
Lesson plan: Sets of numbers (9th grade) 
Author: Ariana-Stanca Văcărețu, Colegiul National Emil Racoviță Cluj-Napoca 

 
TARGETED SKILLS: 

Discipline: Mathematics 
• Using colloquial language or math problems to identify concepts specific to set theory 
• Correctly representing sets and identifying properties 
Disciplinary literacy 

• Reading comprehension 
Social-emotional learning 

• Understanding perspectives and empathising with others, including those from different 
environments, cultures and backgrounds. – Social awareness 

RATIONALE 
This lesson is rather intended to be revision, in order to ensure that the students have a sound 
understanding of sets of numbers when starting 9th grade. Students have studied sets of numbers in 
middle school (natural numbers, rational numbers and integers - 6th grade; real numbers - 7th grade). 
As this is the first algebra lesson of the 9th grade, it is meant to challenge the students to explore the 
usefulness of mathematics, approaching the discovery of the different types of numbers from a historical 
(and cultural) perspective, as well as the human needs addressed by their discovery. Numbers are 
regarded as a mathematical object and the process of their discovery allows students to understand both 
the human need for abstraction, as well as the fact that mathematics deals more with the question of why 
rather than how. 
Given its contents, the lesson constitutes the starting point of the Sets study unit. In the following lessons, 
students will revise and complete their middle school knowledge of sets of numbers: 

a) characteristics of numbers (“the measurement”/modulus of a number, the integer part and the 
fractional part of a number) 

b) number relationships and operations; 
c) relationships and operations with subsets of number sets (intervals). 

The students are asked to read a two-page text (A4 size sheet), employing a reading strategy. This is an 
opportunity to learn a method for monitoring one’s own understanding of information within a text, 
which can then be used in the learning process at every discipline. 

LEARNING OBJECTIVES: 
At the end of the lesson, students will be able to: 
• Identify the sets of numbers; 
• Define the sets of numbers; 
• Associate a number with the sets it belongs to; 
• Describe how the sets of numbers emerged chronologically: natural numbers, integers, rational 

number, real numbers; 
• Describe the relationships between the sets of natural numbers, integers, rational numbers and real 

numbers; 
• Explain the necessity for introducing the different types of numbers; 
• Monitor their understanding of information in a text; 
• Explain an emotion (sadness) taking into consideration perspectives from other environments, 

cultures and backgrounds. 
PRECONDITIONS 
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Students must have Internet access (at home) and use search engines to identify relevant resources on a 
certain topic. 
 

ASSESSMENT 
Throughout the lesson, I will monitor the students’ level of engagement; I will pay special attention to 
how students employ the Interactive Noting System for Effective Reading and Thinking to make sure they 
read carefully, understand the ideas in the text and monitor their comprehension of the information. 
I will assess the comprehension of the new contents by asking questions and giving simple tasks during 
class discussion. Potential questions/tasks: 

• When was the concept of number developed? 
• List the sets of numbers you are familiar with and provide three examples of numbers in each set. 
• Draw a timeline that shows the order in which the sets of numbers you’re familiar with emerged. 

Explain why it was necessary to introduce the different types of numbers. 
• Create a drawing that shows the relationship between the sets of numbers you are familiar with. 

The assessment of social-emotional learning will be carried out by analysing the explanations provided by 
students during the reflection/extension stages. The analysis will consider the following criteria: 

• the inclusion of an idea explaining the sadness of the ancient Greeks; 
• the inclusion of an idea about Hippasus’ story/Pythagoras’ school - values/beliefs; 
• the explanation contains at least one idea describing feelings specific to a state of sadness (feeling 

of being disadvantaged, loss, helplessness, etc.). 
RESOURCES AND TIME MANAGEMENT 

Notebook, pencil/blackboard, chalk/whiteboard, Internet connection, projector - for the teacher or 
students to note the ideas 
Copies of an excerpt from the book Nature's Numbers: The Unreal Reality of Mathematics by Ian Stewart 
(see Appendix 1) - one for each student 
Copies of work instructions for students - Interactive Noting System for Effective Reading and Thinking 
(see Appendix 2) - one for each student 
Techniques: 
• Structured discussions 
• Interactive Noting System for Effective Reading and Thinking (INSERT) 
• Five-minute essay 
Time management: 100 minutes (evocation: 20 minutes; realisation of meaning: 60 minutes; reflection: 
15 minutes; feedback: 5 minutes). 
 
