Overview of
Statistical
Methods

Prepare

1. Context
What do the data mean?
What.is The goal of study?

2. Source of the Data
Are the data from a source with 2 special inberest 80 that thers1s pressire to obtain
resultsthat are favorable to the §OUrGe’?

3. Sampling Method E
Were the data collected ina waytha‘b 15 unbilased, or were the data collected ina way
that is biased (such asa procedure in which respondente volunteer to participate)?

\
Analyze ' L e :
1. Graph the Data
2. Explorethe Data
Are there any outliers (numibers very far away from almost all of the other data)?
What important e'batlstms summanzz the data (such as the mean and standard
deviation)?
How are the data distributed? .
Are Thens missing data?
Did many selected subjects refuse to m&pond?
3. Apply Statistical Methode
Use techhology to obtan resulte

Conclude

1. Statistical Significance _
Do the results have statistical sigrificance?
Do the resitis have practizal significance?

x -
¥Finding P-Vaiues
Left-tailed What Right-tailed
typsof test
H
%Twa—tallsd
I the
tast statistic
to theright orlsft. of
center
2
Left Right
Y Y
P-value = area P-valus = twice Pvalue = pwice P-value = area
to the loft of the area to the the area to the to the right of
the test left of the test tight of the test the test
atatistic statietic statistic statistic
P-valus P-value is P-valueis F-value

twice this arza. ‘vwice this area,

LQ;._ T /T LDL.

L Test statistic l— Test statistic Test statistic J Test 51:zi‘l:i6’ci04I

Inferences about pi: choosing between # and normal disttibutions

¢ distribution: o not known and normally distributed population
or o not known and 7 > 30

Normal distribution: o known and normally distributed population
or o known and » > 30

Nonparametric method or bootstrapping: Population not normally distributed and » =< 30
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3{f )

®l

5f Mean {frequency table)

— 2
5=, ’E(_x_i‘) Standard deviation
n—1

#(Zxh) — (Zx)?

5= Standard deviation (shortcut)

ol Fo b

p—E<p<p+E Proportion

where £ = Zaj214 (%

¥»x— E<p<x+ E Mean

L 75

£

where E = ta/z; (or unknown)
”

v
or £ = zaﬁ% {o known)

aln — 1)
SzJAMﬁﬁ]—muwP Standard deviation (n — 152 (n — 1)s?
alr— 1) {frequency table) —X,%— <og?<«< —Xf_ Variance
variance = &
BT T gkt il
—%ﬂuﬁ St s Bl e = NS T o P AR W T L Al {54/2]20.25
P(Aor B) = P(A) + P(B) if A B are mutually exclusive n= 7 Proportion
P{dor B) = P(4) + P(B) — P{Aand B) san
if A, B are not mutually exclusive _ [2]%5 Proportion (5 and 5 are known)
PAand B) = P(A)+ P(B) if A, Bare independent P portion \panc
P(Aand B) = P(A)- P(B|A} if A, Bare dependent 2% |*
PA) =1 — P(A) Rule of complements "= E Mean
| ik
P = = Permutarions (no clements alike) - - T
(ﬂ - r)! %;% i A5 e 14_‘5;- Ry -
n! ) ) —— =i e - PRV N S P e == )
P Permutations (#; alike, .. .) (h— ) —E<(pr—p) <(pr—p) + E
nl - s
.G = P— Combinations where £ = gy P;_?l + :;ZZ
T e e e e -
G o bohaileg Desbutngs. |5, LS G- B - E<(u-m) <G - %) +E (ndep)
u=2[xP(x)] Mean (prob. dist.) . 2 2 (df = smaller of
= .2 -—
o=VIi[x P®] - 4 Swandard deviation (prob. dist.) where £= o m o omg om— l,m— 1)

