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The assessment scale for tasks on Mathematical Investigation is shown in the following table.

	Level of Performance
	Marks
	Mathematical Knowledge and Investigation Skills
	Marks
	Mathematical Communication Skills

	Very good
	13–16
	The student demonstrates a complete understanding of the underlying mathematical knowledge and investigation skills which are relevant to the task, and is consistently competent and accurate in applying them in handling the task.  Typically, the student recognises patterns, and states a conjecture which is justified by a correct proof.
	4
	The student communicates ideas in a clear, well organised and logically true manner through coherent written/verbal accounts, using appropriate and correct forms of mathematical presentation to present conjectures and proofs.

	Good
	9–12
	The student demonstrates a substantial understanding of the underlying mathematical knowledge and investigation skills which are relevant to the task, and is generally competent and accurate in applying them in handling the task.  Typically, the student recognises patterns, draws inductive generalisations to arrive at a conjecture and attempts to provide a proof for the conjecture.
	3
	The student is able to communicate ideas properly through written/verbal accounts, using appropriate and correct forms of mathematical presentation such as algebraic manipulations and geometric deductions.

	Fair
	5 – 8
	The student demonstrates a basic understanding of the underlying mathematical knowledge and investigation skills which are relevant to the task, and is occasionally competent and accurate in applying them in handling the task.  Typically, the student recognises patterns and attempts to draw inductive generalisations to arrive at a conjecture.
	2
	The student is able to communicate ideas with some appropriate forms of mathematical presentation such as algebraic formulae and geometric facts.

	Weak
	1 – 4
	The student demonstrates a limited understanding of the underlying mathematical knowledge and investigation skills which are relevant to the task, and is rarely competent and accurate in applying them in handling the task.  Typically, the student manages to recognise simple patterns and organises results in a way that helps pattern identifications.
	1
	The student attempts to communicate ideas using mathematical symbols and notations, diagrams, tables, calculations etc.


· The full mark of a SBA task on Mathematical Investigation submitted should be scaled to 20 marks, of which 16 marks are awarded for the mathematical knowledge and investigation skills while 4 marks are awarded for the communication skills.
· Teachers should base on the above assessment scale to design SBA tasks for assessing students with different abilities and to develop the marking guidelines.
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Figure 1

The ith row jth term = the sum of the (j ( 1)th term and jth term of the (i ( 1)th row.
Part B



	(a) (i) 
	Row
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	
	Sum
	1

= 20
	2

= 21
	4

= 22
	8

= 23
	16

= 24
	32

= 25
	64

= 26
	128

= 27
	256

= 28
	512

= 29




(ii)
The sum of all numbers in the nth row = 
[image: image1.wmf]1

2

-

n




(b) (i)
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Figure 2
(ii)
The sums constitute the Fibonacci sequence, i.e. a term equals the sum of its previous 


two terms. For example, 1 + 1 = 2, 1 + 2 = 3, 2 + 3 = 5, 3 + 5 = 8 and 5 + 8 = 13.

Explanation:


With the diagram below, it is easily seen that the sum of numbers in each diagonal is

equal to the sum by adding up all the numbers in the previous two diagonals.
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(c)
(i)
1+ 2 + 3 + 4 + 5 + 6 + 7 = 28



(ii)
1 + 3 + 6 + 10 + 15 +21 = 56


(iii)
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   The sum of the jth terms in the 1st, 2nd, ( and nth rows (if the terms exist)

= the (j + 1)th term in the (n + 1)th row


For example, the sum of the 3rd term in 1st, 2nd, ( and 8th rows


= the sum of the 3rd term in 3rd, 4th, ( and 8th rows


= 3rd term in the 3rd row + 3rd term in the 4th row 


+ 3rd term in the 5th row + 3rd term in the 6th row 


+ 3rd term in the 7th row + 3rd term in the 8th row


= 4th term in the 5th row


+ 3rd term in the 5th row + 3rd term in the 6th row 


+ 3rd term in the 7th row + 3rd term in the 8th row


= 4th term in the 6th row + 3rd term in the 6th row 


+ 3rd term in the 7th row + 3rd term in the 8th row


= 4th term in the 7th row + 3rd term in the 7th row 


+ 3rd term in the 8th row


= 4th term in the 8th row  + 3rd term in the 8th row


= 4th term in the 9th row 

[ Numerically, 1 + 3 + 6 +10 + 15 + 21 = 56]
Part C
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Method 1
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   The jth term in the ith row


= The jth term in the (i ( 1)th row + The (j ( 1)th term in the ith row


Method 2
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It is noticed that the array in Part C is obtained by turning the Pascal Triangle

[image: image2.wmf]o

45

 in the anticlockwise direction. So, the missing numbers can be obtained by
 similar method in Part A.


