Problem set 5

For each of the following, conduct the most appropriate hypothesis test.

Where amenable, do this by "hand" and using SAS. Information on using SAS for goodness of fit tests is provided at the bottom of the problem set  as is the SAS information for contingency tests.

A GENERAL NOTE ON HYPOTHESIS TESTS

Note that in general, when you complete your statistical test write out a single statement as to whether or not you reject Ho, followed by a statement of the biological meaning or interpretation of the result.

So you might say something like:

I don’t reject Ho: because the calculated Chisquare test statistic X2calc = 1.34 is less than the critical 

χ2 = 5.991 value with 2 df. Therefore, I have no evidence that the frequency of red bobbles differs from that of blue bobbles.

If you do reject Ho: again explain why referring to the calculated test statistic and critical value, and then refer back to the data indicating the pattern of deviation .

e.g. I reject Ho because X2calc = 17.5 > χ2 = 5.99 value with 2 df. Looking at the observed and expected numbers, it appears as though there are many more green loons than expected, while the number of purple loons shows a deficiency compared with the expected.

1) You wish to determine whether two species of bumble bee (Bombus terricola and Bombus vagans) prefer different habitats. You go to two three different habitats and count the number of bumble bees of each species that you see. Conduct and appropriate statistical test.

The table below shows the number of bumble bees of each species observed in each of the three habitats.

The appropriate analysis is a test of independence or contingency analysis, because the question essentially asks whether there is an association between species and habitat .

Ho: Habitat and # of individuals of each bee species are independent

Ha: Habitat and bee species are not independent (or are associated or dependent)

α = 0.05

Observed table

                                            Old field               Garden       Forest understory    Totals

Bombus terricola                 60                            40                   30                    130

Bombus vagans                    30                            10                  50                       90

Totals                                   90                             50                   80                   220

Expected under assumption of independence

                                     Old field               Garden       Forest understory   

Bombus terricola           53.18                       29.54                47.27                   

Bombus vagans                36.82                      20.45                32.73                     

X2calc = 26.61  df = (3-1)x(2-1) = 2  so critical value of χ2 = 5.991

Therefore reject Ho since X2calc = 26.61 > χ2 = 5.991 . 

The is an association between habitat and bumblebee species. Comparing observed and expected tables, Bombus vagans appears to prefer forests relative to B. terricola , while B. terricola prefers old field and garden.

2) A veterinarian wishes to determine whether sheep ticks are randomly distributed on sheep at a particular farm. The veterinarian randomly samples a number of sheep and counts the number of ticks on each. 

The data are as follows:

100 sheep had 0 ticks; 40 had 1 tick; 30 had 2 ticks; 20 had 3 ticks; 15 had 4 ticks; 10 had 5 ticks

Here the issue is whether ticks are randomly distributed on sheep so you need to use the Poisson distribution to determine the expected numbers of sheep with 0, 1, 2, etc ticks on them and then do a goodness of fit test.

Equation for Poisson distribution is: Pr[x] = e-μ μx/ x!So you need to estimate the sample mean number of ticks per sheep and while you are at it, you should also estimate the variance. Note that n = 215 sheep.

the sample mean is obtained by:  {0x100 + 1 x 40 +…+ 5x10}/215  = 1.256

or to get the sample variance compute sum of the X’s squared as:

02x100 + 12 x 40 +…+ 52x10 and then use the computational equation as always. Or you could use

the sample variance is obtain by {100x(0-1.256)2 + 40x(1-1.256)2 +…+10x(5-1.256)2}/214 =2.294

Ho: The distribution of ticks on sheep is random.

Ha: distribution of ticks on sheep is not random.

α = 0.05

	#ticks
	obs freq
	
	EXP POOLED
	 

	0
	100
	
	61.24143939
	

	1
	40
	
	76.90785412
	

	2
	30
	
	48.29097817
	

	3
	20
	
	20.21482807
	

	4
	15
	
	6.34651579
	

	5 or more
	10
	
	1.998384457
	 


So here even though one of the  “expecteds” is less than 5 it falls within our no more than 20% of expecteds less than 5 rule so we don't need to pool. However, to obtain the expected for the last class, sum up all the other expecteds (0 through 4 ticks) and subtract that from total number of ticks. This will account for 5 or more ticks per sheep in the expected column. The final class is really 5 or more ticks per sheep.

