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Agenda:

Recap Chapter 10.2-10.3
Lecture Chapter 10.4-10.5
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Recap Chapter 10.2-10.3

3



Marquette University MATH 1700

10: Inferences Involving Two Populations
10.2 Inference for Mean Difference Two Dependent Samples
Confidence Interval Procedure

Paired Difference d=x—X, (10.1)

- 1< 1 & _ o

d:_ d 32:— d—d 2 = U—:—d
n; [ d n—l i:1( | ) lud ,ud d \/ﬁ

With ¢4 unknown, a 1-a confidence interval for ug=(u,-u,) IS:

Confidence Interval for Mean Difference (Dependent
Samples)

_ S 5 :
d-tldhal2) = 1o d+Udf.al2 = where d=n-1  (10.2)
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10: Inferences Involving Two Populations
10.2 Inference for Mean Difference Two Dependent Samples

Car 1 2 3 4 5 6
Brand A 125 64 Q4 38 Q0 106
Brand B 133 65 103 37 102 115
Example:
Construct a 95% CI for mean difference in Brand B — A tire wear.
di’SZB, 1, 9, —1, 12, 9 1id
n==6 _ ns'
! =5 {(df,al2)=257 Lo
d =6.3 a=0.05 S§=—Z(di—d)2
51 -1

d +t(df o/ 2)2

Vi
Figure from Johnson & Kuby, 2012.

—> (0.090,11.7)
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Marquette University

10: Inferences Involving Two Populations

10.2 Inference for Mean Difference Two Dependent Samples
n=6 819 -112 9

Brond A 04

Example: Brand B 133 65 103 37 02 1 15
Test mean difference of Brand B minus Brand A Is zero.

Step 1 Hy: 14=0 vs. H,: u#0 Step5 Since t*>t(df,a/2), reject H,
Step 2 different same different
df :5 t*: d _/udO *

a =.05 Sy / \/ﬁ

Step 3 6.3-0 257 0 2.57 | ‘

PII-03 v ang o0 P,
51/ \/7 Conclusion: Significant difference in
tread wear at .05 level.
Step 4 t(df y O / 2) = 257 Figures from Johnson & Kuby, 2012.
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10: Inferences Involving Two Populations
10.3 Inference for Mean Difference Two Independent Samples
Confidence Interval Procedure

With o, ando, unknown, a 1-a confidence interval for /- 4, Is:
Confidence Interval for Mean Difference (Independent

Samples) > » > ;
S S S S
@_YZ)_t(df,a/Z)J[_lH_z] o @_YZ)H(df,a/aJ(_lj{_zj
I’]1 r]2 nl n2
where df is either calculated or smaller of df,, or df, (10.8)

Actually, this is for 6, # o,. ’\ \

If using a computer If not using a computer
program. program.
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9: Inferences Involving One Population
9.2 Inference about the Binomial Probability of Success

There are three possible hypothesis pairs for the difference In
means. R T

Ho: 4=t 2 0 vs. Hy: py-11,< 0 Critical Non-Critical
Region Region
Reject H, if less than
r (X, -%,)-0 Reject Fail to Reject

_t(df )

\/(sf/n1)+(;§/n2)

data indicates u,-u, <0

because X, - X, is “a lot” ' /

smaller than 0. t* oy 0 ~ 2
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9: Inferences Involving One Population
9.2 Inference about the Binomial Probability of Success

There are three possible hypothesis pairs for the difference In
means. T T

Ho: =1 <0vs. Ha; Uyl > 0 - Non-Critical Critical
~ Region Region

Reject H, If greater then
(Yl_xz) 0 Fail to Reject Reject

t*=

t(df , )

\/(sf/n1)+(;§/n2)

data indicates u,-u, > 0

because X, — X, is “a lot” \\

larger than 0. | o oy
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9: Inferences Involving One Population
9.2 Inference about the Binomial Probability of Success

There are three possible hypothesis pairs for the difference In

Non-Critical

Fall to Reject

Critical -
Region

Reject

means.
Ho: w11, = 0 vs. H ! py-u, # 0 - Critical
_Reglon
Reject H, If less than
(71 y) 0 Reject
= —t(df ,a / 2)
J(sin)¢[si/n) |
or if IS greater that
S T
2 : (df,a/2)
st )+ (s2/m,)
data indicates u,-u, # 0, X, =X, T trev

far from O.

