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There is also a paired t-test

If every value in each data set has a specific partner, then the set of
individual differences should have a mean of zero. One set of
values with an p,=0 can be tested with a one-sample t-test.
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We want to know if the population means differ.
We can't measure the populations.

We take random samples.

We calculate sample means.

The sample means are estimates of the
population means, but sampling error makes
them inexact.
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These are the two most important t-tests
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We compare confidence H We compare confidence

intervals (i.e., Cls). intervals (i.e., Cls). ’

» Overlap = lack of - SEE— » Overlap = lack of E ; R UL oua

evidence that means differ. 95% ci «——s - ssa evidence that means differ. remaT A2sd

» No overlap = evidence
that means differ.
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Watch our confidence
interval video for more
about calculating CTs and
what they represent

-
that both

means could be in this region

Analogy bety on ple and two- ple t-test
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manner?
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/ variances equal?
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in some way. Use paired t-test.
If we know o. Use Z-test (unrealistic)

If we don't know o, but we know they're
equal. Use unpaired homoscedastic t-test.

If we don't know o, and we don't know
(or don't want to assume) they're equal.
Use unpaired heteroscedastic t-test.
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The two-tailed two-sample t test formal procedure

» Create a null hypothesis and alternative hypothesis:
Ho: 1, = 1
Hat py # 1y

» Calculate t ;. teale =

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

One vs two-tailed tests
The two-sample t test can also be "one-tailed"

Ho 1y 2

Hat g <pp

tealc

» No overlap = evidence
that means differ.
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The t test uses the additive property of variances
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Watch our one sample
1-test video for more
about testing hypotheses
about population means.

Very low probability they
could both be in this region.
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The t test practical procedure
» Create a null hypothesis and alternative hypothesis: X% —%
Hot py = pp and Ha py # py tealc = it B
SE

» Calculate t.,. and compare t,, to various t; values.

» Determine the p value - e.g., t.,.=2.2 for df=18.
Use table: t; o55 15=2.101<2.2<2.214=t; 3, 15 gives 0. 05>p>0 04 l
Use computer: calculation gives p=0.041

» Use the small p value to "reject Hy"

Hg: 1, = pp not consistent with p=0.041<0.05.
Ha: u, # p, is consistent with p=0.041<0.05.

One vs two-tailed tests

The two-sample t test can also be "one-tailed"
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The ttestisa

We could calculate both confidence intervals and see if they
overlap. Instead we usually calculate a single t or Z value for the
difference and compare it to zero (i.e., when Hy is true).
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The t test uses the additive property of variances

Theorem: For two uncorrelated or independent data sets A and B,
the variance of the combined data set is the sum of the separate

variances: 2 ) 2
044 =04+ 0p

Implication: If the means of two populations are equal, then the
difference between two samples should be zero and the combined
variance will be sum of the original two.

Application: A t-test where H, is that pi,-p,=0 can be used to see if
the means of two populations differ.

The t test practical procedure

» Create a null hypothesis and alternative hypothesis:

X — X
Hg: 1y = pp and Hp: py # —_

SE

teale
» Calculate t.,. and compare t, to various t; values.
» Determine the p value - e.g., t.,.=2.0 for df=18.
Use table: t g5 15=1.734<2.0<2.101=t; 5,5 43 gives 0. 1>p>0 05 1
Use computer: calculation gives p=0.061
» Can't use the moderate p value to "reject Hy"

Hp: 1, = p, is consistent with p=0.061>0.05.
Ha: p, # p, not consistent with p=0.061>0.05. 4

Statistically significant

The use of p=0.05 (i.e., 5%) as a threshold for deciding to reject null
hypothesis is arbitrary, but is the standard.

Statistically significant: A test has returned a p value less than the
threshold and the null hypothesis has been rejected.

» If sample means of 18 and 20 are significantly different,
(i.e., p<0.05), then we reject the null hypothesis that the
population means are equal (we can also describe direction).
» If sample means of 18 and 20 are not significantly different,
(i.e., p>0.05), then we fail to reject the null hypothesis that the
population means are equal (we may assume they're equal).



