1. Harris recently installed a spam filter software, but he still saw spam emails in his
inbox. He made a daily record of the number of spam emails that were delivered to
his inbox over the past 20 days. The following is a frequency histogram for his data.
The frequency refers to the number of days.

histogram of spam email data
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a) Harris also plotted a stemplot for the data. Which of the following is a correct
stemplot for his data? Check only one answer. [2 marks]

1,_ Stemplot A

_ Stemplot B

__ Stemplot C

A. 2 ] 011355 B. 2 | 011355 C. 11 05
3 | 01467 3 | 01467 2 | 011355
4 | 12479 4 | 12479 3 | 01467
5 | 56 5| 56 4 | 12479
6 | 810 5| 86
7 10 | 6 6 |
8 |0 71
9 | 810
10 | 5



b) What is the third quartile of the number of spam emails? Use the stemplot you
have chosen in part (a) to answer this question. Check only one answer. [2 marks]
_23
__25
_ 47
N 48

2. Consider the following two studies:

Study 1: A study compared 120 patients with brain cancer to 246 healthy patients
without brain cancer. The patients’ cell phone use was measured using a question-
naire. The brain cancer patients used cell phones more often, on the average.

Study 2: A study exposed rats to two common types of cell phone radiation for four
hours a day, five days a week, for two years. One third of the rats were randomized to
be exposed to analog cell phone frequency, one third to digital cell phone frequency, -
and one third served as controls and received no radiation. At the end of two years,
their brains were examined for cancerous tumors. No statistically significant difference
in the percentage of brain cancer was found among the groups.

a) True or false? Study 1 shows that cell phone use causes brain cancer. {2 marks]
__ _True ¥ False

b} Identify the following elements for Study 2:

i. the experimental unit [2 marks|: o rav
il. the factor [2 marks]: tupe of radiahon

iii. the treatments [3 marks]:
00 radiation, analeg cell phone frequenty, digital cell pnone

+req wnly




3. A city council was planning to turn a major street in the city from a primary traffic
artery to a secondary traffic artery. It sent out a questionnaire to all the 36,589
households living in the city requesting for their input concerning the plan. Thirty
four percent of the 10,375 households who returned the questionnaires opposed the
plan.

For the following statements, check all that are correct. [3 marks]

v This survey conducted by the city council is likely to suffer from nonresponse bias.

__ The 10,375 households that returned the questionnaires formed a random sample
of the population.

__ The percentage of the 10,375 households that opposed the plan, 34%, is a param-
eter,

4. You need to drive past two traffic lights on the way from your house to the nearest
grocery store. The probability that you hit a red light is 0.5 at the first intersection
and 0.4 at the second intersection. The probability that you run into a red light at
both intersections is 0.25. On a random day you drive from home to that grocery store.

Define the following events:

E; = you run into a red light at the first intersection
E; = you run into a red light at the second intersection
Es = you run into a green light at both intersections
E4 = you run into a red light at both intersections

Which of the following statements is (are) true about the above events? Check all that
are correct. [6 marks]

___ E; and Es; are independent events.

B, and E, are disjoint events.

v Es and E4 are disjoint events.

E; is the complement of E,.



5. You draw two cards without replacement from a deck of 52 cards. If the first card
is not a spade, find the probability that the two cards drawn are both diamonds. [6

marks] Depine events: A = the fist card drawn 1s a spade
D = te itth card drawn s g diamond , (=],2

p( Drand 02| A%)
P ((Dyand by and A7)
P(AS)
o Here P(D and Dz and A®) 15 the probabiliy of gethng a dramend

on Ane first draw (who automatically safsfies tha fact that ik1s

net & Spc\dﬂ) and also o diamond on the sewndl dfaul:
= ) V- S
L. P(Dy and Dz) ~ P(DD » P(P2ID) = *5_'5.%5\

13 _ 349
¢ pLAS) = 1-PAY=\-Z =25

52
3 = 4
5P(D\and Dz)AC):: (59_)(51) 3’5_‘:‘5— = =1

6. The length of trout in a lake is normally distributed with mean g = 0.95 feet and an
unknown standard deviation o. If 60% of all trout are longer than (.8 feet, what is the
value of o7 [6 marks]

Lek %= tength of & toug A~ N( p=0a5 £6, )
60% of all tvout oal tonger Hhan 0.8 £t
2 p(X >0,8) = 0,00
0.8 s the 4oth percentile
Z4o (Goth percentile of 2 ~N(0:))

