Activity 6
Finding Maximum Value and Minimum Value 
Topic:




· Selection and Searching
Levels:



· P4-P6

· S1-S3

Time required:

· 1 hour

Levels of Difficulties:


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

· High(***) : suitable for S3 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 and Content to be learnt:

· Finding maximum value and minimum value
· Computational thinking

· Logical reasoning

· Comparison

· Divide and Conquer
Strategies:

· Guided learning

· Task-based approach

· Collaborative learning

· Game-based learning
Materials:


· For Strategy 1:

· Whole class activity:

· 2 different sets of number cards. The number of cards in each set should be no less than the number of students in the class.

· Each card in a set should have a unique number, such as between 1 and 100.
· Number printed on one side of each card.

· Refer to template in Appendix 1.
· Group activity:

· 16 number cards with distinct numbers (e.g. between 1 and 100) for each group of 2 to 4 students. Different sets of cards for different groups.

· Refer to template in Appendix 2.
· For Strategy 2:

· Group activity:

· A number card for each student. Each card has a unique number, such as between 1 and 100.
· Refer to template in Appendix 2.
· Activity Worksheet for each student.
Procedure:

1. Teacher may first explain the need of finding maximum value (or minimum value) by using some daily life examples. Refer to the Activity Worksheet. 

· E.g. finding the tallest student, the heaviest student, or the highest test score in a class, etc.

· Teacher should mention that we may sometimes be able find the maximum value (or minimum value) by direct observation, but in programming, the maximum value (or minimum value) is usually found by pairwise comparisons. This complies with the operations of computers where they usually only compare two values at a time.

2. Teacher can then use the following activities to introduce two common algorithms (Method A and Method B) for finding maximum value (or minimum value) based on pairwise comparisons. 
3. Depending on the size of the class and availability of space, teachers may adopt different strategies based on their professional judgements. Here are two strategies for teachers’ reference.
· Strategy 1: From whole class activity to group activity.
· Strategy 2: From group activity to whole class discussion.
Strategy 1  (From whole class activity to group activity)
1. This strategy consists of two parts:
· Part 1 is suggested to be conducted in a spacious area such as playground. 

· Part 2 can be conducted in a classroom.
2. Before the start of activity, teacher should prepare two sets of number cards for the two methods below. The number of cards in each set should be no less than the number of students in the class. Each card in a set should have a unique number, such as between 1 and 100. Refer to the template in Appendix 1.
3. Part 1  (to be conducted in a spacious area such as playground)
(1) Instruct students to form a line.

(2) Distribute to each student a number card from the first set of cards. Remind students not to let others see the number on their cards. 
(3) Introduce the activity:

· Objective: To find the largest number among the cards. 

· Rule: Students are only allowed to compare their cards with one classmate at one time.
(4) Tell students that two methods will be used to find the largest number. 
· Method A

· Method B

(5) Method A
· Similar to the “Competing to be the Emperor Game (猜皇帝遊戲)”.
Step 1. Choose the first student from the line to be the “temporary winner”.

Step 2. The next student (the challenger) from the line will challenge the temporary winner by comparing his/her card with the temporary winner’s card. If the number on the challenger’s card is larger than the number on the temporary winner’s card, then “temporary winner” will be replaced by the challenger.
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Step 3. Repeat Step 2 until all the students in the line have challenged the temporary winner.
Step 4. The final “temporary winner” will be the true winner who holds the card with the largest number.

(6) After trying Method A, teacher will collect the cards from students and redistribute a second set of cards to them. Teacher should remind students not to let others see the number on their cards. 
(7) Method B
· Similar to “Elimination Tournament (淘汰賽)”.

Step 1. Divide the students into groups of two. If the number of students is odd, the remaining student will form a group of one. 

Step 2. Students in each group will compete with each other by comparing the numbers on their cards. The “winner” will be the student with a card of larger number.
Step 3. Each “winner” in Step 2 will “compete” with another “winner”.  

Step 4. Repeat Step 3 until there is just one “winner” left, which will be the student with the card with the largest value.
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(8) After students have tried the two methods, teacher may ask students some follow-up questions. 

· Which method is more efficient in finding the card with the largest value?

· It seems that Method B is more efficient as the comparisons are done in parallel.

