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 Galahs
3AMAT Investigation


Information for teachers

Tasks

This investigation is in two parts
- a take-home part which leads students through systematic and random sampling
- a validation test. 

Marks could be awarded to the take-home part of the task at the teacher’s discretion. 12 marks have been assigned to the test. 

The sampling is from a photograph. Thus, students are introduced to sampling methods in a real context that they can experience through the photograph. A photograph with a grid on it is provided for students. A photo without a grid is provided for enlargement for display.

One option to consider is to have class discussion on students’ answers to question 4 of the take-home part before administering the validation test. 

At a later stage, the distinction could be made that the purpose of sampling here is to estimate population size, whereas frequently the purpose of sampling is estimating an attribute of a population. 

Prior knowledge and skills

Understand the terms ‘sample’ and ‘population’.

Know how to use a calculator to generate random integers in a given interval e.g. integers between 1 and 10 inclusive.

Background information

One possibility with photographs is to enlarge them, which makes counting simpler. This strategy was used to count the galahs. It must also have been used when sampling to count mite eggs on plants as described at:

http://www.springerlink.com/content/x5v1905345h61622/
Sampling from photographs is a common method for estimating plant density, for example in forests. A description is given at:

http://www.sci.sdsu.edu/SERG/techniques/mfps.html
Scroll down to ‘Sampling with photographs’.

For an account of the development of using sampling from photographs to estimate the yield of fruit trees, search on the www for: The use of photography in sampling for objective yield. 

References

The investigation is based on a classroom activity described by Arthur Bakker (2004) where a photograph was used to introduce students to the concept of ‘average’. See:
http://www.stat.auckland.ac.nz/~iase/publications/dissertations/dissertations.php
Select: 2004 Arthur Bakker.
A priori classification of part questions as simple or complex
	1
	2a
	2b

	simple
- common knowledge
	
	complex
- explanation


Note: All students should be partially successful on the complex question. 

Galahs
3AMAT Investigation

This investigation is in two parts: a take-home part which will be discussed in class on ………..….. and an in-class test which will given on ……….…….. .  Understanding gained through completion of the first part is necessary for the second part.

Take home part

The photograph on the third page shows a flock of galahs flying above a reserve in Esperance.  

You are to sample boxes on the grid and use the number of birds in the boxes to estimate the total number of birds in the flock. Use all three sampling methods below. 

1. Method 1: Intuition

Choose a box that you think is suitable for estimating the number of birds in the flock. Make your selection without any counting. 

(a) Mark your chosen box with an ‘x’  on the photograph

(b) Justify your choice of box.  

(c) Count the number of birds in the chosen box. If a bird is on a grid line, include it in the count if more of it is in your chosen box than in any other box. 

(d) Estimate the number of birds in the flock. Altogether there are 84 boxes with birds in them.

2. Method 2: Systematic selection

(a) Systematically select boxes using the list on the next page. The box numbers  (1st column) correspond to boxes with birds in them on the photograph, and the grid on the back of the photograph shows the position of each box. For example, box number 1 is fourth from the left at the top. It has three birds in it—the bird at the top is counted because more than half the bird is in the box, and the bird at the bottom is counted because more of it is in the box than any other box. The bird in the middle makes the count of 3. Note--each bird was counted only once in the listed data. 
Do your systematic selection as follows.

· use your calculator to generate a random number between 1 and 5. This is the number of the box that you select first. If the number is 1, start with box number 1 in the list. If the random number is 2, select box number 2 and so on.

· choose every fifth box after your first one

· write down the box numbers and the number of birds in each.
(b)  Use your sample to calculate the average (mean) number of birds in a box and use the mean number to estimate the number of birds in the flock.

3. Method 3: Random sampling

(a) Set up your calculator or a spreadsheet to generate random numbers from 1 to 84, then generate 40 numbers and write them in the column headed ‘Box number’ in the table to the right of the next page. Do not repeat any number(put in place a strategy to prevent this. 

(b) In the second column of the table, write the number of birds in the boxes. Obtain the numbers from the table of data.

(c) Calculate the average number of birds in a box for the first 10 boxes and write the answer in line 10 of the third column.

(d) Calculate the average number of birds in a box for the first 20 boxes and write your answer in line 20. Then, calculate average values based on 30 and 40 boxes.  

