2-sample t-tests

April 03, 2024

How is this different

G: * random samples of 30 males and 30 females
* tested frame of reference, pointed S, error recorded
* table of pointing errors, in degrees, with:

10.1 Sampling Distribution of Differences between 2 inde})?endent sample means

MALE FEMALE <- New is 2 sample test.
13 68 60 22 300 14 78 18 32 80 Previous (below) is
130 18 5 70 8 8 69 35 35 Of 1-sample test.
39 3 9 58 20 20 111 111 12 68 e dhowscbaldyearmus, W
33 -1 -1 59 3 67 3 3 109 27 66 92 JIH!T.L.‘n.d.. cr’jl-S mill BTU
10 38 5 167 26| 138 128 36 8 176 T o
13 23 86 15 19| 122 AN 27 3 15 gg ;‘1’ ;: ;g 13;
—_ _ 70 &5 83 76 84
XM = 376 XF - 558 F: Do households in the West US
use a different amount of energy?
Sw =38.5 S, =483

F: At the 1% significance level, do the data provide sufficient
evidence to conclude that, on average, males have a better
sense of direction and, in particular, a better frame

of reference than females?

from 10.2

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

@tatistics Home Page @1%5 Notes

10.1 Sampling Distribution of Differences between 2 Independent sample means
10.2 Two Population Means: =a's Pooled t-test
10.3 Two Population Means: os NOT equal ~ Non-Pooled t-test

GOALS:
1. Consider how two samples can be compared to determine if they
are the same or different or come from the same or different
populations.

2. Consider the distribution of the difference of sample means,
including: - the mean of the difference

- the standard deviation of the difference
3. Use the Pooled-t Test to compare sample means when ;= ;,

4. Use the Non-Pooled t Test to compare means when ;,# 5,

Read Ch. 10.1, Study Key Fact 10.1
Study Ch. 10.2, # 33-43,48, 49
@Study Ch. 10.3, 67-70 all, 73-77(no CI), 81, 83
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2-sample t-tests April 03, 2024

10.1 Sampling Distribution of Differences between 2 independent sample means
How do we start to compare the males and females?

Know that mean for males is ~ nd for large samples.
Know that mean for females is ~ nd for large

samples. How do we compare them? X, =376 X.=55.8
We see that: mean for males < mean for female%M =385 Sp=48.3
or Xu < Xp
or Xy - <0 _OT_ _Or_
X, =X, X, >X,

We need to examine the distribution of —

XM- XF ey

In general: the distribution of §1 - §2
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10.1 Sampling Distribution of Differences between 2 independent sample means

Chapter 7
the distribution of gl- gz comparison
If x is ~ nd on each of the populations Mean of the
J Sample Mean
land 2, then x -, is~nd
and: U =u

X

Standard Deviation
of the Sample Mean

O'X_ = _a

Vn
Standard Error
(of the Mean)

1}

T—-‘
a= YG—"
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10.1 Sampling Distribution of Differences between 2 independent sample means

When o is known, can standardize to SNC,

(@)

s; and s, are estimates of same o
. o1 # 02 --> non-pooled ¢

s; and s, are not known to estimate same g

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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But rarely have a known ¢, so will not consider a z test = f/_\/ﬂ
D o/vn
7= (x1 ) ) — (:ul_:uz)

o ot 4

oo No, z test
Instead, either of two #-tests: 01, 02 unknown Yes, 2

T t-tests

. o1= 02 --> pooled?

10.2 Two Population Means: = G's

Instead, either of two z-tests:
o1= 02 --> pooledt?

s; and s, are estimates of same

Using s, and s, as estimates of same @, Sp is computed by

I'I(nl — l)s% + (1, — l)s%

p=Spooled = T T, 2

A

df=n1+n2-2

No need to memorize. Use textbook, pooled-t test,
and copy formula down in your solution.
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weighting each sample s by the size of the sample it represents.
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10.2 Two Population Means: = O's

o1 # o2 Non-Pooled t Test

s; and s, are estimates of g and g, so there are actually 4

variables: s; s, X, X,

This requires a different way to compute
the Degrees of Freedom

. will get from
s +£ calculator,
B n n, write df value
- (512 /”1)2 ., (522 /n2)2 for a problem.
n—1 n, —1

