Math 316 Fall 2024 Exam 2 October 3, 2024
Name: gﬂ / w‘l”ﬁ’h S
Problem T/F 1 2/3 | 4/5 Total
Possible 30 28 15 27 100
Received

FOR FULL CREDIT, SHOW ALL WORK RELATED TO FINDING EACH SOLUTION.

Calvin and Hobbes

You KNOW, T
DONT THINK
MATH 1S A
SCENCE. I
THINK (TS

A RELIGION,

by Bill Watterson

YEAW. ALL THESE EQUATIONS
ARE LIKE MIRACLES. YoV
TAKE THO NUMBERS AND WHEN
» YOU ADD THEM, THEX MAGIQUY
BECOME ONE NEW NUMBER /
3 NO ONE CAN SAY HOW (T
HAPPENS. YOU EITUER BELENE
T OR You DONT.

THIS WHOLE BOOK 1S FulL
OF THINGS THAT HAE TO
BE ACCEPTED ON FAITH/

s A

AND IN THE | AS A MATH
PUBLIC SCHOMIS| ATHEIST, T

NO LESS. CALL |SHOULD BE EX(WKED
A LANNER. FROM THIS .

REL\GION !

BUT HOW CAN WE
APPEASE THE MIGHTY
SNOW DEMONS IF

ANY LEMNES 7/

WE'LL HANE A
WARM WINTER /

i,

s$

WE DONT SACRIFICE

YOUR GRASP OF THEOLOG
QR METEQROLOGN 1S
THE MORE APPALLING .
Cpbsalisass

T GUESS T'lL GO
LIGUT SOoME CANDLES
AROUND THE TOROGGAN

T DONT KNOW WHETHER l
N




True/False. Answer the following True/False questions (circle T or F), each worth 2 points.

T @ In comparing two samples, if |y; — ¥,| < 0.1, then the test statistic

ro— Yi— Y2 /\//7‘ n—ecc&%.rf’j,e_?.
S_— . -~
ﬁ_l_ﬁ l'\'9+ %, Slmsz K Mje,_

will be close to 0.

T @ For a sample of some fish of a certain type, we find the mean length and standard
deviation and we find the resulting 90% confidence interval of (17.8,22.2),
thus we are 90% confident that the sample mean is between 17.8 and 22.2.

be in order to achieve a certain Confidence Level and Power Level. ouU Cam cee +heg
Table b.

F Given samples of sizes 2 and 3, if using the t-test, it is possible to get a test
statistic of t; = 6.5. F, uwhf be any value

@ F The smaller the Effect between two samples, the larger the sample sizes need to
T

Given samples of sizes 2 and 3, if using the Wilcoxon-Mann-Whitney Test, 1
is possible to get a test statistic of Ug = 6.5. MM( Hs value pr' be 2-3

®
T ( F ) It is possible to have a 95% confidence interval of (12, 14) and a 90% confidence =6
interval of (11, 15). gM"M m’F. <-=> narvower wm-feq vn//

T @ A smaller sample size n will typically result in a smaller sample standard

deviation s.  J5 anyg N, s ~ g.
@ F If comparln tw i sample means the sample sizes may be different.

enenl more € ec-/we ' n, xn;.
T % A conﬁdence level of 95% 1s the same z;! a 51gn1ﬁcance level of a = }& .05 .
F

If P > a, then we reject the alternative hypothesis Hy: 1y # u, andacceptthe
null hypothesis Hy: 1y = Uy /V«e/v-\"/l

If we have P < a for a non-directional test, then it is guaranteed that we will
have P < a for a directional test. P -Fm d.redwﬂﬂ[ s 5 P o2 nem- »é.mohm»f

In creating a confidence interval, assuming all other sample Values are the same
(sample means and standard deviations), larger sample sizes will lead to larges

(wisles—loss=praaies) confidence intervals. Nnarv2Wen

doubling the sample size will approximately halve the margin of error ii.e. the

width) of the confidence interval. Wy 1| reduce “PproL - ‘_.=-
<

“Power” is the likelithood that we will conclude that the population means are

®
T @ If creating a confidence interval for a population mean from a single sample,
@ When in fact they are.

d
@ F If in testlng a hypothesis we choose a = 0.05, then there is up to a 5% chance
we might make a Type I error if we decide to accept Hy: py # Us.

