Statistics 2000, Section 001, Final (300 Points)
Wednesday, May 4, 2011

Part I: Text Answers

Your Name:

Question 1: Statistical Inference (68 Points)

. Eight people volunteered to be part of an experiment. All 8§ people were Caucasian,
between the ages of 25 and 35, and were supplied with nice clothes. 4 of the people were
male and 4 were female. The question of interest in this experiment was whether females
receive faster service at restaurants than males. Each of the 4 male participants was
randomly assigned to a restaurant, and each of the 4 females was randomly assigned to
one of these same (!) 4 restaurants. One Friday night, all 8 people went out to eat, each
" one alone. The male and female assigned to the same restaurant would arrive within 5
minutes of each other, with the order determined by flipping a coin (male first or female
first). Each person then ordered a similar drink and & similar meal. The time (in minutes)
until the food arrived at the table was recorded. They are shown below:

Restawrant 4] 1. 2 3 4.
Male 4w 2 14 16 26
Female A4, 25 B 13 .71
d[#ﬂmc{ d; =3 2 3 5

It is reasonable to believe that the differences in serving times at the same restaurant

roughly follow a normal distribution. _ - i M{- H"i Ha *‘-’Wﬂa{.

Show your work! - é‘_ i mt ,n.dw;é hﬁ#ﬁ{n%

1. (8 Points) We want to determine whether women are served faster than men.
State the two hypotheses. Be careful what goes into the null hypothesis and what
goes into the alternative. Use the proper mathematical notation and symbols.

Gk i A Mo diflrm@ okt Bimmso ot o ke nd fimake ot
’}{o}éwilfl 'f*e'/ d;\.:)‘tm’[“/{f)‘ / 4::((2’3;.[{.
@ Hot g =0 (ﬁ.t?mbm%ﬁ#nmzpkﬂcwmgﬁ%,
(U Hu fa 20 (g, avemge difforne i > 0yt avomgs 22



G-Q_ "ﬁ“( MW*\ Jorrt”

@

2. (6 Points) Do we have to conduct almatched pairs t-test or a 2-sample t—test?
Circle the correct test and briefly justify your answer.
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3. (9 Points) Calculate the proper mean(s) and standard deviation(s). No need to
show your work for this part — just write down the final results.
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4. (10 Points) Calculate the test statistic. —
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5. (6 Points) What are the appropriate degrees of freedom for this test?
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6. (8 Points) Determine the P-value. :
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7. (7 Points) If you use the usual 5% significance level, should you reject the null
hypothesis? Yes / Circle your answer and briefly explair why/why not.
/
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8. (7 Points) If ; Qu use the 20% significance level instead, should you reject the null
hypothesis No 7 Circle your answer and briefly explain why /why not.
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9. (7 Points) Give a short summary of your conclusion for the usual 5% significance

level, i.e., how would you explain the result to a person who does not know much
about statistics?
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Question 2: Regression (87 Points)
Data were obtained from the A&LW Web site for the Total Fat In grams and the Protein

content in grams for various items on their menu. Some Summary statistics are also
provided:

Item : Total Fat {grams) meein{kﬂ' Ams}
Kid’sCheescburger -'

: 24 23
- Kid’s Hambuzper , 22 21
‘Original Bacon Checsebugger 33 27
‘Original Bacon Double Cheeseburger 43 45
OﬁginﬂDoubkC_i:eescbmgc: 42 48
" Papa Burger - 42 11 y X
e | -2 .{;.r.%;/i CM LT
X= Total Fat 43: Protein . Méé‘
Mcan 35.167 32833  lurar N 76

Standard Deviation 10,591 10362 _. ./ * ,
N Correlation £=0.983 X M x, v, gt

The scatterplot (not reproduced here) shows that there is indeed a linear relationship

between the two variables. - 44 <3 dozimek. JL‘@E}%
Work with 3 decimal digits (as above) and show your work! { 2 M}

