Statistics 350 Help Card

Summary Measures
Sample Mean
Xy +Xx, +etx, fo
n o
Sample Standard Deviation

S:\/Z(xi—)?)2 :\/inz—n)_cz
n

-1 n-1

_)_C:

Probability Rules
e Complement rule
P(AS)=1-P(4)
e Addition rule
General: P(Aor B)= P(A)+ P(B)— P(Aand B)
For independent events:
P(Aor B)= P(A)+ P(B)—P(A)P(B)
For mutually exclusive events: P(A4or B) = P(A)+ P(B)

e Multiplication rule
General: P(Aand B) = P(A)P(B| A)

For independent events: P(A4 and B) = P(A)P(B)
For mutually exclusive events: P(Aand B) =0

e Conditional Probability
P(Aand B)
P(B)
For independent events: P(A4 | B) = P(A)
For mutually exclusive events: P(A4|B)=0

General: P(4|B)=

Discrete Random Variables
Mean

E(X)=pu= inpi =X\ Py X Py X Py
Standard Deviation

sd(X)=0= \/Z(xi -’ p; = \/Z(xizp[ )—ﬂz

Binomial Random Variables
P(X = k) =(ij*(l—p>"'*

n n!
where =
(k) kl(n—k)!
Mean
E(X)=py =np
Standard Deviation

sd(X)=0y =np(1-p)
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Normal Random Variables

observation —mean x—u
e z-—score= —— =
standard deviation o

e Percentile: x=zo+

e If Xhasthe N(u,o) distribution, then the variable

X-—u
o

Z = has the N(0,1) distribution.

Normal Approximation to the

Binomial Distribution

If X has the B(n, p) distribution and the sample size n
is large enough (namely np >10 and n(1- p)=>10),

then X is approximately N (np, Jnp(1- p)).

Sample Proportions

.~ X
pP=—
n
Mean
E(p)=p;=p
Standard Deviation

p(l-p)

sd(p)=o; =

Sampling Distribution of p
If the sample size n is large enough
(namely, np >10 and n(l1— p)>10)

p(l—p)]_

then p is approximately N ( D,
n

Sample Means
Mean

E(X)=uz =
Standard Deviation

s.d(X) =03 -2

7

Sampling Distribution of X
If X has the N(u,o) distribution, then X is

o))

If X follows any distribution with mean
and standard deviation o and # is large,

then X is approximately N| (,u,i).

Jn

This last result is Central Limit Theorem



Population Proportion

Two Population Proportions

Population Mean

n

n n,

Jn

Parameter P Parameter D — D> Parameter H
Statistic p Statistic Py — P> Statistic x
Standard Error Standard Error Standard Error
- p(1-p . p.(1-p p,(1—p — S
sep) = p(1-p) S~e~(p1—p2):\/pl( P1)+p2( D,) s.eX)=——

Confidence Interval

Confidence Interval

Confidence Interval

prz'selp) (p,—p,)xz"selp, - p,) Xt1's.e(x) df=n-1
Conservative Confidence Interval
D Paired Confidence Interval
pizﬁ Jit*s.e.(g) df=n-1
Large-Sample z-Test Large-Sample z-Test One-Sample #-Test
L. PP . PP p=2 0 X g
o= py) (1 se(X)  s/\n
" p=p) —+—
noon
Sample Size D D Paired #Test
p o where p = mp,+mp, > _
z SR P df=n-1
n=|—— —
2m se(d) s, /\/;
Two Population Means
General Pooled
Parameter My — My Parameter My —
Statistic X, —X, Statistic X, —X,
Standard Error Standard Error
2 2 _ _ 1 1
se(x, —X,)= S5 pooled s.e(x, —xz):sp —+—
n, N, noom
where s, = \/(nl ~s? +(n, s
n,+n, =2
Confidence Interval Confidence Interval
(x,—x, )+t (s.e.(X, - X,)) df = min(n, —1,n, —1) (x, —x,)£¢" (pooleds.e.(x, - X,)) df=n, +n, -2
Two-Sample z-Test Pooled Two-Sample #-Test
=0 %=0 _ X% df = min(n, —1,n, —1) foHTH0  _ nx df = n, +n, 2
s.e(x, —X,) P pooled s.e.(x, —X,) 1 1
2,72 Sy —+—
noon, noon
One-Way ANOVA
= = X —%)2 ANOVA Table
SS Groups =SSG = D" n,(%, - %)’ | g Groups — MSG — isci
groups —
Source SS DF MS F
SS Error = SSE = . SSE
rror g;ups(nl )s; MS Error = MSE =5 = Nk Groups  SSGroups k—1  MS Groups F
Error SS Error N—-k  MS Error
—\2
SS Total = SSTO = 3" (x, - %) 5 _ M5 Groups Total SSTO N-1
values MS Error
. S Under H,, the F statistic follows
Confidence Interval X, tt \/p_ df=N-k an F(k — 1, N— k) distribution.
n;
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Regression

