Math 361

Tests for Experimental Studies-Means from
Two Independent Groups - Inv. 4.4, 4.5



Ch. 4 — Comparing two groups (binary EV)
on single quantitative response (RV)

What are appropriate graphs to look at?

What are appropriate statistics for summarizing
the data numerically?

How to test H,?
- Randomization test (simulation)
- t-test (approximate)

How estimate a difference in population or
treatment means?

Scope of conclusions based on study design




Study designs

We'll see how to perform simulation-based tests

and approximate tests for data for three types of
study designs.

1. Observational study of samples from two
populations (Inv. 4.2)

Experimental study with random assignment into
2. two independent groups (Inv. 4.4), or
3. matched pairs (Inv. 4.8)



Inv. 4.4: Sleep Deprivation

When a quantitative variable is measured in an
experimental study in which groups were
randomly assigned, it is often of interest to test
whether the means of each group are equal.

Today, we will investigate a “randomization” test
and see that the results are close to the two-
sample t-test.



Inv. 4.4: parts a-d

Subjects were randomlyassigned tp be sleep
deprived or not. Their impyovements in reaction
times on visual discrimiiation task were
recorded.
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Inv. 4.4: parts a-d

Subjects were randomly assigned to be sleep
deprived or not. Their improvements in reaction
times on visual discrimination task were
recorded.

a) Experiment or Observational Study?
b) EV: Sleep Deprived (binary)

RV: Improvement in reaction time (quantitative)
a) Ho! Wynrestricted = Mdeprived

Ha: Mynrestricted > Mdeprived



Descriptive Statistics for one quantitative
variable, two independent groups

Statistic

difference in sample means, x; - X,

Graphs

2 dotplots, histograms, boxplots on the same
scale



Inv. 4.4: part f

Subjects were randomly assigned to be sleep
deprived or not. Their improvements in reaction
times on visual discrimination task are given
below. Compute the mean difference in reaction
times.

Sleep deprivation group (n=11):  -10.7,43, 22,213,147 -10.7,9.6, 24, 21.8, 7.2, 10.0
Unrestricted sleep group (n=10) 22145 -7.0,126,345,436, 116,186,121, 30.3
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Inv. 4.4: part f

Subjects were randomly assigned to be sleep
deprived or not. Their improvements in reaction
times on visual discrimination task are given
below. Compute the mean difference in reaction
times (15.92).
Sleep deprivation group (n=11):  -10.7,4.3, 22, 21.3,-14.7, -10.7,9.6, 2.4, 21.8, 7.2, 10.0
Unrestricted sleep group (n=10):  23.2. 143, -7.0, l‘ﬁ 345,436, 116,186, 12.1, 30.3
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Simulation-based appro?\ch for p-value

a®
Subjects were randomly a55|gned to be’sleep
deprived or not. Their improvements in reaction

times on visual discrimination task are given
below. o\

-10.7,45,2.2, 213, -147 -10.7,96,24, 21.8, 7.2, 10
252,145, 70,126,343, 456,116,186, 1.1, 30.3

Sleep deprivation group (n = 11);
Unrestricted sleep group (n = 10):

\—/-—'

How could we simulate the method of data
collection if the null hypothesis were true?



Inv. 4.4: part |

Subjects were randomly assigned to be sleep
deprived or not. Their improvements in reaction
times on visual discrimination task are given below.

Sleep deprivation group (n=11):  -10.7,43,22, 213,-14.7 -10.7,96, 24, 218 7.2, 10.0
Unrestricted sleep group (n=10): 232,145, -7.0,126,345,436 116,186,121, 30.3

1. Write each of these numbers on an index card,
shuffle the 21 cards and randomly deal into two

groups.
2. Compute the simulated difference in means.



