report being confident in learning science than
were many of their international peers.

* Year 9 boys were more likely than Year 9 girls to have a high level of self-confidence
in science; Asian and Pakeha/European students were more confident with their
abilities in learning science than were Maori and Pasifika students.

Year 9 students’ background

* There were some small shifts in the ethnic composition of the Year 9 cohorts from
1994 to 2002.

* While the overall proportions of Year 9 students reporting they ‘always’ and those
reporting they ‘rarely’ spoke English at home remained unchanged over the eight
years, the difference in mean achievement between students who ‘always’ spoke
English in the home and those who ‘rarely’ spoke English decreased over the eight
years 1994 to 2002.

* The types of schools Year 9 students had attended in Years 7 and 8 were found not
to be associated with their mathematics and science achievement after one year of
secondary schooling.

* Most Year 9 students were involved in after-school activities in 2002. The most
popular activity was playing sport. Television watching continued to be a popular
out-of-school activity on school days, although the average time spent on this
decreased from 1994 to 2002.

e Year 9 students, like many of their international peers, reported spending a
moderate level of time doing mathematics and science homework during the
school week.

 The majority of Year 9 students held positive attitudes towards school. Students
who held positive attitudes were also likely to report that they had not experienced
negative behaviours, such as bullying.

* The proportion of Year 9 students reporting they had something stolen decreased
from 1994 to 2002.

Final Comment

Although the recommendations made by the Mathematics and Science Taskforce, along
with other Ministry of Education initiatives, were implemented from 1998 onwards,

it is reasonable to say that they had little impact on Year 9 student achievement in
mathematics and science in 2002. However, the findings for Year 5 students in 2002,
the subject of a separate report, were more encouraging. The results for this cohort




make it more compelling to examine whether or not the apparent improvements in
achievement are sustained through to Year 9. New Zealand is currently taking part in
the fourth cycle, TIMSS-06/07, but only Year 5 students are involved. The fifth cycle
of TIMSS, which is scheduled for 2010-2011, will, however, provide the opportunity to
examine this.

This report examines the assessment data for Year 9 students alongside information
about their backgrounds, and their beliefs and attitudes towards mathematics and
science. As in the previous cycles, contextual information was also gathered from the
students’ mathematics and science teachers and from principals of the schools they
attended in 2002. However, these data are not covered here. Exploration of these data
could also provide more insight about Year 9 student achievement from 1994 to 2002.







Chapter 1: Introduction and Background

The Trends in International Mathematics and Science Study, 2002-2003
(TIMSS-02/03), conducted under the auspices of the International Association

for the Evaluation of Educational Achievement (IEA)?, was the third in a cycle of
assessments designed to measure trends in mathematics and science education.
This chapter presents an overview of the background to, and the design of, the study
including the framework used in the study.

Key points

= TIMSS, a cycle of assessments administered every four years, is designed
to measure trends in mathematics and science education; it also provides
countries a snapshot of student achievement in any given cycle.

e TIMSS-02/03 was the third in the continuing cycle of assessments, with
New Zealand having participated in all three.

= New frameworks for both mathematics and science underpinned the
development of the third cycle as well as future cycles.

e TIMSS-02/03 was administered in participating Southern Hemisphere
countries, including New Zealand, in late 2002 and in Northern Hemisphere
countries in early 2003.

e TIMSS-02/03 provided New Zealand with a snapshot of achievement at
Years 5 and 9 in 2002 as well as trend comparisons with previous cohorts
from 1994 and 1998.

The background to TIMSS-02/03

Conducted every four years, TIMSS is a cycle of studies designed to measure trends in
mathematics and science education at the middle primary and lower secondary levels.
TIMSS-02/03 was the third cycle, involving 46 countries or education systems at the
lower secondary level, with 25 of these also participating at the middle primary level.
A full list of these countries is shown later in this chapter in Table 1.1.

TIMSS-02/03 was carried out in Southern Hemisphere countries in late 2002 and in
Northern Hemisphere countries in early 2003. In New Zealand TIMSS-02/03 involved
just over 4,300 Year 5% students and their teachers from 220 schools, and 3,801 Year 9
students and their mathematics and science teachers from 169 schools.

Previous TIMSS cycles

The first cycle of TIMSS,* hereafter referred to as TIMSS-94/95, was an extensive
study in that it was administered at three educational levels. In New Zealand this
involved students from Years 4 and 5, Years 8 and 9, and Years 12 and 13, with the
administration conducted during 1994 and 1995.

TIMSS-98/99, the second cycle administered in New Zealand in late 1998, was not
as extensive as TIMSS-94/95 as the focus internationally was on lower secondary or
Grade 8; in New Zealand this was Year 9. However, New Zealand also chose to do a
replication of the middle primary 1994-1995 assessment for Year 5 students at the
same time in 1998.

2 See A.1lin Appendix A for details about the IEA and previous IEA studies in which New Zealand has
participated.

3 Year 5 was defined as those students who had three more years of primary education to complete before
entering secondary school in 2006.

4 First known as the Third International Mathematics and Science Study.




After three cycles, it is now possible to look at trends in student achievement in
mathematics and science. The types of trend and ‘snapshot’ comparisons that can be
made are outlined below, and in Figure 1.1.

International comparisons

 New Zealand students’ achievement can be compared with that of their overseas
counterparts for any given cycle of TIMSS.

* The progress of New Zealand students relative to their international counterparts
across the cycles can be examined.

National comparisons

* New Zealand students’ achievement in TIMSS-02/03 can be compared with that of
their national counterparts in TIMSS-94/95 and in TIMSS-98/99.

* The progress the TIMSS-98/99 Year 5 cohort made four years on as Year 9 students
in TIMSS-02/03 can be examined relative to the progress made by the TIMSS-94/95
Year 5 cohort as Year 9 students in TIMSS-98/99.

Figure 1.1: Participation in TIMSS and types of comparisons that can be made

Type of TIMSS cycles of assessments

Level of comparisons

comparison ::g‘éga” be 1994-1995 1998-1999 2002-2003

1. Comparisons Year 5 Year 5
with other Year 9 Year 9 Year 9
countries

(snapshot)

2. Progress Year 5 Year 5
relative to other Year 9 Year 9 Year 9
countries

International

1. Progress Year 5 Year 5 Year 5
relative to Year 9 Year 9 Year 9
respective

counterparts

2. Comparison of Year 5 Year 5

~ ~

relative progress S .

National

of a cohort S ~~
A Year 9 A Year 9

Historical overview of initiatives in mathematics and
science education

Although the first of the TIMSS-94/95 findings, specifically lower secondary results,
became available in late 1996 it was the release of the middle primary school results
in mid-1997 that highlighted areas of concern in mathematics and science education

in New Zealand. The TIMSS results combined with reported difficulties teachers were
experiencing in implementing new mathematics and science curricula, particularly in
the primary sector, were the impetus for the then Minister of Education to establish the
Mathematics and Science Taskforce in August 1997.

The taskforce made a number of recommendations to which the New Zealand Ministry
of Education responded. These included the establishment of a comprehensive



publishing programme involving new and revised resource material for both students
and teachers, particularly in primary schools (Ministry of Education, 1997). The
Building Science Concepts® and the Figure it Out® series were key resources arising
from this programme for science and mathematics respectively. Other resources
included a video and two CD-ROMs to support the new learning materials and showing
effective classroom practices; and the development of additional items for the online
Assessment Resource Banks (ARBS).

In June 1998, the Ministry of Education organised a national research seminar at
which leading New Zealand mathematics education researchers identified some key
areas which needed addressing: developing teachers’ pedagogical content knowledge;
improving teaching quality and confidence; providing resources to support teaching
and learning; making research more accessible; and emphasising the importance of
mathematics education prior to school entry.” The ministry held a similar seminar for
science in September 1999. As with mathematics, this seminar identified similar issues
around science education: the need to support and build teachers’ content knowledge
and confidence; and enhancing students’ content knowledge and basic science skills
within a child-centred learning framework.®

In 1999, Te Kete Ipurangi (TKI), the Ministry of Education’s bilingual (Maori and
English) online portal education site, was also launched as part of the 1998 Information
and Communications Technologies Strategy and was an example of another facility

for supporting teachers in mathematics and science and other curriculum areas. A
more recent initiative, Assessment Tools for Teaching and Learning (asTTle), provides
teachers with mathematics tests (and individual questions) which are linked to both the
levels and the strands in the Mathematics in the New Zealand Curriculum, to enable
them to track individual students’ achievement as well as the achievement of groups

of students. However, it is unlikely that asTTle had much impact on New Zealand
students’ achievement nationally at the time TIMSS was administered in 2002.

Numeracy strategy

The Ministry of Education started the development of a comprehensive numeracy policy
and strategy in late 1998. By 2000, policy development initiatives focused on stages of
early number development. Count Me In Too (CMIT) was piloted nationally as an action-
research method of informing numeracy policy. The Numeracy Development Projects
(NDPs), 2001, built on the evaluation findings from the CMIT pilot and the Exploratory
Study professional development. The focus was (and still is) on improving student
achievement in mathematics through improving the professional capability of teachers.
Since the NDPs were essentially in early stages in 2002 it is unlikely these would have
had a discernible effect on either Year 5 or Year 9 student achievement.

Management and administration of TIMSS-02/03

A consortium was responsible for managing the international activities required for the
project: International Study Centre, Lynch School of Education at Boston College,

5 The Building Science Concepts series of books are designed for use by teachers to build students’ science
understandings, as appropriate to the learning needs and contexts of those students. The series supports
teachers of New Zealand students at curriculum levels 1 to 4.

& Nearly 60 booklets for students with Answers and Teacher’s Notes have been written to be aligned with
curriculum levels 2, 3, and a combination of levels 3 and 4. There are also about 20 booklets developed for
Years 7 and 8 students which focus mainly on level 4 material. About two-thirds of the material have been
translated into Maori and published as the He Tau And Te Tau series.

7 Ministry of Education. (1999). Exploring issues in mathematics education: proceedings of a research
seminar on mathematics education (years 0-6 students) held at the Ministry of Education on 12 June 1998.
Wellington: Author.

8 Ministry of Education. (2000). Exploring issues in science education: papers from a research seminar on
science education in primary schools, 1999. Wellington: Author.




(Massachusetts) United States; the IEA’'s Data Processing Centre in Hamburg, Germany;
and Statistics Canada in Ottawa, Canada. The Educational Testing Service (ETS) in
Princeton New Jersey was responsible for the psychometric scaling of the main survey
achievement data.

In New Zealand the Comparative Education Research Unit in the Ministry of Education
was responsible for carrying out the TIMSS-02/03 activities at both the middle primary
and lower secondary levels.