2



28 points 1. Biologists have theorized that male Monarch butterflies have, on
average, a larger thorax than do females. A sample of male and female
butterflies yielded the data at right. Use df = 22. n| 11 15

Show all work in answering these questions. 68 66

/9 Find a 95% confidence interval for the difference in the population | o | 5~ 23
means. At 95% confidence, would you conclude that male thorax size

is different than fem.e'l_le? 2 3 T, 3?2
MMy =(LB=-0L)T 2.0%4 /T+ —=
c—————
l. 00 3+%
So (-.041‘/.07), whoch coufFrens 0‘ .
So i+ u possible That A4 —H2 =0, l.-*-‘- M, = My
M = M (ﬁws Aoes not mesn
frat we ﬂwep'//moluaff M, =M, )

/8 At a = .05 significance, use a t test (and find the P-value) to determine whether we
should reject the hypothesis that Hy: tymqie = lremaie and accept the non-directional
alternative  Hy: lUmaie # Hfemale-

Male | Female

<

o do not rject H

~bb
-{;s = L3 _ = 2 _ = /1.955
z.2°, 2.3 /. 00 3%
" Is anea of

From Table 4: 025 < one f2if <. 02

M<'&é

So Lo not rgaﬁf HO .
You should have found that we would not reject H,. How large would t; have needed
to be for us to conclude that pyq1. # Uremate?

Nefd t, > 2.0¥

/4

/4 At a = .05 significance, use a t test (and find the P-value) to determine whether we
should reject the hypothesis that Hy: Umgie = Hremate @nd accept the directional
alternative  Hy: Umaie > Uremale-

025 < P< .03 So P<00;’ (2] l'l'dedf hﬁ)
' N Cce ])+ HA ’
/3 At a = .05 significance, use a t test (and find the P-value) to determine whether we

should reject the hypothesis that Hy: lUmgie = Hfemate and accept the directional
alternative  Hy: Umaie < Ufemale-

SMWP'{ 6' > 52 v uf\»uj 0&!‘607‘7011
(<0 P> -5)
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9 points

6 points

/3

/3

2. In the previous problem, decide whether each of the following

P Male | Female

would result in a smaller or larger test statistic t; = o .
Y1-Y2 n 11 15

Assume all other values, as given at right, remain the same. =
Just write “smaller” or “larger” in each box. Y 68 66

You should not have to (nor do you have time to) compute t,; for s| 27 23

each situation; just think about what effect each change would have.

Change Smaller or larger tg ?
Decrease mean Female thorax weight from 66 to 65. l_OU—ﬁM
Decrease Male sample size. SM lrer
Increase standard deviation in Male sample. Cma | 'e '

. Suppose that the mean and standard deviation in Male and Female thorax weights

(estimated from previous samples) are approximately

Male | Female
68 66
2.7 2.3

Suppose that we wanted to take samples from each population to determine whether
mean thorax weights are different in Males vs. Females. In order to have

é'F?ef et = ég-éé

2.7
how large would our samples need to be?

bt G on 2 b [Fm Effect 7o), = .34

Two tailed, Significance @ = .02, Power = .95

[u1—po|

In general, assuming the same Significance and Effect Size and two-tailed test,

how would increasing the sample size change the Power level‘? Would Power level

decrease or remain the same?
Prwed T

Sample sie T <=



n>+% n, =%
13 points 4. Consider the data at right. Y Y.
1 2
/7 Find K,, then use the Wilcoxon-Mann-Whitney Test to 17 4
determine whether the populations from which the samples
. 20 13
are taken have different means. Use a = 0.05. 2 14
Kzzl';'(:b'b-‘ll) ” s
Uu = ) 170 16
5 { .0% 190 18
o < U <43 So P£ 0% | 505 310
o< P < 189 s do
..> . r.ﬁC"H:ﬂz'“" K_41 K_7
Jj o ] 1 — 2 — i
(Ao‘]’m./'j o< P )
2 If the data values were different (but still 7 values in the first column and 8 values in the
second column), what is the smallest U; could possibly be, and what is the largest U
could possibly be?

.. S
Moy @ F-8 =56, Mo @ 7 = 25

/4 Suppose that the value of 18 in the second column were instead 21. Would the resulting
Us and P values be larger or smaller? (Just circle Larger or Smaller for each.)

New values @ U Larger For all tests ¢

- =/ -
=40, K, b P (Larger ) Smaller Larger test sfathishc

= 4D =5 Swmaller Pvdue.
14 points 5. Six 3-year-old sheep were injected with an antibiotic. Their blood serum concentrations
of Gentamicin 1.5 hours after injection were as follows:

34 26 34 31 23 30
For these data, the mean is 29.7 and the standard deviation is 4.4,

{

/7 Construct a (two-sided) 96% confidence interval for the population mean.

w=29. 3t [20FFF () e 2PT< < 3445
k_/ﬁ'\/
Lllqg

/3 Find both one-sided 98% confidence intervals for the population mean._ 6 .
24, IS < M ! /
4.3 34.6%
M < 34, (5
/4 Suppose we want a more precise (narrower) interval. Assuming that the mean and
standard deviation would remain approximately 29.7 and 4.4, respectively, how many
sheep would we need in our new sample to have a margin of error ¢t -— < 1.

Table 4, A€ 1 columa : new t wilf be <(2.75F AP > 2.056,
gﬂw\,jbewuﬁlzo,-

p(‘l.‘-l)f|=)n22?,‘f. s
n



