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Overview

This report summarises a New Zealand study based on the Third International Mathematics and Science Study (TIMSS-94) which involved mostly Year 5 students. Specifically, it provides comprehensive trend achievement information for Year 5 students in mathematics and science for two years – 1994 and 1998.

The focus of this report is on student achievement and their beliefs and attitudes towards mathematics and science, within a national context.

This report is comprised of five sections:

Chapter 1: presents a summary of the study design, key findings pertaining to New Zealand from TIMSS-94, and some technical information about sampling and the presentation of student achievement scores.

Chapter 2: Year 5 students’ mathematics achievement in 1998 is viewed in a national context with a focus on comparisons with their Year 5 counterparts in 1994.

Chapter 3: Year 5 students’ science achievement in 1998 is viewed in a national context with a focus on comparisons with their Year 5 counterparts in 1994.

Chapter 4: a brief description of the demographics of Year 5 students involved in TIMSS-98 and a comparison with their Year 5 student counterparts in TIMSS-94 is presented. In addition, their aspirations, beliefs, and attitudes towards mathematics and science are examined within a New Zealand context.

Chapter 5: a brief summary of the main findings highlighted in this report.
CHAPTER 1: INTRODUCTION

  Key Points
•
TIMSS-98, also known as TIMSS-R, was a repeat of the Third International Mathematics and Science Study (TIMSS-94).

•
Whereas TIMSS-94 assessed students at the middle primary, upper primary, and lower secondary levels, TIMSS-98 had a narrower focus with the international component of the study administered at just the lower secondary level.

•
The international component of the study was designed to measure trends in student achievement and involved New Zealand’s Year 9 students. The results were published in an earlier report, Trends in Year 9 students’ mathematics and science achievement, published in early 2001.

•
New Zealand also administered a national version of TIMSS-R at the middle primary level in order to compare the performance of Year 5 students in 1994 with their counterparts in 1998. This report presents the results from this aspect of the study.
What was TIMSS-98?
TIMSS-98, also known as TIMSS-R, was a repeat of the Third International Mathematics and Science Study (TIMSS), an extensive study on curricula, student achievement, and class and school environment undertaken in more than 40 countries during the period 1992 to 1997. In New Zealand, the assessment component of TIMSS was administered in 1994.

TIMSS-981 was designed to measure trends in student achievement four years after the study was first administered in 1994, as well as to examine the contexts for learning mathematics and science.

Whereas TIMSS-94 assessed students at the middle primary, upper primary, and lower secondary levels, TIMSS-98 had a narrower focus with the international component of the study administered at just the lower secondary level.

A national version of TIMSS-98 at the middle primary level

New Zealand wished to gather comprehensive trend information at the middle primary level as well as at the lower secondary level, therefore chose to administer a repeat of TIMSS-94 at the middle primary level. The study allowed the performance of Year 5 students in 1998 to be compared with the performance of their 1994 counterparts2. In addition to trend information, the TIMSS-98 results provide the opportunity to assess what impact the new curricula are having in improving the performance of students in mathematics and science four years on from TIMSS-94. The findings from this national study are the subject of this report.

The results of TIMSS-94 and the impact on TIMSS-98
TIMSS-94 was the largest and most comprehensive International Association for the Evaluation of Educational Achievement (IEA)3 study to date, collecting data on achievement in mathematics and science at three different educational levels — middle primary (Years 4 and 5 students4), upper primary and lower secondary (Years 8 and 9 students)5, and final year of schooling. Student achievement was placed in context through background information gathered on curricula, and from students, teachers, and school principals. Importantly for New Zealand, new mathematics and science curricula were just being introduced when the TIMSS-94 testing was completed; that is, the students’ achievement was essentially a product of the old curricula.

Key findings from TIMSS-94 at the middle primary level

The key achievement results for middle primary school students who participated in TIMSS-94 were:

Mathematics:

•
The means for both Years 4 and 5 students were statistically significantly below the international means for their counterparts from 26 countries (ie, Grades 3 and 4 respectively).

•
The means for Years 4 and 5 students were also statistically significantly below those students from countries with whom New Zealand has traditional links (eg, English-speaking or that have similar education systems). These countries included Australia, Canada, and the United States.

•
An area of particular weakness for New Zealand students was Whole Numbers.
•
Girls, on average, achieved higher scores in mathematics than their male counterparts (Chamberlain, M, 1997).

Science:

•
New Zealand Years 4 and 5 students achieved, on average, around about the international means.

•
Notwithstanding their performance overall, their performance was found to be statistically significantly lower than their counterparts in Australia, England, and the United States. 

•
Physical Science was identified as an area of relative weakness for New Zealand students.

•
 Although not of statistical significance, New Zealand was just one of three out of 26 countries where girls’ mean achievement was higher than that of boys’ mean achievement. This difference was largely attributed to girls out performing boys in Life Science (Chamberlain, G, 1997).

For details of the national and international reports published for TIMSS-94, refer to Appendix A.

The impact of TIMSS-94 in New Zealand

Although the first of the TIMSS-94 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 the new mathematics and science curricula, particularly in the primary sector was 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 has responded. These have included the establishment of a comprehensive publishing programme involving new and revised resource material for both students and teachers, particularly in primary schools. Other resources included a video and two CD Roms to support the new learning materials and the development of additional items for the online Assessment Resource Banks (ARBs). The publishing programme began in 1998 and still continues. In 1999, Te Kete Ipurangi (TKI), the Ministry of Education’s online learning centre, was also launched as part of the 1998 Information Technology and Communications Strategy and is an example of another facility for supporting teachers in mathematics and science and other curriculum areas.

However, due to the timeframe of less than one year between the implementation of the programme and the assessment at the end of 1998 it is unlikely that any of these developments would have had a significant impact on the results for Year 5 students in 1998.

What can be learnt from TIMSS-98?

 The main questions to be answered by undertaking a replication of TIMSS-94 at the middle primary level included:

•
To what extent has the achievement of New Zealand Year 5 students changed in mathematics and science over the four-year period from 1994 to 1998?

•
Have the relatively new mathematics (introduced in 1993) and science curricula (introduced in 1995) resulted in improvements in achievement?

•
Have there been any changes in the organisation and processes of classroom instructional practices for mathematics and science?6
•
Have students’ attitudes towards mathematics and science changed over time?

Who carried out the administration of TIMSS-98?

In New Zealand the Comparative Education Research Unit in the Ministry of Education was responsible for carrying out the TIMSS-98 activities at both the middle primary and lower secondary levels.7
Rationale for the study

Conceptual Framework
The conceptual model for TIMSS-94, and thus the model for TIMSS-98, was based on the intended, implemented and attained curricula.

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. Intended curricula are described in documents such as curriculum guides, prescriptions, syllabuses, and policy statements. Textbooks, resources and examinations also reflect the essence of intended curricula. As well as being set within a specific educational context, intended curricula are 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, the 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 curricula 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 et al, 1993; Robitaille & Maxwell, 1996).

For a more detailed account readers should refer to Garden (1996a, 1996b or 1997).

Curriculum Frameworks

The development of a curriculum framework for each of mathematics and science was a particularly important activity for TIMSS-94. These frameworks provided a basis on which to analyse the intended curriculum of countries in the Curriculum Analysis component of the study8, as well as providing the basis for developing the achievement tests and aspects of the context questionnaires. The framework used for TIMSS-94 was used again in the lower secondary level element (ie, the international part) of TIMSS-98.

There were three dimensions to each of the framework: content, performance expectations, and perspectives. Content referred to the subject areas in mathematics and science (eg, Number, Earth Science). Performance expectations encompassed the cognitive behaviours that students were expected to display in order to answer the various test questions (eg, knowing, understanding). The perspectives aspect of the framework reflected the types of curricular goals that were important for promoting educational outcomes such as attitudes and interest in mathematics and science. Figures 1.1 and 1.2 present a summary of the mathematics and science framework; more detailed accounts can be seen in Robitaille, et al (1993).

For example, in mathematics about one-quarter of the Whole Numbers items were categorised as routine. Similarly for science, approximately one-third of the Physical Science items required students to demonstrate theorising, analysing and solving problem skills. For more details refer to Adams and Gonzalez (1996).

figure 1.1

the mathematics curriculum framework
Content

•
Numbers

•
Measurement

•
Geometry: position, visualisation, and shape

•
Geometry: symmetry, congruence and similarity

•
Proportionality

•
Functions, relations, and equations

•
Data representation, probability, and statistics

•
Elementary analysis, validation and structure

Perspectives

•
Attitudes

•
Careers

•
Participation

•
Increasing interest

•
Habits of mind


Performance Expectations

•
Knowing

•
Using routine & complex procedures

•
Investigating and problem solving

•
Mathematical reasoning

•
Communicating
figure 1.2

 the science curriculum framework
Content

•
Earth sciences

•
Life sciences

•
Physical sciences

•
Science, technology, and
mathematics

•
Environmental and resource issues related to science

•
Nature of science

•
History of science and
technology

•
Science and other disciplines

Perspectives

•
Attitudes

•
Careers

•
Participation

•
Increasing interest

•
Habits of mind

•
Safety


Performance Expectations

•
Understanding

•
Theorising, analysing, and solving
problems

•
Using tools, routine procedures,
and science processes

•
Investigating the natural world

•
Communicating

Source: Robitaille et al, 1993 (with minor adaptations).
Population definition
As already noted TIMSS-98 had a narrower focus than was the case with TIMSS-94; this was also the case with the student population definition. 

The population for TIMSS-98 was defined as: the upper of the two adjacent class-levels used in TIMSS-94. Using the class nomenclature, this equated to standard 3 and involved mostly Year 5 students.

In TIMSS-94, the original middle primary population of interest was defined as those students who were in the two adjacent class-levels containing the most 9-year-olds. In New Zealand this involved two class levels ​— standards 2 and 3 (mostly Years 4 and 5) students. 

Sampling
The sampling was conducted at two levels — firstly, the selection of schools and secondly, the selection of classes or groups. The sampling frame comprised all schools with at least five Year 5 students, except for special schools and the Correspondence School. Schools were sorted (or implicitly stratified) according to their school roll size and the urban or rural nature of the community in which they were located. A random sample of schools was drawn with the probability of selection being proportional to the total number of Year 5 students enrolled in the school; that is, larger schools were more likely to be selected than smaller schools, but schools of equal size were equally likely to be selected.

The selected schools were then asked to supply a list of all their mathematics classes or groups with Year 5 students, as well as a list of the corresponding teacher(s) who taught science to the class. A mathematics grouping was then randomly selected, with those students completing the assessment and a background questionnaire. The teacher(s) who taught mathematics and science to the selected grouping completed a teacher questionnaire.
Table 1.1
A summary of New Zealand’s designed and achieved samples at Year 5 in TIMSS-98
	Total number of schools in designed sample (N)
	Total number of schools in achieved sample (N)
	Total number of students in achieved sample (N)

	150
	148
	2416



Instrumentation
Achievement data were collected from students in 1998 using the same test used in TIMSS-94. Whereas new test questions were developed by the international consortium to replace the group of questions released after TIMSS-94 at the lower secondary level, this was not the case at the middle primary level.  New Zealand was the only country to undertake a repeat at the middle primary level in 1998, therefore the same achievement test and student context questionnaire were used as those in TIMSS-94.

The test was a ‘pencil and paper’ test with about three-quarters of the questions in multiple-choice format. The remaining test items were in an open-ended format.  The test items, both mathematics and science, were distributed over eight different booklets. Each student was randomly assigned to one of these booklets.  There were two testing sessions comprising a total time of 64 minutes.

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 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.9
Data collection

Data for TIMSS-98 were collected in the fourth school term in October and November 1998.

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 (eg, difficulty) and the students taking the test, and allow for the fact that each student received one of the eight randomly assigned test booklets. See Technical Note TN.1 in Appendix E at the end of this report for details.

IRT scale scores were used to summarise the international TIMSS-94 results. However, it is important to note that the scale scores in this report that refer to TIMSS-94 are not the same scale scores reported in earlier international reports for that study.

The original TIMSS-94 scale scores were determined on the basis of results from two classes at each population level. Therefore, in order to make the 1994 scores directly comparable with the narrow population definition used at the lower secondary for TIMSS-98, it was necessary to rescale the original TIMSS-94 achievement data, using just the upper of the two class levels. The international consortium responsible for the administration of TIMSS-98 undertook the rescaling of all the achievement data collected in 1994.

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

1.
Mean percent correct scores (or the mean across sets of test items). This approach was taken to report student achievement results in the TIMSS-94 national reports; it was also used to summarise student performance internationally in the different content areas.

In this report, this approach is used to examine student achievement on two sets of items:
•
Trend items — the items (approximately one-third of the item pool, all in multiple-choice format) that were kept secured after the completion of TIMSS-94; and
•
Released items — the items (approximately two-thirds of the item pool, including some multiple choice and all the items in open-ended format) that were released into the public domain by IEA after the publication of the international reports on TIMSS-94.
As noted previously, since New Zealand was the only country to undertake a repeat of TIMSS-98 at the middle primary level no new test items were developed to replace the items released into the public domain after TIMSS-94 (ie, the released items).  In New Zealand, the released items were, for example, made available through the New Zealand Council for Education Research’s (NZCER) Assessment Resource Banks. While there is no evidence of systematic use of these items by New Zealand schools, it is possible that some students had previously been exposed to released items prior to TIMSS-98 testing. This then, is the principal reason that analyses of trend items have been reported — trend results substantiate overall findings when they are consistent and place caveats around overall findings where they are inconsistent.

2.
The percentage of students who answered each individual item correctly. Examples of test items are presented in this report. This approach was also used when reporting examples of test items for TIMSS-94, as well as reporting on the performance of New Zealand students on the open-ended questions.

Chapter Summary
This chapter has provided a brief overview to the background to this national study based on the Third International Mathematics and Science Study (TIMSS). In order to gather comprehensive trend data at the middle primary level, as well as the lower secondary level, New Zealand made the decision to conduct a replication of TIMSS with Year 5 students. This national study was administered at the same time as the repeat of international study involving Year 9 students.

Achievement data as well as contextual information were collected from Year 5 students in 1998. Since New Zealand was the only country to undertake a repeat at the middle primary level in 1998, the same achievement test and student context questionnaire were used as those in TIMSS-94.

Year 5 student achievement results are summarised in the form of Item Response Theory scale scores, while mean percent correct scores are used to summarise student performance on the trend (or secured) test questions that were used in both TIMSS-94 and TIMSS-98.
1
TIMSS-94 and TIMSS-98 are hereafter used to distinguish between the two assessments.

2
Year 5 students in ‘standard 3’.  The international grade equivalent was grade 4.

3
The IEA is an independent cooperative of national research institutions with its headquarters based in Amsterdam, the Netherlands. The New Zealand Ministry of Education is a member institution of IEA.

4
The actual class levels were standards 2 and 3; students at these class levels are mostly Years 4 and 5 students.

5 
The actual class levels were forms 2 and 3 or Years 8 and 9 students. 
6
This question is beyond the scope of this report.

7
The lower secondary component of TIMSS-98 was administered under the auspices of the IEA. (See footnote 3.) A consortium were responsible for managing the international activities required for the project: Lynch School of Education at Boston College, (Massachusetts) and the Educational Testing Service, (Princeton) United States; the IEA’s Data Processing Centre in Hamburg, Germany; and Statistics Canada in Ottawa, Canada. 
8
See Many Visions, Many Aims Volumes I & II (Schmidt et al, 1997a & 1997b) for details on cross-national investigation of curricular intentions in school mathematics and science. Also see Mullis et al (2000) and Martin et al (2000) for details from TIMSS-98.

9
The information collected from teachers and principals is not included in this report. 

CHAPTER 2: Mathematics Achievement
Key points
•
There was a small non-statistically significant increase in the mean mathematics achievement of Year 5 students from 1994 to 1998.

•
Year 5 boys in 1998 on average achieved significantly higher mathematics scores than their male counterparts did in 1994.

•
The most notable improvement in Year 5 boys’ mean mathematics performance from 1994 to 1998 was observed for Maori boys which was of statistical significance.

•
Year 5 girls in 1998 on average achieved at about the same level as their female counterparts did in 1994.

•
There was a marked decrease in the difference between mean scores of Year 5 students who reported speaking English frequently in the home and those who rarely did, from 1994 to 1998.

•
Whole Numbers was a content area of relative weakness, while Data Representation, Analysis and Probability was an area of relative strength in both 1994 and 1998.

This chapter focuses on the overall mathematics performance of the Year 5 (standard 3) students who participated in TIMSS-98, compared with that of Year 5 (standard 3) students who participated in TIMSS-941. The latter part of this chapter summarises results for a selection of items used in both the TIMSS-94 and TIMSS-98 assessments. Since New Zealand was the only country to administer TIMSS-98 at the middle primary level, there are no international results for inclusion in this or subsequent chapters.