I then did a goodness of fit test. X2calc = 93.0

df = #classes -1 -# parms estimated,  df = 6-1-1 = 4, so critical value of χ2 = 9.49,

so we reject Ho. The distribution of ticks on sheep is not random. If we compare the estimated variance to the sample mean we see that the variance s2 =2.29 is greater than the  mean=1.26 indicating that the distribution is more of a contagious or clumped or aggregated (any of those words may be used). Comparing observed to expected we see too many sheep with 4 and 5 ticks compared with expected and too many with no ticks compared to expected.

3) The ratio of various offspring from a cross involving two genes is expected to be as follows:

9 RED Flowered, greenleaves; 3 Redflowers, white leaves; 3 Pink flowers, greenleaves ; 1 pink flowers, white leaves.

Following the cross the geneticist observes the following numbers of progeny. Test the hypothesis above.

120 RED Flowered, greenleaves: 50 Redflowers, white leaves: 40 Pink flowers, greenleaves : 20 pink flowers, white leaves.

This is a straightforward goodness of fit test.

Ho: Proportion of red-green:red-white:pink-green:pink-white is 9/16:3/16:3/16:1/16

Ha: proportion differs from 9/16:3/16:3/16:1/16

α = 0.05

	
	OBS
	EXP

	Red-green
	120
	129.375

	Red-white
	50
	43.125

	Pink-green
	40
	43.125

	Pink-white
	20
	14.375


I then did a goodness of fit test. X2calc = 4.20

df = 4-1 = 3, so critical value of χ2 = 7.81

So don't reject Ho since X2calc = 4.20 <  χ2 = 7.81 
We have no reason to believe there is a departure from the expect ratio of 

9/16:3/16:3/16:1/16

4) An invasion biologist wishes to determine whether the plant known as dog-strangling vine, has a random distribution along the forest edge. They count the number of randomly placed 1 m x 1 m quadrats along the forest edge, that have various numbers of dog-strangling vine plants in each.

90 quadrats had 0 vines; 70 had 1 vine; 50 had 2 vines; 30 had 3 vines; 15 had 4 vines; 10 had 5 vines; 

0 had 6 vines; 5 had 7 vines.

Ho: The distribution of numbers of vines per quadrat is random.

Ha: distribution of numbers of vines per quadrat is not random

α = 0.05

Here again we use the Poisson distribution, so we must estimate the sample mean, and might as well also estimate the sample variance at same time since it is a useful descriptor of the distribution.

Sample mean = 1.5,  sample variance = 2.48

	VINES
	obs freq
	EXPOIS
	exppooled
	Obspool

	0
	90
	60.2451432
	60.24514324
	90

	1
	70
	90.3677149
	90.36771486
	70

	2
	50
	67.7757862
	67.77578615
	50

	3
	30
	33.8878931
	33.88789307
	30

	4
	15
	12.7079599
	12.7079599
	15

	5
	10
	3.81238797
	5.01550278
	15

	6
	0
	0.95309699
	 
	 

	7
	5
	0.20423507
	
	


So here after computing all the expected's using the Poisson distribution, I pooled the last 3 classes 

(5,6,7 vines/quadrat) because expected's were less than 5. Remember here too that once you've decided where

to pool get the final expected by subtraction (that’s the number in bold font).
I then did a goodness of fit test. X2calc = 44.68.
Note that after pooling the number of classes or categories is now 6! 

df = #classes -1 -# parms estimated,  df = 6-1-1 = 4, so critical value of χ2 = 9.49,

Since  X2calc = 44.68 > χ2 = 9.49   we reject Ho. 
The distribution of vines is not random. We see that the  variance s2= 2.48 > mean = 1.5  indicating again that the distribution is more of a contagious or clumped one. Comparing observed to expects we see too many quadrats with no vines, and too many with 5,6,7 vines relative to the expected.

5) To determine whether monarch butterflies deposit their eggs randomly  on milkweed plants, a biologist randomly samples a number of milkweed plants and counts the number of monarch eggs on each one. The data are as follows:

110 plants had 0 eggs; 40 had 1 egg; 30 had 2 eggs, 27 had 3 eggs; 22 had 4 eggs; 18 had 5 eggs; 

12 had 6 eggs; 7 had 7 eggs; 1 had 10 eggs.

Yet another example using the Poisson distribution.

Ho: The distribution of numbers of eggs per plant is random.