The countries and education systems that took part in TIMSS-02/03

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

Table 1.1: Participating countries and education systems in TIMSS-02/03

*  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 *ltaly *  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 *  Ontario Province
* Indiana *  Quebec Province

Notes:
1. * Countries that participated at Grade 4 (Year 5 equivalent).

2. Syrian Arab Republic (Grade 8) and the Republic of Yemen (Grade 4) participated fully in just
the curriculum phase of the study.

3. See A.2 in Appendix A for details of previous TIMSS cycles in which the countries in Table 1.1
have participated.

Conceptual model for the TIMSS Assessments

The conceptual model for the TIMSS assessment studies is based on the intended,
implemented, and attained curriculum. For the purposes of TIMSS, ‘curriculum’ is
broadly defined as “...the major organising concept in considering how educational
opportunities are provided to students, and the factors that influence how students use
these opportunities.” (Mullis, Martin, Smith, et al., 2003, p.3).

The intended curriculum refers to the aims, content, and methods for each

of mathematics and science education as defined by a country’s educational
authorities. The intended curriculum is described in documents such as curriculum
guides, prescriptions, syllabuses, and policy statements. Textbooks, resources, and
examinations also reflect the essence of the intended curriculum. As well as being set
within a specific educational context, the intended curriculum is also set within the
context of a society. Societal factors — for example, goals and expectations the society
holds for education, the role of private education, the status accorded to teachers, and



resources society has, and the proportion of those resources allocated to education — all
have an influence on the national intentions.

Teachers interpret, translate, and implement the intentions of the curriculum according
to their own experiences and beliefs. The educational milieu in which the implemented
curriculum is placed embodies institutional arrangements made at the school and

class levels but is also largely influenced by system-level arrangements. The local
community, while often reflecting society-at-large, provides the context for the setting
of the implemented curriculum.

The attained curriculum consists of the concepts, processes, skills, and attitudes
towards mathematics and science that students have acquired during their schooling.
It can also be placed in the broader context of institutional arrangements as well

as students’ backgrounds (Robitaille, McKnight, Schmidt, et al., 1993; Robitaille &
Maxwell, 1996).

Assessment framework for TIMSS-02/03

The publication TIMSS Assessment Frameworks and Specifications® provided

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

In mathematics there were five content domains which defined the specific
mathematics subject matter covered by the assessment, and four cognitive domains,
these defining the sets of skills and behaviours students were expected to demonstrate
as they engaged with the mathematics content. Figure 1.2 shows a schematic
interpretation of the two aspects of the assessment. Communicating mathematical
ideas and processes is also seen as an important outcome of mathematics education.
However, rather than seeing ‘communicating mathematically’ as a separate cognitive
domain, in TIMSS this skill was considered as an overarching dimension across the
mathematics content and cognitive domains.

¢ Mullis, Martin, Smith, et al. (2003). Please refer to the end of this report for details of the full reference for
the framework.




Figure 1.2: Schematic view of the TIMSS cognitive and content domains in the
mathematics assessment framework

Communicating mathematically

Cognitive domains

Using concepts Knowing facts Reasoning Solving routine
and procedures problems

Number Algebra Measurement Geometry

Note: For details of the topics included in each content domain and the skills and abilities
included under each cognitive domain, refer to Tables A.3.1 and A.3.2 in A.3, Appendix A.

In science there were five content domains at Grade 8 (and three at Grade 4)
which defined the specific science subject matter covered by the assessment, and
three cognitive domains, these defining the sets of skills and behaviours students
were expected to demonstrate as they engaged with the science content. Figure 1.3
shows a schematic view of the two aspects of the assessment. As with mathematics,
there was an overarching dimension to the science framework: scientific inquiry.
Because scientific inquiry is an integral aspect of contemporary science curricula in
many countries, it was considered important to view it as a process that overlapped
all aspects of science being assessed: encompassing both content- and skills-based
components.




Figure 1.3: Schematic view of the TIMSS cognitive and content domains in the science
assessment framework

Scientific inquiry

Cognitive domains

Factual Conceptual Reasoning and
knowledge understanding analysis

\/

Environmental
Science**

Life Science Chemistry* Physics* Earth Science

Notes:
1. * For Grade 4, Chemistry and Physics were included in the Physical Science domain.
2. ** For Grade 4, Environmental Science was included in the Earth and Life Sciences domains.

3. For details of the topics included in each science content domain and the skills and abilities
included under each cognitive domain, refer to Tables A.3.3. and A.3.4 in A.3, Appendix A.

The 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. (See Mullis, Martin, Smith, et al. (2003) for further details.)

Student populations, sampling, and design

This section firstly provides details of the two populations under scrutiny in
TIMSS-02/03. Secondly, and specific to this report, an outline of the methodology for
sampling schools and Year 9 students in New Zealand is presented. A more in-depth
discussion on the sampling, the numbers in the achieved samples, and a comparison of
the achieved Year 9 sample with the population of New Zealand 13- and 14-year-olds in
2002 is presented in A.4 Appendix A.

Population definitions

The target populations for all countries involved in TIMSS-02/03 were defined as
international desired populations and were commonly known as:

Population 1: the upper of the two adjacent grades with the most 9-year-olds

e In New Zealand these were ‘Year 5’ students (this definition was refined
further to specifically students who would enter secondary school in 2006)*°

10 |n 1994-1995 using the old class level nomenclature, the students were in ‘Standard 3.




Population 2: the upper of the two adjacent grades with the most
13-year-olds

 In New Zealand these were ‘Year 9’ students.

Using these two target populations meant that countries could collect data which could
be compared with assessment data collected 1994-1995 and 1998-1999, since the same
definitions had been used in these cycles.

Sample design

The sample design used in TIMSS-02/03, as in the previous cycles, is generally referred
to as a two-stage stratified cluster design. This involves:

1. selecting a sample of schools from all eligible schools;

2. randomly selecting a mathematics (or science) ‘class’ from each sampled
school, regardless of the ability level of the class.

The main reason for selecting intact classes, rather than a random sample of students,
was so the beliefs and practices of teachers could provide contextual information
around the achievement and attitudes of their students.

Year 9=

The process for selecting schools with Year 9 students had to take into account two
issues. Firstly, there had been an increase in the number of rotated assessment
booklets from eight in 1994-1995 and 1998-1999 to 12 booklets in 2002-2003; this
change effectively meant sampling more students. Secondly, information from the first
two cycles showed considerable clustering (grouping) of Year 9 students according to
their mathematics ability. To overcome the clustering, a bigger sample of schools was
required. Using the preferred sampling approach of selecting a school’s probability
proportional to the total number of Year 9 students enrolled in the school, it was
calculated that New Zealand would have been required to sample approximately 240
schools out of a total of 400 eligible schools.

This was coupled with the fact that there was a relatively high proportion (of the
240) of very big secondary schools. That is, their selection of being in the sample was
‘certain’ in that it was not possible to use ‘replacement’ schools if any declined to
participate.

The New Zealand TIMSS researchers did not see a school sample of 240 schools as
achievable, and so Statistics Canada, the organisation with responsibility for drawing
the sample, adjusted the design so that 175 New Zealand schools were sampled with
equal probability of selection.

Science classes rather than mathematics classes were then chosen as the within-school
sampling units, because science classes tended to be more heterogeneous in terms of
student ability than were mathematics classes (i.e., less clustering). One science class
was randomly selected from each participating school, with the students completing the
assessment and a background questionnaire.

The teachers who taught mathematics and science to the selected ‘class’ completed a
teacher questionnaire. Refer to TN 1 in the Technical Notes at the end of this report for
details of the (statistical) weighting.

1 For information on the Year 5 sampling refer to Caygill, Sturrock, and Chamberlain (in press).



Exclusions

As is the practice in all international assessments in which New Zealand has been
involved (e.g., PIRLS*? and PISA*), schools/students were excluded according to strict
international criteria. The criteria for exclusions were the same across the TIMSS
cycles. Most importantly, exclusions had to be kept to a minimum (i.e., preferably
less than 5%). Exclusions could take place at the school level (i.e., a whole school was
excluded) or within schools (i.e., students and classes of students were excluded).

Implications of the sample design

It is important to note that in TIMSS the achieved Year 9 student sample was not
derived by using simple random sampling techniques. Therefore, it is not appropriate
to use statistical formulae that are used when working with simple random samples.
For example, it is incorrect to estimate the standard error of a sample mean X using
the formula se(X) = S/V(n). If this formula is used it will result in a large under-
estimation of the standard errors. Instead, the study employs a (humerical) method
called Jackknife Repeating Replication (JRR) for estimating the variance due to
sampling. Also, refer to the section in this chapter which describes the reporting of
student achievement results.

TIMSS-02/03, as were the other two cycles, was a population study and the achieved
sample of students was representative of the population from which it was drawn,
in the case of New Zealand, of Year 9 students. Similarly, the schools selected were
a representative sample of schools with Year 9 students. In contrast, the teachers
who took part were not a representative sample of teachers; rather they were the
mathematics and science teachers who taught a representative sample of students.

Measures and instrumentation

Achievement test design

The design of the test and the approach taken to report estimates of achievement are
very closely linked. TIMSS used scaling techniques based on Item Response Theory**
to generate the population estimates of achievement. Using these scaling techniques
means that not all students need to be tested on the same set of items. It means the
curricular coverage of the tests can be broad, while generating enough accurate
technical information needed to calculate achievement scores, as well as being
practical to administer. A multiple matrix sampling design was used to construct the
actual achievement test.

What does it mean to use a multiple-matrix sampling design?

A multiple-matrix sampling design uses subsets of test items from a large pool of items
that are randomly administered to sub-samples of students. In practice, this meant
that the 383 mathematics and science items at the lower secondary level were divided
among 28 item blocks: 14 mathematics blocks and 14 science blocks.

Furthermore, for each learning area the first six blocks contained the trend test items
from the first and second cycles of TIMSS.

The 28 blocks of items were then distributed across 12 assessment booklets. Each block
of items appear in two, three, or four different booklets.

12 Progress in International Reading Literacy Study.
3 Programme for International Student Assessment.

4 The underlying premise of Item Response Theory (IRT) is that there is a single underlying latent (or
unobservable) trait on which students rely, to some extent, in order to give correct responses to a set of
test items. Examples of such traits are verbal proficiency and mathematical facility. IRT assumes that it is
“...possible to describe mathematically the relationship between a person’s trait level and performance on an
item.” (Stocking, 1999; p.55).




Each student was systematically assigned one of these 12 booklets. Each Year 9
student took a booklet containing mathematics and science assessment questions. The
booklets were all organised into two three-block sessions. That is, two testing sessions
comprising two 45-minute sessions, with a break in between each part. For more
details on the assessment booklet design refer to Smith Neidorf and Garden (2004).

Assessment format

At the lower secondary level about 33 percent of questions were in constructed-
response format (about 40% of the testing time) and the remaining 66 percent of items
were in multiple-choice format.