Inv. 4.4: part |
(Simulated) Randomization Test

(I) Combine your results with your classmates to produce a dotplot of the difference in group means.

|
-0 -18-16 -14-12-1048 6 4 -2 0 2 4 6 8 10 12 14 16 18 20
difference in group means (unrestricted - deprived)

3. Repeat steps 1-2 many times



Inv. 4.4 part p-Q

Sample data: Show Shuffle Options: ¥ Total Shuffles = 1000
(explanatory response) Unstacked Number of Shuffles: 995
Mesn=-0.114
Creatment score - Hypothesized po-pq: |0 g | sD=6774
unres 25.z2 e L] ] - -
unres 14.5 = Shuffle Responses | '® Data Plot g
unres -7.0 B -
e £ Most Recent Shuffle
unres 12.8 3 o
unres .5 = Bl
N treatment score 2 B
unres 5.8 2 - __“_"" ; -
unres 11.6 = Snres - -
unres 12.8 o unres 12.80 g
I 12 9 unres 34.50
unres 12.1 Y snres -
s o ]
Use Data || Clear - - - - unres 7.20
- “ < - unres 18.60 - |
Fears unres 45,60 -20 -10 0 10 20
unres 9.&0 hd Shufflied Differences in Means
Boxplots unres 25.20 P
Summary Statistics: Shufled Summary Statistics: Count Samples | Greater Than = v [|15.92 Count
5 lzan 5D - lgan 5D Count = 8/1000 (0.0080)

dep 11 g 12.1 dep 11 7 13.21 '

unre 1 19.82 14.7 unre 1 14.35 1 Z

pooled 21 11.48 13.4 erall 21 11 15.57

e P

Statistic: | Difference in means ¥ Observed diff=15.920 Shuffled dif=5.48

Shuffle 21 subjects and randomly assign to two groups
many (1000) times — this gives us the null distribution

and allows us to compute the “empirical” p-value of
0.008.



“Exact” Randomization Test

p-value = proportion of all possible divisions of
the 21 subjects into groups of size 10 and 11
that are at least as extreme as the observed
study difference (15.92)

n
Recall (k) = number of ways to choose k items

from n unique items when order doesn’t matter



“Exact” Randomization Test

p-value = proportion of all possible divisions of the 21 subjects into
groups of size 10 and 11 that are at least as extreme as the observed
study difference (15.92)

n . : :
Recall (kJ = number of ways to choose k items from n unique items

when order doesn’t matter:
There are (i(l)) = 352716 ways to divide 21 people into groups of size

10 and 11.

Using R or Minitab or Excel, of these 352716 ways, only 2456 have a
difference in sample means as large as 15.92

So p-value = 2456/352716 = 0.007



Inv. 4.4: part w Inv. 4.5: part w

The “exact” p-valueis  The approximate p-value

from the two-sample t-
2456/352716 = 0.0070  test is 0.0076

Sample data: Show Shuffle Options: Total Shuffles = 1000
(explanatory,response) Unstacked Number of Shuffles: (995
Lrestment scors N Hypothesized pa-pq: |0 2
==  25.2 2 oy | T -
ez 14.5 - Shuffle Responses | ® Data ‘' Plot 9
== 7.0 H i -
o= z Mest Recent Shuffle
es = 2
ez 4 H . s = omn .
es 11.6 = 2
es 18.6 - B
unres 12.1 4 =
Use Data || Clear - -
-20 - S
=care N -4 -2 0 2 4
Shufled t-statis
Boxplots
Summary Statistics: Count Samples | Greater Than = v | |2.69 Count

ann (0 nnany

udb (U.00aU)

Count = &/

¥ Qverlay ¢ distribution

Shuffled ¢-statistic=0.79

Statistic: | t-statistic v Observed f-statistic=2.6%



Two sample t-test and t-interval

Summary of Two-sample t Procedures
Parameter: p — p2 = the difference in the population means

To test Ho: pi—p2 = o

Lk i ty = M Approximate degrees of freedom:
iy 5 Compare this to a 7-distribution with
o degrees of freedom equal to the smaller of
-Confidence interval for p — p2: the two samples sizes minus one:
(¥, —X,) tr*x i+£ i)
n o n,

Technical conditions: These procedures are considered valid if the sample distributions are
reasonably symmetric or the sample sizes are both at least 20.



Three ways to compute a p-value to test a difference in
means between two independent groups

* Exact
* Card Shuffle Simulation (also called “empirical)
* Two sample t-test

— only if each sample size is at least 20



