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

                TEST #1  Oct 12, 2012

               (TOTAL PAGES = 8)                 

               (TOTAL MARKS = 30)

               (TIME = 60 MINS)

INSTRUCTIONS:

1) WRITE YOUR NAME AND STUDENT NUMBER ON THE TEST PAPER AND SCANTRON (BUBBLE THEM IN! AS WELL)
2) PLEASE KEEP YOUR TEST PAPER TO YOURSELF!

3) ANSWER QUESTIONS FROM PART A DIRECTLY ON THE SCANTRON SHEET CHOOSING THE BEST ANSWER. ALSO, CIRCLE THE ANSWER ON THE TEST PAPER ITSELF.
4) ANSWER QUESTIONS FROM PART B DIRECTLY ON THE 

   TEST PAPER USING THE SPACE PROVIDED

5) READ QUESTIONS CAREFULLY, AND THINK CAREFULLY 

   BEFORE ANSWERING, PROVIDING THE BEST ANSWER.

5) YOU MAY USE A non-programmable CALCULATOR.

6) BUDGET YOUR TIME APPROPRIATELY.

This table provides critical values of 

the χ2distribution for values of α = 0.05

for the degrees of freedom (df) 1 through 6 .

df
Critical value 

1  
3.841  

2  
5.991  

3  
7.815  

4  
9.488  

5  
11.070

6  
12.592

PART A  (1 mark each)

(Answer multiple choice questions using the scantron and circle them below as well). 

1. A biologist determines the brightness of body colour from a random sample of individuals from a species of dragonfly. She records the body colours as:

 0 = very dull; 1 = dull; 2 = bright; 3 = very bright. The best way to describe the data is:

a) Continuous numerical 

b) Continuous categorical 

c) Nominal categorical 

d) Ordinal categorical animals are put into 4 categories, that can be ordered by brightness

e) Binomially distributed

2. A biologist sets out to explore the causes of mortality (i.e. death) of Monarch butterflies in agricultural areas. The biologist measures the proportion of Monarchs that die at each of 20 farms as well as the amount of pesticide sprayed (kg per acre) by farmers on each farm, and the number of insect-eating birds on each farm.

Which one of the following is correct?

a) the proportion of monarchs is a categorical explanatory variable

b) the number of farms is a nominal variable

c) the response variable is the amount of pesticide sprayed

d) the proportion of monarchs that die is a numerical response variable
e) the study described above is experimental as opposed to observational.

3. Which one of the following best describes the shape of the histogram shown?
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a) Bimodal

b) Trimodal   

c) Skewed to the left
d) Skewed to the right

e) Normal

f) Primordial

4. For the histogram of question 3 above, what is the mode?

a) Kurtosis

b) Indiscreet  numeric

c) Negative binomial

d) Dorian

e) Kurtosis

f) none of the above the mode is 60

5. A biologist measures the body fat content of slugs (mg) randomly sampled from the field adjacent to stong pond: 23, 32, 19, 25, 33, 24, 13, 29, 28, 26

Estimate the coefficient of variation of fat content

CV = 100% standard dev/mean,   n = 10
a) 6.0         mean = 25.2, variance = s2 = {Σy2 - (Σy)2/n}/(n-1) = {6674 - (252)2/10}/9
b) 20.0      s2 =  35.955556, s = 5.9963, 

c) 23.8      CV = 100 x 5.9963/25.2 = 23.8
d) 33.0

e) 36.0

6. Estimate the median fat content of slugs in Question 5.

order data: 13, 19, 23, 24, 25, 26, 28, 29, 32, 33
a) 24.0   since n = 10 is even, take mean of middle two numbers
b) 25.0   

c) 25.5 median = (25+26)/2 = 25.5
d) 25.2

e) 20.0

7. Estimate the approximate 95% confidence interval for mean slug body weight in Question 5. we need SEmean which is s / square root of n SE = 5.9963/ 3.162278 = 1.896195. so upper limit given by mean + 2 x SE = 25.2 +2x1.896195 = 28.99

                      lower limit given by mean - 2 x SE = 25.2 -2x1.896195 = 21.41
a) lower limit = 24.0, upper limit = 25.0

b) lower limit = 13.0, upper limit = 33.0.0

c) lower limit = 21.4, upper limit = 29.0
d) lower limit = 13.2, upper limit = 37.2

e) cannot be determined from the data given

8. If you roll 3 fair dice, what is the probability that each one results in a 3?

Dice rolls are indept. so Prob of getting a 3 on one is 1/6 so prob getting 3 on each one is
a) 1/6                            1/6 x 1/6 x 1/6 = 1/216
b) 3/6

c) 1/9

d) 1/27

e) 1/216  

9. For question 8 above, what is the probability that none of the dice show a 3?

Rolls indept. Prob of not a 3 is 1-1/6 = 5/6. So prob none are 3 is (5/6)3 = 125/216
a) 125/216
b) 25/36

c) 25/216

d) 3/6

e) 5/6

10. In a crossing experiment a biologist expects that there should be 1/4 white to 3/4 brown mice. Given this expectation, if the biologist obtains a random sample of 10 mice, what is the probability that exactly 2 mice will be white?

