NS

Statistics _ e g
Class Notes
Inference about Two Means: Dependent Samples (Section 11.2)
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Treat a group of patients with a new hair loss drug and measure the difference of hair density in
eac'm (before and aﬁ'Does the new hair Toss ‘drug provide an increase in the mean hair
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A University of Mississippi study tested the reaction times.o f people, comparing how long it

“took to press a | button upon seemg ared screen versus seemg a blue screen. Is there a dsﬂ'erence
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“in mean reaction mnes'?

R S

R

s

/] Recall: Determining if Two Samples are Independent:
Definition: A sarnphng methiod is mdependent when an individual selected for one sample does
not dictate which individual is to be in a second sample.

A sampling method is dependent when an individual selected to be in one sample is used to
determine the md.ngﬁ@ge__q 11_:_Lthe second sample. Dependent samples are often referred to as

matched-pairs samples. Ttis possfble for an md1v1dual to be matched against }:um or hersclf
], : e o T . R

The procedure we use is the same as we saw when we
were analyzing a single mean, except that the differences

are analyzed. (Lw g)

We will have two (dependent) sets of data. For each matched-palr we find the dlfferc nce. The
e
order in which we subtract is nuportaut and should nor be done arbltranly R
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We must verlfy that the following is true before continuing with hypothesis testing.

. sample data come from simple ra.ndom sampling or a matched-pairs expenment,

g

» sample data are dependent (matched pairs),

* sample size is small .relaftive to the poinulation size (n < 0.05N), and
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+ the dlffe.rences are normally dlstnbpted w1th 1o outllerf ﬂe sample size is




Summary of the P-value Approach:

Step 1: Determine the null and alternative hypotheses. Again, the hypotheses can be structured
in one of three ways:

Ho: p, = 0
Hi:p, # 0

2. Equal versiis less than (left“tall"d“’fest)
Ho: p, =0
Hip, <0

3. Equal versus greater than (right-tailed test)
Ho: p; = 0
Hi: My >0

Step 2: Select a level of significance, a, depending on the seriousness of making a Type I error.
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Step 3: We could compute the test statistic #, = — (using n— 1 degrees of freedom)

T sd.

and use Table VII to approximate the P-value. Howeve‘r we Will often use the calculators or
StatCrunch to perform the hypothesis testing Where thls calculatlon w111 be done for us.
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‘Step 4: If the P-value < o, reject the null hypothesm For anunderstandmg ofthe P-values, we

will look quickly at these pictures. .

—=Stép5: State the conclusion.
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Alternatlvely, Steps 3 and 4 Usmg Class:cal Ap)[’]/ oach:
T d-0 /d

= —— which follows Student s t—d1st:nbut10n

\/_ J‘ cibisanins

with n—1 degrees of fl‘eedom Use Table VI to detenmne the cntlcal value accordmg to the
following pictures. :

Step 3: We compute the test statistic £, =

Critical
value

Critical -
region / S

Step 4: Compare the critical value to the test statistic. If the  test statistic is in the shaded region
shown above for the appropriate test, we > reject the null hypothesis.
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Recall the instructions to perform a T-Test for the calculator and StatCrunch. We will modify
them slightly to accommodate the differenced data. ¢

Instructions for TI Calculators (differs from the book):
1. If needed, enter the differences in L1. Just enter the dlfferences (with minus 31gns) and the
calculator will do the math as you go.

3. Select Data at the top. Press ENTER. You’ll enter 0 for 4, L1 for List and 1 for Freq. The
final line will give you a spot to teIl it you want a two-tailed, left-tailed, or right-tailed test.

Alternatively, before step 2 but after entering the differences in L1, run

STAT > CALC > 1: 1-Var Stats to find the mean and standard deviation of the dlfferences
Then, select STAT > TESTS > 2: T-Test but this time, select Stats at the top. It should fill in
{‘if and Sx lines for you. You’ll possibly need to enter 0 for x4 and the sample size as well as

select the correct test (two-tailed, left-tailed, or right-tailed).

