Mathematics and Science Achievement in New Zealand: 
Summing up New Zealand’s participation in three cycles of TIMSS at Year 9
81

Chapter 3: Year 9 Student Achievement Outcomes in Science 

Year 9 students’ science achievement results for 2002 are discussed in this chapter and are examined in the context of the previous TIMSS assessments in 1994 and in 1998.
 Science achievement results are also presented for students in each of the four main ethnic groupings, as well as by gender. Whenever possible, the science achievement of these students in 2002 is compared with the performance of their respective Year 9 counterparts in 1994 and 1998. The final section presents Year 9 students’ achievement in each of the content areas of science, with a focus on any changes over the eight-year period. 


Key points 

Internationally

· New Zealand Year 9 students’ mean performance in science in 2002-2003 was significantly higher than the international country mean for 46 countries.
· The proportions of New Zealand Year 9 students who achieved at or above the Low and Intermediate benchmarks increased significantly over the eight years. However, there was no significant change in New Zealand’s overall mean science achievement over the eight years.
· New Zealand’s performance relative to the country mean for the 18 countries that participated in all three cycles had improved from TIMSS-98/99 to TIMSS-02/03 after falling between TIMSS-94/95 and TIMSS-98/99. 
Nationally

· Year 9 girls’ mean science achievement increased significantly from 1994 to 2002. Year 9 boys’ mean science achievement returned to the same level as it was in 1994, after decreasing from 1994 to 1998. 
· Although there was no significant shift for the Year 9 cohort overall, there was a significant increase in both Pasifika and Asian students’ mean achievement over the eight-year period 1994 to 2002.
· In 2002, Mäori boys, on average, achieved significantly higher science scores than Mäori girls; there were no significant differences between girls’ and boys’ mean achievement in the other groupings.
· No area of science was found to be a relative strength for Year 9 students in 2002; Chemistry was an area of relative weakness. In terms of trends, Physics was an area where there had been a significant increase in mean achievement since 1998.

· In 2002, Year 9 boys’ average performance was higher than girls’ in both Earth Science and Environmental Science.

What comparisons are being made?

As noted in Chapter 2, TIMSS was designed to measure trends in mathematics and science achievement at the middle primary and lower secondary levels. As well as measuring trends in achievement for two student cohorts at different points in time it is also possible to monitor the ‘progress’ or change of the younger cohort as it moves through the system four years later. 
It is important to remember they are the same cohort of students but not necessarily the same students in each study. The cohort assessed in TIMSS-98/99 as Year 9 students was also assessed in TIMSS-94/95 as Year 5 students. Similarly, the Year 5 cohort assessed in the second cycle in 1998
 was the same cohort assessed in TIMSS-02/03 as Year 9 students. 
Because the assessments at each of the two educational levels involve different tests, which result in independent achievement scales, it is not possible to compare directly the science achievement of the Year 5 cohort to the science achievement of the Year 9 cohort. As demonstrated in Chapter 2, a number of approaches can facilitate comparative analyses. For example, it is possible to examine students’ progress by comparing their science achievement as Year 9 students in 2002 with either their 1998 or 1994 Year 9 counterparts. Furthermore, the relative performance of sub-groups within the cohort observed in 1994 as Year 5 students and in 1998 as Year 9 students can be compared. We have also been able to monitor three cohorts of Year 9 students across three points in time, and in two instances, the changes for groups of students from Year 5 to Year 9.

Year 9 science achievement in an international context 

Setting the scene: key findings for Year 9 science from the 1st and 2nd cycles of TIMSS

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

· In TIMSS-98/99 the science mean for Year 9 students was significantly higher than the international mean for 38 countries.


>
However, there was no change in the mean performance of New Zealand students over the four-year period 1994-1995 to 1998-1999.

Figure 3.1 presents the distribution and mean scores for the 46 countries participating in TIMSS-02/03. The science mean of 520 for New Zealand Year 9 students was significantly above the international country mean of 474 (hereafter, referred to as the international mean – see footnote 24). As was observed with mathematics achievement, there was also an extremely wide range of achievement in science across the 46 countries; it is more meaningful to examine New Zealand’s performance relative to particular groups of countries. 
Five groupings of countries can be identified that scored significantly above the mean. The first and highest-performing grouping of countries included only two – Singapore and Chinese Taipei. Korea, Hong Kong (SAR), Estonia, and Japan were the second-highest performing group of countries. The performance of Year 9 students was such that New Zealand was in the fourth-highest grouping of countries; our Year 9 students’ performance was about the same as the performance of students from the United States, Australia, Sweden, Belgium (Flemish), Scotland, and Malaysia, and higher than Norway, Italy, and Israel.

Figure 3.1: 
Distribution of science achievement in 2002-2003
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Source: Exhibits 1.1 and 1.2 in Martin, Mullis, et al. (2004) with minor adaptations.

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

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

How does New Zealand’s distribution of performance compare? 

As discussed at the beginning of Chapter 2, there is a perception that the achievement distribution of New Zealand students is always very wide compared to that of many other countries and it has been suggested by some commentators to be the ‘widest’. That is, the ‘gap’ between the highest-performing and lowest-performing students is very big. 
However, as with Year 9 mathematics achievement, the distribution of science achievement was found to be comparable to that of many other countries. According to Martin, Mullis,Gonzalez and Chrostowski (2004), the range of performance in science across countries (i.e., the difference between the 95th and the 5th percentiles) was typically 200 to 300 points. For New Zealand, the difference between the highest- and lowest-performing students was about 244 scale score points and was found to be comparable to the ranges for Australia, England, Hungary, Scotland, and lower than the range for the United States (266). Interestingly, the two countries with the biggest ranges included one of the highest-performing and one of the lowest-performing countries: Singapore (about 306) and South Africa (446) respectively.
Trends in Year 9 students’ science achievement

The mean science scores for Year 9 students in each TIMSS assessment are presented in Table 3.1. Although the mean score for Year 9 students in science increased by 10 scale score points from 1998 to 2002 the difference was not of statistical significance (at 5% level).
  

