SOLUTION]

' 1 Suppc)se a 5|mpEe random sample of size n'= 16 from some populat!on of interest has a i
L sample mean of 3.5 and sample variance of 4. ' - ' X

- 5T551 Midterm:

(a) What is the value of the ¢-statistic for testmg the hypotl‘eS;s that the populat;on mean (3)

is 27 H° e 7

'l; = 35-2 . __LE——-—“ = 3
Tore /%
4N
(b) What critical value should you use to perform a one-sided level &« = 0.05 test of (3)
Hy : =2 vs. a greater alternative H4 : p > 27 You can write your answer in R code
or notation. {: or netaition Vet
-L - -
e Yoy, b = “~(18),048 t.s (0-25)
OR,

. qt(oas, df=1s)

(c) Sketch a diagram of the appropriate reference distribution, including the observed test (3)
statistic, and shading in the area required for a two-sided p-value for the hypothesis

H{}:M=2. \<' tlg

™

o 3*“'*-—-0‘0& tg.;’( s‘roi.

(d) Construct a 95% confidence interval for the population mean. : (3)

Some possibly useful quantiles of the t-distribution are:

t(lﬁ},O.QS = quOl'ln(O.QS, df = 16) = 1.75 - -
t(16),0.975 = qnorm(0.975, df = 16) = 2.12 £ S &2
t(lS),O.QE) == qﬁOI'IH(O.QS, daf = 15) = 1.75 Y t"s ‘... .‘Yl W
t(is),0.975 = qnorm(0.975, df = 15) =213 < ‘

{Make sure you clearly indicate which one you use.)

2.5 * 213 (V}
1.5 ¥ 218 (0)
a5 . (L - (z-ggglg.geoQ)

3 Exam continues on the next page ..
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ST551 Midterm

2. Short Answer Give a 1-2 sentence answer to each question.

(a) When are causal inferences statistically justified? (3)

o T & fondOwaze & Lx?uimi

’ ’S& K esdmedn Cie_ \rar\alovag .o\ssagm.o;\

(b) Describe what is meant by the sampling distribution of a statistic. (3}
A\ ?os>'§:\,e < wb.s gco;w e Papu&aﬁa —

(c) Give the interpretation/definition of a p-value. (3)
The prokediy, it andlns Ko,
OJ{ A.u:inﬁ ‘ JCagk rodSehi o5 of  wele
vcktome Han Hoodk  obsovedl

4 Question 2 continues on the next page..
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(d) Consider two possible test procedures for testing a hypothesis about the population (3}
median: test A, and test B. Below you see plots of the rejection rate for a level o = 0.05
test for various sample sizes, based on simulation, for a particular setting where the
population median is 10. In this setting, which test would you prefer to use and why?

Ho:M=10 Nl *esa, "we-“{@ Ho:M =20 ok False, Powes”

2580 [

1.00
£.08-

0.75 4

006 i test fest
—A i — A
-8 2 o504 | -B

0.04

Proportion of tests that reject null
Proportion of tests that reject null

0 50 100 150 200 o 50 100 150 200
Sample size, n Sampie size, n

?(&&d Eb Bt N B R sean Yo have MH

Tuﬁ?&,i eSTof Aose 'lﬁt) ®=0-05 .

B ey als powes NP %W"?L

S\Te-S$ .

() Is the Wilcoxon Signed Rank test a good test for a population median? Why or why (3)
not? ' '

Onlu\\ i'g 50L\ &M "(LL CLQSM\TO-. -\\r\«.k
e popodoXion b swweadiic. Ol

\jf Y Abjf e_,mc_.'& nol

5 Exam continues on the next page ..
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3. | bought a bag of fun size candy bars containing Mars and Snickers. I'm suspicious that the
manufacturer doesn't put in equal proportions of the two types of candy bar. In my bag
there were 20 bars total, and 8 were Mars.

Assume the contents of my bag are like a random sample from the population of candy bars
that get put in bags.

You'll find two Binomial distributions that may be helpful on the opposite page.

{(a) Find the exact two-sided p-value for the null hypothesis Hy : p = 0.5. (4)

uSt‘. @\ﬁo,\h&o&k (7,0/ 0.5 £&— dk.\‘b\' Qa\’ X'z &Mu_g
whe~  Aauwdk is Frue

p- 2 | 0O\2+ O0-0F, 1 0:083F 10015+ O‘Oog*o‘o‘ﬂ)

OR. (\m (o-\e +

- - O {¥b *
= 050k Ot )
(b) What conclusion would you make at level a = 0.057
p >> 005
Foul Yo ¢ L\SQ X Hb

{c) Would you recommend using the Approximate Binomial Test here? Why or why not?

