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Teacher Information
Source:
The dataset used in this assessment has been adapted from the following source:  http://www.statsci.org/data/general/sleep.html
Allison, T., and Cicchetti, D. V. (1976). Sleep in mammals: ecological and constitutional correlates. Science 194 (November 12), 732-734. 
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The electronic data file was obtained from the Statlib database.

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 achievement, it is expected that students will use variables for which linear regression is appropriate.

Context/setting:
The data refers to the brain weight, the amount of time spent sleeping in two states, lifespan, the length of gestation and three measures of susceptibility to attack from predators. 

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 (e.g. Excel) or statistical analysis software (e.g. Efofex Stat) 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.
2006
Internal Assessment Resource

Subject Reference:  Statistics and Modelling 3.5

“Animal Antics”
Supports internal assessment for:

Achievement Standard: 90645 v2
Select and analyse continuous bi-variate data.
Credits: 3

Student Instructions Sheet

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

The dataset shows data for brain weight, the amount of time spent sleeping in each of two states and total sleeping time, the lifespan, the length of gestation and three measures of susceptibility to attack from predators for each species.  Some values are not unavailable (shown by NA in the table).
The data was collected in 1976 by a scientist who was studying the time spent sleeping and the amount of sleep time in dream sleep in animals.  A sample of at least 25 adult males and females of each species was taken. Columns 3 – 6 of dataset (brain weight, non-dreaming sleep time, dreaming sleep time and total sleep time) show the sample mean (average) value of the corresponding variables for each species.  The values in last five columns (lifespan, gestation period, and predation, exposure and danger indices) were obtained for the species as a whole from other research.
Source:
The dataset used in this assessment has been adapted from the following source:  http://www.statsci.org/data/general/sleep.html
Allison, T., and Cicchetti, D. V. (1976). Sleep in mammals: ecological and constitutional correlates. Science 194 (November 12), 732-734. 
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The electronic data file was obtained from the Statlib database.

There are nine variables listed:
	BrainWt
	Sample mean brain weight (g)

	NonDreaming
	Sample mean slow wave(“non--dreaming") sleep time (h/day)


	Dreaming
	Sample mean paradoxical ("dreaming") sleep (h/day)

	TotalSleep
	Sample mean total sleep time sum of slow wave and paradoxical sleep (h/day)

	LifeSpan
	Maximum life span (years)

	Gestation
	Gestation time (days)

	Predation
	Predation index (1-5)

1 = minimum (least likely to be preyed upon) 
5 = maximum (most likely to be preyed upon)

	Exposure
	Sleep exposure index (1-5)

1 = least exposed (e.g. animal sleeps in a well-protected den)
5 = most exposed

	Danger
	Overall danger index (1-5)
1 = least danger (from other animals

5 = most danger (from other animals)


NA means the value is not available.

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
· a discussion of the validity of the analysis.

Notes:

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.
2
For Achievement, you are not expected to use a regression model more sophisticated that a linear model.  For Merit and Excellence, you may wish to consider using 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 the following:
(a)
assumptions you made about the data 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)
relevance and usefulness of the evidence
(e)
how widely your findings can be applied.
APPENDIX:  DATA

The variables in the following table are:
	BrainWt
	Sample mean brain weight (g)

	NonDreaming
	Sample mean slow wave(“non--dreaming") sleep time (h/day)


	Dreaming
	Sample mean paradoxical ("dreaming") sleep (h/day)

	TotalSleep

	Sample mean total sleep time sum of slow wave and paradoxical sleep (h/day)

	LifeSpan

	Maximum life span (years)

	Gestation
	Gestation time (days)

	Predation
	Predation index (1-5)

1   1 = minimum (least likely to be preyed upon) 
5   5 = maximum (most likely to be preyed upon)

	Exposure
	Sleep exposure index (1-5)

1 = least exposed (e.g. animal sleeps in a well-protected den)
5 = most exposed



	Danger
	Overall danger index (1-5)
1 = least danger (from other animals

5 = most danger (from other animals)




Source

http://www.statsci.org/data/general/sleep.html
Allison, T., and Cicchetti, D. V. (1976). Sleep in mammals: ecological and constitutional correlates. Science 194 (November 12), 732-734.   [image: image4.png]


The electronic data file was obtained from the Statlib database.
	Row no
	Species
	BrainWt
	NonDreaming
	Dreaming
	TotalSleep
	LifeSpan
	Gestation
	Predation
	Exposure
	Danger