Ha: distribution of numbers of eggs per plant is not random

α = 0.05

as before, estimate mean and variance:

mean = 1.835, variance = 4.439

	EGGS
	obs freq
	EXPOIS
	exppool
	obspool

	0
	110
	42.60803
	42.60803
	110

	1
	40
	78.19451
	78.19451
	40

	2
	30
	71.75151
	71.75151
	30

	3
	27
	43.89294
	43.89294
	27

	4
	22
	20.13814
	20.13814
	22

	5
	18
	7.391529
	7.391529
	18

	6
	12
	2.26083
	 3.023341
	20 

	7
	7
	0.592727
	
	

	8
	0
	0.135972
	
	

	9
	0
	0.027726
	
	

	10
	1
	0.005088
	
	


So here I pooled the classes 6,7,8,9,10 because I had expecteds less than 1!
Remember to obtain the last expected by subtraction (bold number). Note here that I still have 1 of the expected being less than 5, but this is ok, since we have just 1 out of 7 or 14% of expected beginning less than 5.

I then did a goodness of fit test. X2calc = 266.8
df = #classes -1 -# parms estimated,  df = 7-1-1 = 5, so critical value of χ2 = 11.07,

so we reject Ho since X2calc = 266.8 > χ2 = 11.07. The distribution of eggs on plants is not random. If we compare the estimated variance to the sample mean we see yet gain that it is greater than the mean suggesting that the distribution is more of a contagious or clumped one. Comparing observed to expects we see too many plants no eggs, and too many with 4 or more eggs, relative to the expected.

6) To determine the nesting preferences of cormorants, a biologist sets up four sites of equal area (each site is 100m x 100m) and at the end of the breeding season counts the number of nests. 

Site 1 (sandy soil) had   130 nests; Site 2(old field) had 90 nests; Site 3 (forest understory) 100 nests;

Site 4 (cemetery) had 60 nests. Is there evidence for site preferences?

This is carried out using a goodness of fit test. Since the potential nesting areas are equal, we'd expect the same number of nests in each area.

Ho: The proportion of nests is 1:1:1:1 or equal in all four sites

Ha: the number of nests is not equal in all four

α = 0.05

	OBS
	EXP

	130
	95

	90
	95

	100
	95

	60
	95


I then did a goodness of fit test. X2calc = 26.32

df = #classes -1 ,  df = 4-1 = 3, so critical value of χ2 = 7.81,

So we reject Ho: since  X2calc = 26.32 > χ2 = 7.81. 

There isn't an equal distribution of nests among sites. Looking at the obs vs exp we see large deficiency of those nesting in cemetery and too many in sandy site, relative to expecteds.

7) Often in genetics the species being studied does not produce a lot of offspring from a single cross and so it is necessary to carry out the same cross using a number of different pairs of individuals. Here are the results of one cross for coat colour in mice. Is there evidence that the proportions of coat colours are different among the crosses?
                   Brown               White

Cross 1        24                       20

Cross 2        18                      22

Cross 3        14                      16

Cross 4        10                        8                

This is analysed as a contingency or test of independence. Essentially explores the question of whether the ratio of brown to white varies from one cross to the other.

Ho: cross and coat colour are independent

Ha: coat colour depends on cross 
α = 0.05

	Observed table
	
	
	

	CROSS
	BROWN
	WHITE
	TOTAL

	1
	24
	20
	44

	2
	18
	22
	40

	3
	14
	16
	30

	4
	10
	8
	18

	TOTALS
	66
	66
	132

	
	
	
	

	EXPected
	
	
	

	CROSS
	BROWN
	WHITE
	

	1
	22
	22
	

	2
	20
	20
	

	3
	15
	15
	

	4
	9
	9
	


X2calc = 1.12  df = (4-1)x(2-1) = 3  so critical value of χ2 = 7.81

Therefore Don't reject Ho since X2calc = 1.12 < χ2 = 7.81
We have no reason to believe  cross and coat colour are associated. 
(as an aside, if this were a genetic analysis, the geneticist might then just pool the total number of brown and total number of white mice and use the pooled numbers to as if they were obtained from a single cross, and test these against some expected ratio. This is part of the an analysis that is sometimes called a replicated goodness of fit test).

8) A population geneticist studies the frequency of self-incompatibility alleles in a species of poppy and predicts that theoretically, one expects there to be equal frequencies of alleles in the population. Counts of the frequencies of alleles are below. Note that the alleles are five alleles referred to as: S1, S2, S3, S4, S5.

The observed frequencies of various alleles are:

S1 = 80; S2 = 40; S3=50; S4= 70; S5=90

This is a straightfoward goodness of fit test.

