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Chapter 3: Year 5 Science Achievement

This chapter presents the science results for New Zealand Year 5 students in TIMSS-02/03. These results are placed in an international context and are also examined within the New Zealand-specific context.

Internationally, the performance of New Zealand students is compared with that of students from the 24 other countries that took part in this cycle of TIMSS. Since New Zealand also participated in TIMSS-94/95, trends in science achievement are examined by comparing the performance of Year 5 students in 2002 with their 1994 counterparts. Where possible, results from the repeat of the 1994 cycle, conducted in New Zealand as a national option in 1998, are incorporated. Results are presented by gender and for each of the main ethnic groupings in New Zealand. Performance against international benchmarks and achievement in each of the three science content areas are discussed.


Year 5 science achievement in an international context in 2002-2003
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New Zealand Year 5 students achieved, on average, significantly above the international mean for science (520 points compared with 489).
 Figure 3.1 shows the distribution of science achievement scores for the 25 countries that participated at the Year 5 level (Grade 4) in 2002-2003. Students in 15 other countries, including Singapore, the United States, England, the Netherlands and Australia, also recorded mean science scores significantly higher than the international mean. The mean scores for Moldova and Slovenia were not significantly different from the international mean, whereas mean achievement scores for seven countries, including Norway and the Philippines, were significantly below the mean across all countries.

Figure 3.1 also compares New Zealand’s overall performance in science with that of other countries. New Zealand’s mean science achievement was not statistically different from the means of five countries including Australia and the Netherlands. It was, however, significantly lower than those of eight countries such as Singapore, England, and the United States (as indicated by ().

Figure 3.1 includes the value for each country on the Human Development Index (HDI) provided by the United Nations Development Programme (UNDP – for details see Human Development Report 2003, p. 237-240). This index was included by Martin, Mullis, Gonzalez and Chrostowski (2004) in the international reporting to remind readers that “not all countries are equally well equipped to meet the challenge of educating their young people” (p. 39). The index ranges from a minimum value of 0 to a maximum value of 1, with high values indicating that people in a country generally enjoy long life expectancy, high levels of school enrolment and adult literacy, and a good standard of living as measured by per capita GDP. New Zealand was relatively high on this scale with a value of 0.917, similar to that of Italy (0.916), and lower than that of Australia (0.939) and Scotland (0.930).

In the way that we might expect students with higher socio-economic status to do well, at the country level we might expect students in a country with a higher level on the HDI to achieve higher, on average, than those in countries lower on the index. If we were to use this index as a predictor of science achievement, we would expect New Zealand Year 5 students to have higher achievement than their peers in a number of countries who had a lower HDI, for example, Singapore, Hong Kong (SAR), Latvia, and Hungary. The students in these countries, however, had higher mean scores than those found in New Zealand. Moreover, while students in Latvia were older on average, the students in Hong Kong and Singapore were of a similar age and all had had only four years of schooling. However, the science mean achievement of New Zealand Year 5 students was not significantly different from the students in the Netherlands, Australia, and Belgium (Flemish), who all had higher values on the HDI.
Figure 3.1:
Distribution of middle primary science achievement in TIMSS-02/03
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Note: Multiple comparisons of means and countries’ percentiles are presented in Tables C.1 & C.2 in Appendix C.

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

Trends in science achievement

As shown in Table 3.1, New Zealand was one of nine trend countries reporting a significant increase in mean science achievement over the eight years between TIMSS-94/95 and TIMSS-02/03. Other countries in this group included Singapore, Hong Kong (SAR) and England. In contrast, Japan, Scotland, and Norway had significant decreases in mean science achievement between the two studies, while the United States, the Netherlands, and Australia recorded no significant change. Furthermore, an initial examination of mean science scores for the 15 trend countries indicates that New Zealand’s performance relative to the country average for these countries had also improved.

Table 3.1:
Trends in science achievement at middle primary level for all trend countries
	Countries
	Mean science score (s.e.)

	
	1994-1995
	2002-2003
	Overall change 
1994-1995 – 2002-2003

	Latvia (LSS)
	486 (4.9)
	530 (2.8)
	(43 (5.6)

	Singapore
	523 (4.8)
	565 (5.5)
	(42 (7.3)

	Hong Kong (SAR)
	508 (3.3)
	542 (3.1)
	(35 (4.5)

	Iran, Islamic Rep. of
	380 (4.6)
	414 (4.1)
	(34 (6.1)

	Cyprus
	450 (3.2)
	480 (2.4)
	(30 (3.9)

	Slovenia
	464 (3.1)
	490 (2.5)
	(26 (4.0)

	Hungary
	508 (3.4)
	530 (3.0)
	(22 (4.4)

	New Zealand
	505 (5.3)
	523 (2.3)
	(18 (5.8)

	England
	528 (3.1)
	540 (3.6)
	(13 (4.8)

