Definition

» Two samples are independent if the
sample selected from one population is
not related to the sample selected from
the second population. The two
samples are dependent if each member
of one sample corresponds to a
member of the other sample.
Dependent samples are also called
paired samples or matched samples.




Ex. 1a: Independent and
Dependent Samples

» Classify each pair of samples as
Independent or dependent:

Sample 1. Resting heart rates of 35
individuals before drinking coffee.

Sample 2: Resting heart rates of the
same individuals after drinking two cups
of coffee.




Ex. 1: Independent and
Dependent Samples

Sample 1. Resting heart rates of 35 individuals
before drinking coffee.

Sample 2: Resting heart rates of the same
individuals after drinking two cups of coffee.

These samples are dependent. Because the
resting heart rates of the same individuals
were taken, the samples are related. The
samples can be paired with respect to each
individual.




Ex. 1b: Independent and
Dependent Samples

» Classify each pair of samples as
Independent or dependent:

Sample 1: Test scores for 35 statistics
students

Sample 2. Test scores for 42 biology
students who do not study statistics




Ex. 1b: Independent and
Dependent Samples

Sample 1: Test scores for 35 statistics students

Sample 2: Test scores for 42 biology students
who do not study statistics

These samples are independent. It is not
possible to form a pairing between the
members of samples—the sample sizes are
different and the data represent test scores
for different individuals.



Note:

Dependent samples often involve
identical twins, before and after results
for the same person or object, or results
of individuals matched for specific
characteristics.




The t-Test for the Difference
Between Means

 To perform a two-sample hypothesis
test with dependent samples, you will
use a different technique. You will first
find the difference for each data pair,

. The test statistic is the mean of
these differences,

d =x,—x,

d=() d)/n




To conduct the test, the following
conditions are required:

* The samples must be dependent
(paired) and randomly selected.

* Both populations must be normally
distributed.

If these two requirements are met, then
the sampling distribution for 4 , the
mean of the differences of the paired
data entries in the dependent samples,




To conduct the test, the following
conditions are required:

* has a t-distribution with n — 1 degrees
of freedom, where n is the number of
data pairs.




The following symbols are used for the t-test for p ..

Symbol | Description
n The number of pairs of data
d The difference between entries for a data pair,d = x; — x,
Mg The hypothesized mean of the differences of paired data in the
population
d The mean of the differences between the paired data entries in
the dependent samples
a==2
n
S, The standard deviation of the differences between the paired
data entries in the dependent samples
\/n(Edz) — (Sd)
Sa =
nin — 1)

Although formulas are given for the mean and standard deviation of
differences, we suggest you use a technology tool to calculate
these statistics.



Because the sampling distribution for ; is a t-distribution,
you can use a t-test to test a claim about the mean of the
differences for a population of paired data.

t-Test for the Difference Between Means

A t-test can be used to test the difference of two population means when
a sample is randomly selected from each population. To perform the
test, each population must be normal and each member of the first sam-
ple is paired with a member of the second sample. The test statistic is d
and the standardized test statistic 1s

3“#«(1
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The degrees of freedom are d.f. = n — 1.

=

STUDY TIP: If n > 29, use the last row («) In
the t-distribution table.




GUIDELINES

Using the t-Test for the Difference Between Means
(Dependent Samples)

In Words In Symbols
1. Identify the claim. State the null and State H, and H,,.
the alternative hypotheses.
2. Specify the level of significance. Identify .
3. Identify the degrees of freedom. df.=n—1
4. Find the critical value(s). Use Table 5.
5. Identify the rejection region(s).
6. Calculate d and s;- Use a table. 7= an,
il \/n(zdz) — (Zdp?
£ nin — 1)
7. Calculate the standardized test statistic. ¢ = &5 b
Sa/ Jn
8. Make a decision to reject or fail to If ¢ is in the rejection
reject the null hypothesis. region, reject H,. Other-

wise, do not reject H,,.

9. Interpret the decision in the context
of the original claim.




Ex. 2: The t-Test for the Difference
Between Means

A golf club manufacturer claims that golfers
can lower their score by using the
manufacturer’s newly designed golf clubs.
Eight golfers are randomly selected and each
Is asked to give his or her most recent score.
After using the new clubs for one month, the
golfers are again asked to give their most
recent scores. The scores for each golfer are
given in the next slide. Assuming the golf
scores are normally distributed, is there
enough evidence to support the
manufacturer’s claim at a = 0.107




Golfer 1 2 3 4 5 6 7/ 8

Score (old design) 89 84 96 82 74 92 85 9]