Calculator use

Calculators were permitted in TIMSS for the first time in the 2002-2003 assessment,
but only at the lower secondary level (Year 9) and not at the middle primary level
(Year 5). In order to be able to measure trends in achievement without any influence
from this new policy, the booklet design was such that all trend assessment questions
were included in the first half of the test, and calculators were only permitted to be
used in the second half of the test.

At the end of the assessment, students were asked whether or not they had used a
calculator. Internationally, on average, 37 percent of students reported that they did
not use a calculator for the test (27% of students in New Zealand).*® To understand
the extent to which calculators affected students’ performance, a block of mathematics
items was included in the first half of the test when calculators were not permitted,
and in the second half when they were allowed. Most mathematics items had been
written so they could be answered readily without the use of a calculator. However,
the international Science and Mathematics Item Review Committee identified five
assessment items for which a calculator would be useful.

Performance on the five calculator-sensitive items was, on average, internationally

9 percentage points higher when calculators were used than when they were not

(66% compared with 57%). For New Zealand’s Year 9 students the difference was 18
percentage points; the mean percent score across the five items was 68 percent for
students using a calculator compared with the mean of 50 percent for the students who
did not use a calculator.

The difference was statistically significant in almost every country where calculators
were used.'® For more details, see Appendix A in Mullis, Martin, Gonzalez and
Chrostowski (2004).

Student background questionnaire

Students also completed a 20-minute background questionnaire after the achievement
test. The background information included demographic data and students’ attitudes
towards mathematics and science.

Teacher and school questionnaires

Teacher and school questionnaires were also administered to the teacher(s) of the
selected class and the principal of the school. These took from 20 to 30 minutes to
complete. The type of data sought here included information on resources, leadership
and management practices, qualifications, classroom practices, and attitudes towards
teaching.?’

15 New Zealand test administrators provided calculators if students did not have their own.

16 During the scaling process, the international researchers treated each of the five calculator-sensitive items
as two distinct items — one item when a calculator was available and the other item when a calculator was
unavailable.

7 The information collected from teachers and principals is not included in this report.



Curriculum questionnaires

The curriculum questionnaires, one for mathematics and one for science, were
designed to collect information about how mathematics and science curricula were
organised in each country, the expected proportion of Grade 4 (Year 5) and Grade 8
(Year 9) students who had been taught the topics covered in the TIMSS framework, and
the grade(s)/class level(s) when the topics were primarily expected to be taught. The
country’s National Research Coordinator was responsible for their completion, drawing
on expertise from curriculum and education specialists when needed. In New Zealand,
the National Research Coordinators?!® drew on expertise from within the Ministry of
Education, New Zealand Council for Educational Research, and Waikato University.

Translation process in TIMSS

The translation procedures were mandated by the TIMSS International Centre and
were adhered to by all countries. At Year 9, the assessment was administered in
English only. For the English material, most adaptations were made to accommodate
New Zealand idiom.

The next stage included an international verification process: the IEA contracted
independent reviewers to verify all adaptations and translations. For more details,
refer to Chrostowski and Malak (2004).

Data collection
In New Zealand, data for TIMSS-02/03 were collected during the fourth school term in
November 2002.

Reporting student achievement results

The achievement scores in this report are presented in the form of Item Response
Theory (IRT) scale scores. IRT scale scores incorporate information about the
characteristics of both the test items (e.g., difficulty) and the students taking the test, as
well as the fact that each student received one of the 12 randomly assigned assessment
booklets. See TN 2 in the Technical Notes at the end of this report for details.

Standard errors are reported for each achievement statistic. The standard errors
take into account both the complex sampling design used to sample schools and
the multiple-matrix design for assigning the assessment questions. See TN 3 in the
Technical Notes for further details.

IRT (specifically Rasch) scale scores were used to summarise the international TIMSS-
94/95 results; they were generated using results from the two class levels from each
student population level. In order to make the 1994-1995 scores directly comparable
with scores from subsequent cycles for which the narrower population definitions were
used, it was necessary to rescale the original TIMSS-94/95 achievement data. Thus,
the TIMSS-94/95 scores are not the same scale scores reported in earlier international
reports for that study.

Two other approaches are used in this report to describe student achievement results —
mean percent correct scores (or the mean across sets of test items) and the proportion
(as a percentage) of students answering individual items correctly.

Quality control and quality assurance

To ensure that the information collected in TIMSS was comparable across countries,
and comparable within a country across cycles, procedures were in place at all key

1 The information collected in the curriculum questionnaire is not included in this report.

1% There were two National Research Coordinators: one who had responsibility for the study at Year 5 and one
who had responsibility for the study at Year 9.




stages of the study. Procedures were, in effect, the joint responsibility of both the
national research teams and the international research team, and included:

e country representatives from the national research teams attending regular
meetings;

* intensive training sessions on aspects of within-school sampling, the use of standard
data entry management software, and on the open-ended assessment questions tests;

» the production and use of extremely well-documented manuals on all aspects of
survey operations and for data entry; and

* participation in a field trial.

Sampling experts were responsible for drawing countries’ samples; an independent
sampling referee followed up after the assessment by determining whether or not a
country had satisfied all or most of the sampling requirements.

Translations and adaptation of instruments were checked to ensure their intent and
meaning did not deviate from their original source. During data collection, a quality
assurance programme was put into place internationally. Independent Quality Control
Monitors in each country undertook ‘random’ site visits to a small sample of schools to
observe the test administration in those schools. In New Zealand, 13 secondary schools,
were visited as part of this programme. Countries were also expected to conduct their
own quality assurance programme: 16 New Zealand secondary schools were included
in this programme.?

The TIMSS 2003 Technical Report (Martin, Mullis, & Chrostowski (Eds.), 2004) contains
a comprehensive record of all these procedures. Furthermore, this record reaffirms the
rigour around the development and procedures for the study’s implementation, as well
as presenting detail on technical considerations, all of which contribute to the quality of
the data generated from the study.

20 part of New Zealand’s quality assurance programme when participating in international assessment
studies, such as TIMSS, is to hold a briefing session for the school coordinator from each school. These
people were the nominated representative from a participating school, and liaised directly with the national
research team. In 2002 it was not possible to conduct this aspect of the programme; instead a less formal
approach was used, including a briefing either by ‘telephone’ or ‘email’.



Chapter 2: Year 9 Student Achievement
Outcomes in Mathematics

Chapter 2 focuses on New Zealand’s Year 9 students’ mathematics achievement
results for 2002; their achievement is also viewed in the context of the previous TIMSS
assessments.?! Mathematics achievement results are presented for students in each
of the main ethnic groupings as well as by gender. Towards the end of the chapter an
overview of Year 9 student achievement in each of the mathematics content areas is
presented. To enhance the content achievement information, TIMSS-02/03 undertook
a development study which looked at student achievement in the mathematical
cognitive domains; these results for Year 9 students are also discussed.

Key points

Internationally

* New Zealand students’ mean achievement in mathematics in 2002-2003 was
significantly higher than the international country mean for 46 countries.

e New Zealand’s mean for mathematics relative to the country mean for 18
countries that participated in all three cycles remained largely unchanged
over the eight years.

e Year 9 students’ mean performance in the cognitive domain of reasoning was
relatively high internationally, compared with their mean performance in the
areas of knowing and applying.

Nationally

e There was no change in Year 9 students’ mathematics performance over the
eight years from 1994 to 2002.

e Both Year 9 girls’ and boys’ mathematics performance remained unchanged
from 1994 to 2002. There were no differences between girls’ and boys’ mean
mathematics achievement.

e There were no significant changes in the mean mathematics achievement
of students in any of the four main ethnic groupings. However, a shift in the
relative performance among the groupings was evident, with Asian students,
on average, outperforming all other students in 2002.

* Relative to their overall performance in 2002 the mathematics content area
in which Year 9 students achieved best was Data. Number was an area of
relative weakness, more so for girls than for boys.

* Year 9 students’ high mean performance in the cognitive domain of reasoning
was largely due to the strong performance of girls on questions that
demanded these skills.

What comparisons are being made?

TIMSS was designed to measure trends in mathematics and science achievement at
the middle primary and lower secondary levels. Since New Zealand has administered
TIMSS on three occasions, it is now possible to examine trends in Year 9 students’
performance in mathematics over eight years from 1994 to 2002.

2t TIMSS was first administered in Southern Hemisphere countries towards the end of 1994, then in 1998 and
again in 2002; in Northern Hemisphere countries it was administered in early 1995, then in 1999, and in
2003. In this chapter, the three assessments are referred to as TIMSS-94/95, TIMSS-98/99, and TIMSS-02/03
unless the New Zealand results are presented in just the national context — then the year in which the
assessments were administered in New Zealand is used.




TIMSS is also, in part, a cohort trend study. That is, the cohort assessed in TIMSS-98/99
as Year 9 students was also assessed in TIMSS-94/95 as Year 5 students. Similarly,

the Year 5 cohort assessed in TIMSS-98/9922 was the same cohort assessed in
TIMSS-02/03 as Year 9 students, although it is important to remember they are not
necessarily the same students who took part in each study. Thus, as well as examining
trends for Year 9 students across three points in time, the progress of students as they
move from middle primary to lower secondary can also be determined. While it is not
possible to compare directly the mathematics achievement of the cohort as Year 5
students in, for example, 1998, to the mathematics achievement of the cohort as Year 9
students in 2002, because of the independence of the assessments and reporting
achievement scales there are a number of approaches that facilitate this analysis. For
example, it is possible to compare this cohort’s progress when they were assessed as
Year 9 students in 2002 with the progress of the cohort of Year 5 students in 1994
when they were assessed as Year 9 students in 1998.

Year 9 mathematics achievement in an international context

Setting the scene: key findings for Year 9 mathematics from the 1%t and 2"
cycles of TIMSS

* In TIMSS-94/95 the mathematics mean for Year 9 students was not
significantly different from the international mean for 41 countries.

e In TIMSS-98/99 the mathematics mean for Year 9 students was not
significantly different from the international mean for 38 countries.

> Although not of statistical significance, New Zealand’s mathematics mean
decreased from 1994-1995 to 1998-1999.

Figure 2.1 (page 32) shows the mean mathematics score and distribution of scores

for each of the 46 countries and for the four benchmarking participants in TIMSS-
02/03. The mean mathematics score for New Zealand Year 9 students, 494 scale score
points,? was significantly above the international country mean of 467.2

As noted in the key findings at the beginning of this section, in the previous assessment
cycles New Zealand students achieved, on average, around the international
mathematics mean. However, because of the large number of countries in the third
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 where students scored significantly
above the international mean. The first and highest (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 was in the
sixth-highest scoring grouping of countries: about the same as the performance of

22 New Zealand replicated TIMSS-94/95 at the middle primary level as part of a national option for
TIMSS-98/99. It involved Year 5 students. No international comparisons are available. However, since the
assessment was exactly the same as the first cycle, with some caveats, comparisons can be made with the
1994 and 2002 cohorts. Also see Chamberlain (2001) for further details.

