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Introduction 

In recent years, much attention in research has been given to Chinese teachers’ knowledge (Ma, 2001; An, Kulm, & Wu, 2004, An, 2004) and students’ computations (Cai, 2001, Wu, 2005).  However, recent research has not addressed the fact that China has been reforming its mathematics education by adopting “new perspectives and approaches.”  Inquiries on how the new standards and curriculum influence classroom teaching, student learning, and assessment, and what mathematics education from other countries can gain from it remain noticeably absent from contemporary mathematics education literature and assessment.

Before the 1990s, China had one national curriculum and one unified set of textbooks.  Its mathematics curriculum was centered around a rigorous, logical and purely deductive system.  In order to meet the high demand of examinations, the curriculum emphasized fluency in computations.  However, since the 1990s, China has been reforming the national curriculum by conducting research on curricula in different countries.  By learning form others, China has developed a new research-based mathematics standards and curriculum while also retaining Chinese cultural and educational characteristics (An, 2004).  Since 2001, six different elementary textbooks have been developed, approved by the Committee of Textbook at the Department of Education in China, and published country-wide.
In order to investigate the effects of the new textbooks on the mathematics learning and to examine student attitudes toward mathematics learning, this study selected a set of elementary textbooks from Jiangsu Educational Publisher (JEP) as a focus for this study.  This set of the JEP textbooks has been used by ten million students in 23 provinces in China since 2001.  This study compared student achievement in mathematics content areas and cognitive levels between groups using JEP and not using JEP, and their counterparts in other countries and regions identified in the TIMMS study.  
Theoretical Framework
According to the Assessment Standards (NCTM, 1995), assessment is defined as “the process of gathering evidence about a student’s knowledge of, ability to use, and disposition toward mathematics and of making inferences from that evidence for a variety of purpose” (p.3).  This definition includes three important measures in assessing student learning: student mathematics content knowledge, ability to use mathematics, and affective measures.  In the new NCTM standards, five content areas are required for k-12 grade levels: number and operations, algebra, geometry, measurement, and data analysis and probability, which indicate the five important measures in student achievement (2000).  
Student ability to use mathematics as cognitive development has been addressed by various studies.  One of the most prominent was developed in 1956 by Benjamin Bloom, called Bloom’s taxonomy that provides six sequential levels of cognitive ability: knowledge, comprehension, application, analysis, synthesis, and evaluation.  These six levels have been used as objectives in teaching mathematics for decades.  The report of Adding It Up (NRC, 2001), indicated five components in mathematics proficiency: Conceptual understanding, procedural fluency, strategic competence, adaptive reasoning, and productive disposition.  In the study of assessing pre-service teachers’ pedagogical content knowledge, Wu & An (2006) proposed a new cognitive model: Model-Strategy-Application (MSA), which is supported by the California Mathematics Framework (2005) to balance mathematics learning in 1) basic computational and procedural skills, 2) conceptual understanding, and 3) problem solving.  
Student attitudes are closely related to their achievement in mathematics learning.  A study by Butty (2001) found that students with better attitudes toward mathematics had a significantly higher achievement score than those with poorer attitudes towards mathematics.  Evans’ study in 2007 confirmed significant correlations in student attitudes and achievement.  Various studies also indicated that the new reform on instruction and curriculum also had influences on student achievement and attitudes toward mathematics (Hart, 1989; Higgins, 1997; McLeod 1991; NRC, 2001). 
In this study, mathematics content areas include: numbers and operations, algebra patterns and relationships, measurement, geometry, and data analysis; the cognitive levels are addressed as understanding of procedures of solving problems, understanding of mathematics concepts, problem solving in daily life, and reasoning; student attitudes are measured in the dimensions of confidence, willingness to take more math courses, positive affect towards learning mathematics, and self-report on learning mathematics.
The Goals and Research Questions 
The goals of this study are to examine the effects of the new textbooks on student achievement.  Under this goal, we have been working collaboratively with Chinese colleagues to design and assess student achievements and attitudes.  
Research questions in this study include: 
(a) What are the differences in student achievement in mathematics content areas and cognitive development between groups of Chinese students who use the JEP textbooks and those not using these books?

(b) What are the differences in student attitudes between groups of Chinese students who use the JEP textbooks and those not using these books?

(c) What are the differences in student achievement and attitudes between these two groups of Chinese students and their international counterparts?

