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Teacher PageIntroduction to Abstraction

What is abstraction?
Abstraction is the process of taking away or removing characteristics from something in order 
to reduce it to a set of essential characteristics. Abstraction can be applied to many forms of 
problem solving. 
Who is this guide designed for?
This guide is designed to be used by teachers interested in teaching programming and 
computational thinking practices in their robotics classrooms. 

What this guide includes:
• Lesson plans for how to teach the concept of abstraction via a robotics class.
• Three handouts that can be used to introduce the concept of abstraction followed by   
   teacher handouts with teacher notes and answers
 - What is abstraction handout
 - What is abstraction Teacher Page
 - Introduction to abstraction - the Grocery Store handout
 - Introduction to abstraction - the Grocery Store Teacher Page
 - Pseudocode is an abstraction handout
 - Pseudocode is an abstraction Teacher Page
•  An abstraction design problem
 - The Design and Inventory Tracking System problem
 - The Design and Inventory Tracking System Teacher Page.

Scope and Sequence
Day 1 - A general overview of the concept of abstraction
•   Have the class watch the video “What is Abstraction?”
•   Discuss the characteristics of what abstraction is. 
•   Assign students to complete the “What is Abstraction?” handout. 
Day 2 - An applied lesson on abstraction
•   Have students complete the “Abstraction - Products in a grocery store” handout.
•   Assign students “Design an Inventory Tracking System” homework assignment.
Days 3 - 4
Divide students into groups and have them complete the design of their Inventory Tracking 
System and then present their solutions to the class. 
Day 5 - An introduction to pseudocode
•   Have students watch the video on decomposition.
•   Introduce students to pseudocode lesson using the “Pseudocode is an abstraction”  
    handout. Have the students complete the handout and review student answers as a class.
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Abstraction is the process of taking away or removing characteristics from a problem or a 
concept  in order to reduce it to a set of essential characteristics. Abstractions:
• Are designed to share complex concepts, ideas, and problems
• Help solve problems by focusing on essential characteristics of the problem
• Can create generalizable solutions that apply to multiple types of problems.

What is abstraction?

A picture of the earth is an example of an abstraction
Abstractions are used to represent complex concepts, to share ideas, and to solve problems. 
Abstractions consist of models, symbols, shapes, and ideas. A picture of the earth is an 
example of an abstraction. The picture of the earth illustrates the essential characteristics of the 

planet and can be used for multiple purposes. For example 
you could use this picture to locate a continent or an 
ocean.  Or you could use the same picture to illustrate  the 
percentage of water verses the percentage of land mass of 
the earth, or the location of the north and south poles. The 
designer of the abstraction places as much information as 
needed to illustrate their purpose.  

Complete the following. Use full sentences for full credit. For the examples below to be 
abstractions they must be designed to share concepts, ideas, and problems, focus on essential 
characteristics of the problem, and be generalizable to other problems.

1. Choose one of the examples below and explain why you think it is (or is not) an abstraction.

An Architectural Drawing

Can you identify the characteristics of an abstraction?

2a. Can you think of a problem that can be solved or made more clear by using an abstraction? 
    

2b. Defend your example: How do the processes of abstraction (purposeful design, essential 
      characteristics, and generalizable solutions) help to solve this problem?
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1. Choose one of the examples below and explain why you think it is (or is not) an abstraction.
Student’s should defend their choices based on the characteristics of an abstraction: it 
is designed, it focuses on essential characteristics, and it is generalizable. All of these 
examples can be argued as being abstractions. 

An Architectural Drawing

Can you identify the characteristics of an abstraction?

2a. Can you think of a problem that can be solved or made more clear by using an abstraction? 
    

Encourage students to use the guidelines noted above: their abstraction should be designed 
to explain a complex problem, focus on the essential characteristics of the concept, idea, 
or problem, and be generalizable. 

2b. Defend your example: How do the processes of abstraction (purposeful design, essential 
      characteristics, and generalizable solutions) help to solve this problem?

A red octagonal shape has evolved into a universal symbol for the 
action stop. The symbol doesn’t need to include the word stop, and 
regardless of the language the word stop was written in people 
would interpret the sign as a stop sign.

An architectural drawing is visual representation of what a building 
looks like. It is designed to share a concept, it uses symbols to 
represent the actual building materials, it focuses the builder on the 
essential characteristics that the builder needs to make the house, 
and the standards used to make the drawing are generalizable.   

Musical notes are used to represent musical sounds, the same notes 
in different order can be used to write an unlimited number of 
songs. Musical notes are an abstraction.  

In mathematics, numbers and symbols are used to represent real 
world objects to simplify the math problem. The mathematical 
symbols are generalizable and can take the form of millions of 
different concepts or idea. Mathematics is a form of abstraction. 