28 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 TN 2 in the Technical Notes. Alternatively, Gonzalez, Galia, and Li (2004) in the TIMSS 2003
Technical Report referenced at the end of this report provide more technical details of the methodology.

24 The international country mean (hereafter referred to as the ‘international mean’) was obtained first by
averaging the means for the 46 countries for each of the five plausible values, and then averaging the five
international estimates to derive the overall international mean. See TN 3 for details.



students from Australia, United States, Lithuania, Sweden, Scotland, Israel, Slovenia,
and ltaly.®

Was there any change in New Zealand’s relative standing?

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

How does New Zealand'’s distribution of performance compare?

There is a perception that compared to many other countries, the distribution of

New Zealand student achievement is always very wide. It has also been suggested

by some commentators that, compared with like countries, the ‘gap’ between the
highest-performing and lowest-performing students is the largest. However, there is no
evidence to support this assertion. Some international studies on reading have found
the achievement gap between New Zealand’s highest- and lowest-performing students
to be wide when New Zealand is compared with other high-performing countries; this
is not the case for mathematics or science at Year 9.

TIMSS-02/03 showed that across countries the range of mathematics performance,
which included 90 percent of the student population (i.e., between the 5" and 95"
percentiles), was typically 260 to 300 scale score points. For New Zealand, the
difference between the highest- and lowest-performing students was about 260 scale
score points, comparable to the ranges for Australia, England, Hungary, Scotland, and
the United States. Interestingly, the two countries with the biggest ranges included one
of the highest-performing and one of the lowest-performing countries: Chinese Taipei
(about 325) and South Africa (367) respectively (Mullis, Martin, et al., 2004).

25 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 2.1:

Distribution of mathematics achievement in 2002-2003
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() Standard errors appear in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
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Human
Mean

scale score DRElEmE:

Index**
605 (3.6) P 0.884
589 (2.2) p 0.879
586 (3.3) P 0.889
585 (4.6) P -
570 (1) p 0.932
537 (2.8) P 0.937
536 (3.8) p 0.938
531 (3.0) P 0.833
529 (32) p 0.837
508 (4.1) p 0.790
508 (3.2) P 0.811
508 3.7) p 0.779
508 (3.3) P 0.836
505 (4.6) 0.939
504 (3.3) 0.937
502 (2.5) 0.824
499 (2.6) 0.941
498 (3.7) 0.930
496 (3.4) 0.905
494 (5.3) 0.917
493 (2.2) 0.881
484 (3.2) 0.916
478 (3.0) q 0.729
477 (26) q -
476 (43) q 0.795
475 (48) q 0.773
461 (25) q 0.944
460 (40) q 0.700
459 (1.7) q 0.891
435 (3.5) [e] 0.784
433 (31) q 0.752
424 41) q 0.743
411 (24) q 0.719
411 (48) q 0.682
410 22) q 0.740
406 (35) q 0.648
401 (1.7) q 0.839
390 (31) q 0.731
387 33) q 0.831
387 (2.5) [e] 0.606
378 (52) q 0.751
366 (2.6) q 0.614
332 (46) q 0.769
276 (47) q 0.567
264 (5.5) a 0.684
498 (4.7) 0.930
487 (2.7) =
508 (5.2) -
521 (3.1) P -
543 (3.0) o] -
A Country mean significantly higher

than New Zealand mean

v Country mean significantly lower
than New Zealand mean

Source: Exhibits 1.1 and 1.2 in Mullis, Martin, et al. (2004) with minor adaptations.




Trends in Year 9 students’ mathematics achievement?

The mean mathematics scores and standard deviations for New Zealand’s Year 9
students in each assessment are presented in Table 2.1. Although the mean scores for
Year 9 students in mathematics in 1998 and 2002 were slightly lower than the mean
for 1994, the difference across the eight-year period from 1994 to 2002 was not of
statistical significance.?”

Table 2.1 Summary statistics for Year 9 mathematics achievement 1994-2002

Year of TIMSS assessment

Summary statistics

1994 1998 2002
Mean 501 (4.7) 491 (5.2) 494 (5.3)
Standard deviation 82 (2.4) 89 (2.3 78 (3.6)

Note: (s.e.) Standard errors appear in parentheses. We can say with 95% confidence that the
population parameter (i.e., the mean or standard deviation) lies within approximately + 2 x
standard error. For further details, refer to TN 3 in the Technical Notes.

One of the key results for New Zealand in TIMSS-94/95 was the relatively poor
performance of Year 5 students® compared to the international mean for the 26
participating countries (see Mullis, Martin, Beaton, et al., 1997). Since the 1994

Year 5 cohort were mostly Year 9 students in 1998, the 1998 findings for this group
showed that in four years they had progressed to a level not dissimilar to that of their
1994 Year 9 student counterparts. In 1998, New Zealand also undertook a repeat of
the TIMSS-94/95 at the middle primary level.?° The results for the 1998 Year 5 cohort,
in conjunction with the results for Year 9 students in 2002, suggest that the level of
progression for the 1998 Year 5 student cohort through to their first year of secondary
schooling (Year 9) in 2002 was comparable to the level of progression observed for the
Year 5 cohort in 1994 as they moved to Year 9 in 1998.

In terms of trends, was there any substantial change in the distribution of New
Zealand’s mathematics scores over the eight-year period? Figure 2.2 presents the
distribution of Year 9 mathematics scores for each of the three assessment years
1994, 1998 and 2002.

Interpretation of the percentiles

The percentages of students performing below or above particular points on
the scale are shown for each year. These points represent the outer limits of
achievement. The lowest outer limit is the 5" percentile, the score at which
only 5 percent of students achieved a lower score, and 95 percent of students
achieved a higher score. The highest outer limit is the 95" percentile, the score
at which only 5 percent of students achieved a higher score, and 95 percent of
students a lower score; 90 percent of the Year 9 student scores were between
the 5" and 95" percentiles.

26 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.

27 Statistical significance at the a. = 0.05 level. See TN 4.1 for details.
28 Using the old class nomenclature at the time the study was administered, these were Standard 3 students.
2°  See Chamberlain (2001) for details of the Year 5 results for 1998.




Figure 2.2: Distribution of Year 9 mathematics scores 1994-2002
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Note: See Table B.1 in Appendix B for details of the percentiles and standard errors for each
TIMSS assessment.

Because of sampling variability, there is a higher level of uncertainty at the extreme
ends of the distributions of mathematics achievement. Notwithstanding this, the data
suggest there was marginally less variation or spread of scores (i.e., the difference
between the 95" and 5" percentiles) in 2002 than in the first two assessments.
Low-performing students in 2002 appear to have achieved scores similar to their
counterparts in 1994 and higher than students in 1998. However, compared to the
other years there was more sampling variability or uncertainty at the top end of the
distribution in 2002; therefore, it is not possible to make any definitive statements
about performance at the very top end of the achievement scale.

Another approach to determine if there has been a narrowing of the spread is to see
if there was a change in the inter-quartile range — the range in achievement for 50
percent of the students. Table 2.2 presents the inter-quartile range for

each assessment.



Table 2.2:  Inter-quartile range for Year 9 mathematics achievement scores

1994-2002
Year of TIMSS assessment
Percentile
1994 1998 2002
25t 447 (5.2) 430 (5.9) 441 (5.2)
751 557 (4.9) 554 (6.5) 548 (7.1)
Inter-quartile range 110 124 106
Notes:

1. (s.e.) Standard errors appear in parentheses.
2. Because of rounding, some totals may appear inconsistent.
3. Also see Table B.1 in Appendix B.

Table 2.2 shows that the variation of the scores, as measured by the inter-quartile
range in 2002, was about the same as in 1994, and both were lower than the
inter-quartile range recorded in 1998. Of most interest, however, is the small increase
in the 25™ percentile from 1998 to 2002, on a par with the value observed in 1994, and
the small decrease in the 75" percentile from 1994 to 2002.

Mathematics achievement and gender

Setting the scene: key findings on mathematics achievement and gender
from the 1%t and 2™ cycles of TIMSS

* In TIMSS-94/95 Year 9 girls and boys achieved, on average, around the
international mathematics means for girls and boys.

> There was no significant difference between the mean mathematics
achievement of Year 9 girls and boys.

* In TIMSS-98/99 Year 9 girls and boys achieved, on average, around the
international means for girls and boys.

> While there was no change in the girls’ mean achievement from 1994 to
1998, the non-significant decrease in the New Zealand mean score was
largely due to the 18 scale score point decrease in boys’ mean achievement.

> There was no significant difference between Year 9 girls’ and boys’ mean
mathematics achievement.

In TIMSS-02/03, both New Zealand Year 9 girls (495) and boys (493) achieved, on
average, significantly above the international means for girls (467) and boys (466).

In terms of trends, Year 9 girls in 2002 achieved, on average, at the same level as

their counterparts did in 1994 and 1998. Year 9 boys’ mean achievement increased
slightly by 6 scale score points over the 1998-2002 period, after having decreased (non-
significantly) by 18 scale score points over the period 1994-1998.

However, despite the increase in mean achievement from 1998 to 2002, Year 9 boys
were still scoring, on average, 12 scale score points lower than their 1994 Year 9
counterparts; the difference between the two cohorts was not significant.

In keeping with the patterns observed in previous assessments there was no significant
difference between the girls’ and boys’ mean mathematics achievement.




The mean scores for Year 9 girls and boys for each assessment are shown in
Figure 2.3.

Figure 2.3: Trends in Year 9 students’ mean mathematics achievement 1994-2002,

by gender
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1. The data points are the mean scores. The vertical lines extending from the data point show the
95% confidence interval around the mean, i.e., + 2 standard errors.

2. The standard deviations for each cycle are reported in Table B.2 in Appendix B.

3. The mean decrease of 18 scale score points for boys over the four-year period 1994 to 1998
was not statistically significant.

One way of interpreting the context of Year 9 girls’ and boys’ relative performance

in 2002 is to consider this cohort’s performance as Year 5 students in 1998. In 1998,
there was no difference between the mean achievement of Year 5 girls and boys (480
and 482 respectively). Although not necessarily the same students, this was also the
case four years on when this cohort had moved into Year 9 in 2002 (495 and 493).
Interestingly, in 1994, Year 5 girls were, on average, achieving scores (non-significant)
about 9 scale points higher than boys. Four years on, in 1998 as Year 9 students, this
pattern was still apparent — girls were typically achieving scores about 8 scale score
points higher than were boys.

The distributions of scores for each assessment are presented for Year 9 girls and boys
in Figures 2.4A and 2.4B respectively. As noted, there is sampling variability at the
extreme ends of the mathematics achievement distribution, and this is more apparent
when examining by gender (and for other sub-groups).



