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The following guidelines are supplied to enable teachers to carry out valid and consistent assessment using this internal assessment resource.

The dataset used in this assessment has been adapted from a dataset contained in The Data Bundle, Mike Camden, publisher New Zealand Statistical Association, 1989.
Teachers may need to check that the variables chosen by students are continuous (see further comments below).  Teachers should also note that the investigation carried out by each student needs to involve using regression to investigate a meaningful (realistic) relationship – for this assessment, regressing odometer reading on engine size (ie predicting odometer reading from engine size) would not necessarily be meaningful (unless it can be justified).
For achievement, it is expected that students will use bi-variate data for which linear regression is appropriate.

The assessment schedule supplied with this task must be adapted by the provider to give examples of the evidence that is expected from students.

Context/setting:
Fuel usage rates for a range of cars under two different driving conditions.
Conditions:

The time allocated to the teaching of content and the preparation of the assignment should be approximately five teaching weeks.  Students are expected to produce this assessment evidence by way of an assignment.

Resource requirements:
It is assumed that students will have access to suitable spreadsheet software which they can use for analysis and for printing tables etc, and that they will be provided with the data file electronically (some wording in the Student Instruction Sheet will need to be amended if this is not the case).  Students may use graphics calculators.

Nature of the variables used:
The achievement standard specifies that the data (variables) need to be continuous.  Although correlation coefficients are calculated for discrete variables, they need to be interpreted cautiously in this case, and regression techniques applied to discrete data may be meaningless.  The limitation in the standard has been imposed to avoid any of these difficulties.
Additional information:
This website is a valuable resource.  It contains material from the in-service days run by the University of Auckland Statistics Department for the Auckland Mathematical Association.
http://www.stat.auckland.ac.nz/~u47510x/teachers/2003/regression.php
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Student Instructions Sheet

Introduction:
You have access to some fuel usage data on your computer.  A printed copy of this is given in the appendix if you need it.

The dataset shows fuel usage rate for a range of saloon cars, including station wagons and hatchbacks but excluding other similar vehicles.  The fuel usage values have been calculated from the results of a standard fuel consumption road test carried out using each car.
There are eight variables listed:

· Manufacturer (4 = Daihatsu, 6 = Ford, 15 = Holden, 13 = Honda, 14 = Mitsubishi,
19 = Nissan, 26 = Subaru, 20 = Suzuki, 8 = Toyota).
· Engine size (litres, to the nearest 0.1 litre).
· Year of manufacture.
· Odometer reading immediately prior to being tested (km).
· Fuel usage rate for urban driving (km/litre).
· Fuel usage rate for rural driving at 80 km/hr (km/litre).
· Fuel usage rate for urban driving (litres/100km).
· Fuel usage rate for rural driving at 80 km/hr (litres/100km).
Fuel usage rates in litres/100km were obtained from the corresponding values in km/litre.

Your task is to plan and conduct a statistical analysis of at least one pair of continuous variables from this set and to produce a report that includes the following:

· the purpose of the analysis, appropriate graphs, the use of correlation and regression to analyse the relationship between the variables, and a description of the relationship

· an interpretation of the results
· discussion of the validity of the analysis.

Note:

1
The variables you select must be continuous.  This is to avoid potential difficulties interpreting the results of regression analysis performed on discrete variables.  You should check with your teacher that the variables you have chosen will enable you to complete the assessment satisfactorily.  In the dataset you are given, engine size and odometer reading may be taken as being continuous variables.
2
For achievement, you are not expected to use a regression model more sophisticated that a linear model.  For merit and excellence, you may use wish to consider non-linear regression models.
Task:
1
Choose two continuous variables to investigate.  Make sure that you have clearly identified appropriate variables for the explanatory (or predictor) variable and the response (or predicted) variable.

