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NAME ____________________ STUDENT #____________________
SC/BIOL 2060 3.0 STATISTICS FOR BIOLOGISTS

                TEST #1  Nov 9, 2012

               (TOTAL PAGES = 10 )                 

               (TOTAL MARKS = 38)

               (TIME = 90 MINS)

INSTRUCTIONS:

1) WRITE YOUR NAME AND STUDENT NUMBER ON THE TEST PAPER
2) PLEASE KEEP YOUR TEST PAPER TO YOURSELF!

3) ANSWER ALL QUESTIONS DIRECTLY ON THE TEST PAPER ITSELF IN THE SPACE PROVIDED.
4) READ QUESTIONS CAREFULLY, AND THINK CAREFULLY 

   BEFORE ANSWERING, PROVIDING THE BEST ANSWER.

5) YOU MAY USE A non-programmable CALCULATOR.

6) YOU MAY USE ONE 3 INCH X 5 INCH INDEX CARD WITH 

   ANYTHING YOU LIKE WRITTEN ON IT.

7) BUDGET YOUR TIME APPROPRIATELY.

8) VARIOUS STATISTICAL TABLES ARE AT THE END OF 

   THE TEST PAPER on pgs 9&10

1. Given a normally distributed population with μ = 5 and σ = 2, what is the probability of randomly sampling a single individual of size x < 2?                            (2 marks)
[image: image1.wmf]n


2. Given a normally distributed population with μ = 5 and σ = 2, what is the probability    of randomly sampling an individual that will fall into the range   4 <  x < 7?       (3 marks)
[image: image2.wmf]9


3. Given a normally distributed population with μ = 10 and σ = 3, what is the probability of obtaining a random sample of n = 9 individuals with a mean   EQ \O(x,¯)  < 11?      (3 marks)
[image: image3.wmf]¹


4) A biologist wishes to know whether the number of left vs right handed people in two-child families follows the expected binomial distribution. They randomly sample 200 families composed of just 2 children each and the numbers follow:                  (5 marks)
both childern right handed        =  126 families

one left and one right-handed =    68 families

both children left-handed        =      6 families

[image: image4.wmf]¹





5) A common biological phenomenon is that the size of various rodent species is often larger on isolated islands compared to the mainland/continent. You set out to test this hypothesis by obtaining a random sample of  doormice from the island of Ibiza and another random sample from the mainland in Spain. You weigh (in grams) the doormice as a measure of size. The data are below:                                                          (5 marks)

Mainland mouse weights: 60, 70,  65, 75, 60, 68, 72 

Island mouse weights      : 72, 68, 77, 75, 78

Conduct the appropriate statistical test:




6) A biologist sets out to determine whether chickadees prefer nesting in different types of forests (Boreal forest, Carolinian forest, Mixed Forest). The forest sites investigated differ in size such that the Boreal forest is 200 square km, the Carolinian forest is 150 square km, and the Mixed forest is 50 square km.

An equal effort is used to look for nests at the same number of randomly chosen locations within each forest stand. Numbers of nests are listed below:                          (5 marks)

                         Boreal forest    Carolinian forest    Mixed Forest

 # of Nests                 80                        60                    60


Conduct a statistical test of the hypothesis using the spaces provide below



7) You wish to explore whether vigorous exercise changes testosterone levels. You obtain a random sample of males, and measure their testosterone levels. You then put them on an excerise program for 2 weeks and measure their testerosterone again. 

Conduct the appropriate statistical test of the data (measures are in ng/dL). (5 marks)

Individual                Initial testosterone               Final testosterone   Differences

1                                            260                                  280


-20

2                                            400                                  400


0

3                                            450                                  480


-30 1/2 mark 
4                                            300                                  290


10  for diffs
5                                            510                                  520


-10

6                                            500                                  490


10

7                                            700                                  705


-5




8) You explore whether there is an association between eye colour and whether people wear contact lenses. You randomly sample students from the York University campus and determine their eye colour and whether or not they wear contact lenses.

The numbers of students with or without contacts and various eye colours are below:

Conduct the appropriate statistical test                                                      (5 marks)


Brown eyes
Hazel eyes
Blue eyes

Wear contacts
100
60
40

No contacts
80
50
10

column totals                             180                            110                              50




9) Write all the SAS programming code necessary to carry out a goodness of fit test where you expect a ratio of 1 red-eyed : 2 pink-eyed: 1 white-eyed rabbits from a cross.