An emoticon represent a person’s feelings at the time that they 
use the emoticon. They have been designed to share emotions like 
happiness or sadness. They visually share an essential characteristic 
of a person’s feelings and are generalizable across many people.

Abstraction is the process of taking away or removing characteristics from a problem or a 
concept in order to reduce it to a set of essential characteristics. Abstractions:
• are designed to share complex concepts, ideas, and problems
• help solve problems by focusing on essential characteristics of the problem
• can create generalizable solutions that apply to multiple problems.

Complete the following. Use full sentences for full credit. For the examples below to be 
abstractions they must be designed to share concepts, ideas, and problems, focus on essential 
characteristics of the problem, and be generalizable to other problems.
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2.  Now think about which characteristics are important to a cashier and write them down? Circle the  
     characteristics above that are important for the cashier to do their work quickly. 

We unconsciously use abstraction every day. For example, think about a cashier who checks people 
out in a grocery store. 
1. Think of as many characteristics as you can that describe the bag of oranges. For example,  
    the bag of oranges has a certain “weight”. Write down as many as you can in the space below.

4.  Circle the characteristics of a bar of soap that are important for the cashier to do their work quickly.

Now consider another product sold at the store; a bar of soap.
3.  Write down as many characteristics as you can about the bar of soap in the space below.

6. Discuss your list with a partner or group. Did you come up with similar lists? Discuss any  
    parts that came up in one list but not another. Try to come to an agreement on whether those  
    parts are important to include or not.
Hints for discussing characteristics:
     a. Is the characteristic something all products would have?
     b. Is the characteristic important for a cashier to know in order to  
        check the customer out quickly?

Compare the characteristics you circled for the bag of oranges and the bar of soap. For 
example, are they similar, or are they different?
5.  In the space below, write the list of characteristics that you think best represents what a cashier  
     needs to know about a product (in general) in order to check the customer out quickly.

7.  As a group, write down the final list you came up with below.

This list of characteristics is an abstraction for “products at a grocery store” from a cashiers 
point of view! Reflect on what an “abstraction” is.

Continued next page

Page 1 of 2Introduction to Abstraction  
Products in a Grocery Store 
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8. Compare your final list to the list you created in #1.  
    What advantages does abstraction have in terms of complexity?

9. Compare your final list to the lists from #1 AND #3.  
   What advantages does abstraction have in terms of generalizability?

Introduction to Abstraction  
Products in a Grocery Store 
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Products in a Grocery Store 
The concept of abstraction is designed to share concepts, ideas, and solve problems. Abstractions 
focuses on essential elements of the problem, and are generalizable so that they can be used to 
solve other problems. Before students start this exercise foreground the attributes of an 
abstraction. 
1. Abstraction is designed to share concepts, ideas, or solve problems
2. The abstraction focuses on the essential characteristics of the problem
3. Abstraction can be generalized across multiple problems 
The goal of this exercise is for students to learn that abstractions focus on very specific 
characteristics of a problem.

1. Think of as many characteristics as you can that describe the bag of oranges. For example,  
    the bag of oranges has a certain “weight”. Write down as many as you can in the space below.

4.  Circle the characteristics above that are important for the cashier to do their work quickly.

Now consider another product sold at the store; a bar of soap.
3.  Write down as many characteristics as you can about the bar of soap in the space below.

6. Discuss your list with a partner or group. Did you come up with similar lists? Discuss any  
    parts that came up in one list but not another. Try to come to an agreement on whether those  
    parts are important to include or not.
Hints for discussing characteristics:
     a. Is the characteristic something all products would have?
     b. Is the characteristic important for a checkout clerk to know in order to  
        check the customer out quickly?

Compare the characteristics you circled for the bag of oranges and the bar of soap. For 
example, are they similar, or are they different?

5.  In the space below, write the list of characteristics that you think best represents what a cashier  
     needs to know about a product (in general) in order to check the customer out quickly.

7.  As a group, write down the final list you came up with below.

The weight, size, color, number of oranges, type of oranges, how are the 

oranges packaged? how much does it cost? is the price on the package?

does the bag have a UPC sticker? 

The smell, the brand, weight, size, color, is it a single bar of soap or a 

package, how much does it cost? is the price on the package? 

does the bag have a UPC sticker? 

How much does it cost?

Is the price on the package?

Does the bag have a UPC sticker? 

This answer will vary by group as will the answers to 8 and 9 on the 2nd page.