Pl = ( ! i +p*+4™* Binomial probability (o, and o, unknown and not assumed equal}
n— x)x! = 5
p=np Mean (binomial) E =ty Sl_].ri df=n +n — 2)e————
al=npg Variance (binomial) m
o= Vu p-g Standard deviation (binomial) 2= (m — Dsi + (mp — 1)s3
pr o eTH Poisson distribution . g —1)+(n -1
Plx) = b =
x! where ¢ = 2.71828 (¢ and &, unknown but assumed equal)
s g S i 0’% 0'%
-y T E=gupaj —+— <
e L n om

(o), o5 known)

d— E<p;<d+E (Matched pairs)

where E = :,,,2’7‘ =n-1
n
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; ; : 3 m%ﬂm e iﬂﬂﬁ%ﬂﬁ 3 '.-{’f walon ".."-x !. -
i B A Comelac nZxy — (zx)(zy)
z = ——— Proportion—one population orrelation r =
g " - V) — G Vel — P
n
- ¢ _ Z(Zrzy) where z, = z score for x
e —Q Mean-—one population {¢ unknown}) orr T T 1 &, = zscore for y
Y .
\ \_\/; T
_x-p i Slone: b — nZxy — (Zx)(Zy)
z= Il Mean—one population (o known) pe: 17 S — o) — -(-E_-x)z
Vn orby = 2
¥? = (n — 1)s? Standard deviation or variance— ! 5
‘ o’ one population s Intercept:
by =7 — bygor b EHEa?) — EH(Ex)
: - or
- S . e T =7 ¥ 0= n(Exl) _ (zx)z
p= & Pi)__ (P_l_ 2 Two proportions = §g + bz Estimated eq. of regression line
_p_gl > pl e x + %
" %2 ki , _ cxplained variation
=
o G — %) — (o — pto) df = smaller of total variation
i3 52 n—1l,n—1 . j)z 3% — b3y — by
2 + 2 1 i 5=
n m ¢ n— 2 n—2
LTWD means—independent; o) and o, unknown, and not
assumed equal. y—E<y < ¥ + E Prediction interval
1 n(xy — x)°
- %) — (i~ ‘ whereE=a,\/1+4+_
‘= G — ) — (p1— po) W =m + m—2) /2 5 () - (3P
i 3
Py T~ (g — st + (1, — 1)53
mo 2= _:_ 22 2 &mm&mmm T
n + ny — T e
Two means—independent; ¢, and &, unknown, but Procedure for testing Ho: ph1 = ptz = p13 =
assumed equal. 1. Use software or calculator to obtain results.
~ 2. Identify the P-value.
o= (e, — %) _ (2 _ ) “Towo means—independents 3. Form conclusion:
\/ ot ot If Pvalue = a, reject the null hypothesis
nooom o, 07 known, of equal means.
- If P-value > e, fail to reject the null hypothesis
d —_
P=— e Two means—matched paits (df = # — 1) of equal means.
d
Vi - Ghe mmﬁ&gm&mﬂ
F= i Standard deviation or variance— Procedure:
52 two populations {where 2 =43 1. Use software or a calculator to obtain results.
- 2. Test Hy: There is no interaction berween the row factor and column
-' B : ; w"‘ o WL __1!‘2’_.' L . factor.
L ABRLE L o ket AR :._..r.'-_'_.'f.;lw;.l,.‘m‘:.:,-,&é*;; LEL o] 3. Swop if Hy from Step 2 is rejected.
(0~ B* If H,, from Step 2 is not rejected (so there does not b
2 _ o —h—1 o P jected (so there does not appear to be an
X z E Goodness-of-fit (df ) interaction effect), proceed with these two tests:
(0 — B> Test for effects from the row factor.
X = E—E— Contingency table [df = (» — 1){r — 1]] Test for effects from the column factor.
here £ = (row total)(column total}
e (grand total)
(6—e -1
X2 = TT_ McNemar's test for matched pairs (df = 1}
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~ Ch. 13« Nonparumetric Tests ] Table A-6 Critical Values of the Pearson
(e +03) ~ (2/2) Correlation Coefficient r
z= —T-— Sign test for n > 25 n @ =__05 a = .01
T a 950 990
¢
5 878 958
T'—nin+ 1)/4 Wilcoxon signed ranks 6 " —
= 7+ 2a+ 1) (matched pairs and # > 30) : X
\/ paT Nemt 7 754 875
u 8 707 534
R— M Wilcoxon rank-sum 2 fige =
= R— pe _ 2 {two independent 10 832 785
or \/rslnz(rxl +m+ 1)  samples) 11 602 735
12 12 576 708
e 12 (RE 5%; . . Ri) v e D 13 553 684
NN+ D\ 7, "2 e 14 932 661
15 514 641
Kruskal-Wallis (chi-square df = £ — 1} 18 a97 623
rp=1- __n( S Rank correlation 18 468 530
: + 5 19 456 575
(crmml values for » > 30: \/;____1) 20 444 561
= 5 —_——————— e 396 505
G — (ﬂ + I) £ 361 463
2= G~k _ mtm Runs test 35 335 430
76 (2”1”?)(2"21"2 —m —m) forn>20 20 312 402
(m + m)%(m + my = 1) 45 294 378
e 50 279 361
- Chu 14, Conwrol Chares 5 254 330
R chart: Plot sample ranges 70 236 305
— 2
UCL DR 80 20 286
— 90 207 .269
Ccntf.rlnf:R 100 < -7 o198 0 256
LCL: DoR NOTE: To test Hy: p = D against Hy: p # 0, reject H, If the absalute
% chart: Plot sample means value of ris greater than the critical value in the tahle.
UCL:x + AR Control Chart Constants
Centerline: x Subgroup Size
LCL: % — AR BT J . S T
h . - ) . 2 0.000 3.267 1.880
£ chare: Flot sample proportions. 3 0.000 2574 1023
UCLi 5 +3 i7q 4 0000 2282 0.729
n 5 0.000 2114 0.577
Centerline: p 6 0.000 2.004 0.483
77 7 0.076 1.924 0.419
LCL: f — 3,/ —
”