1. (16 Points) Find the regression equation for predicting the Protein content from
the Total Fat content. }
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2. (5 Points) Using your regression equation, estimate the Protein content for & menu

item with a Total Fat content of 40 grams. . -3 4” L % M
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3. (8 Points) The “Kid’s Cheeseburger” contains 24 grams Total Fat and 23 grams

Protein. Using your regression equation, calculate the corresponding residual (i.e.,
error). Be careful with the sign! .
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4. (8 Points) The recently introduced “Triple Meat Mega Fat Burger” (not yet listed
on the menu above) contains 80 grams Total Fat. Ts it safe to use your regression

equation from 1. above to predict the Protein content for this burger? Yes /
Circle your answer and provide an explanation. = @
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Question 3: General Statistical Concepts (30 Points)

Yves Rocher, a leading producer of cosmetics, ‘includes the information below in the
package of its brand new anti-wrinkle night creme:

1. (18 Points) Assume that you are invited to 2 press conference where this new prod-
- uct is presented. You are allowed to ask THRERE different statistical questions
that apparently have not been answered on the package information above. You are
not allowed to ask non-statistical questions such as the retail price or stores where
this new product will be sold. Be precise In formulating your questions, ie., use
broper statistical terms in your questions! You can assume that the head of the

Yves Rocher Statistics Department will be at the press conference and can answer
your questions.
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2. (12 Points) Actually, the two numbers from the package information above (i.e.,
48% and 20 women) represent the only statistical information revealed by Yves
Rocher for this new product. Can you speculate why none of your questions has
been answered in the full package information? We can assume that a, well-trained
statistician such as the head of the Yves Rocher Statistics Department should have
anticipated most of your questions before they were even asked. .. Provide TWO

likely reasons why Yves Rocher may have chosen to not reveal additional statistical
information. Briefly explain each reason in 1 (or at most 2) sentences.

D T4 437, mdﬁm,&% 5> & Mloar sl A midos
v amallyr. | |

2) 'WM%L{MW%WW'
BA T ststusdiom son ruryip bl dig L and vl
-WMMM%M% %W%MW
rmgurd, bl o ool Ir, A ey de AT
/&Mm&a«»«a Aol ..

3| Yo omple oy 1o -&‘M""‘/ oy WW"%W

L i Ll MM%{,MWWWW
for Mo ot peplidion f sl o

Jiéc, -6'_>ﬁ~ra’»mm ot o
YAty din T tindicTind madk

Aot dticr ey

7 N7 98 SBPY "\""’E'Mé‘%f“
cdiiimal Atitah Al



=2 for 2l s bilin, trrer
Question 4: Probability and Expectations (45 Points) (o 2er N 4&4‘-1% }

A child is looking for the preferred kind of pralines as a Mothers’ Day gift, for its mother.
There are 5 warehouses in town. Unknown to the child, only 2 of these 5 warchouses
carry this particular kind of pralines. The child visits warehouse after warehouse until it
finds the preferred kind of pralines. The child does not go to the same warehouse twice!
Once the child has found the preferred kind of pralines, it does not go to any additional
warehouse.

Let X be the random variable thag represents the number of warehouses the child has to

visit until it finds the preferred kind of pralines. X can only take values 1, 2,3, and 4.
Show your work!

1. (8 Points) Sketch a (probability) tree diagram that summarizes the information
from the text above. Label the paths and nodes of your tree in meaningful ways.
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2. (12 Points) Use your probability tree above to read off (or calculate) the following

probabilities:
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3. (4 Points) We have discussed several probability rules in Chapter 4. Verify that
‘the two most basic rules hold in your probability assignments above. Hint: Rule 1

is related to the probability of any event A and Rule 2 is related to the probability
of the sample space S.
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4. (8 Points) What is the expected (average) number of warehouses the child has to
visit until it finds the preferred kind of pralines?
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5. (7 Points) Given that the child did not find the preferred kind of pralines in

warehouse 1, what is the probability that the child will find the preferred kind of
pralines in warehouse 2?
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Statistics 2000, Section 001, Final (300 Points)
Wednesday, May 4, 2011