	Australia
	521 (3.8)
	521 (4.2)
	–1 (5.6)

	Netherlands
	530 (3.2)
	525 (2.0)
	–5 (3.5)

	United States
	542 (3.3)
	536 (2.5)
	–6 (4.2)

	Japan
	553 (1.8)
	543 (1.5)
	(–10 (2.3)

	Scotland
	514 (4.5)
	502 (2.9)
	(–12 (5.3)

	Norway
	504 (3.7)
	466 (2.6)
	(–38 (4.6)


Notes:

1.
(s.e.) Standard errors are in parentheses. Because results are rounded to the nearest whole number some totals may appear inconsistent.
2.
( = Increase in mean achievement was significant. 
( = Decrease in mean achievement was significant.

3.
To be comparable with 1994, 2002 data for New Zealand in this table includes students in English-medium instruction only.
4.
Data for Latvia include Latvian-speaking schools only.

Source: Exhibit 1.3 in Martin, Mullis, et al. (2004).
Because New Zealand administered a replication of TIMSS-94/95 in 1998 as a national option at the Year 5 level, hereafter referred to as TIMSS-98, it is possible to see the change in Year 5 science attainment over the three assessment cycles as shown in Table 3.2.

Table 3.2:
Summary statistics for Year 5 science achievement in 1994, 1998 and 2002

	Summary Statistics 
	Year of assessment

	
	1994
	1998
	2002

	Mean (s.e.) 
	505 (5.3)
	514 (6.6)
	523 (2.3)

	Standard deviation (s.e.)
	98 (3.4)
	100 (3.4)
	85 (2.0)


Notes: 

1.
(s.e.) Standard errors are in parentheses.
2.
To be comparable with 1994and 1998, 2002 data in this table includes students in English-medium instruction only.
As the distributions presented in Figure 3.2 show, there has been a steady improvement in mean science scores over the years, going from a mean of 505 score points in 1994 to 514 in 1998 and 523 in 2002.

	Interpretation of the percentiles

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


Figure 3.2:
Distribution of Year 5 students’ science scores in 1994, 1998 and 2002
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Notes:

1.
To be comparable with 1994 and 1998, 2002 data in this graph includes students in English-medium instruction only.

2.
See Table C.3 in Appendix C for values.
As well as the increase in mean score, Figure 3.2 shows a narrower spread of scores in 2002 between the lowest and the highest achievers. However, due to the small numbers of students at the extremities of the distributions, which makes the 5th and 95th percentiles relatively unstable, these percentiles must be viewed with caution. Nevertheless, the interquartile range given in Table 3.3 does indicate a reduction in the difference between the mean scores of students achieving at the 25th and 75th percentiles in 1994 compared with 2002. An examination of the values at the 25th and 75th percentiles shows that the reduction in the range is due to an increase for the lower-scoring students.

Table 3.3:
Interquartile range for Year 5 science achievement scores in 1994, 1998 and 2002
	Percentile
	Year of assessment

	
	1994
	1998
	2002

	25th
	448 (8.9)
	454 (9.2)
	473 (3.2)

	75th
	576 (3.7)
	582 (7.0)
	579 (2.2)

	Inter-quartile range
	128
	128
	106


Notes:

1.
Standard errors are in parentheses.

2.
To be comparable with 1994 and 1998, 2002 data in this table includes students in English-medium instruction only.

Science achievement and gender
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There was virtually no difference, internationally, between boys’ and girls’ mean achievement in the TIMSS-02/03 science assessments. The small difference in favour of girls observed in New Zealand in 2002 was not significant.

On average, across the 15 trend countries, there was a significant increase in the mean science achievement for both girls and boys between 1994-1995 and 2002-2003 (see Table 3.4). New Zealand, along with Cyprus, Hong Kong (SAR), Hungary, Iran, Latvia (LSS), Singapore, and Slovenia, reported significant increases for both groups of students. For the remaining countries the trend results were mixed.

Table 3.4:
Trends in middle primary students’ mean science achievement, by gender
	Gender
	New Zealand mean 
science scores (s.e.)
	International mean 
science scores (s.e.)*

	
	1994
	2002
	1994-1995
	2003-2003

	Girls
	511 (4.8)
	( 526 (3.2)
	497 (n.a.)
	( 514 (1.1)

	Boys
	499 (7.0)
	( 521 (2.3)
	505 (n.a.)
	( 514 (1.1)


Notes:

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

2.
* The international mean is calculated for the 15 trend countries that participated in TIMSS-94/95 and TIMSS-02/03.

3.
( = Increase in mean achievement was significant.
4.
To be comparable with 1994, 2002 data in this table includes students in English-medium instruction only.

Source: 1994 mean scores, Chamberlain, G. (2001); Exhibit 1.5 in Martin, Mullis, et al. (2004).