@/ikipedia
Class Notes: Prof. G. Battaly, Westchester Community College, NY
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10.2 Two Population Means: = G's
Pooled -t Test

IAssumptions: 1. SRS, 2. Independent samples

3. NDorl les 4. =¢'
Or lafge samp?es agzs- @ 3. ND or large samples 4 #c's @

—_—a =0 | D
Step 1: Ho:  py = W2 AN A
Hoat g # M2 or I < M2 or M1 > M2

M F O 0,=4 <O 4, —, > O
Step 2: Decide ¢¢x and sketch I

- X, —X .
Step 3:Compute test statistic: £.= i x) /= (x,—x,)

1 1 2 2
s S
S P + 1 + 2 s2 52 2
where n n, n n, 1422

\/ (m, —1)s; +(n, ~D)s; m_n
s, =

NonPooled -t Test J
Assumptions: 1. SRS, 2. Independent samplgs

1%

2

n +n,—2 df=n, +n,-2 _(312/”1)2+(522/”2)2
nm-1 n,—1
Step 4: Find P-value
Step 5: Decide whether to reject Hy or not : RejectH, ifp <
Step 6: Verbal interpretation NOT Reject H_ if p >
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Two events are independent if the occurrence of
one does not change the probability of the
occurrence of the other.

© G. Battaly, 2024

10.2 Two Population Means: = G's
Pooled -t Test

Assumptions: 1. SRS,
3. ND or large samples 4

G: * random samples of 30 males and 30 females
* tested frame of reference, pointed S, error recorded

* table of pointing errors, in degrees, with:
Step 1: Ho: iy = W2

MALE FEMALE H,: <
13 68 60 22 30| 14 78 18 32 80 S Mz or
130, 18| 5 70 8 8 69 35 35 91 Step 2: Decide o« and sketch
39 3 9 58 20 20 111 111 12 868
33 11 5 3 677 3 3 109 27 66 Step 3: Compute test statistic
10 38 5 187 26| 138 128 36 8 176
13 23 86 15 19 122 31 27 3 15

— — where

Xy =37.6 Xp = 55.8 5 = (m —1)s] +(n, 1)
| —

-2

Su =385 s, =483 m

F: At the 1% significance level, do the data provide Step 4: Find P-value

sufficient evidence to conclude that, on average, males have

a better sense of direction and, in particular, a better frame

of reference than females?

FOo,eol-.lar Nen-Ooresk :

Step 5: Decide whether to r

Step 6: Verbal interpretation

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

@lalmics Home Page @1;\55 Notes @mnswmk



http://www.battaly.com
http://www.battaly.com/stat
http://www.battaly.com/stat/classnotes/
http://www.battaly.com/stat/homework/10_2_pooled-t.htm

2-sample t-tests April 03, 2024

TS oY

10.2 Two Population Means: = G's wb" Sepl: Hit =y

randon
G: * samp e%f30 nmmes \/ He W # W2 or W <Mz or th > M2

. Wested frame of reference, pointed S, ‘error rg@g}}iqgmde « and sketch

*“table of pointing errors, in degrees, with:
MALE AN CSR FEMALE

13 68 60 22 30| 14 78 18 32 80
13 18 5 70 8 8 69 35 35 91 Wher [ ——
39 3 9 58 20| 20 111 111 12 68 s, = (AL
33 11 59 3 67| 3 3 109 27 66 =2
10 38 5 167 26| 138 128 36 8 176
13 23 8 15 19| 122 31 27 3 15/ Step4: Find P-value

\“ 37.6 S,=238.5 df=n;+n,-2 TableIV

X =558 Sp=483

(x5 -x)

Step 3: Compute test statistic: =

Step 5: Decide whether to reject Hy or not

Step 6: Verbal interpretation
F: At the 1% significance level, do the data providgufficient

eviderice To conclude hat, om average, males have a be
sense of direction andﬁamuular a better frame -
of reference than fem A 5"5)"""27""“1’?:6-0'