For the variables you choose
(a)
state the purpose of your investigation
(b)
graph your data
(c)
describe in quantitative (numerical) terms the relationship between the variables

(d)
obtain a regression line for the variables and explain what the regression line tells you about the relationship between the variables.
2
Choose a second pair of continuous variables and complete a similar analysis as in 1 for this pair.
From your results
(a)
compare the relationships between the variables

(b)
use your regression equations to make predictions

(c)
discuss how appropriate the regression models are for interpolation and extrapolation - this could include using values of the correlation coefficient (r), values of the coefficient of determination (R2) and/or residuals
(d)
explain fully what the R2 values tell you about the regression analysis
(e)
explain carefully the difference between correlation and causality for each of your pairs of variables.

3
Discuss at least three of
(a)
assumptions you made in your analysis
(b)
limitations of your analysis
(c)
improving the regression by fitting other regression models or dealing with any outliers (if appropriate)
(d)
the relevance and usefulness of the evidence

(e)
how widely your findings can be applied.
APPENDIX:  DATA

Col1
Manufacturer (4 = Daihatsu, 6 = Ford, 15 = Holden, 13 = Honda, 14 = Mitsubishi, 19 = Nissan, 26 = Subaru, 20 = Suzuki, 8 = Toyota)

Col 2
Engine size (litres, to the nearest 0.1 litre)

Col 3
Year of manufacture

Col 4
Odometer reading immediately prior to being tested (km)
Col 5
Urban driving fuel usage rate (km/litre)

Col 6
Rural driving at 80 km/hr fuel usage rate (km/litre)

Col 7
Urban driving fuel usage rate (litres/100km)

Col 8
Rural driving at 80 km/hr fuel usage rate (litres/100km)

Col 7 has been obtained from Col 5, and Col 8 has been obtained from Col 6.

