Practice Final 1 — Math 17/ ENST 24

Name: So/u'ﬁons

Math 17/ Enst 24 - Introduction to Statistics
Final Exam

PRACTICE 1

Instructions:
1. Show all work. You may receive partial credit for partially completed problems.

2. You may use calculators and a two-sided sheet of reference notes, as well as the provided
tables. You may not use any other references or any texts.

3. You may not discuss the exam with anyone but me.

4. Suggestion: Read all questions before beginning and complete the ones you know best first.
Point values per problem (separate page for each) are displayed below if that helps you allocate
your time among problems. (would be done for the actual exam)

5. Good luck!

(Some data taken from Utts/Heckard, #2 used with permission UofM)
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1. A 1987 study of women in three different occupational groups examined the testosterone level in 46
women who were either unemployed (1), employed but whose job did not require an advanced degree
(2), or employed and whose job did require an advanced degree (3).

a. There are two variables in the study —occupational group and testosterone level. Occupational group
is an example of a _categoncal variable and testosterone level is an example of a __g uantiahve

variable. (clemr’orﬂ) ('ges,con.m)

b. If you wanted to test to see if testosterone levels were the same across all three occupational groups
on average, what procedure would you use and what hypotheses would you be testing (define your

parameter(s))?
Procedure: ANOVA

Null hypothesis: A, = M = M3

Alternative hypothesis: QX Lot tra. A,

Where __A; is Hhe /MIW«W amstagr Aerlo-sleone
’/’“Wmméﬂ'ww

c. The testosterone levels were compared using
boxplots. Does it look like all the assumptions for the

procedure you selected in b are valid? If not, which —T
one(s) are violated? ~ :

O,,\L‘Z she W) C?/\/O\/A. © .

M raalalis o -
W
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2. Farmer Jed and Farmer Joe are both turkey breeders. Unfortunately, they don’t get along very well
and they always fight over who breeds the fattest turkeys. One day, the two farmers finally agree on
something. They agree to have some of their turkeys weighed and count the number of turkeys that are
“big” (i.e. that weigh over 35 pounds). For Farmer Jed, 20 of the 50 randomly selected turkeys are “big”.
For Farmer Joe, 21 of the 65 randomly selected turkeys are “big”.

a. State the hypotheses needed to test that there is a difference between the population proportions of
“big” turkeys for the two farmers at a significance level of .05. o .04 ‘

NPTk o pp pop g fet prbegp e e
thPl Fz’ 1&4‘“

b. Verify any conditions necessary to perform the test. %
. 2 L [2 S - is Aol ool W‘-Q, e

,w./wr WW&MW

<. Ckeolc(’mw LAY Phn (1- Pt) nLF‘z n, (1 Pz.> Lz o7
20, 30, 21,497 iy 4o et
c. Carry out the test What is the value of your test StatIStIC and correspondmg p-value?
f; - f\‘P|+ f\;PL . 20 +21 - _l—ﬂ- - 3505 P| - r—"z‘,523|
SN, 50465 s
P~ P2 .Y -,3231 4
2- Pl . = 7P L8535 4 fest stor
lp("P) PIIE) [ 35es(.ouss) + (355)(e38) 0900972
N n, 50 ¢5

prvalue = 2 P(z » ,95> = 2P(z <-.85)= 2(.1971) = , 395Y

d. Based on your p-value, choose one: Reject the null hypothesis Ma the null hypothesis

e. What is your conclusion regarding the turkeys of Farmer Jed and Farmer Joe?

We do et Aone trdinee A concliroly whot Ahere o

WmWWX%M‘%%“M:W-

f. Interpret your p-value in context.