Table 3.1:
Summary statistics for Year 9 science achievement 1994-2002

	Summary statistics 
	Year of assessment

	
	1994
	1998
	2002

	Mean 
	511 (4.9)
	510 (4.9)
	520 (5.0)

	Standard deviation
	90 (2.5)
	93 (3.1)
	74 (3.1)


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

A key result for New Zealand in TIMSS-94/95 was that Year 5 students (in standard 3) performed around the international country mean for the 26 countries (Martin, Mullis, Beaton, et al., 1997). Since the 1994 Year 5 cohort were mostly Year 9 students in 1998 the finding indicated that in four years, students progressed to a level similar to that of their 1994 Year 9 student counterparts. 
While not demonstrating a significant increase in their overall achievement compared with their 1994 counterparts, the 1998 Year 5 cohort did record a significant increase on the trend component of the study (Chamberlain, 2001). This 1998 cohort were mostly Year 9 students in 2002. The achievement findings for Year 9 students in 2002 also suggest that the relative increase in 1998 at Year 5 was maintained through to 2002. 
Figure 3.2 presents the distribution of New Zealand Year 9 students’ science scores for each of the three assessments. 

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 9 student scores were between the 5th and 95th percentiles. 

Figure 3.2:
Distribution of Year 9 science scores 1994-2002
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Note: See Table C.1 in Appendix C for details of the percentiles and standard errors for each TIMSS assessment.
As the figure shows there was less variation between New Zealand’s highest-achieving students and its lowest-achieving students, as measured by the difference between the 95th and 5th percentiles, in 2002 than in either 1994 or 1998. Furthermore, in 2002 New Zealand’s weaker students were performing better than their counterparts were in previous assessments, although the higher performing group were not performing as well as their counterparts were in 1994. There is, however, more sampling variability at the more extreme ends of the distributions, particularly in 2002. It is, therefore, more pertinent to see if there were changes in the inter-quartile ranges over the eight years. 
Table 3.2 presents the inter-quartile range (the difference between the 75th and 25th percentiles). This allows us to examine the variation amongst the scores for the 50 percent of students whose achievement can be described as ‘average’.
Table 3.2:
Inter-quartile range for Year 9 science achievement scores 1994-2002

	Percentile
	Year of assessment

	
	1994
	1998
	2002

	25th  
	453 (8.1 )
	451 (5.7)
	471 (4.4)

	75th
	571 (5.9 )
	574 (4.4 )
	570 (4.9)

	Inter-quartile range
	118
	123
	99


Notes: 
1.
(s.e.) Standard errors appear in parentheses.
2.
Because of rounding, some totals may appear inconsistent.

3.
Also see Table C.1 in Appendix C. 
A check of the inter-quartile ranges across the eight years shows the spread had narrowed by about 20 scale score points from 118 to 99. That is, there appears to be less variation or spread around the mean in 2002 than in either 1994 or 1998. Furthermore, this narrowing can, for the most part, be attributed to the improvement in the performance of lower-scoring students. In both 1994 and 1998, the 25th percentile was about 450 – 25 percent of students scored below 450 and 75 percent of students scored above 450, with 25 percent of students achieving a score above 570. In 2002, the 25th percentile was 20 scale score points higher than in 1994 and 1998; 25 percent of students achieved scores below 470 and 75 percent of students achieved scores above 470. The top 25 percent of students in 2002 were still performing about the same as higher-performing students were in 1994 and 1998. 
Science achievement and gender

Setting the scene: key findings on science achievement and gender from the 1st and 2nd cycles of TIMSS

· In TIMSS-94/95 Year 9 boys, on average, achieved significantly above the international mean for boys while girls, on average, achieved around the international mean for girls. 


>
Year 9 boys, on average, significantly outperformed Year 9 girls, with the difference one of the biggest to be observed internationally.

· In TIMSS-99/99 both Year 9 girls and boys achieved significantly above the international science means for girls and boys.

>
An increase in girls’ mean achievement and a decrease in boys’ mean achievement accounted for no significant difference being found between their mean science scores. 
In 2002, both New Zealand Year 9 girls and boys achieved, on average, significantly above the international means for their respective groups. The mean for Year 9 girls was 515 compared with the international mean of 471; Year 9 boys’ mean was 525, compared with 477. Furthermore, New Zealand was just one of 11 out of 46 countries where no statistically significant differences were observed between girls’ and boys’ mean science achievement. 
In terms of New Zealand trends, the mean for Year 9 girls increased significantly over the eight-year period, with girls in 2002 achieving scores, on average, 18 points higher than their 1994 female counterparts. (The magnitude of the increase, or the effect size, was estimated to be d = 0.24. See TN 5 in the Technical Notes for further details.)  Year 9 boys’ mean achievement in 2002 was virtually the same as in 1994 after decreasing by a (non-significant) 11 scale score points in 1998. See Figure 3.3 for details.

Figure 3.3:
Trends in Year 9 students’ mean science achievement 1994-2002, by gender 
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Notes: 

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

2.
The standard deviations are recorded in Table C.2 in Appendix C.

3.
The increase of 18 scale score points for girls from 1994 to 2002 was statistically significant. The decrease of 11 scale score points for boys 1994 to 1998 was not statistically significant.