Rowe, D.B.
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10: Inferences Involving Two Populations

10.3 Interence Mean Ditterence Sample Number Mean Standard Deviation

Confidence Interval oncle (1 Ny = 20 38 |
Mdem —n =30 X =698 S, = 192

Example:
Interested in difference in mean heights between men and

women. The heights of 20 females and 30 males is measured.
Construct a 95% confidence interval foru. - u, , o0, & 0y unknown

\/ 2 S? a=0.05
(X, = X; ) £t(df a1 2) [—”‘H—} t(19,.025) = 2.09

m
n n,

m

2 2
(69.8—63.8)i2.09\/((1'§§) )+((2'18) ] therefore 4.75 to 7.25

20

Figure from Johnson & Kuby, 2012.
11

Rowe, D.B.
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10: Inferences Involving Two Populations
10.3 Inference for Mean Difference Two Independent Samples

Hypothesis Testing Procedure 27 values
S 1570 I Males
Xm

B Females
4 4 X, .
3t I3l
2t Iyl
1+ Il
0 g —— .
55 57 59 61 63 65 67 69 71 73 75 77 79 55 57 59 61 63 65 67 69 71 73 75 77 79

Height Height

Is the height of males = height of females at a=.05?

Rowe, D.B.
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10: Inferences Involving Two Populations
10.3 Inference for Mean Difference Two Independent Samples

Hypothesis Testing Procedure 27 values
Step 1 T T e
HO: U—tm VS. Ha: :uf#:um Ny =0 !Mfr:es

— — n, =21 I Females
Step 2 e (X, —X;) - (ILlO,m _,Uo,f) 4 _Y X, |

2 2
df =5 [Sj+ i 3
a=.05 n, N _
Step 3 B B
e (120-656)-(0) _, .

[
%‘%Sesig"Af 6 21 S 57 59 61 63 65 67 69 71 73 75 77 79

Classical Helght

t(df,a/2)=2.57 Steps Reject H,6.17 > 2.57, height males#height females

[—
T

=]

Rowe, D.B.
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10: Inferences Involving Two Populations
10.3 Inference for Mean Difference Two Independent Samples

Hypothesis Testing Procedure 27 values
Step 1 T T e
HO: U—tm VS. Ha: :uf#:um Ny =0 !Mfr:es

— — n, =21 I Females
Step 2 e (X, —X;) - (ILlO,m _,Uo,f) 4 _Y X, |

y) 2
df =5 [Sj+ > d
a=.05 N, N _
Step 3 B B
e (120-656)-(0) -

(R *
%?364 6 21 55§ 57 59 61 63 65 67 69 71 73 7IS 7I7 7I9

o-value Height
P(|t*[>6.17)=.0016 Step5 Reject H, .002<.05 , height males#height females

Rowe, D.B.
e o] b

[—

=]
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Chapter 10: Inferences Involving Two Populations

Questions?

Homework: Read Chapter 10.3
WebAssign
Chapter 10 # 41, 45, 53, 57, 58, 59, 63

Rowe, D.B.
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Lecture Chapter 10.4-10.5

Rowe, D.B.
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9: Inferences Involving One Population
9.2 Inference about the Binomial Probability of Success ..
/
We talked about a Binomial experiment with two outcomes.
Each performance of the experiment is called a trial.
Each trial is independent.

n=12,3,
_ n! X1 _ ~\"-X 0< pSl
I:)(X)_x!(n—x)!p 4=P) x=0,1...,n

n = number of trials or times we repeat the experiment.
X = the number of successes out of n trials.
p = the probability of success on an individual trial.

Rowe, D.B.
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9: Inferences Involving One Population
9.2 Inference about the Binomial Probability of Success

When we perform a binomial experiment we can estimate the
probabllity of heads as

Sample Binomial Probability i.e. number of H out of n flips
X ==
== (9.3)

where x Is the number of successes In n trials.