Score (new design) | &3 83 92 84 76 91 80 91

* The claim is that “golfers can lower their
scores.” In other words, the manufacturer
claims that the score using the old clubs will be
greater than the score using the new clubs.
Each difference is given by:

d = (old score) — (new score)
The null and alternative hypotheses are

H: p,=0 andH_ p,>0(claim)

0)




Because the test is a right-tailed test, a = 0.10, and d.f. =8 — 1
=7, the critical value for t is 1.415. The rejection regionist>
1.415. Using the table below, you can calculate ; and s, as
follows:

B Zd 13 Old | New d d>
d = =—=1.625 89 | 83 6 36
n 8 84 | 83 1 1
9% | 92 4 16
n(Za’z)—(Za’)2 g0l 84 | =2 4
S, = 74 | 176 =9 4
n(n—1) 2 | 91 1 1
85 | 80 5 25
2(37)—(13) 91 | 91 0 0

= (87)-13) ~3.07 S=13|2=87

3(8—1)




Using the t-test, the standardized
test statistic is:

[ d—u,  _1625-0 .

_Sd/\/; 3J()§7

« The graph below shows the
location of the rejection
region and the standardized
test statistic, t. Because tis
in the rejection region, you
should decide to reject the
null hypothesis. There is nof
enough evidence to support
the golf manufacturer’s clain
at the 10% level The results , | |
of this test indicate thatafter ~ 3 _, | o |/\, 3
using the new clubs, golf pow 1ATS 2wl 50
scores were significantly 0
lower.




Ex. 3: The t-Test for the Difference
Between Means

A state legislator wants to determine whether
her voter’'s performance rating (0-100) has
changed from last year to this year. The
following table shows the legislator’s
performance rating for the same 16 randomly
selected voters for last year and this year. At
a = 0.01, is there enough evidence to
conclude that the legislator’s performance
rating has changed”? Assume the
performance ratings are normally distributed.




Voter 1 2 3 o > 6 7 3

Rating (last year) 60 54 78 84 91 23 50 65

Rating (this year) 56 48 70 60 85 40 | 40 99

Voter 9 10 11 12 13 14 | 15 16

Rating (last year) 68 81 75 45 62 79l I0 R RO

Rating (this year) 80 75 78 50 50 89 L3 60

* |f there is a change in the legislator’s rating,
there will be a difference between “this year’s’
ratings and “last year’s) ratings. Because the
legislator wants to see if there is a difference,
the null and alternative hypotheses are:

H: u,=0 andH_: p, #0 (claim)




Because the test is a tw0-tailed test, a = 0.01, and d.f. =16 — 1
= 15, the critical values for t are [12.947. The rejection region
are t <-2.947 and t > 2.947.

Before | After d d?

— Z d 53 60 | 56 ] N
d = =—=33125 s4 | 48 6 36
n 16 78 “I'“70 8 64
84 | 60 24 | 576
91 | 85 6 36
5 oS R Tl e
n(z d’)— (Z d) 50 | 40 | 10 | 100
R 65 | 55 10 | 100
d n(n—1) 68 | 80 | -12 | 144
1105 6 36
75 | 78 ii=3 9
> 45 | 50 | =5 25
16(1581) —(53) 62 | 50 12 |1 7144
\) J ~ 9.68 79 85 —6 36
16(16—1) S il 8 |7 @5
63 | 60 3 9

> = 53| = 1581




Using the t-test, the standardized
test statistic is:
d—u, _3.3125-0

/ 968
sdf o

~1.369

* The graph shows the
location of the rejection
region and the standardized
test statistic, t. Because tis
not in the rejection region,
you should fail to reject the
null hypothesis at the 1%
level. There is not enough
evidence to conclude that
the legislator’s approval ot
rating has changed. o WEa BNy g

~t,=-2.947  =1.369 1,=2.947

1 - =0.99




Using Technology

* If you prefer to use a - Stat|Edit|enter data
technology tool for this e Subtract L1 =12 =in
type of test, enter the | 3.
data in two columns . STAT|Tests|t-test
and form a third column
. . e Data
In which you calculate B
the difference foreach  ° M =0

pair. You can now * List: L3
perform a one-sample * Freq: 1
t-test on the difference c u#0
column as shown in
Chapter 7.

« Calculate




Using Technology

Stat|Edit|enter data « u#0

Subtract L1 —-L2=inL3. T =1.369 (standardized test
STAT|Tests|t-test statistic)

Data P =don’t worry about it
u=0 e Xbar=3.3125-same as d
List: L3 bar.

Freq: 1 « Sx =9.68 which is Sd

u#0

Calculate | find it easy to draw and enter

the data into the curve part
so | can visually see the
rejection region. You will
need to answer “reject” or
“fail to reject” and answer
whether or not there is
enough evidence at
whatever level given.