Figure 2.4: Distribution of Year 9 girls’ and boys’ mathematics scores 1994-2002
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Since it is not possible to confirm definitively whether there has been a shift at

the low (or high) end of the distributions, what changes, if any, were there in the
inter-quartile ranges? Table 2.3 presents the inter-quartile range for girls and boys for
each assessment.

Table 2.3:  Inter-quartile range for Year 9 mathematics achievement scores
1994-2002, by gender

Inter-quartile range (75" -25™ percentiles)

Group of students

1994 1998 2002
Girls 106 121 100
Boys 113 126 114

Notes:
1. See Table B.3 in Appendix B for details of percentiles.
2. Inter-quartile ranges were calculated using unrounded figures.

Table 2.3, in conjunction with Table B.3 in Appendix B, illustrates that less variation
was observed for both middle-performing groups of girls and boys; this is also
consistent with features of the overall distributions shown in Figures 2.4A and 2.4B on
page 37. There was less variation in the middle-performing group of girls’ mathematics
scores in 2002 compared with 1998. Furthermore, the variation observed for the
middle-performing group of girls in 2002 was comparable to the variation observed for
girls in 1994. That is, 50 percent of the 2002 female cohort was performing as well as
50 percent of the 1994 female cohort.

For boys, the picture was slightly different. The level of variation in the scores observed
for the middle-performing boys in 2002 decreased to the same level as observed

in 1994 after increasing in 1998. However, the middle-performing group of boys in

the 2002 male cohort achieved slightly lower scores which ranged from 436 to 550,
compared with their 1994 male counterparts whose scores ranged from 449 to 562.

Mathematics achievement and ethnicity

Setting the scene: key findings on mathematics achievement, ethnicity, and
gender from the 1t and 2" cycles of TIMSS

* In TIMSS-94/95, the mean achievement of Pakeh&/European and of Asian
Year 9 students was significantly higher than the mean achievement of their
Maori and Pasifika counterparts.

> There were no significant gender differences within any grouping.

* In TIMSS-98/99, the relative performance of each of the groupings was the
same as in the 1%t cycle, with Pakeh&/European and Asian students typically
achieving higher scores than their Maori and Pasifika counterparts.

> The magnitude of the difference between the mean for the Asian grouping
and each of the other ethnic groupings was higher in 1998 than in 1994.

> There were no significant gender differences within any grouping.

Table 2.4 presents the mean mathematics scores for students in the five ethnic
groupings for each assessment year. While there were some small decreases in Pakeha/
European and Maori students’ mean achievement, and increases in Pasifika and Asian



students’ mean achievement, for each grouping the changes from 1994 to 2002 were
found not to be of statistical significance. Because of the relatively small proportion
of Year 9 students in the ‘Other ethnic groups’ category in each assessment year, the
remainder of the discussion focuses only on students in the four main groupings —
Pakehad/European, Maori, Pasifika, and Asian.

Table 2.4:  Year 9 students’ mean mathematics scores 1994-2002, by ethnic grouping

Mean mathematics scores (s.e.) for each TIMSS assessment cycle

Year 9 student

group 1994 1998 2002 15;‘2‘_2%%2
Pakeh&/European 517 (4.5) 508 (5.1) 510 (5.9) —-8(7.4)
Maori 463 (6.4) 454 (5.0) 458 (4.8) -5(8.0)
Pasifika 430 (6.8) 429 (10.4) 440 (13.7) +10 (15.3)
Asian 532 (10.9) 534 (10.0) 555 (9.8) +22 (14.7)
Other ethnic groups 522 (16.8) 508 (15.3) 500 (13.3) —21(21.4)
Notes:

1. (s.e.) Standard errors appear in parentheses. We can say with 95% confidence that the
population parameter (in this case the mean) lies within approximately + 2 x standard error.

2. Because results are rounded to the nearest whole number, some differences may appear to be
inconsistent.

3. None of the changes were statistically significant.
4. See Table B.4 in Appendix B for standard deviations.
5. See Chapter 5 for proportions of students in each ethnic grouping for each assessment year.

Despite there being no significant changes in the mean achievement for any of the
groupings, there was a change in the relative performance, over the eight years,
between Pakeha/European and Asian students and between Maori and Pasifika
students.

In 1994, Asian students typically achieved scores about 15 scale score points higher
than Pakeha/European students, this being the next highest-performing group; the
difference between their mean was not statistically significant (t = 1.484).2° In 2002,
the difference between these two groups increased to 45 scale score points and was
statistically significant (t = 4.767).

In Trends in Year 9 students’ mathematics and science achievement (Chamberlain &
Walker, 2001), a descriptive publication on the national findings from TIMSS-98/99,
the authors reported that despite the average difference between these two groups
increasing, the difference between the two groups, as was the case in 1994, was not
significant. The t-value calculated for comparing the means for Asian and Pakeha/
European students was 2.33 and had been calculated on the assumption that the two
samples were independent. It was noted that this approach was conservative in that
there was an increased likelihood of making a Type Il error (i.e., accepting the null
hypothesis of there being no difference when there was a difference). The t-value
was subsequently compared with the critical value of 2.638 used for the multiple
comparisons among the four ethnic groupings.

Since the sub-samples of students were correlated — that is, Pakeha/European students,
Asian students, Maori students, and Pasifika students were not sampled independently
from each other - for the purpose of the analyses in this report, all t-values have been
re-calculated. Consequently, the 1998 t-value for comparing the means for Asian and

30 Adjusted for multiple comparisons — see TN 4.2 in Technical Notes for details.




Pakeha/European students was found to be t = 2.834, greater than the critical value
2.638. That is, Asian students in 1998, on average, significantly outperformed students
in the other three groupings including Pakehd/European students. For details about
the significance tests see TN 4 in the Technical Notes. Table B.5 in Appendix B has
details of the t-values for comparing differences among the four main ethnic groupings
in 2002.

A change between the relative performance of Pasifika and Maori students also
occurred from 1994 to 1998 but, to some extent, sampling variation rather than
achievement per se may account for the apparent change. In 1994, Maori students
scored, on average, significantly higher — about 30 scale score points — than Pasifika
students. Four years later, the average difference between the two groups had
reduced by 5 scale score points to about 25 scale score points. However, that small
shift, accompanied by an increase in the variation in Pasifika students’ achievement
(as measured by the standard error), was large and so no significant differences
were detected between these two groups (when adjusted for multiple comparisons).
Essentially, this was also the case in 2002.

What was the magnitude of the differences between mean scores from
1994 to 2002?

As noted above, there were shifts in the relative mean performance of students in each
of the ethnic groupings over the eight-year period. So, how big were the differences in
mean mathematics scores among the groups, and what was the size of the change since
19947 Effect sizes are used to find out the size or magnitude of the difference between
two groups. While there are different ways of calculating effect sizes, in this chapter,
the difference between the means for two sub-populations in relation to their standard
deviations was calculated. See TN 5 in the Technical Notes for further details. The
effect sizes for the period 1994-2002 are presented in Table B.6 in Appendix B.

In terms of trends, the magnitude of the differences between mean scores (as measured
by the effect sizes) stayed essentially the same from 1994 to 2002 for Maori and
Pakeha&/European, and for Pasifika and Pakeha/European. One inference from this
trend information is that the gaps in mean achievement between Maori and Pakeha/
European, and Pasifika and Pakeha/European had not changed. By way of contrast, the
differences between the mean achievement of Asian and Pakeh&/European increased
from being a small-sized difference (d = 0.19) in 1994 to a medium-sized difference

in 2002 (d = 0.62), while the converse was observed between Maori and Pasifika — a
medium-sized difference (d = 0.43) in 1994 to a small-sized difference (d = 0.25) in
2002. The effect sizes between Asian and Maori and Asian and Pasifika remained large
(d > 0.75) over the eight-year period.

The increase in the effect size for the Asian grouping (c.f. the comparison groupings)
would suggest there is now a sizeable gap between their (mean) achievement and
that of non-Asian students. However, it is important to consider the nature of the
Asian population in 1994 compared to 2002. The effects of migration on the Asian
group during the intervening years may account for an apparent improvement for this
grouping relative to other ethnic groupings. Chapter 5 provides some information on
the background of students from all the ethnic groupings.

Was there any change in the distribution of mathematics scores for any
student grouping from 1994 to 2002?
As well as looking at changes in mean scores over the eight-year period it is also

possible to look at changes in the distributions of scores for each grouping. Figure 2.5
shows the distributions for each group from 1994 to 2002.



Figure 2.5: Distribution of mathematics scores 1994-2002, by ethnic grouping
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1. The 5" and 95™ percentiles for Pasifika and Asian students should be interpreted with caution
given the relatively small (achieved) sample sizes of which these analyses are based. The
standard errors associated with these percentiles reflect this level of uncertainty.

2. See Table B.7 in Appendix B for details of percentiles and standard errors.

It is important to remember there were proportionately fewer Year 9 students in the
Asian and Pasifika groupings than in the Pakeha/European and Maori groupings.
The actual samples sizes were also relatively small (refer to Appendix Table A.4.3 for
details). Hence the 5" and 95™ percentiles for these former two groupings are shown
for illustrative purposes only.

As already noted earlier in this chapter, the distributions were affected more by
sampling variability in 2002 than in either 1994 or 1998. Notwithstanding this, for each
grouping, there were small shifts at the very low end of their distributions, particularly
over the period 1998 to 2002. An examination of the inter-quartile ranges, the range

in achievement for 50 percent of students, for each ethnic grouping was also revealing.




(Note: the overall proportions of students who were Asian or Pasifika and in this range
were still relatively small; these are reflected in the errors around the percentiles.)

Using the information in Table 2.5, in conjunction with Table B.7 in Appendix B,

the Asian grouping was also the only group to show positive shifts at both the 25"
and 75" percentiles. That is, while the level of variation for the middle-performing
group of Asian students was about the same in 2002 as in 1994, they were achieving
higher scores, ranging from 506 to 610, compared with their 1994 middle-performing
counterparts who achieved scores in the 477 to 588 range.

Table 2.5:  Inter-quartile range for Year 9 mathematics achievement scores
1994-2002, by ethnic grouping

Inter-quartile range (75"-25" percentiles)

Group of students

1994 1998 2002
Pakeh&/European 100 114 98
Maori 106 110 99
Pasifika 106 120 102
Asian 111 124 104

Note: See Table B.7 in Appendix B for details of percentiles and standard errors. Inter-quartile
ranges were calculated using unrounded figures.

Ethnicity, gender, and mathematics achievement

In this section the relative performance of girls to boys in each ethnic grouping in 2002
is examined. Trend information on girls’ and boys’ mean mathematics achievement in
each grouping is also presented.