Total allotted time: 100 minutes  

LEARNING ACTIVITIES: 
 

Evocation 
Structured discussion with the whole class about sets of numbers; to ensure that the students’ thoughts 
are focused on the topic at hand, we can ask them to discuss the answers to certain questions with a 
classmate. 
The starting question of the structured discussion: You have studied natural numbers, integers, rational 
numbers, irrational numbers and real numbers. 5 is a natural, rational and real number, as well as an 
integer. Reflect for one minute and then tell a classmate next to you what you think is the chronological 
order in which humans have introduced the various types of numbers. 
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The answers are collected and the discussion continues; throughout, the students will be asked to explain 
(e.g.: Why do you think the first numbers to be introduced were natural numbers?) or describe sets of 
numbers (e.g.: What type of numbers are included in the set of irrational numbers?). 
The students’ ideas are written on the blackboard/whiteboard. 

Realisation of meaning 
Interactive Noting System for Effective Reading and Thinking - students read the text from the book 
Nature's Numbers: The Unreal Reality of Mathematics by Ian Stewart using the method. The text is about 
the emergence of different types of numbers. Upon reading the text, students will check whether their 
answers from the structured discussion match the ideas in the text. 
Since this is the first time using this method, students will have to be instructed what to do (as such, each 
student will receive a copy of Appendix 2 at the beginning of the activity). 
Each student receives a copy of Appendix 1 and they start reading using the Interactive Noting System for 
Effective Reading and Thinking strategy. 
The activity will be monitored. If the students understood the instructions, they will continue the activity. 
If we notice one of the students did not understand the assignment, they will receive support. If multiple 
students did not understand the assignment, the activity is suspended and the method is demonstrated 
using the first paragraph as example. Afterwards, the students continue the activity. The students finish 
reading the text using the INSERT strategy. 
The students who finish reading and annotating the text faster will copy the Appendix 2 table in their 
notebook. After that, they will fill out the table. 
After all the students have finished reading, we will start a discussion on the paragraphs marked with – or 
?. We will encourage identifying the answers in the text (by carefully reading the paragraph providing the 
answers), but if the text does not contain the required answers, the other students will be encouraged to 
share them (if they know). Otherwise, all the students will be encouraged to look up the information on 
the Internet and share the possible answers at the start of the next lesson. 
We compare the validity of the ideas written on the blackboard/whiteboard after the evocation stage 
with the information provided in the text. 
After the discussion, the students will be asked to: 

• draw a timeline showing how the sets of natural numbers, integers, rational, irrational and real 
numbers emerged chronologically and to explain the need for introducing the various types of 
numbers. The explanations can reference paragraphs in the text. 

• illustrate through a drawing the relationships between the sets of natural numbers, integers, 
rational numbers and real numbers; 

 
Reflection 

Five-minute essay 
Task: Explain why the ancient Greeks were extremely saddened by the discovery that the square root of 
2 cannot be expressed as a fraction. The paragraph is: “For instance, the ancient Greeks discovered with 
great sadness that the square root of 2 cannot be expressed with precision as a fraction.” 
 

EXTENSION 
Homework 
Task: 
Research relevant information about Hippasus’ story and then review the five-minute essay you wrote in 
class, using the information you found. 
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Read the entire third chapter titled What Mathematics is About from Ian Stewart’s book Nature's 
Numbers: The Unreal Reality of Mathematics. 

THE TEACHER’S REFLECTIONS 
The lesson provided students with a rich learning experience, both from a mathematical learning 
perspective, as well as a cultural one. Approaching numbers from a historical perspective rendered math 
more “human”. Students understood that math was discovered by humans to support them in their daily 
activities/work. 
I carefully read the revised version of the five-minute essay written by each of the students and I provided 
customised feedback. The 17 female students in the class included in their explanations 24 reasons to 
justify the sadness of the ancient Greeks. 16 of them mentioned Hippasus’ story, Pythagoras or 
Pythagoras’ school, while all eight male students mentioned Hippasus’ story and provided an explanation. 
Two female students and four male students wrote texts that summarise Hippasus’ story while bearing 
no relation to the discovery of the square root of 2, or being completely irrelevant to the task. 
 