	ROW
	Col 1
	Col 2
	Col 3
	Col 4
	Col 5
	Col 6
	Col 7
	Col 8

	1
	4
	1.0
	2004
	16 126
	15.4
	20.4
	6.5
	4.9

	2
	4
	1.0
	1998
	94 137
	14.5
	17.9
	6.9
	5.6

	3
	4
	1.0
	2005
	3 161
	15.2
	22.2
	6.6
	4.5

	4
	4
	1.0
	2001
	19 247
	14.9
	20.0
	6.7
	5.0

	5
	6
	1.1
	2000
	123 628
	12.5
	18.2
	8.0
	5.5

	6
	6
	1.3
	1986
	169 417
	12.3
	16.9
	8.1
	5.9

	7
	6
	1.3
	1992
	223 168
	12.3
	18.2
	8.1
	5.5

	8
	6
	1.3
	2001
	47 203
	11.9
	15.2
	8.4
	6.6

	9
	6
	1.5
	1999
	125 264
	11.6
	17.2
	8.6
	5.8

	10
	6
	1.5
	1996
	198 162
	11.0
	18.2
	9.1
	5.5

	11
	6
	1.5
	2000
	37 415
	11.2
	13.9
	8.9
	7.2

	12
	6
	1.6
	2003
	20 691
	11.1
	16.1
	9.0
	6.2

	13
	6
	1.6
	2000
	72 623
	10.6
	16.9
	9.4
	5.9

	14
	6
	2.0
	1994
	162 403
	10.0
	16.4
	10.0
	6.1

	15
	6
	4.0
	1997
	195 630
	5.4
	10.4
	18.5
	9.6

	16
	6
	2.0
	2001
	87 156
	9.3
	13.3
	10.7
	7.5

	17
	6
	2.0
	2003
	36 172
	10.0
	16.4
	10.0
	6.1

	18
	6
	2.0
	2003
	19 418
	9.3
	13.3
	10.7
	7.5

	19
	15
	3.0
	1998
	360 317
	6.1
	11.3
	16.4
	8.8

	20
	6
	2.0
	1997
	98 412
	9.9
	16.9
	10.1
	5.9

	21
	6
	1.6
	1990
	174 613
	9.8
	15.9
	10.2
	6.3

	22
	6
	2.0
	2001
	72 128
	9.0
	13.3
	11.1
	7.5

	23
	14
	2.6
	1998
	65 838
	6.4
	12.3
	15.6
	8.1

	24
	15
	1.6
	1995
	96 756
	10.2
	19.6
	9.8
	5.1

	25
	15
	1.8
	2003
	104 367
	10.0
	16.7
	10.0
	6.0

	26
	15
	2.0
	2004
	25 113
	9.7
	15.6
	10.3
	6.4

	27
	15
	1.6
	1996
	63 175
	9.6
	15.9
	10.4
	6.3

	28
	13
	3.3
	2000
	38 206
	6.7
	12.9
	14.9
	7.7

	29
	15
	1.6
	1993
	111 425
	9.6
	15.2
	10.4
	6.6

	30
	15
	1.9
	1997
	137 216
	8.0
	13.7
	12.5
	7.3

	31
	15
	1.9
	2004
	20 031
	8.0
	13.7
	12.5
	7.3

	32
	15
	1.9
	2005
	4 172
	8.0
	13.3
	12.5
	7.5

	33
	15
	1.9
	2001
	65 123
	8.0
	13.7
	12.5
	7.3

	34
	15
	1.9
	1998
	137 215
	8.0
	13.3
	12.5
	7.5

	35
	13
	1.6
	1995
	72 193
	9.9
	18.9
	10.1
	5.3

	36
	13
	1.6
	1996
	85 136
	10.2
	14.5
	9.8
	6.9

	37
	13
	1.6
	1991
	223 017
	11.5
	18.2
	8.7
	5.5

	38
	13
	1.6
	2004
	15 903
	9.9
	17.9
	10.1
	5.6

	39
	19
	2.5
	2003
	32 117
	7.0
	12.1
	14.3
	8.3

	40
	13
	1.6
	2000
	92 037
	9.9
	17.9
	10.1
	5.6

	41
	13
	1.6
	1998
	86 632
	10.2
	14.7
	9.8
	6.8

	42
	13
	1.6
	1995
	105 173
	11.2
	17.5
	8.9
	5.7

	43
	13
	1.6
	2000
	86 372
	9.3
	14.5
	10.8
	6.9

	44
	13
	1.8
	2004
	19 175
	9.5
	15.2
	10.5
	6.6

	45
	26
	3.5
	2001
	39 368
	5.6
	10.3
	17.9
	9.7

	46
	13
	2.0
	2002
	48 231
	8.2
	13.9
	12.2
	7.2

	47
	13
	2.0
	1998
	72 167
	9.6
	13.0
	10.4
	7.7

	48
	13
	2.0
	2001
	38 352
	8.2
	13.9
	12.2
	7.2

	49
	13
	2.0
	1997
	97 368
	9.6
	13.0
	10.4
	7.7

	50
	13
	2.0
	1999
	30 825
	8.9
	17.2
	11.2
	5.8

	51
	13
	2.0
	1996
	45 753
	8.6
	16.9
	11.6
	5.9

	52
	13
	2.0
	2000
	30 317
	9.0
	17.2
	11.1
	5.8

	53
	13
	2.0
	2000
	172 369
	8.8
	17.2
	11.3
	5.8

	54
	13
	2.0
	1999
	168 127
	9.0
	16.9
	11.1
	5.9

	55
	14
	1.3
	2001
	38 312
	12.7
	17.5
	7.9
	5.7

	56
	14
	1.3
	1998
	69 524
	12.8
	17.9
	7.8
	5.6

	57
	14
	1.3
	1994
	231 432
	13.2
	18.5
	7.6
	5.4

	58
	14
	1.3
	2000
	103 217
	12.8
	18.9
	7.8
	5.3

	59
	14
