
UNIT ONE 

Learning outcome and indicators 

Outcomes  

By the end of the unit, Student Teachers will 

be able to: 

Indicators 

1. Demonstrate understanding of the 

concept of algebraic thinking NTS:, 

2e/NTECF: Pillar 1 

1.1.define the concept of algebraic 

thinking 

1.2.state the elements of algebraic 

thinking   

2. Demonstrate understanding of 

generalization in algebraic function 

NTS:, 2e/NTECF: Pillar 1 

2.1 Explain generalization in algebraic 

thinking  

2.2 Explain the thinking involved in 

generalizing a given pattern 

3. Demonstrate understanding of the purpose 

and use of equality in algebraic thinking NTS: 

2a&3j/NTECF: Pillar 1 & 3 

3.1  Explain the purpose and use of equality 

in algebraic thinking  

 4. Demonstrate understanding of the purpose 

and use of unknown in algebraic expressions 

and equations. NTS: 2c, 2e/NTECF: Pillar 1 

& 3 

4.1 Explain the purpose and use of the 

unknown in algebraic expressions /equations 

  

 

 

Algebraic Thinking 

Algebraic Thinking includes recognizing patterns, studying and representing relationships 

making generalizations and analyzing how things change. Using algebraic symbols is an integral 

part of becoming proficient in applying algebra to solve problems. 

It initially involves recognizing patterns and general mathematical relationships among numbers, 

objects and geometrical shapes. The algebraic thinking has the ability to support a deeper and 



more useful knowledge not only of algebra, but the thinking required to successfully use 

mathematics in solving problems in real life situation.  

Algebra is interrelated with other mathematical topics such as statistics and geometry. Learning 

algebra is about solving an unknown and is the way of thinking. Algebraic thinking is a process 

of thinking in specific domain in mathematics. 

Algebraic thinking is about the ability of students to analyze, make generalizations, solve 

problems, predict, justify, and prove as well as model some situations. 

Algebraic thinking takes into account the variety of activities students can engage in across all 

mathematics strands not only numbers. Algebraic thinking is founded on numeracy and 

computational proficiency, the reasoning of geometry and skills associated with measurement 

concepts introduced and taught in the primary, JHS and SHS.  

Importantly it extends the thinking required to solve problems beyond methods tied to concrete 

situations. This thinking supports students’ ability to solve problem using abstractions and to 

operate on mathematical entities logically and independently from the material world. 

 Algebraic thinking and problem solving are inextricably / strongly linked by common skills and 

mathematical understanding. Extending mathematical problem solving to include the 

development of algebraic thinking, educators can facilitate more divergent and adaptive ways of 

thinking mathematically. 

 

 

 

Components of Algebraic Thinking 

They are organized around three topics problem – solving skills, representative skills and 

quantitative reasoning skills. Fundamental algebraic ideas represent the content domain in which 

mathematical thinking tools develop. 

Algebraic Thinking is a word used in mathematics teaching and learning that prepares student 

with the critical thinking skills for successful experience in algebra and mathematics as a whole. 



Algebraic Thinking is organized into two major components; the development of mathematical 

thinking tools and the study of fundamental algebraic ideas. Mathematical thinking tools are 

analytical habits of mind. They are organized around three topics; problem – solving skills, 

representation skills and quantitative reasoning skills. Fundamental algebraic ideas represent the 

content domain in which mathematical thinking tools develop. They are explored through three 

lenses. Algebra as generalized arithmetic, algebra as a language, and algebra as a tool for 

functions and mathematical modelling. 

 

Summary of Components of Algebraic Thinking 

(1)  Mathematical Thinking tool 

(a) Problem Solving Skills 

 Using problem solving skills strategies 

 Exploring multiple approaches and multiple solutions. 

(b) Representation Skills 

 Displaying relationships visually, symbolically, numerically and verbally. 

 Translating among different representations. 

 Interpreting information within representations 

(c) Quantitative reasoning skills 

 Analyzing problems to extract and quantify essential features. 

 Inductive and deductive reasoning. 

(2) Fundamental Algebraic Ideas. 

(a) Algebra as generalized arithmetic  

 Conceptually based computational strategies. 

 Ratio and proportion  

 Estimation 

(b) Algebra as the language of mathematics 

 Meaning of variables and variable expressions 

 Meaning of solutions 

 Understanding and using properties of the number system. 



 Reading, writing, manipulating numbers and symbols using algebraic conventions 

 Using equivalent symbolic representations to manipulate formulas, expressions, 

equations, inequalities. 