The improvement in the mean science performance for girls and boys in New Zealand is graphically represented in Figure 3.3.
Figure 3.3:
Year 5 students’ mean science scores in 1994, 1998 and 2002, by gender
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Notes:

1.
Standard errors are in parentheses.

2.
To be comparable with 1994 and 1998, 2002 data in this table includes students in English-medium instruction only.
The distribution of science scores for both girls and boys in each of the three TIMSS cycles is given in Figure 3.4. Although these distributions appear to have narrowed, particularly in 2002, the sampling variability at the extremities means that changes in the interquartile ranges are a more reliable comparison (Table 3.5). The decrease in the size of the interquartile range observed for New Zealand Year 5 students, as illustrated previously in Figure 3.2, is also evident for girls and boys separately, albeit more pronounced for the latter.
Figure 3.4:
Distribution of Year 5 students’ science scores in 1994, 1998 and 2002, by gender 
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Notes:

1.
To be comparable with 1994 and 1998, 2002 data in this table includes students in English-medium instruction only.
2.
See Table C.4 in Appendix C for values.

Table 3.5:
Interquartile range for Year 5 science achievement scores in 1994, 1998 and 2002, by gender

	Group of students
	Inter-quartile range (25th-75th percentiles)

	
	1994
	1998
	2002

	Girls
	115
	124
	104

	Boys
	144
	134
	108


Notes:

1.
To be comparable with 1994 and 1998, 2002 data in this table includes students in English-medium instruction only.

2.
See Table C.4 in Appendix C for values for the 25th and 75th percentiles, along with their standard errors.

Science achievement and ethnic grouping

 SHAPE  \* MERGEFORMAT 



Table 3.6 contains the mean science scores for the five ethnic groups represented in each TIMSS cycle for 1994, 1998 and 2002. In each of the three cycles
, the differences between the mean science scores of Päkehä/European and Asian students were not statistically significant. Nor were the differences between Mäori and Pasifika mean scores statistically significant. However, both Päkehä/European and Asian students, on average, achieved significantly higher science scores in all three cycles of TIMSS than their Mäori and Pasifika peers. The comparisons of mean science scores among ethnic groupings are shown in Table 3.7 for TIMSS-02/03.

It is evident from Table 3.6 that the overall improvement in science performance by New Zealand Year 5 students between 1994 and 2002 resulted from relatively large increases in the mean achievement of both Mäori and Pasifika students, and to a lesser extent Asian students, compared with their Päkehä/European peers. The mean scores for Mäori, Pasifika, and Asian students in 2002 were significantly higher than the means for their respective counterparts in 1994. For Pasifika, their mean achievement was also significantly higher than that reported in 1998. There were no significant changes across the cycles for Päkehä/European students.
Table 3.6:
Year 5 students’ mean science scores in 1994, 1998 and 2002, by ethnic grouping

	Ethnic grouping
	Mean science score (s.e.)

	
	1994
	1998
	2002
	Change
1994 to 2002

	Päkehä/European
	534 (3.9)
	541 (4.8)
	532 (3.0)
	-2 (4.9)

	Mäori
	457 (12.0)
	478 (8.0)
	( 496 (5.2)
	52 (13.0)

	Pasifika
	441 (14.9)
	436 (13.8)
	(( 496 (5.2)
	56 (15.8)

	Asian
	493 (16.7)
	517 (10.0)
	( 529  (4.2)
	36 (17.2)

	Other
	521 (14.2)
	497 (23.0)
	536 (9.9)
	15 (17.3)


Notes:

1.
(s.e.) Standard errors are in parentheses. Because results are rounded to the nearest whole number, some totals may appear inconsistent.
2.
(( Mean science score was statistically significantly higher in 2002 than in 1994 and 1998.
( Mean science score was statistically significantly higher in 2002 than in 1994.

3.
To be comparable with 1994 and 1998, 2002 data in this table includes students in English-medium instruction only.

4.
See Chapter 5 for the proportions of students in each ethnic grouping.

Table 3.7:
Comparison of Year 5 students’ mean science scores in 2002, by ethnic grouping

	Ethnic Grouping
	Päkehä/European
	Mäori
	Pasifika
	Asian

	Päkehä/European
	–
	(
	(
	(

	Mäori
	(
	–
	(
	(

	Pasifika
	(
	(
	–
	(

	Asian
	(
	(
	(
	–


Notes:

1.
( Mean achievement was statistically significantly higher.
( No difference in mean achievement.
( Mean achievement was statistically significantly lower.

2.
For this table the ‘Other ethnic grouping’ is not discussed due to the small numbers of students and large standard errors observed.