	1.5
	2002
	26 257
	12.5
	18.9
	8.0
	5.3

	60
	14
	1.5
	1999
	86 938
	12.5
	19.6
	8.0
	5.1

	61
	14
	1.5
	2001
	41 720
	12.0
	16.1
	8.3
	6.2

	62
	15
	3.0
	2003
	37 163
	5.7
	10.7
	17.5
	9.3

	63
	14
	1.5
	1997
	61 319
	12.7
	19.2
	7.9
	5.2

	64
	14
	1.6
	2000
	62 814
	9.3
	13.3
	10.7
	7.5

	65
	14
	2.0
	1998
	123 247
	8.4
	11.1
	11.9
	9.0

	66
	14
	2.0
	2004
	12 208
	8.5
	11.2
	11.8
	8.9

	67
	14
	2.6
	1997
	65 714
	6.3
	11.5
	15.9
	8.7

	68
	14
	2.2
	1995
	67 195
	8.6
	13.1
	11.6
	7.6

	69
	14
	2.0
	2001
	37 279
	10.0
	16.4
	10.0
	6.1

	70
	14
	2.0
	1996
	85 816
	8.3
	13.3
	12.0
	7.5

	71
	14
	2.0
	1997
	73 325
	10.0
	16.1
	10.0
	6.2

	72
	14
	2.0
	1995
	100 612
	8.1
	13.5
	12.3
	7.4

	73
	14
	2.0
	1996
	85 132
	7.9
	10.9
	12.6
	9.2

	74
	19
	1.6
	2003
	75 163
	10.9
	17.2
	9.2
	5.8

	75
	19
	1.8
	1992
	168 304
	9.4
	14.1
	10.6
	7.1

	76
	19
	1.8
	1997
	138 273
	9.1
	12.5
	11.0
	8.0

	77
	19
	1.8
	2005
	9 162
	10.3
	14.7
	9.7
	6.8

	78
	26
	0.8
	1986
	134 172
	13.7
	19.6
	7.3
	5.1

	79
	26
	0.8
	1998
	93 571
	13.7
	19.6
	7.3
	5.1

	80
	20
	1.0
	1999
	46 123
	11.8
	17.5
	8.5
	5.7

	81
	14
	2.4
	2003
	29 937
	8.1
	14.3
	12.3
	8.1

	82
	20
	1.3
	1990
	136 032
	12.0
	18.5
	8.3
	5.4

	83
	20
	1.3
	2000
	117 259
	11.1
	17.5
	9.0
	5.7

	84
	20
	1.3
	1996
	237 168
	11.5
	17.9
	8.7
	5.6

	85
	20
	1.3
	2004
	11 403
	12.5
	15.4
	8.0
	6.5

	86
	20
	1.3
	1997
	89 168
	12.0
	17.9
	8.3
	5.6

	87
	15
	3.0
	1992
	85 367
	6.4
	12.0
	15.6
	8.3

	88
	20
	1.6
	1980
	136 257
	10.8
	17.9
	9.3
	5.6

	89
	20
	1.6
	1999
	164 123
	10.9
	16.1
	9.2
	6.2

	90
	13
	2.6
	2003
	29 174
	6.1
	11.4
	16.4
	8.8

	91
	20
	1.6
	1997
	91 239
	10.9
	17.5
	9.2
	5.7

	92
	20
	1.6
	1995
	117 213
	10.6
	15.4
	9.4
	6.5

	93
	8
	3.1
	2001
	63 176
	6.3
	11.6
	15.9
	8.6

	94
	20
	1.8
	1996
	74 316
	9.6
	18.2
	10.4
	5.5

	95
	20
	1.8
	2001
	53 744
	10.5
	15.2
	9.5
	6.6

	96
	20
	1.8
	1999
	61 385
	9.3
	13.9
	10.8
	7.2

	97
	20
	1.8
	2004
	17 162
	9.3
	17.9
	10.7
	5.6

	98
	20
	1.8
	2002
	29 261
	10.6
	15.4
	9.4
	6.5

	99
	20
	2.0
	1997
	69 176
	8.6
	13.2
	11.6
	7.6

	100
	20
	2.0
	1979
	306 125
	8.7
	13.2
	11.5
	7.6

	101
	20
	2.0
	2000
	47 096
	8.2
	13.7
	12.2
	7.3

	102
	8
	1.2
	1996
	99 165
	15.2
	21.7
	6.6
	4.6

	103
	8
	1.3
	2003
	16 403
	11.8
	18.5
	8.5
	5.4

	104
	13
	3.5
	2003
	36 141
	5.9
	10.8
	16.9
	9.3

	105
	8
	1.3
	2002
	30 665
	11.1
	16.7
	9.0
	6.0

	106
	8
	1.3
	2001
	39 806
	11.1
	16.7
	9.0
	6.0

	107
	15
	2.5
	1999
	69 135
	7.2
	12.9
	13.9
	7.8

	108
	8
	1.3
	2001
	63 047
	11.1
	15.6
	9.0
	6.4

	109
	8
	1.3
	1984
	175 263
	11.6
	16.7
	8.6
	6.0

	110
	26
	2.2
	1989
	116 147
	8.8
	13.8
	11.4
	7.2

	111
	8
	1.5
	1998
	136 814
	10.9
	16.1
	9.2
	6.2

	112
	8
	1.5
	2000
	41 803
	10.9
	16.4
	9.2
	6.1

	113
	8
	1.5
	2003
	37 901
	10.5
	15.9
	9.5
	6.3

	114
	8
	1.5
	2000
	79 886
	10.9
	17.2
	9.2
	5.8

	115
	8
	1.6
	1999
	83 347
	11.1
	17.2
	9.0
	5.8

	116
	8
	1.8
	2004
	25 413
	9.7
	15.6
	10.3
	6.4

	117
	8
	1.8
	2001
	31 806
	9.8
	16.1
	10.2
	6.2