This Is a point estimate. Recall the rule for a Cl is

point estimate + some amount

Rowe, D.B.
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10: Inferences Involving Two Populations

10.4 Inference for Difference between Two Proportions
Background
For Binomial, where x is number of successes out of n trials.
We said that mean(cx) =cnp and variance(cx) = c°npq.

— mean(x/n)=p and variance(x/n)=pq/n. G=10

We are often interested in comparisons between proportions
P.— P, . There is another rule that says that if x, and x, are
random variables, then mean(x, + x,) =mean(x,) = mean(x,)

X, X
further, mean X1+—2 = mean + mean| —%
n n, n, n,

and variance| 2t + 22 | = Pith Pt

if X; & X, independent/ n,_n, N, I,

Rowe, D.B.
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10: Inferences Involving Two Populations
10.4 Inference for Difference between Two Proportions

That is where 1. and 2. in the green box below come from

If iIndependent samples of size n, and n, are drawn ... with
p,=P,(success) and p,=P,(success) , then the sampling
distribution of p; — p, has these properties:

1.mean 4, ,=p-p,
B, R0,
2. standard error Op_p, = +

nl r]2

3. approximately normal dist if n, and n, are sufficiently large.
ie 1 n;,n,>20 Il nyp,, N0y, NP5, N,0,>5 T sample<10% of pop

(10.10)

Rowe, D.B.
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10: Inferences Involving Two Populations

10.4 Inference for Difference between Two Proportions
Confidence Interval Procedure

Assumptions for ... difference between two proportions
P,-p>: The n; ... and n, random observations ... are selected
Independently from two populations that are not changing

Confidence Interval for the Difference between Two
Proportions P, - p,

(b~ P5)- z(a/z)J P PR (p- )+ z(a/z)J SU
n n N o

X %
where P, = » and P, =— . (10.11)

1 n2

Rowe, D.B.
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10: Inferences Involving Two Populations

10.4 Inference for Difference between Two Proportions
Confidence Interval Procedure

Example: Another Semester

Construct a 99% CI for proportion of female A's minus male A’s
difference P; — P,,.

Fill in.

120 values Z(O[/Z) — (prf _ pr,n)i 2(05/2)\/ P+ n P
nm :52 nf nm

' Xf
nf :68 pf = —2=

r'lf

Xm :21 , Xm
X, =43 P o

Rowe, D.B.
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10: Inferences Involving Two Populations

10.4 Inference for Difference between Two Proportions
Confidence Interval Procedure

Example:
Construct a 99% CI for proportion of female A's minus male A’s

a=0.01

/

difference P; — P, .

120 values
n, =952
n, =68
x =21
X, =43

Rowe, D.B.

2(c/2) =258
X

p; :—f:4—3:.62
n, 68

pr,n:X—m:é:A.O
n, 52

MATH 1700

P’ . Pils

(p} - p(n)iz(a/Z)\/

N

n

m
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10: Inferences Involving Two Populations

10.4 Inference for Difference between Two Proportions
Confidence Interval Procedure

a=0.01 Top 5 of 6 exams.
Example: 7
Construct a 99% CI for proportion of female A's minus male A’s
difference P; — P,, for a previous class.

120values  7(¢1/2)=258  (pl-pl)t2(al2) \/ P 4 Pl

n =52 nf Ir]m

' B 6 62)(.38) (.40)(.60
Xm=21 ’ Xm 21 40 68 52
X, =43 P =""=5,=%  -.003 to .460

Rowe, D.B.
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10: Inferences Involving Two Populations
10.4 Inference for Difference between Two Proportions
Hypothesis Testing Procedure

We can perform hypothesis tests on the proportion

Ho: P12 P2 vS. Hai Py < Py plql_l_quZqu £+£
Ho: PyS Pz vs. Hyl py >, n n n n,
Ho: Py =Py vs. Hyl s # Dy when P =P, =P .
Test Statistic for the Difference between two Proportions-
x : :
. (pi-p p01 p02)</ Population Proportions Known
1 1 X
__|__ I: ﬁ ! :_2
\/ pq{nl nj P R (10.12)