Table 2.6 presents the mean mathematics scores for girls and boys in each ethnic
grouping in 2002. In 2002, as in both 1994 and 1998, no significant differences
between girls’ and boys’ mean mathematics scores were observed in any of the
groupings.

Table 2.6:  Year 9 students’ mean mathematics scores in 2002, by ethnic grouping
and gender

Mean mathematics scale scores (s.e.) in 2002

Student group

Girls Boys Overall
Pakeh&/European 513 (5.2) 506 (8.3) 510 (5.9)
Maori 458 (5.7) 459 (7.1) 458 (4.8)
Pasifika 442 (15.4) 439 (14.6) 440 (13.7)
Asian 553 (10.2) 556 (12.9) 555 (9.8)
All students 495 (4.8) 493 (7.0) 494 (5.3)

Notes:

1. (s.e.) Standard errors appear in parentheses. We can say with 95% confidence that the
population parameter (in this case the mean) lies within approximately + 2 x standard error.

2. See Table B.8 in Appendix B for details for 1994 and 1998.

In terms of trends there were no significant changes (at the 5% level) in the average
achievement of girls or boys in any of the ethnic groupings, but there were some
interesting observations.



In 2002, Pakeha/European and Maori girls typically scored at about the same level

as their respective counterparts in 1994. Pakeha/European boys in 2002, on average,
achieved scores about 15 scale score points lower than their counterparts in 1994,
while Maori boys scored notably higher than their 1998 counterparts (an average

of approximately 13 points higher), returning to about the same level as their 1994
counterparts. In terms of considering the achievement of a cohort as it moves through
school from Year 5 to Year 9, it is interesting to note that the Year 5 Pakeha/European
male cohort’s performance in 1998 was about the same as their peers four years
previously in 1994; the inert feature of this trend was also reflected as this cohort
moved through to Year 9. By way of contrast the mean achievement of Year 5 Maori
boys in 1998 improved significantly compared with that of their 1994 counterparts.
This ‘improvement’ appears to have been sustained as this particular cohort moved
through to Year 9 in 2002 (see also Ministry of Education, 2006a).

Year 9 Asian and Pasifika girls in 2002 scored, on average, 28 and 12 scale score points
higher than their respective female counterparts in 1994; boys in these two groupings
also recorded an average increase of at least 10 scale score points.

Figure 2.6 summarises the trend information for girls and boys in each grouping from
1994 to 2002.

Figure 2.6: Year 9 mean mathematics scores 1994-2002, by ethnic grouping and gender
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Note: See Table B.8 in Appendix B for mean scores and standard errors.

International mathematics benchmarks

As well as looking at the distribution of Year 9 students’ performance across the TIMSS
cycles, comparisons of their performance can be made with the TIMSS international
benchmarks of performance.

The TIMSS-02/03 mathematics scale summarised 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. Descriptions of each benchmark are presented




in Figure 2.7.% It is important to remember these descriptions of what students can
typically do when achieving at or above a particular benchmark were derived from
students’ performance on the TIMSS assessment and do not claim to be exhaustive.
Note, that students achieving at or above higher benchmarks also demonstrate the
knowledge, understanding and competencies of students at the lower benchmarks.

Figure 2.7: The international mathematics benchmarks for Grade 8
(YYear 9 equivalent)

* 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 compute 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 closest to a whole number.
They can multiply two-place decimal numbers by three-place decimal numbers
with calculators. They recognise some basic terminology and read information
from a line on a graph.

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

Whereas in the earlier TIMSS cycles the mathematics benchmarks were defined at the
90™, 751, 50, and 25™ percentiles using achievement information from all countries,
fixing the points on the scale in all cycles makes it possible to compare student
performance at the different benchmarks more reliably for individual countries
across time.

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



Year 9 student performance against international mathematics benchmarks

The proportions of New Zealand Year 9 students achieving at or above the international
benchmarks for mathematics in each assessment are presented in Table 2.7.
Although the proportions of students reaching each benchmark in 2002 were, with
one exception, lower than the proportions in 1994, the decreases were not found to
be of statistical significance. The information does reveal, however, that there was

a significant negative shift from 1994 to 1998 in the proportions reaching the Low
and Intermediate benchmarks; proportionately more Year 9 students achieved lower
scores in 1998 than in 1994. However, by 2002 the proportion reaching the Low
benchmark had almost returned to the same level as in 1994. It is worth noting that
proportionately fewer Year 9 students achieved higher scores (i.e., at or above the
international Intermediate and High benchmarks) in 2002 than their counterparts did
in 1994.

Table 2.7:  Trends in the proportions of Year 9 students achieving at or above the
international mathematics achievement benchmarks, by gender

All New Zealand
International students (%)
benchmark

Year 9 girls (%) Year 9 boys (%)

1994 1998 2002 1994 1998 2002 1994 1998 2002

Advanced (625)  6(1.0) 6(L1) 5(1.3) 4(10) 6(1.2) 4(1L1) 8(L7) 6(L5 6(L7)
High (550) 28(22) 26(24) 24(2.7) 26(28) 27(25) 23(26) 30(3.0) 25(3.6) 25(3.6)
Intermediate (475) 64 (2.2) 57 (25)q 59 (25) 62(2.9) 59(2.9) 61(27) 65(2.8) 56(34)q 58 (3.2)
Low (400) 89 (1.4) 84(15)q 88(L7) 89(L7) 86(1.8) 90(16) 89(L6) 8(0)q 87(2.2)

Notes:
1. (s.e.) Standard errors are in parentheses.

2. The overall 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, Martin, et al. (2004).

3. The proportions of Year 9 students reaching the Low and Intermediate benchmarks in 1998
() were significantly lower than the proportions reaching these same benchmarks in 1994.
This was largely due to the significantly lower proportions of Year 9 boys reaching these two
benchmarks in 1998 (q) compared with 1994.

4. The proportions of Year 9 girls reaching any of the benchmarks in 2002 were not significantly
different from the proportions reaching these same benchmarks in 1994 and 1998.

5. The proportions of Year 9 boys reaching any of the benchmarks in 2002 were not significantly
different from the proportions reaching the same benchmarks in 1994. While the proportions
reaching the Low and Intermediate benchmarks were higher in 2002 than in 1998, the
increases were not found to be of statistical significance.

The decreases at this mid-performance level were largely explained by fewer boys
reaching these benchmarks in 2002 than in 1994. In other words, proportionately more
boys in 2002 achieved scores less than 475 (Intermediate benchmark) in 2002 than in
1994 (42% in 2002 compared with 35% in 1994). Moreover, proportionately more boys
achieved scores less than 550 (High benchmark) in 2002 than in 1994 (75% in 2002
compared with 70% in 1994).

These findings are consistent with what was described earlier in this chapter for Year 9
boys, in relation to their distribution of scores. Although the lowest-achieving Year 9
boys’ performance improved slightly from 1998 to 2002, returning to about the same as
in 1994, it was the achievement of boys in the mid-performance range that decreased
slightly over the eight years.

Table 2.8 presents the proportions of Year 9 students in each ethnic grouping reaching
the international mathematics benchmarks. In terms of trends, for each grouping,




there was no significant change in the proportions of students in any of the ethnic
groupings reaching any benchmark from 1994 to 2002. As readers will notice, however,
there were some notable shifts for students in the Asian grouping.

The Asian grouping recorded the biggest shifts across the different levels of
performance over the eight years, although none were of statistical significance (5%
level). Proportionately more Asian students reached the Advanced benchmark in

2002 than in 1994 (19% compared with 12%), with about 10 percentage points more
reaching the High and Intermediate benchmarks. Nearly all Asian students reached the
Low benchmark in 2002 — 97 percent, up 3 percentage points from 1994.

Table 2.8:  Trends in the proportions of Year 9 students achieving at or above the
international mathematics achievement benchmarks, by ethnic grouping

International Pakeha/European (%) Maori (%)

benchmark 1994 1998 2002 1994 1998 2002
Advanced (625) 8(1.2) 7(1.2) 5 (1.5) 1(0.7) 2(0.7) 2(0.6)
High (550) 34(2.6) 32(2.7) 29 (3.4) 12 (1.7) 12 (1.8) 9 (1.6)

Intermediate (475)  72(2.1) 6625 69 (2.8) 46 (3.9) 40 (2.8) 40 (3.1)

Low (400) 94(10) 90(13)g 915  80(33 7522  79(3.)
International Pasifika (%) Asian (%)
benchmark 1994 1998 2002 1994 1998 2002
Advanced (625) 0(0.2) 2(14) 1(1.0) 12 (4.0) 16(4.4)  19(5.4)
High (550) 721 10 (2.7) 6(2.0) 43(45)  47(55)  55(1.1)

Intermediate (475) 28 (3.6) 28 (4.7) 33(7.1) 76 (5.4) 75 (4.4) 85 (4.0)
Low (400) 64 (4.3) 60 (5.0) 71(8.5) 94 (3.6) 91 (2.8) 97 (1.7)

Notes:
1. (s.e.) Standard errors are in parentheses.

2. The proportions of Pakeha/European students reaching the Low and Intermediate benchmarks
in 1998 were significantly lower (q) than the proportions reaching these same benchmarks in
1994. Shifts for the other groups were not found to be of statistical significance.

The proportion of students in each of the Maori and Pasifika groupings that reached
the Advanced benchmark remained about the same over the eight years (both at 1%).
A non-significantly smaller proportion of Pakehd/European reached this same
benchmark in 1994 compared with 2002 (8% compared with 5%).

At the Low benchmark, of note was the change observed for Pasifika students, although
it was not found to be of statistical significance. In 2002, 71% reached this benchmark,
7 percentage points higher than in 1994. There was no change for Pakeha/European
(94% in both years) or Maori students (about 80%).

One way to make the benchmark information more meaningful is to take into account
the qualitative benchmark information.

Firstly, New Zealand Year 9 students demonstrated that they could solve a wide range
of mathematical problems. These included problems considered very basic for the
year level assessed, through to notably more complex problems, such as those which
required students to apply knowledge of measurement and geometric concepts.



Secondly, however, just 5 percent of Year 9 students reached the very highest level of
achievement in 2002 compared with 7 percent of Australian students and 8 percent
internationally (trend countries only). In New Zealand, these students were more likely
to be boys than girls and were likely to be Asian.

Twelve percent of Year 9 students in 2002 did not achieve beyond the very basic level
of mathematics. These students on the whole had difficulty with some of the skills
described for the Low benchmark, which included undertaking basic computations
without a calculator and reading information from a line graph. Compared with the

21 percent reported internationally, the New Zealand proportion was smaller and was
similar to the 10 percent of Australian students achieving at this level. However, the
composition of this low-performing group is of more concern: these students were more
likely to be boys than girls and more likely to be Maori than Pakeha/European, Pasifika,
or Asian. (See Table B.9 in Appendix B for more details.)

