Two sample unpaired t-test: examples

POPULATION 1
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's" t-test
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We want to know if the population means differ.

We can't measure the populations so we take

random samples and calculate sample means.

The sample means estimate the population
means, but sampling error makes them
imprecise.

What are the chances the population means
are the same (i.e., Hy), based on how much
the sample means differ from one another?
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POPULATION 2
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Reef A: X, = 31.00,5, = 3.200
Reef B: ¥y = 29.00, 5, = 4.444

teate = 2.3514

test

df =19

Itcatel > |teruel?
2.3514 > 2.093?
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The mean masses are significantly different
Q1: Which is population has the larger mean?
Q2: What is the p value?

#1-h d
ReefA: X, = 31.00,s, = 3.200
Reef B: X = 29.00, 5, = 4.444

test
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"The mean mass of fish at reef A is
significantly larger than the mean mass of
fish at reef B (0.02<p<0.04).

Example #3 - Cracks at construction sites
Consider number of cracks each of two locations:

Site1:13,11,18,6,13,5
Site2:10,4,6,1,6,12,7,2

Are the mean numbers of cracks the same?
With what degree of confidence do we decide?
First step, calculate sample means and variances:

Site 1: ¥; = 11.00, 5% = 23.600
Site 2: X, = 6.00, 53 = 14.000

#-h d
Site 1: X; = 11.00, 57 = 23.600
Site 2: ¥, = 6.00, 53 = 14.000

(6—1)23.600 + (8 ~ 1)14.000
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X —X _ 11.00 - 6.00 5.00

t, = = -
cate Js,,(—l—i»,,i) J1aoooo(§+§) 2.29129

test
df =ny +ny —
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-

2.

I‘

2=6+8-2=12
= 18.0000

=2.1822

Two-sample "student's"” t-test: paired vs unpaired data values
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Two different populations
e.g.,

From two times or locations
From two treatments
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The same population
e.g.,

Before and after

Twins in two treatments

#1-h d test
ReefA: X, =31.00,5,=3.200 e . .. 5 1110 219
Reef B: ¥, = 29.00, 5, = 4.444 fimaEny

_(my— 1)s3 + (ng — 1)s3 _ (11-1)3.200 + (10 - 1)4.444
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#1 - heter ic test

4 =31.00,5, = 3.200
Reef B: Xy = 29.00 5, = 4.444
. Xy—X5 _ 31.00—29.00 200 o000
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n Example #1 - masses of fish

#2 - heter
Old: ¥,y = 16.00, 5%, = 5.1429
New: X,,, = 14.00, 5%, = 6.8571

df =13 e =1.6330

teate™> teriel?
1.6330 > 2.160?

-2.160 tac 2.160

“The mean recovery times for the old and
new procedure are not significantly different|

Two-sample t-test t = —X Two-sample t-test choice Unpaired two sample
- _ " combined SE | |variances Ztast
X2 X YES
95% CI o o? known? —
/M Ei—%
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Leate > Lerie A teate <terie 0

Zero is outside the Cl for the
difference of population means

Masses of fish caught at each of two reefs:

ReefA:32,32,31,32,33,27,29,30,31,33,31
ReefB: 30,27,28,27,28,32,29,27,33,29

Zero is inside the Cl for the
difference of population means

Are the mean masses of the fish populations the same?

With what degree of confidence do we decide?
First step, calculate sample means and varian

Reef A: ¥4 = 31.00,s% = 3.200

ces:

df =ny+n, -2

Note: compare to critical
valuesin a Z table, not t table

The formal procedure
» Create a null hypothesis and alternative hypothesis:
Ho: iy = pp
Haim # 1,

» Calculate t.

» Decide to "fail to reject H," or "reject H," based on the p value.
Hy: 1, = p, consistent with non-small p values.

