
Chepts 11/ Hypothese Testing for two Populations
C

? We now look into foupariy two populations,

? This occurs alot in new ding or new methods

us. old dry or old method.

? Chat 11 covers the following;
11.3 2-pop matched pairs mean values.

? same person but betered after
? husband/ wife pairs.

11.1 2-pop Independent means.
? gip 1 vs group 2 mean valie.

11.2 2-190 Proportons
? I in favor of Death Penalty

11.3 Matched Pairs I S. Clarita vs. Palmdale

EX Car before and after a tune-up

car. # z 3 6 7 8
Before 35.4 35.2 31.1 31.6 26,5 23.1 25.2 32.4
Affer 33.8 34.3 29.6 30,9 24.9 21.8 24.3 31.3

Diffsence 21. 6 0.9 1.5 0.5 1.6 1.3 0.9 1.1

If If turns out that for matched pairs

we just do a H.T. in the diffrence) of
the paramets being assessed.
In other words,



a Notatine:

1d = saple mean it dileme
151= Stnd dev. of the differences for saple

Ids the population mean differene.

@ Assuptions:
1. SRS to the single populatin ot

matched data Insually before usatter y

Z. We need In> 30n730 on the differences.
need to bell shaped.

? Test statistic (t-table for means)

t = d-Ok
Sa/in ? all gatherines

O Hypothesis:
Ho : Mdifferences =0

HA: Maifteences #

? left. one-tail a tro tail blader
heade

O  t a i l

r ight
None-tail header

>



Assumptions for Inference

Proportions (z)

? One sample
1. Individuals are independent.
2. Sample is sufficiently large.

? Two Groups
1. Groups are independent.
2. Data in each group are independent.

And the Conditions That Support or Override Them

H T  2 - p o p  m e a n s ,  m a t c h e d  p a i r s

1. SRS and n < 10% of the population.
2. Successes and failures each ? 10.

1. (Think about how the data were collected.)
2. Both are SRSs and n < 10% of populations

OR random allocation.
3. Successes and failures each ? 10 for both groups.3. Both samples are sufficiently large.

Means (t)

? One Sample (df = n - 1)
1. Individuals are independent.

2. Populatio: har Tonal godel.
? Matched pairs (df = n

1. Data are matched.
2. Individuals are independent.
3. Population of differences is Normal.

1. SRS and n < 10% of the population.
2. Histogram is unimodal and symmetric.*

T u s T I f i c a t i o n s

1. (Think about the design.)
2. SRS and n < 10% OR random allocation.
3. Histogram of differences is unimodal and symmetric.*

or  n>30
Two independent samples (df from technology)
1. Groups are independent. 1. (Think about the design.)
2. Data in each group are independent. 2. SRSs and n < 10% OR random allocation.
3. Both populations are Normal. 3. Both histograms are unimodal and symmetric.*

or  both  n>30

Distributions/Association (X)
? Goodness of fit (df = # of cells - 1; one variable, one sample compared with population model)

1. Data are counts. 1. (Are they?)
2. Data in sample are independent. 2. SRS and n < 10% of the population.
3. Sample is sufficiently large. 3. All expected counts ? 5.

? Homogeneity [df = (* - 1)(c - 1); many groups compared on one variable]
1. Data are counts. 1. (Are they?)
2. Data in groups are independent. 2. SRSs and n < 10% OR random allocation.
3. Groups are sufficiently large. 3. All expected counts ? 5.

? Independence [df = (r - 1)(c - 1); sample from one population classified on two variables]
1. Data are counts. 1. (Are they?)
2. Data are independent. 2. SRSs and n < 10% of the population.
3. Sample is sufficiently large. 3. All expected counts ? 5.

Regression (t ,  df = n - 2)

? Association of each quantitative variable (B = 0?)
1. Form of relationship is linear.
2. Errors are independent.
3. Variability of errors is constant.
4. Errors have a Normal model.

