Two-Sample Tests and

! Confidence Intervals

Chapter 10 (10.1 — 10.2)
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Learning Objectives

In this chapter, you learn:

= How to use hypothesis testing for comparing the
difference between

= The means of two independent populations
= The means of two related populations
= The proportions of two independent populations
= The variances of two independent populations
= Use of MS Excel to do ... all of the above
(and you can use Excel in your homework too!)
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Two-Sample Tests

Two-Sample Tests

Population Population booulati booulati
Means, Means, . opu a;.lon VOp.u ation
Independent Related roportions aflances
Samples Samples (later)
Examples:
Group 1 vs. Same group Proportion 1 vs. Variance 1 vs.
Group 2 before vs. after Proportion 2 Variance 2
treatment
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! Difference Between Two Means

Population means,
iIndependent
samples

x

0, and o, unknown,
assumed equal

0, and o, unknown,
not assumed equal

Goal: Test hypothesis or form
a confidence interval for the
difference between two
population means, M, — M

The point estimate for the
difference is
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Difference Between Two Means:

Population means,
iIndependent
samples

Independent Samples

s Different data sources
= Unrelated

= Independent

Sample selected from one
population has no effect on the
sample selected from the other
population

0, and o, unknown,
assumed equal

Use SID to estimate unknown

test.

» 0. Use a Pooled-Variance't

0, and o, unknown,
not assumed equal

Use S; and S, to estimate
""'unknown o, and o,. Use a

Separate-variance t test
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ypothesis Tests for

Two Population Means

. ™

Two Population Means, Independent Samples

Lower-talil test:

Ho: Uy 2 Y
Hi: gy <My

l.e.,

Upper-tail test:

Ho: My < W
u PR VIR VP
l.e.,
Ho: py — M2 =0
Hi:p, =M, >0
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Two-talil test:

Ho: M1 = 5
Hi:yy # Wy
l.e.,

Ho: My — M2 =0
Hyi gy —pp 70
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Hypothesis tests for g, — u,

Two Population Means, Independent Samples

Lower-tail test: Upper-tail test: Two-tall test:
Ho My —H220 Ho: My — =0 Ho My — M2 =0
Hyi gy — M2, <0 Hiipy—H,>0 Hiipp—p, 70

1 t 't;/z t;/z

a 04
Or tgrar = Typ2
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Hypothesis tests for |, - Y, with o,

! and o, unknown and assumed equal

Population means, Assumptions:
mcslzfnenlg:nt = Samples are randomly and
P Independently drawn

~% = Populations are normally
distributed or both sample
sizes are at least 30

0, and o, unknown,
assumed equal

= Population variances are
unknown but assumed equal

0, and o, unknown,
not assumed equal
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Hypothesis tests for |, - Y, with o,

! and o, unknown and assumed equal
(continued)

* The pooled variance is:

Population means,
independent g2 _ (n,-1s,” +(n, -1S,’
samples " (D) +(n,-1)

+ ¢ The test statistic Is:

0, and o, unknown, —
assumed equal (Xl —Xz)—(ul —Hz)

tsTaT = —
Sg +
g g
0, and o, unknown,

not assumed equal - Where tgr,r has d.f.=(n; +n, —2)

Statistics for Managers Using Microsoft Excel® 7e Copyright ©2014 Pearson Education, Inc.

Chap 10-9



Confidence interval for g, - W, with o

! and o, unknown and assumed equaj[

Population means,
iIndependent
samples

0, and o, unknown,
assumed equal

0, and o, unknown,
not assumed equal
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The confidence interval for
* by — M, IS:

(31— X2) + 1 Jsg(l . 1}

Ny No

Where t,, has d.f.=n; +n, -2
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! Pooled-Variance t Test Example

You are a financial analyst for a brokerage firm. Is there
a difference in dividend yield between stocks listed on the
NYSE & NASDAQ? You collect the following data:

NYSE NASDAO
Number 21 25
Sample mean 3.27 2.53
Sample std dev 1.30 1.16

Assuming both populations are
approximately normal with
equal variances, Is

there a difference in mean
yield (o = 0.05)?
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Pooled-Variance t Test Example:

! Calculating the Test Statistic
(continued)

HO: gy -4, =0 l.e. (Mg = Hy)
H1: y; -4, #0 i.e. (U, # M)

The test statistic Is:

o (Xl —Xz)—(ul —uz) _ (3.27-2.53)-0 15 040

2 1. 1 \/1.5021( L 1)
n, ' n, 21 25

, (N, -1S°+(n,-1s,” (21-11.30%+(25-1)1.16° oLl
P (n,-D+(n,-1) (21-1)+(25-1) -
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Pooled-Variance t Test Example:

! Hypothesis Test Solution

HO IJl _ “2 — O Ie (l.ll — “2) Reject HO Reject HO
Hii M- M, #0 1.e. (U # M)
a = 0.05 025 ,
df =21 +25-2=44 -2.0154 0 2.0154 t
Critical Values: t =% 2.0154 i
2.040
Test Statistic: Decision:
t— 3.27—-2.53 —[2.040] Reject H, at a = 0.05
\/1.5021(211+ 215j Conclusion:
There Is evidence of a

difference in means.
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Two-Sample Tests in Excel

L = =
FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW PAMEFAX

@ From Access [¢] Connections 5 H Clear Y Fi
2l Y Sl

From Web o Properties _ Reapply BB R
From Other Existing Refresh o Zl Sort Filter Text to
From Test Sources Connections | All Edit Links s Advanced  Colymps =5 D
et External Data Connections Sort & Filter

A B 1 C D E F G H I J K
; Time Location Data Analysis

1.48 1

Analysis Tools
o~
4| 0.78 1 Maoving Average Cancel
5| 2.85 1 Random Mumber Generation
: Rank and Percentile
6 | 052 1| | [Regressies
f 1.60 L t-Test: Paired Two Sample for Means
8 4.15 t-Test: Two-5ample Assuming Equal Variances
g 3.97 t-Test: Two-5ample Assuming Unequal Variances
. z-Test: Two Sample for Means

10] 1.48
11| 3.10 1
121 1.02 1




! Examples

= Page 352, ## 10.1, 10.2, 10.8

= Page 353, ## 10.9 (using Excel data
analysis toolpak)
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Hypothesis tests for y, - Y, with o,

! and o, unknown, not assumed equal

Population means, Assumptions:
iIndependent
samples

= Samples are randomly and
Independently drawn

= Populations are normally
distributed or both sample
sizes are at least 30

0, and o, unknown,
assumed equal

= Population variances are
% unknown and cannot be
assumed to be equal

0, and o, unknown,
not assumed equal
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Hypothesis tests for p, - 1, with o; and

! 0, unknown and not assumed equal
(continued)

The test statistic Is:

Population means, —
iIndependent 3 (Xl = Xz)— ( 0, — uz)

samples Lsrar =
p 82 SZ
_+_
nl rl2
0, and o, unknown,

assumed equal terar has d.f. v =

r]1 2

n
% (s S,’
0, and o, unknown, (nl J LHZJ
not assumed equal : °
nl—l n,
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!Separate-Variance t Test Example

You are a financial analyst for a brokerage firm. Is there
a difference in dividend yield between stocks listed on the
NYSE & NASDAQ? You collect the following data:

NYSE NASDAO
Number 21 25
Sample mean 3.27 2.53
Sample std dev 1.30 1.16

Assuming both populations are
approximately normal with
unequal variances, is

there a difference in mean
yield (o = 0.05)?
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Separate-Variance t Test Example:

! Calculating the Test Statistic
(continued)

HO: y, - M, =0 'e (M = Hy)
Hl: g, - p, #0 le. (M, #M,)

The test statistic Is:

(K= X))

(3.27-2.53)-0

=2.019

Sz S 1.30° 1.16°
+ +
n, n, 21 25
(%2+35J2 (130{+11§)2
_(n ', _ L2t 25 4057 Use degrees of
s2Y (s.z2) (130) (116) freedom = 40
&)L G ) )
+ +
n-1 n,-1 20 24
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Separate-Variance t Test Example:

! Hypothesis Test Solution

Reject H,

Ho: My -1, =0 i.e. (M= Hy) — e
Hi: M-, #0 Qe (M #F M)
T 025 . 025
df =40 2021 0 2021 t
Critical Values: t =% 2.021 2*019

o Decision:
Test Statistic: Fail To Reject H, at a

=0.05
t 45 019 Conclusion:

There Is no evidence of
a difference In means.
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! Examples

= Page 354, ## 10.14-10.15 (using Excel data
analysis toolpak)
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The F Distribution

s The F critical value is found from the F table

= There are two degrees of freedom required: numerator
and denominator

s [helarger sample variance is always the numerator

= In the F table,

= nhumerator degrees of freedom determine the column

= denominator degrees of freedom determine the row
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Finding the Rejection Region

Hy: 0,2 = 0,7 Hy: 0,% < 0,2
H,: 0,2 # 0,° H,:0,°>0,?
/2
NG /oc F /a
¥_

A

A
0 - > 0
» »

A AN

A

A

[
»

Do not Reject H, Do not Reject H, F
reject H i
| 0 FO(/Z reject H, Fa
Reject Hy if Fgrar > Fypo Reject H if Fgrar > Fq

Statistics for Managers Using Microsoft Excel® 7e Copyright ©2014 Pearson Education, Inc. Chap 10-23



! F Test: An Example

You are a financial analyst for a brokerage firm. You
want to compare dividend yields between stocks listed

on the NYSE & NASDAQ. You collect the following data:

NYSE NASDAQO
Number 21 25
Mean 3.27 2.53
Std dev 1.30 1.16

Is there a difference in the
variances between the NYSE
& NASDAQ at the o = 0.05 level?
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F Test: Example Solution

= Form the hypothesis test:

H,: 0%, = 02, | (there is no difference between variances)

H,: 0%, # 0%, | (there is a difference between variances)

= Find the F critical value for a = 0.05:
= Numeratord.f.=n;, —1=21-1=20

s Denominatord.f.=n2-1=25-1=24

m |Fon = Fos, 20 24 = 2.33
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F Test: Example Solution

(continued)

m The test statistic Is: H,: 0,2 = 0,2

Hy: 0,2 % 0,2

S2 1.307 o

Forpr = —= = =1.256
STAT 822 1162 \/ I
a/2 = .025
/x
0- ] - F
Do not Reject H,

= Forar = 1.256 s not in the rejection """ Fj,5=2.33
region, so we do not reject H,

s Conclusion: There is not sufficient evidence
of a difference In variances at o = .05
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Examples

= Page 377, #10.58, 10.60
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Related Populations
The Paired Difference Test

Tests Means of 2 Related Populations

Related = Paired or matched samples
samples = Repeated measures (before/after)
= Use difference between paired values:

D; = Xy - Xy

= Eliminates Variation Among Subjects

= Assumptions:
= Both Populations Are Normally Distributed
= Or, if not Normal, use large samples
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Related Populations

! The Paired Difference Test
(continued)

The i" paired difference is D, , where
R _
elated D, = X, - X,
samples
The point estimate for the i D.
paired difference =
. . — |D=
population mean pyyis D: N
The sample standard > (D, -D)?
deviation is Sp S —1|=t
> n-1

n is the number of pairs in the paired sample
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The Paired Difference Test:

! Finding torat

= The test statistic for pg Is:
Paired
samples —
t _ D - H D
STAT S

D
A/ N

= Where tgrar has n-1 d.f.
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The Paired Difference Test:

! Possible Hypotheses

Paired Samples

Lower-tail test: Upper-tail test: Two-tall test:
Ho: up 20 Hy: ip =0
Hi: <O Hi:yp>0
W N
_toc ta _ta/2 toc/2
Reject Hj If tgpar < -t Reject H, if tgrar > T, Reject H If tgrar < -t
Of tgtar > by

Where tgar has n-1 d.f.
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The Paired Difference

! Confidence Interval

Paired The confidence interval for yg Is
samples S

o) D
D=ttt ,

A/ N

Z(Di _5)2
where S, =12
n-1
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Paired Difference Test:
Example

= Assume you send your salespeople to a “customer
service” training workshop. Has the training made a
difference in the number of complaints? You collect
the following data:

Number of Complaints:| (2) - (1) — 2. D,

Salesperson| Before (1) After (2) |Difference, D, D = n

C.B. 6 4 - 2 )

TF. 20 6 -14 '

M.H. 3 2 -1 _

R.K. 0 0 0 S \/Z(Di—D)Z

M.O. 4 0 -4 D~ n_1

-21

=5.67
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Paired Difference Test:
Solution

m Has the training made a difference in the number of

complaints (at the 0.01 level)? . .
Reject Reject
Hy: Mp=0
Hi: p =0
o/2
0=01 D=-472 “4604F 4604
-1.66
t =+ 4.604 . .
i P Decision: Do not reject H,
(tyo IS NOt IN the reject region)
Test Statistic:
D_ 490 Conclusion: There is not a
Mo _ 7% -1.66 | significant change in the

t — p— p—
SAT SD/\M 5.67//5 number of complaints.
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Testing for the Ratio Of Two
Population Variances

Hypotheses Forat
Tests for Two x Hy: 0,2 = 0,2
Population H,: 0,2 # 0,2
Variances S,2/S.,2
Hy: 0,2 < 0,2
o H,: 0,2>0,°
F test statistic Yy —

S,?= Variance of sample 1 (the larger sample variance)
n, = sample size of sample 1

S,? = Variance of sample 2 (the smaller sample variance)
n, = sample size of sample 2

n, —1 = numerator degrees of freedom

n, — 1 = denominator degrees of freedom
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! Examples

= Page 368, #10.30
= Page 377, #10.60
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Chapter Summary

In this chapter we discussed

= Comparing two independent samples
= Pooled-variance t test for the difference in two means
= Separate-variance t test for difference in two means

= Confidence intervals for the difference between two
means

= F test for the ratio of two population variances

= Comparing two related samples (paired samples)
= Performed paired t test for the mean difference

= Formed confidence intervals for the mean difference

Statistics for Managers Using Microsoft Excel® 7e Copyright ©2014 Pearson Education, Inc. Chap 10-37



