Review for the
Final Exam



Final exam

* The final exam for BIOE 505 will be held in this
room 12/12/2023, 8am-11am

Course Section CRN Date Day
BIOE 505 CB 54270 12/12/2023 T
Start Time End Time Room

8:00 AM 11:00 AM 1302 Everitt Laboratory



Rules

* Closed book exam; no books, notes,
laptops, smartphones, etc.

 However, calculators (not on a
smartphone) can be used.

* You can prepare one cheat sheet
(letter size, two-sided if needed)

* Printouts provided:

— Distributions means/variances/pdfs
— Standard normal distribution CDF table
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What may be on the final exam?

Probability Multiplication, Combinatorics
Bayes Theorem
Discrete & Continuous Random Variables

Joint Probability Distributions,
Covariation/Correlations

Sampling distributions and parameter point
estimation

Confidence Intervals

Hypothesis testing for one and two samples
Other topics

Look at Homework 1-5 for examples of problems



One-sample hypothesis
testing



3. (8 points) The college bookstore tells prospective students that the average cost of its
textbooks 1s $52 with a standard deviation of $4.50. A group of statistics students think that
the average cost 1s actually higher. In order to test bookstore’s claim against this alternative
hypothesis, the students bought a random sample of 100 books. The mean price of this
sample was $52.80. Perform the hypothesis test at the 5% level of significance and state your
decision.

What type of hypothesis should | apply?

C. One-sided: ;< Y,
D. Three-sided
E. | have no idea

Get your i-clickers :



3. (8 points) The college bookstore tells prospective students that the average cost of its
textbooks 1s $52 with a standard deviation of $4.50. A group of statistics students think that
the average cost 1s actually higher. In order to test bookstore’s claim against this alternative
hypothesis, the students bought a random sample of 100 books. The mean price of this
sample was $52.80. Perform the hypothesis test at the 5% level of significance and state your
decision.

The standard deviation of X in this sample is:

A. $4.50
B. 545

C. $0.45

D. | have no idea

Get your i-clickers



3. (8 points) The college bookstore tells prospective students that the average cost of its
textbooks 1s $52 with a standard deviation of $4.50. A group of statistics students think that
the average cost 1s actually higher. In order to test bookstore’s claim against this alternative
hypothesis, the students bought a random sample of 100 books. The mean price of this
sample was $52.80. Perform the hypothesis test at the 5% level of significance and state your
decision.



(8 points) The college bookstore tells prospective students that the average cost of its
textbooks 1s $52 with a standard deviation of $4.50. A group of statistics students think that
the average cost 1s actually higher. In order to test bookstore’s claim against this alternative
hypothesis, the students bought a random sample of 100 books. The mean price of this
sample was $52.80. Perform the hypothesis test at the 5% level of significance and state your
decision.

. H,:u=52
Answer: Hypothesis: g - . The critical z-value can be obtained from
' H, :u>52
. 92.8-52 . . : e L :
= 25/10 1.78 Since z >z =1.65, this test statistic lies in the rejection region for Ho. Thus

null hypothesis Ho will be rejected and alternative hypothesis H; is accepted.



Two-sample hypothesis



Mating Calls. In a study of mating calls in the gray treefrogs Hyla
hrysoscelis and Hyla versicolor, Gerhart (1994) reports that in a location in
Lousiana the following data on the length of male advertisement calls
have been collected:

Sample Average SD of Duration

size duration duration range
Hyla chrysoscelis 43 0.65 0.18 0.36-1.27
Hyla versicolor 12 0.54 0.14 0.36-0.75

The two species cannot be distinguished by external morphology, but H.
chrysoscelis are diploids while H. versicolor are tetraploids. The triploid

crosses exhibit high mortality in larval stages, and if they attain sexual
maturity, they are sterile. Females responding to the mating calls try to
avoid mismatches.

Based on the data summaries provided, test whether the length of call is
a discriminatory characteristic? Use a = 0.05.



