Activity 1
Basic Concepts of Programming 
Topic:




· Concepts of Programming
· Sequence structure in programming
· Concept of input-process-output
Levels:



· P4-P6

· S1-S3

Time required:

· 1 hour

Levels of Difficulties:


· Low(*) : suitable for P4 or above
· Middle(**) : suitable for S1 or above

	Low (*)
	Middle (**)
	High (***)

	P4
	
	
	
	
	
	

	
	P5
	
	
	
	
	

	
	
	P6
	
	
	
	

	
	
	
	
	S1
	
	

	
	
	
	
	
	S2
	

	
	
	
	
	
	
	S3


· Remarks:

1. Unless stated or otherwise, the level of difficulty of the components in this activity is Low.

2. The above levels of difficulties are just for reference. Teachers should choose suitable components for their students based on their professional judgements.

Skills to be learnt:

· Concepts of programming
· Simple algorithm design

· Concept of input-process-output
· Tracing algorithm and debugging

· Logical reasoning

Strategies:

· Direct instruction

· Task-based approach

· Guided learning

· Role playing
· Role of students:
	Stage 1: Programmer
	Stage 2: Computer
	Stage 3: Programmer (Debug)

	Write a program for drawing a given figure.
	Receive a program from another student. Execute the program according the “meaning” of the instructions to draw the figure.
	Compare the drawing created by the student in Stage 2 with the original figure. Find out their differences (if any) and the causes.


Materials:


· The following items for each student:

· A Figure Sheet with a distinct figure on each sheet (Appendix 1).
· Some sample figures are provided in Appendix 1 for teachers’ reference.

· To cater for learners’ diversity, teachers can prepare figures with appropriate difficulty for their students.
· A ProgrmmingSheet (Appendix 2).
· A Transparency with gridlines (Appendix 3).
· A Program Execution Sheet (Appendix 4).
· An Activity Worksheet.
Description:
In this activity, students will play the role of a programmer to design a program. The program will instruct a computer (robotic arm) to draw a figure. Then students will play the role of computer to execute the program designed by their classmate to draw the figure on a sheet of paper. Finally, they will compare the original figure with that drawn by their classmate to see if there are any differences between them. Through this activity, students will learn the basic concepts of programming. 
Procedure:

1. Teacher can first review some basic concepts of programming.

· What is a computer program?
· A computer program consists of a sequence of instructions (commands) to tell a computer to do specific task.

· What is a programming language?
· A programming language is a language for writing computer programs. There are many programming languages in the world. E.g. Java, C, Visual Basic, Pascal, etc.

· What is an algorithm?
· An algorithm is a step-by-step procedure for solving a problem. We can translate an algorithm into a computer program by using a programming language.
2. Teacher gives a brief introduction to the activity.
“ In this activity, you will first play the role of a programmer to design a program. The program will instruct a computer (robotic arm) to draw a given figure. Then you will play the role of a computer to execute the program designed by your classmate to draw the figure on a sheet of paper. Before you start to design your program, you should first learn the programming language for controlling a robotic arm to draw figure.”
· Teacher may show the following video to arouse the interest of students.
https://www.youtube.com/watch?v=f0zIC5awe5c 

3. Teacher then introduces the basic commands of the programming language, which are also given in Q1 of the Activity Worksheet. 
· PU

· Lifts the pen from the paper so that moving the pen will not draw a line.

· PD

· Puts the pen on the paper so that moving the pen will draw a line.
· FD x
· Moves the pen forwards x units.
· BK x
· Moves the pen backward x units.
· RT y
· Changes the direction of movement by turning right y degrees. This should be done before moving the pen.
· LT y
· Changes the direction of movement by turning left y degrees. This should be done before moving the pen.
Teacher may recall the relevant prior knowledge, such as the concepts of coordinate and angle.
4. Teacher should give some simple examples to let students “interpret” the commands. For example, Q1 on the Activity Worksheet.
· It is suggested to use a triangle to illustrate the location and direction of the pen.
· It is suggested to use dotted line or a pen with another colour to illustrate the movement of the pen when it is up.

5. Let students design simple programs by asking them to complete Q2 on the Activity Worksheet.
· Teacher may choose some students to share their answers or check the answers with them.