Achievement in the mathematics content domains

Setting the scene: key findings on achievement in the mathematics content
domains from the 1t and 2™ cycles of TIMSS

* In TIMSS-94/95, Data was found to be an area of relative strength for Year 9
students. No area was found to be of relative weakness.

> Fractions and Number Sense was the only area with a significant difference
between girls’ and boys’ mean achievement — Year 9 boys on average scored
14 points higher than Year 9 girls.®?

* In TIMSS-98/99, Data was again found to be an area of relative strength for
Year 9 students.®® Geometry was an area of relative weakness.

> Algebra was the only content area where there was a significant difference
between girls’ and boys’ mean achievement — girls on average achieved 19
scale score points higher than boys.3*

As noted in Chapter 1, the frameworks underlying TIMSS assessments are organised
along two dimensions, content domains and cognitive domains. To respond to the
TIMSS test mathematics questions, students needed to be familiar with five content
areas, and they also needed to draw on a range of cognitive skills. This section
examines the performances of Year 9 students in each of the TIMSS mathematics
content domains. To aid interpretation of their results, a brief overview of the
curriculum context in which Year 9 students were learning at the time of the TIMSS
administration in New Zealand and a summary of the match between the assessment
questions and Mathematics in the New Zealand Curriculum (MiNZC)% are presented.

32 The difference was 14(6.2); t = 2.225.

33 The full description of the reporting category in 1998-1999 was Data Representation, Analysis, and
Probability.

34 According to Mullis, Martin, Gonzalez, et al.( 2000), the difference was not reported as of statistical
significance; comparisons were made across all the countries and, therefore, the critical t-value increased
because of these multiple comparisons. This application of adjusting for multiple comparisons was not
applied in the context of New Zealand analyses, nor was it applied internationally in TIMSS-02/03. See TN 4
in Technical Notes.

3 Ministry of Education (1992).




The TIMSS mathematics content domains and Mathematics in the
New Zealand Curriculum (MiNZC)

The five content domains described in the TIMSS framework defined the specific
mathematics content covered by the assessment. Each content domain had several
topics, as outlined below.

1. Number - includes whole numbers; fractions and decimals; integers; and
ratio, proportion, and percentages.

2. Algebra - includes patterns; algebraic expressions; equations and formulas;
and relationships.

3. Measurement — includes selecting and using standard units to measure
attributes of objects; using tools, techniques, and formulas in problem
situations; computing with measurements.

4. Geometry — includes lines and angles; two- and three-dimensional shapes;
congruence and similarity; location and spatial relationships; and symmetry
and transformations.

5. Data - includes data collection and organisation; data representation; data
interpretation; and uncertainty and probability.

Note: For further details see Mullis, Martin, Smith, et al. (2003).

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, mathematics curriculum specialists®” in each country were asked to indicate
whether or not each of the 45 mathematics topics covered in the TIMSS Assessment
Frameworks and Specifications was included in their country’s intended curriculum
for the student target group. For all the intended mathematics curriculum-related
activities undertaken in New Zealand, Level 5 (and preceding levels) achievement
objectives for each strand in the MiNZC were used as the basis to match the TIMSS
assessment topics (and test questions). The assumption was that by the end of Year 9,
most students would be working at Level 5. It should be noted too that not all content
included under Level 5 was viewed as being appropriate for Year 9 students;

Level 5 is about two years of learning (typically Years 9 and 10). This was taken

into consideration during the curriculum activities, with some TIMSS topics and test
questions judged by mathematics curriculum specialists not to be in the intended
curriculum for Year 9 students and most likely to be introduced at Year 10.

Secondly, information on the implemented curriculum was also sought. To ascertain
the extent to which students had been exposed to the TIMSS-02/03 framework topics,
the mathematics teachers of the Year 9 students assessed were asked whether or not
the topics were covered either during the school year in question or before.

Based on responses from the curriculum specialists in New Zealand, there was a
reasonable match between MiINZC (i.e., the intended mathematics curriculum) and the
content areas and topics covered in the TIMSS mathematics assessment framework.
Measurement and Data were the two areas with the best match, while Algebra did

not match so well with MiNZC. At the implemented level, based on the responses of
teachers, the majority of the topics were or had been taught to Year 9 students during
2002. For more detail refer to Chapter 5 in Mullis, Martin, et al. (2004) referenced at
the end of this report.

36 A detailed description of the information was presented in Mathematics and Science Achievement in New
Zealand — Year 9, (Ministry of Education, 2004a) and is also described in Appendix F.

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



The third curriculum-related activity undertaken by each country was the Test
Curriculum Matching Analysis (TCMA). The TCMA was carried out after the test was
administered. The purpose of the analysis was to determine which of the assessment
questions, in terms of the mathematical content, were in the intended curriculum. As
already noted, content of Levels 1 through to 5 in MiNZC were used to undertake the
match. A précis of the information collected in the TCMA is presented in Table 2.9
along with the mean scale score for each content domain.

Table: 2.9:  Year 9 students’ mean scale scores for the TIMSS mathematics content
domains and the proportion of assessment questions judged to be in the
New Zealand intended mathematics curriculum in 2002

Content of

Mathematics Number of asses;meqt Mean scale score
content domain assessment que_stlons in (s.e.)

questions NZ intended e

curriculum (%)

Number 57 89 481 (6.0)
Algebra 47 81 490 (5.2)
Measurement 31 100 500 (4.8)
Geometry 31 90 488 (4.6)
Data 28 96 526 (5.1)

Notes:

1. (s.e.) Standard errors appear in parentheses.

2. Intended curriculum: Mathematics in the New Zealand Curriculum.
3. Total score points for the 194 assessment questions = 213.
4

. Total score points for the 90% of assessment items judged to be covered in the intended
curriculum = 191.

New Zealand students achieved, on average, significantly above the international
means (each being 467) in all content areas. However, it is probably more meaningful
to look at the performance of Year 9 students in each content area relative to their
overall mathematics performance. This can be done by comparing the mean scale score
for each content domain with the mean of the five domains. (Note: the scale scores for
the mathematics domains were independent measures and calculated separately from
the overall mathematics score reported at the beginning of this chapter.)

Figure 2.8 presents, for each domain, the difference (and standard error) between its
mean score and the mean for the five domains. The figure shows that Year 9 students
were found to be weakest in Number (i.e., the difference between the Number mean
and the mean of the domain means was negative), while Data was an area of relative
strength (i.e., the difference between the Data mean and the mean of the domain
means was positive). Interestingly, the two areas in which Year 9 students were weaker
— Number and Geometry — were also the two areas with the highest proportion of Year 9
students (approximately 60%) working at Level 4 of New Zealand’s Number and
Geometry curriculum strands in MiNZC (see discussion later in this section).




Figure 2.8: Year 9 students’ relative performance in each mathematics content
domain in 2002
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Note: For each mathematics content domain, the data point is the difference between the mean
for the five content domains and the mean for the individual domain score. The vertical lines
extending from the data point show the 95% confidence interval around the difference, i.e., + 2
standard errors.

In 1998, Geometry was found to be an area of relative weakness for Year 9 students.
The change from Geometry to Number does not necessarily reflect any notable
improvements in performance in Geometry; rather, in part it reflects some differences
between the two frameworks in this particular domain. Of interest now, however, is
the fact that Year 9 students’ performance was significantly weaker in Number, on
average, than in the other content domains and yet the content of 89 percent of the
assessment questions was judged to be appropriate for these students (compared

with proportionately fewer Algebra items — 81%). Moreover, Number was an area of
significant weakness for Year 5 students in 2002 (Ministry of Education, 2004b). Results
from the Programme for International Student Assessment (PISA) 2003 also found that
New Zealand’s 15-year-olds were relatively weak in a domain referred to as Quantity
but which was similar to content in Number (Ministry of Education, 2004c).

If it is found that there is still a relative weakness in students’ performance in Number
after the 4™ cycle, TIMSS 2006-2007, it would be worth undertaking a more in-depth
comparison of the Number domain framework used in TIMSS (3@ and 4™ cycles)

and the Number strand in MiNZC (or its revision), to determine whether or not this
weakness is because of marked differences between the frameworks or an inherent
system-level weakness.

Changes from 1998 to 2002

In terms of changes in performance across the mathematics content domains,
content-trend analysis used mean percent correct scores rather than scale scores.
This is because there are too few items in each area to develop scale scores. As already
alluded to in the previous section there were no statistically significant changes in

Year 9 student performance in any of the content areas over the four-year period from
1998 to 2002. The mean percent correct scores are presented in Table 2.10 for the

two years. (Note: there were too few items from the TIMSS-94/95 assessment to report
trends in achievement.)



Table 2.10: Mean percent correct for Year 9 students on trend items in each
mathematics content domain, 1998 and 2002

. Number of items Mean percent score (s.e.)

Mathematics

content domain common to both

assessments 1998 2002

Number 25 47 (1.3) 47 (1.2)
Algebra 16 43 (1.4) 43 (1.4)
Measurement 16 42 (1.5) 42 (1.5)
Geometry 12 48 (1.3) 49 (1.3)
Data 10 65 (1.4) 66 (1.4)

Notes:
1. (s.e.) Standard errors appear in parentheses.
2. There were too few items from the 1994 assessment to report trends.

Performance across domains by gender

In 2002, there were no significant differences between girls’ and boys’ mean
achievement in any of the content areas. The mean scores for each content area

by gender are presented in B.10 in Appendix B. However, when the strengths and
weaknesses of girls and boys were examined separately, compared with their overall
performance, Number was an area of relative weakness only for girls, and not for
boys®® while Data was an area of relative strength for both girls and boys.

Relationship between performance in TIMSS and New Zealand mathematics
curriculum levels

As well as mathematics teachers being asked to report whether or not their Year 9
mathematics group or class had been taught a TIMSS topic either prior to or during
2002, they were also asked for information about their class (or group) in relation to
the levels of MiNZC. The question was asked in order to have a greater understanding
of the relationship between the MiNZC achievement objective level(s) and student
achievement in TIMSS.

Specifically, for each strand in MiNZC, mathematics teachers were asked the level(s) at
which the majority of the class (or group of students) who were participating in TIMSS-
02/03 were currently working (or had been working during the year). Figure 2.9, on
page 53, summarises these data. Note the information was not collected for individual
students but for the majority of the TIMSS students they taught; thus, for the purpose of
this analysis a teacher’s response has been assigned to each student in the class.

The figure shows, for each mathematics strand of the MiNZC, the proportions of
students estimated to be at each level of learning. Since the TIMSS domains were
similar to the MiNZC strands, in terms of the content, the mean TIMSS domain scores
for the students estimated to be at each level are also shown. For example, the mean
score on the TIMSS Number domain for the 70 percent of Year 9 students estimated to
be at Level 4 of the MiNZC Number strand was 476.