WwWW&WWYPSm,(WW
-85 . amallec in azen\aM‘/ojoKWng%

Avaly.
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3. Many people get frustrated if they have to wait in line for an extended period of time and then have

to wait while their order is completed. Assume that the total amount of time it takes at a particular
supermarket for the meat department to take and fill an order is normally distributed with a mean of 4

minutes and a standard deviation of 1 minute.

a. 10% of customers will have a total service time longer than 5. 2& minutes. (Show all work).
10 2= Xé"q 2 x= utsa
X= Y+ lLag(i)
Comst = X - 52%

Curresd 2;S I&%

b. What is the probability a randomly selected customer will have a total service time longer than 4.5
minutes? X ~ N(«.{' l>
5-Y ) §
P(x>45) = Pl(z> "~,~—> = P(z75) = P(z<-5): 3085

c. What is the probability that a random sample of n=16 customers will have an average total service

time longer than 4.5 minutes? —_ - t L
XNN(({/’> =>) X)QNN/q)/m=A>

QP( Y v4.5) = P(2> ‘*‘*q'.sz;q) " Plzra)e Pl2 <o2)

= 022%

d. If you did not know that the service times were normally distributed, would you have been able to
answer c. by relying on the Central Limit Theorem? Why or why not?

No.mwﬁwun’/éwaﬁvm&
- Xoaf/’@ he CLT,

e. Assume that same supermarket has 3674 employees in the state. Each employee fills out a mandatory
form about possible changes to health care benefits. Of the 3674 employees, 1403 are in favor of the
change. 1403/3674 is .3818, or roughly 38%.

Is the 38% described a population parameter or a statistic? POF ulabon P am ete

(monolm‘orﬂg frm =
Ile o cnsus, +he
entire e} P(/l lah on

resPomel),

What notation would be used to denote it? ?
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4. In some national parks, park rangers must deal with meandering bears. Some studies attempting to
track bears and observe their habits have tagged animals and taken measurements of the bears during
the short time they are held and the tag applied. A study of 19 female bears resulted in measurements
of neck girth, weight, length, and chest width for each bear. The park rangers are interested in
predicting weight (Ibs.) using neck girth (in.) for future tagged female bears (it is much easier to measure
neck girth than to get a tranquilized bear on a scale).

a. A scatterplot of neck girth vs. weight was generated (at

right). Does the plot suggest that a linear regression is g 1
appropriate to investigate the relationship between these g

two variables? Ygs) Ll Foin‘rs lie w(yv\g
a Aerng wath + Ma-ru, et l. °
u}s

b. The reported correlation coefficient is .89. Interpre

value. <. 89 AMW JhAt  Thang 44
o aorg (n My A%v:,) pasite Lenim :
"W‘f bhetoran W*WM N B

250
I

deta$Walght
o
°

150
Q
o
°

100
|

gk o fomade Slace. e T T

data$Neci

Selected R output from a linear regression is provided below.

Coefficients:

Estimate Std. Error tvalue Pr(>|t}}
(Intercept) -158.78 40.46 -3.924 0.00109 **
Neck 16.95 2.10 8.071 3.24e-07 ***

Residual standard error: 40.13 on 17 degrees of freedom
Multiple R-squared: 0.793, Adjusted R-squared: 0.7809
F-statistic: 65.14 on 1 and 17 DF, p-value: 3.235e-07

c. What is the equation of the least square regression line of predicting female bear weight from neck
irth?
d L= - 15878 + 16.95 X

weight neck Q]FH’
d. Obtain a 95% confidence interval for the population slope. Is it reasonable to say that the population

slope is less than 20? Explain. ﬁ*b [ en 17 dE %1 957 w 2110
b T ¢¥ sele)
. The CT amclusles 20 onol radues > 20
Joas = 2.110(2.10) ’
=) (12.5‘(7,2!- 33‘) e {oio iy Aend Ko 20,
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4 continued.

e. Predict the bear weight for a female bear with neck girth of 18 inches.

’\;,= [15%.78% + 16.95/1#) = 196. 32 |bg

f. Would you be able to make a prediction for a female bear with a neck girth of 33 inches or a male bear

with a neck girth of 18 inches? Why or why not?
No. The data %o~ Ameles, nales arol baseal on

reot
scattaplat ) 33 w0 Ak g Fhe dada Armgl g
forade Aarsd,

g. In order to check the assumptions for linear regression,
several plots were made. One plot is shown at right.