3.
Since this table contains data for 2002 only, students in both Mäori- and English-medium instruction are included.

4.
See Table C.5 in Appendix C for t-values.
Effect sizes among ethnic groupings
Effect sizes are a useful way of illustrating the magnitude of the difference between the mean achievement scores of two groups of students. While there are different ways of calculating effect sizes, in this report, the difference between the means for the two sub-populations in relation to their standard deviations was calculated. Table 3.8 reports the effect sizes for differences among Päkehä/European, Mäori, Pasifika, and Asian ethnic groupings for mean science scores obtained over the period from 1994 to 2002.

In general, the direction of change for comparisons among the ethnic groupings has been a reduction in the size of the differences with regard to mean science achievement. The magnitude of the difference between Päkehä/European students and each of the other groups has steadily decreased over the eight years from 1994 to 2002. The size of difference between this group of students and those who identified as Mäori decreased from large in 1994 to medium in 1998 and to small in 2002 (see key under Table 3.8). The difference between Päkehä/European and Pasifika students reduced from large in 1994 and 1998 to medium in 2002. The magnitude of the difference between Asian and Päkehä/European students has reduced from medium in 1994 to small in 1998 and then to negligible in 2002. The size of the difference between students who identified as Mäori and those who identified as Pasifika has fluctuated across the cycles, but was negligible in 2002. Between Asian and Mäori students, the differential in scores has not varied substantially, being small in 1994 and 2002 and medium in 1998. For Asian and Pasifika students in both 1994 and 2002, medium effect sizes were observed. The findings suggest that the gaps or disparities among the sub groups at the middle-primary level reduced in science over the period from 1994 to 2002.

Table 3.8:
Mean effect sizes in science scores for Year 5 students in 1994, 1998 and 2002, by ethnic grouping

	Ethnic grouping
	Mäori
	Pasifika
	Asian

	
	1994
	1998
	2002
	1994
	1998
	2002
	1994
	1998
	2002

	Päkehä/European
	0.79
	0.67
	0.29
	1.02
	1.13
	0.46
	0.44
	0.26
	-0.04

	Mäori 
	
	
	
	0.15
	0.43
	0.15
	-0.32
	-0.40
	-0.25

	Pasifika 
	
	
	
	
	
	
	-0.50
	-0.87
	-0.41


Notes:

1.
d<0.35: difference between means is small.
0.35<=d<=0.75: difference between means is of medium size.
d>0.75: difference between means is large.

2.
The grouping of interest in each cell is the grouping in the row, so a positive value indicates that grouping has a higher mean achievement and a negative value indicates that the grouping in the column has a higher mean achievement.

3.
To be comparable with 1994 and 1998, 2002 data in this table includes students in English-medium instruction only.
Distributions of science achievement among ethnic groupings
When discussing mean achievement scores among groups of students, it is important to bear in mind that there were very high-performing and very low-performing students in all ethnic groupings. Figure 3.5 demonstrates the variation in science achievement within each ethnic grouping as well as the variation between groupings. For Mäori students, not only was an increase in mean achievement observable, but also an increase in achievement for lower-performing students, namely at the 5th and 25th percentiles, and for higher-performing students at the 75th and 95th percentiles. Although the same trend is apparent for Pasifika, it is important to remember that the 5th and 95th percentiles were estimated from relatively small samples of students and should be interpreted with caution.

Figure 3.5:
Distribution of Year 5 students’ science scores in 1994, 1998 and 2002, by ethnic grouping
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Notes:

1.
To be comparable with 1994 and 1998, 2002 data in this table includes students in English-medium instruction only.

2.
The 5th and 95th percentiles for Pasifika and Asian should be interpreted with caution given the relatively small numbers of students upon which these analyses are based. The standard errors associated with these percentiles reflect this level of uncertainty.

3.
See Table C.6 in Appendix C for values.
The interquartile ranges are presented in Table 3.9. Within ethnic groupings, Pasifika and Asian students recorded substantial decreases (45 and 53 scale score points respectively) in the score differential between the 25th and 75th percentiles from 1994 to 2002. The decrease observed for Mäori students (23 points) was moderate and for Päkehä/European (11 points) it was small. For Mäori, Pasifika and Asian students, large increases are evident at the 25th percentile with a smaller increase at the 75th percentile contributing to the narrowing of the interquartile range for each group. Along with the increase in mean science achievement for Mäori and Pasifika students, the positive changes in the distributions indicate improvements in achievement overall for these two ethnic groupings.

Table 3.9:
Interquartile range for Year 5 science achievement scores in 1994, 1998 and 2002, by ethnic grouping
	Group of students
	Inter-quartile range (25th-75th percentiles)

	
	1994
	1998
	2002

	Päkehä/European
	112
	114
	101

	Mäori
	143
	118
	112

	Pasifika
	152
	121
	107

	Asian
	157
	124
	102


Notes:

1.
To be comparable with 1994 and 1998, 2002 data in this table includes students in English-medium instruction only.

2.
See Table C.6 in Appendix C for values for the 25th and 75th percentiles, along with their standard errors.

Gender and ethnic grouping
 SHAPE  \* MERGEFORMAT 



Both girls and boys in the Mäori and Pasifika groupings contributed to the substantial improvement in science achievement for these two sub-groups, as shown in Figure 3.6. On average Mäori and Pasifika girls and boys performed significantly better in 2002 compared with both 1994 and 1998. There were no significant changes for Päkehä/European or Asian students across the three cycles.