Reporting student achievement results

As described in Chapter 1, three approaches are used in this report to describe student achievement:

•
Item Response Theory (IRT) scale scores to describe overall achievement;

•
Mean percent correct scores to examine student achievement on trend (items kept secured after TIMSS-94) and released (test items released into the public domain after TIMSS-94) items;
•
Percentage of students who answered each individual mathematics item correctly.

Standard errors (se) have been calculated using the Jackknife Repeated Replication procedure. A 95 percent confidence interval applies. See Technical Notes TN.1 and TN.2 in Appendix E for more detail on the statistical methods used.

Trends in mathematics achievement

As noted in Chapter 1, two sets of information are used to examine trends in Year 5 students’ achievement. Firstly, the overall 1998 mathematics achievement results, in the form of IRT scale scores, are compared with the IRT scale scores for 1994. Secondly, there is some discussion on the results for the trend item set. Trend refers to the group of questions that remained secure for use in future studies, while the released test items, representing about two-thirds of the test item pool were placed into the public domain after the conclusion of TIMSS-94. This then, is the principal reason that analyses of trend items have been reported — trend results substantiate overall findings when they are consistent and place caveats around overall findings where they are inconsistent.

Overall mathematics achievement

Table 2.1 presents the mean scores for Year 5 students. Standard errors (se) appear in parentheses, and have been calculated using the jackknife repeated replication procedure2. We can say, with 95 percent confidence that the true mean lies within two standard errors of the sample (reported) mean.

Table 2.1
Year 5 students’ mean mathematics scores for 1994 and 1998
	Year of assessment
	Overall mathematics mean (se)

	1994
	469 (4.4)

	1998
	481 (5.6)


Note: (se) Standard errors appear in parentheses.

As shown in the table there was a small increase in mean mathematics achievement over the four-year period from 1994 to 1998. However, the difference was found not to be of statistical significance.
Figure 2.1 contains information on the distribution of the mathematics scores for Year 5 students for both 1994 and 1998.
   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 5th percentile — the score at which only five percent of students achieved a lower score, and 95 percent of students achieved a higher score. The highest outer limit is the 95th percentile — the score at which only five percent of students achieved a higher score, and 95 percent of students a lower score. Ninety percent of the Year 5 student scores were between the 5th and 95th percentiles.
Figure 2.1
Distribution of Year 5 students’ mathematics scores for 1994 and 1998
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While the range of scores was about the same in both years (ie, the difference between the 5th and the 95th percentiles), the lower achieving students achieved slightly higher scores in TIMSS-98 than was the case four years earlier; so too did the higher achieving students. That is, the 5th percentile (five percent of students achieved below this score point) in 1998 was 315 compared with 297 in 1994, while the 95th percentile was 627 compared with 613. See Table B.1 in Appendix B for details of the percentiles for 1994 and 1998.

Trend item results

Year 5 students achieved on average a higher score on the trend item set in 1998 compared to their Year 5 student counterparts in 1994. However the difference was found not to be of statistical significance (see Table B.2 in Appendix B). This finding would suggest that the small increase in the overall mathematics achievement is, in part, attributed to the improvement on the released items that was found to be of statistical significance (a = 0.05).
Gender
Overall results

In 1998 boys, on average, achieved scores higher than their male counterparts in 1994 with the difference between mean scores (17 scale score points) of statistical significance (a=0.05). By comparison, girls on average achieved at about the same level in 1998 as their female counterparts in 1994 with a mean difference (six scale score points) that did not reach statistical significance. How big was the difference for boys? Effect sizes have been used to find out the size or magnitude of the difference between the means for 1994 and 1998 (see Technical Note TN.5 in Appendix E). The effect size (d=0.18) represents a relatively small increase in mean achievement from 1994 to 1998.

Whereas girls in 1994, on average, achieved slightly higher (non-significant) mathematics scores than boys, the mean scores for boys and girls were about the same in 1998. While ‘overall’ gender scores can sometimes mask changes within specific sub-groups, this information is important, given the concerns expressed by commentators in recent years over the performance of boys (eg Alton-Lee & Praat, 2000).

Figure 2.2 presents the mean scores for boys and girls for 1994 and 1998 (also see Table B.3 in Appendix B for details). It is also important to remember that those boys and girls are not homogeneous groups. Further analyses were carried out to examine the performance of boys and girls within each of the main ethnic groupings, the results of which are presented later in this chapter.

figure 2.2
year 5 students’ mean mathmatics scores for 1994 and 1998, by gender
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Notes:
See Chapter 4 for the proportions of students who were boys or girls in 1994 and 1998.


The data points are the mean scores. The vertical lines extending from the data points show the 5% confidence interval around the mean, ie ± 2 standard errors.

Trend item results

The apparent improvement in Year 5 boys’ performance can be attributed to significant improvements on both the trend and the released test items (of 3 and 4 percentage points respectively). There was virtually no change in Year 5 girls’ mathematics achievement on either the trend or the released items between 1994 and 1998 (see Table B.4 in Appendix B for details).

Ethnicity3 
Overall results

A positive feature of the results for two of the ethnic groupings — Asian and, to a lesser extent, Maori — was some improvement in mathematics performance between 1994 and 1998 (see Table 2.2). However, the differences in mean scores for these groupings were found not to be of statistical significance. There was less variation in the mean scores for the Pakeha/European and Pacific groupings over the same period.

Table 2.2
Year 5 students’ mean mathematics scores for 1994 and 1998, by ethnic grouping
	Year of assessment
	Mean mathematics score (se)

	
	Pakeha/
European 
	Maori 
	Pacific 
	Asian
	Other

	1994
	493 (3.9)
	427 (8.2)
	412 (11.0)
	483 (16.9)
	475 (15.1)

	1998
	502 (5.0)
	445 (7.3)
	416 (15.1)
	516 (9.9)
	481 (15.0)


Notes:
See Chapter 4 for the proportions of students in each ethnic grouping for 1994 and 1998.

(se) Standard errors appear in parentheses.


In 1994, Pakeha/European students, on average, achieved mathematics scores slightly higher than their Asian counterparts. This situation was reversed four years later. However, in both years the difference between mean scores for these two groupings was not of statistical significance.

As was the case in 1994 and 1998, there continued to be a significant differential between the mean performance of Year 5 students in both the Maori and Pacific groupings and their counterparts in the Asian and Pakeha/European groupings. Tables B.5a and B.5b in Appendix B show the effect sizes between each grouping for both 1994 and 1998. (See Technical Note TN.5 in Appendix E for more details on effect sizes.)

Trend item results

Non-statistically significant increases in mean mathematics achievement (2 to 5 percentage points) from 1994 to 1998 were also observed on the trend items for three out of the four main ethnic groupings. No change was observed for Pacific. All ethnic groupings reported improvement on the released item set ranging from three to eight percentage points (for Pacific and Asian respectively). This suggests that any improvement observed in overall mathematics achievement for all ethnic groupings was due mainly to small increases in mean achievement on the released item set (albeit statistically significant for just Pakeha/European) as previously noted. See Tables B.6a and B.6b in Appendix B for details.

Gender and ethnicity

Overall results

When achievement for ethnic grouping was examined by gender, the largest increase in mean mathematics scores between 1994 and 1998 was observed for Maori boys (44 scale score points, a=0.05), and to a lesser extent, Asian girls and boys (37 and 35 scale score points respectively). In comparison, the sub-groups with effectively no change over the same period included Pakeha/ European boys, and Maori and Pacific girls, while Pakeha/European girls’ and Pacific boys’ increases were not large enough to be of statistical significance.
In 1994, Maori girls significantly outperformed their male counterparts by an average of 41 scale score points (a=0.05). However four years later, the differential favouring Maori girls had all but disappeared (8 scale score points higher for boys). The mean scores are represented in Figure 2.3, while the actual figures and standard errors are reported in Table B.7 in Appendix B.

Figure 2.3
Year 5 students’ mean mathematics scores for 1994 and 1998, by gender and ethnic grouping
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Trend item results

The increase in the overall achievement was also reflected in the mean percent correct scores for the trend items. The difference between Maori boys’ mean percent correct scores from 1994 to 1998 was seven percentage points, which was found to be statistically significant increase (a=0.05). Maori girls in 1998 on average achieved scores about the same as their 1994 counterparts. 

The “disappearance” of the overall differential that was observed between Maori girls and Maori boys in 1994 (5 percentage points in favour of girls) was also observed on the trend item set. Relatively large increases in mean percent correct scores were also observed for Asian girls and Asian boys, however, due to the relatively large standard errors (ie, due in part to the relatively small sample sizes) the differences were not found to be of statistical significance. (See Table B.8 in Appendix B for details.)

Home language

Overall results

Earlier IEA studies on which Garden (1984), Lamb (1987), Wagemaker (1993), and Chamberlain M. (1997) have reported, show that when the predominant home language differs from that used in the classroom, the level of achievement is likely to be lower. Year 5 students were asked to indicate the extent to which they spoke English at home4  and on the basis of their responses were divided into two groupings. Eighty-five percent of students reported that they always or almost always spoke English at home in 1998 (compared with 87% in 1994), and 15 percent reported that they only sometimes or never spoke English (13% in 1994). The mean mathematics scores of these two language groupings for both 1994 and 1998 are presented in Figure 2.4 (for details of the actual figures see Table B.9 in Appendix B).

Figure 2.4
Year 5 students’ mean mathematics scores for 1994 and 1998, by the degree that English is spoken in the home
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In 1994, the difference in mean mathematics achievement between those who rarely and those who usually speak English at home was 77 scale score points. By 1998, the difference between mean scores for these two groups had reduced by approximately one-third to 49 scale score points. This reduction is largely attributed to the increase in mean achievement of almost 40 scale scores points for students who reported only ‘sometimes/never’ speaking English in their home. (Note: the difference in mean scores between 1994 and 1998 for students in this grouping was statistically significant a=0.05). The decrease in the differential in mean achievement between students in the two language groupings is also illustrated by a shift in the magnitude of the difference or effect size (see Technical Note TN.5 in Appendix E). In 1994, for mathematics, the effect size between the categories of students was d=0.83 and in 1998 it was d=0.53.
In 1998, Year 5 students in the Pakeha/European and Maori groupings were more likely to report that they usually spoke English in the home than students in the Pacific and Asian groupings. Ninety-five percent and 81 percent of students in the two former groupings reported that they usually spoke English compared with just under one-half of the Pacific students and one-third of Asian students.

Figure 2.5 presents the mean mathematics scores for students in the two language categories by ethnic grouping. For details of the proportions of students in each category and the mean scores and standard errors for both 1994 and 1998, refer to Tables B.10 and B.11 in Appendix B.

Figure 2.5
Year 5 students’ mean mathematics scores for 1998, by the degree that English is spoken in the home and ethnic Grouping
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Figure 2.5 shows that for three out of the four groupings — the exception being Asian — the mean achievement of students who rarely spoke English at home was lower than that of their respective counterparts who spoke English more frequently.

There was a statistically significant increase in mean mathematics scores for both Asian and Pakeha/European Year 5 students who rarely spoke English at home, over the four years from 1994 to 1998 (Asian = 50 scale scores points, a=0.05; Pakeha/European = 40 scale score points, a=0.05). There were smaller non-significant increases in mean achievement for Maori and Pacific students (22 and 13 scale score points respectively) who rarely spoke English in the home.

Trend item results

The main point of interest on the trend mathematics item results for Year 5 students who rarely spoke English at home was an eight point increase in mean percent correct between 1994 and 1998 (a=0.05). There was a similar improvement (7 percentage points) on the released items over the same time period (a=0.05). Further information on the results is available in Table B.12 in Appendix B.
Mathematics content reporting categories

Overall results

This section summarises TIMSS-98 results in relation to the mathematics reporting categories of Whole Numbers; Fractions and Proportionality; Geometry and Measurement; and Data Representation, Analysis, and Probability. In some instances comparisons are made with information collected in 1994. Readers should note that there is no discussion on how students achieved on the trend items in each of the reporting categories due to the small number of items in some categories. Any change in performance should therefore be noted with caution.

The scores for each of the reporting categories were calculated separately from the overall mathematics scale score and therefore should be regarded as independent measures. That is, the means for content reporting category cannot be compared to the overall mean reported at the beginning of this chapter. 

It is also worth recalling from Chapter 1 that within each content domain, students were required to demonstrate a range of performances in order to answer the individual questions correctly. For example, approximately one-quarter of the Data Representation, Analysis, and Probability items required students to demonstrate solving skills to answer correctly, while a similar proportion (26%) of items in Whole Numbers were categorised as routine (for more detail see Adams & Gonzalez, 1996; Garden, 1997).

Figures 2.6a and 2.6b (see also Table B.13 in Appendix B) present the mean scores in each content reporting category for 1994 and 1998 respectively.

Figure 2.6a
Year 5 students’ mean scores for each mathematics reporting category in 1994

[image: image6.png]



Figure 2.6b
Year 5 students’ mean scores for each mathematics reporting category in 1998
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The data points are the mean scores. The vertical lines extending from the data points show the 95% confidence interval around the mean, ie ± 2 standard errors.
When Year 5 student achievement was examined for each of the reporting categories, there were small increases in all of the means for the categories between 1994 and 1998. The increases ranged from six scale score points observed for Fractions and Proportionality, through to 13 scale score points for Geometry and Measurement, and Data Representation, Analysis, and Probability. 
In 1994, the mathematics content area that was area of relative strength for Year 5 students was Data Representation, Analysis, and Probability. This was also the case four years later in 1998. And, although the mean for Whole Numbers increased by 10 scale score points from 456 in 1994 to 466 in 1998, the area was still found to be an area of relative weakness for Year students. 

Figure 2.7 provides a graphical representation of mean achievement for each mathematics reporting category for 1998 by gender. For details about the actual figures see Tables B.14 in Appendix B.

Figure 2.7
Year 5 students’ mean scores for each mathematics reporting categorY in 1998, by gender
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The data points are the mean scores. The vertical lines extending from the data points show the 95% confidence interval around the mean, ie ± 2 standard errors.
The overall increase in the mean mathematics score observed for boys was also reflected, with just one exception (Fractions and Proportionality), in each of the content reporting categories. The increases over the four-year period from 1994 to 1998 were of statistical significance (a=0.05). There was virtually no change in girls’ mean achievement in any reporting area. 
Whereas girls’ mean scores in 1994 were consistently higher than boys’ mean scores in all reporting categories, including a statistically significant difference (a=0.05) for Data Representation, Analysis, and Probability, this was not the case in 1998. Although not of statistical significance, boys’ mean achievement in 1998 in Whole Numbers and Geometry and Measurement surpassed that of their female counterparts, and equalled them in Fractions and Proportionality. Only in Data Representation, Analysis, and Probability did girls, on average, achieve higher scores than boys. However, the difference between the two groups of students favouring girls reduced from 22 scale score points in 1994 to just nine scale score points in 1998. 
As noted on page 19, the content reporting category scores cannot be compared to the overall mathematics score. However, in order to gauge areas of relative weakness or strength, it is possible to compare the mean for a given reporting category with the mean calculated for the sub-scales.

Comparing the performance across the mathematics content areas by gender in 1998, both boys and girls were relatively weak in Whole Numbers while Data Representation, Analysis, and Probability was an area of strength relative to their overall performance.
Figure 2.8 provides a graphical representation of the mean achievement in each mathematics reporting category for 1998 by ethnic grouping. For details about the actual figures see Table B.15 in Appendix B.

Figure 2.8
Year 5 students’ mean scores for each mathematics reporting category in 1998, by ethnic grouping
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The data points are the mean subscale scores. They are plotted by the difference from the mean of the four content area scores (represented by 0). The vertical lines extending from the data points show the 95% confidence interval around the score, ie ± 2 standard errors.
On average in 1998, the achievement of students in each content reporting category area by ethnic grouping mirrored the achievements of these students overall. That is, on average Asian and Pakeha/European students achieved higher scores in each reporting category than Maori and Pacific students. However, there was some variation from 1994 to 1998 across the ethnic groupings.

The overall relatively large increases in the mean mathematics scores observed for Maori and Asian students were also reflected in increases in each of content reporting categories. The largest increases for Maori were observed in Geometry and Measurement (26 scale scores points) and Data Representation, Analysis, and Probability (21 scale scores points) with the increases of statistical significance (a=0.05). While the increases in each reporting category for Asian were numerically larger (eg by 10 or more scale score points) than those for Maori, they were found not to be of statistical significance due in part to the very large standard errors (partly because of the small sample size) for 1994.
Data Representation, Analysis, and Probability was found to be area of relative strength for all four ethnic groupings. Whole Numbers was an area of relative weakness for both Maori and Pakeha/European students and to a lesser extent (due in part to the larger standard errors), Pacific students. 

Performance on a selection of mathematics items

This final section of the mathematics results will focus on how Year 5 students responded to a selection of the individual released test questions. A (weighted) percentage is used to describe the proportion of students answering correctly in both TIMSS-94 and TIMSS-98. Note that these items are reported as examples only. Systematic differences are more easily captured in the overall scale and content area sub-scale scores.

An example of one of the easiest mathematics items for Year 5 students in 1994 and 1998.

Example 1

Content area: Geometry (knowing)
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L3.
This is a game board.