25

Rowe, D.B.
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10: Inferences Involving Two Populations
10.4 Inference for Difference between Two Proportions

Hypothesis Testing Procedure

Test Statistic for the Difference between two Proportions-

Population Proportions UnKnown
«— 0

7k _ (p1’ - p;) — (po,1 - po,z)

| L1
ol T,
1 2

\

(10.15)

p, estimated

where we assume p,=p, and use pooled

! ! X
p1 — ﬁ p2 2 .0, n
nl

I, I,

estimate of proportion

pzqzzpq{l_l_i} \:),:XH-X2

'~ 1_n
0 qp_l P
n,+n,

26

Rowe, D.B.
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10: Inferences Involving Two Populations
10.4 Inference for Difference between Two Proportions

Is proportion of Salesman’s defectives less than Competitor's? « =.05
Sep Ll Fjin,

Product Number Defective Number Checked
Step 2 Salespersons X =15 N =150
Compefiors X, = 0 n, =150

Step 3

Step 4
°P Step 5

Figure from Johnson & Kuby, 2012.

27

Rowe, D.B.
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10: Inferences Involving Two Populations
10.4 Inference for Difference between Two Proportions

Is proportion of Salesman’s defectives less than Competitor's? « =.05
Step 1

Ho: PpS0 vs. H.: pp>0 L Number Defective Number Checked

Step 2 Salespersons X, = 15 N, =150
Compefiors X, = 0 n, =150

Step 3

Step 4

Step 5
Figure from Johnson & Kuby, 2012.
28

Rowe, D.B.
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10: Inferences Involving Two Populations
10.4 Inference for Difference between Two Proportions

Is proportion of Salesman’s defectives less than Competitor's? « =.05
Step 1

Ho: PpS0 vs. H.: pp>0 L Number Defective Number Checked
Step 2 '_n')— _ Salespersons X, = 15 N, =150
e (PP (oo~ Poe) - FHEE X = ¢ n = 150
a1t
a =.05 ol n, n
Step 3
Step 4

Step 5
Figure from Johnson & Kuby, 2012.
29

Rowe, D.B.




Marquette University MATH 1700

10: Inferences Involving Two Populations
10.4 Inference for Difference between Two Proportions

Is proportion of Salesman’s defectives less than Competitor's? « =.05
Step 1

Ho: PpS0 vs. H.: pp>0 L Number Defective Number Checked

Step 2 '_n')— _ Salespersons X, = 15 N, =150
22 (P~ P0) — (Pos — o) Compells X, = ¢ n =150

AR
a=.05 "l n , % 15 , X 6
SRl (10-09-00 ., T Tm0 T T s
\/(,07)(,93){ 1 + 1 } 0/ _ XX 15+6
Step 4 150 150 " n.+n, 150+150

Step 5

Figure from Johnson & Kuby, 2012.
30

Rowe, D.B.
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10: Inferences Involving Two Populations
10.4 Inference for Difference between Two Proportions

Is proportion of Salesman’s defectives less than Competitor's? « =.05
Step 1

Ho: PpS0 vs. H.: pp>0 L Number Defective Number Checked
Step 2 '_n')— _ Salespersons X, = 15 N, =150
7%= (P, —Pe) Py, — Py Compefitor' X, = 0 n, =150
AR
a =.05 "l n . X 15 . X6
SRl (10-09-00 ., T Tm0 T T s
\/(,07)(,93){ 1 + 1 } 0/ _ XX 15+6
Step 4 150 150 *“ho+n. 150+150
P Step 5
Z(cr) =1.65

Figure from Johnson & Kuby, 2012.

31

Rowe, D.B.
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10: Inferences Involving Two Populations
10.4 Inference for Difference between Two Proportions

Is proportion of Salesman’s defectives less than Competitor's? « =.05
Step 1

Ho: PpS0 vs. H.: pp>0 L Number Defective Number Checked

Step 2 '_n')— _ Salespersons X, = 15 N, =150
7%= (P, —Pe) Py, — Py Compefitor' X, = 0 n, =150

AR
a=.05 "l n , % 15 , X 6
SRl (10-09-00 ., T Tm0 T T s
\/(,07)(,93){ 1 + 1 } 0/ _ XX 15+6
Step 4 150 150 *“ho+n. 150+150

Step > Reject H, - <.05
Z(O[) =1.65 02<p-value<.023 or 2.04>1.65 Figure from Johnson & Kuby, 2012.