These are example answers, 
students may have other answers

These are example answers, 
students may have other answers

2.  Now think about which characteristics are important to a cashier and write them down? Circle the  
     characteristics above that are important for the cashier to do their work quickly. 
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Abstraction is used as a problem solving tool to solve problems that you don’t have all of the 
answers to. In this design project you are required to work in teams to develop a set of plans 
for and Inventory Tracking System. Your solution should:  
• Follow customers purchasing habits
• Provide opportunities for individual marketing to customers
• And, let the store manager know when to reorder. 
Prepare to present how your system works to the class. 

Your turn to apply the concept of abstraction!

Pictured above is a Universal 
Product Code. What does it do?

Notes:
• you are only developing a plan, you are not developing the  
  physical system
• think in terms of general systems
• think about how stores use the data on the UPC
• think about what data your system will collect
• think about how your data will be sorted and organized
• if you were inventing a system how would you use the data?
• you might want to lookup the term flowchart and use a  
  flowchart to show how your system works
• think about how you are going to share your system with the  
  class. You might want to look up how a flowchart works

Design an Inventory Tracking System
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Your turn to apply the concept of abstraction!

We’ve intentionally chosen a system that we believe would be very difficult for students 
to actually design and build based on the amount of time dedicated to this task (two 
or three class periods). The goal for students is that they discover the power of using 
abstractions to plan a complex system.

Additionally, this project also provides an opportunity for students to think deeply about 
how Computer Science has become an integral part of all technical systems. Students are 
familiar with grocery stores and have seen Universal Product Codes (UPC)and scanners 
at cash registers, but they probably haven’t given lots of though about how they system 
collects, organizes, and stores data.  

Encourage students to:
• think in terms of general systems
• think about what data their system will collect
• think about how their data will be sorted and organized
• think about what the data on a UPC means
• think about how they are going to present to the class
Before students are broken into teams have them develop
a rubric that will enable them to determine what a successful
solution to the problem will include.

To learn more about UPCs search the Internet for Universal Product Code How Things 
Work.

Pictured above is a Universal 
Product Code. What does it do?

Design an Inventory Tracking System

Abstraction is used as a problem solving tool to solve problems that you don’t have all of the 
answers to. In this design project you are required to work in teams to develop a set of plans 
for and Inventory Tracking System. Your solution should:  
• Follow customers purchasing habits
• Provide opportunities for individual marketing to customers
• And, let the store manager know when to reorder. 
Prepare to present how your system works to the class. 
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What is pseudocode?
Pseudocode is a type of programming language that enables the programmer to think about the what 
they want the robot needs to do using logic rather than an actual programming language. The first 
draft of pseudocode is often missing parts and leads to additional questions. 

Pseudocode is an abstraction!

Questions
1. What characteristics of the problem did the programmer decide to focus on when designing this 
    abstraction and why?

2. What new questions are uncovered by the first draft of the pseudocode?   
    What additional data will a programmer need to consider when improving her pseudocode?

3. How can this abstraction help the programmer generalize to multiple problems?

Page 1 of 2

Pseudocode programming example

Programming Challenge
Program “BuggyBot” to move 
forward 20 meters, make a 
90 degree right turn, and then 
back into a parking space. 

BuggyBot

Pseudocode First Draft Example
1. move buggybot’s wheels forward 

(how do i make the robot move 
forward and how fast?)

2. stop when the robot reaches 
20 m (how will the robot know 
when it needs to stop?)

3. make a 90 degree right turn 
(which wheels go forward 
and which ones go backward, 
how do i stop the robot from 
turning?)

4. Back up (how far???, i need to 
measure the distance!)

First draft of the program.

Define pseudo: adjective  
              1. not actually, but having the appearance of; pretended; false or spurious, sham. 
  2. almost, approaching, or trying to be

The problem Pseudocode The Program
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Pseudocode is an abstraction Page 2 of 2

Write your updated pseudocode here
1. ___________________________________________________
2. ___________________________________________________
3. ___________________________________________________
?  ___________________________________________________
?  ___________________________________________________
?  ___________________________________________________
?  ___________________________________________________
?  ___________________________________________________
?  ___________________________________________________
?  ___________________________________________________

Robot Behaviors - you can use these behaviors more than once if you need to!
• if gyro > 90 degrees stop  • backward at 50% power  • left motor backward 50%
• if motor encoder > distance stop   • forward at 50 % power • reset gyro sensor

• if motor encoder > distance stop   • right motor forward 50% • reset motor encoder

Programming Challenge
Program “BuggyBot” to move forward 20 meters, make a 90 degree right turn, and then back into  
a parking space. 

Pseudocode First Draft Example
1. move buggybot’s wheels forward 

(how do i make the robot move 
forward and how fast?)

2. stop when the robot reaches 
20 m (how will the robot know 
when it needs to stop?)

3. make a 90 degree right turn 
(which wheels go forward 
and which ones go backward, 
how do i stop the robot from 
turning?)