Method
Subjects and Data Collection 

Data were randomly collected from 4419 fourth graders (3036 used the JEP textbooks and 1383 did not use the textbooks) in 36 schools six regions in China in 2007.  Between the 36 regions, there were varieties in terms of locations, the size of cities, counties, towns, and also in terms of the general performance levels of schools.  Table 1 shows the information about the sample sizes related to these variations. 
Table 1: Information of the Samples:

	Location
	School
	# of students in higher level schools
	# of students in middle level schools
	# of students in lower level schools
	Total

	Eastern Regions (1)
	3 JEP
	124
	153
	163
	440

	
	3 No JEP
	162
	149
	159
	470

	Eastern Regions (2)
	3 JEP
	155
	138
	150
	443

	
	3 No JEP
	150
	159
	141
	450

	Southern Region 
	3 JEP
	155
	157
	151
	463

	
	3 No JEP
	149
	155
	159
	463

	Jiangsu Province (1)
	3 JEP
	100
	61
	39
	200

	
	3 JEP
	99
	92
	101
	292

	Jiangsu Province (2)
	3 JEP
	136
	48
	129
	313

	
	3 JEP
	98
	80
	110
	288

	Jiangsu Province (3)
	3 JEP
	97
	100
	100
	297

	
	3 JEP
	100
	100
	100
	300

	Total: 6 Region 
	36 schools
	1525
	1392
	1502
	4419


Note: (1) N= 3036 used the JEP textbooks; N = 1383 did not use the JEP textbooks.

       (2) Levels of performance of schools were assigned by the local school boards of each region.
Aside from the collection of student achievements in each school, this study also collected related data from the students, their teachers and principals. The results of these additional data analysis will be reported in another article.
Instruments 
This study adopted the TIMSS and PISA research design and used its existing data from Hong Kong, Japan, Russia, Singapore, and USA; these data were obtained at the 4th grade level.  The instrument included 20 problems with two aspects: mathematics content areas and cognitive levels.  The mathematics content areas consisted of numbers and operations, algebra patterns and relationships, measurement, geometry, and data analysis; cognitive levels had four aspects: understanding of the procedures of solving problems; understanding of mathematics concepts, problem solving in daily life, and reasoning.   The proportion of questions in the mathematics content areas was: 42% of numbers and operations, 15% of algebra patterns and relationships, 12% of measurement, 19% of geometry, and 12% of data analysis.  The proportion of questions in the cognitive levels areas was: 7% of understand procedures of solving problems; 29% of understand mathematics concepts, 57% of problem solving in daily life, and 7% of reasoning.  Student surveys mainly included student attitudes toward mathematics learning.  The content validity of the assessment was insured by the developmental care and external review of the instrument.
Data Analysis
This study combined qualitative and quantitative methods of data analysis.  Qualitative data analysis consisted of summary in percentages in particular mathematics assessment items and survey responses from students; quantitative data analysis included computations of mean scores of mathematics assessment items.  In order to limit the data coding bias, two researchers and a group of graduate students coded data and discussed any conflicting issues.  

Results

The findings indicated that (a) student achievement in using the JEP textbooks was higher than those who did not use the textbooks.  Chinese student achievement was higher than their international counterparts; (b) Students’ mathematics attitudes were positively correlated with their mathematics achievement. 
1．Student Achievement

（1）Comparsion of the Mathematics Achievement with Other Countries
Table 2 shows the comparison of the mathematics achievement between Chinese students using JEP textbooks, Chinese students not using the JEP textbooks, and groups from other countries and regions.  The results in the Table 2 indicate that the student achievement in the JEP group was higher than others.

Table 2: Comparison of Mathematics Achievement with Other Countries
	 Groups
Scores
	Used the  JEP textbooks
	Not used the  JEP textbooks
	Hong Kong
	Japane 
	Russia  
	Sigapo
	US

	Mean scores of 20 problems (%)
	84.4
	78.0
	63.9
	62.2
	50.7
	70.3
	55.9


(2) Levels of Mathematics Content Areas
Table 3 shows the comparisons of mean scores between students using the JEP textbook vs. students not using the JEP textbooks as well as students from other countries in the areas of numbers and operations, algebra patterns and relationships, measurement, geometry, and data analysis.
Table 3: Comparison of Mathematics Levels in Five Content Areas

