NON Pooled T test G. Battaly April 17, 2019

10.3 Two Population Means: os NOT equal

GOALS:

1. Compare 2 sample means when the population
standard deviations are not equal.

2. Use the distribution of the difference between the
means to evaluate the samples.

3. Arrive at a conclusion: are the means from the
same population or are they different?

Study Ch. 10.3, 67-70all, 7/3-77 (no Cl), 81, 83
[#61-67,71, 73]

Which to use, pooled or unpooled? JB Statistics.
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10.3 Two Population Means: ©s NOT equal

Cholesterol levels are measured for 28 randomly selected heart attack
patients (2 days after their attacks) and 30 randomly selected other
hospital patients who did not have a heart attack. The response is

quantitative so we compare means. It is thought that cholesterol levels
will be higher for the heart attack patients.

For the 28 heart attack patients, the mean cholesterol level was 253.9
with a standard deviation of 47.7. For the 30 other hospital patients
who did not have a heart attack, the mean cholesterol level was 193.1
with a standard deviation of 22.3.

Assuming nd and a significance level of 5%, are the cholesterol levels
for the heart attack patients higher than those for the other patients?

What kind of problem is this?

How is it similar to other problems we have done?
How is it different?

What kind of preblem is this?  hypothesis test
How is it similar lo other problems we have done? 2 samples - like pooled-t test

How is it different?  not pooled-t because it does not meet assumption that o) = g,
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10.3 Two Population Means: os NOT equal

If we assume that the population standard deviations are equal, but
they are not, how poor an outcome would we expect?

If we find a 95% confidence interval:

% of intervals that contain p; — po:
assuming equal standard deviations and a,=10

L, @,E10

|1 na|o2=2 03=5 02=10 02=20 o3=>50 |
‘ 10 10 93.7 04.5 94.9 04.8 93.7

10 20 B2, BS. 95.0 98.2 98.9
| 10 40 68.5 81.8 95.0 99.5 99.9

table from JB Slalislics

1. Slightly less confidence if same sample sizes.
2. If different sample sizes:
a) a BIG decrease in confidence if the larger
sample has a smaller standard deviation.

b) an increase in confidence if the larger sample
has a larger standard deviation.

Conclude: Better to use Non-pooled if there is a question about equal

population standard deviations; ie: not sure that o, = o>
especially if the sample sizes are different.
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10.3 Two Population Means: s NOT equal
NonPooled - t Test

Assumptions: 1. SRS, 2. Independent samples
3. ND or large samples 4. +#d's
Step 1t Hit My = M, o Ry
H: W #H or Wi <Mz or M1 > M,
Step 2: Decide o and Sketch

[ = (xl _xz) j""'ﬁf\

Step 3: Compute test statistic:

sos
+ standard error
non =
b =0 | 7
Step 4: rudcves) or  Find p-value E

S
T
sl..

=

Table IV using df; 4 :

round down to the
nearest integer

2
2 2
S S
A= mom
- 2 / 2 2 / 2
(s7 /m) + (s;/m,)
(Welch's pooled degrees

n—1 n,—1
. . of freedom.)
Step 5: Decide whether to reject Hy or not f ‘'

df different because
timating two different
standard deviations as
well as estimating the
means for testing

Step 6: Verbal interpretation
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10.3 Two Population Means: ©s NOT equal onc
P Pooled or Non-pooled Varmncegl. =7 or Not ? Qégﬂ?“{g
G: Seasgrass taller, thicker in Corpus Christy Bay than in Lower Laguna Madre.
To compare ammoniwm concentrations, collected random samples. A normal
probability plot of the Laguna Madre data was approximately a straight line.

At the 1% significance level, is the mean ammonium concentration in
Corpus Christy Bay larger than that in Lower Laguna Madre?

X.=115.1, s.=79.4, n.=5I1
X =243, s=105, n=19
Approach:
What kind of problem is this? "At 1% s.I..." -> hypothesis test
Which procedure?
2 samples -> either pooled-t or non-pooled-t (at this point)
Need nd for both: n¢ large, NPP for n,
Need o, =wo, for pooled-t but 79.4 x 10.5 -> NON-pooled-t

Caeuerz campiet Tear
FrarTEaTa
e

« If sample sizes are very different and s1 and s> are different, do not
use the pooled procedure.
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10.3 Two Population Means: 6s NOT equal e,
G: Seasgrass taller, thicker in Corpus Christy Bay than in Lower Laguna Madre.
To compare ammonium concentrations, collected random samples. A normal
probability plot of the Laguna Madre data was approximately a straight line.

