Areas of a Standard Normal Distribution

(a) Table of Areas to the Left of z

z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09

—-3.4 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0002
—-3.3 .0005 .0005 .0005 .0004 .0004 .0004 .0004 .0004 .0004 .0003
= I S~ —3.2 .0007 .0007 .0006 .0006 .0006 .0006 .0006 .0005 .0005 .0005

z 0 -3.1 .0010 .0009 .0009 .0009 .0008 .0008 .0008 .0008 .0007 .0007

-3.0 .0013 .0013 .0013 .0012 .0012 .0011 .0011 .0011 .0010 .0010
-29 .0019 .0018 .0018 .0017 .0016 .0016 .001S .0015 .0014 .0014
—2.8 .0026 .0025 .0024 .0023 .0023 .0022 .0021 .0021 .0020 .0019
—2.7 .0035 .0034 .0033 .0032 .0031 .0030 .0029 .0028 .0027 .0026
—2.6 .0047 .0045 .0044 .0043 .0041 .0040 .0039 .0038 .0037 .0036
—2.5 .0062 .0060 .0059 .0057 .0055 .0054 .0052 .0051 .0049 .0048
—-2.4 .0082 .0080 .0078 .0075 .0073 .0071 .0069 .0068 .0066 .0064
—-2.3 .0107 .0104 .0102 .0099 .0096 .0094 .0091 .0089 .0087 .0084
—-2.2 .0139 .0136 .0132 .0129 .0125 .0122 .0119 .0116 .0113 .0110
-2.1 .0179 .0174 .0170 .0166 .0162 .0158 .0154 .0150 .0146 .0143
—-2.0 .0228 .0222 .0217 .0212 .0207 .0202 .0197 .0192 .0183 .0183
—-1.9 .0287 .0281 .0274 .0268 .0262 .0256 .0250 .0244 .0239 .0233
—-1.8 .0359 .0351 .0344 .0336 .0329 .0322 .0314 .0307 .0301 .0294
—-1.7 .0446 .0436 .0427 .0418 .0409 .0401 .0392 .0384 .0375 .0367
—1.6 .0548 .0537 .0526 .0516 .0505 .0495 .0485 .0475 .0465 .0455
—-1.5 .0668 .0655 .0643 .0630 .0618 .0606 .0594 .0582 .0571 .0559
-1.4 .0808 .0793 .0778 .0764 .0749 .0735 .0721 .0708 .0694 .0681
—-1.3 .0968 .0951 .0934 .0918 .0901 .0885 .0869 .0853 .0838 .0823
-1.2 1151 1131 .1112 .1093 .1075 .1056 .1038 .1020 .1003 .0985
-1.1 1357 .1335 .1314 .1292 .1271 .1251 .1230 .1210 .1190 .1170
—1.0 .1587 .1562 .1539 .1515 .1492 .1469 .1446 .1423 .1401 .1379
-0.9 .1841 .1814 .1788 .1762 .1736 .1711 .1685 .1660 .1635 .1611
-0.8 .2119 .2090 .2061 .2033 .2005 .1977 .1949 .1922 .1894 .1867
—0.7 .2420 .2389 .2358 .2327 .2296 .2266 .2236 .2206 2177 .2148
—-0.6 .2743 2709 .2676 .2643 .2611 .2578 .2546 .2514 .2483 .2451
—0.5 .3085 .3050 .3015 .2981 .2946 .2912 .2877 .2843 .2810 .2776
-0.4 .3446 3409 .3372 .3336 .3300 .3264 .3228 .3192 .3156 .3121
—-0.3 .3821 .3783 .3745 .3707 .3669 .3632 .3594 .3557 .3520 .3483
-0.2 .4207 .4168 .4129 .4090 .4052 .4013 .3974 .3936 .3897 .3859
—-0.1 4602 .4562 .4522 4483 .4443 4404 4364 4325 4286 .4247
—0.0 .5000 .4960 .4920 .4880 .4840 .4801 .4761 .4721 .4681 .4641

Table entry for z is the area
to the left of z.

For values of z less than —3.49, use 0.000 to approximate the area.



Areas of a Standard Normal Distribution continued

Z

Table entry for z is the area
to the left of z.

5 9977 99
2 0983 98
.9988
9991

3.0
31

Areas of a Standard
Normal Distribution continued

32 .9994 9994 9995 9995 .9995
33 .9996 99% .9996 .9996 .99%7
3.4 9997 9957 9997 9997 .9998

For z values greater than 3.49, use 1.000 {o approximate the area.