, 03 -
0.9-H 0.¢-0.95
0= = —
2 uo o258 © 0,588 £t



7. In a university parking database with 5600 registered vehicles, records show that 43%
of the registered vehicles are Asian makes, 23% are European makes and the remaining
are American makes. Among all the 5600 cars, 20% once received a parking ticket.

a) You randomly pick three vehicles with replacement from the database. What is
the probability that at most two of the three are American makes? [6 marks]

Let X= # pmencan @ out of e 3 chosen
X~ Bin(n=3, p= 1-043~0.23 = 0.34)

p( aF most 2 out of 3 are Amencan makes)
=P(x£2)

P(X=0) + P(X=1) + P(X=2)

- (2)0‘34"(-\_034)3 + (?) 034 (1-0.34) + (i) 0342(#0.'34)‘

i

b} Consider a random sample of 100 vehicles selected from the database.
The sample proportion of the 100 selected vehicles that had never received a park-
ing ticket has an approximate 95% chance of falling between
O H2 and _0.%8 .
Fill in the blanks and show your calculation below. [4 marks|

Let p = population properbion of Cas that never recaved
o posking peket = y_ g a0 0,80

b = sample pmporhon of cars (out of 100) that never
received O porking cket

Note: np = 100(080) = 80 »10 n(i-p) = 20 >10

Lo P follows the normal distnbuhen approximately

wmdh meon = 0.8 and sp = [e3(1708) = 0.04
700 '

By £8-95-94.3 % rule, the middle 95% of coverage

. will be over the interval:

0.8 t 2 (0.04)
& (o.:zz) 0.8%)



8. Two stores sell watermelons. At the first store the melons weigh an average of 20
pounds with a standard deviation of 2.2 pounds. The melons are sold for 36 cents a
pound. At the second store the melons are smaller, with a mean of 17 pounds and
a standard deviation of 2 pounds. The store is having a sale on watermelons — only
25 cents a pound. Assume that the weights are normally distributed. Jenny selects a

melon at random at each store. Find the mean and the variance of the difference in
the prices Jenny pays for the two melons. [6 marks]

Let x= welght of a maon from first store

Y = v “ “ “ X secrd Store
E(X) = 20 shix)= 2,2
()= \F ) So(Y)= 2

Difference in the pnces betweéen the 2 melons
= D= 03bX-0725Y (in doilars)

E(D)= £ (0.3bX— 0.25Y)
= 0.36 E(®) — 0,25 E(Y)
= 0.3b(26) - 026\ = $2.95

V(D) = V(0.36X— 0,25Y)
= 036> V(XD + 0.25% V(Y)

[ it maltes sense £0 assume the weights of
the 2 Melons are independent ]
0.3k (2.21) + 0.25%( :f)

= 00,8773 dollars™

i



9. Each day the value of a particular stock goes up one unit with probability 0.3, stays
the same with probability 0.5 or else goes down one unit with probability 0.2. Taking
changes over consecutive days to be independent of each other, estimate the probability
that the stock will have increased by a value of at least five units over 500 days. [10

marks|
Let X= amount of change on a day
probabiity distn of X s
=y (down) | © (%tttfta%mm) ‘” (up)
0.3

x|
P(x:X)l 0.2 0.5

e overall change over 500 daﬂs 2
Y= Xi+Xo4.o.. T Xse0

Want 4o find PLY% 5)

How 18 X distrbuted?
T will be approximaiely novmal by CLT ( n=500730)

500
% — 0} 0.0j - 0
P -)5—52_;@; 7 0\ H 200 ) E(X)= 532 PUX=%)
=~} (0.2) + 0(0.8)
= (L% -2.87S) +1(0.3)
=z + 0.1
| V(x)= E(x2) - ( EOO)?

= 0.993

N

ZAPP(K=x) —~ (0. 1)?
= (-D*(02) +0*(0;5)
t1* (0.3)-0.0]

! = 0. 49

SP(X) = ‘ o.4q =07}






Midderm B Solution ke,y

1. Circle the most appropriate answer; [2 marks each]

a)

Form a data set that consists of four integer numbers from 1 to 10 (inclusive,
without repeats).