4. Back up (how far???, i need to 
measure the distance!)

Use the robot behaviors at the bottom of the page to update 
the pseudocode to complete the programming challenge.
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Answer guide

Questions
1. What characteristics of the problem did the programmer decide to focus on when designing this 
    abstraction and why?
The programmer broke the problem into the actual robot behaviors that the robot had 
to make to solve the problem. To solve the problem the robot needed to move forward, 
stop, turn, and backup.

The development of pseudocode uses a divide and conquer approach to solving a 
programming problem. In computer programming this is know as “decomposition”. 
Decomposition breaks the problem into smaller parts.  Solve small parts of the problem, 
one part at a time, and eventually you solve the whole problem.
2. What new questions are uncovered by the first draft of the pseudocode?   
    What additional data will a programmer need to consider when improving her pseudocode?
The practice of writing pseudocode allows the programmer to begin to understand other 
details of the problem. In this example, there are multiple questions the first draft of 
pseudocode uncovered: How do I program the robot to move forward and how fast do I 
want the it to go? How do I stop the robot? Which wheels control turning, and how far 
do I want to move backward. 
3. How can this abstraction help the programmer generalize to multiple problems?
The practice of writing pseudocode is generalizable across other programming problems.

Possible answer. There could be others.
1.   reset motor encoder
2.   forward at 50 % power 
3.   if motor encoder > distance stop
4.   reset gyro sensor
5.   right motor forward 50%
6.   left motor backward 50%
7.   if gyro > 90 degrees stop
8.   reset motor encoder
9.   backward at 50% power
10.  if motor encoder > distance stop

Robot Behaviors - you can use these behaviors more than once if you need to!
• if gyro > 90 degrees stop  • backward at 50% power  • left motor backward 50%
• if motor encoder > distance stop   • forward at 50 % power • reset gyro sensor

• if motor encoder > distance stop   • right motor forward 50% • reset motor encoder

Note: Before students attempt this problem they should have completed the Expedition 
Atlantis robot math game or have participated in a similar robot motion activity. Also, 
if students are new to sensors you  will need to explain what encoders and gyro sensors 
are as well as how they work. 

Pseudocode First Draft Example
1. move buggy bot’s wheels forward 

(how do i make the robot move 
forward and how fast?)

2. stop when the robot reaches 20 m 
(how will the robot know when it 
needs to stop?)

3. make a 90 degree right turn 
(which wheels go forward and 
which ones go backward, how do i 
stop the robot from turning?)

4. Back up (how far???, i need to 
measure the distance!)

Page 2 problem - Use the robot behaviors at the bottom of the page to update the Pseudocode First 
Draft Example to complete the programming challenge.
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Note: Vocabulary should be taught as it comes up in the lesson, not assigned to be memorized.

Assessable Computational Thinking Practices Student Outcomes
Taken from the SRI Computational Thinking Assessment guidelines.

1. Ability to explain what abstraction is, both functional and data. 
3. Ability to explain the benefits of using abstraction in problem solving, e.g., to manage  
    complexity and generalize patterns. 
5. Ability to explain the characteristics of problems for which abstraction would be useful. 
12. Ability to explain why an abstraction is appropriate (or not appropriate) based on the  
     purpose(s) of the abstraction. 
12.a. Ability to describe what features of an entity or process are captured in an abstraction 
     and how an abstraction captures the essential features of a problem or process for a  
     given purpose. 
12.b. Ability to explain the value of abstraction (e.g., hiding details) to manage problem  
    complexity for a given purpose. 
12.c. Ability to analyze whether an abstraction is appropriate for a given purpose because 
     functionally important factors/features were captured or omitted (e.g., in a model or  
     simulation). 
12.d. Ability to recognize or analyze whether an abstraction is appropriate for a given  
     purpose because the right assumptions were made to accurately simplify a problem and 
     make it easier to solve. 

Introduction to Abstraction

Vocabulary
Abstraction - the quality of dealing with ideas rather than events

Decomposition - The separation of substance into simpler substances or big problems 
into smaller problems

Pseudo - not genuine, pretend, a sham

Pseudocode - a notation resembling a simplified programming language used in program 
design that emphasizes order of execution rather than syntax

Syntax - a set of rules used in programming languages that involve symbols and keywords

Universal Product Code (UPC) - a barcode, a machine readable code in the form of 
numbers and parallel lines of varying widths that are printed on and identify a product

Note: For computer science our definition of abstraction is: the process of taking 
away or removing characteristics from a problem or a concept in order to reduce it to a 
set of essential characteristics. Abstractions:
• Are designed to share complex concepts, ideas, and problems
• Help solve problems by focusing on essential characteristics of the problem
• Can create generalizable solutions that apply to multiple types of problems.