At the 1% significance level, is the mean ammonium concentration in
Corpus Christy Bay larger than that in Lower Laguna Madre?

X =115.1, s.=794, n.=51
.= 243, =105, n.=19

Caeusrerz ampiet Teo
3 T
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10.3 Two Population Means: ©s NOT equal nNeéen-
G: Seasgrass taller, thicker in Corpus Christy Bay than in Lower Daguna Madre.
To compare ammonium concentrations, collected ¥indom samples. A Normal

probabaki ot of the Laguna Madre data was approximately a straight line.
Aniﬁcance level, is the mean

amiORI concentration in Corpus Christy 4= O’QJ o
Bay larger than that in Lower La, ﬁuna Madre?
_— on-pooled-t @

115.1, s.=794, n.=51

=243, s =105, n =19

v
Independent

X, =
X,

D) B - B EAS N
H /M'C \/SlJrs:? '-?—H-Q-I—D:_S.E 725
H : /(/{ >‘/ML moHy ] l?

a c R

7
_31{:2%

A= LM ™)
(s t‘n} (&, /m)*
n -1 n,—1

03 ?‘5‘&(/5”)
< 0.0000

@ 0:;:0,0300-< 0. 01=X
’M-:g"mfwoj‘cé

rwi. H
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10.3 Two Population Means: ©s NOT equal

students set up

G: Efforts to reduce disabilities of bus drivers by improving bus routes (intervention)
to alleviate stress. Heart rates of drivers on improved routes were

compared to that of drivers on normal routes (control).

G: Independent - diff. drivers, srs, nd

At the 5% significance level, does the intervention reduce the mean heart rate
in bus drivers?

= 6790, §=549, n=10
Xe = 66.81, s.=9.04, n.=31

Approach:

What kind of problem is this? At 1% s./..." -> hypothesis test
Which procedure?

2 samples -> either pooled-t or non-pooled- (at this paini)

Need nd for both: Given

Need o, =a, for pooled-t but n_>n ands_>s, sopooled would be conservative; use NON-pooled

2 2T

n o m

T&iny s in)y

n-1 -1
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10.3 Two Population Means: ©s NOT equal T

G: Efforts to reduce disabilities of bus drivers by improving bus routes (intervention) to
alleviate stress. Heart rates of drivers on improved routes were compared to that of
drivers on normal routes (control). (Independent - diff. drivers, srs, nd)

= 5% significanc ra ag —_
At the 5% significance level, does the X, 67. 90 S, 5 493 n, 10

intervention reduce the mean heart rate

in bus drivers? ic 66. 8] Sec 904, Ne 31
@#p ANy AU, ’dk,%</“a @u«=0.05

@ x) - 677 4LF] o0 ™\
J,T AT, Fof*
[ 2f
= 0.%959
st s_) = syg? ‘TO‘?
A Em ol [ il
K 2 qa?
Gls) e Yo
@f: 0.673
B p=ob15Dazon D Mlrg Hh.
© Lchote At oo TR,

:Wmﬂ‘h&a.m&w.

¢ 2T
n m
b=
(/m) (s/n)
. . n-1 n -1
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10.3 Two Population Means: 0s NOT equal

Cholesterol levels are measured for 28 heart attack patients (2
days after their attacks) and 30 other hospital patients who did
not have a heart attack. The response 1s quantitative so we
compare means. It is thought that cholesterol levels will be
higher for the heart attack patients.

For the 28 heart attack patients, the mean cholesterol
level was 253.9 with a standard deviation of 47.7.
For the 30 other hospital patients who did not have a
heart attack, the mean cholesterol level was 193.1
with a standard deviation of 22.3.

Assuming nd and a significance level of 5%, are the
cholesterol levels for the heart attack patients higher than
those for the other patients?
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10.3 Two Population Means: Gs NOT equal
Cholesterol levels are measured for 28 heart attack patients (2 Assuming nd and a signiﬁcance
days after their attacks) and 30 other hospital patients who did P N -

v . G " level of 5%, are the cholesterol

not have a heart attack. The response is quantitative so we

compare means. It 18 thought that cholesterol levels will be levels for the heart attack

higher for the heart attack patients. R . .
patients higher than those for

For the 28 heart attack patients, the mean cholesterol N
level was 253.9 with a standard deviation of 47.7. the other patients?