Areas of a Standard Normal Distribution continued

0.75, or 75% 1.15
0.80, or 80% 1.28
0.85, or 85% 1.44
0.95, or 95% 1.96 Critical value z, for a left-tailed test ~1.645 -2.33
0.98, or 98% 2.33 Critical value z, for a right-;cailed test 1.645 233

0.99, or 99% 2.58 Critical values *z, for a two-tailed test +1.96 +2.58
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FREQUENTLY USED FORMULAS

# = sample size

high — 1 _ .
Class Width = _en oW | {increase to next integer)
m_meer classes
Class Midpoint = upper limit + lower limit

2

Lower boundary = lower boundary of previous class

+ ¢lass width

L 2x
Sample mean X = —
#
Populati _xx
opulation mean # = —
Weighted éverage = _S_'é_’;”_
Range = largest data value — smallest dara value
%2
Sample standard deviation s = EL::—{)—-
‘ S
Computation formula s = " where
5 Z
58, = 2x? ~ Ex) _
"
Y
Population standard deviation o = MTM

. 2
Sample variance s

. . 2z
Population variance o

Sample Coefficient of Variation CV = % + 100

Zxf

Sample mean for grouped datax = .

Sample standard deviation for grouped data

o= \/ i — ¥Pf _ \/zfoﬁ (Sxf)n

n—1 n—1

N.= population size f = frequency

Regression and Correlation

In all these formulas
a2
§8, =3x? — Bx)
"
2
88, = Iy — (—2:—)
SSuy = Sy — —(Exifzy)

S8y and

Least squares line y = & + bx where b =

X
a=y—-bx

Pearson product-moment correlation coefficient
_ SSxy

r _
V85,38,

. . 2
Coefficient of determination =7

Probability of the complement of event A

Pinot A) =1 — P(A)

Multiplication rule for independent events
P(A and B) = P(A} - P(B)

General multiplication rules
P({A and B) = P(A)} - P(B, given A)
P{A and B) = P(B) - P(A, given B)

Addition rule for murually exclusive events
P(A or B) = P(A) + P(B)

General addition rule
P{A or B) = P(A) + P(B) — P(A and B)

. 7!
Permutation rule P, , = ———
{m—r)t

L #!
Combination rule C,,, = ———
Nn — )



Sample Test Statistics for Tests of Hypotheses

Sd/ W

difference of means large sample

for paired differences d ¢ = 2 with d. fo=n-1

7= {xy — ) — (1 — #a)
o2 2z
i, 9
my m

difference of means small sample with 01 = 03
d f = 1 + Hy — P

{(x; — %) — (11 — p2)

t =
1 1
A=+ =
L T )
VWl—n#+ua—n£
where s =
n + Hy — 2
difference of proportions
H ﬁz A_T1+T‘2_A_ s
— where p el Al &

i

RE T
HP rq

Ry Hy

251 = rifng Po = rofny

Confidence Intervals
for difference of means {when n; = 30 and #, = 30}

o afed o3 _
(Xy =X} =2\ =+ == <y — o <Xy — x)
ny  m

1y H2

for difference of means (n; < 30 and/or #, < 30 and &y = o)

df.=n +n, — 2

— — 1 1 - —
(X — ) s\ — +— <y — gy < (X — X2
LN (]
4/ 1 1
+isy — +—
. 3] 1y

- vm—n#+m~n£
where s =

ny+ny— 2

for difference of proportions

where fy = ri/ny po =1 G1 =1 - P ds=1-p,

(ﬁl - p"?.) 2

3 =TE(O - E¥ where E = (row total)(columa total)
sample size
Tests of Independence d.f, = (R — 1}{C — 1)
Gooduess of fit d.f. = (number of entries) — 1
Sample test statistic for Ho: 07 = k; d.f. = n — 1
{n — 1)s2
X ="

Linear Regression

Standard error of estimate §, = 55, — bS5 ngx
S5, "
s 4
where b = 55,

" Confidence interval for y

¥y — E <y <y, + Ewherey, is the predlcted y value
for x and

_ =2
E‘:tcse 1 +l+_(x x}

" 55, withdf =n— 2
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Standard deviation of a discrete probability distribution for p(n = 30)

= VE(x - wPP(x) i
Vi

For Binomial Distributions

— o
<pu<x+z;

Va

¥ = number of successes; p = probability of success; for 2 (n < 30)
g=1-v _ dﬁ=nwl
Binomial probability distribution P(r} = C,p'q" ™" _
x - Lp <X+
Meanp = np - \/“ \/—~

forp(np>5andnq>5

1/‘°‘1“”<p<p+zc1/

‘Raw score x = 20 + p wherep = rin

Standard deviation o = Vupg

Standard score z = X " H Sample Size n for Estimating
. a 2
2T
means 7 = | —=
B e | &
Mean of x distribution pz = g proportions
. e o 2 .
Standard deviation of ¥ distribution oz = 7 n=p(l - p)(ﬁ) with preliminary estimate for p
n E '
_ X—n 17z . .. )
Standard score forx z = n =~—|—1 without preliminary estimate for p
a\'n 4\E

© Sample Test Statistics for Tests of Hypotheses

M

X
aVn

for g (n = 30}

forp(n<3Oydf=n—1 t=2F
sin
fOl’P Z=p_—pwhereq=1—_p

Vpgin