	118
	8
	1.8
	1998
	104 729
	9.6
	16.1
	10.4
	6.2

	119
	8
	1.8
	2003
	16 315
	9.6
	16.4
	10.4
	6.1

	120
	8
	1.8
	1996
	119 178
	10.3
	15.2
	9.7
	6.6


Assessment schedule: Statistics and Modelling/3/1 – B3(Fuel usage)
[This assessment schedule must be adapted by the provider to give examples of the evidence that is expected from students.]

	
	Ach Criteria
	Ref
	Code
	Evidence 
	Judgement
	Sufficiency

	Achievement
	Select and analyse bi0variate continuous data

	1(a)
	A
	Purpose stated.
	Purpose must be about using regression for a meaningful relationship between the variables with appropriate explanatory and response variables (variables must be continuous).
	All four of code A

	
	
	1(b)
	A
	Scatterplot drawn.

	
	

	
	
	1(c)
	A
	Correlation coefficient stated and interpreted.
	Interpretation must refer to strength and direction of the relationship.
	

	
	
	1(d)
	A
	Regression line obtained and explanation of what it shows given.
	The explanation may duplicate the response to 1(c).
	

	Achievement with Merit
	Carry out an in-depth analysis of bi-variate data

	2(a)
	M
	Relationship between two pairs compared with explanation.
	Comparisons acceptable even if not meaningful in context.
	Achievement plus THREE of code M

	
	
	2(b)
	M
	Regression equations used to obtain predictions.
	Predictions must be for the response variable.  Could be interpolation or extrapolation.
	

	
	
	2(c)
	M
	Appropriateness of regression model(s) for interpolation and extrapolation discussed.
	Correlations are only appropriate for linear relationships, and comments about correlations for non-linear relationships cannot be accepted.
	

	
	
	2(d)
	M
	R2 values interpreted correctly.
	Must relate to the context in at least one case.
	

	
	
	2(e)
	M
	Difference between correlation and causality explained.
	Must relate to the context in at least one case.
	

	Achievement with Excellence
	Report on the validity of the analysis


	3(a)
	E
	Assumptions stated.
	Assumptions must be non-trivial.  Also see note below.
	Merit plus THREE of code E

	
	
	3(b)
	E
	Limitations given.
	Limitations must be non-trivial.  Also see note below.
	

	
	
	3(c)
	E
	Piecewise or other models proposed and justified, and/or outliers identified and an approach to dealing with them suggested.
	Justification for other models must not be based primarily on R2.  Outliers must be treated carefully (and any actions taken fully justified).  Also see note below.
	

	
	
	3(d)
	E
	Relevance and usefulness of the evidence explained.
	Discussion must relate to non-trivial matters.  Also see note below.
	

	
	
	3(e)
	E
	Applicability of findings stated.
	Must relate to the source of the data (unless other assumptions are justified).  Also see note below.
	


Note:  Aspects must not duplicate points made for other parts and that have been accepted for excellence.  Aspects must be justified and related to the context.
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