To examine further the changes in Year 9 girls’ and boys’ relative performance over the eight years, it is useful at this point to look at the changes between girls and boys for cohorts moving through from middle primary to lower secondary school. 
In 1994 Year 5 boys achieved, on average, significantly lower science scores (499) than did girls (511). Four years later in 1998 this cohort of students was mostly Year 9 students; the relatively small average difference of 7 scale score points between girls’ and boys’ mean achievement at this level was not of statistical significance. This was in sharp contrast to the 1994 Year 9 boys who significantly outperformed Year 9 girls by an average of 27 scale score points.
In 1998, Year 5 boys’ mean achievement had improved significantly from that of their male counterparts in 1994. Furthermore, the significant difference of 12 scale score points which favoured girls in 1994 had reversed to a non-significant difference of 7 scale score points in the direction of boys. It was this 1998 cohort which formed the Year 9 student cohort assessed in 2002, and what is more, the difference – or more accurately, no difference – was still apparent four years later.

The distributions of science achievement scores for both girls and boys for the three assessments are presented in Figures 3.4A and 3.4B respectively. 

Figure 3.4:
Distribution of Year 9 girls’ and boys’ science scores 1994-2002 
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Note: See Table C.3 in Appendix C for details of the percentiles and standard errors for each TIMSS assessment.
Both figures show a narrower spread of science scores in 2002 compared with 1994. When looking at the shifts from 1994 to 1998, one of the more notable findings was the small decreases at each percentile for boys, which suggest that boys did not achieve as well as their 1994 male counterparts. By way of contrast there were small increases in the percentiles for girls over this same period. 
In 2002, the increases for girls were still apparent, and in the case of boys the observations made for 1998 were reversed – that is, boys across the distribution were performing at about the same as were boys in 1994. 
As already noted, the level of sampling variability in 2002 was relatively high at the 95th percentile. It is, therefore, more appropriate to see if there have been changes in the inter-quartile ranges over the eight years. 
Table 3.3 presents the inter-quartile range (the difference between the 75th and 25th percentiles), allowing an examination of the spread of scores for the 50 percent of students whose achievement can be described as ‘average’. 

Table 3.3:
Inter-quartile range for Year 9 science achievement scores 1994-2002, by gender

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

	
	1994
	1998
	2002

	Girls
	110
	117
	96

	Boys
	121
	129
	102


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

Table 3.3 (with Table C.3 in Appendix C) illustrates less variation for the middle-performing group of girls and boys in 2002 than in the previous years. The data are also consistent with features of the overall distributions shown in Figures 3.4A and 3.4B. That is, there was less variation in both Year 9 girls’ and boys’ science scores in 2002 than in 1994 and 1998. Furthermore, this middle-performing grouping of girls was performing at a slightly higher level than were their counterparts in 1994. For boys, there was also less variation in the scores for the middle-performing group in 2002 compared with 1994, but particularly with the 1998 cohort. Essentially, the achievement of Year 9 boys in this achievement band was on a par with that of the 1994 cohort. 
Science achievement and ethnicity

Setting the scene: key findings on science achievement, ethnicity, and gender from the 1st and 2nd cycles of TIMSS

· In TIMSS-94/95, the mean performance of Päkehä/European Year 9 students was significantly higher than the mean performance of Asian, Mäori, and Pasifika students.


>
The large gender difference observed for New Zealand overall was largely explained by the significant gender differences in each of the Päkehä/European and Pasifika groupings.

· In TIMSS-98/99, the difference in mean achievement between Päkehä/European and Asian students was not significant; both groups’ mean performance was higher than that of Mäori and Pasifika students. 


>
Significant increases in Päkehä/European and Asian girls’ mean achievement, together with small (non-significant) decreases in the mean performance of Päkehä/European and Mäori boys, largely accounted for no significant gender difference for New Zealand overall.

Table 3.4 presents the mean science achievement scores for students in the five ethnic groupings for each assessment year. In terms of trends, the relative performance of Päkehä/European and Asian students compared with Mäori and Pasifika students remained unchanged from 1998, with the former two groups of students typically outperforming the latter two groups. However, looking at trends within groupings, both the Pasifika and Asian groupings exhibited significant increases in their mean science achievement over the eight-year period 1994 to 2002.
  (The magnitudes of the increases, or effect sizes, were estimated to be d = 0.47 and d = 0.57 respectively.)
As well as there being significant changes in the mean achievement of Pasifika and Asian students there was a change in the relative mean performance between Päkehä/European and Asian students and between Mäori and Pasifika students.
 As noted in Chapter 2, for trend purposes all t-values were calculated (or re-calculated) on the premise that samples of each grouping were correlated. 
In 1994, Asian students typically achieved scores about 35 scale score points lower than Päkehä/European students, this grouping being the highest-performing sub-group; the difference between their mean was statistically significant (t = 3.160).
 In 1998, the mean achievement of Asian students increased over the four years, while that of Päkehä/European students remained the same. The average difference between the two groupings had decreased to 19 scale score points and was not found to be of statistical significance (t = 1.994 compared with a critical value of 2.638 when adjusted for multiple comparisons). In 2002, the average difference between these two groups of students decreased to just 3 scale score points. 
Table 3.4:
Year 9 students’ mean science scores 1994-2002, by ethnic grouping 

	Year 9 student group
	Mean science scores (s.e.) for each TIMSS assessment cycle

	
	1994
	1998
	2002
	Change 
1994-2002

	Päkehä/European
	533 (4.4)
	534 (4.5)
	540 (5.4)
	+7 (7.0)

	Mäori
	472 (5.6)
	472 (6.0)
	487 (5.6)
	+15 (7.9)

	Pasifika
	430 (8.5)
	430 (12.0)
	465 (9.8)
	+35 (13.0)(

	Asian
	498 (12.0)
	515 (9.9)
	543 (8.2)
	+45 (14.5)(

	Other ethnic groups
	525 (14.6)
	513 (17.3)
	524 (12.9)
	−2 (19.5)


Notes: 

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

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

3.
( Increase was statistically significant. t-values for test of significance of difference for Pasifika t = 2.69 (p < 0.05) and Asian t = 3.12 (p < 0.05).
4.
See Table C.4 in Appendix C for standard deviations.