· Teacher may remind students that the numbers of pairwise comparisons in the two methods are in fact the same. In programming, whether method B is more efficient depends on whether the computer can allow several comparisons to be done concurrently. 
· Are there other alternative methods for finding the largest number?

· An open-ended question. Let students to suggest.
4. Part 2  (can be conducted in a classroom)

(1) To further consolidate students’ understanding of the two methods for finding the maximum value (or minimum value), the following group activities can be arranged. Students are required to record their work on the Activity Worksheet.

(2) Divide students into groups of two to four. Adjust the group sizes according to the abilities of students. 
(3) Each group will be given a set of 16 number cards with distinct numbers (e.g. between 1 and 100). Refer to the template in Appendix 2.
(4) Instructions to students:

(i) Shuffle the cards.

(ii) Place all the cards at a designated space on the table with the number sides facing down.
(iii) Your task is to find out the card with the largest value from the set.

(iv) You are only allowed to pick up two cards at a time to compare their values.
(v) After each comparison, you should place the cards back to a designated space on the table (number sides facing down).
(5) Teacher reviews Method A with the students again.

Method A: 
· Similar to the “Competing to be the Emperor Game (猜皇帝遊戲)”.

· Treat the card with the largest value as the “winner” in the set of cards.

Preparation for activity:
(1)  Divide the desktop into three regions for: Cards have not been compared, Cards have been compared and Winner (winning card).

(2)  Place the shuffled cards in the region for Cards have not been compared. The cards are still facing down.
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(3)  Pick a card from the region for Cards have not been compared and place it in the region for Winner as a "temporary winner".
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Activity procedure:

Treat the card with the largest number as the “winner” in the set of cards.

Step 1. Compare the “temporary winner” with the next card in the region for Cards have not been compared.
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Step 2. The larger is the “temporary winner”. Place this card in the region for Winner.

Step 3. Place the smaller card in the region for Cards have been compared. 

Step 4. Record the card being compared, the cards have been compared and the winner on the worksheet.
Step 5. Repeat Steps 1 to 4 until all the cards have been compared.
Step 6. The final “winner” in the Winner region will be the card with the largest value.


[image: image8]
(6) Students are required to use the above Method A to find out the largest number on the cards and record their work in Q1 of the Activity Worksheet. Teachers should observe the groups to make sure that they have followed the instructions.
(7) As students may have remembered some on the cards after the above activity, teacher can ask the groups to exchange their sets of cards before doing the next activity.

(8) Next, teacher reviews the Method B again.
Method B

· Similar to “Elimination Tournament (淘汰賽)”.
· This is a divide-and-conquer approach.

Preparation for activity:
· Divide the cards into groups of two with a total of 8 groups. Place the cards on the table with the numbers remain facing down.
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Activity procedure:

Step 1. Divide the cards into groups of two cards each.

Step 2. Compare the cards in each group. The “winner” is the larger card.
Step 3. Each “winner” in Step 2 will “compete” with another “winner”.  

Step 4. Repeat Step 3 until there is just one “winner” left, which will be the card with the largest value.
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(9) Students are required to use the above Method B to find out the largest number on the cards and record their work in Q2 of the Activity Worksheet. Teachers should observe the groups to make sure that they have followed the instructions.

(10) After that, teacher can ask each group to use the above methods to find the smallest number on the cards.
Strategy 2  (From group activity to whole class discussion)

1. This strategy can be carried out in a classroom. Pairwise comparison is in the form of a match (比賽) between two students.
2. Divide students into groups of four. Each student takes a card. The number of the card should not disclose to others. 
3. For a match, two students disclose their numbers to each other and the one hold the larger number is the winner (while other two students cannot see/hear/know the numbers).
(Teacher can assist the arrangement if the number of students is not 4, which exists odd number of players)
	Group 1 / Method A
	Group 2 / Method B

	Match 1
Student 1
Student 2

Match 2
Student 3
Winner of Match 1
Match 3
Student 4
Winner of Match 2

	Match 1
Student 5

Student 6

Match 2
Student 7

Student 8

Match 3
Winner of Match 1

Winner of Match 2
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4. After the first trial, teacher can redistribute or use another set of cards with different numbers (or alphabets). Let students to exchange the method to find the winner who got the smallest number.

