Achievement in the Mathematics Cognitive Domains
Trends in International Mathematics and Science Study 2002/03

Background
Trends in International Mathematics and Science Study (TIMSS) is a series of international assessments carried out in countries around the world to measure trends in mathematics and science learning at middle primary and lower secondary school levels.  New Zealand took part in this mathematics and science study in 1994, 1998 and most recently in 2002 (TIMSS-02/03). New Zealand is currently taking part in the fourth cycle of TIMSS (TIMSS-06/07). 
The international findings for TIMSS-02/03 were released in December 2004.  The Ministry of Education prepared two summary reports on these international results, with a focus on New Zealand.  These were sent out to all primary and secondary schools to coincide with the international release.
   
The frameworks underlying TIMSS assessments are organised along two dimensions – content domains and cognitive domains.  To respond to TIMSS test items, students need to be familiar with the five content areas,
 but they also need to draw on a range of cognitive skills.  

Since the first round of TIMSS in 1994, we have reported on both overall mathematics achievement and achievement for each content domain. More recently, however, the TIMSS international research team undertook a developmental project to describe mathematics achievement by three mutually exclusive cognitive domains.  This report focuses on the achievement of New Zealand students in an international context in each of those cognitive domains.

The three cognitive domains, which are described in detail on page 10, cover the set of behaviours, skills and abilities expected of students as they engage with mathematics content. 
   They are:

· Knowing facts, procedures and concepts;
· Applying knowledge and understanding; and 
· Reasoning.

This summary is an overview of the findings from the developmental project on achievement in mathematics cognitive domains.
 It is based on the data from TIMSS-02/03, the third cycle of the Trends in International Mathematics and Science Study.  In New Zealand approximately 4,300 Year 5 students, 3,800 Year 9 students and 600 teachers from 390 schools participated in the study in November 2002.

Key Points 
· Overall, the performance of New Zealand Year 5 and Year 9 students in TIMSS-02/03 was stronger in the area of cognitive reasoning, which requires students to go beyond the solution of routine problem solving, than in the domains of knowing facts, procedures and concepts, or applying knowledge and understanding.
· The performance of New Zealand Year 9 students was typically stronger than that of Year 5 students across all three domains, when placed in an international context.   
· Gender gaps in achievement were minimal in all domains except for reasoning at Year 9 level, where on average, girls achieved at a significantly
 higher level than boys. 
 
How did New Zealand’s Year 5 students perform in TIMSS-02/03 in the mathematics cognitive domains?
· Year 5 students on average scored significantly higher than the international country mean
 of 495 in the reasoning domain with a mean scale score of 503. They typically scored around the international mean in the knowing domain (493 scale score points) and significantly lower in the applying domain (486 scale score points).
· New Zealand’s performance was similar to Australia’s in all three domains. However, achievement scores in the reasoning domain, where New Zealand students performed best, were significantly lower than the scores of 13 other countries, including Singapore, the Netherlands, England and the United States. 

· A comparison of New Zealand students’ relative performance across the three cognitive domains shows that they were generally stronger in the reasoning domain at Year 5 level, and were weaker in the applying domain.  
· Internationally, boys performed significantly higher on average than girls in the applying domain, whereas their performance was about the same in the other two domains. For New Zealand students, gender differences were minimal across all three domains. 
Figure 1 provides a comparison of mean mathematics scores between New Zealand and other participating countries in TIMSS-02/03 for middle primary students in the three cognitive domains.
Figure 1:  Mean mathematics achievement scores at the middle primary level (New Zealand Year 5) in each of the knowing, applying and reasoning cognitive domains
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Figure 2 highlights the relative strengths and weaknesses in the mathematics cognitive domains for New Zealand Year 5 students and for selected countries at the same educational level. For example, it shows that, relative to average performances across domains, New Zealand was relatively strong in the reasoning domain, but had a relative weakness in the applying domain, with no particular strength or weakness in the knowing domain. In contrast, Singapore, the top performing country in all three cognitive domains, had a particular strength in the knowing domain, but was relatively weak in the reasoning domain.  
Figure 2:  Relative performance in mathematics cognitive domains, middle primary level (New Zealand Year 5) for selected countries 
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Source: Exhibit 4.1 in  Mullis, I.V., Martin, M.O., & Foy, P. (2005).
Figure 3:  Mean mathematics achievement scores at the lower secondary level (New Zealand 
Year 9) in each of the knowing, applying and reasoning cognitive domains
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How did New Zealand’s Year 9 students perform in TIMSS-02/03 in the mathematics cognitive domains?

· New Zealand Year 9 students scored significantly above the international mean of 467
, on average, in all three cognitive domains. Our students performed relatively better internationally on questions that used cognitive reasoning processes, with a mean scale score of 509, compared with questions that required applying knowledge and understanding (497), or knowing facts, procedures and concepts (485). 

· Although Year 9 students performed best in the reasoning domain, with only nine other countries having significantly higher mean achievement scores, they performed less well in the knowing domain, achieving a mean score significantly below 17 other participating countries. 
    
