Mathematics and Science Achievement in New Zealand:
Tracking the Changes of Year 5 Students in TIMSS 1994–2002
75

Chapter 4: Student Attitudes

This chapter looks at Year 5 students’ attitudes towards mathematics and science. It includes their reports of enjoyment learning mathematics and science and their rating of their own abilities in learning these subjects. New Zealand results are placed in both an international and national context.

Introduction
Encouraging positive attitudes around the learning of mathematics and science is an important goal for most education systems and, as such, is considered an outcome of learning. This is acknowledged in the New Zealand mathematics curriculum, where one of the stated aims of mathematics education in New Zealand is to: “…develop in students the skills, concepts, understandings and attitudes which will enable them to cope confidently with the mathematics of everyday life” (Ministry of Education, 1992, page 8). The New Zealand science curriculum also recognises that attitudes and interests are important in its aims. “The aim of science education in the New Zealand curriculum is to advance learning in science by: … providing opportunities for students to develop the attitudes on which scientific investigation depends;” and “… developing students’ interest in and understanding of the knowledge and processes of science which form the basis of many of their future careers.” (Ministry of Education, 1993, page 9).

Enjoyment of learning mathematics

Internationally, half (50%) of the middle primary students in TIMSS-02/03 agreed a lot that they enjoyed learning mathematics. About the same proportion (52%) of New Zealand Year 5 students agreed with this statement, as did students in Australia (52%) and the United States (54%). Furthermore, as shown by the bars in Figure 4.1, New Zealand recorded a significant increase between TIMSS-94/95 and TIMSS-02/03 in the percentage of students at the middle primary level who reported that they enjoy learning mathematics a lot. The proportion of students rose from 45 percent to 52 percent over the eight years between the two studies. Six other countries, including Australia, Japan, Singapore, and the United States, also recorded an increase in student enjoyment of learning mathematics. The relationship between enjoyment learning mathematics and achievement in mathematics was roughly similar in the two studies. That is, students who did not enjoy learning mathematics did least well in both the TIMSS-94/95 and the TIMSS-02/03 assessments.

Figure 4.1:
Trends in Year 5 students reporting agreement with the statement ‘I enjoy learning mathematics’
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Notes:

1.
Standard errors appear in parentheses.

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

3.
See Table D.1 in Appendix D for values.

Gender
About half of Year 5 girls (50%) and boys (53%) stated that they enjoyed learning mathematics a lot in 2002, while a further 30 percent of girls and 28 percent of boys enjoyed it a little.

The relationship between the enjoyment of learning mathematics and mathematics achievement in 2002 differed for girls and boys. Counter to expectation, girls who reported enjoying mathematics a little had a significantly higher mean score (by 17 points) than those who enjoyed it a lot, while there was no difference between either of these groups and those who did not enjoy learning mathematics at all. Boys who said they enjoyed learning mathematics, whether a lot or a little, performed significantly better than their counterparts who did not enjoy learning mathematics. There was no difference in the performance of boys who enjoyed learning mathematics a lot and those who enjoyed it a little, as illustrated in Figure 4.2.

Figure 4.2:
Proportions and mean achievement for New Zealand Year 5 students at each level of agreement to the statement ‘I enjoy learning mathematics’ in 2002, by gender
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Notes:

1.
Standard errors appear in parentheses.

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

3.
See Table D.2 in Appendix D for values.

The proportion of students reporting that they enjoyed learning mathematics a lot was significantly higher for both girls and boys in 2002 than it was in 1994 (see Table 4.1 for trends results).

Table 4.1:
Proportion of Year 5 students reporting enjoyment learning mathematics in 1994 and 2002, by gender

	Level of agreement
	Proportion of girls
	Proportion of boys

	
	1994
	2002
	1994
	2002

	Agree a lot
	43 (2.0)
	51 (1.3) (
	47 (1.8)
	54 (1.4) (

	Agree a little
	40 (1.7)
	30 (1.0) (
	35 (1.6)
	28 (1.3) (

	Disagree
	17 (1.3)
	19(1.0)
	19 (1.5)
	19(1.1)


Notes:

1.
Stand errors appear in parentheses.
2.
( Proportion of students was statistically significantly higher in 2002 than in 1994. 
( Proportion of students was statistically significantly lower in 2002 than in 1994.