5.
See Chapter 5 for proportions of students in each ethnic grouping for each assessment year.

A change between the relative performance of Pasifika and Mäori students also occurred from 1994 to 2002. In 1994, Mäori students achieved, on average, about 42 scale score points higher than Pasifika students. Four years later in 1998 the difference between the two groups had not changed. By 2002, however, the average difference between the two groupings had decreased to 22 scale score points. While both groups had an increase in their mean science achievement over the eight years, the increase observed for Pasifika was greater than that observed for Mäori. Thus, the decrease in the average difference between these two groups was largely due to an increase in mean achievement of Pasifika students. Furthermore, the difference between the means for these two groups of students was not found to be of statistical significance (when adjusted for multiple comparisons). Table C.5 in Appendix C has details of the t-values for comparing the mean science scores among the four ethnic groupings. 

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

Notwithstanding the significant shifts in the mean science achievement of students in both the Pasifika and Asian groupings, it was the shift of the Asian grouping relative to the other three groupings which is of interest here. As in Chapter 2, effect sizes are used to further illustrate the change among the groupings over the eight-year period. The effect sizes for the period 1994-2002 are presented in Table C.6 in Appendix C. In terms of trends, the effect sizes between the Mäori and Päkehä/European groupings in each assessment were essentially the same from 1994 to 2002; as were the effect sizes for the Pasifika and Päkehä/European groupings. One inference from this trend information is that the gaps in science achievement between Mäori and Päkehä/European students and between Pasifika and Päkehä/European students remain unchanged. In contrast, the effect size between Päkehä/European and Asian students decreased from 0.42 in 1994 to just -0.05, while the effect size between Mäori and Asian students increased from d = 0.31 (a small difference) to d = 0.81 (a large difference). The magnitude of the difference between Asian and Pasifika students’ mean achievement remained consistently large (d > 0.75). 
In keeping with observations made for mathematics, these figures indicate the stronger performance in science among students in the Asian grouping in 2002 compared with previous assessments. 

Was there any change in the distribution of science scores for any student grouping from 1994 to 2002?

Figure 3.5 presents, for each ethnic grouping, a graphical representation of the distribution of scores from 1994 to 2002. Note the 5th and 95th percentiles for Asian and Pasifika students are shown for illustrative purposes only. 

Figure 3.5:
Distribution of Year 9 science scores 1994-2002, by ethnic grouping
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Notes: 

1.
The 5th and 95th percentiles for Pasifika and Asian students should be interpreted with caution given the relatively small (achieved) sample sizes on which these analyses are based. The standard errors associated with these percentiles reflect this level of uncertainty.

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

As noted previously, the distributions were affected more by sampling variability in 2002 than in other years. Notwithstanding this, for each grouping, there were small shifts at the very low end of their distributions, particularly over the period 1998 to 2002.
In keeping with the approach used earlier in this chapter, the inter-quartile ranges for each grouping are also examined. Table 3.5 presents these ranges for each grouping. Note that because the Asian and Pasifika groupings are relatively small there is still a large degree of variability around the 25th and 75th percentiles for these two groups.

Table 3.5:
Inter-quartile ranges for Year 9 science achievement scores 1994-2002, by ethnic grouping

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

	
	1994
	1998
	2002

	Päkehä/European
	108
	109
	88

	Mäori
	113
	114
	94

	Pasifika
	117
	138
	88

	Asian
	121
	134
	92


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

Using the information in this table in conjunction with Table C.7 in Appendix C, there was less variation in performance for students in all four groupings in 2002 than in the previous assessments. Furthermore, the differences in the range of scores among the groupings also decreased over this period, although the difference may have been due to sampling variations in the smaller groups, in the earlier assessments. However, in 2002 there was very little difference in the range of scores. In addition, both the Asian and the Pasifika groupings had sizeable shifts at the 25th and 75th percentiles. In 1994, 50 percent of Asian students achieved scores in the range of 440 to 561; in 2002, it was 499 to 591. The increases for the Pasifika grouping were of the same order, with 50 percent of students in 1994 achieving scores in the range 370 to 488 compared with 420 to 508 in 2002.
Ethnicity, gender, and science achievement 
This section presents information on the relative performance of girls and boys within each ethnic grouping in 2002 as well as trend data on their science achievement from 1994 to 2002. Table 3.6 presents the mean science scores for girls and boys within each of the four main groupings for 2002. 
Table 3.6:
Year 9 students’ mean science scores in 2002, by ethnic grouping and gender

	Student group
	Mean science scale scores (s.e.)  in 2002

	
	Girls
	Boys
	Overall

	Päkehä/European 
	536 (4.9)
	543 (7.8)
	540 (5.4)

	Mäori 
	479 (6.5)
	496 (7.3)
	487 (5.6)

	Pasifika
	463 (12.7)
	466 (9.9)
	465 (9.8)

	Asian
	538 (10.1)
	547 (9.7)
	543 (8.2)

	All students
	515 (4.8)
	525 (6.7)
	520  (5.0)


Notes: 

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

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

In 1994, a relatively large gender difference was found which favoured Year 9 boys. Furthermore, it was found that the differences were largely attributed to the difference between girls’ and boys’ mean achievement within the Päkehä/European and Pasifika groupings (Chamberlain, 2003). In 1998, due largely to positive shifts in the mean achievement of Päkehä/European girls from 1994 to 1998, there were no longer any observable gender differences within any of the groupings.