	1
	African Elephant
	NA
	NA
	NA
	3.3
	38.6
	645
	3
	5
	3

	2
	African Giant Pouched Rat
	6.6
	6.3
	2
	8.3
	4.5
	42
	3
	1
	3

	3
	Arctic Fox
	44.5
	NA
	NA
	12.5
	14
	60
	1
	1
	1

	4
	Arctic Ground Squirrel
	5.7
	NA
	NA
	16.5
	NA
	25
	5
	2
	3

	5
	Asian Elephant
	NA
	2.1
	1.8
	3.9
	69
	624
	3
	5
	4

	6
	Baboon
	179.5
	9.1
	0.7
	9.8
	27
	180
	4
	4
	4

	7
	Big Brown Bat
	0.3
	15.8
	3.9
	19.7
	19
	35
	1
	1
	1

	8
	Brazilian Tapir
	169
	5.2
	1
	6.2
	30.4
	392
	4
	5
	4

	9
	Cat
	25.6
	10.9
	3.6
	14.5
	28
	63
	1
	2
	1

	10
	Chimpanzee
	440
	8.3
	1.4
	9.7
	50
	230
	1
	1
	1

	11
	Chinchilla
	6.4
	11
	1.5
	12.5
	7
	112
	5
	4
	4

	12
	Cow
	423
	3.2
	0.7
	3.9
	30
	281
	5
	5
	5

	13
	Desert Hedgehog
	2.4
	7.6
	2.7
	10.3
	NA
	NA
	2
	1
	2

	14
	Donkey
	419
	NA
	NA
	3.1
	40
	365
	5
	5
	5

	15
	Eastern American Mole
	1.2
	6.3
	2.1
	8.4
	3.5
	42
	1
	1
	1

	16
	Echidna
	25
	8.6
	0
	8.6
	50
	28
	2
	2
	2

	17
	European Hedgehog
	3.5
	6.6
	4.1
	10.7
	6
	42
	2
	2
	2

	18
	Galago
	5
	9.5
	1.2
	10.7
	10.4
	120
	2
	2
	2

	19
	Genet
	17.5
	4.8
	1.3
	6.1
	34
	NA
	1
	2
	1

	20
	Giant Armadillo
	81
	12
	6.1
	18.1
	7
	NA
	1
	1
	1

	21
	Giraffe
	680
	NA
	0.3
	NA
	28
	400
	5
	5
	5

	22
	Goat
	115
	3.3
	0.5
	3.8
	20
	148
	5
	5
	5

	23
	Golden Hamster
	1
	11
	3.4
	14.4
	3.9
	16
	3
	1
	2

	24
	Gorilla
	406
	NA
	NA
	12
	39.3
	252
	1
	4
	1

	25
	Gray Seal
	325
	4.7
	1.5
	6.2
	41
	310
	1
	3
	1

	26
	Gray Wolf
	119.5
	NA
	NA
	13
	16.2
	63
	1
	1
	1

	27
	Ground Squirrel
	4
	10.4
	3.4
	13.8
	9
	28
	5
	1
	3

	28
	Guineapig
	5.5
	7.4
	0.8
	8.2
	7.6
	68
	5
	3
	4


	29
	Horse
	655
	2.1
	0.8
	2.9
	46
	336
	5
	5
	5

	30
	Jaguar
	157
	NA
	NA
	10.8
	22.4
	100
	1
	1
	1

	31
	Kangaroo
	56
	NA
	NA
	NA
	16.3
	33
	3
	5
	4

	32
	Lesser Short-tailed Shrew
	0.14
	7.7
	1.4
	9.1
	2.6
	21.5
	5
	2
	4

	33
	Little Brown Bat
	0.25
	17.9
	2
	19.9
	24
	50
	1
	1
	1

	34
	Man
	1320
	6.1
	1.9
	8
	100
	267
	1
	1
	1

	35
	Mole Rat
	3
	8.2
	2.4
	10.6
	NA
	30
	2
	1
	1

	36
	Mountain Beaver
	8.1
	8.4
	2.8
	11.2
	NA
	45
	3
	1
	3

	37
	Mouse
	0.4
	11.9
	1.3
	13.2
	3.2
	19
	4
	1
	3

	38
	Musk Shrew
	0.33
	10.8
	2
	12.8
	2
	30
	4
	1
	3

	39
	North American Opossum
	6.3
	13.8
	5.6
	19.4
	5
	12
	2
	1
	1

	40
	Nine-banded Armadillo
	10.8
	14.3
	3.1
	17.4
	6.5
	120
	2
	1
	1

	41
	Okapi
	490
	NA
	1
	NA
	23.6
	440
	5
	5
	5

	42
	Owl Monkey
	15.5
	15.2
	1.8
	17
	12
	140
	2
	2
	2

	43
	Patas Monkey
	115
	10
	0.9
	10.9
	20.2
	170
	4
	4
	4

	44
	Phanlanger
	11.4
	11.9
	1.8
	13.7
	13
	17
	2
	1
	2

	45
	Pig
	180
	6.5
	1.9
	8.4
	27
	115
	4
	4
	4

	46
	Rabbit
	12.1
	7.5
	0.9
	8.4
	18
	31
	5
	5
	5

	47
	Raccoon
	39.2
	NA
	NA
	12.5
	13.7
	63
	2
	2
	2

	48
	Rat
	1.9
	10.6
	2.6
	13.2
	4.7
	21
	3
	1
	3

	49
	Red Fox
	50.4
	7.4
	2.4
	9.8
	9.8