Which object is located at (2,D)?
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A.  The plane


B.  The truck


C.  The bus
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D.  The boat

Copyright by IEA, Amsterdam.

An example of one of the difficult mathematics items for Year 5 students in 1994 and 1998.

Example 2

Content area: Measurement, and Estimation and Number Sense (solving problems)
L8. 
  Four children measure the width of a room by counting how many paces it
   took them to cross it. The chart shows their measurements.
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Who had the longest pace?


A.  Stephen


B.  Erin


C.  Anna
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D.  Jason

Copyright  by IEA, Amsterdam.
An example of a mathematics item that exhibited no change for Year 5 students from 1994 to 1998

Example 3

Content area: Whole Numbers (routine procedures)
S2. Here is a number sentence.



2000 +      + 30 + 9 =2739
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What number goes where the       is to make this sentence true?

Copyright  by IEA, Amsterdam.

Examples of mathematics items that exhibited a change for Year 5 students from 1994 to 1998

Example 4

Content area: Data Representation, Analysis, and Probability (Knowing)
L1.  The graph shows 500 pine trees and 150 rimu Trees.
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How many trees does each 
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 represent
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Answer:_____________________

Copyright   by IEA, Amsterdam.
Example 5

Content area: Geometry (Knowing)
L5.  This picture shows a cube with one edge marked. How many edges does the cube have altogether?
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A.
6


B.
8

C.
12
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D.
24
Copyright   by IEA, Amsterdam
Example 6

Content area: Measurement, and Estimation and Number (using complex procedures)

K5. About how long is this picture of a pencil?
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A.   5 cm


B.  10 cm


C.  20 cm
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D.  30 cm

Copyright  by IEA, Amsterdam.
Example 7

Content area: Data Representation, Analysis and Probability (solving problems)

T1.  The graph shows the number of cartons of milk sold each day of a week at a school.
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How many cartons of milk did the school sell on Monday?
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Answer: ___________________

How many cartons of milk did the school sell that week?

Show your working.
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Answer:_________________________

Copyright  by IEA, Amsterdam.

Examples of mathematics items demonstrating gender differences for Year 5 students from 1994 to 1998

Example 8

Content area: Fractions and Proportionality (using complex procedures)

I5.  Marcus uses 5 tomatoes to make half a litre of tomato sauce. How much sauce can he make from 15 tomatoes?


A.  One and a half litres


B.  Two litres


C.  Two and a half litres


D.  Three litres
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Example 9

Content area: Measurement, and Estimation and Number sense (solving problems)

L6.
 The weight (mass) of a clothes peg is 9.2 grams. Which of these is the best estimate of the total weight of 1000 clothes pegs?


A.  900 g


B.  9 000 g


C.  90 000 g


D.  900 000 g
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Example 10

Content area: Whole Numbers (solving problems)

L7.  In which pair of numbers is the second number 100 more than the first number?


A.  199 and 209


B.  4236 and 4246


C.  9635 and 9735
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D.  51 863 and 52 863

Copyright  by IEA, Amsterdam.
Example 11

Content area: Geometry (solving problems)

M4. On this grid, find the dot with the circle around it. We can describe where this is by saying it is
  at First Number 1, Second Number 3.
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Now find the dot with the triangle around it. Describe where the dot is on the grid in the same way. Fill in the numbers we would use:


First Number______________




Second Number _____________
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1
As noted in Chapter 1, TIMSS-94 involved middle-primary students at two class levels — standards 2 and 3 (or international grades 3 and 4). Years 4 and 5 students are mostly in these two class levels. TIMSS-98 assessed students at a class level equivalent to standard 3 level and involved mostly Year 5 students. The students involved in TIMSS-98 will hereafter be referred to as ‘Year 5’ students.
2
This approach was necessary because the design of the study incorporated multiple-matrix-sampling; that is, each student received only a sample of the test questions.

3
Statistics New Zealand hierarchical classification of ethnicity was used for these analyses. See Chapter 4 for more details. Those students in the “Other ethnic groups” were excluded from most of the discussion.

4
Only Year 5 students in English-medium classes were assessed in both TIMSS-94 and TIMSS-98.

CHAPTER 3: Science Achievement

Key points
•
There was a small, but non-significant, increase in the mean achievement for Year 5 students in science between 1994 and 1998.

•
The science performance of boys between 1994 and1998 improved significantly, however there was no change in the achievement level of girls.

•
Year 5 Maori and Asian ethnic groupings recorded the largest increases (non-significant) in science achievement over the same four-year period.

•
In 1994, the mean science score of Maori girls was significantly higher than for their male counterparts. By 1998, the mean score for Maori boys had improved to be no different from that of Maori girls.

•
A significant increase in science achievement between 1994 and 1998 was reported for those Year 5 students where English was spoken only rarely in the home.

This chapter focuses on the overall performance of Year 5 students (at the standard 3 level) in science in 1998, compared with the science achievement of Year 5 students in 19941 . Towards the end of this chapter a selection of items are presented along with the proportions of students answering correctly. As was the case with mathematics it is important to remember that there are no international results included in this chapter.

Reporting student science achievement results

As described in Chapter 1, three approaches are used in this report to describe Year 5 students’ science achievement:

•
Item response theory (IRT) scale scores to describe overall achievement.

•
Mean percent correct scores to examine student achievement on trend and released items.
•
The percentage of students who answered each individual science item correctly.

Standard errors (se) have been calculated using the Jackknife Repeated Replication procedure. A 95 percent confidence interval applies. See Technical Notes TN.1 and TN.2 in Appendix E for more detail on the statistical methods used.

Trends in science achievement

As noted in Chapters 1 and 2, two sets of information are used to examine trends in Year 5 students’ achievement. Firstly, the overall 1998 science achievement results, in the form of IRT scale scores, are compared with the IRT scale scores for 19942 . Secondly, mean percent correct scores on the trend, and in some instances, released sets are presented either in the chapter or in Appendix C. The released items were made available after TIMSS-94 and can be found, for example, in the Assessment Resource Bank of the NZCER3 . While there is no evidence of systematic use of these items by New Zealand schools, it is possible that some students had previously been exposed to release items prior to TIMSS-98 testing. This then, is the principal reason that analyses of trend items have been reported — trend results substantiate overall findings when they are consistent and place caveats around overall findings where they are inconsistent.

Overall science achievement

Table 3.1 presents the overall mean science scores for Year 5 students for TIMSS-94 and TIMSS-98. There was a small, albeit non-significant, increase in mean achievement over the four years.

Table 3.1
Year 5 students’ mean science scores for 1994 and 1998

	Year of 
assessment
	Overall science 
mean (se)

	1994
	505 (5.3)

	1998
	514 (5.9)


Note: (se) Standard errors appear in parentheses.

Figure 3.1 presents information on the distribution of Year 5 students’ science achievement scores for TIMSS-94 and TIMSS-98.

Figure 3.1
Distribution of Year 5 students’ science scores for 1994 and 1998
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There were small, positive changes for all percentiles calculated for Year 5 students’ science achievement from 1994 to 1998. For example, in 1994 the lowest achieving five percent of students scored below 310 but in 1998 this score had increased to 336. There was a much smaller increase in 95th percentile score, from 659 to 668. These results indicate a slightly smaller range of scores in 1998, as measured by the difference between the 5th and 95th percentiles. See Table C.1 in Appendix C for details of the calculated percentiles.

Trend item results

On an encouraging note, the small increase in Year 5 students’ mean overall science achievement in 1998 was reflected in the increased mean score for the trend items, where the difference between 1994 and 1998 was of statistical significance (a=0.05). There was no change in the mean percent score on the released items over the same time period (see Table C.2 in Appendix C).

Gender

Overall results

Figure 3.2 shows a breakdown of Year 5 students’ mean science scores by gender for 1994 and 1998. Year 5 boys’ mean science achievement increased by 19 scale score points between 1994 and 1998. This difference was of statistical significance (a=0.05). When this increase was examined in terms of effect size, it was found to be relatively small (d=0.17, see Technical Note TN.5 in Appendix E ). The mean score for girls remained the same over the four-year period.

In 1994, the mean science score of Year 5 girls was 12 scale score points higher than that of Year 5 boys. In 1998 the converse was observed, whereby boys achieved a mean science score seven scale score points higher than their female counterparts. However, for both years, the difference between boys and girls’ mean achievement was not of statistical significance. See Table C.3 in Appendix C for details.

Figure 3.2
Year 5 students’ mean science scores for 1994 and 1998, by gender
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Notes:
 See Chapter 4 for proportion of students by gender.


The data points are the mean scores. The vertical lines extending from the data points show the 95% confidence interval around the mean, ie ± 2 standard errors.

Trend item results

The increase in boys’ overall mean science achievement was also reflected in the trend items. Boys’ mean score on the trend item set increased by three percent from 70 percent in 1994 to 73 percent in 1998, with the difference of statistical significance (a=0.05). A similar improvement was evident for the boys on the released items (1994 = 54%; 1998 = 57%), but did not attain significance. There was little change in the girls’ mean performance on either the trend or released items from 1994 to 1998. (See Table C.4 in Appendix C for details).

Ethnicity

Overall results

Some interesting variations were evident in science achievement by ethnic grouping between 1994 and 1998. Table 3.2 presents the mean science scores for each of the main ethnic groupings for both 1994 and 1998. The largest increases in mean achievement from 1994 to 1998 were observed for students in the Maori and Asian groupings (21 and 24 scale score points respectively). However, due to the large standard errors4 for both groupings, the differences between scores reported were not statistically significant.

Table 3.2:
Year 5 students’ mean science scores for 1994 and 1998, by ethnic grouping

	Year of assessment
	Mean science score (se)

	
	Pakeha/
European
	Maori 
	Pacific 
	Asian 
	Other

	1994
	534 (3.9)
	457 (12.0)
	441 (14.9)
	493 (16.7)
	521 (14.2)

	1998
	541 (4.8)
	478 (8.0)
	436 (13.8)
	517 (10.0)
	497 (23.0)


Notes:

1
See Chapter 4 for the proportions of students in each of the ethnic groupings.

2
(s.e) Standard errors appear in parentheses.

By way of contrast there was virtually no change in the mean scores for Pacific and Pakeha/European Year 5 students over the four-year period.

In 1994, the difference between the mean science scores for Pakeha/European and Maori was 77 scale score points; however in 1998, this difference was lower at 63 scale score points. The difference between Pakeha/European and Asian also reduced from 41 to 24 scale score points. In sharp contrast the difference between Pakeha/European and Pacific increased from 93 to 105 scale score points. How big was the shift in the relative performance of the groupings, in particular Maori and Pacific? As was the case for mathematics, effect sizes were calculated to illustrate the relative performance of students in each grouping over the four years. It is notable that the magnitude of the difference between the Pakeha/European and Maori groups reduced from a ‘large’ to a ‘medium’-sized difference. Furthermore, the magnitude of the difference between Maori and Pacific students increased from ‘small’ to ‘medium’. The magnitude of the difference between Pakeha/European and Pacific remained essentially unchanged — that is, a ‘large’ difference remains (see Tables C. 5a & C.5b in Appendix C, and Technical Note TN.5 in Appendix E for an explanation of effect size).

Trend item results

Performance on the trend items between 1994 and 1998 found that the improvement recorded by Asian (6 percentage points, a=0.05) and Maori (3 percentage points, not statistically significant) students were the only changes of note (see Table C.6 in Appendix C).

Gender by ethnicity

Overall results

Figure 3.4 shows a graphical representation of the science achievement of Year 5 girls and boys by ethnicity for 1994 and 1998. The most marked improvements over the four-year gap was observed for Maori boys — an increase of 45 scale score points (a=0.05), and to a lesser extent, Asian boys and Asian girls (32 and 23 scale score points respectively, not statistically significant). Pacific girls were the only sub-group whose mean science achievement decreased from 1994 to 1998 (17 scale score points, not statistically significant).

In 1994, one of the most significant gender differences existed in favour of Maori girls (46 scale score points, a=0.05) over their male counterparts. But the significant improvement in mean science achievement by Maori boys and the absence of change for Maori girls resulted in a virtually nil differential in mean achievement in 1998. Although not statistically significant, there were small increases in the differential between girls’ and boys’ mean achievement over the intervening four years that favoured boys, in both the Pacific and Asian groupings. See Table C.7 in Appendix C for details.

FIGURE 3.3
 Year 5 students’ mean science scores for 1994 and 1998, by gender and ethnic grouping
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Trend item results

The patterns observed in overall scores were also observed in the set of science trend items (details are available in Table C.8 in Appendix C). That is, the largest increases in achievement over the four year period were observed for Maori boys (7 percentage points, a=0.05), Asian boys (7 percentage points, not statistically significant) and Asian girls (5 percentage points, not statistically significant). Pacific girls were the only group to record a decrease on trend item performance (3 percentage points, not statistically significant).

Home language

Overall results

When the language spoken in the home is different from the language of the classroom, students face a disadvantage. Earlier IEA studies by Garden (1984), Lamb (1987), Wagemaker (1993), and Chamberlain G. (1997) have demonstrated that when the home language differs from that used for instruction by the teacher, the level of achievement is likely to be lower. Year 5 students were asked to indicate to what extent they spoke English at home and on the basis of their responses were divided into two groups: those who always or almost always spoke English at home, and those who only sometimes or never did. The mean science scores of these two groups for TIMSS-94 and TIMSS-98 are illustrated in Figure 3.4.

In 1998, the mean science score for students who spoke English at home always or almost always was 526 compared with a mean of 453 for those students who reported that they spoke English sometimes / never. The difference of 73 scale score points was statistically significant (a=0.05). By way of contrast, in 1994 the difference between the mean scores for students in these two home language groupings was 95 scale score points (a=0.05). Another illustration of the change of magnitude of this difference is that the effect size decreased from 0.96 in 1994 to 0.76 in 1998. Details of the figures are available in Table C.9 in Appendix C, see also Technical Note TN.5 in Appendix E.

Figure 3.4
Year 5 students’ mean science scores for 1994 AND 1998, by the degree that English Is spoken in the home
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Of those Year 5 students who rarely spoke English at home, all ethnic groupings recorded some improvement in science achievement from 1994 to 1998, albeit small. However, only the increased science performance of Asian students was statistically significant (a=0.05). This pattern was similar to that described for mathematics earlier. The mean scores relating to the home language by ethnic grouping analyses can be found in Table C.10 in Appendix C. Figure 3.5 illustrates the mean science scores for those who frequently and rarely spoke English in the home, by ethnicity, for 1998.

Figure 3.5
Year 5 students’ mean science scores for 1998, by the degree that English was spoken in the home and ethnic grouping
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Science content reporting categories

It is worth recalling from Chapter 1 that within each content domain, students were required to demonstrate a range of performances in order to answer the individual questions correctly. For example, approximately half of the Earth Science items required students to demonstrate understanding skills to answer correctly, while 36% of items in Physical Science were required to show Theorising, analysing and solving problems skills (for more detail see Adams & Gonzalez, 1996; Garden, 1997).

Overall results

This section provides a summary of the TIMSS-98 results focusing on the science content reporting categories of Earth Science, Life Science, and Physical Science. In some instances comparisons are made with information collected in 19945 . Due to the small number of items in some categories, there is no discussion on how students achieved on the trend items in any of the content reporting categories. Any change in performance should therefore be noted with caution. Note that as was the case for mathematics, the scores for each science reporting category were calculated separately from the overall science scale score and are therefore independent measures of achievement. These cannot be compared directly with the overall mean. However, in order to gauge areas of relative weakness or strength, it is possible to compare the mean for a given reporting category with the mean calculated for the sub-scales. The results for the science content reporting categories in 1994 and 1998 are presented in Figures 3.6a and 3.6b (see Table C.11 in Appendix C for further details).
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Figure 3.6a
Year 5 students’ mean scores for each science reporting category in 1994
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Figure 3.6B
Year 5 students’ mean scores for each science reporting category in 1998


The data points are the mean scores. The vertical lines extending from the data points show the 95% confidence interval around the mean, ie ± 2 standard errors.
In 1994, there was less variation between the mean scores for each science content area relative to the mean for the sub-scale scores, although Physical Science was an area of weakness. However, in 1998 Year 5 students’ performance was relatively stronger in Earth Science than in the other areas, while Physical Science was more clearly an area of relative weakness.

In general, Year 5 students made small, non-statistically significant gains across the four-year period in all three content reporting categories for science. The largest apparent growth was in Earth Science (18 scale score points). There were smaller improvements for Life Science (13) and Physical Science (10).

Figure 3.7 presents comparisons between boys’ and girls’ mean scores in each science content categories in 1998.

Figure 3.7
Year 5 students’ mean scores for each science reporting category in 1998, by gender
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The data points are the mean scores. The vertical lines extending from the data points show the 95% confidence interval around the mean, ie ± 2 standard errors.
For Earth Science there was a statistically significant difference between boys and girls’ mean scores of 25 scale score points (a=0.05) in favour of Year 5 boys in 1998. In Life Science, Year 5 girls’ on average achieved scores that were not dissimilar to that of boys. By way of contrast, in 1994 girls achieved a significantly higher mean in Life Science than boys did (24 scale score points, a=0.05). The performance of Year 5 girls in 1998 in Physical Science was not dissimilar to that of boys. This was also the case in 1994. Refer to Table C.12 in Appendix C for details of the mean scores for 1994 and 1998, by gender.