In 2002, with one exception, there were no significant differences between the mean science achievement of girls and boys in three groupings: Päkehä/European, Pasifika, and Asian. The exception was the 17 scale score point difference between Mäori boys and Mäori girls, with Mäori boys on average significantly outperforming their female counterparts (t = 2.15; p < 0.05). 
Figure 3.6 illustrates the trends in mean science achievement for girls and boys within each ethnic grouping. The figure clearly shows the increases in mean achievement for girls and boys in each grouping.
Figure 3.6:
Year 9 mean science scores 1994-2002, by ethnic grouping and gender 
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Note: See Table C.8 in Appendix C for mean scores and standard errors.

Asian and Pasifika girls (t = 3.46 and t = 2.62; p < 0.05 respectively), and to a lesser extent Päkehä/European girls (t = 2.46, p < 0.05) recorded the largest statistically significant increases over the eight years. Of note too, was the increase in mean achievement of Mäori boys. However, significant differences were not detected at the 5% level largely due to slightly more variability around the mean in 2002 (i.e., slightly larger standard error observed in 2002 than in 1994). 
International science benchmarks 

The TIMSS-02/03 science scale summarises student performance on test items designed to measure a wide range of student knowledge and understanding. The international expert group for science identified four points on the science scale as international benchmarks.
 Descriptions of each benchmark are presented in Figure 3.7.
 It is important to remember that these descriptions of what students can typically achieve when achieving at or above a particular benchmark were derived from students’ performance on the TIMSS assessment and do not claim to be exhaustive. Students achieving at or above higher benchmarks also demonstrate the knowledge, understanding and competencies of students at the lower benchmarks. 
As with mathematics, the TIMSS international science benchmarks (or points on the science achievement scale) were set to be the same across the three assessment cycles, making it possible to describe any comprehensive changes in Year 9 science performance over time. 
Figure 3.7:
The international science benchmarks for Grade 8 (Year 9 equivalent)

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

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

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

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


Source: Exhibit 2.1 in Martin, Mullis, et al. (2004)
Year 9 performance against international science benchmarks

Proportionately more Year 9 students reached the Low benchmark in 2002 than either Year 9 cohorts did in 1994 or 1998. Conversely, proportionately fewer students achieved a score below the Low benchmark (less than 400) in 2002 than in either 1994 or 1998 (i.e., 6% in 2002 compared with 11% in 1994). 
Furthermore, proportionately more Year 9 students in 2002 than in either 1994 or 1998 reached the Intermediate benchmark. Compared to about two-thirds (67%) of the students in 1994, nearly three-quarters (73%) of Year 9 students in 2002 achieved 475 or higher.
The increases at both benchmarks were found to be of statistical significance. In contrast to this, the 2002 cohort were less likely to reach the Advanced benchmark than either the 1994 or 1998 cohorts, although the decreases were not found to be of statistical significance. The proportions of Year 9 students reaching each international science benchmark from 1994 to 2002 are presented in Table 3.7. 
Table 3.7:
Trends in the proportions of Year 9 students achieving at or above the international science achievement benchmarks, by gender

	International benchmark
	All New Zealand students (%)
	Year 9 girls (%)
	Year 9 boys (%)

	
	1994
	1998
	2002
	1994
	1998
	2002
	1994
	1998
	2002

	Advanced (625)
	9 (1.2)
	10 (1.3)
	7 (1.5)
	5 (1.0)
	8 (1.4)
	6 (1.2)
	13 (2.0)
	11 (1.9)
	8 (2.2)

	High (550)
	34 (2.1)
	35 (2.2)
	35 (3.0)
	27 (2.6)
	32 (2.5)
	32 (3.0)
	40 (2.8)
	37 (3.4)
	38 (3.8)

	Intermediate (475)
	67 (2.2)
	66 (2.0)
	73 (2.2)(
	62 (2.8)
	66 (2.6)(
	72 (2.5)(
	71 (2.4)(
	67 (2.8)
	75 (2.8)(

	Low (400)
	89 (1.2)
	88 (1.4)
	94 (1.3)(
	87 (1.6)
	88 (1.6)
	94 (1.3)(
	90 (1.4)
	88 (1.6)
	95 (1.6)(


Notes: 

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

2.
The overall proportions of New Zealand Year 9 students reaching the Low and Intermediate benchmarks in 2002 were significantly higher (() than the proportions of Year 9 students reaching the same benchmarks in 1994 and 1998. Source:  Exhibit 2.3 in Martin, Mullis, et al. (2004).
3.
The proportion of Year 9 girls reaching the Low benchmark in 2002 was significantly higher (() than the proportions reaching this same benchmark in 1994 and 1998. The proportion of Year 9 girls reaching the Intermediate benchmark in 2002 was significantly higher (() than the proportion reaching this same benchmark in 1994, but not significantly different (() from the proportion reaching it in 1998.

4.
The proportion of Year 9 boys reaching the Low benchmark in 2002 was significantly higher (() than the proportions reaching this same benchmark in 1994 and 1998. The proportion of Year 9 boys reaching the Intermediate benchmark in 2002 was significantly higher (() than the proportion reaching this benchmark in 1998, but not significantly different (() from the proportion reaching it in 1994. 