Sample Average SD of
size duration duration
Hyla chrysoscelis 43 0.65 0.18
Hyla versicolor 12 0.54 0.14

Based on the data summaries provided, test whether the length of call is
a discriminatory characteristic? Use a = 0.05.



Sample Average SD of

size duration duration
Hyla chrysoscelis 43 0.65 0.18
Hyla wversicolor 12 0.54 0.14

Based on the data summaries provided, test whether the length of call is
a discriminatory characteristic? Use a = 0.05.

Use two-sided hypothesis

z_{alpha/2}=1.96
Z=(0.65-0.54)/sqrt(0.18.42/43+0.14.A2/12)=2.2516
Since Z> z_{alpha/2} null hypothesis can be rejected

=l



Confidence intervals



2.

(6 points) The operations manager of a large production plant would like to estimate the mean
amount of time a worker takes to assemble a new electronic component. Assume that the
standard deviation of this assembly time 1s 3.6 minutes. After observing a sample of 100
workers assembling similar devices, the manager noticed that their average time was 16.2
minutes. Construct a 90% confidence interval for the population mean of the assembly

A ke
What Z should | look up in the table?

A. O(Z)=0.9
B. ®(Z)=0.05
C. ®©(Z)=0.95
D. ®(Z)=0.1
E. | have no idea

Get your i-clickers
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2.

(6 points) The operations manager of a large production plant would like to estimate the mean
amount of time a worker takes to assemble a new electronic component. Assume that the
standard deviation of this assembly time 1s 3.6 minutes. After observing a sample of 100
workers assembling similar devices, the manager noticed that their average time was 16.2
minutes. Construct a 90% confidence interval for the population mean of the assembly
fime.

What Z should | look up in the table?

A. ©(2)=0.9
B. ®(Z)=0.05

C. ®(Z)=0.95

D. ®(Z)=0.1
E. | have no idea

Get your i-clickers
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2. (6 points) The operations manager of a large production plant would like to estimate the mean
amount of time a worker takes to assemble a new electronic component. Assume that the
standard deviation of this assembly time 1s 3.6 minutes. After observing a sample of 100
workers assembling similar devices, the manager noticed that their average time was 16.2
minutes. Construct a 90% confidence interval for the population mean of the assembly
time.




2,

(6 points) The operations manager of a large production plant would like to estimate the mean
amount of time a worker takes to assemble a new electronic component. Assume that the
standard deviation of this assembly time 1s 3.6 minutes. After observing a sample of 100
workers assembling similar devices, the manager noticed that their average time was 16.2
minutes. Construct a 90% confidence interval for the population mean of the assembly
time.

Answer: Let /4 denote the mean assembly time (in minutes). We want a 90% confidence interval for

H based on the following information; n =100, X =16.2, @=0.1, 0=3.6 . Since O is known, we can
use normal distribution to calculate confidence interval:

— O
X+7

al2 ﬁ

~16.2+(1 .65)% ~[15.61,16.79]



What is X in this problem?

 What is X? Look for keywords:
— Find the probability that....
— What is the mean (or variance) of...

 What are the parameters?
Look for keywords:

— Given that... 3. Find x.
— Assuming that...

e |s X discrete or
continuous?

3cm



Discrete Probability Distributions



(8 points) You are doing a long series of experiments. Assume that each of your experiments
has a probability of 0.02 of succeeding. Assume that your experiments are independent.
(A) (2 points) What 1s the probability that you first succeed on tenth experiment?

(B) (2 points) What 1s the probability that 1t requires more than five experiments for you to
succeed?

(C) 2 points) What 1s the mean number of experiments needed to succeed once?

(D) (2 points) What 1s the probability that the second experiment that worked 1s the tenth one
since you started?



2. (8 points, 2 points each) You are doing a long series of experiments. Assume that each of your
experiments has a probability of 0.02 of succeeding. Assume that your experiments are independent.
(a) What 1s the probability that you first succeed on tenth experiment?