	               Groups

Mean Scores
	Used the JEP textbooks
	Not used the JEP textbooks
	Hong Kong
	Japane
	Russia
	Singapore
	US

	Numbers and operations (%)
	84.0
	79.3
	61.6
	62.0
	46.2
	68.1
	54.8

	Algebra patterns and relationships (%)
	87.0
	75.9
	62.0
	57.7
	53.0
	62.7
	46.6

	Measurement (%)
	73.1
	66.8
	50.4
	39.4
	46.2
	61.0
	40.9

	Geometry (%)
	87.3
	81.1
	77.1
	70.5
	68.1
	79.2
	61.5

	Data analysis (%)
	88.7
	82.3
	86.2
	77.7
	39.8
	82.8
	78.5


The results of the Table 3 show that student achievement for those using the JEP textbooks was higher than that of those not using the textbooks, and was at least 20% higher than other countries in numbers and operations, and algebra patterns and relationships.  However, it was only 10% higher than Singapore in the measurements, and less than 10% higher than Singapore in geometry and data analysis.
2．Student Cognitive Levels
Table 4 shows the comparison of cognitive levels between Chinese students using the JEP textbooks vs. those not using the JEP textbooks.  Also displayed are comparisons with students from other countries in the areas of understanding of the procedure of solving problems, understanding of mathematics concepts, problem solving in daily life, and reasoning.
Table 4 Comparison of Student Cognitive Levels

	                     Groups

Mean Scores
	Used the JEP textbooks
	Not used the JEP textbooks
	Hong Kong
	Japane
	Russia
	Singapore
	US

	Procedures of solving problems (%)
	89.5
	81.9
	59.4
	55.6
	51.5
	81.7
	60.2

	Math concepts (%)
	84.7
	79.8
	61.3
	59.7
	41.6
	62.8
	52.6

	Problem solving in daily life (%)
	86.7
	80.6
	67.9
	64.6
	56.9
	75.1
	60.2

	Reasoning (%)
	60.4
	48.6
	47.4
	58.8
	35.5
	48.8
	31.5


The results of the Table 4 show that student cognitive levels for those using the JEP textbooks were higher than for those not using the textbooks, and was about 20% higher than Hong Kong, Japan, and Russia in the areas of understanding of the procedures of solving problems, understanding of math concepts, and problem solving in daily life.  However, compared to Singapore, it was only about 8% higher in the procedures of solving problems, 11% higher in Problem solving in daily life, 12% higher in Reasoning.  Notably, it was more than 20% higher than all other countries in math concepts. 

3．Student Attitude toward Learning

Table 5 shows the comparisons of percents of student attitudes toward mathematics learning between Chinese students using the JEP textbook vs. those not using the JEP textbooks.


Table 5  Student Attitudes toward Learning Mathematics

	                          Groups

Attitude Questions
	Used the JEP textbooks (%)
	Not used the JEP textbooks (%)
	Difference in %

	I am doing well in learning math
	86
	80
	6

	I hope my school has more math courses
	89
	83
	6

	Math is not difficult to learn
	82
	78
	4

	I like to learn math
	95
	92
	3

	Math is my strong area
	75
	68
	7

	My growth in math learning is fast
	82
	77
	5


The results of the Table 5 show that although the two groups of students both had positive attitudes, the students using JEP displayed higher percentages in all aspects of their attitudes.

4．Difference in Mathematics Achievement and Attitudes between Geographical Regions 
（1）Difference in Achievement
Table 6 shows the difference in mathematics achievement in six geographical regions in China.  The results show that with the exception of Eastern Region 1, JEP groups showed higher mean student achievement scores.  



Table 6 Mathematics Achievement in Six Regions 

	Regions 
	Mean Scores（%）

	Eastern Regious1JEP
	77.9

	Eastern Regious1 Not JEP
	86.0

	Eastern Region 2 JEP
	84.7

	Eastern Region 2 Not JEP
	79.1

	Southern Region JEP
	80.2

	Southern Region Not JEP
	70.8

	Jiangsu Province (1) District 1 JEP
	89.5

	Jiangsu Province (1) District 2 JEP
	81.9

	Jiangsu Province (2) District 1 JEP
	92.5

	Jiangsu Province (2) District 2 JEP
	86.4

	Jiangsu Province (3) District 1 JEP
	89.2

	Jiangsu Province (3) District 2 JEP
	84.1


（2）Student Attitudes toward Math Learning

Table 7 shows the comparisons of student attitudes among the six regions in China.  It indicates that overall, students using JEP textbooks had higher scores in confidence, positive affect towards learning math, and willingness to take more math courses.  However, there was some variation in attitudes between regions.  For example, in the Southern Region, non-JEP students had higher mean scores in answering the “Math is not difficult to learn” item than those using the JEP.
Table 7 Student Attitudes between Six Regions 