. B = 20
Reef B: 75 =29.00,55 = 4.444 Ha: 1 # pp would give us small p values.
#1 - heter test #1 - heter test
Reef A: ¥, = 31.00, 5, = 3.200 Reef A: ¥, = 31.00, 5, = 3.200
Reef B: Xy = 29.00, 55 = 4.444 Reef B: ¥ = 29.00, 5, = 4.444
o — cate™ 2.
df=17 e =2.3323 $ i P

Itcatel > |terul?
2.3323 > 2.110?
-

~2.110 tac 2.110

The mean masses are significantly different

Q1: What is the p value?
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#2 - heter test
Old: X4 = 16.00, 52, = 5.1429
New: ¥, = 14.00, 5%, = 6.8571
Xg — Xy _ 16.00 - 14.00 2.00
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(0.1<p<0.2). Rog 1" = 1 et

#3-h d test #3 - heter test
Site 1: ¥; = 11.00, 57 = 23.600 Site 1: ¥; = 11.00, 57 = 23.600
Site 2: %, = 6.00,5% = 14.000 I 4 Site 2: ¥, = 6.00, 53 = 14.000
af=12 Ceare = 2.1822 e ¥ -% __11.00-600 _ 500

i H 2§ 4.8580  3.7417 2.38397
s~ ltcatc| > |teriel? b 6 8

2.1822 > 2.179?
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"The mean number of cracks at site 1 is
significantly larger than the mean number of |
cracks at site 2 (0.04<p<0.05). |
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5 1429  6.8571 ~0.85056

~=13.72=13

=2.0973

=1.6330

Same t value as
homoscedastic when
sample sizes are equal
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“The mean mass of fish at reefAis
significantly larger than the mean mass of
fish at reef B (0.02<p<0.04).

#2-h d test

Old: X,y = 16.00, 5%, = 5.1429 e

New: %,,,, = 14.00,52,, = 6.8571 ﬁ =
e

df =14 teate = 1.6330 2 B

Two-sample t-test choice Unpaired two sample

homoscedastic t-test
Variances
o2 known?
| no
Variances ygg Homoscedastic
c?equal? — test

(ny — 1)} + (n, — 1)s}
T T D -1

df =ny+ny -2

o

Two-sample t-test choice Unpaired two sample

heteroscedastic t-test
Variances
o? known? > % -
| no

Variances
o? equal?

| YES or NO

Heteroscedastic
test

teate =

AKA "Welch's test"

Example #2 - surgery recoveries
Time to recovery for 2 old/new procedure:

Old: 19,17 ,16,17,18,12,14 15
New:17,12,13,12,13,19,14,12

Are the mean recovery times in the populations the same?
With what degree of confidence do we decide?

First step, calculate sample means and variances:

Old: %,y = 16.00, 52, oy = =5.1429
New: X, = 14.00,s2,,, = 6.8571

#2-h dasti
Old: X,y = 16.00, 52, = 5.1429
New: %, = 14.00,52,, = 6.8571

test
df =ng +ny

[CAs

-2=8+8-2=14

(Roig = 1)57 + (Mpew = 1)s3 (8- 1)5.1429 + (8 — 1)6.8571

ltcatel > |tcruel?
1.6330 > 2.145?

2.145

-2.145 ok

"The mean recovery times for the old and
new procedure are not significantly different
(0.1<p<0.2).

ple #3 - heter
Site 1: ¥, = 11.00, 5% = 23.600
Site 2: ¥, = 6.00 5% = 14.000

test
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k icvs two-sample t-tests
» When the sample sizes are equal, the t.,. value will be the same.

af=9

teate = 2.0973

ltcatel > |tcriel?
2.0973 > 2.262?
s
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"The mean number of cracks at site 1 is not
significantly different from the mean
number of cracks at site 2 (0.05<p<0.1).
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» The ic t-test has slightly more power for 2 reasons:
1. tee Will be equal or larger than heteroscedastic.
2. Degrees of freedom will be larger.

» The homoscedastic t-test does carry an extra risk of
type Il error when we decide that the population
variances are equal.

» Advice: stick to heteroscedastic t-test. Tests only differ
if p=0.05, when we should be extra cautious anyway.
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