 
Figure 17 - Overview of explanations provided by students 

 
Students explained the sadness of the ancient Greeks when they discovered the square root of 2 making 
the following associations: failure or public humiliation (14 students), losing their values (5), lack of 
meaning in their work - the results their mathematical work was based on were not valid (2), loss of 
supremacy in the field of mathematical discoveries (1), helplessness (1), dissatisfaction (1), frustration (1). 
 
If you believe that everything is built out of integers, it must be terribly shocking to discover that a number 
from the real world, such as the diagonal of a square whose sides are 1 unit in length, does not match your 
worldview. It’s a nightmare from which the Pythagoreans never recovered. (Anca1) 
 

 
1 These are not the students’ real names. 



4 
 

The reason why the ancient Greeks where sad upon discovering that the square root of 2 cannot be 
expressed with precision with a fraction is that it meant that all their principles, which were based on this 
idea, proved to be wrong. Moreover, the fact that Pythagoras already made this knowledge known to the 
world was also a reason for their sadness. They did not want to embarrass themselves after they supported 
the discovery so adamantly. (Diana) 
 
The lesson itself and the homework were a starting point for researching new information, reading 
additional texts and continuing to learn. The students looked for and read about Pythagoras and the 
Pythagorean school. Some of them mentioned Pythagoras’ theory about world order: “number rules the 
Universe” or “everything is number”. One of the students explained the sadness of the ancient Greeks by 
noting that Pythagoras was the first person to use the word kosmos to refer to the Universe, as the word 
expresses the presence (in equal measure) of beauty and order. Some students have included in their 
explanations information about the Pythagoreans as a religious cult and emphasized their values and 
ideals. Other students have looked for information on the golden ratio - in some sources, they discovered 
that the golden ratio is related to Hippasus. 
I believe the ancient Greeks were sad because the Pythagoreans claimed that all numbers can be written 
as a ratio of integers. According to an account, Hippasus discovered that the golden ratio is a number that 

is neither an integer nor the ratio of two integers (I looked it up and I found that the golden ratio is 1+√5
2

, 
meaning 1,6180339887…) which sparked a philosophical crisis and led to the punishment of Hippasus for 
divulging the secret of the existence of irrational numbers. (Radu) 
 
The text I selected was adequate, both in terms of 
wordcount and content. It was ideal for a 2-hour 
lesson. Meanwhile, however, I found a novel that 
could be useful when discussing sets of numbers. 
It is Yoko Ogawa’s novel The Housekeeper and the 
Professor. However, using this novel would mean 
the students must read it before the lesson, which 
would be difficult to achieve at the start of the 9th 
grade. I am considering asking the students to 
read it during their summer holidays and using it 
in an introductory lesson for the “Sets of 
numbers” study unit. 
 
I enjoyed this lesson a lot and by the end of it I got 
the impression the students liked it as well. They 
got involved in the talks, asked questions and 
wanted to know more. It was a very pleasant 
working atmosphere. 
 
The lesson helped develop the specific 
competencies that were targeted and it offered 
students the opportunity to employ a reading 
strategy that keeps them engaged and which they 
can use when studying for every discipline. From 
a cultural standpoint, the technique also allowed Figure 1 - Student using the Interactive Noting System for 

Effective Reading and Thinking during reading 
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them to be part of a rich mathematical experience. 
 
I have used other authentic texts during math lessons. The novelty of this lesson was involving the 
students in learning mathematics, disciplinary literacy and social emotional learning all in one class. 
 

APPENDICES 
Appendix 1 – The authentic text - First 9 paragraphs of Chapter 3 from Ian Stewart’s book Nature's 
Numbers: The Unreal Reality of Mathematics.  

The text might be found at http://sciencetechnologymag.blogspot.com/2017/02/what-mathematics-is-
about-natures.html.  

Appendix 2 - Work instructions for students - Interactive Noting System for Effective Reading and 
Thinking 

Read the text carefully. 
 
While you read, annotate the margins of the sheet with these symbols, which mean the following: 
√ the information confirms something you knew or thought you knew; 
–    the information you read invalidates or differs from what you knew or thought you knew. 
+ the information is new to you; 
? the information is confusing or you want to find out more about something. 
 
Reflect on what you have read. Copy the table below in your notebook and fill out each column by 
summarising the paragraphs you marked with each corresponding symbol. 
 

√ + - ? 

    

 

http://sciencetechnologymag.blogspot.com/2017/02/what-mathematics-is-about-natures.html
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