3.
Proportions in each column should add to 100%; inconsistencies are due to rounding.

4.
To be comparable with 1994, 2002 data in this table includes students in English-medium instruction only.

Ethnic grouping

The majority of students in each ethnic grouping in 2002 reported that they enjoyed learning mathematics a lot. The proportion of students ranged from 45 percent of Asian students to 60 percent of Pasifika students.

As mentioned earlier, in general, students who did not enjoy learning mathematics did least well. However, this pattern was not consistently evident when each ethnic grouping was examined separately. As shown in Figure 4.3, whether or not a student responded that they enjoyed learning mathematics appeared to have little impact on their achievement in that subject for Mäori, Pasifika, and Asian students. For Päkehä/European students, those who stated that they enjoyed learning mathematics a little typically attained significantly higher scores than their peers who did not enjoy it at all, although the difference was small (16 scale score points).

Figure 4.3:
Proportions and mean achievement for New Zealand Year 5 students at each level of agreement with the statement ‘I enjoy learning mathematics’ in 2002, by ethnic grouping
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Notes:

1.
Since this graph contains data for 2002 only, students in both Mäori- and English-medium instruction are included.

2.
See Table D.3 in Appendix D for values.

Although proportionally more Päkehä/European, Mäori and Pasifika students enjoyed learning mathematics a lot in 2002 compared with 1994, the only significant increase was that recorded for Päkehä/Europeans. On the other hand, significantly fewer Asian students reported enjoying learning mathematics a lot in 2002 than was the case in the first TIMSS study in 1994.

Table 4.2:
Proportion of Year 5 students reporting enjoyment learning mathematics in 1994 and 2002, by ethnic grouping

	Level of agreement
	Päkehä/European (%)
	Mäori (%)
	Pasifika (%)
	Asian (%)

	
	1994
	2002
	1994
	2002
	1994
	2002
	1994
	2002

	Agree a lot
	41 (1.7)
	51 (1.5) (
	50 (2.5)
	56 (2.0)
	54 (4.5)
	60 (3.6)
	60 (5.9)
	45 (3.0) (

	Agree a little
	39 (1.4)
	30 (1.3) (
	33 (2.2)
	27 (1.7) (
	35 (4.6)
	24 (3.2)
	35 (5.9)
	34 (2.9)

	Disagree
	20 (1.3)
	20 (0.9)
	16 (1.9)
	17 (1.6)
	12 (3.7)
	16 (2.5)
	5 (2.1)
	21 (3.1) (


Notes:

1.
Standard errors appear in parentheses.
2.
( Proportion of students was statistically significantly higher in 2002 than in 1994. 
( Proportion of students was statistically significantly lower in 2002 than in 1994.

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

4.
Proportions in each column should add to 100%; inconsistencies are due to rounding.

Self-confidence in mathematics
 SHAPE  \* MERGEFORMAT 



The Self-Confidence in Mathematics (SCM) Index
 was developed in 2002 to investigate students’ perceptions of their abilities in learning mathematics, using their responses to the following four statements:

· I usually do well in mathematics.
· Mathematics is harder for me than for many of my classmates.
· I am just not good at mathematics.
· I learn things quickly in mathematics.

On average internationally, 55 percent of students had a high self-confidence in mathematics. A similar proportion of New Zealand middle primary students (54%) were in this category. Dutch (67%), American (64%), and Australian (64%) students tended to express a higher level of self-confidence, as measured by the SCM index, than their New Zealand counterparts. It is interesting to note that in some countries, such as the Netherlands and England, where students reported high self-confidence in mathematics, the level of enjoyment was lower (30% and 43% respectively).