For the 30 other hospital patients who did not have a
heart attack, the mean cholesterol level was 193.1 HQ: Ha:

with a standard deviation of 22.3. ]
%,-253.9 s;=47.7 m =28 /\

Use non-pooled t-test:
because s; > 2 s,.
_ (;1_ ;)
5,8

Vo n

H

PR L e
(£im) (= /m)
-1 -1
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10.3 Two Population Means: 0s NOT equal
Cholesterol levels are measured for 28 heart attack patients (2 ASSUII]ng nd and a SigﬂiﬁCﬁHCG
days after their attacks) and 30 other hospital patients who did v - o

. " ' level of 5%, are the cholesterol

not have a heart attack. The response 15 quantitative so we

compare means. It 1s thought that cholesterol levels wall be levels for the heart attack

higher for the heart attack patients. A . )
patients higher than those for

For the 28 heart attack patients, the mean cholesterol )
level was 253.9 with a standard deviation of 47.7. the other patients?

For the 30 other hospital patients who did not have a
heart attack, the mean cholesterol level was 193.1 Ho: Ha .

with a standard deviation of 22.3.
%,=253.9 s;=47.7 m =28 /\

X;=193.1 $2=22.3 n,=30

C(x-x) _ 2539-/93%1
= =b. 197 dAF=3727~37

{
e ¥2.2* | 2a3?
\n n e

P=18500"7) = p.0000
=9 ©oco< ©.08 =K -'-r«.; H,

Conclude: cholesterol levels of heart attach patients is
higher than patient w/o heart attacks.
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10.3 Two Population Means: 0s NOT equal

class
G: independent SRS, n.d. F: Use non-pooled t test:
a) 2-tailed ®=0.05

EXTRAS

G Xi=15 =2 m=15
X,= 12, s2=5, m=15

x_r)
-
A T
_ momJ
(s /ny _(sin)y
n -1 -1
Class Notes: Prof G. Battaly, Westchester Community College, NY
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10.3 Two Population Means: ©s NOT equal class
EXTRAS

G:_independent SRS. n.d. F: Use non-pooled t test:

G X=15 si=2 m=15,_(8-%) _ T2
[D X= 12, s=5 m=15 s o8 O 'D\.lgg

/ "_1‘+"_2 ctE
LM =y
pohe @Pao,mf‘!%‘

©) @:o.owt/{d:o,or

0%

2
H
_ noon
(SE/m)er(szzfnz)z
n -1 n, -1

(.83 5277)
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10.3 Two Population Means: ©s NOT equal
G: independent SRS, n.d. F: Use non-pooled t test: EXTRAS

students

a) left-tailed ®=0.05 (NOTE: can also use pooled-t because std dev not very different)

G: 20, si=4, n; =10

g_?’k:_ﬁ\_l@éogirzss.ample t Test
23’ 52 S’ n2 15 2-SampTTest

Stats/

meant:

s1

<1 221

mean?:

ul: #u2 :u_2 >u2
Pooled: No Yes
calculate

¥ ox
e
[P
1%
Vo n
siost
Lm m

n-1  m-1
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A=
(s /n) (s/m)

10.3 Two Population Means: s NOT equal students EXTRAS

G: independent SRS, n.d. F: Use non-pooled t test: <
eta /l( “u & 7t i
a) left-tailed o¢=0.05 [ -

_ %=02§ 05
G %=20, s;—=4 m 105:D ‘;&

=23, s2=5, n2=15

= —].¢e0 of¥:23.0999
o5 =23

@ p o055

= 0.05"(5 A=0.03

v”“

’s;’

4:]1',0% J" J"“" & (sm) Ts Iy

My < v
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10.3 Two Population Means: 6s NOT equal

EXTRAS
At the 1% sign. level, do data provide
sufficient evidence to conclude that litter

Review: Number of young per litter. 24
Florida, 44 Virginia.

size in Florida is less than that in
G: ~nd, srs, independent, g's = Virginia?
G: FLL x1=546, s =159, n =24
VA X%=7.59, s =268, n=44

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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