(c) Algebra as a tool for functions and mathematical modelling. 

 Seeking, expressing, and generalizing patterns and rules in real – world contexts. 

 Representing mathematical ideas using equations, tables, graphs, or words. 

 Working with input /output patterns. 

 Developing coordinate graphing skills. 

NOTE: This course considers the following three components of algebraic thinking.  

 

Three Components of Algebraic Thinking: Generalization, Equality and unknown 

quantities. 

In this course, we will consider three distinct aspects of algebraic thinking that can be identified 

in elementary mathematics instruction, generalization, concept of equality, and thinking with 

unknown quantities. 

Considering the role of algebra in mathematics at the basic level requires that we go beyond the 

limited definition of ―problems with letters‖ to a more general view of algebraic thinking. 

Algebraic reasoning / thinking involves representing, generalizing and formalizing patterns and 

regularity in all aspects of mathematics: Algebra is the study of patterns and relationships. 

Finding the value of x or y in an equation is only one way to apply algebraic thinking to a 

specific mathematical problem. The study of algebra goes beyond manipulating symbols. 

Algebra is therefore defined as: 

 Understanding patterns, relations and functions. 

 Representing and analyzing mathematical situations and structures using algebraic 

symbols 

 Using mathematical models to represent and understand quantitative relationships  

 Analyzing change in various contexts. 

 



 

Generalization 

Prominent in most definitions of algebra is the notion of ―patterns‖. The ability to discover and 

replicate mathematical patterns is important throughout mathematics. Understanding patterns 

plays an important role in an algebraic thinking. The patterns which could be investigated in an 

algebraic thinking could be numerical and geometric patterns. The patterns could be expressed 

mathematically in words or symbols. If a pattern is given one needs to analyze the structure of 

the pattern and how it grows or changes, organize this information systematically and use the 

analysis to develop generalizations about the mathematical relationships in the pattern. 

Young students can have some level of meaningful experiences with generalizing about patterns, 

even though they do not usually express their mathematical ideas using variables and standard 

functions. 

 For example, when exploring a pattern such as 1, 3, 5, 7, 9,…, young students may make the 

following observations:   

1. ―If you add 1 to an even number, you always get an odd number‖  

2. ―If you add 2 to an odd number, you always get another odd number‖  

3. ―If you start at 1 and keep adding 2, you get all the odd numbers‖  

4. ―If you can separate a number into two equal groups, it’s an even number. If one’s 

left over, it’s an odd number.‖  

All of these observations are ways of thinking about a simple pattern—the progression of 

positive odd integers. However, they also provide evidence of algebraic reasoning, because each 

description relies on some sort of generalization that can be applied to any number. 

 From observation 1 it can be noticed that it contains the term ―an even number.‖ The student 

here is generalizing that no matter how large or small the even number, adding 1 will create an 

odd number. Likewise, in observation 4, the student has identified the property that any even 

number can be split into even groups, but odd numbers cannot. Both of these observations are 

examples of generalization, since they are projecting a mathematical property onto a whole 

category of numbers; in this case, ―the even numbers.‖ 



 It may take some time for students to develop strategies for justifying a pattern. The first steps 

are noticing that there is a pattern in a number sequence, and then wondering if that pattern 

continues as the numbers get larger. Describing the pattern is the next step, followed by 

extending it. Eventually, students will arrive at a generalized understanding of the pattern; they 

will be able to predict whether a specific number (or term) is part of a pattern without calculating 

each consecutive term.  For example, given the pattern 1, 3, 5, 7, 9, …, above, students will be 

able to determine that a number such as 381 is part of the pattern because it is an odd number, 

and will not need to write out each odd number from 1 to 381 to be convinced of this fact.  

In upper primary, most pupils will be ready to work on proving statements such as ―adding 2 to 

an odd number produces another odd number,‖ but their ideas about proof will continue to 

evolve as they expand upon them in JHS. From a formal algebraic perspective, all four 

statements above follow from the fact that all odd numbers are of the form 2n+1, but students 

can make and test conjectures long before they ever see such an expression.  

It is important to keep in mind that as students propose generalizations such as those above, they 

may be basing their claims on only one or two instances of a pattern. Mathematically this is not 

enough evidence to determine whether a pattern exists. It is important for elementary students to 

learn that forming generalizations from only a few instances can lead to inaccurate conclusions. 