The index was positively associated with achievement. That is, within countries, students who had high self-confidence in learning mathematics usually, on average, achieved higher scores in that subject than those students who reported having low self-confidence. In New Zealand (as seen in Figure 4.4), Year 5 students with high self-confidence scored 80 scale score points more that those with a low self-confidence. This difference is of the same magnitude as one international benchmark.

The SCM Index was first developed for TIMSS-02/03, thus trend data are not available.

Figure 4.4:
Proportions and mean achievement for middle primary students at each level of the Students’ Self-Confidence in Mathematics (SCM) Index in 2002-2003
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Notes: 

1.
Standard errors appear in parentheses

2.
Students at the high level of the index were generally very confident in their abilities in mathematics.

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

4.
See Table D.4 in Appendix D for values.
Source: Exhibit 4.9 in Mullis, Martin, et al. (2004).
Gender

Proportionally more boys (58%) than girls (50%) in New Zealand expressed a high level of self-confidence in mathematics, while a third of boys and 40 percent of girls reported a medium level. The same relationship between confidence and achievement as observed for all students was also evident within each gender group. In other words, students who were more confident, whether female or male, achieved higher mean scores in the 2002 mathematics assessment, as shown in Figure 4.5. The substantial scale score point differences between most and least confident of 76 points for girls and 85 points for boys were of the magnitude of an international benchmark, and statistically significant.

Figure 4.5:
Proportions and mean achievement for New Zealand Year 5 students at each level of the Students’ Self-Confidence in Mathematics (SCM) Index in 2002, by gender
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Notes:

1.
Standard errors appear in parentheses

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

3.
See Table D.5 in Appendix D for values.

Ethnic grouping

About half of the New Zealand Year 5 students in TIMSS-02/03 who were identified as Mäori (50%), Pasifika (49%) or Asian (51%) reportedly had a high degree of self-confidence in learning mathematics, compared with 57 percent of Päkehä/European students. Proportionally more Pasifika students (44%) were moderately confident than were students from Päkehä/European (35%), Mäori (38%) or Asian (37%) groupings.

There was a strong linear relationship between confidence and mathematics achievement among Päkehä/European students, such that the greater the level of self-confidence, the higher their performance in the TIMSS mathematics assessment. These differences in mathematics achievement were statistically significant. Päkehä/European students who reported a high level of confidence recorded, on average, 59 scale score points more than those who reported a moderate level, while those who had a low level of confidence achieved a mean score that was a further 22 points lower than the moderate group. For Mäori, Pasifika and Asian students, those who expressed a high level of self-confidence generally performed significantly better than those students with a moderate level of confidence, but there was no difference, statistically, between those students reporting medium and those students reporting low levels of confidence. The average score differential between students with high and moderate confidence was 59 points for Mäori students, 74 for Pasifika and 56 for Asian. These data are illustrated in Figure 4.6.

Figure 4.6:
Proportions and mean achievement for New Zealand Year 5 students at each level of the Students’ Self-Confidence in Mathematics (SCM) Index in 2002, by ethnic grouping
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Notes:

1.
The point on the graph is indicative only as there were too few Pasifika students at the low level of the SCM Index to report achievement.

2.
See Table D.6 in Appendix D for values.

Enjoyment of learning science

 SHAPE  \* MERGEFORMAT 



Internationally, the proportion of students who reported enjoying learning science a lot was 55 percent. Students in Scotland (57%), New Zealand (60%), the United States (62%) and Australia (64%) were either equally or more inclined to enjoy science a lot than all students internationally, while those in England (39%) and the Netherlands (40%) were less likely to enjoy it. New Zealand was one of 10 countries to record a significant increase between TIMSS-94/95 and TIMSS-02/03 in the proportion of students who reported enjoying learning science a lot. The proportion of students in this category in New Zealand increased from 47 percent in the first study to 60 percent in the second. The pattern of the relationship between enjoyment learning science and achievement in science differed somewhat in the two studies. Nevertheless, students who did not enjoy learning science did least well in both the TIMSS-94/95 and TIMSS-02/03 assessments (see Figure 4.7).