Figure 3.6:
Year 5 students’ mean science scores in 1994, 1998 and 2002, by ethnic grouping and gender
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Notes:

1.
To be comparable with 1994 and 1998, 2002 data in this table includes students in English-medium instruction only.

2.
See Table C.7 in Appendix C for values.

International benchmarks in science

The TIMSS-02/03 science scale summarises student performance on test items designed to measure a wide range of student knowledge and understanding; 4 points on each scale were identified by the international science expert group for use as international benchmarks at the middle primary level.
 

The international science benchmarks for Grade 4 (Year 5)
	The Advanced benchmark corresponds to a scale score at or above 625. Students can apply knowledge and understanding in beginning scientific inquiry. They demonstrate some knowledge of Earth’s features and processes and the solar system. They can communicate their understanding of structure, function, and life processes in organisms and classify organisms according to major physical and behavioural features. They demonstrate some understanding of physical phenomena and properties of common materials. Students demonstrate beginning scientific inquiry knowledge and skills.

	The High benchmark corresponds to a score of 550 or above. Students can apply knowledge and understanding to explain everyday phenomena. They demonstrate some knowledge of Earth structure and processes and the solar system and some understanding of plant structure, life processes, and human biology. They demonstrate some knowledge of physical states, common physical phenomena, and chemical changes. They provide brief descriptions and explanations of some everyday phenomena and compare, contrast, and draw conclusions.

	The Intermediate benchmark corresponds to a score at or above 475. Students can apply basic knowledge and understanding to practical situations in the sciences. They demonstrate knowledge of some basic facts about Earth’s features and processes and the solar system. They recognise some basic information about human biology and health and show some understanding of development and life cycles of organisms. They know some basic facts about familiar physical phenomena, states, and changes. They apply factual knowledge to practical situations, interpret pictorial diagrams, and combine information to draw conclusions.

	The Low benchmark corresponds to a score of 400 or above. Students have some elementary knowledge of Earth, Life and Physical Sciences. They recognise simple facts presented in everyday language and context about Earth’s physical features, the seasons, the solar system, human biology, and the development and characteristics of animals and plants. They recognise facts about a range of familiar physical phenomena – rainbows, magnets, electricity, boiling, floating, and dissolving. They interpret labelled pictures and simple pictorial diagrams and provide short written responses to questions requiring factual information.


Year 5 student performance against international science benchmarks
The proportions of New Zealand Year 5 students achieving at or above the international benchmarks for science in TIMSS-02/03 are shown in Table 3.10, along with the corresponding 1994 data and comparisons for trend countries. Across all countries, there was a significant increase in the proportion of students reaching the High, Intermediate and Low benchmarks, but a decrease in those reaching the Advanced benchmark. Significantly more New Zealand students achieved at or above the Intermediate and Low benchmarks in 2002 than occurred in 1994. The proportions reaching each benchmark in New Zealand were similar to those reported by Australia, while England and the United States recorded proportionally more students than did New Zealand at each benchmark.

Table 3.10:
Trends in the proportions of middle primary students at or above the TIMSS international science benchmarks
	International benchmark
	New Zealand students (%)
	International mean (%)*

	
	1994-1995
	2002-2003
	1994-1995
	2002-2003

	Advanced (625)
	11(1.2)
	9 (0.7)
	9 (0.2)
	8 (0.3)(

	High (550)
	35 (1.8)
	39 (1.3)
	32 (0.4)
	35 (0.5)(

	Intermediate (475)
	66 (1.8)
	74 (1.2)(
	63 (0.4)
	71 (0.4)(

	Low (400)
	85 (1.7)
	92 (0.7)(
	85 (0.3)
	90 (0.3)(


Notes: 

1.
Standard errors are in parentheses.

2.
* The international mean is calculated for the 15 trend countries that participated in TIMSS-94/95 and TIMSS-02/03.

3.
( = The proportion of students reaching the benchmark in 2002 was significantly higher than the proportion reaching this benchmark in 1994.
( = The proportion of students reaching the benchmark in 2002 was significantly lower than the proportion reaching this benchmark in 1994.
4.
To be comparable with 1994, 2002 data in this table includes students in English-medium instruction only.

Source: Exhibit 2.4 in Martin, Mullis, et al. (2004).

