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Mathematics Lesson Plan for 7th Grade—Square Roots 
 

Prepared for the Chicago Lesson Study Conference 
May 7, 2009 

 
Instructor: Tom McDougal 

Lesson plan developed by: Nai Colton <nai45@yahoo.com> 
Tom McDougal <TFMcDougal@gmail.com> 

1. Title of the Lesson: Sides of squares and the symbol “√” 

2. Goal of the Lesson:  
Students will understand the meaning of the square root symbol as denoting the length of 
the side of a square with a given area. 

3. Relationship of the Lesson to the Standards 
From the Illinois Assessment Framework for 6th grade: 
 6.6.11 Solve problems involving descriptions of numbers, including characteristics 

and relationships (e.g., odd/even, factors/multiples, greater than, less than, square 
numbers, primes).  

 
This Lesson 

 
From the Illinois Assessment Framework for 7th grade: 
 6.7.13 Estimate the square root of a number less than 1,000 between two whole 

numbers (e.g., √41 is between 6 and 7)  
 

4. Considerations in planning the lesson 
The idea for this lesson formed when we looked at the unit Looking for Pythagoras in Connected 
Mathematics. In an early lesson of that unit, students consider segments on the geoboard that are 
neither horizontal nor vertical. They construct a square with the segment as one side, find the 
area of the square, and denote the length of the segment as the square root of that area.  
 
It seemed to us that the idea of using the square root symbol to denote the length of a segment 
is by itself difficult. We have seen that high school students are uncomfortable with writing 
expressions such as “5+ √3” or even “√41”—they want to reach for their calculators and find out 
what that “really means.” In fact, the presence of the square root button on the calculator leads 
students to think of “√” as an operator.  
 
We want students to understand that there exist certain numbers that are tangible but cannot be 
represented using the notations they know, i.e. fractions or decimals, and that a new notation is 
needed. Squares on the geoboard are tangible to the students, as are the lengths of the sides of 
those squares. This lesson attempts to create a tension between the reality of those lengths and 
the inability to express some of those lengths exactly using familiar notations, and thereby 
motivate students to embrace the symbol √ as meaningful and useful. 
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5. Unit plan 
The first three lessons of the unit are taken from a series of research lessons conducted by 
Akihiko Takahashi and recorded in the video, “Can you find the area?” These lessons create a 
firm foundation in understanding length and area on the geoboard. As part of the third lesson, 
students are challenged to come up with quadrilaterals with area 8 sq. units; one such 
quadrilateral is a square, rotated 45º relative to the grid. Problem-solving in the research lesson 
will focus on the length of the side of this square. 
 
Lesson Days Description 
1 1 Establish that length on the geoboard is defined by the spaces between the 

pegs. Clarify what is meant by area. Find the area of a right-angled (concave) 
hexagon by dividing it into rectangles or adding a “missing piece” to make a 
rectangle, and using multiplication. 

2 1 Find areas of parallelograms by various methods, including by transforming 
them into rectangles with equal area. 

3 1 Generate quadrilaterals with area 8 sq. units, particularly a square. 
4 1 [THE RESEARCH LESSON] Consider how to represent the length of the side 

of a square with area 8 sq. units. Introduce the symbol “√”. 
5 1 Practice using the symbol √, going from areas to sides and vice versa, and 

estimating square roots by considering squares smaller and larger than a given 
square. Examine other squares on the geoboard and determine their side 
lengths based on their area. 
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6. Plan of the Lesson 
Steps, Learning Activities 

Teacher’s Questions and Expected Student 
Reactions 

Teacher’s Support Points of 
Evaluation 

1. Introduction 
Ask a few students to read from a compilation of 
what students wrote at the end of the previous 
lesson, “What I learned.” 
 
Recap previous lesson: making quadrilaterals with 
area 8 sq in. 
 
Ask students to make a square with area 4 square 
inches on the geoboard. 
Draw this on the board. 
 
Repeat for square with area 9 in2, then 25 in2. 

 
 
 
 
 
 
 
 
Label each diagram: 
Area = 4 in2 
Side = 2 in 
Etc. 

 
 
 
 
 
Do students do 
this easily? 

2. Problem solving I 
Ask student to make a square with area 8 in2.  
 
Discuss briefly why we think this is a square.  
 
“How long is each side of this square? Discuss 
briefly with your partner. 
 

 
If students don’t remember, 
remind them that they did 
this in the previous lesson. 
 
Post diagram. 

Area =8in2
Side= ?  

 
Can they recreate 
the square? 

Anticipated student responses 
S1: 3 in. (counting pegs) 
S2: 2 in. (counting diagonal spaces as 1 in.) 
S3: 1 in. (counting half-squares along the edge) 

  

Discussion 
Discuss S1 & S2. If necessary, sort the diagrams on 
the board in order , placing Area = 8 between 
Area=4 and Area=9.  

 
 
“What does this ordering tell 
you about the length of the 
side?” 

 
Do students 
understand that 
the side is >2? 

Problem solving, continued 
Post: “Please think about how long the side of this 
square is. Write your answer and an explanation on 
your paper.” 
Distribute sheets of dot paper. 
Students work in pairs to decide how long the side 
is. 