Ho: proportion of alleles are equal , or 1:1:1:1:1
Ha: proportion of allele is not 1:1:1:1:1
α = 0.05

	Sallele
	OBS
	EXP

	1
	80
	66

	2
	40
	66

	3
	50
	66

	4
	70
	66

	5
	90
	66


X2calc = 26.1  df = 5-1=4  so critical value of χ2 = 9.49

We reject Ho since X2calc = 26.1 > χ2 = 9.49 .

 Frequencies of alleles are not equal. There appear to be too many of alleles 1, 4, and 5 and too few of 2 and 3.

9) A geneticist studying the effects of mutations predicts that a newly generated allele of an enzyme in the pathway leading to chlorophyll production will be underrepresented among progeny from a particular cross because there is likely to be greater mortality of progeny carrying the mutant allele. Normally one would expect 3 nonmutant : 1 mutant in the absence of this increased mortality for the particular cross undertaken.

The results of the cross are  20 nonmutant : 4 mutant. Conduct the appropriate hypothesis test.

So here we would use a binomial test, and we also notice the alternative is one-sided

Ho: proportion of mutant = 0.25 

Ha: proportion of mutant < 0.25

α = 0.05

So we need to look only at the relevant end of the binomial distribution determining probability of a result as extreme or more extreme than our observed. So we need probability of 4, 3, 2, 1, 0 mutants. Then add them to obtain P-value.

So you need eqn of binomial distribution. Here I will let x be the number of mutants.

p will be the expected proportion of mutants under the null hypothesis, so p = 0.25

Then plug values into binomial distribution.  here n = 24

Note that the estimated proportion of mutants = 4/24, or 0.167 so less than that expected.

Pr(X) =      n!/{X!(n-X)!}   pX (1-p)n-X
	#MUTS
	Prob

	4
	0.13163

	3
	0.075217

	2
	0.030771

	1
	0.008027

	0
	0.001003


So the sum of the probabilities P-value = 0.25. So we don't reject Ho.

We have no reason to believe the nonmutant to mutant ratio departs from 3:1.

10) A researcher wishes to know whether there are differences in the number of left-handed people playing baseball versus basketball. They randomly sample a number of players and determine whether they are right or left handed. Is there any evidence for a difference?

                              LEFT              RIGHT

Basketball              36                   120

Baseball                  25                    80

This is a 2 x 2 contingency table.

Ho: there is no association between handedness and sport played

Ha: there is an association between handedness and sport played

α = 0.05

	
	LEFT
	RIGHT
	TOT

	BASKET
	36
	120
	156

	BASEB
	25
	80
	105

	TOT
	61
	200
	261

	
	
	
	 

	EXP
	
	
	 

	
	LEFT
	RIGHT
	 

	BASKET
	36.4597701
	119.5402
	 

	BASEB
	24.5402299
	80.45977
	 


X2calc = 0.02  df = (2-1)x(2-1) = 1  so critical value of χ2 = 3.84

Therefore Don't reject Ho since X2calc = 0.02 < χ2 = 3.84 . 

We have no reason to believe  sport played and handedness freqs are associated

11) You wish to determine whether the number of male versus female offspring in 6 child families follows the expected binomial distribution. So you go out and randomly sample 6-child families counting the numbers of families with various numbers of male and female offspring. Test the hypothesis using the data below:

Gender of offspring     Number of families

0 female, 6 male                     4

1 female, 5 male                    20

2 female, 4 male                    36

3 female, 3 male                    58

4 female, 2 male                    32

5 female, 1 male                    22

6 female, 0 male                    3

So here you're pretty well told what to do.

You want to know if the distribution of males and females follows the expected binomial distribution for families consisting of 6 children.

To do this you need to use the binomial distribution to predict the numbers of families with 0 females, with 1, female, and so on. You also need to estimate the proportion of females (or males) using the data so you'll end up losing 1 df for that parameter estimated.

So you need the binomial distn. I consider X the number of females in a family so X can be 0, 1, 2, … 6.
You also need to estimate p, the proportion of females. So to do that, you obtain the total number of females

as = 1x20 + 2x36…+ 6x3 and then divide by the total number of children (6 x 175 families) 

so p = 0.497143. Then just plug numbers into binomial expression below

Pr(X) =      n!/{X!(n-X)!}   pX (1-p)n-X
	#females
	OBS
	Exp
	Expool
	Obs Pool

	0
	4
	2.829475
	
	

	1
	20
	16.78393
	19.6134
	24

	2
	36
	41.48301
	41.48301
	36

	3
	58
	54.68214
	54.68214
	58

	4
	32
	40.54557
	40.54557
	32

	5
	22
	16.03393
	18.67588
	25

	6
	3
	2.641954
	 
	 


After computing the expecteds, I see that 2 categories have expected less than 5. So, I pooled those with their adjacent cells (ie pool 0 and 1 female families, and then pooled 5 and 6 female families)

Then I did goodness of fit test:

X2calc = 5.85 df = 5-1-1=3  so critical value of χ2 = 7.81

We don't reject Ho. We have no reason to believe that 6 child families depart from the expected binomial distribution of genders.