Benchmarks by gender
As was evident for all New Zealand students, there were significantly higher proportions of boys reaching the Intermediate and Low benchmarks in 2002 relative to 1994 (see Table 3.11). Significantly higher proportions of girls reached the Intermediate benchmark in 2002 than in 1994. Although the proportions of boys and girls reaching the Advanced benchmark appear lower in 2002 than in 1994, the difference was not significant. There was also no significant difference between the proportions of boys and of girls reaching each of the benchmarks in 2002.

Table 3.11:
Proportions of Year 5 students achieving at or above the international mathematics benchmarks, by gender, in 1994 and 2002
	International Benchmark
	Proportion of girls (s.e.)
	Proportion of boys (s.e.)

	
	1994
	2002
	1994
	2002

	Advanced (625)
	9 (1.1)
	9 (0.9)
	12 (1.8)
	9 (0.8)

	High (550)
	35 (2.2)
	40 (1.9) 
	35 (2.3)
	38 (1.6) 

	Intermediate (475)
	69 (2.6)
	75 (1.7) (
	62 (2.5)
	73 (1.4) (

	Low (400)
	90 (1.7)
	93 (0.9) 
	82 (2.6)
	92 (1.0) (


Notes:

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

2.
( = The proportion of students reaching the benchmark in 2002 was significantly higher than the proportion reaching this benchmark in 1994.
3.
To be comparable with 1994, 2002 data in this table includes students in English-medium instruction only.
Benchmarks by ethnicity
Among ethnic groupings, there were significant increases in the proportion of Mäori students reaching each of the four international benchmarks. For Pasifika students, significant shifts were seen in those reaching the Low, Intermediate and High levels. Proportionally more Asian students attained the Low and Intermediate benchmarks, while Päkehä/European students showed no significant increases at any benchmark. These data, presented in Table 3.12, again demonstrate the improved performance of Year 5 Mäori and Pasifika students in science achievement as measured by TIMSS over the period from 1994 to 2002.

Table 3.12:
Proportions of Year 5 students achieving at or above the international science benchmarks, by ethnic grouping, in 1994 and 2002

	Ethnic grouping
by year
	International benchmark % (s.e.)

	
	Advanced 
625
	High 
550
	Intermediate 
475
	Low 
400

	Päkehä/European
	

	1994
	14( 1.6)
	44 (2.0) 
	77 (1.5) 
	93 (0.9) 

	2002
	11 (1.1)
	43 (1.9)
	78 (1.5)
	94  (0.8)

	Mäori 
	

	1994
	4 (1.0) 
	20 (2.5) 
	48 (3.8)
	74 (4.4) 

	2002 
	7  (1.1)(
	32  (2.8)(
	68  (2.6) (
	89 (1.7) (

	Pasifika
	

	1994
	4 (2.) 
	14 (4.3) 
	39 (7.2) 
	65(8.1) 

	2002 
	4 (1.2)
	26 (3.2)(
	62 (3.4) (
	88 (2.2) (

	Asian
	

	1994
	10 (5.0) 
	33 (6.5) 
	59 (7.9) 
	81 (5.9) 

	2002
	9  (1.4)
	42 (2.6)
	76 (3.0) (
	94 (1.6) (


Notes:

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

2.
( The proportion of students reaching the benchmark in 2002 was significantly higher than the proportion reaching this benchmark in 1994.

3.
To be comparable with 1994, 2002 data in this table includes students in English-medium instruction only.
Figures 3.7 and 3.8 are examples of science questions that Year 5 students achieving at or above the Advanced and Intermediate benchmarks were likely to have answered correctly. The proportions of students, for a selection of countries, answering the questions correctly are presented alongside the figures. The content of both questions was judged to be in the intended curriculum for New Zealand Year 5 students. Note that these items have been reduced in size for this report.

Figure 3.7:
Science assessment question that students at or above the Advanced international benchmark were likely to have answered correctly
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Material 3
Yes
No
No

Percentage of
Country students gaining
full credit

Singapore TA4023) A
Japan 69 (1.6) A
Netherlands 592.7) A
Hong Kong (SAR) 582.7) A
England 53 (2.5) A
Belgium (Flemish) 52 (24) A
Australia 39028 A
United States 39017 A
International mean 38 {0.4)

Scotland 38(2.6)

New Zealand 3701.9)

Norway 2520V

A Country percentage significantly higher
than international mean.

¥ Country percentage significantly lower
than international mean.





Figure 3.8:
Science assessment question that students at or above the Intermediate international benchmark were likely to have answered correctly
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Achievement in the science content areas

 SHAPE  \* MERGEFORMAT 



As mentioned in Chapter 1, the TIMSS assessments are based on frameworks which contain both content and cognitive domains. In order to provide additional information for countries around curricular variations within science, content scale scores were calculated separately from the overall science score. These content scale scores allow each country to examine their relative strengths and weaknesses across content areas within a subject.
The science assessment at the middle primary level was designed to enable reporting in three content areas:

· Life Science – types, characteristics, and classification of living things; structure, function, and life processes in organisms; development and life cycles of organisms; reproduction and heredity; diversity, adaptation, and natural selection; ecosystems; human health.