 
 

  

Anticipated student responses, continued 
S4: 2.5 or 2.8 (by estimation) 
S5: about 2.8 (using calculator, 2.8 x 2.8 is close to 

8) 
S6: 2.828427125 (using √ key on calculator) 

For students who still think 2: 
stretch rubber band 2 pegs 
horizontally. Then move one 
end up to pegs, then back 
down, so students can feel the 
amount of stretch change. 
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Steps, Learning Activities 
Teacher’s Questions and Expected Student 

Reactions 
Teacher’s Support Points of 

Evaluation 
3. Comparing and Discussing 
• Discuss estimation first. 
• For S5, ask all students to multiply 2.8*2.8. clarify 
that the area of the shape is exactly 8, so we want a 
side to give exactly 8. So 2.8 is too small. 
Create three columns: “Too small,” “Just right,” and 
“Too big”. Put 2.8 in the “too small” column. 
Ask students to try some numbers and add them to 
the board. 
• For S6, write this out on the board and ask 
students to try squaring it on the calculator. 

If no one objects to 2.5: “How 
could we prove that 2.5 is 
correct, or prove that it is not 
correct?” 
 

Do students 
think to multiply 
2.5x2.5 to check? 

4. Summing up 
Explain that the exact length of the square cannot be 
expressed using decimals or fractions, no matter 
how many decimal places you use. People had to 
make up a new symbol to express this length: √8. 
 
We can also use this symbol for the sides of the other 
squares. 
 
Ask a student to explain why we need the symbol √ 
for the “8” square but not for the others. 

 
 
 
In the “Just right” column, 
write “√8.” Beneath the 
diagram of the square, write 
“side = √8 in.” 
 
Beneath the other squares, 
write “side = √9” etc. 
“We can write it this way, but 
for these squares we don’t 
have to.” 

 
 
 
Do students seem 
to welcome the √ 
symbol as a 
solution to their 
problem? 
 
 

5. Assessment 
Ask student to write what they learned today. 

  

7. Evaluation 
Do students understand that the length of a square with area 8 in2 cannot be represented with a 
decimal? 
 
Do students understand that the symbol √ is a way to represent a length that cannot be 
represented otherwise? 
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8. Blackboard Plan 

Area = 4 in2
Side = 2 in
Side = √4 in

Area = 8 in2
Side = ?

Area = 9 in2
Side = 3 in
Side = √9 in

Area = 25 in2
Side = 5 in
Side = √25 in

Pleasethink about
the length of theside
of this square.
----
Pleasewriteyour
answer and an
explanation.

Toosmal l Just r ight
√ = 8

2.5
2.8
2.82
2.825

√8 2.9
2.83

To
ob

ig

  

9. Reflection by the instructor 
Many students had a lot of trouble understanding that the length of the square with area 8 sq. 
in. was not actually 2 inches, even though other students argued that it had to be more than 2. 
These students were fixed on the idea that the space between two pegs is 1 inch, regardless of 
whether the space is horizontal, vertical, or on a diagonal. The lesson plan called for the 
instructor to address this misconception by having students experiment with stretching the 
rubber band across two spaces horizontally, then moving one end up two pegs to the diagonal 
position, so that students could experience the additional tension of the band and thus realize 
that this length was greater. I did not do this, and cannot quite say why. In any case, this 
misconception occupied a lot of time during the lesson, and as a result the lesson went 
overtime. 
 
Several important observations came up during the post-lesson discussion. Makoto Yoshida 
noted that students did not seem to make the connection between using multiplication to find 
area and the physical squares on the geoboard. He pointed out that the calculations were 
written on a separate poster, far from the diagrams (see below), and suggested that it would 
help to have the calculations together with the diagrams. Another suggestion, which he made 
later, was to have a cutout of each of the squares (e.g. on orange construction paper); these 
would help move students away from thinking in only concrete terms about the geoboard and 
could be compared directly so that students could see that side of the 8 in2 square was clearly 
between the lengths of the 4 in2 and 9 in2 squares. I agree that these suggestions could improve 
the lesson. 
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Akihiko Takahashi pointed out that a lot of time was lost because students were not working 
from a common foundation of understanding. Students differed in their understandings of the 
definition of a square; they also did not all understand that the area of a square could be 
computed by squaring the side length. Different levels of understanding of foundational 
concepts is a common problem that teachers face. He proposed that a way to deal with such 
differences is for the teacher to explicitly clarify the idea and write it on the board. In this case, 
have the class agree on a definition of “square”—sides the same, all right angles—and write that 
on the board—and on the computation for the area—side x side or (side)2. Having these 
statements on the board would help provide a firm foundation for the discussion. I believe that 
this approach would have made this lesson more effective and would be useful in many 
lessons. 
 
Tad Watanabe asked whether it was productive to use a square whose side was an irrational 
number. He suggested using a square with an area such as 14.44—the side is exactly 3.8, but 
most students could not easily determine it without using the idea of square root. 
 
This suggestion misses the point of the lesson. A primary goal of the lesson is to motivate the 
square root symbol as a way to represent a number that cannot be represented any other way, 
rather than as an operator used to “find” the square root. For students to accept this symbol as 
meaningful, they need to have a tangible example before them of a square whose side length is 
that number. 
 