Comparing the performance across the science content areas by gender in 1998, both boys and girls were relatively weak in Physical Science. Boys’ relative strength was in Earth Science whereas girls’ relative strength was in Life Science.
From 1994 to 1998 there were no statistically significant changes in girls’ mean scores in any of the science content reporting categories. However, boys’ mean scores increased significantly in both Earth Science and Life Science (by 27 and 22 scale score points respectively, a=0.05).

Finally for the science content reporting categories, ethnicity is examined. Figure 3.8 compares the mean sub-scale scores for each ethnic grouping alongside the mean of these scores (see also Table C.13 in Appendix C). Note that the patterns of relative strength and weakness in content areas were similar across all ethnic groupings.

Figure 3.8
Year 5 students’ mean scores for each science reporting category in 1998, by ethnic grouping
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The data points are the mean subscale scores. They are plotted by the difference from the mean of the three content area scores (represented by 0). The vertical lines extending from the data points show the 95% confidence interval around the score, ie ± 2 standard errors.
Between 1994 and 1998, there were consistent gains in mean science performance (23 to 28 scale score points) in all science content categories for Asian and Maori students, although these were not statistically significant. The performance of Pacific students was largely unchanged over the intervening four years. Pakeha/European students were the only ethnic grouping for which a statistically significant increase was observed in any science content area, this being 18 scale score points in Earth Science (a=0.05).

Performance on a selection of science items

This final section of the science results focuses on how students achieved on a selection of individual released test questions. A (weighted) percentage is used to describe the proportion of students answering the questions correctly in both TIMSS-94 and TIMSS-98. Note that these items are reported as examples only. Systematic differences are more easily captured in the overall scale and content area sub-scale scores.

An example of one of the easiest science items for Year 5 students in 1994 and 1998.

Example 1

Content area: Life Science (understanding complex information)
R4.
 What is the MOST important reason for people to use sunscreen when they are outside in sunlight? 


A.  It protects the skin against dangerous rays from the sun.


B.  It makes the skin more tanned.


C.  It makes the skin smooth.
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D.  It makes the skin feel cooler.

Copyright  by IEA, Amsterdam.

An example of one of the difficult science items for Year 5 students in 1994 and 1998.

Example 2

Content area: Physical Science (understanding complex information)
R1.  A watering can is almost filled with water as shown.
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The watering can is tipped so that the water just begins to drip through the spout.
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Draw a line to show where the surface of the water in the can is now.

Copyright  by IEA, Amsterdam.
Examples of science items that exhibited an improvement for Year 5 students from 1994 to 1998.
Example 3

Content area: Earth Science (understanding simple information)
O4.  The Moon produces no light, and yet it shines at night.  Why is this?


A.  The Moon reflects the light from the Sun.


B.  The Moon rotates at a very high speed.


C.  The Moon is covered with a thin layer of ice.
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D.  The Moon has many craters.

Copyright  by IEA, Amsterdam.

Example 4

Content area: Earth Science (understanding tools, routine procedures, and science process)
N1.  This table shows the temperature and precipitation (rain or snow) in four different towns on the same day.
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Where did it snow? 


A.  Town A


B.  Town B.


C.  Town C
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D.  Town D

Copyright  by IEA, Amsterdam.

Examples of science items demonstrating gender differences from 1994 to 1998.
Example 5
Content area: Life Science (understanding simple information)
N6. A baby chick grows inside an egg for 21 days before it hatches. Where does the baby chick get its food before it hatches?


A.  It is fed by the mother hen.
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B.  It doesn’t need any food.


C.  It makes its own food.


D.  It uses food stored in the egg.


E.  It eats the egg shell.

Copyright  by IEA, Amsterdam.

Example 6

Content area: Physical Science (using tools, routine procedures, and science process)
Q8.
  The picture shows a pencil that is lying on a shelf in front of a mirror.  Draw a picture of the
   pencil as you would see it in the mirror. Use the patterns of lines on the shelf to help you.
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Example 7
Content area: Earth Science (theorising, analysing, and solving problems)
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Y1. The Sun is bigger than the Moon, but they appear to be about the same size when you look at
  them from the Earth. Why is this?

Copyright  by IEA, Amsterdam.
1
TIMSS-94 involved middle-primary students at two class levels – standards 2 and 3 (or international grades 3 and 4). Years 4 and 5 students are mostly in these two class levels. TIMSS-98 assessed students at a class level equivalent to standard 3 level and involved mostly Year 5 students. The students involved in TIMSS-98 will hereafter be referred to as ‘Year 5’ students.

2
This approach was necessary because the design of the study incorporated multiple-matrix-sampling; that is, each student received only a sample of the test questions.

3
New Zealand Council for Educational Research.

4
Due mostly to the small sample sizes of these groups.

5
As noted in Chapter 1, the original TIMSS data collected across countries during 1994 and 1995 was re-scaled. To enable reliable sub-scale scores to be calculated for each of the reporting categories, items were subsequently regrouped into different categories from those first reported in TIMSS publications such as Martin et al (1997) and Garden (1997b). The discussion focuses on comparisons with the re-scaled 1994 achievement data and the scaled 1998. 
CHAPTER 4: The Students

Key points
•
The demographic profile of the New Zealand Year 5 sample in 1998 was similar to that of the Year 5 sample in 1994.

•
The proportion of Year 5 students indicating that English was not spoken very often in the home was about the same in 1998 as it was in 1994.

•
The relative proportions of the different household structures in which New Zealand Year 5 students resided were also similar in both years.

•
Those Year 5 students with many books in their home had higher mean scores in mathematics and science, in both 1994 and 1998.

•
The number of students with a computer in the home increased from 53 percent in 1994 to 66 percent in 1998. 

•
Watching television and videos remains the most preferred leisure activity for Year 5 students in 1998.

•
The proportion of Year 5 students are doing mathematics homework on a typical school day increased from 79 percent in 1994 to 88 percent in 1998. Similarly, the proportion of students doing science homework increased from 45 percent in 1994 to 53 percent in 1998.

•
Over half of New Zealand Year 5 students expressed positive or very positive attitudes towards mathematics in 1998. Likewise, more than half of students had positive or very positive attitudes towards science in 1998.

The performance of Year 5 students in mathematics and science is determined not only by cognitive factors but also by the influences of the home, attitudes to schoolwork, watching television, etc. Previous IEA studies both internationally and nationally, have investigated the effects of a broad range of contextual background factors. This information has been drawn from students, teachers, and schools. The results in this chapter focus on the data collected from the student questionnaire administered during 19981. In addition, direct comparisons will be made with the data collected from 1994, as is the case throughout this report2. In some cases achievement scores are provided to illustrate the variation between population sub-groups.

Demographic variables
This section focuses on the demographic makeup of the (weighted) 1998 sample, including breakdowns by gender, ethnicity, country of origin, and home language. Mathematics and science performance has been discussed with regard to gender, ethnicity and home language in Chapters 2 and 3. Performance will be further examined in this section with regard to the student’s country of origin.

As much of the discussion in this report compares the TIMSS results of the 1998 cohort with those of the 1994 cohort, these two samples are compared. In general, these samples were found to have very similar demographics.

Gender

The Year 5 sample for 1998 was 49 percent girls and 51 percent boys. Table 4.1 shows a comparison between the national population figures and the selected sample, alongside the equivalent figures reported for the original study in 1994. In 1998 the proportion of girls and boys selected in the sample was the same as that found in the Year 5 population.

Table 4.1
Proportion of Year 5 girls and boys participating in 1994 and 1998
	Students
	1994
	1998

	
	% Girls
	% Boys
	% Girls
	% Boys

	Year 5 (sample)
	51
	49
	49
	51

	Year 5 (NZ population)
	49
	51
	49
	51


Note:
Source for population figures: Ministry of Education 1995 and 1998.
Age

For both 1994 and 1998 the mean age of the Year 5 students in the sample was 10 years and 0 months. In addition, the age range reported was almost identical in both years (refer to Table D.1 in Appendix D for details).

Ethnicity

Students were asked with which ethnic group(s) they identified. Students who indicated they identified with more than one ethnic group were reallocated to one of five major ethnic groupings based on the procedures detailed in the Standard Classification of Ethnicity (Department of Statistics, 1996). The five main groupings are: Pakeha/European, Maori, Pacific, Asian and Other ethnic groups. Figure 4.1 presents the percentage of students in each main ethnic grouping for both studies.

Figure 4.1 
Proportion of Year 5 students in each main ethnic grouping for 1994 and 1998
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There were only small differences in the proportions of students in each of the main ethnic groupings between 1994 and 1998. As the proportion of students categorised as Other ethnic groups is very small, their results will not be discussed separately in this chapter (but may be included in the tables in Appendix D).

Country of origin

Year 5 students were asked to indicate whether or not they had been born in New Zealand. Overall in 1998, 12 percent of students reported that they had been born in a country other than New Zealand. This represented a small increase (2 percentage points) since 1994. Students not born in New Zealand were, on average, five and a half years of age when they arrived in New Zealand. Asian and Pacific students were more likely to report that they were born in another country (60% and 20% respectively) than were Pakeha/European and Maori (7% and 5% respectively).

Table 4.2 presents the mean achievement scores for Year 5 students by country of origin — that is, those born in New Zealand and those born elsewhere.

Table 4.2 Year 5 students’ mean achievement scores in 1998, by country of origin
	Country of origin
	Proportion of students (%)
	Mean achievement score (se)

	
	
	Mathematics
	Science

	Born in NZ
	88
	481
(5.4)
	517
(5.7)

	Not born in NZ
	12
	491
(10.3)
	507
(11.8)


Note:
(se) Standard errors appear in parentheses.

Interestingly, those students who said they were born in another country attained a marginally higher mean score in mathematics and a marginally lower mean score in science in comparison to their New Zealand-born counterparts. However, neither difference was statistically significant.

Parents’ birthplace

In 1998, approximately three-quarters of Year 5 students reported that their mothers and/or fathers were born in New Zealand. Compared with 1994, there were fewer students who indicated that their mother or father was born overseas (decreases of 6 and 3 percentage points respectively).
Language of the home

Over the last decade, the proportion of Year 5 students who frequently speak a language other than English at home has been steadily increasing (see Caygill, 1993, and Martin, 1996a, 1996b & 1997). In 1998, 15 percent of students indicated that English was rarely spoken in their home — two percentage points more than in 1994 (see Table D.2 in Appendix D for more details).

As Figure 4.2 shows, in 1994 and 1998, it was mainly Asian and, to a lesser extent, Pacific Year 5 students who reported that they came from homes where English was not spoken frequently. Compared with 1994, there were more Asian students and Pacific students in 1998 reporting infrequent use of English at home (increases of 15 and 8 percentage points respectively).
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Figure 4.2
Proportion of Year 5 students where English was spoken only rarely in the home for 1994 and 1998, by ethnic grouping

Note:
1994 Other ethnic groups = 26%;

1998 Other ethnic groups = 35%.

The relationship between the frequency of speaking English at home and achievement is outlined in Chapter 3 for mathematics and Chapter 4 for science.

Home background variables

A sizeable body of research has investigated the relationship between student achievement and family size and/or composition (eg Blake, 1989; Lapointe et al, 1992a & 1992b; Thompson et al, 1992; Martin, 1996a, 1996b, & 1997, and Nechyba et al, 1999). The research usually demonstrates a negative relationship between achievement and family size. That is, students residing in larger households tend to achieve less well on a range of indicators. The research on family composition is more equivocal. One factor in considering why there are disparate findings in such research may be the different cultural contexts in which these studies are undertaken. Another may be that changing social norms, with regard to family composition, give rise to different outcomes over time.

Household composition

Year 5 students were asked to indicate whom they lived with ‘most or all of the time’. There was very little change in the household structures in which Year 5 students lived over the period from 1994 to 1998. The most common family structure remained two parents (or stepparents/caregivers) possibly with siblings but without extended family or non-relatives in the house. Figure 4.3 summarises the information reported by Year 5 students in 1998 (family composition figures for both years are available in Table D.3 in Appendix D).

Figure 4.3 
Proportion of Year 5 students by household structure for 1998
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Notes:

1
Parent includes stepparent and/or caregiver.

2
‘Others’ includes non-immediate relatives (grandparents, uncles, aunts, cousins) and non-relatives.

3
Not living with parents includes Year 5 students that reported living with relatives other than parents or stepparents.

4
The presence of siblings in the home was not germane to the categorisation of family structure.

Figure 4.4 presents Year 5 students’ household structure by ethnic grouping (see also Table D.4) in Appendix D).

In all main ethnic groupings the majority of students lived in a two-parent family environment (with or without others), ranging from 81 percent of Pakeha/European to 71 percent of Maori students. However, almost a quarter (24%) of Maori students lived in one-parent households (with or without others), as did 20 percent of Pacific, 19 percent of Asian and 15 percent of Pakeha/European students.

The most common structure of the two-parent household in which Pakeha/European, Maori, and Asian students lived was a nuclear family household (ie possibly with siblings but without extended family or non-relatives). Pacific students, on the other hand, were more likely to be living in an extended family household with other relatives and/or non-relatives.

Figure 4.4
Proportion of Year 5 students by household structure and ethnic grouping for 1998
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Figure 4.5 provides a graphical illustration of the mean achievement scores (with standard errors) for Year 5 students in each of the household structures (see Table D.5 in Appendix D for details). While the analysis is interesting, it is descriptive only and no causal relationship has been demonstrated or implied.

Figure 4.5
Year 5 students’ mean mathematics and science scores by household structure for 1998
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The data points are the mean scores. The vertical lines extending from the data points show the 95% confidence interval around the mean, ie ± 2 standard errors.
Household size

Students were also asked to indicate the total number of people living in their home. In 1998, over three-quarters of students reported living in homes ranging from four to six people, with 97 percent residing in households of between two and eight. The corresponding results in 1994 were almost identical.

In 1998, eight percent of Pacific Year 5 students resided in households of nine or more people compared with three percent across the other ethnic groupings. In 1994 there were 14 percent of Maori, 11 percent of Pacific, five percent of Asian and one percent of Pakeha/European students living in households of nine or more. Thus, compared with 1994, there were proportionally fewer students from every ethnic grouping, except Pakeha/European, residing in such large households. This difference was especially marked for Maori students.

Social and economic background

Numerous national and international studies have identified a positive relationship between the socio-economic status (SES) of student households and student achievement in schools. That is, students from a high SES background tend to achieve better on a range of indicators (Fergusson et al, 1991; Lapointe et al, 1992a & 1992b; Caygill, 1993; Nash & Harker, 1994; and Martin 1996a, 1996b & 1997).

The SES of students is normally measured by collecting information on the parents’ occupations, education and income. However, in many countries it is not possible to obtain reliable information on parental income, occupation or education. Therefore surrogate measures of educational resources and wealth were used based on variables such as the number of books in the home, the presence of a computer, dictionary, study desks, calculators and certain non-essential items in the home. The following discussion examines these variables and their relationship to achievement.

Books in the home

The number of books in the home provides an indicator of household literacy resources. In previous IEA studies, home literacy resources have been found to be strongly associated with student achievement (Elley, 1992; May & Wagemaker, 1993; and Martin, 1997). In 1994 and 1998 students were asked to estimate the number of books in their home. Students’ responses have been grouped into three categories and are presented in Table 4.3.

Table 4.3
Proportion of Year 5 students’ estimates of the number of books in their homes for 1994 and 1998
	Number of books in the home
	Proportion of students (%)

	
	1994
	1998

	25 or less
	16
	18

	26-100
	22
	26

	More than 100
	62
	56


The proportions for 1998 were, with one exception, quite similar to those observed in 1994. The one exception was the six percentage point decrease in the proportion of students indicating they had more than 100 books; this decrease was largely attributed to the change in the ‘more than 200’ books category. A possible reason for the drop in the largest category of books is that certain books are being replaced by the computer as an informational resource in homes.

Figure 4.6 illustrates the positive relationship between the number of books in the home and mean mathematics and science scores for Year 5 students in 1998. That is, the highest mean scores in mathematics and science were achieved by students with the most books in the home. The differences in mean scores between the lowest and highest performing groups of students were statistically significant for both mathematics and science (a=0.05). (See also Table D.6 in Appendix D for the mean scores and standard errors for both 1994 and 1998.)

Figure 4.6
Year 5 students’ mean mathematics and science scores for 1998, by the number of books in the home
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In 1998, about two-thirds of Pakeha/European students indicated that they had more than 100 books in their home compared with 44 percent of Maori and Asian students, and 37 percent of Pacific students. Conversely, nine percent of Pakeha/European reported having 25 or fewer books in the home compared with 29 percent of Maori, 32 percent of Asian and 42 percent of Pacific students (see Table D.7 in Appendix D).

