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“Let not the wise man boast of his wisdom, or the strong man boast of his strength … but let him who boasts, boast about this: that he understands and knows Me, that I am the LORD.”
-- Jeremiah 9:23-24
· Please show all your work!  No partial credit will be given for incorrect answers with no work shown.  Please draw a box around your final answer.

· Calculators are permitted, but no notes, text, laptops, or PDAs.

· Cell phones should be muted and left in your pocket or bag.
· Tables 3, 6, 8, 10, and 11 are attached (you may want to detach them).
· Total points: 140.
Word Problems

(1) Mark each of the following statements as descriptive (D) or inferential (I):
[5]
(a) From 1960 to 2000, the mean global surface temperature
has increased by 0.264 degrees C.
Inf____

(b) The average age in our MATH102 class is 20.3 yrs.
Des____
(c) The mean weight of a school of 13 salmon at a farm is about 10 kg.
Des____
(d) At a confidence level of 95%, the mean weight of salmon at this farm
is between 9.793 kg and 10.207 kg.
Inf____

(e) 4 out of 5 dentists prefer our toothpaste.
Inf____

(2) Give an example of a conditional probability P(A|B).  Clearly define the events A and B and the sample space, and express the conditional probability using complete English sentences.
[4]
e.g., A = “first-year TWU student”, B = “female”:
“68% of first-year TWU students are female.”




(3) A population of birds is assumed to have wingspan that is normally distributed.  We want to estimate the mean wingspan to within ±2cm with 95% confidence, but measuring birds is costly and time-consuming.  If the standard deviation of the wingspan of the population of birds is assumed to be 9.8 cm, how many birds do we need to measure?
[5]
(1.96 * 9.8 / 2)2 ≈ 93 (round up)




(4) An archer shoots 18 arrows with a precision of 6.2 cm (the standard deviation of position of her hits).  She wishes to have a precision of at most 10 cm.  Does she meet her goal?

(a) State the null and alternative hypotheses. 
[2]
H0: variance σ ≥ 10
Ha: variance σ < 10

(b) Estimate the p-value for the alternative hypothesis.
[5]
chi-sq = 6.53, 0.01 < p-value < 0.025






(c) Using a level of significance of α=0.025, state your conclusion in the context of the archer.  Please use complete English sentences.
[3]
We reject the null hypothesis:
the archer meets her goal in precision.


(5) A bag contains three green marbles and two red marbles.  Three marbles are drawn randomly from the bag, without replacement.

(a) Draw an event tree, label it with probabilities, list all outcomes in the sample space, and find the probability of each outcome.
[6]
(event tree has three levels, a total of 7 final outcomes):
P(GGG) = (3/5)(2/4)(1/3) = 1/10
P(GGR) = (3/5)(2/4)(2/3) = 1/5
P(GRG) = (3/5)(2/4)(2/3) = 1/5
P(RGG) = (2/5)(3/4)(2/4) = 1/5
P(GRR) = (3/5)(2/4)(1/3) = 1/10
P(RGR) = (2/5)(3/4)(2/3) = 1/10
P(RRG) = (2/5)(1/4)(3/3) = 1/10
(b) What is the probability of selecting two green marbles and one red marble (in any order)? 
[3]
P(GGR) + P(GRG) + P(RGG) = 1/5 + 1/5 + 1/5
= 3/5 = 60%
(6) Give an example of a pair of events that are independent.  Clearly define both the events and the sample space.
[3]
e.g., getting heads on first flip and getting heads on second flip of a coin
(7) A poll was taken of 120 university students; 48 of them agreed that they were “unhealthily addicted” to Facebook.

(a) What is the point estimate for the probability that a student is addicted to Facebook?
[1]
40%
(b) Translate this probability into a statement on the odds of a student being addicted to Facebook.  Please use a complete English sentence.
[2]
The odds of a student being addicted to Facebook are 2:3.

(c) Using this point estimate, if we ask six students at random, what is the probability that exactly half of the students are addicted?
[5]
(6 choose 3) * (0.4)3 (0.6)3
= 20 * 0.43 * 0.63
≈ 27.65%


(d) For a random sample of 120 students, what is the standard deviation on the number of students out of 120 which are addicted to Facebook? 
[2]
sqrt( 120 * 0.40 * 0.60 ) ≈ 5.367


(e) In a random sample of 120 students, what is the probability that at least half of the students are addicted to Facebook?
[4]
z-score = (60 – 48) / 5.367 ≈ 2.236
(T3): area between x=48 and x=60 is 0.4909
probability is tail: 0.5 – 0.4909
= 0.91%

(f) What approximations did you use to solve part (e), and what rationale do you have for using those approximations?
[3]
Normal approximation to the binomial;
check np = 48 > 5, and n(1-p) = 72 > 5.
(g) The previous questions assumed that your point estimate held for all university students.  In reality, we only have data from the 120 students polled.  Give a 95% confidence interval on the probability that a student is addicted to Facebook.
[4]
σp = σx/n ≈ 5.367/120 ≈ 0.0447
95% confidence interval is 0.40 ± 1.96(0.0447)
≈ (31.23%, 48.77%)