@HJ:/{’{H:MP /‘/,,\_- NG
u‘o o, 01

=0. %>.0/"\0(
AR NG
O ~kb@?‘ rg./“.v,

At the 1% s.1., the evidence is insufficient to declare that males
have a better frame of reference than females.
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10.3 Two Population Means: os NOT equal

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? Ry 05
X, =115.1, s.=79.4, n.=51
=243, s=10.5 n =19

Kingsville

PoleiZo pon bt d

_ LLM |
hid Go gle
2 —
2

calculate

sy

As
G Im) (s3I

m-1 -
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10.3 Two Population Means: ©s NOT equal 7[0 n- 51%
G: Seasgrass taller, thicker in Corpus Christy Bay than in Lower [¥igifha Madre. ¥

To compare ammonium concentrations, collected random samples. A normal Independent
probahilisenlot of the Laguna Madre data was approximately a straight line.
Aniﬁcance level, is the mean _ \
ammonium concentration in Corpus Christy ol= O_,O.J o
Bay larger than that 1. Lower ¥Y2ouna Madre?
— ‘Non-pooled-t
X=1151, s.=7%4, 2.=51 @
x=243, s=10.5 u,=19
A: sre, NPPpund mlv Q NSI1~-Q9.3 7
® _ e J 5 ’W*I‘ ns 715
H.. /MC‘ML n Y n, n2
. > M
. L S8
N Me BESIRY S

495 (15™) WO -4
f‘ 0.0000

C
o
R
s
=
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10.2 Two Population Means: = O's

Researchers are investigating how the amount of protein in the diet relates

to weight gain. They randomly select 19 female rats, and consider their
gain in weight between 28 and 84 days after birth. 12 were fed a high

protein diet and 7 were fed a low protein diet. At the 95% confidence level,

does the high protein diet relate to a higher weight gain?
High protein| 134(146|104|119|124/161|107| 83| 113{129| 97|123

Low protein| 70{118/101| 85(107|132] 94
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10.2 Two Population Means: = G's

Researchers are investigating how the amount of protein in the diet relates
to weight gain. They rand%ly select 19 female rats, and consider their
gain in weight between 28 and 84 days after birth. 12 were fed a high
protein diet and 7 were fed a low protein diet. At the 95% confidence level,
does the high protein diet relate to a higher weight gain?

High protein| 134 146/104|119/124/161|107| 83| 113|129| 97|123
Low protein| 70/118/101| 85/107|132| 94

Assumpt: srs, nd?, g =0, ? NPP first, confirm nd and o, =0, , then finish

‘/ 01 =02

FO=1E

Can use pooled -t procedure.

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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10.2 Two Population Means: = O's

Researchers are investigating how the amount of protein in the diet relates
to weight gain. They randdéﬂy select 19 female rats, and consider their
gain in weight between 28 and 84 days after birth. 12 were fed a high
protein diet and 7 were fed a low protein diet. At the 95% confidence level,
does the high protein diet relate to a higher weight gain?

)| High protein|134|146(104|119/124|161/107|83|113|129| 97/123

2 Low protein| 70|118|101| 85/107|132| 94

Assumpt: srs, nd?, g, =0, ? NPP first, confirm, then finish : Lo !

o5 -
> L0 ad

F=. BI7E608634
=17

AR T .
IR L R TRy PR =)7 e

(1,17 + (1, ~s?

[ 7% Kq-; 1-.98
o k‘ *.08 ' ' 2-SampTTest
. dfapnin-2=1 InFt: i Stats
K > Ay g LICLINEE
List2:ilz
Can avoid 1-variable stats and go straight to 2-sample t-test Erealcd
BUT, be sure to check s; and s, before proceeding. JBLiTn e2
- — 2-SamrTTest
- -1 01 ¥
(- o) _ 1200 1.g91 b1 Ea1436397

Lwz=1A1
’FSxa=£I.3EEIE?I
01 =02 Sxz=2@.6236111

J)C Sl W W I J= )

v n+n, -2 o= n1=%2
nz=
= l Q130" +6020.6)" 20.038<p.05 = o
2+ T-a —
12+7-3 -_--r':let““. ? 2”7‘&;\4 .
Sata

Conclude: The high protein diet relates to increased weight gain.
(Note: Cannot reject if a 2-tailed test: p= 2(0.038) = 0.0757 > 0.05)
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10.3 Two Population Means: &s NOT equal randomly select who answers

True or False:

1. pooled-t requires independent samples, but
non-pooled t does not.