· Physical Science – classification and composition of matter; properties and uses of water; chemical change; physical states and changes in matter; energy types, sources, and conversions; heat and temperature; light; electricity and magnetism; forces and motion.

· Earth Science – Earth’s structure and physical features; Earth’s processes, cycles, and history; Earth in the solar system and the universe.

In order to aid interpretation of the TIMSS assessment scores, participating countries undertook three activities which examined their curricula. Prior to testing, the match between the TIMSS science framework and each country’s science curriculum was ascertained. Secondly, teachers of assessed students were asked whether or not the topics in the framework were covered during or prior to the year of testing in their classrooms. Thirdly, the Test Curriculum Matching Analysis (TCMA) was carried out in each country after the test was administered. The purpose of this analysis was to determine which of the assessment questions, in terms of the science content, were in the intended curriculum. In New Zealand, content of Levels 1 through to 3 in Science in the New Zealand Curriculum (SciNZC) was used to undertake the match for Year 5 students.
The mean scores for Year 5 students in each content area are given in Table 3.13. Additional information in the table comes from the TCMA.
Table 3.13:
Mean scores for each science content area and proportion of items judged to be in the New Zealand intended science curriculum, 2002

	Science content area
	Number of assessment questions
	Content of assessment questions in NZ intended curriculum (%)
	Mean score (s.e.)

	Life Science
	69
	83
	520 (2.3)

	Physical Science
	54
	81
	516 (2.3)

	Earth Science
	37
	84
	522 (2.3)


Notes:

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

2.
Levels 1 to 3 in Science in the New Zealand Curriculum were used. Physical Science encapsulates both the Material World and Physical World strands of the SciNZC.

3.
Since this table contains data for 2002 only, students in both Mäori- and English-medium instruction are included.

In order to provide a basis for comparison, the international mean for each content area was set to 489 scale score points, equivalent to the international mean overall. As shown in Table 3.13, New Zealand students performed significantly above the international means in all three content areas. The performance of New Zealand students in each of the three content areas was similar to that of middle primary students in Australia. Relative to their overall performance, the data for New Zealand reveals quite even levels of competency across Life, Physical, and Earth Sciences as shown in Figure 3.9.

Figure 3.9:
Year 5 students’ relative performance in each science content area in 2002
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Notes:

1.
Standard errors of the differences are in parentheses.

2.
Since this graph contains data for 2002 only, students in both Mäori- and English-medium instruction are included.

3.
See Table C.8 in Appendix C for mean scores and standard errors for each of the content domains.

There were insufficient trend items to calculate trend data at the Year 5 level for science content areas. (see Martin, Mullis, et al. (2004, p.107) for details)

Content domains by gender
Significant gender differences in favour of girls were evident in Life and Physical Sciences in New Zealand, but there was no difference in Earth Science. Internationally, while gender differences in favour of girls were found in Life and Physical Sciences, Earth Science was the content area to demonstrate a gender difference in favour of boys.

Science curriculum levels and the TIMSS content domains

As mentioned earlier, teachers of assessed students were asked whether or not the topics in the science framework were covered during or prior to the year of testing in their classrooms. In addition to this question, in order to gain greater understanding of the relationship between the Science in the New Zealand Curriculum (SciNZC) levels and student achievement in TIMSS, New Zealand teachers were asked at which level of the SciNZC most of the students in their class were currently working for each of the strands: Living World, Material World, Physical World, Planet Earth and Beyond. Note that the information was not collected for individual students but for the majority of the TIMSS students they taught; thus for the purpose of analysis a teacher’s response has been assigned to each individual student in the class. Figure 3.10 shows the percentages of students estimated to be at each achievement level for each strand in the SciNZC. As the figure shows, the majority of Year 5 students (about 70%) were in classes judged to be working at Level 3 of the curriculum.

Since the TIMSS content domains were similar to the SciNZC strands in terms of science content, (the content of Material World and Physical World in SciNZ is similar to Physical Science), the figure also shows the mean TIMSS domain score for the students estimated to be at each level of the curriculum strand. For example, the mean score in the TIMSS Life Science domain for the 70 percent of students in classes estimated to be working at Level 3 of the Living World strand of SciNZC was 533 scale score points. As would be expected, students in classes working at the higher levels of the curriculum had higher mean achievement. Note that no attempt is being made here to infer a causal link – that is, the authors of this report are not saying the higher mean achievement is because they are working at the higher level.

It is interesting to look at these results in an international context. If, for example, only those students in classes operating at Level 3 of the curriculum were included in the TIMSS assessment, New Zealand Year 5 students would have similar mean scores in the content areas to students in England, Hong Kong (SAR), Japan, and the United States. However, the mean TIMSS science content area scores for this smaller group of students are still significantly lower than students in Chinese Taipei and Singapore (with the exception of Earth Science).