Part IT: Multiple Choice Questions

Your Name:

Question 5: Multiple Choice Questions (120 Points)

Mark your answer for each multiple choice question in the table below. There
is only one correct answer for each question. The first 25 questions have four
choices, the last 5 questions have five choices. Each correct answer is worth 4 points.

| Question [ (a) [ (b) ] (©) (d) | Question | (a) [ (b) [ (c) [ (d) (e)
1L 1O0/@0|0] 16 Ol @00
2 |1@0|0|0] 17 ® OO0
3 1010 |@0O] 18 OO0 @
¢ (O|@|O|0] 19 Ol @00
5 |O10]|@|0O] 2 Ol@® 0|0
6 1@O|O|0O]| = OO0 @O
T 100 |@ 0] 2 OO0 @O
8 1010 /@ O] 2 O/ @O0
9 10|10 | @O 2 ® OO0
0 '@O0|0|lO| 2 ® OO0
I 1@O|O|O| 2 O1010|10 | @
12 10|00 |@] 27 O|l0O|@ OO
1310/ @0[0| 28 O @ O|0|l0
4 1010 @O 2 Ol0|0|0|®
L [OI0|0|@| 30 Ol10]0|@]0]
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Stat 2000, Final, Question 5 — Solutions

1. (b) t—procedures are robust against nonnormality of the population except in the
case of outliers or strong skewness. Guidelines are

o Sample size less than 15: Use t-procedures if the data are close to normal. If
the data are clearly nonnormal or if outliers are present, do not use t.

e Sample size at least 15: t—procedures can be used except in the presence of
outliers or strong skewness.

¢ Large samples: The t—procedures can be used even for clearly skewed distribu-
tions when the sample is large, roughly n = 40 or 50.

2. (a) For a fair coin, it is P(H) = P(T"} = 1/2. Thus, it is
P(H, H,H, H) = (1/2)* = 1/16 = 0.0625 = 6.25%
and
PH,T,T,H,T)= P(T,T,T,T,T} = (1/2)° = 1/32 = 0.03125 = 3.125%.
So H,H, H, H is more likely than the other two outcome sequences.

3. (c) This is volunteer sampling as the USA Today readers decided themselves to
participate by calling—in.

4. (b) An observational study, not an experiment, as the tomatoes were simply allowed
to grow in the same part of the garden in each year. There was no experimentation
being done by applying different types or amounts of fertilizer, nor using different
watering techniques, etc.

5. (c) When using t—procedures we are using two estimates based on the sample — both
the sample mean and the sample standard deviation. This additional uncertainty is
reflected in t multipliers being larger than z multipliers (see Table D). Therefore, t
invervals are wider than z intervals based on the same data set.

6. (a) As degrees of freedom become larger, the difference between the t and z distri-
butions becomes smaller. In fact, t{c0) = 2.

7. (c) The number of heads in n = 4 trials has a B(4,4/9) distribution. We must use
the formula for computing binomial probabilities. We want to know the probability
of exactly £ = 2 heads. According to the formula, this probability is PX=2)=

(4)(4/9)2(1 — 4/9)% = 0.366.

8. (c) If the students’ scores are independent, then the sum follows a normal distribution
with mean 500 + 500 = 1000 (the sum of the means for each student) and variance
1002 + 1002 = 20000 (the sum of the variances for each student). Because /20000 =
141.42, the sum of the scores is N{1000, 141.42). The desired probability is P(sum >
1200}. The z—score of 1200 is %@ = 1.41, so the desired probability is P(Z >
1.41) = 0.0793.



10.

11,

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.
22,
23.

24.

. (¢) The row total for males is 200 and the column total for those who thought a

large salary is important is 260. The expected cell count is % = 130.

(a) The degrees of freedom for a x? test are df = (r—1)-(c—1) = (2-1)-(2-1) = 1.