Linear Regression Model

Population Version:
Mean: py (x)=EQY) = By + Bix

Individual:  y, = B, + Bix; +¢;

Standard Error of the Sample Slope

N

B > -xF

s.e(b)) =

Confidence Interval for f,

where ¢, is N(0,0)
b, +t's.e(b)) df=n-2
Sample Version:
Mean: y=by +bx t-Test for f,
Individual:  y, =b, +b,x, +e, Totest H,: B, =0
b, -0
t=—1 df=n-2
s.e.(b))
or F:M df=1,n-2
MSE
Parameter Estimators Confidence Interval for the Mean Response
S (x-X)y-») (x=x)y P+1"s.e(fit) df=n-2
i e
o z T Z T where s.e.(fit)=s [—+ (x =)
b, =y-bx n XX
Residuals Prediction Interval for an Individual Response
P+1"s.e.(pred) df=n-2

e=y—y=observed y — predicted y

where s.e.(pred) = 4/s2 +(s.e.(ﬁt))2
Standard Error of the Sample Intercept

Correlation and its square
Sxy

A —
IS Syy

, SSTO-SSE _ SSREG

=2

s.0.(by) = 5|+ ——
n Xx

Confidence Interval for S,

2
2
_y(0-E) _
X _Z E _Z expected

df=(r-1)(c-1)

SSTO ~ SSTO
where SSTO =Sy, = > (v-7)’ by +1s.e(by) df=n-2
Estimate of & t-Test for S,
s = JMSE — f SSE where SSE = Z(y_j’)z _ Zez Totest Hy: 5, =0
n-2 by, -0
t=—— df=n-2
s.e.(by)
Chi-Square Tests
Test of Independence & Test of Homogeneity | Test for Goodness of Fit
Expected Count Expected Count
row total x column total E. = expected = np,,
E = expected =
total n
Test Statistic Test Statistic
(observed —expected)’ 2o Z (0-E) _Z (observed —expected)’
E expected

df=k-1

If Y follows a y> (df ) distribution, then E(Y) = df and Var(Y) = 2(df).
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‘1able entry for z is the area (o the left of 2