	52
	1
	1
	1

	50
	Rhesus Monkey
	179
	8.4
	1.2
	9.6
	29
	164
	2
	3
	2

	51
	Rockhyrax (Heterob)
	12.3
	5.7
	0.9
	6.6
	7
	225
	2
	2
	2

	52
	Rockhyrax (Procaviahab)
	21
	4.9
	0.5
	5.4
	6
	225
	3
	2
	3

	53
	Roe Deer
	98.2
	NA
	NA
	2.6
	17
	150
	5
	5
	5

	54
	Sheep
	175
	3.2
	0.6
	3.8
	20
	151
	5
	5
	5

	55
	Slow Loris
	12.5
	NA
	NA
	11
	12.7
	90
	2
	2
	2

	56
	Starnosed Mole
	1
	8.1
	2.2
	10.3
	3.5
	NA
	3
	1
	2

	57
	Tenrec
	2.6
	11
	2.3
	13.3
	4.5
	60
	2
	1
	2

	58
	Tree Hyrax
	12.3
	4.9
	0.5
	5.4
	7.5
	200
	3
	1
	3

	59
	Tree Shrew
	2.5
	13.2
	2.6
	15.8
	2.3
	46
	3
	2
	2

	60
	Vervet
	58
	9.7
	0.6
	10.3
	24
	210
	4
	3
	4

	61
	Water Opossum
	3.9
	12.8
	6.6
	19.4
	3
	14
	2
	1
	1

	62
	Yellow-bellied Marmot
	17
	NA
	NA
	NA
	13
	38
	3
	1
	1


Assessment schedule  Refer to examples of assessed student work and Assessment Guidelines for this resource for examples of appropriate responses.
	
	Achievement Criteria
	Code
	Evidence 
	Judgement Statements 
	Sufficiency

	Achievement
	Select and analyse 
bi-variate continuous data


	A
	Purpose stated.
	Purpose must be about investigating if there is a meaningful relationship between the variables with appropriate explanatory and response variables (variables must be continuous).
	All four of code A

	
	
	A
	Scatterplot drawn.
	May be teacher verified.
	

	
	
	A
	Regression line obtained.
	
	

	
	
	A
	Relationship explained in context.
	Interpretation may refer to strength and direction of the relationship or the gradient of the regression line.
	

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


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

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

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

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

	
	
	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
	The report must not contain major contradictions or demonstrate statistical misunderstandings.  If the analysis is insufficient for Merit then the report will have insufficient evidence for Excellence.  Aspects must not duplicate points already accepted for Excellence, and must be justified in context.
	Merit plus THREE of  E

	
	
	E
	Assumptions about the data stated.
	Assumptions must be non-trivial.  
	

	
	
	E
	Limitations of the model given.
	Limitations must be non-trivial.  
	

	
	
	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) 
	

	
	
	E
	Relevance and usefulness of the evidence explained.
	Discussion must relate to non-trivial matters.
	

	
	
	E
	Applicability of findings stated.
	Must relate to the source of the data (unless other assumptions are justified)
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