1. Scatterplot looks approximately linear.
2. No apparent pattern in residuals plot.
3. Residuals plot has consistent spread.
4. Histogram of residuals is approximately unimodal and

symmetric, or Normal probability plot reasonably
straight.*

(*less critical as n increases)



EXI Will tune-ups inpoore fuel economy?

From the excuple on page one we saw the
On-I

citterences to be: 1.6, 0.9, 1.5, 0.5, 1. 6, 1.3, 0.961.1 g

Are the ingrovemants just statistical variate o
1.175 0d = 0.39670.6

a statistical significant difference? use 2=0.01

StRP$: (a) type it poblem; means, o unkin, matched pair
t - t ab le

(6) assumptións
? matched data - yes (percar)
? SRS -assumed
i n410 - yes thousands of ars,
? Bellshaped? (since n< 30) No, Proceed

any ways

1 9 1 1 1 8 ,  9 ,  9 ,  q l  do t  p l o t
0.5 1.0 1.5

step 1: hypotheses
H o :  M d  = 0
H A :  1 1  >  0  f i n p r o v e m e n t ]

/x= area = 0.01.

step 2

( 6 )  T a i l :
right taiD

s ign i t icance

Column

x = 0 . 0 1

te r i t i ca l  fo r  a  one- ta i l  means x=0.01
n=850 use

t c  = 2 . 9 9 8 DOF = 8-1=7

r o a



1 = 8

TABLE A-3 t Distribution: Critical t Values

0.005

D e g r e e s  o f
F r e e d o m

2

3

7

8

9

1 0

1 1

1 2
1 3
1 4

1 5
1 6

1 7
1 8

1 9
2 0
2 1
2 2
2 3

2 4
2 5
2 6

27
2 8
2 9
3 0
3 1
3 2
3 4

6 5

7 0

7 5

0 . 0 1

63 .657

9 .925

5 .841
4.604

4 .032

3.707

3 .499
3 .355

3 . 2 5 0
3 .169

3 .106
3 .055
3.012

2 .977
2 .947

2 .921
2 .898
2.878
2 .861

2 .845
2 .831
2.819
2.807

2 .797
2.787
2 .779
2.771

2 . 7 6 3

2 .756
2 . 7 5 0
2 . 7 4 4
2 . 7 3 8
2 . 7 2 8
2.719
2 .712
2.704
2 .690

2 . 6 7 8
2 . 6 6 8
2 . 6 6 0
2 . 6 5 4
2.648

2.643

2.639
2 .632

2 .626
2.601
2 .592

2 .588
2 .586
2.582
2.581
2 .578
2.576

=

0 . 0 1

Area in One Tail
0.025 0.05

0 . 0 2

31.821

6 . 9 6 5

4 . 5 4 1
3 . 7 4 7

3 . 3 6 5
3 . 1 4 3

2 . 9 9 8

2 . 8 9 6

2 .821
2 .764
2 . 7 1 8

2 .681

2 .650
2 .624
2 .602
2 .583

2 .567
2 .552
2 .539
2 . 5 2 8

2 . 5 1 8
2 . 5 0 8
2 . 5 0 0
2 . 4 9 2
2 . 4 8 5

2 . 4 7 9
2 . 4 7 3
2 . 4 6 7

2 . 4 6 2
2 . 4 5 7
2 .453
2 . 4 4 9
2 .441

2 . 4 3 4

2 . 4 2 9
2 . 4 2 3
2 . 4 1 2
2 . 4 0 3

2 . 3 9 6
2 . 3 9 0
2 .385
2 .381

2 . 3 7 7
2 .374
2 . 3 6 8

2 . 3 6 4

2 . 3 4 5
2 . 3 3 9
2 . 3 3 6

2 . 3 3 4
2 .331
2 . 3 3 0
2 . 3 2 8

2 . 3 2 6

A r e a  i n  T w o  T a i l s

0 . 0 5

12.706

4 .303