FABLLE A.T 2 Standard Normal! Probabiities

I

z 00 01 .02 .02 .04 .05 .06 07 .8 .08
—34 0003 0003 .0003 0hoa 0663 .0003 0003 .0003 0003 0002
—3.3 .0005 0005 .0005 .0604 0004 0004 oo .0004 0004 0003
—32 .0007 oo7 .0006 0006 .0008 0006 0006 0005 0005 0005
=31 .0010 0009 0009 .0009 .ooog .0008 .0008 .0008 0907 0007
—3.0 .0013 4013 0013 0012 0012 0011 00n .0011 0010 010
—28 0019 4018 0018 0017 0016 0018 2015 0015 0014 0014
—28 0026 0025 D024 0023 - 0023 0022 o621 0621 0020 0019
-27 0035 0034 .0033 0032 .0031 0830 0029 00628 .oo27 0026
—2.6 0047 0045 .0haa 0043 0041 0049 00349 0038 0037 0036 -
—25 .0062 0060 0059 0057 .0055 0054 .0052 0051 .0049 0048
—24 .0oaz .0080 0078 0075 6073 5073 0062 .0068 0066 0064
—23 007 0104 0102 5099 0096 .00%4 0091 .0089 o087 0034
—2.2 0139 0136 0132 .0129 014 n2 09 0116 0113 e
-2 0172 0174 0170 0168 0162 0158 0154 0150 146 043
24 0228 0222 0217 0212 0207 0202 0197 0192 0188 0183
—-19 .0z87 0281 0274 0268 0262 - 0256 0250 0244 0239 0233
-18 .0358 0351 0344 0336 0329 0322 4314 (0307 0301 0294
—1.7 0448 0436 0427 0418 0409 .04t 0392 0384 0375 .0367
-16 | .0548 0537 0526 .0516 0505 0485 .048% 0475 0465 0455
—-15 .0668 .0655 .0643 0630 0618 0606 0534 .0582 051 0559
—14 .0808 0793 0778 0764 0749 0735 072 0708 .0684 D631
-1.3 .0968 0951 0934 0318 0901 0835 .0868 0853 0838 0823
-1.2 151 13 1tz 1693 1075 1056 .1038 1020 1003 0885
-1 1357 1335 1314 1eg2 Ryey 1251 1230 1210 1190 1170
—-1.0 1587 1562 1539 1515 1402 1469 1446 1423 1401 - 1378
—0.9 181 1814 1788 1762 1736 am 1685 .1660 1635 1611
-038 2119 2090 .2061 2033 .2005 1977 1849 A922 1894 1867
=07 2420 2389 2358 2327 .2296 2266 .2236 .2206 pAYF) 2148
—0.6° 2743 2709 2676 2643 261 2578 2546 .2514 2483 2451
—05 .3085 3050 3015 2981 .2946 2912 2877 2843 .2810 2716
—0.4 3446 3408 3312 3336 3300 3264 3228 3192 3156 311
—0.3 3821 3783 3745 3707 23669 3632 3684 .3557 3520 3433
-0.2 A207 4168 4129 4090 A052 4013 3972 3336 3897 .3859
-0 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247
—0.0 5000 4960 4920 4880 4840 4801 AT61 Ai 4681 4641

0.0 .b00o 5040 5080 520 5160 5199 5239 5279 539 5359
1 5398 5438 5478 5517 .b5b7 -.5096 5636 5675 A74 5753
0.2 5793 5832 5871 5910 0848 5987 .6026 .6064 4103 6141

0.3 6179 65217 G255 6293 6331 B368 6406 6443 5480 B5t7

0.4 .6554 6591 6628 6664 6700 6736 6772 6608 6844 6878

0.5 6915 .6950 6985 7019 7054 .1068 J123 157 J1490 1224

06 1257 129 1324 1357 1389 1422 1454 L7486 1517 7549
0.7 7580 1611 7642 1673 704 T734 7764 4194 7823 7852
0.8 1881 910 7939 7967 71995 8023 8051 8078 8106 8133
08 8153 8186 8212 8238 8264 8289 8315 8340 8365 8389

1.0 3 8438 8461 8485 8508 8531 8554 8577 8599 8621

1.1 8643 8665 8686 8708 8729 8749 8770 87490 4810 8830

12 8849 8869 8888 8907 8925 8944 8962 8980 .8997 4015

13 9032 ~9049 9066 8082 29099 9115 913 9147 9162 a1

14 9192 9207 9222 9236 9251 9265 9279 9292 8306 8319

1.5 9332 8346 8357 9370 9382 .9394 .9406 49418 9428 9441

16 9452 9463 0474 9484 9495 9505 5515 9525 9535 9545

1.7 9554 9564 -~ 9573 9582 8531 8599 .9608 9616 9625 9633

1.8 9641 9649 9656 9664 8671 5678 9686 9693 9699 9706

1.9 an3 4719 8726 9732 9738 9744 9750 9756 8761 9767

2.0 9772 9778 9783 9788 89793 9798 .9803 9308 8812 9817

2.1 9821 9826 9830 9834 .9838 9842 - 9846 .9850 9854 9857

2.2 .9861 9864 9868 - 9871 9875 9878 9881 9864 9887 .9890

23 9893 9896 8898 9901 9904 9906 4309 8911 8913 9916

24 9918 8920 9922 9925 5927 9929 9831 .9932 9934 9936
25 9938 3940 8941 9943 9945 5946 9648 9349 995¢ 8952
26 1 9983 93556 9956 - 9957 .9959 9960 9961 - -9962 9963 9964
27 .9965 9966 9967 .9968 9969 9970 9971 9972 8973 9974
238 8974 9975 9976 9977 9977 9978 8979 9979 8980 9981
29 9981 9982 3982 9983 .9984 9984 .9985 .93985. 9986 .9986
30 8967 9987 9987 9988 .9988 .9989 9989 9989 9990 .9990
31 9990 9991 A8 .9991 .9992 .9982 5992 .9992 9993 .9993
32 9993 9993 9594 .9894 4994 9994 5894 29995 9895 9995
33 .9995 9995 .9885 9996 9996 9996 .9996 9996 9886 9997
34 9997 9997 8997 9997 5897 5097 9997 9997 9997 9998

