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Single Sample Inference when True Variance
is not know (almost always)

© One and Two-Sample T-tests

Most typically, since we don’t know £, we don’t
know ¢ either.

What do we know from our sample data that is an
unbiased estimate of o ?

Sample standard deviation, s!

Introduces additional uncertainty into test. Need to
compensate by using a different statistic with more
extreme crit_ical values, to the extent that additional
Readings: GW 9 & 10 & SS9 & 10 uncertainty is introduced.

When will values of s be closer on average to the
values of o ?

Lectures 16, 17, & 18

Single Sample Inference when True Variance Distribution of t-statistic
is not know (almost always)

) _ M -u+— magnitude
« Estimated standard error of the mean t= 2

s o T standard err

: « This distribution is the
——Normal distribution . . . .
—eeetist, df = 2 t-distribution, and its
shape depends on the
degrees of freedom, n -
1.

Approximation depends on sample size

(actually df =n - 1)
Computation of test statistic unchanged, but call it a t statistic
with df = (n - 1) 025

« Write this as t(df) or ty

Critical value of Z was +1.96. Critical value of t depends on

[ 1(20)= 15
° or
to =15

Distribution of t-statistic

M - 4+— magnitude

t= > Critical values

s
> only.
o “— standard err v =
- As df grows, t(df) becomes We always do 2- :
o —Nomal danibuion | More normal (SS 9.2.3). tailed tests! ¢

+t(=) =N(0, 1) _ i
= the Normal distribution Notice at df = <, u

critt=critz 1
« Set a critical value based on the g
area under the t-distribution, just H
like we did with the normal dist. =
forz I
*Lookup on Table T z
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Example - Single Sample t test Assumptlons: One—sample t-test
« Does Drug A raise temperatures?
+ Null hypothesis: H,:u=98.6 ¢ Independent observations (one observation doesn’t influence
« Alternative hypothesis: H,: %986 another observation and knowing one score doesn’t tell you
- Data: anything about other scores)
99.2,98.7,99.3,97.9, 100.3, 99.4, 98.9, 9.8, 100.1 e The scores from the populations are normally distributed
X- 99.2+98.7+99.3+97.9+100.3+99.4+98.9+99.8 +100.1 _ 993
9 : * Whatif the assumptions are violated?

— Independence violated. Not good -- consider a different

0.74 experiment or analysis method.

o [(992-99.3) +(98.7-99.3) +(99.3-99.3) +...+(100.1-99.3) _
5= . -

% % 093086 07 — Normally distributed scores violated. Not a big deal, esp
BB o= 00 2L 083 crity, t,=+2.306 as sample size increases (e.g, n > 30)

S :7/; 07%5 247

Reject Hy: Patients taking Drug A have temperatures significantly above normal

2

Independent Samp|eS t-test Null hypothesis true: No mean difference

« Is the mean in Group A different from the mean in Group B when + Each group is actually sampled from one and the

there is no way to link up particular scores in one group with same population
particular scores in another (the groups are independent) « What then is the sampling distribution for each of
» Random assignment of people to either the treatment or control the two group means?
conditions . :
« Are there gender differences in personality dimensions? = Approximately normal
» Do CU in-state students have higher GPAs than CU out-of-state > One true mean: u (avg X= 1)
students? > Standard error of mean o=~
« Do those who got the own-attitudes-first form of the questionnaire . s -~
think about Obama differently from those who got the own- estimated as Sy = W

attitudes-later form of the questionnaire?
« Equal or unequal n’s in the two groups
o Null hypothesis: H, : i, = pt,; g1, — 11, =0

Null hypothesis true: No mean difference Null hypothesis true: No mean difference
« We draw 2 samples from this one population, one « Sampling distribution of mean differences
of size n, and one of size n,. > Approximately normal
« What does the sampling distribution for the - Average X-X,=0
difference between the two sample means look Since each sample mean on average equals
like? (Sampling distribution of mean differences) - Standard error of mean difference
> Approximately normal o = Lo
o Average X,-X,=u-u=0 A

Since each sample mean on average equals p
o Standard error of mean difference How estimated?

_ e . « We have two different sample estimates of ¢
oA, ,




Estimating the Standard Error of the Mean
Difference

o= (n,=1)s +(n,-1)s; _S5,+SS,
P df, +df, df, +df,

,_(n=1si+(n-1)s} (n-1)s7+(n-1)s] si+s?

If n,=n, =n,thens; Tin-2 2(n-1) 3

Independent t-test: Data example

Hy:p, =gty p, =, =0

Drug | Placebo Hytp, # g g, = p, #0
6 8 2 2 2 2
: . . _(n,-1)8+(n, ~1)$] _9(L49)" +8(1.39)
. Y n,+n, -2 17
7 7 _9(222)+8(190) _,
5 6 17
4 9 _85,+85, 1556+201 , o
3 7 df, +df, 8+9
6 5 X -X X -X
¢ | (B X)) (K=K -)
5 o S%,%s iafi
Mean 478 6.30 T Mo
s 139 149 (6.30-4.78)-(0) 152
sS | 1556 | 201 a0 200 s 2%
1 2 10 ( 10
crit t; =+2.11

Assumptions: Two-sample t-test

Independent observations (one observation doesn’t influence
another observation and knowing one score doesn’t tell you
anything about other scores)

The two populations from which samples are drawn have
equal variance

The scores from the two populations are normally distributed

¢ What if the assumptions are violated?
— Independence violated. Not good -- consider a different
experiment or analysis method.
— Equal variance violated. No big deal. Use alternative
formula

— Normally distributed scores violated. Not a big deal, esp

as sample size increases (e.g, n > 30)

Mean

SS

Independent Samples t-test: Testing the null
hypothesis Hy: 1y = 1y

¢ (K X)—(w-p)
iy -2 75)?‘%
(K= Xa) (- p)
nl nZ
o (n—1)sf +(n,~1)s} S5, +5S8,
p df, +df, df, + df,
Compare to crit  lym,-25 = .05

Independent t-test: Data example

Ho:pt, = py s, =4, =0

Drug | Placebo Hyopty # 1yt~ 1 20
8
3 6 =& “E) ) 152 o
5 4 o Sg,-x, -66
7 7 crit ty, =42.11
5 6
: z Reject Hy
6 5 The Placebo group has significantly higher
scores than the Drug group
4 6
5
478 6.30
139 149
15.56 201
9 10
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