(8) Consider a sample space “S” consisting of all students at a university.  Let the event “A” represent “athletic scholarship”, and the event “M” represent “merit scholarship”.  Translate each of the following statements into equations involving S, A, and/or M, and if appropriate, draw a Venn diagram.
(a) 15% of students have merit scholarships. 
[3]
P(M) = 0.15


(b) 20% of students who have a merit scholarship also have an athletic scholarship.
[3]
P(A|M) = 0.20


(c) 127 students at this university have both scholarships. 
[3]
n(A∩M) = 127



(d) One out of every five students has an athletic scholarship. 
[3]
P(A) = 0.20



(e) Using the above information, how many students are at this university? 
[3]
127 / (0.15*0.20) ≈ 4233




(f) Using the above information, how many students have merit scholarships? 
[2]
(0.20) * 4233 ≈ 847


(g) Using the above information, are the two scholarships independent?  Why, or why not?  If there is insufficient information to decide, state what you’d need?
[3]
Yes, P(A) = 0.20 = P(A|M)



(9) The average lifespan of a mountain pine beetle is estimated to be 12.35 months.  A mild pesticide is applied to a test forest, and resulting lifespans (in months) of individual beetles are recorded in the (fictional) table below:

	11.1
	13.1
	11.4
	13.9

	12.1
	11.7
	10.6
	10.9

	11.7
	12.2
	9.2
	


(a) Draw a relative frequency histogram of this data by whole months. 
[5]
(9mo: 9.1%, 10mo: 18.2%, 11mo: 36.4%, 12mo: 18.2%, 13mo: 18.2%)





(b) Draw and label a box-and-whiskers plot for this data. 
[6]
(min: 9.2, 1st quart: 10.9, median: 11.7, 3rd quart: 12.2, max: 13.9)





(c) What is the sample mean lifespan of the beetles with pesticide? 
[3]
~11.63


(d) Find the mean absolute deviation (MAD) of this data
[3]
~0.8975




(e) What is the sample variance of the beetles with pesticide? 
[4]
~1.57




(f) What is the sample standard deviation of the beetles with pesticide? 
[1]
~1.253

(10) Using the data from the previous problem, we wish to test whether the pesticide reduces beetle lifespan.

(a) State the null and alternative hypotheses. 
[2]
H0: lifespan same or longer (no reduction)
Ha: lifespan shorter, reduced

(b) Estimate the p-value for the claim that the pesticide reduces beetle lifespan. 
[5]
t-score =~ 1.91; p-value =~ 0.043




(c) Using a level of significance of α=0.05, state your conclusion on the effect of the pesticide on pine beetle lifespan.  Please use complete English sentences.
[3]
We reject the null hypothesis:
the pesticide does reduce beetle lifespan.

(11) The height (in cm) and total leaf surface area (in cm2) were recorded for four plants of the Kalanchoe ceratophylla species.

	Height (x)
	2
	3.5
	3.2
	4.5

	Leaf area (y)
	40
	56
	52
	68


(a) Sketch a scatterplot of the data and draw your guess of the best-fit line.
[4]
(b) Find the average height and leaf area. 
[3]
xbar = 3.3, ybar = 56




(c) Find the three sums of squares: SS(x), SS(y), SS(xy). 
[4]
SS(x) = 3.18
SS(y) = 760
SS(xy) = 46.6
(d) Calculate the correlation of population to crime rate in this sample.
[2]
r ≈ 0.9479



(e) Find a 95% confidence interval on this correlation.
[3]
n=4: Table10: (+0.35, +0.999)


(f) Find the slope of the best-fit line through the data. 
[2]
b1 = SS(xy) / SS(x) ≈ 14.65



(g) What are the units of the slope?  Interpret this in the context of the linear model on Kalanchoe height and leaf area.
[2]
cm2/cm = cm
For every 1cm of height, the leaf surface area increases by 14.65 cm2

(h) Find the equation of the best-fit line through the data. . 
[2]
y = 7.6415 + 14.65x


(i) Find the errors (residuals) between the actual leaf areas and the predicted leaf areas from the best-fit line.
[3]
-3.05, 6.93, 0.53, -4.42



(j) Assuming the linear model is correct, what is the standard deviation of leaf area for Kalanchoe plants of height 4 cm?
[3]
se = sqrt( SSE / (n-2) ) ≈ 6.21 cm



(k) Based on these data, is there a significant correlation (( ≠ 0) between height and leaf area, at the (=0.05 level of significance?
[3]
Df = 2: two-tailed p>0.05, fail to reject.
Insufficient evidence (sample size too small) for significant correlation.