Figure 4.7:
Trends in Year 5 students’ reported agreement with the statement ‘I enjoy learning science’ in 1994 and 2002
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Notes:

1.
Standard errors appear in parentheses

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

3.
See Table D.7 in Appendix D for values.

Gender

A majority of students, both girls and boys, reported that they enjoyed learning science a lot in the TIMSS-02/03 study, although boys (63%) were slightly more likely to agree a lot than were their female counterparts (58%).

For girls, the level of enjoyment learning science was not related to achievement in this subject, whereas for boys the relationship was linear, with greater enjoyment associated with significantly higher mean science scores. Boys who reported enjoying learning science a lot scored, on average, 15 scale score points higher than their peers who enjoyed it a little, while those who did not enjoy learning science recorded a further 21 scale score points less (see Figure 4.8).

Figure 4.8:
Proportions and mean achievement for New Zealand Year 5 students at each level of agreement to the statement ‘I enjoy learning science’ in 2002, by gender
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Notes:

1.
Standard errors appear in parentheses

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

3.
See Table D.8 in Appendix D for values.

As reported earlier, significantly more students reported enjoying science in 2002 compared with 1994. This group comprised both boys and girls, as shown in Table 4.3. As the table shows, significantly more girls and boys enjoyed learning science a lot in 2002 than was reported in 1994.

Table 4.3:
Proportion of Year 5 students reporting enjoyment learning science in 1994 and 2002, by gender

	Level of  agreement
	Proportion of girls
	Proportion of boys

	
	1994
	2002
	1994
	2002

	Agree a lot
	44 (2.1)
	58 (1.4) (
	49 (1.7)
	63 (1.3) (

	Agree a little
	40 (2.2)
	28 (1.0) (
	32 (1.7)
	23 (1.1) (

	Disagree
	16 (1.3)
	13 (1.1)
	19 (1.4)
	14 (0.8)


Notes:

1.
Standard errors appear in parentheses.
2.
( Proportion of students was statistically significantly higher in 2002 than in 1994. 
( Proportion of students was statistically significantly lower in 2002 than in 1994.

3.
Proportions in each column should add to 100%; inconsistencies are due to rounding.

4.
To be comparable with 1994, 2002 data in this table includes students in English-medium instruction only.

Ethnic grouping

In science, about six in every 10 students (59% to 61%) in TIMSS-02/03, in each ethnic grouping said they enjoyed learning science a lot, and approximately a quarter (25% to 28%) agreed that they enjoyed it a little.

The reported levels of enjoyment learning science were not related to science achievement for Päkehä/European, Pasifika or Asian students, as shown in Figure 4.9. For students identified as Mäori, however, those who enjoyed science a lot performed significantly better, 23 scale score points on average, than those who did not enjoy it at all.

Figure 4.9:
Proportions and mean achievement for New Zealand Year 5 students at each level of agreement with the statement ‘I enjoy learning science’ in 2002, by ethnic grouping
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Notes:

1.
Since this graph contains data for 2002 only, students in both Mäori- and English-medium instruction are included.

2.
See Table D.9 in Appendix D for values.

The proportion of students in each ethnic grouping agreeing that they enjoyed learning science a lot increased by between 11 and 16 percentage points between 1994 and 2002. This increase was significant for all groups except among students who identified as Pasifika (see Table 4.4).

Table 4.4:
Proportion of Year 5 students reporting enjoyment learning science in 1994 and 2002, by ethnic grouping

	Level of agreement
	Päkehä/European
	Mäori (%)
	Pasifika (%)
	Asian (%)

	
	1994
	2002
	1994
	2002
	1994
	2002
	1994
	2002

	Agree a lot
	47 (1.7)
	60 (1.3) (
	46 (2.3)
	61 (1.8) (
	51 (6.1)
	62 (2.5)
	43 (5.0)
	59 (3.2) (

	Agree a little
	37 (1.7)
	26 (1.1) (
	36 (2.2)
	24 (1.3) (
	28 (5.0)
	26 (2.5)
	46 (5.6)
	28 (3.7) (

	Disagree
	16 (1.2)
	14 (0.8)
	19 (1.9)
	15 (1.5)
	21 (4.5)
	12 (2.2)
	10 (3.1)
	13 (1.9)


Notes:

1.
Standard errors appear in parentheses
2.
( Proportion of students was statistically significantly higher in 2002 than in 1994. 
( Proportion of students was statistically significantly lower in 2002 than in 1994.