P(X=10) = (1-0.02)° *0.02 = 0.0167

(b) What 1s the probability that it requires more than five experiments for you to succeed?
P(X>35)=1-P(X=1)-P(X=2) - P(X=3) - P(X=4) - P(X=5)
=1 —0.98°*0.02 — 0.98! *0.02 — 0.98% *0.02 — 0.98° *0.02 — 0.98* *0.02 = 0.9039
Easier solution: P(X>5)=0.98°=0.9039

(¢) What 1s the mean number of experiments needed to succeed once?

Since X follows geometric distribution., the mean value of X 1s 1/0.02 = 50.

(d) What 1s the probability that the second experiment that worked 1s the tenth one since you started
Probability = 9*0.02*0.98* *0.02 = 0.0031



Continuous Probability Distributions



(12 points) Time interval separating
subsequent bus arrivals at a stop is an
exponential random variable with mean
20 minutes. Steve and Andrew work at the
same place and each will be late to work
unless they board a bus on or before
8:40am. Steve comes to the bus stop
exactly at 8am. Andrew also comes to the
same bus stop but at a random time,
uniformly distributed between 8am and
8:30am. Both of them take the first bus that
arrives.

(a) (4 points) What is the probability that
Steve will be late for work tomorrow?

(b) (4 points) What is the probability that
Andrew will be late for work tomorrow?

(c) (4 points) What is the probability that
Steve and Andrew will ride the same bus



(12 points) Time interval separating subsequent bus arrivals at a stop is an exponential random
variable with mean 20 minutes. Steve and Andrew work at the same place and each will be late
to work unless they board a bus on or before 8:40am. Steve comes to the bus stop exactly at
8am. Andrew also comes to the same bus stop but at a random time, uniformly distributed
between 8am and 8:30am. Both of them take the first bus that arrives.

(a) (4 points) What is the probability that Steve will be late for work tomorrow?
1 40
Answers: P(Steve late) =1-P(T < 40)=1 % [e"*dt =™ =0.1353
0

(b) (4 points) What is the probability that Andrew will be late for work tomorrow?

Answers:
30 30 230 2

P(Andrew late) = | X ST sl [T o | X -ao-xy0 _ € [ edx = 2087 (0@ _1) = 0.3141
} 30 1 30 30 ) 30

(c) (4 points) What is the probability that Steve and Andrew will ride the same bus?
Probability that Steve will not leave by the time x when Andrew comes is exp(-x/20).

It needs to be integrated over Int_0730 dx/30 exp(-x/20)=

?’fﬂ 20 _ 20

Answers: P(Steve and Andrew meet) = e
- 30 30

(1-e7%°)=0.5179
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Bayes theorem



Kokomo, Indiana. In Kokomo, IN, 65% of the people are conservative,
20% are liberal, and 15% are independent. Records show that in a particu-
lar election, 82% of conservatives voted, 65% of liberals voted, and 50% of
independents voted. If a person from the city is selected at random and it

is learned that she did not vote, what is the probability that the person is
liberal?

Kokomo / County

Delphi Galveston Converse

Flora @ T Marion
N |
Kokom? Greentown @j Gas City Upland
f:: Fairmount
|

Dayton @

Map daiﬁmlﬁ Google

Howard County, Indiana

As of the 2010 Howard County
census. the 73 of 73 precincts reporting

4
population was CANDIDATE PARTY VOTES PCT.
82,752. The M Donald J. Trump  Rep. 23,675 63.4%
county seat is M Hillary Clinton Dem. 11,215 30.0
Kokomo, IN. B Gary Johnson Lib. 1,864 5.0

IR 1cia g R



Kokomo, Indiana. In Kokomo, IN, 65% of the people are conservative,
20% are liberal, and 15% are independent. Records show that in a particu-
lar election, 82% of conservatives voted, 65% of liberals voted, and 50% of
independents voted. If a person from the city is selected at random and it

is learned that she did not vote, what is the probability that the person is
liberal?