Educational resources

Findings from 1994 showed that students from homes with a wide range of educational resources such as computers had, on average, higher achievement in mathematics and science than students who did not (eg Martin et al, 1997 and Mullis et al, 1997). This section presents the proportions of students reporting they had computers and three additional educational resources in their homes in 1998 only. The relationship between these resources and achievement is also investigated.

Computers in the home

In 1998, two-thirds of Year 5 students reported having a computer in the home, an increase of 13 percentage points since 1994. The increase was generally about the same for each of the four main ethnic groupings (between 10 and 14 percentage points). Proportionally more Asian and Pakeha/European students had computers at home in 1998 (76% and 73% respectively) than Maori or Pacific students (54% and 45% respectively).

Table 4.4 presents Year 5 students’ mean mathematics and science scores by the presence of a computer in the home. As expected, in both mathematics and science there was a statistically significant difference between the mean score of students who had a computer at home and those who did not.

Table 4.4
Year 5 students’ mean mathematics and science scores, by a computer in the home for 1998

	Computer
	Proportion of students (%)
	Mean scores (se)

	
	
	Mathematics 
	Science

	Yes 
	66
	495 (5.2)
	530 (5.3)

	No
	34
	456 (7.1)
	486 (7.7)


Note: (se) Standard errors appear in parentheses.

Dictionary, Study Desk and Calculator in the home

Students were asked whether they possessed three additional core educational aids in the home: a dictionary, a study desk for personal use, and a calculator. As shown in Table 4.5 three quarters of students reported possessing all three items in 1998. The proportions varied by ethnicity, with 83 percent of Asian, 78 percent of Pakeha/European, 71 percent of Maori and 56 percent of Pacific students reporting possession of all three of these items. Table 4.5 also shows the considerable (statistically significant) difference between the mean mathematics and science scores of those who possessed all three items and those who had less than all three items.

Table 4.5
Year 5 students’ mean mathematics and science scores, by three educational possessions in the home for 1998
	Possession of dictionary, study desk and calculator
	Proportion of students (%)
	Mean scores (se)

	
	
	Mathematics
	Science

	Yes
	75
	497 (4.6)
	532 (5.0)

	No
	25
	446 (9.2)
	472 (8.8)


Note: (se) Standard errors appear in parentheses.
Non-essential items in the home

Non-essential items (like videos or dishwashers) are more likely to be found in high SES homes and therefore students from these homes would be expected to have higher mathematics and science scores. From 1994 to 1998 there was generally an increase in the proportions of Year 5 students indicating the presence of non-essential items in the home. Table 4.6 lists the home possessions showing more than five percentage points growth between 1994 and 1998. In contrast, there were three home possessions displaying small decreases over the same period — ‘musical instruments’, ‘video games’ and ‘encyclopaedias’.

On average those students with non-essential items in the home achieved higher mathematics and science scores in 1998. For example, the 14 percent of students who had all of the items listed in Table 4.6 had significantly higher mean mathematics and science scores (512 and 546 respectively) than those who had only some or none of these items (480 and 514 respectively).
Table 4.6
Proportion of Year 5 students with the home possessions for 1994 and 1998
	Home possessions with >5% increase between 1994 and 1998
	Proportion of students (%)

	
	1994
	1998 

	CD player
	67
	86

	Video camera
	34
	40

	Microwave
	79
	85

	Dishwasher
	50
	61

	Two bathrooms
	33
	39

	Mobile/cellular phone
	47
	65


Out-of-school activities

Year 5 students were asked to indicate how much time they spent on a range of out-of-school activities, including time on homework, on a normal school day.

Leisure activities

Leisure activities are examined for a number of reasons. On the one hand, leisure activities may provide positive educational experiences (eg improving reading skills). On the other hand, engagement in leisure activities may reduce the opportunity to do schoolwork at home. The proportion of students involved in the leisure activities for 1998 is in Figure 4.7.

Figure 4.7
Amount of time Year 5 students spent on leisure activities on a normal school day for 1998

[image: image22.png]



Students were asked to indicate how much time before or after school on a ‘normal school day’ they engaged in the following leisure activities: watching television and videos, playing computer games, playing or talking with friends, playing sports, and reading a book for enjoyment.

There was virtually no change in the proportion of students participating in any of these activities from 1994 to 1998. Watching television or videos continued to be the most popular leisure activity (about 90% of students indicated they spent some time on this activity) whereas computer games proved to be the least frequently occurring activity for Year 5 students (approximately 60% reported this).
Television and video viewing

Previous IEA studies have highlighted the generally negative relationship between excessive television watching and student achievement in general, and mathematics and science achievement in particular (Lamb, 1987; Elley, 1992; Caygill, 1993; and Martin 1996a, 1996b & 1997). Thus, examining the television viewing results in more detail was important.

Gender analyses for 1998 show little difference in the overall proportions of Year 5 boys and girls watching television. However, there were more boys (19%) than girls (13%) in the ‘heaviest’ viewing category (more than four hours a day). In addition, 35 percent of girls watched television for ‘1-2 hours’ compared with 30 percent of boys. For more details about the results in both 1994 and 1998 see Table D.8 in Appendix D.

Table 4.7 shows the television and video viewing information by ethnic grouping. In 1994 the proportion of Pacific and Asian students not watching any television on a school day was about twice that of Pakeha/European and Maori Students (19% and 17% compared with 10% and 7% respectively). Four years later, the proportion of students not watching television on a school day ranged from eight percent (Asian) to 13 percent (Pacific). This reflects little change for Pakeha/European and Maori but a reduction for Pacific and Asian, so that the proportions across ethnic groupings are more similar than they were in 1994.

Table 4.7 
Amount of time Year 5 students spent watching television and videos on a normal school day for 1994 and 1998, by ethnic grouping
	
Ethnic grouping
	Television and video watching

	
	1994
	1998

	
	No time (%)
	Less than 1 hr (%)
	1-2 hrs (%)
	3-4 hrs (%)
	More than 4 hrs (%)
	No time (%)
	Less than 1 hr (%)
	1-2 hrs (%)
	3-4 hrs (%)
	More than 4 hrs (%)

	Pakeha/European
	10
	27
	35
	14
	14
	9
	25
	34
	18
	13

	Maori
	7
	23
	24
	19
	28
	9
	25
	27
	15
	24

	Pacific
	19
	24
	21
	7
	29
	13
	24
	28
	12
	23

	Asian
	17
	24
	34
	15
	11
	8
	33
	38
	12
	8


In 1998, Maori and Pacific students (at 24% and 23% respectively) were twice as likely as their Pakeha/European counterparts, and three times as likely as Asian students, to be heavy television viewers (ie watch for more than four hours on a school day). There were similar proportions four years earlier.

In order to examine the relationship between television and video watching and achievement, the time spent watching was collapsed into three broad categories. These were low level — less than an hour a day (including no time), 35 percent of students; moderate level — one to four hours, 49 percent of students; and high level — more than four hours a day, 16 percent of students. Figure 4.8 provides an illustration of the negative association between high levels of television and video watching and achievement in both mathematics and science.

Figure 4.8 
Year 5 students’ mean mathematics and science scores, by the level of television and video watching for 1998
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In both mathematics and science, students who were high level television viewers scored significantly lower mean scores than moderate or low level television viewers. There was no statistical significance in the difference between the mean scores of low and moderate level television viewers in either mathematics or science.

Reading a book for enjoyment

Engaging in reading books, especially at the middle primary level where students are generally shifting from learning to read to reading to learn, can also provide more general academic benefits. Gender and ethnic differences in time spent reading a book for enjoyment are investigated here.

From 1994 to 1998 there was a small increase in the proportion of boys engaging in some reading of books for enjoyment on a normal school day — from 70 to 75 percent. In comparison, the number of girls reading books for enjoyment remained about the same — 88 percent in 1998. For details see Table D.9 in Appendix D.

Table 4.8 provides a breakdown of students’ reports of reading a book for enjoyment on a school day by main ethnic grouping. The largest increase in reading books for enjoyment from 1994 to 1998 was observed for Pacific students (10 percentage points). The proportions of Asian and Maori students engaged in this activity also increased (by 5 and 4 percentage points respectively).

Table 4.8
Amount of time Year 5 students read books for enjoyment on a normal school day for 1994 and 1998, by ethnic grouping

	Ethnic grouping
	Reading a book for enjoyment

	
	1994
	1998

	
	No time


(%)
	Less than 1 hr
(%)
	1-2 hrs 


(%)
	More than 2 hrs
(%)
	No time 


(%)
	Less than 1 hr
(%)
	1-2 hrs 


(%)
	More than 2 hrs
(%)

	Pakeha/European
	18
	49
	22
	11
	17
	47
	23
	13

	Maori
	29
	44
	16
	11
	25
	45
	17
	13

	Pacific
	27
	38
	22
	13
	17
	39
	24
	20

	Asian
	15
	44
	27
	14
	10
	39
	32
	19


Doing odd jobs

Seventeen percent of Year 5 students reported spending no time on ‘odd jobs’ about their home in 1998, about the same as the proportion observed four years earlier. Among those students who responded that they did odd jobs, a slightly higher proportion reported spending less than one hour in 1998 (56%) than was the case in 1994 (53%) but this was offset by a very small reduction at the high end (ie more than two hours a day) over the same period (down from 10% to 8%).

Homework

Numerous studies have investigated the relationship between homework and student achievement (eg Walberg et al, 1985; Walberg, 1993; Caygill, 1993; and Martin, 1996a, 1996b & 1997). In general, the completion of regular homework provides the opportunity for reinforcement that potentially leads to improved class work. Year 5 students were asked, on a typical school day, how much time before or after school they spent doing mathematics, science, and ‘other’ homework (not mathematics and science).

Higher proportions of Year 5 students in 1998 than in 1994 reported that they spent at least some time on homework in mathematics (up 9 percentage points to 88%), science (up 8 percentage points to 53%), and ‘other’ subjects (up 5 percentage points to 79%). Mathematics is usually taught on a daily basis, while science is typically taught less frequently. This may account for the discrepancy between the proportion of students doing science homework and the proportion doing mathematics homework. Of those students doing homework, the majority were engaged in homework for less than one hour per day in both mathematics and science. Details of these results, including a breakdown by ethnic grouping, are presented in Table D.10 in Appendix D.

Out-of-School Study Time (OST) Index and Achievement

An Out-of-School Study Time (OST) Index was constructed in order to summarise the student information on homework. Similar procedures were used for constructing the index as were used at the lower secondary level and reported in Chamberlain and Walker (2001)3 . Three categories were used to summarise the combined time spent studying before or after school in mathematics, science, and other subjects: low, for less than one hour (including no time); medium, for one to 2.5 hours a day; and high, for more than 2.5 hours per day on homework. Fifteen percent of students were at the low level of the index compared with 58 percent at the medium and 26 percent at the high levels.

As Figure 4.9 illustrates, the relationship between homework and achievement was not linear – students categorised at the medium level of the OST Index achieved, on average, higher scores in both mathematics and science than students at either the low or high levels of the index.

Figure 4.9 
Year 5 students’ mean mathematics and science scores at each level of the Out-of-School Study Time (OST) Index in 1998
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The students at the high level of the OST Index achieved a lower mean score in science than students at the other two levels. For mathematics, the pattern was similar. One possible explanation is that the students at the high level may have been lower ability students who required more time to complete their homework.

Perceptions and attitudes

This section focuses on Year 5 students’ perceptions and attitudes towards home and school issues in general, and mathematics and science in particular. Positive attitudes and aspirations towards learning and school have been shown to play a crucial role in students’ success in reading, mathematics and science (Caygill, 1993; and Martin, 1996a, 1996b & 1997).

Perceptions of the importance of ‘doing well’

Students were asked to indicate whether or not they, their mothers, and their friends thought it important to do well in mathematics, to do well in science, to be good at sports, and to have time to have fun. Overall, the Year 5 students’ 1998 responses were very similar to the responses from their 1994 counterparts. Figure 4.10 shows their results for 1998.

Figure 4.10 
Year 5 students’ perceptions of their mothers’ and friends’ views, as well their own, on the importance of doing well for 1998
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Overall in 1998, the students’ values aligned with their perceptions of their mothers’ values. Fewer students indicated that they thought their friends believed it was important to do well in mathematics and science. The results form a close match to the results in 1994. Doing well in mathematics was consistently rated as being more important than doing well in science, with regard to the student, mother and friends (see Table D.11 in Appendix D for details). The results across each ethnic grouping generally matched those shown in Figure 4.10 (see Table D.12 in Appendix D).

Students’ attitudes towards mathematics

According to Mathematics in the New Zealand Curriculum (Ministry of Education 1992), developing positive attitudes towards mathematics is an integral part of mathematics education. For example, one of the stated aims of mathematics education is to: develop in students the skills, concepts, understandings, and attitudes which will enable them to cope confidently with the mathematics of everyday life (p.8). As well as examining student achievement as an outcome of mathematics education, TIMSS also considers students’ attitudes to mathematics.

Using a four-point rating scale, Year 5 students were asked to indicate the degree to which they supported each of the following statements:

•
I enjoy learning mathematics;

•
Mathematics is boring;

•
Mathematics is an easy subject.

As well, they were asked (again on a four-point scale):

•
How much do you like mathematics?

Year 5 students’ responses to the above statements were combined to form the Positive Attitudes to Mathematics (PATM) Index (refer to Table D.13 in Appendix D for details on students’ responses to each statement/question for both years). Over half (55%) of Year 5 students were found to be at the high level of the PATM Index (ie, they held positive or very positive attitudes towards mathematics). About one-tenth (11%) of students were at the low level of the index (ie, they indicated negative or very negative attitudes towards mathematics). The remaining Year 5 students (34%) were at the medium level of the index (indicating they held mixed views).

A similar (but not identical) index was created for Year 9 students in 1998 (see Chamberlain & Walker, 2001). Notwithstanding the differences in the indices, it is interesting to note that Year 9 students were less likely to have positive attitudes towards mathematics than their counterparts at the middle primary level (34% compared with 55% respectively).

Figure 4.11 illustrates the proportions of Year 5 girls and boys at each level of the PATM Index, alongside their mean mathematics scores. There were similar proportions of each gender at each level of the index. The patterns of mean scores were also broadly similar, although girls classed as having medium attitudes towards mathematics achieved a lower mean score than girls with more negative attitudes towards the subject.

Figure 4.11
Proportion of Year 5 students on the Positive Attitudes Towards Mathematics (PATM) Index and their mean mathematics scores for 1998, by gender
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The high level of the PATM Index denotes positive or very positive attitudes towards mathematics whereas the low level of the index denotes negative or very negative attitudes towards mathematics.
Figure 4.12 illustrates the proportions of Year 5 students in each ethnic grouping at each level of the PATM Index alongside their mean mathematics scores. It is important to note, however, the proportions in each main ethnic grouping at the low level of the index are very small, and therefore the information should be considered as indicative only (see Table D.14 in Appendix D for further details).

Figure 4.12
Proportion of Year 5 students on the Positive Attitudes to Mathematics (PATM) Index and their mean mathematics scores for 1998, by ethnic grouping
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The high level of the PATM Index denotes positive or very positive attitudes towards mathematics whereas the low level of the index denotes negative or very negative attitudes towards mathematics.

The majority of students in each main ethnic grouping scored highly on the PATM Index. Pacific students had the highest proportion with positive attitudes towards mathematics (70%) followed by Asian (65%), Maori (58%), and Pakeha/European students (51%). Very few Year 5 students in any ethnic group scored low on the PATM index (between 6% and 13%). For each ethnic group except Pacific, a positive attitude towards mathematics was associated with a higher mean mathematics score.

Students’ attitudes towards science

As with mathematics education, positive attitudes to science is an integral aspect of science education in New Zealand, particularly in terms of developing students’ confidence and interest in order to encourage continued participation in scientific enquiry.
Using a four-point rating scale, Year 5 students were asked to indicate the degree to which they supported each of the following statements:

•
I enjoy learning science;

•
Science is boring;

•
Science is an easy subject.

As well, they were asked (again on a four-point scale):

•
How much do you like science?

As for mathematics, Year 5 students’ responses to above statements were combined to form an index — the Positive Attitudes to Science (PATS) Index (refer to Table D.15 in Appendix D for details on students’ responses to individual statements.)

Just over half (52%) of Year 5 students were found to be at the high level of the PATS Index (ie, they held positive or very positive attitudes towards science). Approximately one-tenth of students were at the low level of the index (ie, they reported negative or very negative attitudes towards science). The remaining Year 5 students (38%) were at the medium level of the index (indicating they held mixed views).

A similar index was created for Year 9 students in 1998 (see Chamberlain & Walker, 2001). While there are differences between the Year 9 and Year 5 indices, it is interesting that Year 9 students appear less likely to have positive attitudes towards science than their counterparts in Year 5 (28% compared with 52% respectively). 

Figure 4.13 presents the proportions of Year 5 girls and boys at each level of the index along with their mean science scores. Note the similarities of the overall proportions and pattern of mean scores.