This is an example of a_Atelual  plot.

One assumption this plot is used to check is:

whechee mL et he  popalsFho
snn, fovrd Aone a comiont
Airdond Aerinion. (71 rosancs) . . o

Does that assumption appear valid? Explain. o o

W%WMMW L /

100
I

model$rasiduals

50

%‘L , /)}C b/c, Thear Ad o‘t /Lrv% 7L , , :
' banod, (The bl ot clnes T e

Aowerer madee e W A\ ”A"Y“’“/

5. True/False.

a. Power is the probability of making the correct decision of rejecting the null hypothesis when in fact
the alternative is true. @ False

b. If we fail to reject the null hypothesis that a population mean is equal to 10 at the 5% level, then we
can say that there is a 95% chance that the population mean is equal to 10.

True alse

¢. Increasing the sample size, n, results in a decrease in the power of a hypothesis test.

True
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6. A variant on the infamous “haif-full vs. half-empty” water glass experiment requires study
participants to try to draw the water line in a tilted glass when provided with a picture of the level glass.
A psychologist studied the success of participants in drawing the line within five different colleges in the
University of South Carolina on 8 different example pictures. A score of “pass” was given if the correct
line was drawn on at least 4 of the 8 pictures. 50 participants were selected from each school and
additionally, exactly half of the 50 were female and half were male from each school. The results are

summarized below.

College Business Language Social Natural Engineering | Total
Arts Sciences Sciences

Pass 33 32 25 38 43 171

Fail 17 18 25 12 7 79

Total 50 50 50 50 50 250

a. Which college has the highest success rate in correctly determining the water line?

Ensimaring 150

b. To explore the relationship between college and pass status and see whether or not pass status
depends on college, what is the appropriate inference procedure? (Be specific). Provide hypotheses for

your chosen procedure.

Procedure: 'Xz TUU(" °6 JWM
Null Hypothesis: (‘_,JL\,V_ ored s oty ane ot ~dalisf /"""%’W>,
Alternative Hypothesis: ('_,,L&,j/, arad /wud Aatus WW /W

c. The chi-square statistic for the 2-way table above is 16.915, with a corresponding p-value of .002. At a
significance level of .01, what is your conclusion for your hypothesis test in b.?

T hanr MWWWUA}LM\O/MMML
o(t//un\oéwi.

d. Interpret the test statistic. 72,, Larn °6 %W m Aha M
WWW 16.915 | ek WWW&O



Practice Final 1 — Math 17/ ENST 24

7. A researcher is interested in whether the mean weight of second babies is different than the mean
weight of first babies. She asks a representative sample of 40 women with at least two children for the

weights of the oldest two at birth.

a. What is the benefit of asking women about the weights of their oldest two children at birth compared
to taking two samples and asking the first group for the weight of their first child and the second group

for the weight of the second child?

sl o clffiriniss in wasghth sdpetif b PaHed by
%a bt for 2 dotear Adolron,

[;,e, Corndind  uthug AvCS «Z MAM>

b. Define the parameter of interest to the researcher in statistical notation and in words.

WWW e HT mw

.,Z Ll [ oAAear - trrol Arin) zjtﬂ

c. The researcher found that the mean of the sample differences (first — second) was 5 ounces W|th a

standard deviation of 7 ounces. Obtain a 90% confidence interval for the parameter you defined in b. wee 35
WPl CT A My n-4o d=5 =T n-1=39cf Fet. /690
i f( \-9 5t lca?/r>)2 5+ .87
= (/373 6.87)

d. The researcher’s question was whether or not there was a difference in the mean weights. Use your
confidence interval to answer that question and explain how you reached that conclusion. Be sure you
specify what significance level you are able to use thinking about it as a hypothesis test compared to the

confidence interval.