As a note on pooling, there might be different ways to pool here, for example, perhaps it would be better to pool the 0 and 6 female categories. That would give an expected greater than 5, and more degrees of freedom for the test.

GOODNESS OF FIT TESTS USING SAS

The example below is from an example in class where we crossed 

A1A2 x A1A2 and counted the number of progeny from each cross

and tested the observed proportions against a 1:2:1 ratio 

(same as 0.25 : 0.5 : 0.25)

DATA CROSS;

  INPUT GENOT $ NUMB;

  DATALINES;

  A1A1 35

  A1A2 45

  A2A2 40

  ;

  PROC FREQ ORDER=DATA;

     WEIGHT NUMB;

     TABLES GENOT/CHISQ NOCUM TESTP=(0.25 0.5 0.25);

  RUN;

Some notes on the above program code:

Note that we have input the three genotypes (categories) as alphanumeric variables 

by using the "$" symbol after the variable name GENOT.

We also input the numbers of each genotype into the numeric variable NUMB.

When we call PROC FREQ,  we have to tell it that the variable NUMB indicates

the numbers of each of the genotypes. That's why we have the statement

WEIGHT NUMB; 

The CHISQ requests that a Chi-Square test be performed

The TESTP=() statement specifies the hypothesized proportions to be tested. 

(You could have used the TESTF=() and used expected frequencies/numbers rather than proportions)

The NOCUM option suppresses cumulative frequencies

 Use the ORDER=DATA option to cause SAS to display the data in the same order as they are entered in the input data set.

 The first example in class is below:

DATA CROSS;

  INPUT GENOT $ NUMB;

  DATALINES;

  Aa 49

  aa 39

  ;

  PROC FREQ ORDER=DATA;

     WEIGHT NUMB;

     TABLES GENOT/CHISQ NOCUM TESTP=(0.5 0.5);

  RUN;

Example 1

	The SAS System


The FREQ Procedure 

	GENOT
	Frequency
	Percent
	Test
Percent

	A1A1
	35
	29.17
	25.00

	A1A2
	45
	37.50
	50.00

	A2A2
	40
	33.33
	25.00


	Chi-Square Test
for Specified Proportions

	Chi-Square
	7.9167

	DF
	2

	Pr > ChiSq
	0.0191



Note that SAS gives the P-value, that is, the probability of a chisquare value as or more extreme than the one calculated. The P-value here = 0.0191

PRIVATE "TYPE=PICT;ALT=Bar Chart of Relative Deviations for GENOT"


Example 2

	The SAS System


The FREQ Procedure 

	GENOT
	Frequency
	Percent
	Test
Percent

	Aa
	49
	55.68
	50.00

	Aa
	39
	44.32
	50.00


	Chi-Square Test
for Specified Proportions

	Chi-Square
	1.1364

	DF
	1

	Pr > ChiSq
	0.2864


SAS FOR CONTIGENCY TESTS.

A) an example of a 2 x 2 contingency table

Imagine you wished to determine whether there was an association between hair colour and shoe colour.
You randomly sample a number of individuals and record their shoe and hair colour as follows.

So the data are:

HAIR COLOUR         SHOE COLOUR

                                  PURPLE    RED

BROWN                       30             10

YELLOW                     15             40

DATA CROSS;

  INPUT HAIR $ SHOE $ COUNTS;

  DATALINES;

  BROWN PURPLE 30

  BROWN RED 10

  YELLOW PURPLE 15

  YELLOW RED 40

;

  proc freq;


tables HAIR*SHOE /chisq;


weight counts; 

run;
	Frequency
	Table of HAIR by SHOE

	
	HAIR
	SHOE

	
	
	PURPLE
	RED
	Total

	Percent
	BROWN 
	30
	10
	40

	
	
	31.58
	10.53
	42.11

	
	
	75.00
	25.00
	

	
	
	66.67
	20.00
	

	Row Pct
	YELLOW 
	15
	40
	55

	
	
	15.79
	42.11
	57.89

	
	
	27.27
	72.73
	

	
	
	33.33
	80.00
	

	Col Pct
	Total 
	45
	50
	95

	
	
	47.37
	52.63
	100.00


Statistics for Table of HAIR by SHOE  NOTE THAT SAS GIVES CHISQUARE, PVALUE AND BELOW GIVES FISHERS EXACT TEST FOR 2 X 2 TALBES.

