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Notation

n = sample size
X = sample mean
s = sample stdev

O; = jth quartile
N = population size
M = population mean

o = population stdev
d = paired difference
p = sample proportion

p = population proportion
O = observed frequency
E = expected frequency

Chapter 3 Descriptive Measures

2y
e Sample mean: x = —
n
e Range: Range = Max — Min

e Sample standard deviation:

S — x)? Zx? — (2x)?/n
§ =L or §= |
n—1 n—1

e Interquartile range: IQR = Q3 — O,

Chapter 4 Probability Concepts

Lower limit = Q; — 1.5 - IQR, Upper limit = Q3 + 1.5 - IQR
3x;
N
Population standard deviation (standard deviation of a variable):

20— w’ 2x; 5
o=\ or o= \——u
N N

X = p
g

Population mean (mean of a variable): u =

Standardized variable: z =

e Probability for equally likely outcomes:

P(E) :£

where f'denotes the number of ways event £ can occur and
N denotes the total number of outcomes possible.

e Special addition rule:
P(AorBorCor---) = P) + P(B) + P(C) +---
(4, B, C, ... mutually exclusive)
e Complementation rule: P(E) = 1 — P(not E)
e General addition rule: P(4 or B) = P(4) + P(B) — P(4 & B)
P(4 & B)
P(4)
e General multiplication rule: P(4 & B) = P(4) - P(B|A4)

o Conditional probability rule: P(B|4) =

e Special multiplication rule:
PA&B&C&:--) = P)-PB)-P(C)---
(4, B, C, ... independent)

Chapter 5 Discrete Random Variables

Rule of total probability:

k
P(B) = 21 P(4)) - P(B | 4)
~

(44, Ay, ..., A, mutually exclusive and exhaustive)
Bayes’s rule:
P(4;)-P(B| 4;
Pty = DA PB4
21 PA)-PB4)
(41, Ay, ..., A mutually exclusive and exhaustive)

Factorial: k! = k(k — 1)---2-1

!
Permutations rule: ,,P. = M
(m — r)!
Special permutations rule: ,,P,, = m!
L m!
Combinations rule: ,C, = ————
rl(m — r)!
ber of bl 1 C il
Number of possible samples: =
P DS N =N =

e Mean of a discrete random variable X: u = 2xP(X = x)

e Standard deviation of a discrete random variable X:
c=VE3x-wPX=x) or o=VICPX=1x)—u’

e Factorial: k! = k(k — 1)---2-1

. . - n n!
e Binomial coefficient: =—
X x!(n — x)!

¢ Binomial probability formula:
n B
PX =x) = ( )Px(l -p)

Chapter 6 The Normal Distribution

where n denotes the number of trials and p denotes the success
probability.

Mean of a binomial random variable: u = np
Standard deviation of a binomial random variable:

o = Vnp(l = p)

AX
Poisson probability formula: P(X = x) = ef)‘*'

x!
Mean of a Poisson random variable: . = A

Standard deviation of a Poisson random variable: & = VA

X p
g

e z-score for an x-value: z =

x-value for a z-score: x = u + z- o
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Chapter 7  The Sampling Distribution of the Sample Mean

e Mean of the variable x: u; = u

e Standard deviation of the variable ¥: o5 = 0/ Vn

Chapter 8 Confidence Intervals for One Population Mean

e Standardized version of the variable x:
_ X
a/Vn

e z-interval for u (o known, normal population or large sample):

V4

— g
x + Zaf2" T~

Vn

. . o
e Margin of error for the estimate of w: £ = z,,- —=

Vi

e Sample size for estimating u:

(Za/Z : 0')2
n=
E

rounded up to the nearest whole number.

Chapter 9 Hypothesis Tests for One Population Mean

o Studentized version of the variable Xx:
_Xok
s/Vn

e t-interval for u (o unknown, normal population or large sample):

t

— S
x + Y

Vn
withdf =n — 1.

e z-test statistic for Hy: w = wg (o known, normal population or
large sample):

_ X~ ko
a/Vn

e t-test statistic for Hy: w = pg (o0 unknown, normal population or
large sample):

z

R

‘= s/Vn

withdf = n — 1.

Chapter 10 Inferences for Two Population Means

e Symmetry property of a Wilcoxon signed-rank distribution:
WlfA = n(n + 1)/2 - WA

e Wilcoxon signed-rank test statistic for Hy: u = u (symmetric
population):

W = sum of the positive ranks

e Pooled sample standard deviation:

S:$mﬂﬁ+%—m§
P n +n,—2

e Pooled #-test statistic for Hy: u; = o (independent samples,
normal populations or large samples, and equal population
standard deviations):

f] - iz
s, V.(1/m) + (1/n3)

with df = ny + n, — 2.