Use appropriate term from binomial distribution.    n = 10
a) 0.200 Pr(w) = {n!/{(w!)(n-w)!}}x .25w x .75n-w, where w = # white mice = 2 

b) 0.040            = 45 x .252 x .758 = 0.28157 rounded to 0.282
c) 0.010

d) 0.282
e) 0.718

11. Which of the following best exemplifies pseudoreplication ?

a) You conveniently sample and weigh n = 10 people sitting at the front of the lecture   

    hall to estimate mean weight of people in the course, biology 1001. 

b) You randomly sample n = 12 male frogs, recording the sound intensity of male 

     mating calls.

c) You wish to estimate Canadian wheat production so you weigh the amount of wheat 

     produced per bushel from a farm field where each bushel of the n = 20 bushels was 

     randomly sampled from the 5,000 bushels produced on that farm.
d) You measure the PCB content of the first 20 fish you catch in lake Ontario

e) None of the above. c is answer because you are supposedly estimating wheat produced

   in canada but using only a single farm so here n probably is = 1, not 20.
12. A population has a true mean of  µ = 30. Two experimenters obtain  random samples of the same size (n = 20) but use a different measuring  device to estimate mean corticosteriod levels and its standard error. Their estimates are below: 

experimenter 1 finds a sample mean of 24.4 and SE = 1.3 

experimenter 2 finds a sample mean of 29.8 and SE = 4.3.

Which of the following is correct with respect to these findings?

Exp 1 is further from true mean, so inaccurate, yet SE is small so more precies.

a) Experimenter 1's estimate is imprecise and inaccurate compared with experimenter 2

b) Experimenter 1's estimate is imprecise and accurate      “                 “                 “

c) Experimenter 1's estimate is precise and inaccurate       “                 “                  “
d) Experimenter 1's estimate is precise and accurate          “                  “                 “

e) None of the above

13. An experimenter finds that the mean speed of locomotion of a snail species is 12 cm / hour with a standard deviation of 2. If the experimenter converts the speed to mm / hour, which of the following is correct in terms of the new units ?

since there are 10mm in 1 cm, this means you multiply values by 10. So the mean will 
a) mean =  120,  variance = 400  simply be multiplied by 10, mean = 12 x 10 =120mm/hr
b) mean =  120, variance = 40    you are given s, but need variance s2 = 2x2 = 4
c) mean =  0.4,  variance = 40     but for new units, must multiply variance by 102
d) mean =  144,  variance = 200 so variance for new units = 4x100 = 400
e) cannot be determined without the raw data and sample size n
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14. The percent change in range size over 4 decades for two species of birds is shown in the graph below. The y-axis is the cumulative relative frequency. 

a) The graph suggests that the range size of Robins has 

     changed more than that of cardinals.

b) The graph suggests that the distribution of change

    in range size is identical for both species in all

    respects.

c) This graph is a relative frequency histogram, 

    showing extremely odd -shaped distributions.

d) The graph indicates that the range size of Robins has 

     changed less than that of cardinals.

e) None of the above

15. Imagine that you generate the sampling distribution of the mean, based upon infinitely many random samples of size n = 36 that you take from a population with a uniform distribution with known mean, μ = 20 and known standard deviation, σ = 12.

Which one of the following is correct? variance of original distn is σ2 = 122 = 144
means will be the same, variance sampl.distn will be given by σ2 /36 = 4 
a) The sampling distribution of means will also be uniform, with the same mean (20) but 

    a standard deviation of 0.33.

b) The sampling distribution of means will be approximately normally distributed, with 

    the same mean (20) but a standard deviation of 0.33.

c) The sampling distribution of means will be approximately normally distributed, with a 

    mean of (20/36 = 0.56) and a standard deviation of 12.

d) The sampling distribution of means will be approximately normally distributed, with 

    the same mean (20) and a variance of 4.
e) Cannot be determined in the absence of additional information

16. George weighed exactly 10 lbs 4 ounces at birth. From this information we can  conclude:
a) nothing, since we haven't carried out a statistical test

b) nothing, since we need to estimate the standard deviation and confidence intervals

c) George was heavier than the mean since the mean weight in the population is 7 lbs 8 ounces
d) Given that n = 1, the standard deviation is 1.

e) none of the above

PART B

(Answer directly on the test paper in the space provided. Please write legibly).