Figure 4.13 
Proportion of Year 5 students on the Positive Attitudes Towards Science (PATS) Index and their mean mathematics scores in 1998, by gender
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The high level of the PATS Index denotes positive or very positive attitudes towards science whereas the low level of the index denotes negative or very negative attitudes towards science.
Figure 4.14 illustrates the proportions of Year 5 students in each ethnic grouping at each level of the PATS Index alongside their mean science scores. It is important to note, however, that the proportions in each main ethnic grouping at the low level of the PATS Index are very small and therefore the information should be considered as indicative only (see Table D.16 in Appendix D for further details).

Figure 4.14 
Proportion of Year 5 students on the Positive Attitudes to Science (PATS) Index and their mean science scores for 1998, by ethnic grouping
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The high level of the PATS Index denotes positive or very positive attitudes towards science whereas the low level of the index denotes negative or very negative attitudes towards science.
Approximately half (between 50% and 55%) of the students from each ethnic group scored highly on the PATS Index, indicating positive or very positive attitudes to science. In contrast, only about 10 percent of students scored low on the PATS index across three of the main ethnic groupings, the exception being Asian students where only five percent reported negative attitudes towards science.

Perceived reasons for success in mathematics and science

Year 5 students were asked to indicate (on a four-point scale) the degree to which they considered a variety of factors as leading to success in mathematics and science. Student responses in 1998 are reported in Table 4.9 (see Table D.17 in Appendix D for the 1994 data).

Table 4.9
Proportion of Year 5 students’ level of agreement with reasons for success in mathematics and Science for 1998
	Reasons for success
	Mathematics
	Science

	
	Strongly agree
 (%)
	
Agree
 (%)
	
Disagree (%)
	Strongly disagree
(%)
	Strongly agree
 (%)
	
Agree
 (%)
	
Disagree (%)
	Strongly disagree
(%)

	Lots of natural ability
	37
	46
	13
	4
	41
	44
	13
	3

	Good luck
	29
	28
	24
	19
	31
	28
	24
	18

	Lots of hard work studying at home
	54
	35
	8
	3
	57
	33
	8
	3

	To memorise the textbook or notes
	29
	44
	19
	9
	32
	42
	17
	9


Natural ability

In 1998, more than four-fifths of students either strongly agreed or agreed that natural ability was a reason for success in both mathematics and science. These proportions were virtually unchanged from those observed in 1994. The 1998 results showed that there was little variation across the different ethnic groupings in response to this question for either mathematics or science — ranging in both subjects from 82 to 87 percent. There was little change in the comparable results for mathematics and science from 1994 by ethnicity.

Good luck

There was a seven percentage point decrease (from 66% to 59%) between 1994 and 1998 in the proportion of Year 5 students agreeing that good luck was a reason for success in science. There was a similar sized decrease for mathematics (from 64% to 57%). This is a good sign, perhaps indicating a growing awareness among primary school children that luck plays a minor role in the classroom.
In 1998, about 70 percent of Pacific and Maori students thought that good luck was important in doing well in mathematics, whereas the proportions of Asian and Pakeha/European students that held this view were 58 and 50 percent respectively. The proportions by ethnic grouping were very similar for the same question regarding science. It is notable that Maori and Pacific are markedly more likely to attribute success in mathematics and science to good luck, particularly since they did not perform as well, on average, as Asian or Pakeha/European students.

There were relatively small decreases (from 3 to 7 percentage points) in the proportions of students in three out of the four main ethnic groupings over the four-year period that endorsed good luck as a reason for success in mathematics. Over the same period there was virtually no change in the proportion of Asian students indicating this. All ethnic groupings reported a decrease in support of good luck as a reason for success in science since 1994 — ranging from 12 percentage points for Asian to four percentage points for Maori students.

Studying at home

Approximately 90 percent of students agreed that ‘hard work studying at home’ was important for success in each of mathematics and science in 1998, a small increase since 1994. The proportion of students in each ethnic grouping agreeing with the statement in 1998 was very similar for both mathematics (from 87% to 90%) and science (from 89% to 92%).

Memorising textbook or notes

Approximately three-quarters of Year 5 students in 1998 rated ‘memorising the textbook or notes’ as being important for success in each of mathematics and science. There was little difference between the overall proportions reporting this in 1994.

Examining responses by ethnic grouping, the biggest change that occurred since 1994 was the increase in the proportion of Pacific students indicating agreement with this statement, for mathematics only (from 70% in 1994 to 82% in 1998). There was a similar increase for Asian students (from 74% in 1994 to 82% in 1998) who agreed memorising was important for science.
School environment
This final section briefly summarises Year 5 students’ perceptions and experiences of negative social elements of the school context. Students were asked to indicate whether or not during the last month they, or their friends, had something stolen by another student or thought another student would hurt them. As Table 4.10 shows there was little change between 1994 and 1998 in the overall proportions of students responding that these negative experiences had occurred.

Table 4.10 
Proportion of Year 5 students reporting particular events occurring to themselves or their friends in 1994 and 1998
	In the last month
at school
	Proportion of students reporting yes (%)

	
	1994
	1998

	Something of mine was stolen
	46
	42

	Some of my friends had things stolen
	53
	49

	I thought another student might hurt me
	36
	39

	Some of my friends were hurt by other students
	56
	54


Theft

Overall in 1998, 42 percent of students reported that something of theirs was stolen in the preceding month, and 49 percent of students indicated that their friends had things stolen. This represented a decrease of four percentage points for both questions since 1994.

In 1998, Maori Year 5 students were most likely to indicate that something of theirs was stolen (49%) and Pakeha/European students least likely (38%). The main area of change since 1994 was the decrease in theft reported by Pakeha/European and Maori (of 6 and 4 percentage points respectively). For more details refer to Table D.18 in Appendix D.

Bullying

In 1998, 39 percent of Year 5 students indicated that they “thought another student might hurt” them in the preceding month at school, virtually the same proportion as in 1994. It is important to bear in mind that the phrase “might hurt me” indicates a belief rather than an actual event. Moreover, as bullying can be non-physical, it is unclear whether students responded with this in mind when they were considering “hurt me”.

There continued to be differences among ethnic groupings in responding to this question. For example, in 1998, approximately 40 percent of Pakeha/European, Maori, and Pacific students reported they thought they might be hurt by other students in the preceding month at school, compared with about one-third of Asian students. There were small increases between 1994 and 1998 in the proportion of students in three of four ethnic groupings reporting this — Pakeha/European, Asian and Pacific (3, 6 and 8 percentage point increases respectively). There was no change in the proportion of Maori students reporting this feeling between 1994 and 1998. See Table D.19 in Appendix D for details.

There were no statistically significant differences in the mean mathematics or science scores between those students who thought they might be hurt at school in the last month and those who did not. For more details refer to Table D.20 in Appendix D.

1
The analyses in this chapter have been adjusted to exclude missing data – in all cases this is less than 10 percent.

2
The proportions reported in this chapter for 1994 may differ from those reported by Martin (1997). This is due to the fact that when first reporting the information collected in 1994, the responses from standards 2 and 3 students were often combined. The responses were also from those students who completed a student questionnaire regardless of whether or not they participated in the mathematics and science assessment. The 1994 (and 1998) background information presented here is based on those responses from just the Year 5 (standard 3) students who also took part in the assessment component of the study.

3
Also see Martin et al, 2000 or Mullis et al, 2000. 

CHAPTER 5: Summary

This report provides a descriptive summary of New Zealand Year 5 students’ mathematics and science achievement results from a 1998 study based on the Third International Mathematics and Science Study (TIMSS-94). As elaborated upon in Chapter 1, while the TIMSS-94 study involved 26 countries at the middle primary level, New Zealand was the only country to participate at this level in 1998. Thus no international results were available for inclusion in this report. Nevertheless, the national results provide a useful interim indicator of mathematics and science performance at the middle primary level until the next TIMSS study at this level in 2003. The 1998 study (TIMSS-98) allowed us to investigate any changes in achievement at this level over the intervening four years.

The relatively poor international performance of New Zealand nine-year-olds in mathematics and, to a lesser extent, science was highlighted by the media after the release of the TIMSS-94 results in 1997. These results led to the establishment of the Mathematics and Science Taskforce which made a series of recommendations aimed at improving achievement. These included the development of classroom resources and professional development for primary teachers. The impact of these changes may be assessed by future studies.

Year 5 student achievement in a national context

Chapters 2 and 3 provided an outline of mathematics and science performance of Year 5 students in comparison to their Year 5 counterparts in 1994 across a number of sub-populations (eg, gender and ethnic grouping).

Overall, there was a small non-significant increase in the mean mathematics achievement of students between 1994 and 1998. Boys in 1998, on average, performed significantly better in mathematics than their male counterparts in 1994, with Maori boys recording the most notable improvement over this period. On average in 1998, the mathematics achievement level of Year 5 girls was about the same as their counterparts in 1994.

Overall, there was a small non-significant improvement in mean science achievement between 1994 and 1998. The science performance of boys improved significantly over this period, but there was no change in the achievement of Year 5 girls. Maori and Asian students recorded non-significant gains in mean science performance between 1994 and 1998. The improved science performance of Maori boys over the four-year period meant that the significant difference in favour of Maori girls evident in 1994 was no longer apparent in 1998.

In the case of both mathematics and science, there was a marked decrease between 1994 and 1998 in the difference between the mean achievement of those students who reported speaking English frequently in the home and those who rarely did.

There was little overall change in the relative strength and weakness of student achievement on the mathematics content reporting categories between 1994 and 1998. Data Representation, Analysis and Probability was still the strongest area and Whole Numbers the weakest.

For the science content reporting categories Year 5 students in 1994 and 1998 performed at a similar level in Earth Science and Life Science. In both years Physical Science was identified as an area of relative weakness.

The results presented here for TIMSS-98 are reinforced by reports from the National Education Monitoring Project (NEMP). NEMP provides assessment results using representative samples of students (including Year 4 students), testing all the curriculum areas on a four-yearly cycle which began in 1994. Trend information for science is now available after the collection of data in 1995 and 1999 (Crooks and Flockton, 2000). While Year 4 students’ achievement overall had improved across all areas of the science curriculum, the performance of girls relative to boys was poorer over this period. The NEMP results also show that the improvement shown by Maori was quite marked and that most students held positive attitudes towards science.

NEMP trend information for mathematics is not yet available. The main highlight from the first study in 1997 was that Maori Year 4 students were significantly outperformed by their non-Maori counterparts on 80 percent of the assessment tasks. As with science, however, most students held positive attitudes towards mathematics (Flockton and Crooks, 1998). There were some similarities in the Year 4 NEMP findings for both science and mathematics compared to the Year 5 results in this report.

Year 5 student background characteristics, attitudes and beliefs

Chapter 4 described the contextual variables (from the Student Questionnaire) of Year 5 students in relation to their mathematics and science achievement. These included such factors as home language, literacy resources in the home, attitudes towards and self-concepts in mathematics and science, and school environment. In addition to cognitive factors, these contextual variables have been shown to play an important role in student achievement.

Overall, there was little change in the demographic profile and household composition details of students between 1994 and 1998. There was also little change in the proportion of students who spoke English only rarely at home over the intervening four-year period.

Literacy resources (books) in the home proved again to be a good indicator of students’ achievement in mathematics and science. 

More Year 5 students reported that they undertook mathematics and science homework in 1998 than in 1994 (approximately 10 percentage points more in both subjects). A greater proportion of Asian students than students in the other three main ethnic groups reported undertaking mathematics and science homework in 1998.

Watching television was the most common leisure activity for Year 5 students in both 1994 and 1998. There was also a 13 percentage point increase in the number of computers found in students’ homes between the two reporting periods.

Finally, and importantly, over half of Year 5 students held positive attitudes towards both mathematics and science in 1998. Only about 10 percent of students held negative views towards these subjects. Proportionally more Pacific and Asian students indicated positive attitudes towards mathematics than did their Pakeha/European and Maori counterparts.

APPENDIX A: Notes for Chapter 1

New Zealand’s participation in IEA studies
Both TIMSS studies were conducted under the auspices of The International Association for the Evaluation of Educational Achievement (IEA), which is an independent cooperative of national research institutions with its headquarters based in Amsterdam, the Netherlands. The Lynch School of Education at Boston College, Massachusetts in the United States, managed the day-to-day research activities in the TIMSS-98 study (including the re-scaling of the original TIMSS-94 data). The IEA Data Processing Centre in Hamburg, Germany also provided assistance with the cleaning of the New Zealand data.

In New Zealand, the Ministry of Education is the member institution of IEA. The Ministry makes the decision about whether or not to participate in a particular study, and is responsible for the conduct of the study nationally. The first IEA study New Zealand took part in was the Six-subject Study in 1970-71, which included science. Other related studies that New Zealand participated in were the Second International Mathematics Study (1980-82), Computers in Education (1989), its successor the Second Information Technology in Education Study (1998), the Third International Mathematics and Science Study (1994) and its repeat (1998).

New Zealand reports

There are two national reports for TIMSS-98 focusing on mathematics and science achievement and student background information. This one looking at Year 5 results at a national level, and the year 9 report with both international and national results.

A total of six national TIMSS-94 reports were published by the Ministry of Education between 1996 and 1998:

•
Mathematics Performance of New Zealand Form 2 and Form 3 Students (Garden, 1996a);

•
Science Performance of New Zealand Form 2 and Form 3 Students (Garden, 1996b);

•
Mathematics and Science Performance in Middle Primary School (Garden, 1997a);

•
Performance Assessment (Garden, 1997b);

•
Mathematics and Science Literacy in the Final Year of Schooling (Garden, 1998);

•
Student Performance on Open-Ended Questions (Chamberlain et al, 1998).

International reports
The International Study Centre, based at Boston College, is responsible for the publication of the TIMSS-98 international reports. They also produced 10 major volumes for TIMSS-94 about student achievement (Beaton et al, 1996a and 1996b; Martin et al, 1997 and Mullis et al, 1997; Harmon et al, 1997; Mullis et al, 1998; Martin et al, 1999; Martin and Kelly, 1996 and 1997; and Martin and Mullis, 1996).

The curriculum analysis results for TIMSS-94 were published from Michigan State University (Schmidt et al, 1997a and 1997b). In addition, a series of monographs were published by a team from the University of British Columbia in Vancouver (Robitaille et al, 1993; Robitaille and Garden, 1996; Howson, 1995; and Orpwood and Garden, 1998).

APPENDIX B: Reference Tables for Chapter 2

Mathematics achievement
The following tables present scores based on Item Response Theory (IRT). In addition, Year 5 students’ performance in mathematics for the trend and released items based on mean percent correct scores is also shown.