	Statistic
	DF
	Value
	Prob

	Chi-Square
	1
	21.1591
	<.0001

	Likelihood Ratio Chi-Square
	1
	21.9931
	<.0001

	Continuity Adj. Chi-Square
	1
	19.2880
	<.0001

	Mantel-Haenszel Chi-Square
	1
	20.9364
	<.0001

	Phi Coefficient
	
	0.4719
	

	Contingency Coefficient
	
	0.4268
	

	Cramer's V
	
	0.4719
	


	Fisher's Exact Test

	Cell (1,1) Frequency (F)
	30

	Left-sided Pr <= F
	1.0000

	Right-sided Pr >= F
	4.014E-06

	
	

	Table Probability (P)
	3.553E-06

	Two-sided Pr <= P
	4.505E-06


b) here's an example of a 3 x 3 contingency table.

Here there are 3 hair colours sampled in the population and three shoe colours.

Here are the observed data 

HAIR

SHOE COLOURS OBSERVED



purple
green 
red

BROWN    
13
12
10

GREY  

11
25
10

YELLOW
18
15
16

here is the sas code to analyse the data

DATA CROSS;

  INPUT HAIR $ SHOE $ COUNTS;

  DATALINES;

  BROWN PURPLE 12

  BROWN RED 10

  BROWN GREEN 13

  YELLOW PURPLE 15

  YELLOW RED 16

  YELLOW GREEN 18

  GREY PURPLE 25

  GREY RED 10

  GREY GREEN 11

;

  proc freq;


tables HAIR*SHOE /chisq;


weight counts; *if you have grouped data;
run;

SAS OUTPUT IS ON NEXT PAGE. NOTE THAT THERE IS A LOT OF OUTPUT.

ONCE AGAIN SAS PROVIDES CHISQUARE STATISTIC AND THE P-VALUE = 0.1765

	The SAS System


The FREQ Procedure 

	Frequency
	Table of HAIR by SHOE

	
	HAIR
	SHOE

	
	
	GREEN
	PURPLE
	RED
	Total

	
	BROWN 
	13
	12
	10
	35

	
	
	10.00
	9.23
	7.69
	26.92

	
	
	37.14
	34.29
	28.57
	

	
	
	30.95
	23.08
	27.78
	

	Percent
	GREY 
	11
	25
	10
	46

	
	
	8.46
	19.23
	7.69
	35.38

	
	
	23.91
	54.35
	21.74
	

	
	
	26.19
	48.08
	27.78
	

	Row Pct
	YELLOW 
	18
	15
	16
	49

	
	
	13.85
	11.54
	12.31
	37.69

	
	
	36.73
	30.61
	32.65
	

	
	
	42.86
	28.85
	44.44
	

	Col Pct
	Total 
	42
	52
	36
	130

	
	
	32.31
	40.00
	27.69
	100.00


Statistics for Table of HAIR by SHOE 

	Statistic
	DF
	Value
	Prob

	Chi-Square
	4
	6.3205
	0.1765

	Likelihood Ratio Chi-Square
	4
	6.2893
	0.1786

	Mantel-Haenszel Chi-Square
	1
	0.0545
	0.8154

	Phi Coefficient
	
	0.2205
	

	Contingency Coefficient
	
	0.2153
	

	Cramer's V
	
	0.1559
	


Sample Size = 130

Answers to some of the goodness of fit and contingency analyses using sas are given below:

QUESTION 1

SAS PROGRAM FOLLOWED BY SAS OUTPUT

 DATA QUEST1;

  INPUT SPECIES $ HABITAT $ BEECOUNTS;

  DATALINES;

  TERRICOLA FIELD 60

  TERRICOLA GARDEN 40

  TERRICOLA FOREST 30

  VAGANS FIELD 30

  VAGANS GARDEN 10

  VAGANS FOREST 50

;

  proc freq;


tables SPECIES*HABITAT /chisq expected;


weight BEECOUNTS;

run;
	