3.
Proportions in each column should add to 100%; inconsistencies are due to rounding.

4.
To be comparable with 1994, 2002 data in this table includes students in English-medium instruction only.

Self-confidence in science

 SHAPE  \* MERGEFORMAT 



The Self-Confidence in Science (SCS) Index
 was developed to summarise students’ perceptions of their abilities in learning science, using their responses to the following four statements:

· I usually do well in science.
· Science is harder for me than for many of my classmates.
· I am just not good at science.
· I learn things quickly in science.

On average across the 25 TIMSS-02/03 countries, 59 percent of students had a high level of self-confidence in their ability to learn science. Proportionally fewer New Zealand students (51%) expressed a high level of self-confidence compared with students in the United States (66%), Australia (66%), and the Netherlands (71%).

The index was positively associated with achievement in science. That is, within countries, students who had high self-confidence in learning science usually, on average, achieved higher scores in that subject than those students who reported having low self-confidence. In New Zealand (as seen in Figure 4.10), Year 5 students with high self-confidence scored 52 scale score points more that those with a low self-confidence. Internationally, the corresponding score difference was 49 scale score points. However, across countries the relationship between self-confidence and achievement was slightly more complex. For example, some of the Asian countries with high mean achievement reported relatively small proportions of students at the high end of the self-confidence index.

The SCS Index was first developed for TIMSS-02/03, thus trend data are not available.

Figure 4.10:
Proportions and mean achievement for middle primary students at each level of the Students’ Self-Confidence in Science (SCS) Index in 2002-2003
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Notes: 
1.
Students at the high level of the index were generally very confident in their abilities in science.

2.
Since this graph contains data for TIMSS-02/03 only, students in both Mäori- and English-medium instruction are included.

3.
See Table D.10 in Appendix D for values.
Source: Exhibit 4.9 in Martin, Mullis, et al. (2004).
Gender

Boys (54%) were more likely to report a high degree of self-confidence than were girls (48%), while the reverse was true for medium levels (36% and 43% respectively). Although the same linear relationship between confidence and achievement was evident for girls and boys in science, the achievement difference was significant only to the extent that students who expressed high levels of confidence achieved higher than those with medium or low confidence (Figure 4.11). There was no achievement difference between those categorised as medium and those categorised as low in confidence. The scale score point differences between high and medium confidence were 43 points for girls and 51 points for boys.

Figure 4.11:
Proportions and mean achievement for New Zealand Year 5 students at each level of the Students’ Self-Confidence in Science (SCS) Index in 2002, by gender
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Notes:

1.
Standard errors appear in parentheses

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

3.
See Table D.11 in Appendix D for values.

Ethnic grouping
Päkehä/European (54%) and Asian (52%) students were more likely to report high levels of self-confidence in learning science than were Mäori (45%) or Pasifika (46%) students. Conversely, fewer Päkehä/European (38%) and Asian (38%) students reported a medium degree of confidence than did their Mäori (45%) or Pasifika (43%) peers.

As seen in Figure 4.12, the relationship with science achievement was similar for all four ethnic groupings. Specifically, students expressing high levels of self-confidence achieved significantly higher mean science scores, on average, than did those students with medium or low self-confidence. The magnitude of that difference was between 41 and 53 scale score points, equivalent to about half an international benchmark. However, there were only small, non-significant differences in achievement between students within each ethnic grouping reporting medium and low levels of confidence.

