Further Statistics 2 SolutionBank

Confidence intervals and tests using the t-distribution 7E
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The critical value is t,,(0.025) = 2.045, so the critical regions are t < —2.045 and t > 2.045
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1.538 < 2.045, so the result is not significant. Accept Ho.
There is evidence to suggest that the populations have the same mean.

2 Hoo g =, HE g > p,
Significance level 5%
v=6+4-2=8
The critical value is t;(0.05) =1.860, so the critical region is t >1.86
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2.27 >1.86, so the result is significant. Reject Ho.
There is evidence to suggest that the salmon are not wild but have been obtained from a fish farm.

=4.075 so S, = 2.0187

Test statistic t =

=2.270
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3 a Hyp=up H:u#p,
Significance level 5% (2.5% in each tail)
v=6+6-2=10
The critical value is t,,(0.025) =1.812, so the critical regions are t < —2.228 and t >2.228

X[ = nt =

3 X2 =0.086867 50 7 = (Z XZ - )= = (0.086867 — 6 0.1185%) = 0.0005227
X

5 = 2 _ —0'8655 = 0.1425

> X2 =0.127497 so ! = ﬁ(z X2 —nx’) :%(0.127497 ~6x0.1425%) = 0.0011319

_ 2 _ 2
o (n,—1s  +(n,—1)s; (5x0.0005227) +(5x0.0011319) ~0.0008273 50 s, =0.02876

P n+n-2 6+6—2
Test statistic t = e ) — e —44) _ 01425-01185 , )\
s, J1+1 0.02876\/1+1
n, n 6

1.445 < 2.228 so the result is not significant. Accept Ho.
There is evidence to suggest that tetracycline and erythromycin are equally as effective.

b HO: /us =/ute Hl: lus >lute
Significance level 5%
v=6+12-2=16
The critical value is t,;(0.05) =1.746, so the critical region is t >1.746
X
% - 2% =% ~0.2387

> x2=0.34425 so 7 = (Zx —n,X. )——(o 34425-6x0.2387%) = 0.00049587

2 % _1566
Xe = n 12

te

D %2 =0.214364 50 s’ =

=0.1305

1(2 Xg —N X2 )= ﬁ(0.214364—6>< 0.1305%) = 0.00090918
te

(n,—1)s’ +(n,—1s.  (5x0.00049587) + (11x 0.00090918)

sf, S s te — : : =0.000780 so s, =0.0279
ng+n,—2 6+12-2
Test statistic t = (X ~ %) I (ﬂsl—ﬂte) _ 02387 _2'13(1)5 =7.756
Sy [ —+— 0.0279\/+
n, N 6 12

7.756 >1.746, so the result is significant. Reject Ho.
There is evidence to suggest that streptomycin is more effective than the other two drugs.
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4 a HO: /uold =lunew Hl: :uold >/unew

b HO: :uold :/unew Hl: /uold >:unew

Significance level 5%
v=7+9-2=14
The critical value is t,,(0.05) =1.761, so the critical regionis t >1.761

o 2 Y _49+63+9.6+52+41+7.2+40 413 __
new n - 7 = 7 =9

new

D X%, =267.55 so s?, =

7 (2 = Re,) = (267.55-7x5.9°) =398

DR ~12 7911
9

noId

s2, (Zxo,d NyoXaa ) = (60492 9x7.911%) = 5.2061

2 _ (nnew DSpen + (Ngg —DSag _ (6x3.98) +(8x5.2061)

SP
Noew + Nog — 2 7+9-2

=4.6806 so s, =2.1635

Test statistic t = (R = Xoe) — (Hotg — Frew) _ _7-911-5.9 =1.844

N R
nold r‘lnew 7 9

1.844>1.761, so the result is significant. Reject Ho.
There is evidence to suggest that the new language does allow faster task completion.

Once a task has been completed once, a programmer should be quicker next time with either
language.

Zx:Zy—Zv:27><y—384=27x34—384=918—384=534

(Zy -ny*) = (Zy ~27x34%)

:>Zy = 26x s +27><342 =26x23+31212=31810
So Y x?=>y*-> v’ =31810-12480=19330

DV 384 1 1
X, =%5=-=—=32 si=——(> v —nV?)=—(12480-12x32?)=17.455
& n 12 ! nv—l(Z ' ) 11( x3Z)
X
X, _2X_534 oo s? =i(z X* -n%?) = L (19330-15x35.6%) = 22.829
n, 15 n, -1 14
_ 2 _ 2
o _ (n, =Ds; +(n, —1)s; _ (11x17.455) + (14 x 22.829) _ 20464
P n,+n, —2 12+15-2
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S ¢ Hy u,=pn HIu #pu,
Significance level 5% (2.5% in each tail)

v=12+15-2=25
The critical value is t,,(0.025) = 2.060, so the critical regions are t < —2.06 and t > 2.06

sﬁ =20.464 sos, =4.5238
(Xs _Xv) —(,Lls _Iuv) _ 35.6-32 — 20547

S, i+i 4.5238\/1+1
n. n 15 12

Test statistic t =

S 1

2.0547 < 2.06, so the result is not significant. Accept Ho.
There is insufficient evidence to suggest that the mean consumption of the two models is different.

d The test assumes that the populations (consumption of each model) are normally distributed.

e To get a fair comparison, the fuel consumption of the cars in the test should be measured over the
same types of driving, roads and weather.

6 a Hyo.=0, H:o.+0;
vy =13-1=12 v, =11-1=10
sf=3.3ands’ =21
The critical value is F,,,(0.05) =2.91

2
The test statistic is S—'Z = 33 =1.57
se 21
1.57 < 2.91, so accept Ho.
There is no evidence that there is a difference in the variability of the weights.

The test assumes that the samples are taken from populations that are normally distributed.

b The result in part a supports the assumption that the variances of the population are equal, so the
use of a t-distribution to test the hypothesis is justified providing that two other requirements are
met: that the populations that are normally distributed and the two samples are independent.

C Ho pup=ps Hyi w,# 1y
Significance level 5% (2.5% in each tail)
v=11+13-2=22
The critical value is t,,(0.025) = 2.074, so the critical regions are t < —2.074 and t>2.074
,  (ng—Dsi+(ng—1si  (10x2.1)+(12x3.3)
P n,+ng —2 11+13-2
(Xs =Xa) = (1ta — 14,) _ 46.3-42.1

Test statistict = =
Sy |+ 1.6597 i+l
Ng N, \/13 11

6.178 > 2.074, so the result is significant. Reject Ho.
There is evidence that there is a difference in the average weight of the potatoes.

S =2.755 so S, =1.6597

=6.177
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Challenge

E((nX ~1)s; +(n, —l)sj) = E((nX —1)sX2)+ E((ny —l)sj)
=(n,—1)s’ +(n, -1)s’

=((n,-D+(n,-1)s*
So

E(Sz)zE{(nx—l)sfﬂny—l)si}

P (n, -1) +(n, -1)
_ E((nX ~1)s?+(n, —1)sj)
C (-D+(n,-)

=0

So S,f is an unbiased estimator.
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