6. After students have been familiar with the programming language, teacher then gives each student the following materials:

· a Figure Sheet with a distinct figure on each sheet (Appendix 1),

· a Programming Sheet for writing program (Appendix 2),

· a Transparency with gridlines for locating points and lines on the figure 
(Appendix 3).
7. First, teacher asks students to play the role of a programmer to create a program on the Programming Sheet, and to instruct the robotic arm to draw the given figure on the Figure Sheet. 
· Teacher should remind students to use the Transparency with gridlines to locate the points and lines on the figure. The starting point of the pen is (0, 0) and the direction is up (Appendix 3).

8. After students have finished their programs, teacher will collect their coding sheets and redistribute the sheets to their classmates. Teacher will also give each student a Program Execution Sheet (Appendix 4).
9. Then, teacher tells students to play the role of computer to execute the program on the Programming Sheet they received. They should “output” the result (draw the figure) on the Program Execution Sheet.  

10. After students have drawn their figures, teacher will collect their Program Execution Sheet together with the Programming Sheet.

11. Teacher will then redistribute the sets of Program Execution Sheet and Programming Sheet to the corresponding “programmers”.

12. Teacher will ask students (programmers) to compare the drawing on the Program Execution Sheet with the figure on the original Figure Sheet to see if there are any differences between them. If a difference is found, students should check whether it is caused by incorrect execution or bugs in the program. If it is the latter case, student should debug the program.

13. Teacher can ask students to tell the differences between human languages and programming languages.

For example:

· Programming languages are less flexible than human languages.

· Fewer types of commands.

· No tolerance for errors or ambiguities.

· etc.

14. Challenge to students:

· Let students to try Q3 on the Activity Worksheet.
· Students will find it difficult to get the lengths of some line segments and the angles to be turned between the line segments.
· They need to use Pythagoras’ theorem, trigonometric functions, etc. to calculate the lengths and angles. 

· They may also measure the lengths and angles directly by using ruler and protractor, but the measurements are not accurate.

· Teacher then asks students to suggest a new type of command for the programming language to overcome the problem. Teacher may let students to try but should guide them to get the expected answer.

· Expected answer: 
A GOTO(x, y) command to move from the current location to the target location with coordinates (x, y).
15. Suppose the command GOTO(x, y) is included in the programming language.

Teacher asks students to do Q4 on the Activity Worksheet.
· Focus on IPO
· What should be the input data?
· What are the commands for processing the data?

· What is the output of the program?  

16. Further practice
· Q5 on the Activity Worksheet.
· Teacher may discuss the similarities and differences between the robotic drawing machine and the crane machine.

(**)

17. Challenge to students:

· Q6 on the Activity Worksheet.
Activity Worksheet 1 : Basic Concepts of Programming
(*)

Q1. A programming language for controlling a robotic arm to draw figure on a sheet of paper has the following types of commands.

· PU
-
Lifts the pen from the paper so that moving the pen will not draw a line.

· PD
-
Puts the pen on the paper so that moving the pen will draw a line.
· FD x
-
Moves the pen forwards x units
· BK x
-
Moves the pen backward x units

· RT y
-
Changes the direction of movement by turning right y degrees. This should be done before moving the pen.

· LT y
-
Changes the direction of movement by turning left y degrees. This should be done before moving the pen.
(a) By referring to the following program on the left, draw the corresponding figure on the right.
	Program
	Figure

	PU

FD 5

RT 90

FD 5

PD 

FD 6

LT 90

FD 5
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(b) Try to add further commands to the above program to draw a rectangle with sides of lengths 6 units and 5 units.

(*)

Q2. This question uses the same robotic arm and programming language as in Q1. For each of the following figures on the right, write a program for drawing the figure.
	Program
	Figure
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	Program
	Figure
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	Program
	Figure
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	Program
	Figure
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(*)

Q3. This question uses the same robotic arm and programming language as in Q1.

(a) For each of the following figures on the right, try to write a program for drawing the figure. If you find it difficult to complete the program, state the difficulties you have encountered.
	Program
	Figure
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	What difficulties you have encountered?




	Program
	Figure
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	What difficulties you have encountered?