Significance level: . |0 A 2 soled tear (MW/% W)

Conclusion: We M eredernce Ao Cerelungle W M “© a

Ao Ao a aveman.

Reasoning:

O,{ANOTWMLCI)MW"MO‘W’
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8. On a college campus (not Amherst), suppose that 30% of students drive to campus, 50% bike to
campus, and 20% get to campus some other way each day {includes bus, walking, etc). The college
sponsors a “spare the air day” and hopes that fewer students drive to campus that day. To see the
results of the event, a random sample of 300 students were asked how they got to campus on that day.
College officials want to know if the results differ from the normal transportation patterns at the

college.

Method Drive Bike Other Total
Frequency 80 200 20 300
Expected 3 (300) = 90 | 5(300) > [50 | .2(300)> 6O 300

a. What inference procedure is appropriate to address the college officials’ question? (Be specific).
2
X éooolnm og F 3
b. Determine hypotheses for the procedure you selected in a.
Null Hypothesis: 7"]‘0‘ Pe=™ 3, Pz2> 5, py=:2

Alternative Hypothesis: Ha: No+ H,

Pl-.a A}‘PUNI\DO(AJ—ML
Pr= parp wbe bike  amel P3 = PP who ure orathon mmaHes/

c. Compute expected counts for the different methods of transportation and fill in the table above.

npe = .3 (300) = 90 n(;3=.z(3oo7=

NP2z, 5(300) = /50

d. Compute the relevant test statistic for your hypotheses
2 4 (CB), /90-90) (200- 150)%, (20-60)* gy q

,/Y = = 90 /150 60

A
e. The corresponding p-value is less than 995 which was found by looking at a Z

distribution with __J  degrees of freedom. What is your conclusion at a .01 Ievel?
o(ﬂ«é o&o/ Aere @ O L? 72 yn /

ahor o n'wbmpea(-wg
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9. A nursing student is trying to address some common patient concerns with a study on a fairly new
drug. Although the drug has been approved by the FDA, she is still interested in the side effects and
determining the effective dosage level. For each situation described, determine if the nursing student
should perform a hypothesis test, or make a confidence interval, or perform some other procedure
(specify other procedure — regression, ANOVA, chi-square test).

a. Interested in the estimated percentage of patients who suffer from nausea as a side effect

Hypothesis Test Confidence Interva Other:

b. Interested in whether 250 milligrams is an effective dose of the drug or if the dosage needs to be
L5 sPcci&c volue yra ot nO

increased.

Confidence Interval Other:

c. Interested in the relationship between days on the drug and concentration of drug in the blood for a

daily dose of 250 milligrams.

Hypothesis Test Confidence Interval Other: __ K
blc borh marailos " 3177344%,

10. An ANOVA was performed to examine differences in mean GPAs in a large introductory class ata
college in California based on preferred seat location during class. Students were asked whether they
preferred sitting in the back (1), middie (2), or front (3) of the large lecture hall and what their GPA was
for the most recent semester. The ANOVA revealed that there were significant differences in mean GPAs
based on seating preference.

Partial R output from the analysis is provided.
{
TukeyHSD(model,"seat") WAL Lt hes
Tukey multiple comparisons of means
95% family-wise confidence level
Fit: aov(formula = GPA ~ seat)
diff lwr upr
2-1 .0659 -.1028 .2347 & O
3-1 .2835 .0846 .4824 & ro O
3-2 2176  .0561 .3791 < o O

in order to determine where the differences are, after an ANOVA has indicated the null hypothesis
should be rejected, you need to perform _ynu Hv'plc com POJ‘;SO»’\ S & procedures.

Summarize the differences in mean GPAs that are revealed by the output.
The wlpwt Hhanss Aot The Wlﬂuw raan. OFPA
% St (3) sodentsy 24 W THen The mien
(e ard ko otlirg sluAcntd.
GPA A7
oR ! L2 3

——