In the Extreme

3.09

475 5.20 561 6.00

4.26

372

~-5.20 —5.61 —8.00

—4.15

-=4.26

—3.08

000200001

-3.72

9394499993

.99999 .859329 13999959 59989999

.5549

399

.(0o0001 .00000001

001 .00001 .000001

001

Probability

From Utts, Jessica
M. and Robert F.
Heckard. Mind on.
Statistics, Fourth
Edition, 2012. Used
with permission.
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From Utts, Jessica
M. and Robert F.
Heckard. Mind on
Statistics, Fourth
Edition, 2012. Used
with permission.
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TABLE A.5 8 Chi-square Distribution

From Utts, Jessica
M. and Robert F.
Heckard. Mind on
Statistics, Fourth
_Edition, 2012. Used
with permission.

p = Area to Right of Chi-square- Value

- df 0.50 025 0.10 0.075 0.05 0.025 0.01 0.005 0.001

1 0.45 1.32 2 317 3.84 b2 6.63 1.88 10.83

2 1.39 271 461 5.18 5.99 738 . 821 10.60 13.82

3 © 237 411 6.25 6.90 1.81 9.35 11.34 12.84 16.27

4 3.36 539 1.78 8.50 9.49 1114 13.28 14.86 18.47

5 4.35 6.63 9.24 10.01 11.07 12.83 15.09 16.75 20.51

6 5.36 1.84 10,64 11.47 12.59 14.45 16.81 18.55 2246

7 6.35 9.04 12.02. 12.88 14.07 16.01 16.48 20.28 24.32

8 134 10.22 13.36 14.27 15.51 17.53 20.09 21.95 26.12

9 8.34 1139 14.68 15.63 i6.92 19.02 21.67 23.58 27.88
10 9.34 1255 15.99 16.97 18.31 20.48 23.21 2519 29.59
n 1034 1370 11.28 18.29 1968 2192 2473 26.76 31.26
12 11.34 14.85 18.56 19.60 21.03 2334 26.22 2830 32.91
13 12.34 15.98 19.81 20.50 2236 2474 2169 29.82 3453
14 13.34 1712 21.06 22.18 2368 26.12 2914 3132 36.12
15 14.34 1825~ 2.3 23.45 25.00 27.49 3058 32.80 37.70
16 15.34 19.37 2354 . 2472 26.30 28.85 3200 34.27 39.25
17 16.34 2049 7 25.97 21.59 30.18 3541 35.72 40.79
18 1734 21.60 25.99 2722 2887 3153 34.81 31.18 4231
19 18.34 272 21.20 28.46 30.14 32.85 36.19 38.58 43.82
20 19.34 23.83 2841 2968 31.4 3407 31.57 40.00 45.31
21 20.34 2493 29.627 3092 32.67 3548 38.93 41.40 46.80
22 21.34 26.04 30.81 3214 33.92 36.78 40.29 42.80 48.27
23 2234 2714 32.01 3336 3517  38.08 4164 4418 49.73
24 .| 2334 2824 33.20 34.57 36.42 39.36 42,98 4556 51.18
25 24.34 2934 '34.38 35.78 3765 40.65 4431 46.93 52.62
26 25.34 3043 35.56 36.98 3888 4192 45.64 18.29 54.05
77 26.34 31563 36.74 38.18 40.m 4319 46.96 4965 5548
28 2734 32.62 37.92 39.38 41.34 44.46 48.28 50.99 56.89
29 28.34 B 39.09 4057 42.56 4572 4859 52.34 h8.30
30 29.34 34.80 40.26 41.76 4377 46.98 (89 5367 53.70
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