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.

1) You wish to determine whether two species of bumble (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.

                                            Old field               Garden       Forest understory

Bombus terricola                 60                            40                   30

Bombus vagans                    30                            10                  50

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

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.

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 quatrats 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.

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.

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?

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                

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

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.

10) A researcher wishes to know whether there are difference 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

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

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 4 x 3 contingency table.

Here there are 4 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