	Group 1 / Method B
	Group 2 / Method A

	Match 1
Student 1

Student 2

Match 2
Student 3

Student 4

Match 3
Winner of Match 1

Winner of Match 2

	Match 1
Student 5
Student 6

Match 2
Student 7
Winner of Match 1
Match 3
Student 8

Winner of Match 2
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5. After the second trial, teacher can ask students on the two methods. Which one is better? 

(Student may discover Method B is better as Match 2 can start together with Match 1. 
( Teacher can guide students to think if they cannot get the conclusion.)
6. After second trial (i.e. finding the smallest number in each group), the teacher can ask students the way to find out the smallest number in the class.

Is it necessary to make the whole class do it together by using Method B?
(No, just conduct Method B on the winners in each group.)

	Match 1
	Winner of Group 1
	Winner of Group 2

	Match 2
	Winner of Group 3
	Winner of Group 4

	Match 3
	Winner of Match 1
	Winner of Match 2
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(Similarly, teacher can assist the arrangement if the number of groups is not 4, 8 or 16)

E.g.

	Match 1
	Winner of Group 1
	Winner of Group 2

	Match 2
	Winner of Group 3
	Winner of Group 4

	Match 3
	Winner of Group 5
	Winner of Group 6

	Match 4
	Winner of Match 1
	Winner of Match 2

	Match 5
	Winner of Match 4
	Winner of Match 3
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7. Remark: For the card game, there is a way for catering learners’ diversity as well as cross circular approach by using fractions instead of integers, this can review the concept of comparison between fractions and make the game more attractive/challenging for more able students.

8. To further consolidate students’ understanding of the two methods for finding the maximum value (or minimum value), Teacher can ask students to do Q1 and Q2 of the Activity Worksheet (with the list of card numbers given in the question).
9. More to learn:
After finding the maxmium/minimum number, the concept of iteration/looping and sorting can be embedded in this section too (if students are more able).

	Find the largest number among 4 numbers (Largest is found)
( Find the largest number among the rest of the 3 numbers (2nd largest is found)
( Find the largest number among the rest of the 2 numbers (3rd largest is found)

( Only one number left (The last/smallest number)



If students are more able, teacher can generalise the algorithm in step by step approach.

	Find the largest number among 10 items (Largest is found)
( Find the largest number among the rest of the 9 items (2nd largest is found)
( Find the largest number among the rest of the 8 items (3rd largest is found)


( Only one item left (The last/smallest number)


	Find the largest number among n items (Largest is found)
( Find the largest number among the rest of the n - 1 items (2nd largest is found)
( Find the largest number among the rest of the n - 2 items (3rd largest is found)


( Only one item left (The last/smallest number)


Activity Worksheet 6 : Finding Maximum Value and Minimum Value
In our daily life, we sometimes need to find the largest member in a group. For example, you may want to find the tallest student, the heaviest student, or the highest test score in your class, etc. Depending on the constraints and conditions, we may use different methods to find them. Some of them may be found by direct observation (e.g. tallest classmate in your class). Some of them may require pairwise comparisons, just like the example below.

Example  

Suppose you would like to know the highest test score in your class. But your teacher is not willing to tell you the scores of any students. So, you are going to ask your classmates one by one. Usually, when your classmates’ scores are higher than yours (or a specified score), they will not mind telling you their scores, but this is not the case when their scores are lower. Assume this rule is true, can you find the highest test score by asking them one by one (i.e. pairwise comparison)?
In fact, in programming, the largest value (or smallest value) is usually found by pairwise comparisons. In the following two questions, you are going to use pairwise comparisons to find the largest number from a set.
(*)

Q1. Given a set of 16 number cards with distinct numbers between 1 and 100 your task is to find out the largest number on the cards.
Instructions:

(1) Shuffle the cards. 

(2) Place all the cards at a designated space on the table with the number sides facing down. 
(3) You are only allowed to pick up two cards at a time to compare their values.

(4) After each comparison, you should place the cards back to a designated space on the table (number sides facing down).
(5) Apply the following Method A to find out the largest number on the cards.

Remarks (for teacher):
· It is suggested to conduct the activity in group mode as in Strategy 1 (or in individual mode). Assume that there are 16 number cards as given below (facing down initially). 