Figure 4.12:
Proportions and mean achievement for New Zealand Year 5 students at each level of the Students’ Self-Confidence in Science (SCS) Index in 2002, by ethnic grouping
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Notes:

1.
Since this graph contains data for 2002 only, students in both Mäori- and English-medium instruction are included.

2.
See Table D.12 in Appendix D for values.





































Key points from 1st and 2nd cycles of TIMSS


In 1994, 76 percent of Year 5 (standard 3) students agreed that they usually do well in science and 51 percent of students agreed that science is an easy subject.


In 1998, 48 percent of Year 5 students agreed that they find science easy, either agreeing a little or a lot.





Key points from 1st and 2nd cycles of TIMSS


In 1994, 83 percent of Year 5 (standard 3) students reported enjoying learning science either a little (36%) or a lot (47%).


Similarly, in 1998, 84 percent of Year 5 students indicated that they enjoyed learning science.





Key points from 1st and 2nd cycles of TIMSS


In 1994, 86 percent of Year 5 (standard 3) students agreed that they usually do well in mathematics and 54 percent agreed that mathematics is an easy subject.


In 1998, just over half (56%) of Year 5 students agreed that they find mathematics easy, either agreeing a little or a lot.





Key points from 1st and 2nd cycles of TIMSS


In 1994, about 80 percent of Year 5 (standard 3) students indicated that they enjoyed learning mathematics a little (37%) or enjoyed it a lot (45%).


In 1998, 88 percent of Year 5 students agreed that they enjoyed learning mathematics either a little or a lot.





Key points


New Zealand middle primary students generally enjoyed learning mathematics and science. There was a significant increase between TIMSS-94/95 and TIMSS-02/03 in the proportions of Year 5 students who reported enjoying these subjects a lot.


About the same proportions of Year 5 girls and boys reported that they enjoyed learning mathematics and science. The relationship with achievement for each subject was linear for boys but less clear-cut for girls.


The majority of Year 5 students in each ethnic grouping reported that they enjoyed learning mathematics and science a lot. The reported levels of enjoyment learning mathematics or science were generally not related to achievement for Päkehä/European, Pasifika or Asian students. For Mäori students, while the enjoyment of learning mathematics had little relationship with achievement, those who reported enjoying learning science a lot had higher mean achievement than those who did not.


About half of the New Zealand Year 5 students in TIMSS-02/03 expressed a high level of self-confidence in mathematics and science.


Students who had a high self-confidence in learning mathematics or science usually, on average, achieved higher scores in that subject than those students who reported having a low self-confidence.


Proportionally more boys than girls in New Zealand expressed a high level of self-confidence in both mathematics and science. The relationship between confidence and achievement observed for all students was also evident within each gender group.


Proportionally more Päkehä/European students than students in any of the other ethnic groupings expressed a high level of self-confidence in both mathematics and science. Nevertheless, students from all groupings who were more confident did better in both the mathematics and science assessments.





















































�	To summarise the vast amount of information concisely, the international researchers often combined respondents’ answers to sets of questions to form indices. For this index, an average was computed across the four items with the negatively worded statements reversed. The average was based on a 4-point scale with Agree a lot assigned a value of 1, Agree a little a value of 2, Disagree a little a value of 3, and Disagree a lot a value of 4. Students agreeing a little or a lot on average across the four statements (average ( 2) were assigned to the high level. Students disagreeing a little or a lot on average (average ( 3) were assigned to the low level. All other students were assigned to the middle level. 


�	To summarise the vast amount of information concisely, the international researchers often combined respondents’ answers to sets of questions to form indices. For this index, an average was computed across the four items with the negatively worded statements reversed. The average was based on a 4-point scale with Agree a lot assigned a value of 1, Agree a little a value of 2 ,Disagree a little a value of 3, and Disagree a lot a value of 4. Students agreeing a little or a lot on average across the four statements (average ( 2) were assigned to the high level. Students disagreeing a little or a lot on average (average ( 3) were assigned to the low level. All other students were assigned to the middle level.