The number of rabbits of each eye colour you observe is as follows:             (5 marks)

38 Red-eyed ;  59 Pink-eyed ;  25 White-eyed

To do this we'll need the expected as proportions which is 0.25Red: 0.5Pink:0.25 white

DATA QUEST9; 1/2 mark
INPUT COLOUR $ NUMB;   1 mark
DATALINES;   (OR CARDS;) 1/2 mark
RED 38

PINK 59    1/2 mark for data lines
WHITE 25

;

PROC FREQ ORDER=DATA; 1/2 mark
  WEIGHT NUMB; 1/2 mark
 TABLES COLOUR / CHISQ NOCUM TESTP=(0.25 0.5 0.25); 1 mark
RUN; 1/2 mark
Ho: Distribution of 2-child family handedness follows binomial distribution


1/2 mark for correct Ho and Ha


Ha: Distribution of 2-child family handedness doesn't follow a binomial distribution





α = 0.05








need to use eqn z = (� EQ \O(x,¯) � - μ)/ σ� EQ \O(x,¯) �,  1 mark for equation


we also need σ� EQ \O(x,¯) � = σ/� EMBED Equation.3  ��� or σ� EQ \O(x,¯) � =  3/� EMBED Equation.3  ��� = 1  1 mark for standard error





P(� EQ \O(x,¯) �<11) = 1 - P(� EQ \O(x,¯) �>11)





= 1 - P(z > (11-10)/1)





= 1- P(z>1)





= 1 - 0.15866 = 0.84134





So probability of obtaining a mean less than 11  is 0.84134 1 mark for correct answer


again, if they have the correct answer obtained in some other way give them full marks (3)


or if correct but don't have the eqn or SI that's fine too for full marks if answer correct

















Include all calculations in here. We need the binomial distribution eqn below


Pr(X) =      n!/{X!(n-X)!}   pX (1-p)n-X here n = 2 children, X is number left children in family


p = proportion of left hand children in popn which we must estimate


p = # left hand / total children = (2x6 + 68)/(200x2) = 0.2   1/2 mark for correct proprotion


using binomial distn                             expect prob     expected numbers (just multiply probs by 200)


Pr(0 left) = 2!/{0!(2-0)!}   0.20 (1-0.2)2-0 = 0.64              = 128


Pr(1 left) = 2!/{1!(2-1)!}   0.21 (1-0.2)2-1 = 0.32              =   64             1 mark


Pr(2 left) = 2!/{2!(2-2)!}   0.22 (1-0.2)2-2 = 0.04              =     8





now do chisquared goodness of fit test.





X2calc = (126-128)2/128 + (68-64)2/64 + (6-8)2/8


X2calc = 0.781                   DF = 3-1-1 = 1 so critical value of χ2 = 3.84  1/2 mark


1/2 mark























Assumption


Families are a random sample of two-child families 1/2 mark























State any assumptions of the statistical test:





























Decision made about the null hypothesis and a short (1 sentence) statement of conclusions. 


Since our X2calc = 56.0 exceed the critical value, we reject the null hypothesis. 1/2 mark


The proportions of nests are not in accord with the available areas per forest and it appears that birds prefer


mixed forest which contains far more nests than expected (in contrast to the other two forests where there are


fewer than expected). 1/2 mark














Include all calculations in here We first need to calculate the proportion of area of each forest


as that gives us the expected to use in our goodness of fit test.


Total area = 200+150+50 = 400,


Therefore proportions are Boreal is 0.5 : Carolin 0.375 : Mixed 0.125


                         Boreal            Carolin             Mixed                   total


OBS nests           80                     60                   60                       200


exp nests    .5x200=100      .375x200 =75   .125x200 = 25    1 mark correct expecteds








X2calc = (80-100)2/100 + (60-75)2/75 + (60-25)2/25





X2calc = 56.0  1 mark





DF = 3-1 =2.





so critical value of χ2 = 5.99, 1/2 mark








OR COULD TEST AGAINST 1:1:1 WHICH IS FINE TOO, AND X2calc = 4 SAME CRITICAL χ2.


DON'T REJECT Ho. NO REASON TO BELIEVE BIRDS PREFER ONE FOREST


OVER THE OTHER HERE Ho: PROPORTION BIRDS EQUAL HA. PROPORTION NOT EQUAL


Assumptions: Nests are sampled at random 1/2 mark





























State any assumptions of the statistical test:





Ho: The number of birds nests occur in proportion to the area available 1/2 mark


     (or proportion Boreal is 0.5 : Carolin 0.375 : Mixed 0.125)


Ha: The proportions differ from those above   1/2 mark





α = 0.05








need to use eqn z = (x - μ)/ σ                      1 mark for equation


Here we need to obtain the P(x<4) and the P(x>7). Subtracting those from 1 gives the desired probability.





P(x<4) = P(z < (4-5)/2)


= P(z<-0.5), which is the same as P(z>0.5) = 0.030854 1/2 mark for this





P(x>7) = P(z>(7-5)/2) or P(z>1) = 0.15866    1/2 mark for this





So Prob (4 <  x < 7) = 1- 0.15866-0.030854


= 0.5328 is probability of obtaining a value of x between 4 and 7. 1 mark for correct answer


again, if  have the correct without other info that is ok, also if answer obtained in some other way give them full marks (3)








need to use eqn z = (x - μ)/ σ,                1 mark for equation





Pr(x<2) = Pr(z < (2-5)/2)





=Pr(z < -1.5), this is the same as Pr (z > 1.5) = 0.06681





so Pr(x<2) = 0.06681      1 mark for correct answer 


OR IF YOU GOT RIGHT ANSWER BUT EQN NOT LISTED STILL GET FULL MARKS











Decision made about the null hypothesis and a short (1 sentence) statement of conclusions.