Kokomo, Indiana. In Kokomo, IN, 65% of the people are conservative,
20% are liberal, and 15% are independent. Records show that in a particu-
lar election, 82% of conservatives voted, 65% of liberals voted, and 50% of
independents voted. If a person from the city is selected at random and it

is learned that she did not vote, what is the probability that the person is
liberal?

P(L|NV)=P(NV|L)*P(L)/P(NV)=0.35*0.2/(0.18*0.65+0.35*0.2+0.5%0.15)=0.2672



Joint Probability Distributions



. (20 points) The joint probability mass function of discrete random variables X and Y taking values x = 1,
2,3andy =1, 2, 3, respectively, is given by fxy(x, y) = c*(x + y). Determine the following:
a) (2 points) Find c

b) (2 points) Find probability of the event, where X=1and Y <3

c) (2 points) Find marginal probability Py(Y = 2)

d) (2 points) Find marginal probability distribution of the random variable X

e) (2 points) Find E(X), E(Y), V(X), and V(Y)

f) (2 points) Find conditional probability distribution of Y given that X =1

g) (2 points) Conditional probability distribution of X given that Y = 2

h) (2 points) Are X and Y independent?

i) (2 points) What is the covariance for X and Y?

i) (2 points) What is the correlation for X and Y?



1. (20 points) The joint probability mass function of discrete random variables X and Y taking values x = 1,
2,3andy =1, 2, 3, respectively, is given by fxy(x, y) = ¢*(x + y). Determine the following:

a) (2 points) Findc
b) (2 points) Find probability of the event, where X=1and Y <3

c) (2 points) Find marginal probability Py(Y = 2)
f) (2 points) Find conditional probability distribution of Y given that X =1

N
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1. (20 points) The joint probability mass function of discrete random variables X and Y taking
valuesx =1, 2,3 andy =1, 2, 3, respectively, is given by a formula_fxy(x, y) = c*(X +y).
Determine the following:

a) (2 points) Find c

Answer: D f(x,y)=c*(2+3+4+3+4+5+4+5+6)=1, ¢*36 = 1. Thus, ¢ = 1/36
R

b) (2 points) Find probability of the event where X=1and Y <3
Answer: P(X =1Y <3)= f, A, D+ [, 1,2)=5-(2+3)=5/36
c) (2 points) Find marginal probability Py(Y = 2)|
Answers: P(Y =2)=f,,(L2)+ [ (2,2)+ [, (3,2) = 3lﬁ(3»+4+5) =1/3

f) (2 points) Find conditional probability distribution of Y given that X = 1

Answers: fY|X( )= %
¥ fyx(y)
1 (2/36)/(1/4)=2/9

2 (3/36)/(1/4)=1/3
(4/36)/(1/4)=4/9

w




WHY DO WHALES JOMP £ o it xkcp WHY ARE. THERE SLAVES IN THE BIBLE

WHY ARE. WITCHES GREEN = WHY DO TWINS HAVE DIFFERENT FINGERPRINTSE\WJHY 1S HTTPS

W&T%”fogaﬁ\?“m D comics \HY ARE. AMERICANG AFRAID OF DRAGONS <WHY T@;ﬂggg A EM%E%E%U&H HTIPS
WHY I SEASALT BETIERDI WHY IS HTTPS IMPORTANT
ARE. THERE TREES N THE MIDDLE OF FELDPS

WHY ISTHERE LAVGHING IN TV SHOWS ARMS GROWING

WHY ARE THERE DOORS ON THE FREEWAY

WHY ARE THERE S0 MANY SVCHOST.EXE wwei‘ 2 \—
WHY ARENT THERE ANY COUNTRIES IN ANTARCTICA
WHY ARE THERE. SCARY SOUNDS IN MINECRAFT