Figure 3.10:
Proportions of Year 5 students at each level of the Science in the New Zealand Curriculum strands at the end of 2002 with achievement in the TIMSS content areas
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Notes:

1.
Although both the Material and Physical World graphs show means on the Physical Science domain, these have been calculated separately for the different groupings of students.

2.
The bars on the graphs represent the proportions of Year 5 students while the points represent mean scores.

3.
In the cases where there are no mean scores, at Level 1 and Level 4, there were too few students to report achievement. Results presented for Levels 2 & 3 combined should be treated with caution as the proportion of students is very small.

4.
Adjusted percentages are presented in these graphs. The proportion of ‘missing’ is very high with up to 23% of students having no data for parts of this question (teacher did not respond).

5.
Since these graphs contain data for 2002 only, students in both Mäori- and English-medium instruction are included.
6.
See Table C.9 in Appendix C for values for proportions.




















































Key points from 1st and 2nd cycles of TIMSS


In 1994, Physical Science was the science content area of relative weakness for Year 5 students.


In 1998, Year 5 students were relatively strong in the content area of Earth Science, but relatively weak in Physical Science.


	>	The growth observed between 1994 and 1998 in the Earth Science mean score was not �		statistically significant.





Key points from 1st and 2nd cycles of TIMSS


In 1994, gender differences were in favour of girls amongst Mäori and Pasifika students. However, Asian boys on average had higher science scores than Asian girls; there was no significant difference between Päkehä/European girls and boys.


In 1998 there were no significant gender differences in mean science achievement among the ethnic groupings.


	>	In 1998 an increase in the mean science achievement of Mäori boys and Asian girls and �		boys was observed when compared with 1994





Key points from 1st and 2nd cycles of TIMSS


In both 1994 and 1998, the mean science achievement of Päkehä/European and Asian students was significantly higher than of both Mäori and Pasifika students.


	>	Although not of statistical significance, in 1998 Mäori and Asian students achieved higher 		mean science scores than their respective counterparts did in 1994.


	>	Päkehä/European and Pasifika students performed about the same in 1998 as in 1994.





Key points from 1st and 2nd cycles of TIMSS


In 1994 the science mean for girls was significantly higher than for boys.�


In 1998 the mean science score for girls was about the same as that for boys.


	>	On average, the score for boys in 1998 was significantly higher than for their counterparts�		in 1994.


	>	The mean science score for girls remained the same over the two cycles.





Key points from 1st and 2nd cycles of TIMSS


In TIMSS-94/95 the science mean for Year 5 students was not significantly different from the international mean for 26 countries.


In 1998, although Grade 4 was not assessed internationally, New Zealand conducted a repeat of the 1994 assessment. There was a small (non-significant) increase in the science mean over the four years from 1994 to 1998.





Key points


New Zealand Year 5 students, on average, achieved significantly above the international mean in science for the 25 countries participating in TIMSS-02/03 at the middle primary level.


New Zealand was one of nine countries reporting a significant increase in mean science achievement between TIMSS-94/95 and TIMSS-02/03.


There were significantly higher proportions of New Zealand students reaching the Low and Intermediate benchmarks in 2002 relative to 1994; there was no significant change in the proportions reaching the High and Advanced benchmarks.


There was no difference between the mean science achievement of boys and girls in 2002. Both boys and girls showed a significant improvement in the eight-year period between 1994 and 2002.


There was no significant difference observed between the science achievement of Päkehä/European and Asian students; similarly there was no difference between Mäori and Pasifika students. However, Päkehä/European and Asian students achieved significantly higher mean science scores than Mäori and Pasifika students.


The improved performance of New Zealand Year 5 students since 1994 appears to be due primarily to the higher mean scores obtained by students who were identified by their school as Mäori or Pasifika. Three measures show this improvement: significantly higher mean scores in 2002; significantly greater proportions achieving at or above international benchmarks; and reduced effect sizes for these students when compared with Päkehä/European and Asian students.


New Zealand students overall showed quite even levels of competency across Life, Physical and Earth Sciences. Girls performed significantly better, on average, than boys in both Life and Physical Science.



































�	Item Response Theory (IRT) scale scores summarise the achievement results on a scale using information on the characteristics of both the test items and students taking the test. For further details, readers should refer to the TIMSS 2003 Technical Report (Martin, Mullis, & Chrostowski, 2004). 


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


�	TIMSS-94 and TIMSS-98 ethnicity data are reported in Chapter 2 of Trends in Year 5 Students’ Mathematics and Science Achievement (Chamberlain, G., 2001).


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


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


�	International version of the item is presented in the figure. 


�	International version of the item is presented in the figure. 