· The number of cards can be reduced to 8 if the activity is to be conducted for primary students.
	28
	46
	13
	37
	89
	70
	66
	9
	95
	42
	17
	6
	21
	77
	52
	59


Method A:
Preparation for activity:
(1) Divide the desktop into three regions for: Cards have not been compared, Cards have been compared and Winner (winning card).

(2) Place the shuffled cards in the region for Cards have not been compared. The cards are still facing down.
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(3) Pick a card from the region for Cards have not been compared and place it in the region for Winner as a "temporary winner".
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Activity procedure:

Treat the card with the largest number as the “winner” in the set of cards.

Step 1. Compare the “temporary winner” with the next card in the region for Cards have not been compared.
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Step 2. The larger is the “temporary winner”. Place this card in the region for Winner.

Step 3. Place the smaller card in the region for Cards have been compared. 

Step 4. Record the card being compared, the cards have been compared and the winner on this worksheet.
Step 5. Repeat Steps 1 to 4 until all the cards have been compared.
Step 6. The final “winner” in the Winner region will be the card with the largest value.
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(a) In applying the above method to find the largest number, you should record the “card being compared”, the “cards have been compared” and the ”winner” in each step.
	
	
	
	= Card has been compared
	
	= Card has not been compared

	

	"Winner”
	
	
	= Card being compared
	

	Max.
	
	1st
	2nd
	3rd
	4th
	5th
	6th
	7th
	8th
	9th
	10th
	11th
	12th
	13th
	14th
	15th
	16th

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


(b) What is the largest number on the cards?

	


(c) What is the total number of comparisons you have made in finding the largest number?
	


(**)

(d) Suppose the above method is applied on a list of N numbers to find the largest number, what is the total number of comparisons required?

	


(*)

Q2. Given a set of 16 number cards with distinct numbers between 1 and 100, your task is to find out the largest number on the cards.

Instructions:

(1) Shuffle the cards 

(2) Place all the cards at a designated space on the table with the number sides facing down. 
(3) You are only allowed to pick up two cards at a time to compare their values.

(4) After each comparison, you should place the cards back to a designated space on the table (number sides facing down).

(5) Apply the following Method B to find out the largest number on the cards.

Remarks (for teacher):
· It is suggested to conduct the activity in group mode as in Strategy 1 (or in individual mode). Assume that there are 16 number cards as given below (facing down initially). 

· The number of cards can be reduced to 8 if the activity is to be conducted for primary students.
	28
	46
	13
	37
	89
	70
	66
	9
	95
	42
	17
	6
	21
	77
	52
	59


Method B:
Preparation for activity:
· Divide the cards into groups of two with a total of 8 groups. Place the cards on the table with the numbers remain facing down.
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Activity procedure:

This is a divide-and-conquer approach.
Step 1. Divide the cards into groups of two cards each.

Step 2. Compare the cards in each group. The “winner” is the larger card.
Step 3. Each “winner” in Step 2 will “compete” with another “winner”.  

Step 4. Repeat Step 3 until there is just one “winner” left, which will be the card with the largest value.
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(a) In applying the above method to find the largest number, record your steps by filling in the participants (card numbers) in each round and the winner.


(b) What is the largest number on the cards?

	


(c) What is the total number of comparisons you have made in finding the largest number?

	


(d) Compare the total numbers of comparisons in Method A (Q1) and Method B, what do you observe? 

	


(**)

(e) Suppose Method B is applied on a list of N numbers to find the largest number, what is the total number of comparisons required?

	


Remark: 
Even when N is an odd number, it is still possible to use the above method.



E.g. N = 11:

Answers

(*)

Q1. Given a set of 16 number cards with distinct numbers between 1 and 100, your task is to find out the largest number on the cards.

Instructions:

(1) Shuffle the cards. 

(2) Place all the cards at a designated space on the table with the number sides facing down. 
(3) You are only allowed to pick up two cards at a time to compare their values.

(4) After each comparison, you should place the cards back to a designated space on the table (number sides facing down).

(5) Apply the following Method A to find out the largest number on the cards.

Remarks (for teacher):
· It is suggested to conduct the activity in group mode as in Strategy 1 (or in individual mode). Assume that there are 16 number cards as given below (facing down initially). 