(b) In accordance with the difficulties in (a), suggest a new type of command that can be provided in the programming language to overcome the problem.
	Command
	Description

	
	


(c) By using the command you suggested in (b) together with the original commands of the programming language, rewrite the programs in (a).

(*)

Q4. This question uses the same robotic arm and programming language as in Q1, together with the additional command suggested in Q3(b).

Suppose you want to design a program that allows user to draw any 4-sided polygon by using the robotic arm.
(a) What should be the input to the program?
	

	

	

	

	


(b) Suppose the input data have been entered, what should be the commands for processing the data?
	


(c) What should be the output of the program?
	

	

	


(*)

Q5. A crane machine with a robotic arm can be controlled by the following six commands.

· LEFT

-
Move the robotic arm 1 unit to the left.




· RIGHT
-
Move the robotic arm 1 unit to the right.


· UP 

-
Move the robotic arm 1 unit upwards.

· DOWN
-
Move the robotic arm 1 unit downwards.

· PICK

-
Pick an object from the current location.

· RELEASE
-
Release an object to the current location.


(a) The left figure below shows the original positions of a block and the robotic arm. Design a program to control the robotic arm to move the block to the position as shown on the right figure.
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(b) The left figure below shows the original positions of two blocks and the robotic arm. Design a program to control the robotic arm to move the blocks to the positions as shown on the right figure.
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(**)

Q6. This question uses the same crane machine as in Q5.
(a) The left figure below shows the original positions of two blocks and the robotic arm. Design a program to control the robotic arm to move the blocks to the positions as shown on the right figure.
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(b) The left figure below shows the original positions of two blocks and the robotic arm. Design a program to control the robotic arm to move the blocks to the positions as shown on the right figure.

[image: image11.png]1unit

e

1unit 1unit





	


Answers

(*)

Q1. A programming language for controlling a robotic arm to draw figure on a sheet of paper has the following types of commands.

· PU
-
Lifts the pen from the paper so that moving the pen will not draw a line.

· PD
-
Puts the pen on the paper so that moving the pen will draw a line.
· FD x
-
Moves the pen forwards x units
· BK x
-
Moves the pen backward x units

· RT y
-
Changes the direction of movement by turning right y degrees. This should be done before moving the pen.

· LT y
-
Changes the direction of movement by turning left y degrees. This should be done before moving the pen.
(a) By referring to the following program on the left, draw the corresponding figure on the right.

	Program
	Figure

	PU

FD 5

RT 90

FD 5

PD 

FD 6

LT 90

FD 5
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LT 90
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FD 6

LT 90

FD 5

(PU)
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(b) Try to add further commands to the above program to draw a rectangle with sides of lengths 6 units and 5 units.

(*)

Q2. This question uses the same robotic arm and programming language as in Q1. For each of the following figures on the right, write a program for drawing the figure.
	Program
	Figure

	PU

FD 2

RT 90

FD 2

LT 90

PD

FD 3

RT 90

FD 6

LT 90

FD 3

(PU)
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	Program
	Figure

	PU

FD 2

RT 90

FD 3

PD

FD 4

LT 90

FD 3

LT 90

FD 4

RT 90

FD 3

RT 90

FD 4

(PU)
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	Program
	Figure

	PU

FD 2

RT 90

FD 3

LT 90

PD

FD 6

BK 3

RT 90

FD 4

LT 90

BK 3

FD 6

(PU)
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	Program
	Figure

	PU

FD 2

RT 90

FD 3

LT 90

PD

FD 3

RT 90

FD 3

BK 3

LT 90

FD 3

RT 90

FD 4

(PU)
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(*)

Q3. This question uses the same robotic arm and programming language as in Q1.

(a) For each of the following figures on the right, try to write a program for drawing the figure. If you find it difficult to complete the program, state the difficulties you have encountered.
	Program
	Figure

	(* Answer for (c) )

PU
GOTO(3, 2)

PD

GOTO(3, 8)

GOTO(7, 2)

GOTO(7, 8)

(PU)
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	What difficulties you have encountered?
It is difficult to find the length of the 2nd line segment and the angles to be turned between the line segments .