LG e —
WHY ARE THERE CELEBRIMES o 00 A LL IT S0CC WHY ARE THERE S0 MANY CROWS IN ROCHESTER,
\HY DO SNAKED EXISTS LIty ARE My’ EARS RINGINGS WHY 1S PSYCHIC WEAK, TO BUG

o RS e FER2 S (EER HYARE THERE 50 HANY AVENGERGA WHY DO CHILDREN GET CANCER ¢~

WHY D0 THEY CALL IT THE. CLAP B WHY ARE. THE AVENGERS AGHTING THE. X MEN & WHY 19 POSEIDON ANGRY WITH ODYSSELS
i A, A A AR PRI . LY 1o LIOLVERINE NOT IN THE AVENGERS 2 WHY 1S THERE. ICE. IN SF’I‘E’iCE.Q‘<

Wé‘éﬁmﬁm’*””"m” WHY ARE THERE ANTS IN MY LAPTOPSR

WHY ARE THERE. MUSTRGHED m%"mﬁﬂaﬁas Ldm E sEPgFf:rE{ [;'Lg’CEE% wWHY ARe THere | WHY 1S THERE AN OWL IN MY BC\CWF\RD

WHY ARE. THERE. 50 MANY BIRDS IN OHIO GHOSTS | WHY 1S THERE AN OWL OUTSIDE MY WINDOW
S M Ol LB i L (LhYETHERE AUCLL OVTHE DOULAR B 2993
WHY ARE THERE MALE AND FEMALE BIKES & \WHY DO OWLS ATTACK PEOPLE
Y PEEERE SRUETARSE \JHY ARE. THERE TINY SPIDERS IN MY HOUSE __‘ WHY ARE. AK Y75 SO EXPENSIVE % D

ety s WHY DO SPIDERS COME INSIDE. X WHY ARE THERE HELICOPTERS CIRCLING MY HOUSE

WHY ARE. THERE | & WHY ARE THERE HUGE SPIDERS IN MY HOUSE WHY ARE THERE. GODS ©—

SQUIRRELS =| WHY ARE. THERE. LOTS OF SPIDERS INMY HOU&E WHY ARE THERE. TWO SPOCKS XL LJW HREIE%EG%RIEKTJIEI?HLE% z

WHY ARE THERE SPDERS IN MY ROOM T LAY 16 MT VESUVIUS THERE. = ohiy 1 seece thine 9 9
Q0 [ER 0o 6P Bites 7 WY DO THEY SAY TMNus SEEE i o9

FWHY 15 DYING 50 SCARY ZWHY ARE THERE OBELIKS it el eomere

| ¥ m W WHY ARENT
w [\ SRR e e 1MUHYARE LRI AL LET ) ) s

|
- Dl

WHY 15 PROGRAMMING SO HARD — E’OIMPOW o
P S s " AUHY 15 ARWEN DYING 25
(2R
N<)

UHY 15 THERE. NOT A FOREMON MMO g E| WHY ARENT MY
=
N

ZAZZIG 7334 104 AHM
< SX33M F3HL 339 AHM

\WJHY DO TREES DIE Sm: .;%ﬁx?—o ‘&?ﬁﬂ‘& F}E 3 =WHY ARENT MY QUAIL LAYING EGGS WY ARE. ULTRASOUNDS IMFORTANT
B T WHY ARENT MY QUAIL EGGS HATCHING & Ui 6 Sreainic: wions
WHY AREN'T THERE ANY FOREIGN MILTARY BASES IN AMERICA

WHY ARENT POKEON RERL < It S B Reb 0TS ONEY s 20
r
He sreester som R WHY 1S LYING GOODH







FWO\?\{/W\ {& -[“9/'“’\ Yo

ook becm (Simplified)

Drobad | (¥ of &rranpd
letters WQ&LO 5 Se A
M ot & gh’\ﬁu
P@g(\_ﬁ% L\O\—S H«L Corg

) edher