(b)  From Method 2 in (a), it can be interpreted that all features in the Pascal Triangle 


can be found in this array by taking suitable orientation. Examples of the 


features are as follows:







Example 1 




Sum of terms in a diagonal
	
	20
	21
	22
	23
	24
	25
	26
	27

	1
	1
	1
	1
	1
	1
	1
	1
	

	1
	2
	3
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	5
	6
	7
	8
	

	1
	3
	6
	10
	15
	21
	28
	36
	

	1
	4
	10
	20
	35
	56
	84
	120
	

	1
	5
	15
	35
	70
	126
	210
	330
	

	1
	6
	21
	56
	126
	252
	462
	792
	

	1
	7
	28
	84
	210
	462
	924
	1716
	

	1
	8
	36
	120
	330
	792
	1716
	3432
	

	1
	9
	45
	165
	495
	1287
	3003
	6435
	




Example 2 



Sum of terms in a column

	1
	1
	1
	1
	1
	1
	1
	1

	1
	2
	3
	4
	5
	6
	7
	8

	1
	3
	6
	10
	15
	21
	28
	36

	1
	4
	10
	20
	35
	56
	84
	120

	1
	5
	15
	35
	70
	126
	210
	330

	1
	6
	21
	56
	126
	252
	462
	792

	1
	7
	28
	84
	210
	462
	924
	1716

	1
	8
	36
	120
	330
	792
	1716
	3432

	1
	9
	45
	165
	495
	1287
	3003
	6435




Example 3 



Sum of terms in a row

	1
	1
	1
	1
	1
	1
	1
	1

	1
	2
	3
	4
	5
	6
	7
	8

	1
	3
	6
	10
	15
	21
	28
	36

	1
	4
	10
	20
	35
	56
	84
	120

	1
	5
	15
	35
	70
	126
	210
	330

	1
	6
	21
	56
	126
	252
	462
	792

	1
	7
	28
	84
	210
	462
	924
	1716

	1
	8
	36
	120
	330
	792
	1716
	3432

	1
	9
	45
	165
	495
	1287
	3003
	6435


Part D

Any clear rule and array generated from the rule. 
Example (Farey Sequence):
The nth row contains the proper fractions in their simplest form (except
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) with denominators 

less than or equal to n, arranging in ascending order of magnitude.
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An example of special features is given below.
For any three consecutive terms in a row, say
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, we have 
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Evidence:


Numerical answers


The relationship between the jth term of the ith row and the terms in the (i-1)th row





Weak:	Incorrect answers





Fair:	Correct answers, but the relationship is not given





Good:	Correct answers and a valid empirical relationship (i.e. using examples to illustrate)








Very good:	Correct answers and a valid general relationship (i.e. using general terms to illustrate)


 





Evidence:


Numerical answers and the index forms


Conclusion





Weak:	Incorrect answers





Fair:	Correct answers, but the conclusion is not given





Good:	Correct answers with a valid empirical conclusion (i.e. using examples to illustrate)








Very good:	Correct answers with a valid general conclusion (i.e. using general terms to illustrate)


 





Evidence:


Numerical answers


Conclusion





1


1


2


3


5


8


13


21


34


55


89





Weak:	Incorrect answers





Fair:	Correct answers, but the conclusion is not given








Good:	Correct answers with a valid empirical conclusion 








Very good:	Correct answers with a valid general conclusion








13


21


34








Evidence:


Numerical answers


2.	Conclusion





Weak:	Incorrect answers





Fair:	Correct answers, but the conclusion is not given








Good:	Correct answers with a valid empirical conclusion 





Very good:	Correct answers with a valid general conclusion





Evidence :


Numerical answers and explanation





Weak:	Incorrect answers





Fair:	Correct answers without explanations





Good:	Correct answers with valid empirical explanations (i.e. using examples to illustrate)








Very good:	Correct answers with valid general explanations (i.e. using general terms to illustrate)


 





Evidence:


Feature given





Weak:	The feature given is invalid





Fair:	Attempt to find a feature, but the result is not completely correct





Good:	Obtain a valid feature








Very Good:	Obtain a valid feature with adequate explanation








Evidence:


The rule


Array generated


Special feature stated





Fair:	Clear rule is given but the array is not shown





Good:	Clear rule is given and complete array is shown








Very good:	Clear rule is given and complete array is shown. The special feature stated is valid





Weak:	No clear rule is given
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