(a} The null hypothesis in general is that there is nothing unusual going on and all
we see in the sample is variation by chance. Nothing unusual in this framework is
“no association”.

(d) Substituting 1600 for 7 in the formula for the standard deviation, 4/ ﬂ%l, gives
£.01.

(b) The model predicts an average y value for any z, not for individuals.

(¢) To reduce the variability of a sample statistic, increase the sample size, so the
largest sample size will have the smallest variability.

(d) Bias refers to whether or not a sampling distribution has a mean equal to the
parameter. Sample size has an effect on sampling variability but no effect on bias
—- even large samples may be biased.

(b} We have I = 4 groups with 15 observations per group, so we have N = 60
observations overall. The degrees of freedom are I — 1 =3 and N — T = 56.

(a) The null hypothesis for the test is Hy : py = po = ... = py. With a p-value of
0.19, we do not reject Hy. Therefore, we can assume that all the groups have the
same mean.

(d) ANOVA requires (b}, i.e., that the data are approximately normal distributed
with no outliers and (c), i.e., that the largest sample standard deviation is no more
than twice as big as the smallest sample standard deviation. Both are fulfilled: (b)
is stated in the text and (c) is true because 4.5 < 2-2.3 = 4.6.

(b) The principles are: comparison, randomization, and repetition. See Section 3.1
(pp. 183-184) for more details.

(b) Husbands and their wives come naturally in pairs. We have two observations on
each couple. Therefore, a paired samples t—test would be appropriate here.

(¢) A voluntary response. Students must be willing to express their opinion.
(c) The 12 students interviewed make up the sample.

(b) Resort the data from smallest to largest:
-10 -5 5 8 10
Then determine a:(n_;_;) == a:(%) = Tz = 9.

(a) Calculate 5+ (—5) + (—10) = —10.



25.

26.

27,
28.

29.

30.

(a) Resort the data from smallest to largest:
-10 -5 5 8 10

Then calculate —10 - (=5) + 5 = —10.

(e} Let b = boy and g = girl. Then events A = {the next two babies are boys} =
{(6,b)} and B = {at least one of the next two babies is a boy} = {(b,9),(g,b), (b, b)}.
A and B are not disjoint as they have (b,b) in common. They are not complements as
B = {(9,9)}. They are not independent because when I know that A has occurred,
that guarantees that B also has occurred, i.e., P(B|A) = 1. Finally, P(A)=1/4
and P(B) = 3/4. So, none of the 4 previous options is correct.

c) It is 0 = 0% + 0% = 6° + 42 =52 and oy = /02 = /52 = 7.2.
153 X Y

(b) For a scatterplot, we don’t have to fix which of the two variables is the explana-
tory variable and which is the response variable. This is only required when we
calculate the regression equation. Moreover, we can use different symbols or col-
ors to display additional categorical variables in the scatterplot, such as gender or
natural habitat in some of the examples used in class. So, only (b) is correct.

(e) is correct. (a), (c), and (d) are nonsense as the graph does not show how many
times people brush their teeth nor is there any information regarding time. (b)
also makes no sense as the correlation/regression is based on averages (which is
sometimes called an ecological correlation). We may not be able to say much about
individuals. In fact, it may be the case that people who eat large amounts of sugar
regularly brush their teeth (and therefore prevent caries) whereas people who eat
little sugar don’t brush their teeth regularly (and have more caries) — and suddenly
the association within a particular country may be much weaker or it may even be
negative. Clearly, there are multiple possible confounding factors. S0, none of the
4 previous options is correct. A correct answer would be something like this: “The
larger the average sugar consumption (per person per day) in a country, the larger
the average number of decayed teeth per person in that country” or simply “There
is a positive association between average sugar consumption (per person per day) in
a country and the average number of decayed teeth per person in that country”.

(d) We have to calculate

(10N s ae 100 o . 10.9.81 -
P(X =8) = (8)0.6 0.4 —m0.6 0.4 :Wo.ﬁ - 0.4% =
16 -
%0.68 -0.4% =45.06%.0.42.