In terms of examining these shifts at these benchmarks by gender, increases in the proportions achieving at or above the lower benchmarks were found for both boys and girls; proportionately fewer girls and boys were achieving very low scores in 2002 than in 1994. While the pattern exhibited at the Low benchmark was apparent for both girls and boys, there were slight variations at the Intermediate benchmark. For girls the most notable change occurred between 1994 and 2002 with the proportion achieving at or above this benchmark increasing by a significant 10 percentage points. By way of contrast, the biggest change for boys occurred between 1998 and 2002 (8 percentage points) after decreasing from 1994 to 1998. 
The proportions of students in each ethnic grouping achieving at or above the international science benchmarks for each assessment are reported in Table 3.8.
As shown in the table, the overall significant increases in the proportions of students achieving at or above the Low benchmark were observed across the four main ethnic groupings, while significant increases at the Intermediate benchmark were found only for the Päkehä/European and Asian groupings. Of particular interest, however, is the 22 percentage point increase in the proportion of students in the Asian grouping reaching the High benchmark. 

Table 3.8:
Trends in the proportions of Year 9 students achieving at or above the international science achievement benchmarks, by ethnic grouping 

	International benchmark
	Päkehä/European (%)
	Mäori (%)

	
	1994
	1998
	2002
	1994
	1998
	2002

	Advanced (625)
	13 (1.6)
	13 (1.6)
	10 (2.1)
	2 (0.8)
	4 (1.1)
	2 (0.7)

	High (550)
	42 (2.4)
	44 (2.5)
	45 (3.4)
	18 (2.3)
	18 (2.0)
	18 (2.3)

	Intermediate (475)
	77 (1.7)
	77 (1.7)
	84 (1.9)(
	50 (3.9)
	50 (3.0)
	57 (3.8)

	Low (400)
	95 (0.8)
	94 (1.0)
	98 (1.0)(
	80 (2.6)
	80 (2.9)
	88 (2.4)(

	International benchmark
	Pasifika (%)
	Asian (%)

	
	1994
	1998
	2002
	1994
	1998
	2002

	Advanced (625)
	1 (1.0)
	4 (1.3)
	1 (1.0)
	8 (2.7)
	11 (3.3)
	8 (3.1)

	High (550)
	8 (1.7)
	12 (3.0)
	8 (2.8)
	29 (5.7)
	39 (4.6)
	51 (6.1)(

	Intermediate (475)
	30 (4.7)
	31 (5.4)
	44 (6.6)
	62 (6.0)
	67 (4.8)
	83 (4.3)(

	Low (400)
	64 (4.8)
	62 (5.8)
	84 (5.4)(
	85 (4.1)
	89 (3.4)
	97 (1.9)(


Notes: 

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

2.
Within each ethnic grouping, the proportion of Year 9 students reaching the Low benchmark in 2002 were significantly higher than the proportion of Year 9 students reaching this benchmark in 1994 and 1998. 
3.
The proportions of Päkehä/European and Asian students reaching the Intermediate benchmark in 2002 were significantly higher (() than the proportions reaching this benchmark in 1994 and 1998 .

4.
The proportion of Year 9 students in the Asian grouping reaching the High benchmark in 2002 was significantly higher (() than the proportion reaching this benchmark in 1994. 
To make the benchmark information more meaningful it is useful to look at the qualitative information on which the benchmarks were conceptualised. New Zealand Year 9 students demonstrated they could solve a wide range of science problems. Most students showed they had, for example, knowledge of the human body and could interpret some pictorial diagrams; students at the higher end of the achievement range demonstrated a grasp of some complex and abstract science concepts, such as thermal expansion and structure of matter, as well as an understanding of some of the fundamentals of scientific investigation. 
Seven percent of Year 9 students reached the very highest level of achievement – the Advanced benchmark – compared with 9 percent of Australian students, 11 percent of American students, and 7 percent internationally (trend countries only). In New Zealand these students were more likely to be boys than girls and were likely to be Päkehä/European and Asian students. 

Just 6 percent of Year 9 students in 2002 did not achieve beyond the very basic level, down from the 11 percent observed in 1994. These students would essentially have difficulty with some of the skills described for the Low benchmark, including familiarity with some everyday physical phenomena and applying simple physical concepts to practical situations, as well as those noted previously – having knowledge of the human body, and the ability to interpret simple pictorial diagrams. Compared with the 16 percent reported internationally, the New Zealand proportion was low and was similar to the 5 percent of Australian and Swedish students achieving at this level. 

Although the proportion is small (6%) it was the composition of this low-performing group which is of note. These students were more likely to be girls than boys (the converse to mathematics) and were more likely to be Mäori than Päkehä/European, Pasifika, or Asian. (See Table C.9 in Appendix C for more details.)

Achievement in the science content domains

Setting the scene: key findings on achievement in the science content domains from the 1st and 2nd cycles of TIMSS

· In TIMSS-94/95, while no area of science was found to be an area of strength relative to Year 9 students’ performance overall, Earth Science was found to be an area of relative weakness. 

>
Large significant gender differences with achievement higher for Year 9 boys were observed in Earth Science, Physics, and Chemistry.

· In TIMSS-98/99, Scientific Inquiry and the Nature of Science was found to be an area of relative strength for Year 9 students.
 Year 9 students’ performance was weakest in Physics.