NEGATIVE z Scores

Table A-2Z Standard Normal (z) Distribution: Cumulative Area from the LEFT

-

350 and
lawm

3.4
-33
-3.2
-31
-3.0
2.9
2.8
-27
—2.6
25
24
-23
2.2
—21
-2.0
-19
-1.8
-17
-1.6
15
-14
-13
12
-11
.—43
-8
—0.8
—07
-0.6
-5
-0.4
-03
-0.2
—01
—0.0

00

0oo
0003
0005
0007
oo
0013
0019
0028
0035
0047
0062
.0082
0107
39
079
0228
0287
0359
0445
0548
0668
.0B03
0968
1151
1357
1587
1841
2119
2420
2743
3085
3446
3621
4207
4502
5000

M

1562

1814

.2090

2389

2709

3050

2409

3783

4168

4562

4960

.02

0003
0005
0006
0009
0013
b8
.0024
6033
.0044
0059
.0078
0102
0132
0170
0217
0274
0344
0427
0526
0643
0778
0934
112
1314
1539
1768
.2061
2258
2676
3015
3372
3745
29
4522
4920

03

.0oe3

0064

0006
" 0009
0012

o017

0023

0032

.0043

Da57

.0075

0029

29

0166

0212

0268

.0336
0418
0516

0764

0918

.1083

1292

1515

1762

.2033

2327

.2643

2981

3336

3707

4090

4483

4880

NOTE: For values of z below —3.49, use 0.0001 for the area.