· The number of cards can be reduced to 8 if the activity is to be conducted for primary students.
	28
	46
	13
	37
	89
	70
	66
	9
	95
	42
	17
	6
	21
	77
	52
	59


Method A:

Preparation for activity:
(1) Divide the desktop into three regions for: Cards have not been compared, Cards have been compared and Winner (winning card).

(2) Place the shuffled cards in the region for Cards have not been compared. The cards are still facing down.
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(3) Pick a card from the region for Cards have not been compared and place it in the region for Winner as a "temporary winner".
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Activity procedure:

Treat the card with the largest number as the “winner” in the set of cards.

Step 1. Compare the “temporary winner” with the next card in the region for Cards have not been compared.
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Step 2. The larger is the “temporary winner”. Place this card in the region for Winner.

Step 3. Place the smaller card in the region for Cards have been compared. 

Step 4. Record the card being compared, the cards have been compared and the winner on this worksheet.
Step 5. Repeat Steps 1 to 4 until all the cards have been compared.
Step 6. The final “winner” in the Winner region will be the card with the largest value.
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(a) In applying the above method to find the largest number, you should record the “card being compared”, the “cards have been compared” and the ”winner” in each step.
	
	
	
	= Card has been compared
	
	= Card has not been compared

	

	"Winner”
	
	
	= Card being compared
	

	Max.
	
	1st
	2nd
	3rd
	4th
	5th
	6th
	7th
	8th
	9th
	10th
	11th
	12th
	13th
	14th
	15th
	16th

	28
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	95
	
	28
	46
	13
	37
	89
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	9
	95
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	9
	95
	42
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	89
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	9
	95
	42
	17
	6
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	46
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	37
	89
	70
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	9
	95
	42
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	77
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	28
	46
	13
	37
	89
	70
	66
	9
	95
	42
	17
	6
	21
	77
	52
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	95
	
	28
	46
	13
	37
	89
	70
	66
	9
	95
	42
	17
	6
	21
	77
	52
	59


(b) What is the largest number on the cards?

	95


(c) What is the total number of comparisons you have made in finding the largest number?
	Total number of comparisons = 16 – 1 = 15


(**)

(d) Suppose the above method is applied on a list of N numbers to find the largest number. What is the total number of comparisons required?

	Total number of comparisons = N – 1 


(*)

Q2. Given a set of 16 number cards with distinct numbers between 1 and 100, your task is to find out the largest number on the cards.

Instructions:

(1) Shuffle the cards. 

(2) Place all the cards at a designated space on the table with the number sides facing down. 
(3) You are only allowed to pick up two cards at a time to compare their values.

(4) After each comparison, you should place the cards back to a designated space on the table (number sides facing down).

(5) Apply the following Method B to find out the largest number on the cards.

Remarks (for teacher):
· It is suggested to conduct the activity in group mode as in Strategy 1 (or in individual mode). Assume that there are 16 number cards as given below (facing down initially). 

· The number of cards can be reduced to 8 if the activity is to be conducted for primary students.
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Method B:

Preparation for activity:
· Divide the cards into groups of two with a total of 8 groups. Place the cards on the table with the numbers remain facing down.
[image: image27.png]Growp! Growp2 Growp3 Group4 Group5 Group6 Growp7 Group




Activity procedure:

This is a divide-and-conquer approach.
Step 1. Divide the cards into groups of two cards each.

Step 2. Compare the cards in each group. The “winner” is the larger card.
Step 3. Each “winner” in Step 2 will “compete” with another “winner”.  

Step 4. Repeat Step 3 until there is just one “winner” left, which will be the card with the largest value.
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(d) In applying the above method to find the largest number, record your steps by filling in the participants (card numbers) in each round and the winner.


(b) What is the largest number on the cards?

	95


(b) What is the total number of comparisons you have made in finding the largest number?

	Total number of comparisons = 8 + 4 + 2 + 1 = 15


(c) Compare the total numbers of comparisons in Method A (Q1) and Method B, what do you observe? 

	Total numbers of comparisons in the two methods are the same.


(**)

(b) Suppose Method B is applied on a list of N numbers to find the largest number, what is the total number of comparisons required?

	Total number of comparisons = N – 1 


Remark: 
Even when N is an odd number, it is still possible to use the above method.



E.g. N = 11:
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