(e) Use the average values to estimate the number of birds in the flock for samples of 10, 20, 30 and 40 boxes.

4. There are 301 birds in the flock. Knowing this, review your estimates from each method, give reasons why each estimate does not equal 301 and write down ways to improve the methods.

5. Make sure that you understand the processes involved in each sampling method by reading your textbook or accessing definitions on the Australian Bureau of Statistics website: www.abs.gov.au   Search for ‘Sampling methods’ and select the article ‘Sampling Methods – Random Sampling’. Read ‘Simple Random Sampling’ and ‘Systematic Sampling’. 
The scheme for numbering the boxes is shown after the photograph.

	
	
	
	
	
	
	Table for Question 3

	Box

number
	Number

of birds
	
	Box

number
	Number

of birds
	
	Random number
	Number

of birds
	Average
	Flock estimate

	1
	3
	
	43
	3
	
	
	
	
	

	2
	1
	
	44
	11
	
	
	
	
	

	3
	1
	
	45
	5
	
	
	
	
	

	4
	1
	
	46
	8
	
	
	
	
	

	5
	1
	
	47
	3
	
	
	
	
	

	6
	2
	
	48
	4
	
	
	
	
	

	7
	1
	
	49
	5
	
	
	
	
	

	8
	2
	
	50
	2
	
	
	
	
	

	9
	1
	
	51
	2
	
	
	
	
	

	10
	7
	
	52
	8
	
	
	
	
	

	11
	1
	
	53
	7
	
	
	
	
	

	12
	1
	
	54
	9
	
	
	
	
	

	13
	1
	
	55
	4
	
	
	
	
	

	14
	7
	
	56
	7
	
	
	
	
	

	15
	4
	
	57
	2
	
	
	
	
	

	16
	1
	
	58
	3
	
	
	
	
	

	17
	7
	
	59
	1
	
	
	
	
	

	18
	1
	
	60
	2
	
	
	
	
	

	19
	2
	
	61
	8
	
	
	
	
	

	20
	2
	
	62
	3
	
	
	
	
	

	21
	8
	
	63
	2
	
	
	
	
	

	22
	5
	
	64
	2
	
	
	
	
	

	23
	1
	
	65
	7
	
	
	
	
	

	24
	1
	
	66
	5
	
	
	
	
	

	25
	1
	
	67
	5
	
	
	
	
	

	26
	3
	
	68
	1
	
	
	
	
	

	27
	7
	
	69
	1
	
	
	
	
	

	28
	9
	
	70
	5
	
	
	
	
	

	29
	8
	
	71
	5
	
	
	
	
	

	30
	5
	
	72
	8
	
	
	
	
	

	31
	3
	
	73
	2
	
	
	
	
	

	32
	1
	
	74
	3
	
	
	
	
	

	33
	4
	
	75
	3
	
	
	
	
	

	34
	5
	
	76
	1
	
	
	
	
	

	35
	6
	
	77
	1
	
	
	
	
	

	36
	5
	
	78
	2
	
	
	
	
	

	37
	5
	
	79
	2
	
	
	
	
	

	38
	5
	
	80
	1
	
	
	
	
	

	39
	2
	
	81
	2
	
	
	
	
	

	40
	3
	
	82
	1
	
	
	
	
	

	41
	2
	
	83
	3
	
	
	
	
	

	42
	5
	
	84
	1
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Box numbers 1-84

	
	
	
	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
	31
	
	
	
	
	

	
	32
	33
	34
	35
	36
	37
	38
	39
	40
	
	
	

	
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50
	
	

	
	
	
	51
	52
	53
	54
	55
	56
	57
	58
	
	

	
	
	59
	60
	61
	62
	63
	64
	65
	66
	67
	68
	

	
	
	
	
	69
	70
	71
	72
	73
	74
	
	75
	

	
	
	76
	
	
	
	77
	78
	79
	
	80
	81
	

	
	
	
	
	82
	
	
	
	
	83
	84
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	


Galahs
3AMAT Investigation


Sample solutions

6. Method 1: Intuition

(b) I chose a box with an average number of birds (box 65), not high and not low, because an average number of birds can be multiplied by 84 to get the total.