*Use these common values that result from interpolation:

Zstore

1 45

2575

Area
00500 -

0.0050 -

4

04

0003
0004
0008
0008
0012
0016

.03

0003

0004

.0006

noos

o1t

2016

.00z2

0030

0040

0054

0071
;

0094

ofze

0158

.0202

0256

0322

0401

0495

0606

0735

0885

1056

1261

1489

i1

977

2266

2578

2812

3264

3832

4013

4404

4801

06

.0003

0004

0006

¢ooe

4011

0015

0021
0029
0039

0052

.006%

0091

0118

0154

0197

0250

0314

0882

0485

0594

721

0859

1038

1230

1446

1665

1949

2236

2546

2877

3228

3594

3974

4364

4761

07

0003

0004

0005

0008

.0011

0015

.0021

0028

0038

0051

0063

0089

L0116

o150

0192

0244

0307

0384

0475

0582

.07a8

0853

1020

1210

1423

1660

922

2206

2514

2843

3192

3587

3936

4325

A721

®

08

0003
0004
0005
0007
0010
0014
0020
0027
0037
0049
0066
0087
0113
0146
0188
0239
0301
0375
0465
0571
0694
0838
1003
1190
1401
1635

1894

2177
2483
2810
3156
3520
3897
4286
4681

09

.0oo2

0003

.0005

ooo7

0010

0014

0019

0026

0036

0048

0064

0084

0110

0143

.0183

0233

0294

0367

.0455

0659

.0681

0823

.0985

1170

1379

1811

1867

2148

2451

2776

a121

3483

.3859

4247

A641



Table A-2 (continued) Cumulative Area from the LEFT

0 =z

©

POSITIVE z Scores

z 1 00
T o0 00
ot 539
02 5793
03 6179
04 6554
05 6915
0.6 7257
67 7580
0.8 7881
09 8159
1.0 8413
11 8643
1.2 8849
13 8032
14 8192
15 9332
16 0452
17 9554
18 9641
19 9713
20 arr2
21 9821
22 9861
23 9893
24 9918
25 9938
26 9953
27 9965
28 9974
29 9081
3.0 9987
31 gog0
3.2 9393
33 9995
34 .9997
350 and up 9889

01 o2 03 04 05 06 07
Tsma 5080 5120 5160 5199 5239 5219
5438 5478 5517 5557 5596 5636 5675
5832 5871 5910 5948 5987 6026 6064
6217 6255 £203 6331 6368 6406 6443
8591 6628 6664 6700 6736 8772 6808
6950 £985 7019 7054 7088 7423 7157
7291 7324 7357 7389 7422 7454 7486
7611 7642 7673 7704 7784 7764 7794
7910 7939 7967 7995 8023 3051 8078
8166 8212 B238 8264 8269 8315 8340
8438 8461 8485 8508 8531 8554 8577
8665 8696 8708 8720 8748 gr7e 8760
8869 8888 8907 8925 844, 8962 8980
9049 9066 9082 9099 9145 9131 9147
9207 9222 9236 8951 o35 9279 9292
8345 9367 9370 9382 9384 9406 9418
9463 8474 9484 9485 | 9505 9515 8525
9564 "9573 9582 9501 | 9599 9608 9616
9649 9656 9664 9671 9678 9686 9693
9719 9726 9732 9738 o744 9750 9756
9778 o783 9788 9793 9798 9803 9808
8826 9830 9834 4838 9842 9846 9850
9864 9868 9871 9875 9578 9881 9884
9896 9308 9901 9904 9908 9909 %911
9920 9922 9925 9927 9929 9931 9932
9940 9041 9943 9045 9946 9048 9948
9955 9956 9957 9959 9960 2961 9962
9986 9967 9068 9969 9970 9971 9972
9975 9976 9977 9977 9978 9979 9979
9982 9982 2983 noe4 2984 9985 9985
9987 9957 9988 9988 9989 9989 9989
9991 9981 9081 9992 ggep 9992 9992
9993 9994 9994 9994 9994 9994 9995
9995 9995 9996 2996 9996 999 9896
9997 9997 9997 9997 9997 9997 9997

-

7517
7823
B8106
8365
8699
8810
8997
9162
9306
9429
9535
9825
9699
9761
8812
9854
9887
8013
.8034
8951
9963

9980
2986
.8930
9993
9895
9996
.8987

9545
9633
9706
9767
9817
2857
9880
9916
0936
9952
9964
0974
8981
9986
.9880
9993
9895
9987
9998

NOTE: For values of z above 3.49, use 0.9999 for the area.
*Use these common values that result from interpolation:

E nedn frea
1,845 03500
4875 a.5a50

—-—

.