>
There were no significant differences between girls’ and boys’ mean achievement in any of the content areas. 
The science frameworks underlying TIMSS assessments were organised along two dimensions – content domains and cognitive domains. To respond to the TIMSS science test questions, students needed to be familiar with five science content areas, as well as draw on a range of cognitive skills. This section examines the performances of Year 9 students in each of the TIMSS science content domains. To aid interpretation of the results, a brief overview of the science curriculum context in which Year 9 students’ learning was taking place at the time TIMSS was administered and a summary of the match between the TIMSS assessment questions and Science in the New Zealand Curriculum (SciNZC)
 are presented. 
The TIMSS science content domains and Science in the New Zealand Curriculum (SciNZC)
The TIMSS framework for 2002-2003 defined the specific science content covered by the assessment. Each content domain covered several topics. 
The five science content areas with their main topics were:

1. Life Science – types, characteristics, and classification of living things; structure, function, and life processes in organisms; cells and their functions; development and life cycles of organisms; reproduction and heredity; diversity, adaptation, and natural selection; ecosystems; and human health.
2. Chemistry – classification and composition of matter; particulate structure of matter; properties and uses of water; acids and bases; and chemical change.
3. Physics – physical states and changes in matter; energy types, sources, and conversions; heat and temperature; light; sound and vibration; electricity and magnetism; and forces and motion.
4. Earth Science – Earth’s structure and physical features; Earth’s processes, cycles, and history; and Earth in the solar system and the universe.
5. Environmental Science – changes in population; use and conservation of natural resources; and changes in environments. 

Note: For further details see Mullis, Martin, Smith, et al. (2003). 
In order to provide countries with a curriculum context for interpreting the TIMSS-02/03 science results, three sources of information on countries’ intended and implemented curricula were used.

The first curriculum-related activity required science curriculum specialists
 in each country to indicate whether or not 44 science topics covered in the TIMSS Assessment Frameworks and Specifications were in their country’s intended curriculum for the student target group. For all the science intended curriculum-related activities, Level 5 (and preceding levels) achievement objectives for each strand in the SciNZC were used as the basis to match the TIMSS assessment topics (and test questions). The assumption was that by the end of Year 9, most students would be working at Level 5. As with mathematics, not all science content described at Level 5 was viewed as being appropriate for Year 9 students. This was taken into consideration during the curriculum activities, with some TIMSS science topics and test questions judged by science curriculum specialists not to be in the intended curriculum for Year 9 students and most likely to be introduced at Year 10.
The second curriculum-related activity sought information on the implemented curriculum. To ascertain the extent to which students had been exposed to the TIMSS-02/03 framework topics, science teachers of the Year 9 students assessed were asked whether or not the topics were covered either during the school year in question or before. 
Based on the professional judgement of curriculum specialists in New Zealand there was an acceptable match between SciNZC (i.e., the intended science curriculum) and the content areas and topics covered in the TIMSS science assessment framework. Owing to the nature of the curriculum, with its broad achievement objectives, the decision on whether the topics were intended for Year 9 students or for Year 10 students was the challenge rather than were the topics per se. The TIMSS Earth Science topics aligned best with New Zealand’s science curriculum; however, according to the science teachers of the Year 9 students, proportionately few Year 9 students had been taught these topics. The Environmental Science topics had the lowest concurrence with SciNZC. 
The third curriculum-related activity was the Test Curriculum Matching Analysis (TCMA). As noted in Chapter 2, the TCMA was conducted in each country after the test was administered. The purpose of the analysis was to determine which of the assessment questions, in terms of the science content, were in the intended curriculum. Level 5 (and preceding levels) of each strand was used to do the match. The New Zealand information collated for the TCMA is summarised in Table 3.9, along with the mean scale score for each science domain. 

Table 3.9:
Year 9 students’ mean scores for the TIMSS science content domains and the proportion of assessment questions judged to be in the New Zealand intended science curriculum in 2002

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

	Life Science
	54
	84
	523 (5.1)

	Chemistry
	31
	71
	501 (5.6)

	Physics 
	46
	78
	515 (4.7)

	Earth Science
	31
	94
	525 (4.8)

	Environmental Science
	27
	71
	525 (3.9)


Notes: 

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

2.
Intended curriculum: In New Zealand the intended ‘science curriculum’ included Science in the New Zealand Curriculum, Health and Physical Education in the New Zealand Curriculum, and Social Studies in the New Zealand Curriculum.
3.
Total score points for the 189 assessment questions = 206.
4.
Total score points for the 80% of assessment items judged to be covered in the intended curriculum = 167.

New Zealand Year 9 students, on average, achieved significantly above the international means (each being 474) in all the science content domains. As with mathematics, it is possible to look at science areas of relative strength and weakness. The same approach used for mathematics was also used here. Each science domain score is compared with the mean for the five science domains. (Note, the science domain scores are independent measures and were calculated separately from the overall science score reported at the beginning of this chapter.) Relative to their overall science performance, Year 9 students were significantly weaker in Chemistry, while no content area was found to be an area of particular strength. Figure 3.8 presents a graphical representation of Year 9 students’ performance in each content domain, relative to the mean for the content domains.

Figure 3.8:
Year 9 students’ relative performance in each science content domain in 2002
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Note: For each science content domain, the data point is the difference between the mean for the five contents domains and the mean for the individual domain score. The vertical lines extending from the data point show the 95% confidence interval around the difference, i.e., + 2 standard errors.
Change from 1998 to 2002

Changes in performance, if any, were determined by comparing the mean percent correct scores. There were too few items in each of the content domains to develop scale scores for the trend items, thus, mean percent correct scores for each science domain are presented in Table 3.10 for 1998 and 2002. Year 9 students’ average performance in Physics improved significantly over the four-year period. Physics had also been identified as an area of relative weakness in 1998 for both Year 9 students (Chamberlain & Walker, 2001) and Year 5 students (Chamberlain, 2001), so it is encouraging to see this shift over the four years.