	Regions
	Doing well in learning math
	Has more math courses
	Math is not difficult 
	Like to learn math
	Math is strong area
	Growth in math is fast

	Eastern Region 1 JEP 
	84.3
	91.1
	79.7
	94.3
	66.3
	81.0

	Eastern Region 1 No JEP 
	83.7
	84.1
	79.0
	93.2
	67.2
	81.9

	Eastern Region 2 JEP
	86.8
	91.9
	83.5
	94.6
	76.9
	86.9

	Eastern Region 2 No JEP
	74.9
	85.2
	80.7
	93.6
	72.1
	75.1

	Southern Region JEP
	83.2
	82.9
	69.9
	87.4
	66.1
	71.2

	Southern Region No JEP
	80.0
	77.9
	73.9
	88.8
	63.0
	74.7

	Jiangsu (1) District 1 JEP
	88.0
	92.9
	94.7
	98.3
	79.5
	92.3

	Jiangsu (1) District 2 JEP
	84.2
	87.0
	69.4
	96.1
	68.0
	77.8

	Jiangsu (2) District 1 JEP
	90.8
	90.4
	86.4
	96.2
	84.9
	88.4

	Jiangsu (2) District 2 JEP
	84.7
	88.7
	84.4
	97.8
	76.7
	85.6

	Jiangsu (3) District 1 JEP
	86.9
	87.6
	96.7
	95.6
	85.2
	82.0

	Jiangsu (3) District 2 JEP
	85.7
	91.3
	89.3
	97.3
	75.7
	84.7


Discussion
The results of this study address the following issues:

1. The overall mean scores of Chinese student achievement were higher for those using JEP than those not using the JEP.  Together, both groups’ student achievement was higher than that of students in other countries and regions.  In most mathematics content areas, Chinese students using JEP showed higher student achievement scores than those not using JEP.  In addition, these scores were also higher than scores for students in other countries and regions.  However, in the measurement area, the overall mean scores in the JFP group was only slightly over 70%, and in the number and operation, the mean score was about 84%.  Moreover, no group scored better than 90% in all five mathematics content areas.

2. In the mathematics cognitive levels, compared to all other groups, students in the JEP group showed a better understanding of procedures of solving problem, understanding of math concepts, solving problems in daily life, and reasoning.  For all groups, reasoning scores were noticeably lower than that of the other three areas.
3. For Chinese students, though all groups of students showed positive confidence in learning mathematics, the JEP groups appeared to have higher confidence than those not using the JEP.
4. In all Chinese groups, student achievement and attitudes varied according to regions.  This finding indicates that socioeconomic, family, and cultural influences may have an effect on student achievement and is unsurprising given that economic development in China has historically been unbalanced.  
On the whole, this study indicates that using the new standard-based JEP textbooks gives Chinese students the opportunity to learn mathematics with different approaches and in diverse contexts.  The findings also suggest the implementation of these new textbooks not only produce higher achievement but also promote positive attitudes about math learning.
Implications and Conclusion
This study compared student achievement and attitudes in learning mathematics at the 4th grade level between groups of Chinese students using JEP textbooks and those not using the textbooks, and also to students in other countries and regions.  The results of the study provided a useful data set that addressed the effects of China’s new standards and curriculum on student achievement and attitudes in learning mathematics.  The use of TIMMS’s items was advantageous because it provided a consistent means for comparing the students’ achievement with their counterparts in other countries.  The drawback of using TIMMS’s items is that some items may not be compatible with the new Chinese educational standards.  Therefore, it is necessary to establish a systematic assessment database that is consistent with these new standards in order to more accurately measure student learning in mathematics.  The results of this study suggest that in order properly evaluate the effects of new curricula, mathematics assessment must include the consideration of content areas, cognitive levels, and student attitudes.
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