· A comparison of New Zealand’s relative performance across the three cognitive domains shows that our Year 9 students were generally weak in the knowing domain.
· Across the TIMSS-02/03 participating countries, girls achieved at higher levels on average than boys in both knowing and reasoning domains, and boys had the advantage in more countries in the applying domain.        

· Results for New Zealand showed a different pattern of achievement by gender.  Girls scored on average 19 scale points higher than boys in the reasoning cognitive domain, but gender differences were minimal in the knowing and applying domains.  The gap between New Zealand girls and boys in the reasoning domain was larger than that of almost all other countries in the study.  

Figure 3 provides a comparison of mean mathematics scores between New Zealand and other countries that participated in TIMSS-02/03, for lower secondary students in the three cognitive domains. 

Figure 4 highlights the relative strengths and weaknesses in the three mathematics cognitive domains for New Zealand Year 9 students and a selection of other countries at lower secondary level. As Figure 4 shows, New Zealand was weaker in the knowing domain, relative to applying and reasoning, as were England, Australia and the Netherlands. In contrast, Singapore, the top achieving country in the study, was relatively stronger in the applying domain but weaker in reasoning. 
Figure 4:  Relative performance in mathematics cognitive domains, lower secondary level (New Zealand Year 9) for selected countries 
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Source: Exhibit 4.1 in  Mullis, I.V., Martin, M.O., & Foy, P. (2005).
Finally

To summarise New Zealand students’ performance in the mathematics cognitive domains in TIMSS-02/03, it was found that they achieved relatively better on questions that required cognitive reasoning skills than they did on questions requiring skills in knowing facts, procedures and concepts or the ability to apply knowledge and conceptual understanding. 
This means that, overall, TIMSS-02/03 results for mathematics showed that New Zealand students were better able to demonstrate that they could:
· provide solutions to problems in unfamiliar situations, and handle complex concepts and multi-step problems;

         than they were to demonstrate their ability to:

· show knowledge of the basic language of mathematics, or use mathematical procedures or make connections between isolated facts; or
·  apply what they know to solve routine problems or questions.

The performance of students at lower secondary level (Year 9) was generally stronger than that of middle primary students (Year 5) when placed in an international context.  
This report has merely touched on some of the key findings that are part of a wealth of descriptive information generated by TIMSS-02/03. It is recommended that the findings presented here are not viewed in isolation, and that readers refer to the international publications for more detail. The reports can be viewed on the international web site. Further TIMSS reports with a national focus will be released onto the ministry’s web site through 2006, and copies will be distributed to schools.

In TIMSS-02/03, more emphasis was placed on questions and tasks that offer better insight into students’ analytical, problem-solving and inquiry skills and capabilities, than in previous TIMSS studies.  The next cycle of TIMSS in 2006/07 will continue to assess the achievement and progress of New Zealand students in both mathematics and science through the cognitive domains of knowing, applying and reasoning

Description of the TIMSS mathematics cognitive domains  

Further information about the TIMSS-02/03 study 

The Trends in International Mathematics and Science Study, 2002-2003 (TIMSS-02/03) is the third cycle of this international study of mathematics and science achievement, conducted under the auspices of the International Association for the Evaluation of Educational Achievement (IEA).  TIMSS was administered in New Zealand and other Southern Hemisphere countries in late 2002, and in Northern Hemisphere countries in early 2003. The study involved students at educational levels equivalent to New Zealand’s Year 5 (middle primary) and Year 9 (lower secondary) from 25 and 46 countries respectively.  There were four benchmarking participants at lower secondary and three at middle primary.  
Who carried out TIMSS-02/03?

The International Study Centre at Boston College’s Lynch School of Education in the

United States managed the international coordination of the project. The other

organisations involved with the TIMSS activities were:

• Statistics Canada in Ottawa;

• the IEA Data Processing Centre in Hamburg (Germany); and

• the Educational Testing Service in Princeton, New Jersey (United States).

The Comparative Education Research Unit was responsible for carrying out the TIMSS

activities in New Zealand. This unit is located within the Research Division of the Ministry of Education.
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A recap of New Zealand’s overall mathematics achievement results from TIMSS-02/03





Key findings Year 5 





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


The New Zealand student mean in mathematics was similar to those reported for students in Australia and Scotland, but significantly lower than the mean scores of students in 15 other countries, including England and the United States.


New Zealand was one of six countries that recorded a significant improvement in mean mathematics achievement between TIMSS-94/95 and TIMSS-02/03.  





Key findings Year 9 





New Zealand Year 9 students, on average, achieved significantly above the international mean in mathematics for the 46 countries participating in TIMSS-02/03.  


New Zealand’s performance relative to other countries that had participated in the previous assessments essentially did not change over the eight years since the first assessment in 1994-1995.


The New Zealand student mean was similar to those reported for students in Australia, Scotland, Sweden and the United States, but was significantly lower than the means for students in 13 countries including Singapore, Korea, Hong Kong (SAR), Chinese Taipei, Japan, Belgium (Flemish) and the Netherlands.
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�
Covers what the student needs to know.  Facts encompass the factual knowledge that provides the basic language of mathematics, and the essential mathematical facts and properties that form the foundation for mathematical thought.


