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The curriculum reform

Curriculum developers, educators and teachers of mathematics over the past many years have been troubled by constant failure of students to understand mathematical concepts, rules, procedures and symbols and the growing anxiety and distaste for mathematics by the end of primary school itself. After 8-10 years of schooling
, students fail to learn to think mathematically and use it as a tool for reasoning as well as fail to appreciate the beauty and power of mathematics. This in turn has implications for their future careers where they can no longer enroll in courses which require mathematical proficiency. One of the significant reasons for the failure in the elementary grades, especially in the lower secondary grades
, has been considered to be the increasing abstraction of mathematical ideas which may not have concrete referents, and the emergence of symbolic system governed by rigid rules and algorithms giving a sense of arbitrariness to the students. Greater conceptual demands for which students have not been prepared well at the primary grades, together with a negative attitude towards the subject, almost ensures the exit of most students from further mathematics learning.
A new National Curriculum Framework (NCF), guided by the constructivist philosophy, evolved in response to these issues in the year 2005. It led to the writing of new text books
. This change aimed to move away from the ‘utilitarian’ view of mathematics which equipped students with basic computational ability, to developing among students the ability to “think and reason mathematically, to pursue assumptions to their logical conclusion and to handle abstraction” (NCF, 2005, p. 42). To achieve this aim, the NCF proposed the need for rich, coherent and important mathematics to be made accessible to all children. The purpose of this contribution is to begin the assessment of the extent to which the new text books succeed or fail to meet the aim of NCF. In particular, I would look at the way the two important areas of integers and algebra are introduced in grade 6 vis-à-vis the conceptual difficulties which are anticipated through their introduction and its implication for access to powerful and important mathematics for all children. 
Difficulties in understanding the new symbols
One has to appreciate that the way numbers and other symbols are used in integers and algebra is quite different from their arithmetic uses and cannot be understood without working with these new symbols. In both the areas, symbols have to be understood flexibly – as process to be operated upon and as a result of the operation as well as see the many meanings of the symbols. The signs ‘+’ and ‘–’ have to be seen as adding or taking away (the arithmetic meaning), as signs for the numbers and as representing relations or change. Similarly, the letter in algebra stands for a unique value/s in equations, as generalized numbers in expressions and formulas and as variable in functions. Also, the symbols cannot be sequentially processed unlike arithmetic expressions to lead to a closed numerical answer. One needs to deeply understand the meaning of ‘=’ sign and the properties of operations on numbers to understand the simplification process in algebra. Further, algebra requires an analytical way of approaching the problem which makes it essential to represent the problem using an unknown and manipulate it to arrive at the answer. 
Textbook treatment of the two areas
An assumption which seems to be guiding the new text books is that physical and cognitive maturity of the students together with a positive attitude towards the discipline would lead to an understanding of the eventual symbolic, formal mathematics. Therefore, one finds a slowing down of the pace of introducing concepts, ideas, symbols and manipulation on them and moving them up in the ladder of schooling (e.g. formal place value concepts and their use in writing numbers in grade 6). In the first grade of lower secondary schooling (grade 6), students encounter many symbolic statements, beginning with writing the decimal representation of numbers to operating with integers and algebraic notations and symbols. The new text book introduces students to integers and algebra by giving real life situations where it becomes simpler to use signed numbers than words and through patterns which lead to simple algebraic expressions (with a single operation). However, it does not address the cognitive hurdles which students encounter while transiting from a largely arithmetic training to integers or algebra. 
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Figure 1: Illustrations of integer addition and subtraction from the text book (NCERT, Mathematics for class VI)

The treatment of the manipulation of the symbolic expressions in both the areas has largely remained the same as earlier textbooks, with some attempts to model integer operations using number line and two coloured buttons, but not always convincingly explained (infact quite confusing!) and followed by statements of rules of manipulation. One senses the difficulty in tying up the different meanings of the ‘–’ sign: subtraction as taking away, as moving to the left on the number line, as adding the inverse leading to the representations a-b = a+(-b) and a-(-b) = a+b (see Figure 1 for illustration). Algebraic expressions and equations are also dealt slowly: first understanding the meaning of expressions and equations in the context of describing general rules in grade 6 which looks contrived and non-challenging for students at this level, and then manipulating them using the traditional methods of adding or subtracting like terms by using the distributive property in grade 7. This is not connected to evaluation of arithmetic expressions and to properties of operations (like commutativity and associativity) which allow the non-sequential simplification of algebraic expressions. Many studies (e.g. Malara et al., 1999; Liebenberg et al., 1999) including mine have shown the difficulties in the transition from arithmetic to algebra and the nature of preparation required to make it possible. Students are again likely to feel threatened by the rules, procedures and symbols resulting in failure and would not be able to use the power these symbol systems provide for representing and inferring about situations.
Even though the primary school mathematics text books emphasized attitude building and made some efforts to build a sense for numbers and operations, the text books in the lower secondary level introduce the formal mathematics together with its symbolism for which the students have not been prepared enough. It is not the use of the symbols themselves which is the problem, but the use of them without appropriate negotiation of their meaning and not building a culture of using them to reason, generalize and communicate ones understanding. Meaning of the symbols is not created simply by attaching a referent to it in a context but also by working on them, exploring and understanding their nature and properties of operating on them in rich situations. Current research studies like Carraher et al. (2001, 2002, 2003) Carpenter et al. (2003) and Kaput et al. (2001) are indications of the abilities students in the elementary grades have with respect to understanding of symbols, creating them and using them meaningfully and their ability to observe and express generalization. Besides making the mathematics interesting and contextualized which is important for making it accessible to a large number of children, it is also important to enrich and liberate it from particular contexts and make challenging and useful mathematics available to students which can help develop mathematical thinking and reasoning skills, the most important aim of the NCF. The solutions for the problems in teaching and learning of mathematics cannot be found by simply delaying the encounter with certain concepts and ideas which are abstract and difficult but have to be carefully developed, else students would only face the exclusion a year later than earlier. 
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Addendum:

The following questions seem to be important to answer, especially in countries like India: 

1. What are the lessons that developing countries like India can draw from existing research and how it can be incorporated while developing curriculum and designing text books?

2. What kind of attitudes, skills, conceptual understanding is required for students to be able to cope up with the demands of lower secondary math curriculum?

3. What should be the focus of the math curriculum at this stage: preparing students for dealing with mundane computational activities or exposing them to the power of mathematics and preparing them for advanced courses? Should these be treated as dichotomous?
4. What is the role of symbols for the development of rich, meaningful mathematics that can enable students to solve problems (every day or within mathematics)?
6-(-2) = 6+2








� Elementary schooling for the first eight years is compulsory in India and mathematics is compulsory for the first 10 years.


� Grade 6 (11-12 year olds) to grade 8 (13-14 year olds) form lower secondary level.


� Curriculum framework is developed at the national level and the state boards adapt and follow the national curriculum framework to write their own text books.
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[image: image3.jpg] So, we have to move towards the right. (Fig 6.14)
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