	Frequency
	Table of SPECIES by HABITAT

	
	SPECIES
	HABITAT

	Expected
	
	FIELD
	FOREST
	GARDEN
	Total

	Percent
	TERRICOL
	60
	30
	40
	130

	
	
	53.182
	47.273
	29.545
	

	
	
	27.27
	13.64
	18.18
	59.09

	
	
	46.15
	23.08
	30.77
	

	
	
	66.67
	37.50
	80.00
	

	Row Pct
	VAGANS 
	30
	50
	10
	90

	
	
	36.818
	32.727
	20.455
	

	
	
	13.64
	22.73
	4.55
	40.91

	
	
	33.33
	55.56
	11.11
	

	
	
	33.33
	62.50
	20.00
	

	Col Pct
	Total 
	90
	80
	50
	220

	
	
	40.91
	36.36
	22.73
	100.00


Statistics for Table of SPECIES by HABITAT 

	Statistic
	DF
	Value
	Prob

	Chi-Square
	2
	26.6068
	<.0001

	Likelihood Ratio Chi-Square
	2
	27.2085
	<.0001

	Mantel-Haenszel Chi-Square
	1
	0.4103
	0.5218

	Phi Coefficient
	
	0.3478
	

	Contingency Coefficient
	
	0.3285
	

	Cramer's V
	
	0.3478
	


QUESTION 7

DATA QUEST7;

  INPUT CROSS $ COLOUR $ COUNTS;

  DATALINES;

 1 BROWN 24

 1 WHITE 20

 2 BROWN 18

 2 WHITE 22

 3 BROWN 14

 3 WHITE 16

 4 BROWN 10

 4 WHITE 8

;

  proc freq;


tables CROSS*COLOUR /chisq expected;


weight COUNTS;

run;
	Frequency
	Table of CROSS by COLOUR

	
	CROSS
	COLOUR

	
	
	BROWN
	WHITE
	Total

	
	1 
	24
	20
	44

	
	
	22
	22
	

	
	
	18.18
	15.15
	33.33

	
	
	54.55
	45.45
	

	
	
	36.36
	30.30
	

	Expected
	2 
	18
	22
	40

	
	
	20
	20
	

	
	
	13.64
	16.67
	30.30

	
	
	45.00
	55.00
	

	
	
	27.27
	33.33
	

	Percent
	3 
	14
	16
	30

	
	
	15
	15
	

	
	
	10.61
	12.12
	22.73

	
	
	46.67
	53.33
	

	
	
	21.21
	24.24
	

	Row Pct
	4 
	10
	8
	18

	
	
	9
	9
	

	
	
	7.58
	6.06
	13.64

	
	
	55.56
	44.44
	

	
	
	15.15
	12.12
	

	Col Pct
	Total 
	66
	66
	132

	
	
	50.00
	50.00
	100.00


	Statistic
	DF
	Value
	Prob

	Chi-Square
	3
	1.1192
	0.7724

	Likelihood Ratio Chi-Square
	3
	1.1209
	0.7720

	Mantel-Haenszel Chi-Square
	1
	0.0279
	0.8674

	Phi Coefficient
	
	0.0921
	

	Contingency Coefficient
	
	0.0917
	

	
	
	
	


QUESTION 10

DATA QUEST10;

  INPUT SPORT $ HAND $ COUNTS;

  DATALINES;

 BASKET RIGHT 120

 BASKET LEFT  36

 BASEB RIGHT 80

 BASEB LEFT 25

;

  proc freq;


tables SPORT*HAND /chisq expected;


weight COUNTS;

run;

	Frequency
	Table of SPORT by HAND

	
	SPORT
	HAND

	Expected
	
	LEFT
	RIGHT
	Total

	Percent
	BASEB 
	25
	80
	105

	
	
	24.54
	80.46
	

	
	
	9.58
	30.65
	40.23

	
	
	23.81
	76.19
	

	
	
	40.98
	40.00
	

	Row Pct
	BASKET 
	36
	120
	156

	
	
	36.46
	119.54
	

	
	
	13.79
	45.98
	59.77

	
	
	23.08
	76.92
	

	
	
	59.02
	60.00
	

	Col Pct
	Total 
	61
	200
	261

	
	