Among all the possible data sets that can be formed (as described in the above),
which of the following statements is NOT correct?
i. The set of numbers 1, 2, 3, 4 gives the smallest possible standard deviation.
il. The set of numbers 4, 5, 6, 7 gives the smallest possible standard deviation.
The set of numbers 1, 5, 6, 10 gives the largest possible standard deviation.
iv. The set of numbers 1, 2, 9, 10 gives the largest possible standard deviation.

The length of a ball of yarn is a random variable with mean 150 {t and standard
deviation 2 ft. The variance of the total length of three randomly chosen balls of
yarn will be

i 6 ft?
12 ft?
iii. 18 f?
iv. 36 ft?

Sixty-four percent of the teenager population is nearsighted. Consider random
samples of 4 teenagers drawn from this population. The following are three state-
ments about the sampling distribution of the sample proportion (of 4 teenagers)
who do not suffer from nearsightedness.
(I) The sampling distribution has a mean of 36%.
(II) The sampling distribution has a standard deviation of 24%.

{III) The sampling distribution follows the normal distribution approximately.

Which of the above statements is {(are) correct?
i. Statement (I) only.

Statements (I) and (II) only.

iii. All the three statements.
iv. None of the three statements.



d) There are two urns. Bach uwrn contains 1 black marble and 2 white marbles. You
randomly draw one marble from each urn. Let X be the number of white marbles
out of the two being drawn. Then
@X is a Bin(2,2) random variable.

ii. X is a Bin(3,%) random varjable.
fii. X is a Bin(6,2) random variable.
iv. X is not a Binomial random variable.

2. The following boxplots show left hand lengths. The boxplot on the left shows data
from left handers. The boxplot on the right shows data from right handers.
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Which of the following statements is (are) correct about the distributions of the left
hand size data for the two handedness groups? Check all that apply. [4 marks]

i The distribution among the right handers is skewed to the right.

For the distribution among the right handers, the first quartile is the same as the
third quartile.

__ The left and right handers have roughly the same mean left hand size.

.. More than 25% of the left handers have left hand sizes that are shorter than the
minimum left hand size of the right handers.



3. A farmer wants to study the effect of plant density on tomato yields. He buys two
varieties of tomato plants: A and B — 24 each. He then randomizes the 24 plants of va-
riety A to one of the three density choices: 4 plants/m?, 6 plants/m?* and 8 plants/m?.
He does the same to the 24 plants of variety B. At harvest, he measures the yield (in
kilograms) of each tomato plant.

Identify the following components of the farmer’s experiment to study the effect of
plant density: [12 marks}

a) experimental units: €O mato plants

b) factor(s) (how many and list it / them all):
1 factor = plant denstty

¢) levels of each factor (how many and what are they?):

3 levels of plant density = 4, b, & plants /m*

d) treatments (how many and what are they?):

3 treatments = 4, b, 8 plants /m?*

e) response variable:

yield of a tomato plant

f) design type (check only one):

_ completely randomized design
_\’_’_ randomized block design
__ mafched pairs design

Which of the following is (are) involved in the experiment? Check all that apply.

V' Replication.
___ Confouding,

A control group.



4. Your friend, Carl, has been doing a research project about the coffee drinking habit of
UBC students. Last Wednesday during 7:30-8:30 am, he stood next to the Starbucks
coffee counter in the SUB and interviewed all students who bought coffee there.

Carl asked each student two questions:
1. How many cups of coffee do you drink daily?
2. Do you have an early morning class (an 8am or 9am class)?

Carl] found that the average number of cups of coffee these interviewed students drink
daily is 1.78.

a) The students interviewed by Carl formed (check only one): [2 marks}
__ asimple random sample.
v/ a convenience sample.
__ a stratified random sample.
__ a multistage sample.

b} The average number of cups of coffee consumed daily by the interviewed students,
1.78, is (check only one): [2 marks]

a population.
___ asample.

a parameter.
~/_ a statistic.

¢) Do you think the average number of cups of coffee, 1.78, provides a reliable esti-
mate of the true mean daily coffee consumption of all students in UBC? Briefly
explain why or why not. [2 marks]

No, Cari’s sample suffers fom trne probiem of
undercoverage. Students who dont dnnk coffee

were not nferviewed ot all, The average, 1.8,
overestimod®s  he tue mean daltﬂ coffee onsumption .



5. The following table shows the breakdown of the annual salaries of university graduates
and the proportion of graduates falling in each income category.