Common Critical Values

Confidance
Level

0.90
0.95
0.99

Criflcy

Value
1.645
1.98
2.575




Table A-3 t Distribution: Critical t Values

Area in One Tail

i 0.005 0.01 0.025 0.05 0.10
Degrees of | Area in Two Tails
Freedom 1 0.01 0.02 0.05 0.10 0.20
1 | B3.B57 31.821 12.706 6.314 3.078
2 9.925 6 965 4.303 2020 1886
3 5.841 4,541 3.182 2353 1.638
4 4.604 8747 2776 2132 1533
5 4.082 3.365 2,571 2015 1.476
6 3,707 3143 2,481 1943 1440
7 3.499 2.998 2.365 1.895 1415
8 8.955 2886 2.306 1.860 1397
9 3.250 2,821 2.262 1.833 1.383
10 3169 2764 2278 1812 1372
19 3.106 2.718 2.2M 1796 1.363
12 3.055 2 881 2178 1782 1 356
13 1.012 2.650 2.160 1771 1.350
14 2.577 2624 2.145 - 1761 1345
15 2.047 2.602 2.131 1753 1.341
18 2,921 2583 2.120 1748 1337
17 2.898 2.567 2.110 1.740 1333
18 2.878 2589 210 1734 1330
19 2,861 2,539 2.083 1.729 1328
20 2845 2578 2.088 1725 1325
21 2.631 2.518 2,080 1.721 1.323
22 2819 2508 2.074 1717 1321
23 2.807 2,500 2.069 1.714 1.319
24 2797 2492 2.084 1711 1318
25 2.787 « 2.485. 2.060 1.708 1.316
2 2.779 2479 2,056 1708 1315
27 2.7M 2473 2.052 1703 1314
28 2.763 2 457, 2.048 1701 1313
29 2.756 2.462 2.045 1,699 1.311
30 2750 2457 2.042 1687 1310
31 2.744 2.453 2.040 1.696 1.309
32 2.738 2449 2,037 1694 1308
33 2.738 2.445 2.035 1,692 1.308
34 2728 2 441 2.082 1601 1307
35 2.724 2.438 2.080 1.690 1.308
36 2,719 2434 2.828 1688 1308
37 2.715 2.431 2,026 1,887 1.305
38 2712 2499 2.024 1 686 1304
38 2.708 2.426 2.023 1,685 1,304
40 2701 2493 2.021 1684 1303
45 2.500 2412 2.014 1679 1.301
50 2578 2403 2008 1576 1299
60 2.660 2390 2,000 1671 1.296
70 2,648 2381 1.994 1667 1294
80 2.630 2374 1.590 1664 1.292
g0 2.832 2368 1.987 1662 1 291
100 2.626 2,364 1.984 1,660 1.290
200 2,601 2345 1872 1653 1288
300 2.502 2,339 1.968 1,850 1.284
400 2588 2336 1.966 1648 1284
500 2.586 2.334 1.965 1,648 1.283
1000 2.581 2 330 1.962 1646 1282
2000 2.578 2.328 1.961 1,646 1.282

Large 2.576 2326 1.960 1645 1282
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Table A-4 Chi-Square {(x?) Distribution