3.182
2.776

2.571

2 .447

2 . 3 6 5
2 . 3 0 6

2 .262

2 .228
2 .201

2 .179

2 . 1 6 0
2 . 1 4 5
2 .131
2 . 1 2 0

2 .110
2 .101
2 .093
2 .086

2 .080
2 . 0 7 4
2.069
2 . 0 6 4
2.060

2 .056
2 .052
2 .048
2 .045

2 .042
2 .040
2 .037
2 .032
2 .028

2 .024
2 .021
2 . 0 1 4
2 .009

2 .004
2 .000
1 .997
1 .994
1 .992

1 .990
1 .987
1 .984

1 .972
1 . 9 6 8
1 . 9 6 6
1 .965

1 .963
1 .962
1 .961

1 .960

0 . 1 0

6 . 3 1 4

2 . 9 2 0

2 .353
2 . 1 3 2
2 .015

1 .943
1 . 8 9 5

1 . 8 6 0
1 .833

1 .812
1 .796
1 . 7 8 2

1 .771
1.761

1 .753
1 .746
1 .740

1 . 7 3 4
1.729
1.725
1.721
1.717

1.714
1.711
1.708

1 .706
1.703

1.701
1.699

1.697
1.696
1.694
1.691
1.688

1.686

1 .684
1 .679

1.676

1.673
1.671
1.669
1.667
1.665

1.664
1.662

1 . 6 6 0

1 . 6 5 3
1 . 6 5 0
1 .649
1 . 6 4 8

1 . 6 4 7
1 . 6 4 6
1 . 6 4 6
1 . 6 4 5
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0 . 1 0

0 . 2 0

3.078
1 .886

1 .638

1.533
1.476

1 . 4 4 0
1.415

1 . 3 9 7

1 .383
1 . 3 7 2

1 .363
1 . 3 5 6

1 .350
1 .345

1.341

1 .337
1 .333
1 .330

1 .328
1 . 3 2 5
1 . 3 2 3
1 .321
1 . 3 1 9
1 .318
1 . 3 1 6
1.315

1 .314
1.313
1 .311
1 .310

1 .309
1 . 3 0 9
1 . 3 0 7
1 . 3 0 6
1 .304

1 . 3 0 3
1 . 3 0 1
1 . 2 9 9
1 . 2 9 7

1 . 2 9 6
1 .295
1.294

1 . 2 9 3
1 .292
1.291
1 .290

1 . 2 8 6

1 . 2 8 4
1 . 2 8 4
1 . 2 8 3
1 . 2 8 3

1 . 2 8 2

1 . 2 8 2
1 . 2 8 2



EX) (cont.)

Step 3: Test statistic

(a) SE : SE =

(4)
I need std. der. of

the differences!
On-i oncale.

=

sa/in
0 . 3 9 6

V 8

=  0 , 1 4 0

(b)
treat = sample -null

step 4: p-value (Critical @ test)

1 . 1 7 5 - 0 = 8 . 3 9
0.140

1 5 = 0

da ta

J

dees= 8.39
d= 2.998

StyS: Interpret results
s i n c e  t e s t  »  d o r i t i He accent

the clain that fuel economies improve

after a tune up.

Step6: "It was discoreed that their is signiticant
isproveet in a car's toel economy afte
a tane-up"

Step?: statdisk:



STEP 6:  The cr i t ica l  va lue method

x= 0.01

to =2.998tE = 9.142

Conclusion since.trest is further away
from O than teritwe reject the hall
hypother, that the difference in
fred economies bette and after a
tune-up is negligible ('o")

So T u n e ,  p sinpot fuel econony

sTopper to sape angle a hy 2167, a matched

x= 10.00 pralue =0.00002
? pop 1 ? col 1 te> te

? pop 2  ?1col? Reject
Null

Evaluate f a i l t o
re ject 769=9.14te 2.998

plot