Procedures form a bridge between more basic knowledge and the use of mathematics for solving routine problems.  Knowledge of concepts enables students to make connections between elements of knowledge that at best would otherwise be retained as isolated facts.�
�



Applying knowledge and conceptual understanding 
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Focuses on the ability of the student to apply what he or she knows to solve routine problems or answer questions.  Students need to apply mathematical knowledge of facts, skills, and procedures or understanding of mathematical concepts to create representations and solve problems.  The problem settings for questions are more routine than for those aligned with the reasoning domain.  Some of these problems will have been in words that set the problem situation in a quasi-real context or may be concerned with purely mathematical questions involving for example numeric expressions, equations, and geometric figures.


�
�
       


Reasoning 





Analyse


Generalise


Synthesise/integrate


Justify


Solve non-routine problems











Source: Mullis, I.V.S., Martin, M.O., & Foy. P. (2005)














�



Goes beyond the solution of routine problems to encompass unfamiliar situations, complex concepts, and multi-step problems.  It involves the capacity for logical, systematic thinking.  It includes intuitive and inductive reasoning based on patterns and regularities that can be used to arrive at solutions to non-routine problems.  Non-routine problems may be purely mathematical or may have real-life settings.  Both types involve transfer of knowledge and skills to new situations, and interactions among reasoning skills are usually a feature.  Reasoning draws on a number of behaviours each representing a valuable outcome of mathematics education.








�
�












Who took part in TIMSS-02/03?


Countries that took part at both Year 5 and Year 9 (NZ equivalent) are in italics





Armenia


Australia 


Bahrain	


Belgium (Flemish)


Botswana 


Bulgaria


Chile


Chinese Taipei  


Cyprus


Egypt


England


Estonia


Ghana	


Hong Kong, SAR


Hungary 


Indonesia


Iran, Islamic Rep. of


Israel	


Italy


Japan


Jordan


Korea, Rep. of


Latvia


Lebanon


Lithuania 


Macedonia Rep. of


Malaysia 


Moldova, Rep. of


Morocco


Netherlands 


New Zealand 


Norway 


Palestinian Nat. Auth.


Philippines


Romania


Russian Federation 


Saudi Arabia


Scotland


Serbia 


Singapore


Slovak Republic


Slovenia


South Africa


Sweden


Tunisia


United States





Benchmarking participants 


Basque Country


Indiana


Ontario Province


Quebec Province





Note: Syrian Arab Republic (Grade 8) and the Republic of Yemen (Grade 4 ) participated fully in just the curriculum  phase of the study.
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Relative strength in cognitive domain compared with country’s mean of the cognitive domain scale scores 





●





Neither strength or weakness in cognitive domain compared with country’s mean of the cognitive domain scale scores








▼





Relative weakness in cognitive domain compared with country’s mean of the cognitive domain scale scores





Relative weakness in cognitive domain compared with country’s mean of the cognitive domain scale scores





▼





Neither strength or weakness in cognitive domain compared with country’s mean of the cognitive domain scale scores








●





Relative strength in cognitive domain compared with country’s mean of the cognitive domain scale scores 





▲





KEY:











� 	These two summaries provide an overview of the mathematics and science achievement results.  Information on students’ attitudes to mathematics and science are also presented, as well as descriptions of the home, school and classroom environments. Hard copies of these reports can be obtained from the Ministry of Education  or see � HYPERLINK "http://www.minedu.govt.nz/goto/timss" ��www.minedu.govt.nz/goto/timss�.


�	The five content areas are number, patterns and relationships (Year5)/algebra (Year 9), measurement, geometry and data.


� 	The rationale for the third cycle of TIMSS in 2002-2003 is set out in the TIMSS Assessment Frameworks and Specifications. This document included both mathematics and science content and the cognitive domains which were to be assessed.  The work from this developmental project has subsequently contributed to updating the framework for the fourth cycle of TIMSS: the TIMSS 2007 Assessment Frameworks.  Both publications are referenced at the end of this summary.


� 	The information presented in this summary is drawn from material presented in IEA’s TIMSS 2003 International Report on Achievement in the Mathematical Cognitive Domains: Findings from a Developmental Project (referenced at the end of this summary).


�    The use of the term ‘significant’ refers to statistical significance at the 0.05 level.





		�      The international country mean (hereafter referred to as the ‘international mean’) was obtained by averaging the mean scale scores for each of the participating countries.  To facilitate comparisons across cognitive domains and with overall mathematics, the three cognitive domain scales were set to have the same mean (495) and standard deviation (100) as the overall mathematic scale.				


� 	Based on a comparison of the mean achievement scores of other countries relative to New Zealand.


				�    To facilitate comparisons across cognitive domains and with overall 				      mathematics, the three cognitive domain scales were set to have 				     the same mean (467) and standard deviation (100) as the overall 				     mathematics scale.   


�    Based on a comparison of  the mean achievement scores of other countries relative to New Zealand.
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