We reject Ho since the calculated X2 is greater than the critical value of 5.99. 1/2 mark





Therefore eye colour and wearing contacts are not independent and comparing the oberved and expected we


see that many more blue-eyed people wear contact than expected, relative to the other eye colours which don't deviate as greatly. 1/2 mark














Include all calculations in here we need to do a contingency analysis or test of independence


n= 340


Here is the expect table (the observed table was given above. 1 mark for expected table





�
Brown eyes�
Hazel eyes�
Blue eyes�
�
Wear contacts�
200x180/340


=105.9�
110x200/340


=64.7�
50x200/340


=29.4�
�
No contacts�
180x140/340


=74.1�
110x140/340


=45.3�
50x140/340


=20.6�
�






X2calc = (100-105.9)2/105.9 + (60-64.7)2/64.7 +..+ (10-20.6)2/20.6





X2calc = 10.88, 1/2 mark                                                    DF = (nrow-1)(ncol-1) = 2  1/2 mark





so critical value of χ2 = 5.99, 1/2 mark

















Assumptions: The subject are randomly sampled from York U. 1/2 mark























State any assumptions of the statistical test:





Ho: There is no association between eye colour and wearing contacts  1/2 mark


(or eye colour and wearing contacts are independent)


Ha: There is an association between eye colour and wearing contacts 1/2 mark


(or eye colour and wearing contacts are not independent


α = 0.05





Decision made about the null hypothesis and a short (1 sentence) statement of conclusions.


Since the absolute value of tcalc = 1.14 is less than the critical t, we don't reject the null hyp1/2 mark





We have no reason to believe this form of exercise alters testosterone levels. 1/2 mark














Include all calculations in here So this is a paired t-test, 2-tailed. Calculate the differences 


as I've done above and use those .





� EQ \O(x,¯) �diff= -6.43, sdiff = 14.92, SE� EQ \O(x,¯) �diff = 5.639      1 mark  n = 7                             DF=7-1 =6





tcalc =( � EQ \O(x,¯) �- μ) / SE� EQ \O(x,¯) �





tcalc = (-6.43 - 0)/5.639  





tcalc = -1.14  1/2 mark





so we need to refer to the t-distribution with DF = 6


the critical value with DF=6 and α(2) = 0.05, is t = 2.45, 1/2 mark











Assumptions: distribution of differences in normal. (random samples as always) 1/2 mark














State any assumptions of the statistical test:














State any assumptions of the statistical test:





Ho: μbefore = μafter                              OR μdifference = 0 1/2 mark





Ha: μbefore �EMBED Equation.3��� μafter                         μdifference �EMBED Equation.3���  0 1/2 mark 





α(2) = 0.05





Decision made about the null hypothesis and a short (1 sentence) statement of conclusions.





Since tcalc = 2.267 is greater than the critical value (1.81) we reject the null hypothesis. 1/2 mark





Doormice on the island are larger than those on the mainland. 1/2 mark











Include all calculations in here Need a 1-tailed two-sample t-test.





Island: � EQ \O(x,¯) �island = 74.0, sisland2 = 16.5, nisland = 5               


Mainland: � EQ \O(x,¯) �main = 67.14, smain2 = 33.476, nmain = 7





pooled variance s2p = (nisland -1) sisland2 + (nmain -1) smain2 }/{ nisland + nmain -2}


s2p = 26.69 1/2 mark


standard errror of diff in means SE� EQ \O(x,¯) �is-� EQ \O(x,¯) �mn = square root of (s2is/ nis + s2mn/ nmn)


SE� EQ \O(x,¯) �is-� EQ \O(x,¯) �mn = 3.025   1/2 mark





tcalc =( � EQ \O(x,¯) �island- � EQ \O(x,¯) �main) / SE� EQ \O(x,¯) �is-� EQ \O(x,¯) �mn = 2.267 , DF = nisland + nmain -2 = 10   1/2 mark





from t-tables, the critical t value is  tDF=10, α(1) = 0.05 = 1.81. 1/2 mark




















Assumptions: The populations both have a normal distribution and equal variances. 1 mark























State any assumptions of the statistical test:





Ho: μisland = μmain 1/2 mark


Ho : 


Ha : μisland > μmain  1/2 mark





α(1) = 0.05





Decision made about the null hypothesis and a short (1 sentence) statement of conclusions.


Our X2calc does not exceed the critical value therefore we don't reject Ho. 1/2 mark





We have no reason to be that the distribution of handedness in two child families deviates from the expect binomial distribution. 1/2 mark
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