=

e Pooled t-interval for u; — u, (independent samples, normal
populations or large samples, and equal population standard
deviations):

(1 = X)) £ topp- s, V(1) + (1/ny)
with df = ny + n, — 2.
e Degrees of freedom for nonpooled #-procedures:
5 - [6i/m) + YmP
(S%/nl)2 (S%/’lz)2

+
}’ll_l }’12_1

rounded down to the nearest integer.

e Nonpooled #-test statistic for Hy: w; = u, (independent samples,
and normal populations or large samples):

x| — X

V(st/m) + (s3/m)

[:

with df = A.

e Nonpooled r-interval for u; — u, (independent samples, and
normal populations or large samples):

(1 = X)) £ oV (s1/n1) + (s3/my)
with df = A.
e Symmetry property of a Mann— Whitney distribution:
Mi_y=nn +ny+1)— My
e Mann—Whitney test statistic for Hy: u; = u, (independent sam-
ples and same-shape populations):
M = sum of the ranks for sample data from Population 1

e Paired #-test statistic for Hy: uq = u, (paired sample, and normal
differences or large sample):

__d
Sd/\/ﬁ

t

withdf = n — 1.
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e Paired #-interval for u; — u, (paired sample, and normal differences

or large sample):

— Sd
d + ta/z'ﬁ
withdf =n — 1.
Chapter 11 Inferences for Population Standard Deviations

e Paired Wilcoxon signed-rank test statistic for Hy: u; = u, (paired

sample and symmetric differences):

W = sum of the positive ranks

o x’-test statistic for Hy: o = o7y (normal population):
a_n—-1,

¥ =
7

withdf = n — 1.

e x’-interval for o (normal population):

n— 1 ¢ n— 1
-s to .S
Xi/z X%—a/z

Chapter 12 Inferences for Population Proportions

withdf = n — 1.

F-test statistic for Hy: oy = o0, (independent samples and normal
populations):
F =s}/s3
withdf = (n; — 1, np; — 1).
F-interval for o1 /0, (independent samples and normal populations):
1 S1 " 1 S
Ay ——— 2
v Fa/Z 52 v Fl*a/Z 52

with df = (n; — 1,y — 1).

e Sample proportion:

A _ X
p=-
n

where x denotes the number of members in the sample that have
the specified attribute.

e z-interval for p:
P*zap \/m
(Assumption: both x and n — x are 5 or greater)
e Margin of error for the estimate of p:

E= Zaf2" Vﬁ(l _ﬁ)/n

e Sample size for estimating p:

Zoz/Z 2 A R Zoz/2 2
n =025 (?> or n = p.(l = p,) (?)

rounded up to the nearest whole number (g = “educated guess”)
e z-test statistic for Hy: p = py:
P~ Do
Vpo(l = po)/n

(Assumption: both npy and n(1 — pg) are 5 or greater)

z =

X1+XZ

Pooled sample proportion: p, = +
ny ny

Chapter 13  Chi-Square Procedures

z-test statistic for Hy: p; = p»:
- b~y
Vi1 = B V(1/m) + (1/n2)

Assumptions: independent samples; x;, n; — Xy, Xy, 1y — X, are
p p p 1, "1 1, X2, 12 2
all 5 or greater)

z-interval for p; — py:
(P1 = P2) % zap- \/131(1 = po)/ni + po(1 — po)/my

(Assumptions: independent samples; x|, n; — x1, xp, 1, — X, are
all 5 or greater)

Margin of error for the estimate of p; — p;:
E= Za/z'\/ﬁl(l = p)/ni + pa(1 = po)/my
Sample size for estimating p; — p;:

Za/2 2
ny = np = 0.5 ?
Za/2

2
ny = m = (pig(1 = pig) + Paog(l — Pay)) <?)

or

rounded up to the nearest whole number (g = “educated guess”)

e Expected frequencies for a chi-square goodness-of-fit test:
E=np
o Test statistic for a chi-square goodness-of-fit test:
X = 30 - EV/E
with df = ¢ — 1, where c is the number of possible values for the

variable under consideration.

e Expected frequencies for a chi-square independence test or a
chi-square homogeneity test:
R-C
n

E =

where R = row total and C = column total.