Rowe, D.B.
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10: Inferences Involving Two Populations

10.5 Inference for Ratio of Two Variances Two Ind. Samples
Hypothesis Testing Procedure

We can perform hypothesis tests on two variances

2 .
Ho: (71 Gz vs. H ‘71 <0, Assumptions: Independent
2 ] ] Ll
Hy: o; < 52 vs. H_:0; >0, samples from normal distribution
2
Hy: 0, =0, vs. H 0! # 0,

Test Statistic for Equality of Variances

et with df, =n, -1 and df, =n, -1
d

(10.16)

Use new table to find areas for new statistic.

Rowe, D.B.
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10: Inferences Involving Two Populations
10.5 Inference for Ratio of Two Variances Two Ind. Samples

Properties of F distribution

. . val2-1
1. F Is non-negative f(F)ws - —
2. F is nonsymmetrical .. 1+ F)
3. F is a family of dists. N
dfn:Vn:nn'l,dfd:Vd:nd'l. L ignore
0.8
ignore J
0.6 vlzl,v2:1
H= - Vg > 2 v,=5,v,=2
Vy—2 0.4lf v, =5, =5
5 v1=10,v2=20
02 _ 2Vd (Vn +2Vd — 2) | v, > 4 0.2 v,=50,v,=100
v, (v, =2) (v, —4) 0 ——

34

Rowe, D.B.
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10: Inferences Involving Two Populations
10.5 Inference for Ratio of Two Variances Two Ind. Samples
Hypothesis Testing Procedure

Test Statistic for Equality of Variances

SZ

Fr=20 with df, =n -1 anddf, =n, -1 . (10.16)

S

Will also need critical values.
P(F>F(df, df,,a))=«

Table 9 0 F(df”,dfd, @) F
Appendix B
Page 722

Figure from Johnson & Kuby, 2012.

Rowe, D.B. 35
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10: Inferences Involving Two Pops.

10.5 Inference Ratio of Two Variances
Example: Find F(/@,%0.0S).

dfn = nn —1 dfd = nd —1 O F(df”, dfd' ) F

Table 9, Appendix B, Page 722.

Degrees of Freedom for Numerator df,

Ps| 1| 161, 200. 216, 225 230. 234, 237. 239. 241. 242
g1 2| 185 190 192 192 193 193 194 194 194 194
El 3 | 101 955 928 912 901 894 889 885 881 879
Bl 4| 771 694 659 639 626 616 609 604 600 596
s[5 | 661 579 541 519 505 495 488 482 477 474
E

2| 6 | 599 514 476 453 439 428 421 415 410 4.06
Bl 559 474 435 412 397 387 379 373 368 3.64
| 8 | 532 446 407 3.84 368 850 B4 339 385
gle | 5.12 426 386 363 348 337 329 323 318 314
g[10 | 496 410 371 348 333 322 314 307 302 298

Rowe, D.B.
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10: Inferences Involving Two Populations
10.5 Inference for Ratio of Two Variances Two Ind. Samples
Hypothesis Testing Procedure

*

One tailed tests: Arrange H, & H, so H, is always “greater than”
xS
Ho:o/ 20, vs. H, 0/ <o, — Hgioilo<lvs.Hyi o, /o/>1 F %
Ho: o <o, vs. Hy 0! >0, — Hyiollo,<1vs. H, o /o >1 ,:*:S
Reject H, if F*=s’/s: > F(df.,dfy,0).

H
(0p)
N o

Two tailed tests: put larger sample variance s in numerator
Hy: 0. =0, vs. H, 0, 20, —>Hy 0.lo;=1vs. H:o.lo; #1

sedt itsi>st gieol >
Reject H, if F*=s?/s; > F(df,,df,,a/2).