	23.37
	76.63
	100.00


Statistics for Table of SPORT by HAND 

	Statistic
	DF
	Value
	Prob

	Chi-Square
	1
	0.0188
	0.8909

	Likelihood Ratio Chi-Square
	1
	0.0188
	0.8910

	Continuity Adj. Chi-Square
	1
	0.0000
	1.0000

	Mantel-Haenszel Chi-Square
	1
	0.0187
	0.8911

	Phi Coefficient
	
	0.0085
	

	Contingency Coefficient
	
	0.0085
	

	Cramer's V
	
	0.0085
	


	Fisher's Exact Test

	Cell (1,1) Frequency (F)
	25

	Left-sided Pr <= F
	0.6144

	Right-sided Pr >= F
	0.5027

	
	

	Table Probability (P)
	0.1171

	Two-sided Pr <= P
	0.8828


notice that sas does fisher's exact test for 2x2 table. P value =0.8828 which is close to chisquare p value =0.8909

QUESTION 3

DATA QUEST3;

  INPUT PHENOTYPE $ NUMB;

  DATALINES;

  Redgreen
120

  Redwhite
50

  Pinkgreen
40

  Pinkwhite
20

  ;

  PROC FREQ ORDER=DATA;

     WEIGHT NUMB;

     TABLES PHENOTYPE/CHISQ NOCUM TESTP=(0.5625 0.1875 0.1875 0.0625);

  RUN;

	The SAS System


The FREQ Procedure 

	PHENOTYPE
	Frequency
	Percent
	Test
Percent

	Redgreen
	120
	52.17
	56.25

	Redwhite
	50
	21.74
	18.75

	Pinkgree
	40
	17.39
	18.75

	Pinkwhit
	20
	8.70
	6.25


	Chi-Square Test
for Specified Proportions

	Chi-Square
	4.2029

	DF
	3

	Pr > ChiSq
	0.2404


QUESTION 6

DATA QUEST6;

  INPUT HABITAT $ NESTS;

  DATALINES;

SAND 130

FIELD  90

FOREST 100

CEMETERY 60

;

  PROC FREQ ORDER=DATA;

     WEIGHT NESTS;

     TABLES HABITAT/CHISQ NOCUM TESTP=(0.25 0.25 0.25 0.25 );

  RUN;

	HABITAT
	Frequency
	Percent
	Test
Percent

	SAND
	130
	34.21
	25.00

	FIELD
	90
	23.68
	25.00

	FOREST
	100
	26.32
	25.00

	CEMETERY
	60
	15.79
	25.00


	Chi-Square Test
for Specified Proportions

	Chi-Square
	26.3158

	DF
	3

	Pr > ChiSq
	<.0001


QUESTION8

DATA QUEST8;

  INPUT ALLELE $ COUNTS;

  DATALINES;

1
80

2
40

3
50

4
70

5
90

;

  PROC FREQ ORDER=DATA;

     WEIGHT COUNTS;

     TABLES ALLELE/CHISQ NOCUM TESTP=(0.2 0.2 0.2 0.2 0.2);

  RUN;

	ALLELE
	Frequency
	Percent
	Test
Percent

	1
	80
	24.24
	20.00

	2
	40
	12.12
	20.00

	3
	50
	15.15
	20.00

	4
	70
	21.21
	20.00

	5
	90
	27.27
	20.00


	Chi-Square Test
for Specified Proportions

	Chi-Square
	26.0606

	DF
	4

	Pr > ChiSq
	<.0001


Question  9 Note that you can do an exact binomial test in SAS using code below:

Data genet;

input phenotype $ count;

datalines;

mutant 4

nonmut 20

;

proc freq;

    tables phenotype / binomial(p=.25);

   weight Count;

   exact binomial;

   title 'one sided binomial for mutants';

run;

	one sided binomial for mutants


The FREQ Procedure 

	phenotype
	Frequency
	Percent
	Cumulative
Frequency
	Cumulative
Percent

	mutant
	4
	16.67
	4
	16.67

	nonmut
	20
	83.33
	24
	100.00


	Binomial Proportion for phenotype =
mutant

	Proportion (P)
	0.1667

	ASE
	0.0761

	95% Lower Conf Limit
	0.0176

	95% Upper Conf Limit
	0.3158

	
	

	Exact Conf Limits
	

	95% Lower Conf Limit
	0.0474

	95% Upper Conf Limit
	0.3738


	Test of H0: Proportion = 0.25

	ASE under H0
	0.0884

	Z
	-0.9428

	One-sided Pr < Z
	0.1729

	Two-sided Pr > |Z|
	0.3458

	
	

	Exact Test
	

	One-sided Pr <= P
	0.2466

	Two-sided = 2 * One-sided
	0.4933