4. Finally, select Calculate and press ENTER. The calculator will output a z-value (the test
statistic in step 3 on the previous page), the P-value we need (shown as p), the sample mean and
standard deviation, as well as the sample size, presumably to check.
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nstructions for StatCrunch
1. If you have raw data, enter it in the spreadsheet. Of course, coming from MSL homework,
/; click on the overlapping rectangles next to the data, select Open in StatCrunch, and poof!

;f 2. Select Stat > T Stats > Paired.

3. Tell it which columns contain the two samples’ data. They will be called Sample 1 and
Sample 2. Be aware that z, = 4, — 4, and the order is important. Choose the hypothesis test
| radio button. Enter the value of the mean stated in the null hypothesis (which is 0 in this section)

and choose the direction of the alternative hypothesis from the pull-down menu. You can also
\._ tell it you want a QQPIlot (normal probability plot) and a boxplot. Click Compute!

4. StatCrunch will output the test statistic f (T-Stat) and the P-value. Check the QQPIot to see if
it looks linear and the boxplot to see if there are no outliers.

: A University of Mississippi study tested the mean reactlon times of people comparing
Iong it took to press a button upon seeing a red screen versus seeing a blue s screen.. The

“reaction times were recorded in seconds Here is the data for a sample of 6 people. . m = b
Participant 1 2 3 4 5 )
Blue _ 0582 | 0.481 0.841 0.267 0.685 0.450
Red 0408 0.407 | 0.542 0.402 0.456 0.533

/ a.) /Why are these matched-pair data?
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/ b.) ;he study randomly chose which color a person would be given first. Why should we do
ihat"

e need o avoid MD@ bias
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., expl 1 (continued): e /
C) @ normal probability plotﬁ(QQPlot in StatCruncE) ‘and'boxplot of the data indicate the

dlﬂ'erences are appm}umately normal with no outhers Is there a dlffcrcnce in reaction times

' 0232
6} /7 Fillin the Va.ngtls 1§forma‘non ‘032
"

,a The null hypothesis is /L{D =0 with an alternative hypothesis of h,l_} '# o

The test statistic f is | ! 3‘ with N-{ = S degrees of freedom.- .
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,) The crifical v'alﬁe(;v,).jig/;tre | 4'.032) — 4,932 . 7;19(6 ﬁ'

[ The P-value is (9 2 4 ?‘ . (Using Table VII, we pnly o
P-value. Tecl:mology will outright give us its value.)

N\ s
‘ 0.20 & puale < ©,30

/ We reject 't»- elect one) the null hypothesis. There is { '
i

a range of values fyr the

evidence at the 0.01 s1gn1ﬁcance level to conclude that there is a difference in the reaction times
when blue versus red screens are shown.
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Confidence Intervals:
A (1-a)-100% confidence interval for x, is given by

““‘”““* — s;\\l/ Nt of ?Eﬁ

Lower bound: {{ / \Fj and Upper bound: d +t3/ J_
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where tay is the critical value with n — 1 degrees of freedom.

X 0.0 \m
onstruct a 99% confidence interval for the differenced datd used in exam ple 1. Interpret
the” et s ettt

answer. Does 1t match with the result from the hypothems test?

[{é.(l b) td/z Lo, Olfp, * 'L@ pos = 4,032 Cu..sl- like @éé?&>
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We Oxre 499 C,angd.ud that Ylhe Wean CE&W lpehveen ,{Q

(eackion-hwes Br blue vs, red Sereens |s behueen = 0.193
Instructions for Calculator: Cﬁ,u,d e, ?)T{-Q ﬂus m‘éﬁﬁﬁ;ﬂﬁ O d@@ < ﬂil‘:i\ﬂ

Do the same as for hypothesis tests, except select STAT > Tests > 8:TInterval. Tell it

confidence level. w\%% -po-(;f' we
did ot w-gcg% Wi
nstructions for StatCrunch: - ﬂ wl, W Q N‘B‘i %L !
Tt is the same as before. Enter data and select Stat > T Stats > Paired. 3

Again, the setup is the same but we choose the Confidence interval radio button. Enter the level
of confidence. Click Compute!

If you like to do stuff by hand, Table VII is provided here.
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