	Program
	Figure

	(* Answer for (c) )

PU

GOTO(2, 4)

PD

GOTO(8, 8)

GOTO(6, 5)

GOTO(8, 2)

GOTO(2, 4)

(PU)


	[image: image18.png]10

1

0

Starting poiht
and direction

10





	What difficulties you have encountered?
It is difficult to find the lengths of the line segments and the angles to be turned between the line segments .



(b) In accordance with the difficulties in (a), suggest a new type of command that can be provided in the programming language to overcome the problem.
	Command
	Description

	GOTO(x, y)
	To move from the current location to the target location with coordinates (x, y).



(c) By using the command you suggested in (b) together with the original commands of the programming language, rewrite the programs in (a).

(*)

Q4. This question uses the same robotic arm and programming language as in Q1, together with the additional command suggested in Q3(b).
Suppose you want to design a program that allows user to draw any 4-sided polygon by using the robotic arm.
(a) What should be the input to the program?
	The coordinates of the four vertices (in the correct order) of the polygon:

(a, b), (c, d), (e, f) and (g, h).


(b) Suppose the input data have been entered, what should be the commands for processing the data?
	PU

GOTO(a, b)

PD

GOTO(c, d)

GOTO(e, f)

GOTO(g, h)

GOTO(a, b)
(PU)


(c) What should be the output of the program?
	The required 4-sided polygon drawn on a paper.


(*)

Q5. A crane machine with a robotic arm can be controlled by the following six commands.

· LEFT

-
Move the robotic arm 1 unit to the left.




· RIGHT
-
Move the robotic arm 1 unit to the right.


· UP 

-
Move the robotic arm 1 unit upwards.

· DOWN
-
Move the robotic arm 1 unit downwards.

· PICK

-
Pick an object from the current location.

· RELEASE
-
Release an object to the current location.


(a) The left figure below shows the original positions of a block and the robotic arm. Design a program to control the robotic arm to move the block to the position as shown on the right figure.
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(b) The left figure below shows the original positions of two blocks and the robotic arm. Design a program to control the robotic arm to move the blocks to the positions as shown on the right figure.
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(**)

Q6. This question uses the same crane machine as in Q5.

(a) The left figure below shows the original positions of two blocks and the robotic arm. Design a program to control the robotic arm to move the blocks to the positions as shown on the right figure.

[image: image21.png]€D

1 unit 1 unit





	DOWN

PICK

UP

RIGHT

RIGHT

DOWN

RELEASE

UP

LEFT

DOWN

PICK

UP

LEFT

DOWN 

RELEASE

UP

RIGHT

RIGHT

DOWN

PICK

UP

LEFT

DOWN

RELEASE

UP



(b) The left figure below shows the original positions of two blocks and the robotic arm. Design a program to control the robotic arm to move the blocks to the positions as shown on the right figure.
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Appendix 1

Figure sheet
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Figure sheet
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Figure sheet
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Figure sheet
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Figure sheet


Figure sheet


Appendix 2

Programming Coding Sheet

Programmer: ___________________________ Class: _____ No.: ____   Date:___________
Instructions available:

	PU
	PD
	FD x
	BK x
	RT y
	LT y


Program for drawing Figure:
	Line No.
	Program Instructions
	Computer Execution (()
	Programmer's Check

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	6
	
	
	

	7
	
	
	

	8
	
	
	

	9
	
	
	

	10
	
	
	

	11
	
	
	

	12
	
	
	

	13
	
	
	

	14
	
	
	

	15
	
	
	

	16
	
	
	

	17
	
	
	

	18
	
	
	

	19
	
	
	

	20
	
	
	

	21
	
	
	

	22
	
	
	

	23
	
	
	

	24
	
	
	

	25
	
	
	

	26
	
	
	

	27
	
	
	

	28
	
	
	

	29
	
	
	

	30
	
	
	


* See the remarks on next page.
Remarks:

1. The column “Program Instruction” is for the programmer (student) to write the program instructions. The line numbers are for ease of reference.

2. The column “Computer Execution” is for student to put a tick (() after executing a specific line of instruction for recording purpose when he/she is playing the role of computer. 
3. The column “Programmer's check” is for the programmer (student) to debug the program if the expected drawing is different from that created by the “Computer” (another student).

Appendix 3

Transparency




Appendix 4

Programming Execution Sheet

 
Answer for (b)





Starting point and direction





Starting point and direction
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