Area to the Right of the Critical Value

Degrees of ! -
Freedom | 0995 0.99 0.975 0.95 0.90 0.10 0.05 0.025 0.0 0.005
1 | — = oeot  o0po4 0016 2706 3841 5024 €635 7879
2 0010 0020 0081 0103 o211 4606 5991 [ ¢ TR i .. 9210 10597
3 0.072 0.115 0.216 0.352 0.584 6.251 7.815 0.348 11.345 12,838
4 D207 0297 0484 0711 1064 7779 9.488. N3, 1327 14 860
5 0.412 0.554 0.831 1.145 1610 9.236 11.071 12.833 15.086 16.750
8 0 676 0872 1237 1635 2204 10645 12592 14449 .00 18812 13548
7 0.98¢ 1.239 1690 2.167 2.833 12.017 14.067 16013 18475 20.278
8 1344 1646 2180 2738 <" 3490 13362 15.507 17535 1% 20000 21955
9 1.735 2.088 2700 3.325 4.168 14.684 16.919 19.023 ) 21.666 23.589
10 2156 2558 3247 3940 4 865 15 987 18307 20483 23.200 25188
1 2,603 3.053 3.816 4575 5.578 17.275 19.675 21.920 24725 26.757
12 3074 3571 4404 5.226 6304 18549 . 2026 23337 26217 28 208
13 3565 4107 5.000 5,892 7.042 19.812 22.362 24736 27,688 20,619
14 4075 4650 5629 5411 7790 77 21084 - 23885 ° 26119 20141 " 31919
15 450t 5,029 6.262 7.261 8.547 22307 24,996 27.488 30578 32.801
18 5142 5812 6908 7962 8312 23542 ¢ 26296 28845 52.000 34.267
17 5.697 6.408 7.564 8.672 10.085 24.769 27.587 30191 33.400 35.718
18 6265 7015 8231 9390 10865 . 25989 28 869 31526 34805 | - $7156 -
19 6.844 7.633 . 8.807 10.117 11.651 27.204 30.144 32.852 36.191 38.582
20 7434 . 8260 . 9561 10851 12443 0 28412 31410 34170 566 | 39997
21 B.034 8.897 10.283 11,591 13.240 20615 32671 35479 36.932 41401
22 8643 9542 10982 12338 14.04p 30813 32924 36 781 40280 42796
23 9.260 10.196 11.689 13,091 14,848 32.007 35.172 38.076 41638 44.181
24 9886 10 856 12 401 13.848 16 659 33196 38415 39 364 42980 ' 45559
% 10.520 14.524 13.120 14611 16.473 34.382 37.652 40.646 44314 46.928
% 11160 12198 13844 16878 17292 35563 36885 91923 - 77 45642 48 290
27 11.808 12,879 14,573 16.151 18.114 36.741 40.113 43.104 46.963 49.645
28 12 461 13585 15 308 16928 18939 37916 41337 44 461 43278 50993
29 13.121 14.257 16.047 17.708 15.768 39.087 42557 45722 49.588 52.336
30 13787 14 954 16781 18493 20589 - 40258 43773 46979 50892 53672
40 20.707 22,164 24.433 26,509 29,051 51.805 55.758 59.342 £3.691 66.766
50 27 991 29707 32357 34764 37 689 63167 67605 . 71420 76154 79490
80 35.534 37.485 40.482 43.188 46.459 74397 79.082 83.208 88.379 91.952
70 432715 45442 48758 51739 55329 85527 80 531 95 023 100 425 104 215
80 51172 £3.540 57.153 60.391 64.278 96.578 101,879 106.629 112329 116.321
90 59196 61754 B5 647 69126 73281 107 565 113 145 118136 124116 128 299
100 | 67328 70.065 74.222 77.929 82.358 118.498 124.342 129,561 135.807 14D.169

Source: From Donald B. Owen, Handbook of Statistical Tables.

Degrees of Freedom

n—1 Confidencs Interval or Hypothesis Test with a standard deviation or varlance