It is of interest here to consider this information in the context of the international
study. For example, the mean score for the 23 percent of Year 9 students at Level 5
on the Measurement strand in the TIMSS Measurement domain (537) was on a par
with or a little higher than the mean performance of students in this domain, from
higher-performing countries such as Belgium (Flemish) (535), Estonia (528), and

%8 Relative strengths and weaknesses have not been calculated for students by each ethnic grouping. Mean
scores for each mathematics content area by ethnicity are presented in Table B.11 in Appendix B.




Hungary (525). Another example is the achievement of Year 9 students in the TIMSS
Data domain. About one-quarter of Year 9 students were estimated to be at Level 5 of
the Statistics strand; the mean achievement in Data for this group was 560, on a par
with the average performance of students in the highest-performing countries, such as
Chinese-Taipei (568), Hong Kong, SAR (566), and the Netherlands (560).

Of some surprise, however, was the relatively large proportion of Year 9 students
estimated, at the time of the TIMSS assessment, to be working at Level 4 (60-70%) of
each mathematics strand. As noted in the previous section, aspects of Level 5 (and
preceding levels) of each strand in the MiNZC were used as the basis for matching the
TIMSS assessment topics and the test questions.

While considering whether or not New Zealand is assessing the correct Year group of
students, it is worth revisiting information about the international student population.
The definition is related to ISCED?* levels, age, and grade definitions. Essentially, the
inclusion of Year 9 students does ‘fit’ the international definition of ‘Grade 8’. Choosing
an older group would only mean the students would be older, on average, than many
of their international counterparts. What is of relevance here, are the years of formal
schooling. By definition, our assessed group of students are near the end of their ninth
year of formal schooling; in most other countries it is their eighth year.

Not only is the international perspective on these findings revealing, but information
for New Zealand’s Year 5 students provides additional insight. The question asked of
Year 9 mathematics teachers was also asked of primary school teachers with respect to
their Year 5 students in TIMSS-02/03. Based on the responses from teachers of Year 5
students, about 65 to 75 percent of Year 5 students in any given strand were estimated
to be at Level 3; this was consistent with the view that the majority of students would
be expected to be working at this level by the end of their fifth year of schooling
(Caygill, Sturrock, & Chamberlain, in press).

The findings for Year 9 students therefore suggest students’ rate of progression through
the mathematics curriculum is not as linear as was assumed. This information is
consistent with achievement data collected for the development of Assessment Tools
for Teaching and Learning (asTTle) which also showed that students’ progression was
not constant with students entering secondary school typically at Level 4 (Ministry of
Education, 2006b). The fact that a relatively large proportion of students appears to
be at Level 4 can also be viewed in the context of transitioning between primary and
secondary education. It has been conjectured that the transition between primary and
secondary school does impact on student achievement. Evidence from the first cycle of
TIMSS would support this contention, with New Zealand recording a relatively small
increase in achievement from Year 8 to Year 9 (Beaton, Mullis, Martin, et al., 1996).
More recently, the research for Transitions from Primary to Secondary School Project
has found that (average) mathematics achievement ‘dipped’ between Years 8 and 9
(Cox, Kennedy, Bishop, & Porteners, 2005).

% |SCED = UNESCO’s International Standard Classification of Education.



Figure 2.9: The proportion of Year 9 students at each level of the Mathematics in the New Zealand Curriculum
strands at the end of 2002 and achievement in each of the TIMSS content domains
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Figure 2.9: continued...
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1. The data points are the mean scores for students at each level of MiNZC. The vertical lines
extending from the data point show the 95% confidence interval around the mean, i.e., + 2
standard errors.

2. Adjusted percentages are shown on the graphs. There was a relatively high proportion
of ‘missing’ on this question. Mathematics teachers of 7% of students did not answer the
question on the curriculum strands while mathematics teachers of about 6% of students did
not complete the questionnaire. The mean achievement of students in the ‘missing’ curriculum
category (about 13%) in each domain was typically between the means for Levels 3 and 4.

3. Insufficient data to report achievement at Level 6.

Achievement in the mathematics cognitive domains

In the previous section student achievement in the mathematics content domains were
presented. As well as needing to be familiar with five mathematics content areas, the
students had to draw on a range of cognitive skills in order to answer the assessment
questions.

In order to facilitate more understanding of the information generated from TIMSS, the
international research team undertook a developmental project to describe mathematics
achievement in the cognitive domains. When developing the TIMSS framework for
mathematics (described in Chapter 1) there had been no plans to report results for

each cognitive domain,*® and therefore, the researchers found it necessary to update

the domains described earlier. The existing framework was thus used as a basis for
developing three mutually exclusive domains for reporting purposes. The assessment
items were subsequently mapped against the three new domains. For further details
refer to Mullis, Martin, and Foy (2005).

4 The rationale for the third cycle of TIMSS in 2002-2003 was set out in the TIMSS Assessment Frameworks
and Specifications. The document included both mathematics and science content and the cognitive domains
to be assessed. The work from this developmental project has subsequently contributed to updating the
framework for the fourth cycle of TIMSS: the TIMSS 2007 Assessment Frameworks (Mullis, Martin, Ruddock,
et al.(2005)).



The three cognitive domains were:

« knowing facts, procedures, and concepts;
* applying knowledge and understanding;
e reasoning.

As illustrated in Figure 2.10 on page 56, New Zealand Year 9 students scored, on
average, significantly above the international mean of 467 in all three cognitive
domains.** They performed relatively better internationally on mathematics questions
that used cognitive reasoning processes, with a mean scale score of 509, compared
with questions that required applying knowledge and understanding (497), or knowing
facts, procedures, and concepts (485).

Although Year 9 students performed best in the reasoning domain, with only nine
other countries having significantly higher mean achievement scores, they performed
less well in the knowing domain, achieving a mean score significantly below 17 other
participating countries.*?

A comparison of New Zealand’s relative performance across the three cognitive
domains shows that our Year 9 students were generally weak in the knowing domain.
For details on both Year 5 and Year 9 students’ achievement in the mathematics
cognitive domains, readers can refer to Ministry of Education (2006c), referenced at the
end of this report.

Performance across cognitive domains by gender

The mean scores for Year 9 girls and boys are presented in Table 2.11. Across the
TIMSS-02/03 participating countries, there was a small significant difference, which
favoured girls, on average, in the knowing domain. Girls had significantly higher
achievement, on average, than boys in 18 countries (which included Singapore, Jordan,
and the Russian Federation). By way of contrast, boys had higher achievement, on
average, than girls in just four countries — United States, Chile, Tunisia, and Ghana.
New Zealand was one of 24 countries (which included Sweden, Japan, England,
Scotland, and Egypt) where no significant difference was observed.

In the applying domain, across countries internationally there was no significant
difference between boys’ and girls’ mean achievement. Boys had significantly higher
achievement, on average, in 13 countries (which included Korea, the Netherlands,
Australia, and Tunisia) and girls had significantly higher achievement, on average, in
seven countries (which included Armenia, Singapore, Cyprus, and Bahrain).

New Zealand was one of 26 (which included Sweden, Scotland, Japan, and Chinese
Taipei) where no significant differences were observed.

41 To facilitate comparisons across cognitive domains and with overall mathematics, the three cognitive domain
scales were set to have the same mean (467) and standard deviation (100) as the overall mathematics scale.

42 Based on a comparison of the mean achievement scores of other countries relative to New Zealand.




Figure 2.10: Year 9 students’ performance in each mathematics cognitive domain in TIMSS-02/03

Knowing cognitive domain Applying cognitive domain Reasoning cognitive domain
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Bahrain 401 (2.3) v Egypt 404  (3.4) v Indonesia 406  (4.3) v
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% Morocco 386 (2.8) v 1 Morocco 384  (2.9) v % Morocco 391 3.2) v
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Saudi Arabia 315 (4.6) v Saudi Arabia 338 (3.6) v Saudi Arabia 348  (4.3) v
South Africa 261 (54) v Ghana 293 (4.0 v Ghana 313 (4.0 v
Ghana 232 (5.9) v South Africa 269 (5.3) v South Africa 287  (5.0) v
# England 489  (4.0) A # England 503 (4.8) A # England 509  (4.7) A

Benchmarking Participants Benchmarking Participants Benchmarking Participants

Basque Country, Spain Basque Country, Spain Basque Country, Spain

Indiana State, US Indiana State, US Indiana State, US
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Country mean is signficantly higher than the Country mean is not signficantly different from v Country mean is signficantly lower than
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T Met guidelines for sample participation rates only after replacement schools were included (see Exhibit A.9 in Mullis, et al (2004)).

1 Nearly satisfied guidelines for sample participation rates only after replacement schools were included (see Exhibit A.9 in Mullis, et al (2004))
# Did not satisfy guidelines for sample participation rates.

1 National Desired Population does not cover all of the International Desired Population (see Exhibit A.6 in Mullis, et al (2004)).

2 National Defined Population covers less than 90% of National Desired Population (see Exhibit A.6 in Mullis, et al (2004)).

B Korea tested the same cohort of students as other countries, but later in 2003, at the beginning of the next school year.

(') Standard errors appear in parentheses. Becauses results are rounded to the nearest whole number, some totals may appear inconsistent.

Source: Mullis, Martin, and Foy (2005) with minor adaptations.




In the reasoning domain, internationally girls’ achievement was, on average,
significantly higher than boys. In 17 countries (including Estonia, Norway,

New Zealand, and Bahrain) girls’ mean achievement was significantly higher than that
of boys. The 19 scale score point difference for New Zealand was one of the biggest

to be observed internationally. In just two countries — Tunisia and Morocco — was the
reverse observed (i.e., boys typically achieving higher). In the remaining 25 countries
(which included the United States, Australia, England, and the Netherlands) no
significant gender differences were found in this domain.

Table 2.11: Mean cognitive scores for Year 9 students in 2002, by gender

Year 9 Mean cognitive scores (s.e.)
student group Knowing Applying Reasoning
Girls 484 (4.3) 496 (4.7) 519 (5.4)
Boys 486 (6.5) 497 (7.2) 499 (6.7)
Difference -2(5.3) 1(5.9) 19(6.2) p
(girls- boys)
Notes:

1. (s.e.) Standard errors appear in parentheses.
2. p Difference was statistically significant.

The New Zealand gender differences were examined to see which girls were
outperforming their male counterparts. It was found that in each of the four main
ethnic groupings, girls’ mean achievement was higher than that of boys, but it was
Pakeha/European girls scoring an average of 24 scale scores points higher than Pakeha/
European boys, and Pasifika girls scoring an average of 33 scale score points higher
than Pasifika boys which contributed to the significant difference nationally. The
differences which favoured Maori girls (11 scale score points) and Asian girls (8 scale
score points) were found not to be of statistical significance. (See Tables B.12 and B.13
in Appendix B for details.)