Annual salary range | Proportion of university graduates
under $20k 0.15
$20k to $40k 0.45
$40k to $60k 0.30
$60k to $100k 0.09
above $100k 0.01

a) A university graduate is randomly chosen. Here are two events:

Event A : The chosen graduate has an annual salary under $20k.
Event B : The chosen graduate has an annual salary under $40k.

Are the two events independent? ___ Yes ,‘_C_No
Explain your reasoning. [4 marks]

PLAY = 018 P(B) = 015+ 0,45 =0,b0

If A has oceurred, B myst have oceurred, In other
words , The ocowmen of A hos altered the probabiidy

of 8 [ P(@)=0bo, while P(BIAY= 12, and P(B)+ P(B1A))
A, B are not (ndependenty.

O oA and B) = 0.5 F P(A) % P(B) = 0,15  0.6O = 0,09

b) Two university graduates are chosen at random. What is the probability that
one has an annual salary under $20k and the other has an annual salary between
$20k and $60k? {6 marks]

Define 2 events -
Ai = Salary 1s under 20k for the th individual
BL = salawy s between $20K and $6ok for the Uth mdvidual

P(AD= 0oug , P(BI)=0.H45+0,30=035 v=h2
P( §A, ond D2 OR 1 Ax dnd D.?;)

' A c};gjoﬁqj{; 3
PLAL and D2) + P A2 ond Dt) by addition rulle
- P(Ax ?(Dz) + PIA) % ?(Di) b‘;j WuA;Qi:\?\\CQi‘\m rwle ag £he,
0.15+ 0.7+ OI\b % 07% 2 individuela Should
=0,225 5 be ln_dﬂ/?mdg*ct.

it

Ji
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c) A random sample of 400 university graduates is drawn from all university grad-
uates. ?’Mﬁgﬁ@mﬁmafce the probability that 180 or fewer of the sampled graduates
earn more than $40k annually. State any assumption(s) you have made in the
calculation. [7 marks]

et X= ¥ gmduates out of 400 who eam > $40K &nnually.
X~ Bin(n=400, p= 0.30+0.09+0.0} = 0, 40)
we use nomal apprximation o the Binomal

check comdihons: (1) we have & randem sample of gmduaieo
(2) N=400 < 5% of populdhon size. (all graduolo)

3) np= 400(0,4) =160 710, N—-P) =240 %0
XN (= np= 6o, T=Jnplrp) = 4.797959)
P(X£180) = p(X< 180.8) & combnully comrechon

i

P(2 « 1805710 \ - p(z <2,9) = 0,98F
Q, 7979549

6. At the present time the noise level per jet takeoff in one neighbourhood near the airport
is believed to follow the normal distribution with mean 102 decibels and standard
deviation 5 decibels. Suppose a regulation is passed that requires jet noise in this
neighbourhood to be lower than 105 decibels 95% of the time. How much should the
mean noise level be lowered to comply with the regulation? [6 marks}

et X = nose level under the reguiatwon o N ( Fugw )5:5)

Want X be < i05 d& 9% of tha hma

ASSUML T
ne. P(x< o5 ) = 0,95 Y unchanged.
d ' h percenhle. A
105 dB s the 45th p & \{\ 2q e

Zos = [‘Z score for areo = O;C?S] \\\ \\\\\
\J\\ TN SR
= ,b45 - —
/U'NEUJ losy
< qu = IOS“}HNEW
o’

6
FPrgw = 105 — Gx 2q = 05— 5% 1.b4s = 96,775 d&
The mean no(se level should be lowered by
(102'— Qb. 1715 ) = £.225 4B.



7. According to a research study of fish in the Tennessee River, the weights of fish in the
river follow the normal distribution with mean 950 grams and standard deviation 180
grams.

a) True or false? The average weight of a random sample of 36 fish drawn from the
Tennessee River follows the normal distribution. This is a result of the Central
Limit Theorem. {2 marks]|

—_ True
' TFalse

b} Find the probability that a random sample of 36 fish drawn from the Tennessee
River has an average weight of at least 980 grams. [5 marks]

Let X= weight of & fish ~ N{u=q504, T=(80g)
% = average weight of b fish o N ( pg =950g,

| 80 .
O- = = :303)
A
P( X 7 980) V3b
X =950 _ q%pn-950
=P T30 7 30 )
=P(Z 7 1
’ ) //;7!'1 ;
Z L(1-068) by 45° q¢p
2 68-95-99.%
= 0,16 d