Equality – the meaning of the “=” sign  

Elementary texts sometimes hint at the relationships between arithmetic and algebra by noting 

that the problem ―add 5 + 24‖ could just as well be stated ―5 + 24 = ?‖ or ―5 + 24 = ❏‖ or even 

―5 + 24 = x.‖ While these notations create a connection between arithmetic and the ―missing 

value‖ image of algebra, students can also be misled by the implications of these expressions.  

For example, consider the algebraic statement ―5 + 24 = ? + 15.‖ On the face of it, this 

expression is similar to the previous ones (e.g. 5 + 24 = ?) but there is one very important 

difference: the number that replaces the ? is no longer 29, but a smaller number that when added 

to 15, produces 29. However, when faced with a problem like this, research has shown that many 

elementary students persist in saying the answer is either the sum of the two addends to the left 

of the equals sign, or the sum of all the addends in the problem, regardless of their placement 

relative to the equals sign (Falkner, Levi, & Carpenter, 1999). Consequently, given the problem 



―5 + 24 = ? + 15,‖ most elementary students would respond that the missing number was either 

29 or 44..  

What’s going on here?  The issue resides in the meaning students assign to the ―=‖ sign. In the 

case of the problem ―5 + 24 = ?‖ the ―=‖ can be thought of as ―the result of the previous 

computation.‖ That is a sufficient interpretation in this problem. However, in the example ―5 + 

24 =  ? + 15,‖ the equals sign must be interpreted differently. It is now a statement of 

equivalence between two quantities, in this case between ―5 + 24‖ and ―? + 5.‖ Now it is clearer 

that the ? must be replaced by something other than 29, since  ―5 + 24‖ and ―29 + 15‖ are not 

equivalent.   

Understanding that the sign ―=‖ requires that one side of the expression be equivalent to the other 

is a basic tenet of algebra. Students will be stretching their algebraic reasoning skills if they see a 

variety of problems with unknowns in different positions, such as:   

• 4 + ? = 17 + 2  

• ? + 15 = 12 + 32 13 + 24 = 50 + ? (Note that this problem has a negative integer 

as a value for ?,  

Thinking about unknown quantities  

Besides the word ―variable,‖ ―unknown‖ is one of the words most frequently associated with 

algebra. Along with this concept comes the idea that the ―unknown‖ will eventually become 

―known;‖ this is what solving equations is usually about. But it’s possible (and important) for 

students to work with expressions that include a variable that remains unknown. Most number 

tricks of the form, ―choose a number, multiply it by 3, add 6, divide by 3, subtract 2 and tell me 

the number – and I’ll tell you your original number,‖ can be expressed algebraically without the 

need to use an specific number. The algebraic component is that the trick works for all numbers, 

not just a specific one for which we have to solve.  

Here’s an example of a problem with an unknown quantity that remains unknown. This problem 

is appropriate for students in class 3 through 5:  

Suppose Keisha has some number of pieces of candy in her bowl. Aman has 3 

more pieces of candy than Keisha has. Keisha’s mother gives her 5 more pieces of 



candy. Now who has more? How many more? Then Keisha gives Aman one of 

her pieces of candy. Now who has more? How many more?  

Students can solve this problem without creating algebraic expressions that contain variables. 

They may draw a picture to represent the number of candies Keisha has (e.g. a circle), and then 

represent Aman’s candies with a circle and three extra X’s. They could then manipulate the 

pictures without ever specifying what is in the circle.  

In this problem, finding the exact amount of candies Keisha has is not important, since the 

problem asks for a comparison between two quantities.  

 

of an unknown number of candies. For example:  

Suppose Keisha has some number of pieces of candy in her bowl. Aman has 3 

more pieces of candy than Keisha has. If Keisha gets more candies so that she has 

twice as many as before, who has more candies now?  How many more?  

There isn’t a single answer to this problem; it depends on how many candies Keisha had to begin 

with. So, if Keisha had 2 candies originally, Keisha will now have 4, and Aman will have 5. On 

the other hand, if Keisha begins with 5 candies, then she will now have 10, while Aman has 8. 

The difference between these two kinds of problems is subtle, but as students approach fifth 

grade, they should be able to start making the distinction and solving them appropriately.   

These types of problems help develop algebraic reasoning skills because they require students to 

think flexibly about quantities, and to learn how to compare related quantities. They also 

promote the idea that the relationship between two quantities (here, whether Keisha or Aman has 

more candies) can change depending on how the original amount is acted upon.  



 

 