Table B.1 
Distribution of Year 5 students’ mathematics scores in 1994 and 1998

	Percentiles
	Mathematics scores

	
	Year of assessment

	
	1994
	1998

	5th 
	297
	315

	25th 
	410
	420

	50th 
	479
	487

	75th 
	535
	546

	95th 
	613
	627


Table B.2
Mean percent correct scores for Year 5 students on trend and released mathematics items in 1994 and 1998

	Year of assessment
	Mean percent correct scores (se)

	
	Trend items
	Released items
	Overall

	1994
	61 (0.8)
	49 (1.0)
	53 (0.9)

	1998
	63 (0.8)
	53 (1.0)
	56 (0.9)


Table B.3
Year 5 students’ mean mathematics scores in 1994 and 1998, by gender

	Year of 
assessment
	Mean mathematics scores (se)

	
	Girls
	Boys
	Overall

	1994
	474 (4.3)
	465 (6.1)
	469 (4.4)

	1998
	480 (6.0)
	482 (5.8)
	481 (5.6)


Table B.4
Mean percent correct scores for Year 5 students’ on trend and released mathematics items for 1994 and 1998, by gender

	Year of 
assessment
	Mean percent correct scores on trend items (se)
	Mean percent correct scores on
released items (se)

	
	Girls
	Boys
	Girls
	Boys

	1994
	62 (0.9)
	60 (1.0)
	51 (1.1)
	48 (1.3)

	1998
	63 (1.0)
	63 (0.9)
	53 (1.3)
	52 (1.1)


Table B.5a
Mean effect sizes in mathematics scores for Year 5 students in 1994, by ethnic grouping

	Ethnic grouping
	Maori
	Pacific
	Asian

	Pakeha/European
	0.73
	0.95
	0.11

	Maori
	
	0.16
	(0.56

	Pacific
	
	
	(0.75


Table B.5b
Mean effect sizes in mathematics scores for Year 5 students in 1998, by ethnic grouping

	Ethnic grouping
	Maori
	Pacific
	Asian

	Pakeha/European
	0.65
	0.97
	(0.15

	Maori
	
	0.16
	(0.78

	Pacific
	
	
	(1.08


Table B.6a 
Mean percent correct scores for Year 5 students’ on trend mathematics items in 1994 and 1998, by ethnic grouping

	Year of assessment
	Mean percent correct scores on trend items (se)

	
	Pakeha/European
	Maori
	Pacific
	Asian

	1994
	65 (0.8)
	54 (1.7)
	52 (1.9)
	66 (2.1)

	1998
	67 (0.9)
	57 (1.2)
	51 (2.2)
	71 (1.5)


Table B.6b
Mean percent correct scores for Year 5 students on released mathematics items in 1994 and 1998, by ethnic grouping

	Year of assessment
	Mean percent correct score on released items (se)

	
	Pakeha/European
	Maori
	Pacific
	Asian

	1994
	54 (1.0)
	40 (2.0)
	36 (1.4)
	55 (2.7)

	1998
	58 (1.0)
	44 (1.4)
	39 (2.5)
	63 (3.2)


Table B.7
 Year 5 students’ mean mathematics scores in 1994 and 1998, by ethnic grouping and gender

	Year of assessment
	Mean mathematics score (se)

	
	Pakeha/European
	Maori
	Pacific
	Asian

	
	Girls
	Boys
	Girls
	Boys
	Girls
	Boys
	Girls
	Boys

	1994
	491 (4.6)
	495 (4.9)
	446 (8.1)
	405 (11.2)
	416 (12.3)
	408 (15.0)
	467 (32.2)
	494 (16.3)

	1998
	505 (5.4)
	500 6.0)
	441 (7.7)
	449 (9.1)
	408 (22.0)
	424 (12.3)
	504 (12.6)
	529 (11.7)


Table B.8 
Mean percent correct scores for Year 5 students on trend mathematics items in 1994 and 1998, by ethnic grouping and gender

	Year of assessment
	Mean percent correct scores on trend items (se)

	
	Pakeha/European
	Maori
	Pacific
	Asian

	
	Girls
	Boys
	Girls
	Boys
	Girls
	Boys
	Girls
	Boys

	1994
	65 (1.1)
	65 (1.0)
	58 (1.5)
	50 (2.1)
	52 (2.9)
	52 (1.8)
	65 (3.4)
	68 (3.2)

	1998
	67 (1.0)
	66 (1.0)
	56 (1.2)
	57 (1.6)
	49 (2.6)
	51 (2.8)
	68 (1.9)
	74 (2.1)


Table B.9 
Year 5 students’ mean mathematics scores in 1994 and 1998, by the degree that English is spoken in the home

	The extent to which English was spoken in students’ homes
	1994
	1998

	
	% of 
students
	Mean mathematics score (se)
	% of 
students
	Mean mathematics score (se)

	Always/ almost always
	87
	481 (4.2)
	85
	490 (5.0)

	Sometimes/ never
	13
	404 (8.3)
	15
	441 (10.8)


Table B.10 
Proportion of Year 5 students in 1994 and 1998, by the degree that English is spoken in the home and ethnic grouping

	Ethnic 
grouping
	Always/almost always
spoke English
	Sometimes/never spoke English

	
	1994
% of students
	1998
% of students
	1994
% of students
	1998
% of students

	Pakeha/European
	95
	96
	5
	4

	Maori
	81
	83
	19
	17

	Pacific
	59
	51
	41
	49

	Asian
	47
	32
	53
	68


Table B.11 
Year 5 students’ mean mathematics scores in 1994 and 1998, by the degree that English is spoken in the home and ethnic grouping

	Ethnic
 grouping
	Mean mathematics scores (se)

	
	1994
	1998

	
	Always/almost always
	Sometimes/
never
	Always/almost always
	Sometimes/
never

	Pakeha/European
	498 (3.9)
	422 (12.7)
	505 (5.0)
	462 (13.5)

	Maori
	442 (8.8)
	377 (12.2)
	456 (6.6)
	399 (13.9)

	Pacific
	438 (11.3)
	377 (16.6)
	444 (14.8)
	390 (23.8)

	Asian
	513 (18.5)
	468 (17.0)
	508 (13.8)
	519 (12.4)


Table B.12 
Mean percent correct scores for Year 5 students on trend and released mathematics items in 1994 and 1998, by the degree that English is spoken in the home

	Year of 
assessment
	Mean percent correct scores on trend items (se)
	Mean percent correct scores on released items (se)

	
	Always/almost always
	Sometimes/
never
	Always/almost always
	Sometimes/
never

	1994
	63 (0.8)
	49 (1.5)
	51 (1.0)
	37 (1.8)

	1998
	64 (0.8)
	57 (1.1)
	55 (1.0)
	44 (1.5)


Table B.13 
Year 5 students’ mean scores for each mathematics reporting category in 1994 and 1998

	Year of assessment
	Mean mathematics sub-scale scores (se)

	
	Whole Numbers
	Fractions & Proportionality
	Geometry & Measurement
	Data Representation, Analysis, & Probability

	1994
	456 (4.5)
	472 (4.8)
	479 (4.6)
	499 (4.1)

	1998
	466 (5.6)
	478 (5.8)
	492 (5.3)
	512 (4.3)


Table B.14 
Year 5 students’ mean scores for each mathematics reporting category in 1994 and 1998, by gender

	Year of assessment
	Mean mathematics sub-scale scores (se)

	
	Whole Numbers
	Fractions & Proportionality
	Geometry & Measurement
	Data Representation, Analysis, & Probability

	
	Girls
	Boys
	Girls
	Boys
	Girls
	Boys
	Girls
	Boys

	1994
	459 (4.6)
	452 (6.2)
	475 (4.6)
	470 (6.2)
	485 (4.5)
	472 (6.0)
	510 (4.3)
	488 (4.9)

	1998
	460 (6.0)
	471 (5.9)
	478 (6.2)
	478 (6.1)
	489 (5.4)
	496 (6.0)
	516 (4.7)
	507 (4.5)


Table B.15 
Year 5 students’ mean scores for each mathematics reporting category in 1994 and 1998, by Ethnic grouping

	Ethnic grouping
	Year of 
assessment
	Mean mathematics sub-scale scores (se)

	
	
	Whole Numbers 
	Fractions & Proportionality 
	Geometry & Measurement 
	Data Representation, Analysis & Probability 

	Pakeha/European
	1994
	477 (4.1)
	496 (4.1)
	503 (3.7)
	519 (3.5)

	
	1998
	485 (5.0)
	501 (5.1)
	514 (4.7)
	529 (3.9)

	Maori
	1994
	418 (7.4)
	432 (9.2)
	436 (8.3)
	465 (7.4)

	
	1998
	433 (6.9)
	439 (7.7)
	462 (7.2)
	486 (5.6)

	Pacific 
	1994
	404 (10.1)
	414 (10.1)
	426 (9.2)
	448 (9.9)

	
	1998
	397 (19.0)
	409 (14.7)
	424 (14.3)
	453 (13.3)

	Asian
	1994
	474 (19.5)
	478 (18.4)
	484 (17.0)
	504 (17.2)

	
	1998
	509 (11.5)
	514 (12.3)
	511 (11.0)
	532 (8.6)


Appendix C: Reference Tables for Chapter 3 

Science achievement
The following tables present science scores based on Item Response Theory (IRT). In addition, Year 5 students’ performance in science for the trend and released items based on mean percent correct scores is also presented.

Table C.1
Distribution of Year 5 students’ science scores in 1994 and 1998

	Percentiles
	Science scores

	
	Year of assessment

	
	1994
	1998

	5th 
	310
	336

	25th 
	448
	454

	50th 
	516
	521

	75th 
	576
	582

	95th 
	659
	668


Table C.2
Mean percent correct scores for Year 5 students on trend and released science items in 1994 and 1998

	Year of testing
	Mean percent correct score (se)

	
	Trend items
	Released items
	Overall

	1994
	71 (0.7)
	56 (1.0)
	60 (0.8)

	1998
	73 (0.7)
	56 (0.9)
	62 (0.8)


Table C.3 
Year 5 students’ mean science scores in 1994 and 1998, by gender

	Year of testing
	Mean science score (se)

	
	Girls
	Boys
	Overall

	1994
	511 (4.8)
	499 (7.0)
	505 (5.3)

	1998
	511 (5.9)
	518 (6.6)
	514 (5.9)


Table C.4 
Mean percent correct scores for Year 5 students on trend and released science items in 1994 and 1998, by gender

	Year of testing
	Trend items mean percent correct score (se)
	Released items mean percent correct score (se)

	
	Girls
	Boys
	Girls
	Boys

	1994
	71 (0.7)
	70 (0.8)
	56 (1.0)
	54 (1.3)

	1998
	72 (0.8)
	73 (0.8)
	55 (1.2)
	57 (1.2)


Table C.5a 
Mean effect sizes in science scores for Year 5 students in 1994, by ethnic grouping

	Ethnic grouping
	Maori
	Pacific
	Asian

	Pakeha/European
	0.79
	1.02
	0.44

	Maori
	
	0.15
	-0.32

	Pacific
	
	
	-0.50


Table C.5b 
Mean effect sizes in science scores for Year 5 students in 1998, by ethnic grouping

	Ethnic grouping
	Maori
	Pacific
	Asian

	Pakeha/European
	0.67
	1.13
	0.26

	Maori
	
	0.43
	–0.40

	Pacific
	
	
	–0.87


Table C.6 
Mean percent correct scores for Year 5 students on trend science items in 1994 and 1998, by ethnic grouping

	Year of assessment
	Mean percent correct scores on trend items (se)

	
	Pakeha/European
	Maori
	Pacific
	Asian

	1994
	75 (0.6)
	64 (1.3)
	61 (2.0)
	68 (1.9)

	1998
	76 (0.6)
	67 (1.3)
	61 (1.4)
	74 (1.4)


Table C.7 
Year 5 students’ mean science scores in 1994 and 1998, by gender and ethnic grouping

	Year of assessment
	Mean science scores (se)

	
	Pakeha/European
	Maori
	Pacific
	Asian

	
	Girls
	Boys
	Girls
	Boys
	Girls
	Boys
	Girls
	Boys

	1994
	534 (4.3)
	534 (5.3)
	478 (11.1)
	432 (14.6)
	445 (17.4)
	437 (17.4)
	478 (27.4)
	503 (20.5)

	1998
	539 (5.0)
	543 (6.1)
	478 (8.6)
	477 (9.9)
	428 (18.4)
	443 (15.3)
	501 (14.6)
	535 (11.1)


Table C.8 
Mean percent correct scores for Year 5 students on trend science items in 1994 and 1998, by gender and ethnic grouping

	Year of assessment
	Mean percent correct scores (se)

	
	Pakeha/European
	Maori
	Pacific
	Asian

	
	Girls
	Boys
	Girls
	Boys
	Girls
	Boys
	Girls
	Boys

	1994
	75 (0.7)
	75 (0.8)
	66 (1.4)
	61 (1.7)
	62 (2.5)
	61 (2.5)
	66 (3.4)
	70 (3.1)

	1998
	76 (0.7)
	77 (0.8)
	67 (1.4)
	68 (1.6)
	59 (1.7)
	62 (2.5)
	71 (1.6)
	77 (2.0)


Table C.9 
Year 5 students’ mean science scores in 1994 and 1998, by the degree that English is spoken in the home

	The extent to which
English was spoken in students’ homes
	1994
	1998

	
	Proportion of students (%)
	Mean science score (se)
	Proportion of students (%)
	Mean science score (se)

	Always/ almost always
	87
	519 (5.1)
	85
	526 (5.2)

	Sometimes/ never
	13
	424 (8.2)
	15
	453 (9.7)


Table C.10 
Year 5 students’ mean science scores in 1994 and 1998, by the degree that English is spoken in the home and ethnic grouping

	Home language grouping
	Mean science scores (se)

	
	Pakeha/ European
	Maori
	Pacific
	Asian

	1994
	
	
	
	

	Always/ almost always
	539 (3.7)
	471 (12.4)
	477 (15.4)
	547 (21.3)

	Sometimes/ never
	445 (14.4)
	411 (14.6)
	389 (20.2)
	459 (16.1)

	1998
	
	
	
	

	Always/ almost always
	544 (4.9)
	488 (7.3)
	468 (14.7)
	534 (18.5)

	Sometimes/ never
	481 (17.0)
	426 (14.2)
	405 (16.4)
	509 (11.2)


Table C.11 
Year 5 students’ mean scores for each science reporting category in 1994 and 1998

	Year of assessment
	Mean science sub-scale scores (se)

	
	Earth Science
	Life Science
	Physical Science

	1994
	510 (5.4)
	509 (5.6)
	496 (5.8)

	1998
	528 (6.0)
	522 (5.5)
	506 (5.9)


Table C.12 
Year 5 students’ mean scores for each science reporting category in 1994 and 1998, by gender

	Year of assessment
	Mean science sub-scale scores (se)

	
	Earth Science
	Life Science
	Physical Science

	
	Girls
	Boys
	Girls
	Boys
	Girls
	Boys

	1994
	508 (5.5)
	514 (6.3)
	521 (5.4)
	497 (7.0)
	500 (5.6)
	492 (7.8)

	1998
	516 (6.1)
	541 (6.8)
	526 (5.9)
	519 (6.0)
	501 (5.9)
	511 (6.7)


Table C.12 
Year 5 students’ mean scores for each science reporting category in 1994 and 1998, by Ethnic Grouping

	Ethnic grouping and year of assessment
	Mean science sub-scale scores (se)

	
	Earth Science
	Life Science
	Physical Science

	Pakeha/European
	
	
	

	1994
	536 (4.3)
	538 (4.3)
	527 (4.6)

	1998
	554 (5.2)
	548 (4.9)
	532 (5.2)

	Maori
	
	
	

	1994
	468 (11.1)
	462 (11.8)
	445 (11.4)

	1998
	493 (7.7)
	488 (7.4)
	468 (8.6)

	Pacific
	
	
	

	1994
	448 (13.6)
	447 (15.5)
	429 (14.4)

	1998
	449 (13.8)
	449 (12.6)
	435 (12.2)

	Asian
	
	
	

	1994
	503 (17.4)
	492 (17.0)
	480 (19.2)

	1998
	530 (12.7)
	518 (10.4)
	508 (10.2)


APPENDIX D:  Reference Tables for Chapter 4

The information contained in these tables all refer to the data and discussion on the students in Chapter 4.

Table D.1 
Summary statistics of Year 5 students’ ages for 1994 and 1998

	Statistics
	1994
	1998

	Mean
	10 yrs 0 mths
	10 yrs 0 mths

	Range (99% in this range)
	9 yrs 4 mths – 10 yrs 10 mths
	9 yrs 1 mths – 10 yrs 9 mths


Table D.2 
Proportion of Year 5 students, by the degree that they speak English in the home for 1994 and 1998

	Frequency
speak English
	Proportion of students (%)

	
	1994
	1998

	Always/almost always
	87
	85

	Sometimes/never
	13
	15


Table D.3 
Proportion of Year 5 students, by household composition for 1994 and 1998

	People in the home
	Proportion of students
(%)

	
	1994
	1998

	Mother or female caregiver
	92
	93

	Father or male caregiver
	78
	76

	One or more brother(s)
	66
	63

	One or more sister(s)
	62
	60

	Stepmother or stepfather
	12
	14

	One or more grandparent(s)
	23
	24

	Another relative(s)
	21
	22

	Another person(s)
	14
	13


Table D.4 
Proportion of Year 5 students, by household composition and ethnic grouping for 1994 and 1998

	People in the home
	1994
	1998

	
	Pakeha/ European (%)
	Maori
 
(%)
	Pacific 

(%)
	Asian

(%)
	Pakeha/ European (%)
	Maori 

(%)
	Pacific 

(%)
	Asian 

(%)

	Mother or female caregiver
	94
	89
	85
	93
	95
	90
	88
	92

	Father or male caregiver
	79
	76
	78
	81
	79
	69
	74
	79

	One or more brother(s)
	65
	69
	70
	60
	61
	65
	66
	62

	One or more sister(s)
	61
	63
	66
	55
	58
	61
	70
	49

	Stepmother or stepfather
	10
	19
	11
	2
	13
	18
	21
	7

	One or more grandparent(s)
	19
	30
	40
	22
	19
	29
	35
	29

	Another relative(s)
	16
	32
	30
	19
	15
	31
	47
	25

	Another person(s)
	13
	18
	14
	10
	13
	16
	14
	11


Table D.5 
Year 5 students’ mean mathematics and science scores, by household structure for 1998

	Household structure
	Proportion of students (%)
	Mean achievement scores (se)

	
	
	Mathematics 
	Science 

	Two-parent family
	53
	507   (5.3)
	543   (5.3)

	Two-parent family & others
	25
	454   (6.2)
	487   (6.4)

	One-parent family
	10
	478   (9.7)
	504   (9.6)

	One-parent & others
	8
	440 (10.0)
	467 (11.1)

	Not with parents
	4
	435 (11.6)
	459 (11.7)


Table D.6 
Year 5 students’ estimates of the number of books in their homes for 1994 and 1998, by ethnic grouping

	Number of books
	1994
	1998

	
	Proportion of students
 (%)
	Mean mathematics score (se)
	Mean 
science 
score (se)
	Proportion of students
 (%)
	Mean mathematics score (se)
	Mean 
science 
score (se)

	25 or less
	16
	398 (9.5)
	427 (10.4)
	18
	422 (7.9)
	450 (7.9)

