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Comparing Two Population Means:
Paired Difference Experiments

TABLE 9.3 Reading Test Scores for Eight Pairs of Slow Learners

Pair New Method (1) Standard Method (2)

1 77 72
2 74 68
3 82 76
4 73 65
5 87 8
L] o9 65
8

[ 6l

&0 6

Is the mean reading test score using the new method
greater than the mean reading test score using the old
method?

H, :(fﬁ_ﬂz)=0 Ha:(lﬁ_ﬂz)>0

Identifying the Target Parameter

Parameter Key Words or Phrases

Comparing Two Population Means:
Paired Difference Experiments

Mean difference; difference
in averages

Difference between
proportions, percentage,
fractions or rates

Because the samples are not independent of each other, a
new technique is used

A new Variable TABLE 9.4 Differences in Reading Test Scores
’

d' is created Pait  Mew Method  Sundaed Method

Testing ison the  « n @
new variable, d & o

6

Hotptp =0 (14— 11,)=0
H,:up >0 (14— 1,)>0

Paired Samples

Intervention Studies

“Before” and “After” Experiments

“Paired” samples
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Testing is now based on a one sample t-
statistic _
d-0

where d = Sample mean difference
sy = Sample standard deviation of differences
ng = Number of differences (number of pairs)
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*This type of experiment (paired
observations) is called a paired difference
experiment

«Pairing removes differences between pairs

(days in this case), focuses on differences
within pairs (sales)

«Comparisons within groups is called blocking

Paired difference experiment is a
randomized block experiment

Comparing Two Population Means:
Paired Difference Experiments

Paired Difference Test of Hypothesis for p =p,; - p,,
Small Sample

One-Tailed Test Two-Tailed Test
Ho:(#a) = Do Ho:(4a) = Do
Ha:(ta) <Do Ha!(ta) # Do
[or Ha:(ua) >Do]
Test Statistic
= d-D,
$¢//Ng

Rejection region: t < -t, Rejection region: /t/> ty,
[or t > t,when Ha:(ug) >Do
where t,and t,;, are based on (ng-1) degrees of freedom
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Paired Difference Confidence Interval for p,=p, - p,
% ., S
[ ~ Caf2
nd nd
Sd
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where t, is based on (ng-1) degrees of freedom

Large Sample  d+ Z,p2

Small Sample aita/z
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Conditions for Valid Large-Sample Inferences about
1. Random sample of differences selected
2. Sample size is large (ny > 30)

Conditions for Valid Small-Sample Inferences about iy
1. Random sample of differences selected

2. Population of differences has a distribution that is
approximately normal
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Paired Difference Test of Hypothesis for pu=p; - p,,
Large Sample

One-Tailed Test Two-Tailed Test
Ho:(#a) = Do Ho:(#a) = Do
Ha:(ta) <Do Ha:(#a) # Do
[or Ha:(uq) >Do)
Test Statistic

- d-D, _ d-D,

Oy /\j Ny Sy /\j Ny

Rejection region: z < -z, Rejection region: 12]> 2o

[or z > z,when Ha:(u) >Dg

Two Samples.
Comparing Proportions
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Properties of the Sampling Distribution of (Brﬁz)
*Mean of Sampling distribution (Pl— Pz) is(P—p);

. E(Brﬁz)= Pi=P,; (ﬂ—f)z) is an unbiased estimator
of(p.-p,)

« Standard deviation of sampling distribution of(ﬁ —52) is

o. = PG PG,
(b=p2) A 0, n,
«If n, and n, are large, the sampling distribution of (51— ﬁz)

is approximately normal
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Large-Sample Test of Hypothesis about (p;-p,)

One-Tailed Test Two-Tailed Test
Ho:(p1-p2) =0 Ho:(p1-p2) =0
Ha:(p1-p2) <0 Ha:(p1-p2) #0
{or Ha:(p 1-pz) >0]
Test Statistic
2= P—P,
o
(

PPz
Rejection region: z < -z,
[or z > z,when Ha:(t-1) >Dg;

. _ [pa &meii p=XtX
Note: J(Erbz)f n + n, = PQ[n]*nzj,where p n+n,

Rejection region: /z/> z.»
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Large-Sample 100(1-a)% Confidence Interval for
(P1-P2)

(61 - [32)i Z"/Zo—(ﬁrﬁz) = (51 - Bz ) *7,, R, | PG,

mn N,
z(@_az)iza/z prfl + prz]qz
7
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Alternative formula
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Conditions required for Valid Large-Sample
Inferences about (p;-p,)
eIndependent, randomly selected samples

*Sample sizes n; and n, are sufficiently large so
that the sampling distribution of(pAfBz) will be
approximately normal.
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