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Algebraic Thinking: Pre-K—12 
 
Today’s students will go into a job market different than the one that exists 
today. Students of today will enter a job market that is more dependent 
upon the application of mathematical concepts (NYSED,  2017, Standards, 
p. 3). Students are expected not only to have procedural skill but also to 
justify their solution of a problem. As one of the NYSED mathematical 
practices says, students need to be able to “construct viable argu-
ments.”  (p.7) These arguments should be based on mathematical thinking, 
not computational procedures.  
 
The Algebra I student who has memorized the mnemonic of FOIL may 
correctly multiply (a + b)(x + y) as ax + ay + bx + by but not know how to 
multiply (a + b + c)(x + y). The student who correctly answers the first 
problem with FOIL may not know that the solution depends upon the dis-
tributive property [a(b + c) = ab + ac].   
 
The New York State Next Generation Mathematics Learning Standards 
(2017) for pre-kindergarten include, “duplicate and extend simple patterns 
using concrete objects.” These young students are expected to notice re-
peated reasoning. Repeated reasoning should take the Algebra student 
from the solution of the first problem above to the second problem above.  
 
In third grade, students begin to understand the distributive property. They 
are introduced to the idea that 8 x 7 may be thought of as 8(5 + 2) = 8(5) + 
8(2)= 40 + 16 = 56. Grade three students may use different notation. They 
may represent the decomposition of 7 using a model such as the area mod-
el. The third grade area model may be applied to the two Algebra I prob-
lems with variables. The more concrete algebraic thinking in grade three 
may be transferred to the more abstract thinking in  Algebra I. 

  
 
 
 
 
 
 
 
 
 
 
 

Third grade students may be challenged by the idea of equivalence and the 
use of the equal symbol. A similar misconception may be seen when the 
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student inserts “≠” into the equivalence, 57 + 22 ___ 58 + 21 and when the student inserts “10” 
into 7 + 3 = __ + 4. The student is seeing the number after the equal sign as the answer to the 
operation on the right.  
 
When students are given a problem such as “Does 39 + 121 = 121 + 39?” and asked to justify 
their answer, students may give a structural, computational, or incorrect operational answer.  
Students who give an algebraic (structural) answer may say that it does not matter in what order 
you add two numbers (commutative property). Students who give a computational answer will 
say that both sides add to 160. Students who use operational thinking may say that they are not 
equal because 39 + 121 does not equal 121.  
 
It is not expected that third grade students be taught the algebraic procedure for solving 3(x + 5) 
= 36. However, they can use reason to identify the value for x by thinking 

1) 3 times “something” is 36. What is that number?  
2) X + 5 must be 12. What added to five results in the answer of 12?   

 
For third grade students to use algebraic thinking, they need to be taught how to approach math-
ematics algebraically, not just from the perspective of computation. Students need to be taught 
“to think beyond particular instances about generalizations across broad domains of num-
bers” (Blanton, M. et al, 2015, p. 65). Elementary school mathematics instruction without alge-
braic thinking “does little to prepare students for the successful study of algebra in the later 
grades” (p. 71).  
 
The following problems from the 2017 NYSED grade three assessment require algebraic think-
ing. In the first problem, students need to understand inverse operations. In the second problem 
students need to reason several steps. 
 

21. Anya placed 16 cups in rows on a table. There are 8 cups in each row. Which equa-
tion could be used to represent this situation? 
 
A.  16 x 8 =  
 
B.          8  +  16 =   
 
C.                        ÷  8 = 16 
 
D,                  x 8 = 16 
 
52. Ms. Amani and Mr. Blake each ordered supplies for their classrooms. The cost of 
the supplies is shown below.  
 

Classroom Supplies 
 

 
 
 
 
 

 
 

Supply Cost 

Pencil Case $3 

Box of Crayons $4 

Pack of Folders $2 
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Ms. Amani ordered 7 pencil cases and 9 packs of folders. Mr. Blake ordered 9 boxes of 
crayons. What is the difference in the cost of the supplies Ms. Amani ordered and the 
cost of the supplies Mr. Blake ordered? 

 
Critical to success in algebra is a student’s ability to think structurally and to use variable nota-
tion. Students who struggle in Algebra I often have misconceptions in their mathematical think-
ing (p.71). Some of these misconceptions may be their 

 Operational view of the equal sign 
 Focus on particular (numerical) answers rather than generalized claims 
 Lack of recognition of fundamental properties of numbers and operations 
 Lack of understanding of variable notation as a way to represent relationships be-

tween quantities 
 
“It is now widely accepted that algebra should be treated as a longitudinal, [Pre-Kindergarten 
through Grade 12] content strand whereby students have long-term, sustained algebra experi-
ences in school mathematics, beginning in the elementary grades, that build their natural, infor-
mal intuitions about patterns and relationships into formalized ways of mathematical think-
ing” (Blanton, M. et al, 2015, p. 40).  
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