17) Write all the sas programming code necessary to determine the mean and standard deviation of the log (to base 10) of each group given the following data. Note that the data were obtained from two groups. One group was the control (indicated as CON), while the other received a drug treatment (indicated as DRUG):     (4 marks)

DRUG: 12, 13, 15, 14

CON:  10, 7, 8 

                               green shading indicates options that can be used
DATA QUEST17;                                                                           1/2   

   INPUT TREAT $ Y;                                                                        

   LGY = LOG10(Y);                                                                           1
CARDS; (OR DATALINES;)
DRUG 12

DRUG 13

DRUG 15

DRUG 14                                                    1 mark for correct data input. 

CON   10                                                    (lose 1/2 for each mistake)

CON     7

CON     8

;

PROC SORT;                                                                              1/2
   BY TREAT;                                                                                   

PROC MEANS MEAN STDDEVoptional; (or proc univariate).     1/2
  VAR LGY; (optional statement for this midterm)                         

  BY TREAT;                                                                                      1/2
RUN;

18) A biologist studies the inheritance of a flower colour where the hypothesized ratio of plants with the various flowers colours is:                                   (5 marks)

25% red flowers : 50% pink flowers : 25% white flowers.

The biologist obtains the random sample of progeny below:

55 red-flowered, 80 pink-flowered, 65 white-flowered

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


 ob


19) Snow geese are polymorphic for two colour forms. One form is blue-feathered, while the other has white feathers. A biologist has the idea that white snow geese are likely to be more abundant in the arctic due to advantages of cryptic colouration. To explore this idea, the biologist obtained the following arctic random sample:                       (5 marks)

 2 blue feathered geese and 8 white feathered geese.

Use the space provided to conduct the most powerful statistical test of the biologists idea.




Ho: proportion of blue snow geese = proportion white, or proportion white, = p = 0.5 1/2





Ha: proportion white snow geese > proportion blue or p > 0.5 1/2





α = 0.05  1-tailed test 1/2





     10 20 30 40 50 60 70 80 90





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


Do not reject Ho since our P-value  > 0.05 . 1





We have no reason to believe there are more white snow geese than blue ones in the artic.


1/2











Ho: ratios are .25 red : 0.5 pink : 0.25 white (or ratios are as specified above)  1/2





Ha: ratios are not .25 red : 0.5 pink : 0.25 white (or 1 or more deviates from above) 1/2





α = 0.05   1/2





Include all calculations in here


Here we will use binomial test which is the most powerful test for these data.


Terms of binomial dist given by Pr(w) = {n!/{(w!)(n-w)!}}x .5w x .5n-w


where w is number of white geese, and n = 10.


We need to calculate probability of obtaining data as extreme or more extreme than that which we obtained. so calculate probabilities for each of w = 8, w = 9, or w = 10





Pr(w=8) = {10!/{(8!)(2)!}}x .58 x .52 = 0.043945                      1/2





Pr(w=9) = {10!/{(9!)(1)!}}x .59 x .51 = 0.009766                      1/2





Pr(w=10) = {10!/{(10!)(0)!}}x .510 x .50 = 0.000977                1/2





sum of probabilities give P-value,  P = 0.055 1/2





(note that chisquare goodness of fit can't be used here since you reuire a 1-tailed


test and also, sample size is too small giving expected values of 5 in both cases.)





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


We reject Ho since our calculated X2calc = 9.0 is greater than the critical value of χ2 = 5.991.


1


Therefore the ratios are not as predicted and there appear to be too few pink and too many


reds and whites relative to that expected if Ho were true. 1/2














Include all calculations in here





                       red                  pink            white                 n





obseved           55                   80                 65                 200





expect         200x.25=50   200x.5=100   200x.25=50 1/2





X2calc = Σ (obs-exp)2/exp =(55-50)2/50 + (80-100) 2/100 + (65-50)2/50





X2calc = 9.0 1/2





degrees of freedom df = # categories - 1 = 3 -1 = 2 1/2








for df =2 α = 0.05 critical value of χ2 = 5.991 1/2
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