(pe =10 > S & w(l-pN=lo>g
3@)@,& D ﬁuo{oLuL{N_, '*\..L A?ecg%;haia— '&;‘V\OM‘&L Te.){
bk\ow\o{ ba_. ®\<

GL&\* "\\.50 ‘?or +‘\l\<‘e’3 a\:vvJ\, «;,.mouu\ n,
%SU)M’}&C(_ exac¥aess a:\’c_,)

6 Question 3 continues on the next page..
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Binomial( 20, 0.5)

0.20+
0.176
c1s] o186
0,15
0.12 0.12
3
VI RUE
x O
& 0,074 h.074
0.05+4 0.037 D.037
0.0k5 op15
| oo g oo Lo
0 5 g a‘\ 10 15 20
X
Binomial( 20, 0.4)
0.20+ '
0.18
0.166 Jo.16
0.154
0.124 b 117
=
- |
s 010
T 0.075 071
0.051 0.035 .035
0.01p olo1s
0 o 0.003 0.005 0,0 0 0
vood 003, 2995 6000 o
0 5 10 15 20
X

7 Exam continues on the next page ..
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4. Researchers are interested in understanding the relationship between the analytic skills of
young gifted children and their parents' Q.

For 36 gifted children they find the difference in IQ between their mother and father (father's
IQ - mother's 1Q).

The researchers conduct a t-test of the hypothesis the mean difference in 1Q between the
father and mother is zero, against a two-sided alternative. They obtain the following results
from their statistical package.

p-value = 0.009898
Sample mean = -3.3888889
95% confidence interval = (-5.9108828 , -0.866895)

(a) Write a statistical summary based on these results. (5)

Thate coAulr\u‘.Ac\ evidace, o meen IQ &*‘(\Qdug.a_
O Ve PP Cots 5 ok amodhas’s of %l-QbLA dildsen & adf
2250 <Df~@w Sovmpha k-task oF cL(-Q-g.uq_A.-._q,.‘:} p = 0-015,

T eshimodlid ok avothaus bowse , OA ONETARL . Crn T
3G poits highas  Her Ao LHhss TO

W as/ co-fidence, o rothers bave | on avernae o
TO  bedwsn 08F od S AL poids hidws then
Mo Ll

(b) What additional information do you need to decide whether the inferences in your sum- (2)
mary are justified? '

(\——; AV %aQuMms \0 Mﬂgu c\fm\che/\.
e razd Ao krow dew dese 726 ghildien

Wede &Wkﬁf& ?a?uj\uxg&,., ’;AE;UMLLS oSe 0,\5
5"‘5%&‘@5‘ s these 3 dnilden woe « (orclogn

5M*@(~‘~ fiorn \wg&f @ngﬂ 4 f&h@k t\m&p\!M'

8 Question 4 continues on the next page..
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(c) What procedure would you recommend to the researchers if they were more interested (1)
in the median difference in 1Q between the father and mother?

glcb.\ “\fe,,bki .

(d) What is wrong with conducting two hypothesis tests, one for the mean and one for the (2)
median, and then reporting only the result with the smaller p-value?

Q@qmd&;rﬁ monu bk oud ML\B f&gu(‘w"\ Soma
C\.e. A pwote “s\';&mgic@w%”\ s e aww\q_ o 3?,,\,\%9\&;,%_
Th b wdthicd ad eds o invelidediny He
(hs’\w& gwgmmmq, of e tists.

9 Fxam continues on the next page ..
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5. True/False Circle one, you do not need to give justification.

(a) With a large sample size, the t-test will produce approximately valid inference for the
population mean even if the population distribution is not normal.

B. FALSE

(b) A p-value of 0.20 provides convincing evidence the null hypothesis is true.

]

A. TRUE B FALSE

(c) Hf a two-sided p—vélue in a t-test for testing Hy : = 0 is greater than 0.05, then 0 will
be in the 95% confidence interval for p.

B. FALSE

(d) The null hypothesis in the one-sample Z test is that the sample average is some value
Lo-

A. TRUE B( FALSE

(e} As the sample size increases the power of the 7 test for a fixed alternative decreases.
b

A. TRUE B{FALSE

_ 10 . Exam continues on the next page ..
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