2. pooled-t requires that population standard
deviations can be assumed to be equal, but
non-pooled t does not.

3. the non-pooled t test requires degrees of freedom
but the pooled t test does not.

4. the pooled t test pools the sample means

5. reject the null hypothesis when p > a

suoneinap pag

True or False
ASCHAYAE€ELTAT .

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

10.3 Two Population Means: ©s NOT equal =~ [me o Fakse

. pooled-t requires independent samples, but
non-pooled t does not.
2. pooled-t requires that the standard deviations can

Ch 10 True/False Questions e e o
3. th -pooled t test ires d £ freed
BREAK ROOMS the non-pooledt e equires degrees of freedony

4. the pooled t test pools the sample means

Q u eStIO n 1 2 3 4 5 5. reject the null hypothesis when p >
1

O WM

True Or False ’>d Jansuaym sisayiodAy (Inu ayy 10efey “ese
suoneinap piepuess sdwes ey sjood 188} } pajood 8y ‘es|e

Jp aanbai s}s8} 3 [l "8sle:

1

an

4G
£l 4
4 €
L C
D sa|dwes juspuadapul alinbai yjog ‘esjeq ‘|
ACAY A ELT AT
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10.3 Two Population Means: 0s 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 o, =10

:1’11 T2 “0’2=2 02:5 g = 10 02;20 O'2=5OI

i 10 10 93.7 94.5 94.9 g 03.
( 10 20 82.9 88.7 95.0 98.2 989
|10 40 68.5 81.8 95.0 29 i 09.9

ﬁb/e from JB Statistics

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, =g,
especially if the sample sizes are different.

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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10.2 Two Population Means: = G's
Pooled or Non-pooled Variances: = ? or Not ?

* If sample sizes are equal and s, and s, are similar,
assumption of equal population variance may be reasonable
and the pooled procedure can be used.

* If sample sizes are equal and s, and s, are different,

use non-pooled procedure.

* If sample sizes are very different and s, and s, are similar, and
the larger sample size produced the larger standard deviation, the
pooled procedure is acceptable because it will be conservative.

* If sample sizes are very different and s, and s, are different, do
not use the pooled procedure. The pooled test can be quite
misleading unless sample standard deviations are similar, especially
if the smaller standard deviation accompanies the larger sample
size.

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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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? 0.04/5.49=1.6

6790, =549, n=10 coi s
7(0 = 66817 S¢ = 904, n,.= 31

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: Given

Need o, = ¢, for pooled-t but nc > n,and sc > s, so pooled would be conservative; use NON-pooled

:
[ia]
n'n
ae L m
Gimy i)
n-1 n, -1

Class Notes: Prof. G. Battaly, Westchester Community College, NY
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10.3 Two Population Means: Gs 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). (Independent - diff. drivers, srs, nd)

0, 1 1 -—
At the 5 A) significance level, does the X = 67. 90 s=549 n=10
intervention reduce the mean heart rate ! 2 I

in bus drivers? X. = 60. 81 S. = 904, n,= 31
@/I,_’/A,-ﬁ«c #"/‘(7 <M. @Dux=0.0%

.- H) 67.90_ (L5 o0 "\
i [FEPE
[ 3/

0.959

R

Az =5 7Y
df<ar

@6’= 0.473
@ F= 0\1,7;}01:0.'4‘]5» A_)D_TYI»" .
ta! N S
@ ( :IMM’»D W:WMJ" U’ﬂ' b-:;:cj-‘&

mu 7 [‘w‘l}z

-1 n, -1
Class Notes: Prof. G. Battaly, Westchester Community College, NY " :
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ATTENDANCE QUESTION:

G: Indep. random samples: 126 cropland, 98 grassland, to
compare the number of native species. n.d.

Samples Mean Stdev n
Cropland 14 .1 4.83 126
Grassland 153 4.95 98

F: At 5% s.l. does a difference exist in the mean number of
native species?

Which procedure should you use to answer the
question?

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