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~ Announcements

| haven't received any suggestions for the formula sheet. .. draft on

class webpage

Homeworks:

40% of your grade

Lowest (%) HW dropped

Remaining 8 homeworks will be weighted equally (i.e. 5% each)
I'll update canvas with this contribution after HW #8 graded

Friday: no lecture, I'll be in my office.






Randomized experiments







‘Two common study designs

1. Random Sampling study

Popdediin~ Ankeseens
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= A population(s) is defined popwhedio—

« Units are randomly sampled from the population(s)

Units are observed

2. Randomized Experiment > Coamrah Tleronce

= A group of units is selected

Units are randomly assigned to different levels of a treatment
variable
Units are observed






ondom Sampling Model






Y ComeonENTD
D(&JTG\{I&;&-- S;o.m ELQ___, S-\-ai{‘.-.“'{ﬂ- Swp\fﬂo\ D{s&ﬁmo;..

?og uuQ.aL'On =
Thow o Condoan One  nuadbss summciy Dk buFion of e

. Somple £rom Fo?mon : of Ha sanrple - Aefistic oves all
| \3 - \1) —-‘-(\{ w ?o&‘-s\'\a(n, ro~doan
— > .-, A 'f_-_-_'/ L \ ;Wu..s_

(%, -, n
SO FAR e hove basn wotbing LA to gk T )
N L ws ( Somnest
We. kaow (a( 'as&m.) + \(ﬂoua ("c‘”?“"" 3§'Z-¢~,n'§" ?{c.;\»c o S't"oia.‘s"é'ft- — KA wd ( -Ai
o populatin 4. e e s Vo) e s
YA chonls on giamkii» Sony NN P e
Ap pt Oox A
¢ iZAo.te, E:ro‘)ar)ﬂe—b
Pro?.eﬂ—ne,&
INFERENCE g cigid b W <
Ma\\‘.ﬁ.— A s\‘a&w—u& e have Opa 4 [\ IAPI & V8  So—
AL%.& Hw (Jbeuﬂ@tn {\\ Sarmple. - sk .
How7 Dse = re\dianship betwen £% st
ol swuﬁ Aot 4o 6%&0_ TN






‘3" S‘k.)»\\ el | M&oﬁtai{aa \3'\\\-:‘

Ass{ﬁf\. JWMM.._&_S Ore b D‘ls\t'\Lu&ioq e.‘(:

5 a&' G AN DA og
b et A shafichic over

g O
NN
oA pessible
; ; - (‘o»Ao:\ 0\55;0&\1\»\!&3

| KPaEMJCa«k
@ Um‘fs

(\W\&OM







EXamp|e -

library(Sleuth3)

7ex0112

Researchers used 7 red and 7 black playing cards to randomly assign
14 volunteer males with high blood pressure to one of two diets for
four weeks: a fish oil diet and a standard oil diet. These data are the

reductions in diastolic blood pressure.
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Did the fish oil decrease BP more than the Regular Oil?

4«/\/\((9- Mean S FlShOll -
| FishOil  RegularOil RegularOil
6.571 -1.143 7.714







 Randomization Distribution

The randomization distirbution is the distribution of the statistic
over all possible assignments of the treatments to the experimental
units. |

Just like the sampling distribution you can:
s derive it

s approximate it

= simulate it






 Simulating the Randomization Distribution

The usual null hypothesis in randomized experiments: no difference

between treatments.

We observe pairs (Y;, T;) where Y; is observed response, and T; is
the treatment applied (let's say T; = 1 or 2).

Often an additive model is assumed: bt & et
Yi(Ti=2)=Y;[(Ti=1)+9¢

Under null § = 0, or if null is true, we observe Y; = y; regardless of

the treatment unit / receives.

We only observe one of (Y;, T; = 1) or (Y;, T; = 2), but if the null
is true, we know what we would observe for person i under the

other treatment, the same value.
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_ Example cont.

Null hypothesis: no difference between treatments

A vnvwse BP é;&\'\e.e—% BP Diet
T et
\o 12 FishOil
\ 10 FishOil
() 14 FishQil
2 FishQil
0 FishQil
0 FishQil
-6 RegularQil
0 RegularQil
1 RegularQil
2 RegularQil

-3 RegularQil
-4 RegularQil

2 RegularQil
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Null hypothesis: no difference between treatments

7L

~ (.00

BP Diet random__1 random__2
8 FishOil RegularQil FishQil
12 FishQil RegularOQil FishOil
10 FishQil RegularQil RegularOil
14 FishQil RegularQil FishQil
2 FishOil RegularQil RegularQil
0 FishOil RegularOil RegularOil
0 FishQil FishQil RegularQil
-6 RegularQil RegularQil FishQil
0 RegularQil FishQil RegularQil
1 RegularQil FishQil RegularQil
2 RegularQil FishOil FishQil
-3 RegularQil FishQil FishQil
-4 RegularQil FishOil RegularQil
2 RegularQil FishOil FishOil
2 36

Lk\\\ e 200‘)






Randomization distribution
1000 permutations of treatment levels
120 -

90 -

60~

count

30~

. . \ .
6 -5 0 2.96 5 o\os? 7\

Difference in sample means d“g_ v\
preop- ()k&(, \n wa.sa rmaans 2 77\ Sovmrp lar
## [1] 0.007
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 Randomization test

1. Pick a test statistic

2 Simulate the randomization distribution of the test statistic
under all (or many) different assignments of the treatments
Repeat many times:

2.1 Permuate treatment labels over observed values
2.2 Recalculate test statistic

3. Compare the observed test statistic to the randomization

distribution
NS VU

C_f\‘k(coj\ uoiAL
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Exact? Consistent? Depends on the test statistic.

E.g. the test statistic ‘difference in sample medians’ isn't an exact
test for equality of population medians unless we add an additive

effect assumption.

Why? Reference distribution is calculated under the asssumption

that the values from the two groups are exchangable.

Sometimes used with random sampling studies (often referred to as
a permutation test). Pretends population membership is like a

random assignment.
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