Table 3.10:
Mean percent correct for Year 9 students on trend items in each science content domain, 1998 and 2002

	Science 
content domains
	Number of items common to both assessments
	Mean percent score (s.e.)

	
	
	1998
	2002

	Life Science
	17
	56 (1.1)
	59 (1.0)

	Chemistry
	14
	50 (1.2)
	50 (1.0)

	Physics
	22
	57 (1.0)
	60 (1.0) (

	Earth Science
	12
	53 (1.0)
	53 (1.1)

	Environmental Science
	9
	54 (1.1)
	52 (1.4)


Notes:

1.
(s.e.) Standard errors appear in parentheses.
2.
The mean percent correct score in Physics in 2002 was significantly higher (() than the score in 1998.

3.
There were too few items from the 1994 assessment to report trends.
Performance across domains by gender 

The mean scores for each content area by gender are presented in C.10 in Appendix C. In 2002, there were significant gender differences detected in two of the five content domains. Year 9 boys scored an average of 23 and 13 scale score points higher in Earth Science and Environmental Science respectively. In terms of strengths and weaknesses, compared with their overall performance, Earth Science was an area of relative strength only for boys, while Life Science was an area of relative strength for girls. Consistent with the overall finding, Chemistry was an area of relative weakness for both girls and boys.
  
Relationship between performance in TIMSS and New Zealand science curriculum levels
As with mathematics, it was also considered important to have an understanding of Year 9 students’ science achievement in TIMSS in relation to the achievement objective levels in SciNZC. Science teachers, like their mathematics colleagues, were asked the level(s) at which the majority of the class (or group of students) who were participating in TIMSS-02/03 were currently working (or had been working during the year). 

Because the information was not collected for individual students but for the majority of the TIMSS students they taught, for the purpose of the analysis a teacher’s response was assigned to each student in the class. Figure 3.9 summarises these data. It shows the proportions of Year 9 students estimated to be at each achievement level for each strand in the SciNZC. To put this into the context of TIMSS, the mean score in each TIMSS domain is presented for students estimated to be at each level of learning. For example, the mean score in the TIMSS Life Science domain for the 15 percent of Year 9 students estimated to be at Level 3 of the SciNZC Living World strand was 498. 
In contrast to the findings reported for mathematics, generally, the proportions of students estimated to be at Level 4 and at Level 5 were similar, with there being less variation in performance between the students at these levels. In addition, there were some Year 9 students working across two levels of learning: Levels 4 and 5 (up to 10% in a given strand). The Material World and Physical World strands were the two strands with the least amount of variation among the mean scores for students at Levels 4, 4 and 5, and 5. 
It is also interesting to consider this information in the context of the international study. For example, the mean score in the TIMSS Earth Science domain of the 31 percent of students who were reported to be at Level 5 of the Planet Earth and Beyond strand was 546, and on a par with the average performance of students from higher-performing countries such as Hong Kong, SAR (549), Singapore (549), and Chinese-Taipei (548). Another example was the mean achievement of the 32 percent of Year 9 students at Level 5 of the Physical World strand. Their mean achievement in the TIMSS Physics domain – 527 – was similar to the average student in the provinces of Quebec (524) and Ontario (530), and in Sweden (525).

Comparing these data with the mathematics data, Year 9 students appear to have progressed more quickly through the (achievement) levels specified in the science curriculum than they had through the equivalent levels for mathematics. Furthermore, there was less variation in achievement between students working at Levels 4, 4 and 5, and 5 which probably reflects the delivery of science in schools as much as the nature of the discipline itself. However, it is still worth considering the level of progression in light of the proportion of students working at Level 4, given the assumption that most Year 9 students were expected to working at Level 5 during their first year of secondary schooling.

Figure 3.9:
The proportion of Year 9 students at each level of the Science in the New Zealand Curriculum strands at the end of 2002 and achievement in each of the TIMSS content domains 
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Notes:
1.
The data points are the mean scores for students at each level of SciNZC. The vertical lines extending from the data point show the 95% confidence interval around the mean, i.e., ( 2 standard errors.
2.
Adjusted percentages are shown on the graphs. There was a relatively high proportion of ‘missing’ on this question. Science teachers of 9% of students did not answer the question on the curriculum strands while science teachers of about 4% of students did not complete the questionnaire. The mean achievement of students in the ‘missing’ curriculum category (about 13%) was typically around the means for students at Level 4. 








































































































































































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


�	New Zealand undertook a national option as part of TIMSS-98/99 where it assessed Year 5 students using the same assessment used in 1994.


�	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. 


�	Refer to TN 4 in the Technical Notes for details.


�	Mäori students also recorded an increase which was only significant at the 10 percent level (i.e., t = 1.89).


�	Because of the relatively small proportion of Year 9 students in the ‘Other ethnic groups’ category in each assessment year the remaining discussion focuses only on students in the four main groupings – Pākehā/European, Mäori, Pasifika, and Asian.


�	Adjusted for multiple comparisons – see TN 4.2 in Technical Notes for details.


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


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


�	Scientific Inquiry and the Nature of Science was not included as a separate ‘content’ area in TIMSS 2002-2003; Scientific Inquiry was viewed as an overarching assessment strand across the content domains. 


�	Ministry of Education (1993).


�	Also see Ministry of Education (2004a); Chapter 5 in Martin, Mullis, et al. (2004); and Appendix F in this report.


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


�	Relative strengths and weaknesses are not available for students in each ethnic grouping. Mean scores for each science content area by ethnicity are presented in Table C.11 in Appendix C.