Rowe, D.B.
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10: Inferences Involving Two Populations
10.5 Inference for Ratio of Two Variances Two Ind. Samples

Is variance of female heights greater than that of males? & =01 27 values
Step1 Fillin.

ST]m:6 | I Males
— X
n, =21 -Fe_lrzmles
4r X; 1
2.
69.
Step 2 )
Step 3
Step 4 L
55 57 59 61 63 65 67 69 71 73 75 77 79
Height
Step 5

Rowe, D.B.
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10: Inferences Involving Two Populations
10.5 Inference for Ratio of Two Variances Two Ind. Samples

Is variance of female heights greater than that of males? & =.01 27 values
Step 1

51 _ ' I I | |
HO:O-? So-ri VS. Ha: G? >U§] n,=6 !anr:es
2 2 2 y) 4 n, =21 I Females
: _ ! 2 _
Hy.0; /Gm <lvs. H_ 0] /Gm >1 2 :
65.
Step 2
P 2.
Step 3
Step 4 o
55 57 59 61 63 65 67 69 71 73 75 77 79
Height
Step 5

Rowe, D.B.
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10: Inferences Involving Two Populations
10.5 Inference for Ratio of Two Variances Two Ind. Samples

Is variance of female heights greater than that of males? & =01 27 values

Step 1
2 2 2 2
Hy 0 <0, vsS. H o; >0,

2 2 2 2
H,:0; /Gm <lvs. H_ 0] /am >1

Step 2 2 df =5
Fr="/a  df =20
" a=.01
Step 3
Step 4
Step 5

Rowe, D.B.

S I Males
Xm
1 B r emales

X

L=

55 57 59 61 63 65 67 69 71 73 75 77 79
Height
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10: Inferences Involving Two Populations
10.5 Inference for Ratio of Two Variances Two Ind. Samples

Is variance of female heights greater than that of males? & =01 27 values

Step 1
2 2 2 2
Hy 0 <0, vsS. H o; >0,

2 2 2 2
H,:0; /Gm <lvs. H_ 0] /am >1

Step 2 2 df =5
Fr="/a  df =20
" a=.01
Step 3
F*=14.0/2.4=5.83
Step 4
Step 5

Rowe, D.B.

S I Males
Xm

6
¢ =21 -Fe_males |
I

L=

X

55 57 59 61 63 65 67 69 71 73 75 77 79
Height
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10: Inferences Involving Two Populations
10.5 Inference for Ratio of Two Variances Two Ind. Samples

Is variance of female heights greater than that of males? & =01 27 values

Step 1
2 2 2 2
Hy 0 <0, vsS. H o; >0,

2 2 2 2
H,:0; /Gm <lvs. H_ 0] /am >1

Step 2 2 df =5
F*="",  df, =20

S
} a=.01
Step 3
F*=14.0/2.4=5.83

Step 4
F(20,5,.01) =9.55
Step 5

Rowe, D.B.

S_n —

m 6 E—
N, = 21 -Felrzlales
4 AR
X =71

T T T T
I M ales

55 57 59 61 63 65 67 69 71 73 75 77 79
Height
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10: Inferences Involving Two Populations
10.5 Inference for Ratio of Two Variances Two Ind. Samples

Is variance of female heights greater than that of males? & =.01 27 values
Step 1

2 2 2 2 >l :I | I ales |
Hy 0 <o, vs.H:0; >0, n, =6 b

2 2 2 ) 4 i =21 -Ft;_(males |
Hy.0; /Gm <lvs. H_ 0] /Gm >1 4 :

Step 2 2 df =5
Fr="/a  df =20 |
" a=.01
Step 3 1t
F*=14.0/2.4=5.83
Step4 0 ) ) ) ) ) | | |
F(20,5’01):955 55 57 59 61 63 65 H(;’Iiglft') 71 73 75 77 79
Step5 Do not reject H, since 5.83<9.55 and conclude o; not >ay,.

43

Rowe, D.B.
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Chapter 10: Inferences Involving Two Populations

Questions?

Homework: Read Chapter 10.4-10.5
WebAssign
Chapter 10# 83, 85, 91, 98, 99, 101, 111,
113, 115, 117, 119, 125, 133

Rowe, D.B.
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