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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.


The background to TIMSS-02/03
Conducted every four years, TIMSS is a cycle of studies designed to measure trends in mathematics and science 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; 25 of these also participated at the middle primary level. A full list of these countries is shown later in this chapter in Table 1.2.

This third cycle was carried out in Southern Hemispheres 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 3,800 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.

After three cycles, it is now possible to look at trends in student achievement in mathematics and science. The following section outlines the types of trend and ‘snapshot’ comparisons that can be made; Table 1.1 summarises the possible comparisons.
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 that 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.

Table 1.1:
Participation in TIMSS and types of comparisons that can be made
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Historical overview of initiatives in mathematics and science education
Although the first of the TIMSS-94/95 findings 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 Minister of Education to establish the Mathematics and Science Taskforce in August 1997 (Ministry of Education, 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. 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 (Ministry of Education, 1999). The Ministry held a similar seminar for science in September 1999. As with mathematics, this seminar also 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 (Ministry of Education, 2000).

In 1999, Te Kete Ipurangi (TKI), the Ministry of Education’s bilingual (Mäori and English) online portal education site, was also launched as part of the 1998 Information Communications and Technology Strategy and is 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. AsTTle enables teachers to track individual students’ achievements as well as the achievements 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), begun in 2001, built on the evaluation findings from the CMIT pilot and the Exploratory Study professional development. The focus of these projects was (and still is) on improving student achievement in   the professional capability of teachers. Since the NDPs were essentially in early stages in 2002 it is unlikely that these would have had a discernible affect on either Year 5 or Year 9 student achievement.

Management and administration of TIMSS-02/03
A consortium were responsible for managing the international activities required for the project. The consortium included: International Study Center, Lynch School of Education at Boston College, (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 1.2:
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 
	*
	Italy 
	*
	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 Table A.2 in Appendix A for details of previous TIMSS cycles in which the countries in Table 1.2 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 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).

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 (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 that 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 1.1 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.

Figure 1.1:
Schematic view of the TIMSS cognitive and content domains in the mathematics assessment framework 
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Notes: 

1.
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.
2.
At Grade 4 Algebra covered Patterns and Relationships
In science there were three content domains at Grade 4 (and five at Grade 8) 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 1.2 shows a schema 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 that were being assessed: both content- and skills-based components.

Figure 1.2:
Schematic view of the TIMSS cognitive and content domains in the science assessment framework
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Notes:
1.
At the Grade 8 level, Physical Science was split into two separate domains, Chemistry and Physics.

2.
An extra domain Environmental Science was created at the Grade 8 level, aspects of which can be found in both Earth and Life Sciences at the Grade 4 level.
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, 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 5 sample with the population of New Zealand 9- and 10-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, as shown in bold italics, and then defined in each country as appropriate.
Population 1:  the upper of the two adjacent grades with the most 9-year-olds
· In New Zealand, these were Year 5 students (this definition was further refined to those students who would enter secondary school in 2006)
.

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 in 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; and
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 5

The sample design for selecting schools with Year 5 students followed international guidelines, which due to an increase in the number of rotated assessment booklets from eight in 1994-1995 to 12 booklets in 2002-2003, effectively meant sampling more students. Also the design had to take into account the frequency of composite classes in New Zealand schools. Sampling Year 5 students from one class per school would have required a large number of schools to ensure achieving a sample of around 4,500 students.

Using the number of students at the target class level, schools were randomly selected with probability proportional to the number of Year 5 students. In order to overcome the difficulties associated with sampling composite classes, in some schools more than one class was selected, to give an expected student yield of up to 30 students per school. This resulted in sampling 228 schools at the Year 5 level.
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.

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 the 5%). Exclusions could take place at the school level (i.e., a whole school excluded) or within schools (i.e., students and classes of students excluded).

Implications of the sample design
It is important to note that in TIMSS the achieved Year 5 student sample was not created 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 
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. If this formula is used it will result in a large under-estimation of the standard errors. Instead, the study employs a (numerical) method called Jackknife Repeating Replication (JRR) for estimating standard errors. Also refer to the section in this chapter which describes the reporting of student achievement results.

TIMSS-02/03, as for TIMSS-94/95, was a population study and the achieved sample of students is representative of the population from which it was drawn – in the case of New Zealand, of Year 5 students. Similarly, the schools selected were representative of schools with Year 5 students. In contrast, the teachers who took part in the studies 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 curricula 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 313 mathematics and science items at the middle primary level were divided among 28 item blocks at each educational level: 14 mathematics blocks and 14 science blocks. Furthermore, for each learning area, the first three 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.

Each Year 5 student was randomly assigned one of these 12 booklets containing mathematics and science assessment questions. The booklets were organised into two parts, each part containing three blocks and administered over two 36-minute sessions with a rest break in the middle. For more details on the assessment booklet design, refer to Smith Neidorf and Garden (2004).

Assessment format
At the middle primary level about 42 percent of questions were in constructed-response format and the remaining 58 percent of items were in multiple-choice format.

Calculator use
Calculators were not permitted at the middle primary level (Year 5).
Student background questionnaire
Students also completed a 20-minute background questionnaire after the achievement test. The background information collected 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.

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 the 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 5, the assessment was administered in English and Mäori. For the English material, most adaptations were made to accommodate New Zealand idiom. For Mäori translations, initial translations were made, then reviewed by three reviewers with different perspectives: assessment, language, and Mäori-medium education. Based on recommendations by the three reviewers, both curriculum translation words and transliteration versions of the same words were used for some of the more technical words used in the assessment (e.g., units of measurement).

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 two class levels (e.g., standard 2 and 3) 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, values in this report based on the TIMSS-94/95 data 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 is comparable across countries and comparable within a country across cycles, procedures were in place at all key stages of the study. Procedures were, in effect, the joint responsibility of both the national research teams and the international research team. These procedures included:

· 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 scoring of open-ended assessment questions;
· 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; independent sampling referees followed up after the assessment by determining whether or not a country had satisfied all or the majority 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 these schools. In New Zealand 15 primary schools were visited as part of this programme. Countries were also expected to conduct their own quality assurance programme; 15 New Zealand primary 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.














































Key points


TIMSS is a cycle of assessments administered every four years and is designed to measure trends in mathematics and science education.


TIMSS-02/03 was the third assessment in which New Zealand participated, although no Grade 4 (Year 5) assessment was conducted internationally in TIMSS-98/99.


New frameworks for both mathematics and science underpinned the development of this cycle and will be used for future cycles.


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


This study 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.












































































































































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


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


� 	Previously known as the Third International Mathematics and Science Study.


� 	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 Teachers Notes have been written to be aligned with curriculum levels 2, 3, as well as 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 has been translated for teachers in Mäori-medium setting and published as the He Tau Anö Te Tau series. 


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


� 	In 1994-1995 using the old class level nomenclature, the group of students were in ‘standard 3’.


� 	For information on the Year 9 sampling refer to Chamberlain (2007).


� 	PIRLS – Progress in International Reading Literacy Study; PISA – Programme for International Student Assessment.


� 	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 or 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). 


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


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


�	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.


� 	Part of New Zealand’s quality assurance programme when participating in the international assessment studies such as TIMSS  is to hold a briefing session for the school coordinator from each school. These people are the nominated representatives from participating schools, and liaise directly with the national research team. Due to resourcing issues in 2002 it was not possible to conduct this aspect of the programme; instead a less formal approach was used including a briefing by ‘telephone’ or by ‘email’.
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