(c) The number of birds = 7

(d) number of birds in the flock ( 
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7

´

which is 588

7. Method 2: Systematic selection

Box   


3
8
13
18
23
28
33
38
43   
48

Number of birds

1
2
1
1
1
9
4
5
3
4

Box



53
58
63
68
73
78
83

Number of birds

7
3
2
1
2
2
3


(a) Number of boxes  = 17

Number of birds = 51

Average number of birds in a box = 3

Estimated number of birds in the flock = 3 x 84 = 252

8. Sample answers on the next page

9. Method 1

The estimate is too high because the ‘average’ box that I chose didn’t in fact contain the average (mean) number of birds in a box.  One reason for the error is that nearly half the boxes (41) have only 1 or 2 and these lower the mean. Hence my average box, which I selected because it had medium density, half way between low and high density, was wrong. 

Also, when looking at the photo, my eye was drawn to the cloud and, in fact, I chose a box in the cloud. The subconscious preference is another explanation for not choosing the best box. 

It would be better to calculate a weighted average using low, middle and high density boxes.

or 

choose at least 20 boxes by pointing to different parts of the page with my eyes shut.   More boxes and ‘random’ selection would improve the estimate  

Method 2

A bigger systematic sample might have given a better estimate.  

Method 3

The random samples gave fairly good estimates except for the first one with only 10 values. 10 is too small a number to be reasonably sure of a close estimate 

3. 
	Random number
	Number

of birds
	Average
	Flock estimate

	42
	5
	
	

	53
	7
	
	

	63
	2
	
	

	15
	4
	
	

	74
	3
	
	

	22
	5
	
	

	59
	1
	
	

	40
	3
	
	

	35
	6
	
	

	36
	5
	4.1
	344

	41
	2
	
	

	84
	1
	
	

	78
	2
	
	

	80
	1
	
	

	64
	2
	
	

	9
	1
	
	

	72
	8
	
	

	52
	8
	
	

	75
	3
	
	

	11
	1
	3.5
	294

	73
	2
	
	

	50
	2
	
	

	55
	4
	
	

	65
	7
	
	

	34
	5
	
	

	18
	1
	
	

	32
	1
	
	

	27
	7
	
	

	6
	2
	
	

	43
	3
	3.46667
	291

	28
	9
	
	

	13
	1
	
	

	82
	1
	
	

	38
	5
	
	

	26
	3
	
	

	3
	1
	
	

	67
	5
	
	

	76
	1
	
	

	44
	11
	
	

	39
	2
	3.575
	300


3AMAT Sampling methods and sample size
Investigation

In class component
 
Total marks: 12

10. You used sampling to estimate the number of birds in a flock from a photograph. Name two other things that would be tedious to count and for which population size could be estimated using sampling from photographs.


(2 marks)

11. A Year 9 Maths class was set an assignment to find out if students at their school were in favour of lunchtime being lengthened. 704 students attended the school. 

Josh surveyed anyone who was willing to be surveyed during one lunch time and got 47 responses. Ann surveyed the 12 girls who always played netball at lunchtime.

(a) Comment on weaknesses and/or strengths of each sampling method. 
(4 marks)

(b) Suppose that you can obtain the name of every student at the school from the school records. Describe the processes you would use for selecting a random sample for the survey. Your answer must include how to generate random numbers on your calculator or on a spreadsheet.

(6 marks)

3AMAT Sampling methods and sample size
Investigation

In class component

Solutions

12. Number of penguins in a penguin colony, number of moose in a herd, number of stars in an area of the night sky etc.   (( (1 each suggestion)


(2 marks)
(a) Josh: The number of responses is sufficient (for reliability)     

((comment on sample size)

and could have come from different Year groups but even so might not reflect views of all students and students responses might have been influenced by their friends  

( (source of possible bias)

Ann: Ann’s sample is too small   ((comment on sample size)

and could be biased being from girls only and one particular group of girls  

( (source of possible bias)


(4 marks)
(b) To select the random sample I would number the students from 1 to 704.     (
I would generate 40 random numbers on my calculator   ( (30 or more)   using INT(RANDOM*709+1) ( and record the numbers     (
I would take out repeated numbers and make sure I ended up with a sample of at least 30 students                           (removing repeats is not actually necessary)

Next to each random number (  I would record the name of the student with the matching number    (

(6 marks)
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