	26-100
	22
	473 (6.2)
	509 (6.2)
	25
	484 (5.5)
	510 (6.3)

	More than 100
	62
	493 (3.9)
	531 (4.7)
	57
	504 (5.3)
	542 (5.2)


Table D.7 
Year 5 students’ mean mathematics and science scores, by the number of books in the home for 1994 and 1998

	Number of books
	Ethnic grouping

	
	Pakeha/ European (%)
	Maori (%)
	Pacific 
(%)
	Asian (%)

	0-10
	
	
	
	

	1994
	2
	18
	13
	14

	1998
	3
	11
	23
	11

	11-25
	
	
	
	

	1994
	6
	13
	17
	17

	1998
	6
	18
	19
	21

	26-100
	
	
	
	

	1994
	21
	22
	31
	23

	1998
	25
	27
	21
	24

	101-200
	
	
	
	

	1994
	26
	18
	13
	12

	1998
	26
	19
	14
	24

	201+
	
	
	
	

	1994
	44
	29
	26
	34

	1998
	40
	25
	23
	20


Table D.8 
Amount of time per day Year 5 students spent watching television and videos on a normal school day for 1994 and 1998, by gender

	Gender
	Television and video watching

	
	1994
	1998

	
	No time (%)
	Less than 1 hr (%)
	1-2 hrs (%)
	3-4 hrs (%)
	More than 4 hrs (%)
	No time (%)
	Less than 1 hr (%)
	1-2 hrs (%)
	3-4 hrs (%)
	More than 4 hrs (%)

	Girls
	9
	29
	32
	15
	14
	10
	27
	35
	15
	13

	Boys
	10
	22
	30
	14
	23
	9
	24
	30
	18
	19


Table D.9 
Amount of time per day Year 5 students spent reading a book for enjoyment on a normal school day for 1994 and 1998, by gender

	Gender
	Reading a book for enjoyment

	
	1994
	1998

	
	No time (%)
	Less than 1 hr (%)
	1-2 hrs (%)
	More than 2 hrs (%)
	No time (%)
	Less than 1 hr (%)
	1-2 hrs (%)
	More than 2 hrs (%)

	Girls
	13
	49
	24
	14
	12
	46
	26
	16

	Boys
	30
	44
	17
	9
	25
	45
	18
	12


Table D.10 
Amount of time per day Year 5 students spent on their homework for 1994 and 1998, by ethnic grouping

	Type of homework & ethnic grouping
	1994
	1998

	
	No time (%)
	Less than 1 hr (%)
	1-2 hrs (%)
	More than 2 hrs (%)
	No time (%)
	Less than 1 hr (%)
	1-2 hrs (%)
	More than 2 hrs (%)

	Mathematics homework

	All Students
	21
	54
	18
	7
	12
	56
	23
	9

	Pakeha/ European
	19
	58
	18
	5
	11
	62
	22
	5

	Maori
	27
	47
	16
	10
	15
	53
	22
	11

	Pacific
	20
	42
	25
	13
	22
	33
	23
	22

	Asian
	11
	37
	35
	17
	6
	45
	36
	13

	Science homework

	All Students
	55
	32
	9
	4
	47
	37
	12
	4

	Pakeha/ European
	55
	34
	9
	3
	48
	40
	10
	2

	Maori
	58
	26
	10
	6
	46
	35
	13
	5

	Pacific
	47
	34
	10
	9
	47
	24
	17
	12

	Asian
	47
	35
	12
	6
	36
	39
	21
	4

	Other homework

	All Students
	26
	45
	21
	8
	21
	47
	22
	10

	Pakeha/ European
	24
	49
	20
	7
	21
	49
	23
	7

	Maori
	31
	38
	22
	9
	22
	45
	19
	14

	Pacific
	26
	38
	21
	15
	22
	37
	21
	20

	Asian
	23
	42
	23
	12
	15
	50
	26
	8


Table D.11 
Year 5 students’ perceptions on the importance of doing well based on the opinions of their mother, friends and self for 1994 and 1998

	It is important to …
	Student perceives mother thinks it is important
(%)
	Student perceives friends think it is important
(%)
	Student thinks it is important
(%)

	
	1994
	1998
	1994
	1998
	1994
	1998

	…do well in mathematics at    school
	95
	96
	76
	78
	96
	96

	…do well in science at school
	90
	92
	67
	68
	90
	93

	…be good at sports
	87
	87
	88
	88
	91
	90

	…have time to have fun
	92
	94
	96
	96
	95
	97


Table D.12 
Year 5 students’ perceptions on the importance of doing well based on the opinions of their mother, friends and self for 1994 and 1998, by ethnic grouping

	Year and ethnic grouping
	Student perceives mother thinks it is important (%)
	Student perceives friends think it is important (%)
	Student thinks it is important
(%)

	
	It is important to…
	It is important to…
	It is important to …

	
	…do well in mathe-matics (%)
	…do well in science (%)
	…be good at sports (%)
	…have time for fun (%)
	…do well in mathe-matics (%)
	…do well in science (%)
	…be good at sports (%)
	…have time for fun (%)
	…do well in mathe-matics (%)
	… do well in science (%)
	…be good at sports (%)
	…have time for fun (%)

	1994

	Pakeha/ European
	96
	91
	86
	94
	74
	66
	87
	96
	96
	91
	90
	97

	Maori
	95
	89
	90
	91
	78
	69
	90
	95
	95
	90
	92
	93

	Pacific 
	91
	84
	86
	87
	81
	66
	88
	90
	95
	87
	93
	92

	Asian
	98
	90
	82
	83
	72
	64
	84
	98
	95
	88
	90
	92

	Other
	92
	88
	84
	89
	83
	70
	89
	93
	93
	94
	85
	92

	1998

	Pakeha/ European
	97
	92
	86
	96
	76
	67
	89
	97
	96
	94
	89
	98

	Maori
	95
	90
	91
	94
	79
	66
	89
	96
	96
	91
	91
	97

	Pacific 
	95
	90
	87
	87
	84
	72
	87
	93
	97
	92
	92
	90

	Asian
	98
	92
	79
	87
	77
	71
	77
	96
	97
	94
	87
	93

	Other
	100
	95
	90
	93
	81
	76
	82
	97
	99
	94
	90
	97


Table D.13 
Proportion of Year 5 students’ attitudes towards mathematics for 1994 and 1998

	Statements about mathematics
	1994
	1998

	
	Dislike a lot or strongly disagree (%)
	Dislike or disagree 


(%)
	Like or agree 


(%)
	Like a lot or strongly agree 
(%)
	Dislike a lot or strongly disagree (%)
	Dislike or disagree 


(%)
	Like or agree 


(%)
	Like a lot or strongly agree 
(%)

	I like mathematics
	10
	9
	35
	47
	6
	9
	39
	46

	I enjoy learning mathematics
	7
	11
	37
	45
	3
	9
	41
	47

	Mathematics is boring
	42
	31
	14
	14
	43
	31
	15
	11

	Mathematics is an easy subject
	12
	34
	33
	21
	8
	36
	38
	18


Table D.14 
Proportion of Year 5 students on the PATM index for mathematics in 1998, by ethnic grouping

	Ethnic grouping
	Year 5 students at each level
of the PATM Index in 1998

	
	Low 
(%)
	Medium
(%)
	High 
(%)

	Pakeha/European
	13
	36
	51

	Mäori
	8
	34
	58

	Pacific
	6
	24
	70

	Asian
	7
	29
	65


Table D.15 
Proportion of Year 5 students’ attitudes towards science for 1994 and 1998

	Statements about science
	1994
	1998

	
	Dislike a lot or strongly disagree (%)
	Dislike or disagree


 (%)
	Like or agree


 (%)
	Like a lot or strongly agree 
(%)
	Dislike a lot or strongly disagree (%)
	Dislike or disagree 


(%)
	Like or agree


 (%)
	Like a lot or strongly agree 
(%)

	I like science
	9
	8
	37
	46
	6
	11
	41
	42

	I enjoy learning science
	9
	9
	36
	47
	6
	11
	41
	43

	Science is boring
	47
	33
	10
	10
	44
	36
	12
	8

	Science is an easy subject
	17
	33
	32
	19
	14
	38
	33
	15


Table D.16 
Proportion of Year 5 students on the PATS index and their science scores in 1998, by ethnic grouping

	Ethnic grouping
	Year 5 students at each level
of the PATS Index in 1998

	
	Low
(%)
	Medium
(%)
	High
(%)

	Pakeha/European
	10
	37
	53

	Mäori
	10
	40
	50

	Pacific
	9
	36
	55

	Asian
	5
	43
	52


Table D.17 
Proportion of Year 5 students level of agreement with reasons for success in mathematics and science in 1994

	Reasons for success
	Mathematics
	Science

	
	Strongly agree 
(%)
	Agree

(%)
	Disagree 

(%)
	Strongly disagree
(%)
	Strongly agree 
(%)
	Agree

 (%)
	Disagree 

(%)
	Strongly disagree 
(%)

	Lots of natural ability
	39
	45
	11
	6
	43
	41
	11
	6

	Good luck
	37
	27
	20
	16
	36
	30
	18
	16

	Lots of hard work studying at home
	55
	32
	8
	6
	55
	32
	8
	6

	To memorise the textbook or notes
	32
	40
	18
	10
	34
	38
	16
	12


Table D.18 
Proportion of Year 5 students or their friends who had something stolen in the last month for 1994 and 1998, by ethnic grouping

	Ethnic grouping
	Proportion of students reporting yes (%)

	
	Something of mine was stolen
	Some of my friends had things stolen

	
	1994
	1998
	1994
	1998

	Pakeha/European
	44
	38
	52
	46

	Maori
	53
	49
	58
	55

	Pacific
	44
	45
	57
	59

	Asian
	41
	41
	38
	40

	Other
	47
	35
	56
	51


Table D.19 
Proportion of Year 5 students or their friends who had been hurt in the last month for 1994 and 1998, by ethnic grouping

	Ethnic grouping
	Proportion of students reporting yes (%)

	
	I thought another student might hurt me
	Some of my friends were hurt by other students

	
	1994
	1998
	1994
	1998

	Pakeha/European
	36
	39
	53
	51

	Maori
	38
	38
	64
	63

	Pacific
	33
	41
	58
	64

	Asian
	27
	33
	44
	51

	Other
	41
	28
	64
	47


Table D.20 
Year 5 students’ Mean Mathematics and science scores, by whether or not another student might hurt them at school in the last month for 1994 and 1998 

	At school in the last month I thought another student might hurt me

	Response
	Mathematics Mean Score (se)
	Science Mean Score
(se)

	Yes
	475 (6.2)
	508 (6.5)

	No
	489 (5.5)
	521 (6.1)


Appendix E: Technical Notes

TN.1: Summary of the scaling process

As outlined in the introduction, TIMSS-98 makes use of a multiple-matrix sampling whereby students answer subsets of items from a larger pool of test items. Psychometric scaling techniques based on Item Response Theory enable population estimates to be generated even though students do not respond to all of the same achievement items. The Item Response Theory scaling used in TIMSS-98 uses the plausible value methodology to produce estimates of student proficiency in mathematics and science. 

Essentially, the following steps were taken to generate the overall mathematics and science scores as well as the scale scores for the subtopics for each subject:

1.
Scaling — each assessment item is examined against a model which expresses the probability that respondents with different abilities will achieve a certain score on the item. Three Item Response Theory models are used corresponding to the three types of test items.


For multiple-choice items a three parameter logistic model was used, which characterises the item in terms of difficulty, discrimination and the possibility of guessing. For dichotomous open-response items a two parameter logistic was used (the possibility of guessing is discounted). For polychotomous items, a generalised partial credit model was used, which factors in the different scores available to respondents (eg 0, 1, 2 and 3 rather than just right or wrong). 

2.
Generating plausible values — to acknowledge the measurement error surrounding the assessment of an individual’s abilities, five separate ability estimates are made for each individual. These estimates are referred to as ‘plausible values’ and are based on information from student achievement, background data and the item parameters. Together, these plausible values are used to determine unbiased population estimates.

3.
Transforming the scaled scores on to a reporting scale. For reporting purposes the scaled scores are transformed onto a more accessible reporting scale with a mean of 500 and standard deviation of 100.

The information in this note has largely been adapted from Johnson (1998). The interested reader is referred to Martin et al (2000) for a comprehensive explanation of the scaling process.

TN.2: standard error and the jackknife Repeated replication method

Due to the complexity of the design of TIMSS-98 the calculation of standard errors is not as straight forward as it is for a study which uses simple random sampling. Not only is there the issue that each student receives five imputed values (see Technical Note TN.1) for each of the scales used to estimate their underlying ability, there is also a sampling ‘cluster effect’ to consider.  This effect arises because children are selected from schools in clusters (intact classrooms) and individuals in a cluster tend to have more similar characteristics than individuals chosen randomly from a population.  The cluster effect effectively reduces the efficiency of the sample.

Because of these complexities standard errors must be estimated using numerical algorithms, which amount roughly to ‘simulating’ variations in the sampling of class groups, for example by successively leaving whole classes out of the sample, and calculating how the mean is affected. There are a number of different numerical methods or algorithms available for estimating standard errors. The TIMSS studies use the Jackknife Repeated Replication method (Gonzalez & Foy, 2000).

TN.3: significance testing

[image: image65.png]


Throughout this report, differences have been described as statistically significant where a = 0.05 (95% confidence). Although some results were highly statistically significant (eg p < 0.01) these have not been explicitly identified in this report. Conservative methods have been used to calculate the significance of differences between mean scores achieved by different population groups. The use of conservative methods increases confidence that where differences are reported as significant they have not occurred by chance. That is, there is less likelihood of making a Type I error of rejecting a null-hypothesis of ‘no differences between the groups’ when it should be accepted. Conversely, however, there is an increased likelihood of making a Type II error — that is accepting a null-hypothesis of ‘no differences between the groups’ when it should be rejected. This needs to be considered when interpreting the statistics presented in this report.

The t statistic was calculated using:

Note that t may be slightly under estimated for some groups because of the assumption that population groups have been independently sampled. For example, the sample of boys and the sample of girls are not completely independent and it would be more accurate to jackknife the differences between boys and girls. However, due to time constraints on reporting these data, the above formula, assuming sample independence, was applied uniformly. The results reported here are thus consistent with the use of conservative methods when examining differences between groups (there is less likelihood of making a Type I error).

TN.4: Multiple comparisons of means

When making a comparison between two means the value of t must be at least equal to the critical value 1.96 for a  0.05 (2-tailed). However, in cases where there are more than two means being compared, there are more sources of measurement error to be considered. There are a number of ways to correct for this; in this report the Dunn-Bonferroni procedure has been used. Essentially, this procedure raises the critical value that t must reach before the (multiple) comparisons can be considered statistically significantly different at the five percent level. 

It was sometimes the case, however, that when the achievement means of two groups were compared, after adjusting the significance test for multiple comparisons the differences were found to be not statistically significant; yet if the same groups’ means had been compared in isolation the difference would have been considered statistically significant. In other words a Type II error may have occurred whereby the null-hypothesis of ‘no difference’ is accepted when in fact it is possible that there is sufficient evidence to confidently reject the null-hypothesis. 

Take, for example, the science achievement means of Pakeha (541) and Asian (517). Analysis of this difference yields a t of 2.16. If these two group-means were compared in isolation it could be said they are significantly different because t exceeds the critical value of 1.96 (a = 0.05, 2-tailed). However, in this report, these groups’ means are compared alongside two other groups’ means and are not found to be significantly different from each other, as the critical value has been raised to 2.64 to compensate for the measurement errors inherent in the six comparisons.

TN.5 Effect Sizes
As well as determining whether differences in mean achievement are statistically significant it is useful to give an impression of the magnitude of the difference. One way of doing this is through the use of effect sizes. There are various ways of calculating and using effect sizes (Rosenthal, 1994). For the purpose of this report we have used the following method.

Calculating the effect size
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Firstly the within, pooled standard deviation (sw) of the two groups being compared is calculated for each of the five imputed scale scores using:

Where:

Wi 
is the sample weight of group i
si
is the standard deviation of the scale score of group i
[image: image67.png]


Then the effect size between the two groups, Cohen’s d, is calculated for each of the five imputed scale scores using:
Where:

Xi
is the mean imputed scale score of group i
The final effect size figure reported in this report is the mean effect size of the five imputed scale scores.

Interpreting the effect size

When interpreting an effect size between two groups, technically, an effect size of 1.0 indicates a relative advantage of one standard deviation on the utilised measure. In other words, the mean of one group will be a whole standard deviation higher than the mean of the other (see Wilkinson et al, 2000 for a useful outline of effect sizes and their uses).

TN.6: Missing students
Analyses in this report are based on all students with achievement data. However, there is invariably data missing from students with regard to context variables for two reasons:

1.
the student was absent from the session in which the context questionnaire was administered; or

2.
the student participated in the session but did not answer the specific question(s) under examination.

Typically, between two and four percent of students are missing from contextual analyses reported in this document.
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