Test statistic for a chi-square independence test:
X’ = 2(0 — EY'JE
with df = (» — 1)(c — 1), where r and c are the number of possible
values for the two variables under consideration.
Test-statistic for a chi-square homogeneity test:
X’ = 2(0 — EYJE
with df = (r — 1)(c — 1), where r is the number of populations

and c¢ is the number of possible values for the variable under
consideration.
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Chapter 14 Descriptive Methods in Regression and Correlation

o Su Sy, and Syy;
See = 2 — X = Zxf — (Zx)/n
Sxy =205 — X)) —y) = 2xy — (Ex)(2y)/n
Sy =2y = ¥’ = i — (Zy)*/n

e Regression equation: y = b, + bx, where

Sy 1 -
bl = Sf and bo = 7(2_)/1 - bIExi) =y - blx
xx n

e Total sum of squares: SST = S(y; — y)* = S,y

e Regression sum of squares: SSR = 3(; — y)> = szy/Sxx
e Error sum of squares: SSE = 3(y; — 3,)* = S,, — S5/Su
e Regression identity: SS7 = SSR + SSE

- .. SSR
e Coefficient of determination: 7> = SST
e Linear correlation coefficient:
s D - P) Sy
r= 525, or r= rmsyy

Chapter 15 Inferential Methods in Regression and Correlation

e Population regression equation: y = By + Bix

SSE
e Standard error of the estimate: s, = >
n—
o Test statistic for Hy: B1 = 0:
t= b],i
SC/ SYX
withdf = n — 2.
¢ Confidence interval for B;:
sk’
b, £t, /2 W

withdf = n — 2.
¢ Confidence interval for the conditional mean of the response
variable corresponding to x,:

. 1 (g — Zx/n)
+ oty Son |- 4+ L T
Tp /2 \/n * Sex

with df = n — 2.

Chapter 16 Analysis of Variance (ANOVA)

e Prediction interval for an observed value of the response variable
corresponding to x,:

N 1 (&, — =x;/n)?
+ t,n-S, EE A ——
Yp /2 c\/l + }’l + Sxx
with df = n — 2.
o Test statistic for Hy: p = 0:
»
[ =
1 — 2
n—2

with df = n — 2.
o Test statistic for a correlation test for normality:
R - 2xw;
TVs.sw
where x and w denote observations of the variable and the corre-
sponding normal scores, respectively.

¢ Notation in one-way ANOVA:
k = number of populations
n = total number of observations
X = mean of all n observations

n;

i
X; = mean of sample from Population j
2

s; = variance of sample from Population j

T; = sum of sample data from Population j

= size of sample from Population j

e Defining formulas for sums of squares in one-way ANOVA:
SST = 3(x; — x)?
SSTR = Zn;(x; — x)°
SSE = Z(n; — 1)s7
e One-way ANOVA identity: SST = SSTR + SSE
e Computing formulas for sums of squares in one-way ANOVA:
SST = Sx?} — (Sx)*/n

SSTR = 3(T}/n) — (2x,)*/n
SSE = SST — SSTR
e Mean squares in one-way ANOVA:
SSTR SSE
MSTR = —— MSE =
k—1 n—k

o Test statistic for one-way ANOVA (independent samples, normal
populations, and equal population standard deviations):
_ MSTR
MSE
withdf = (k — 1,n — k).

¢ Confidence interval for w; — w; in the Tukey multiple-comparison
method (independent samples, normal populations, and equal
population standard deviations):

_ 9a \/7
(x; — x_/) + %'5 (1/”i) + (1/”,/)

where s = VMSE and q,, is obtained for a g-curve with parameters

kandn — k.

o Test statistic for a Kruskal-Wallis test (independent samples,
same-shape populations, all sample sizes 5 or greater):

SSTR 2 &LE
S R A Y
sST/n— 1 & n(n + 1) /; n, (n+ 1)

where SSTR and SST are computed for the ranks of the data,
and R; denotes the sum of the ranks for the sample data from
Population j. H has approximately a chi-square distribution
with df = k — 1.
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0t
Table IV Values of t, Table IV (cont.) Values of t,
df toao to.0s to.025 to.or to.005 df df to1o to.05 to.o2s to.o1 to.005 df
I 3078 6314 12706 31.821  63.657 1 0 1200 1676 2000 2403 2.678 ;
2 1886 2920 4303 6965  9.925 2
51 1298 1675 2008 2402  2.676 51
3 1638 2353 3182 4541  5.841 3
; (o8 DA me e a y 52 1298 1675 2007 2400 2.674 52
: ‘ ' : ' 53 1298 1674 2006 2399 2672 53
5 1476 2015 2571 3365  4.032 5 54 1297 1674 2005 2397 2.670 54
4 1440 1.943 2447 3143 3707 o 55 1297 1673 2004 2396  2.668 55
7 1415 1895 2365 2998  3.499 7
56 1297 1673 2003 2395 2667 56
8 1397 1860 2306 2896  3.355 8 > 1207 Lem 20m 2391 2665 s
4 1383 1833 2262 2821 3250 4 58 1296 1672 2002 2392  2.663 58
10 1372 1812 2228 2764  3.169 10 59 1296 1671 2001 2391  2.662 59
1" 1363 1796 2201 2718 3.106 1 60 1296 1671 2000 2390  2.660 60
2 1356 1782 2179 2681  3.055 12
61 1296 1670 2000 2380  2.659 61
13 1350 1771 2160 2650  3.012 13
" P A o B i " 62 1295 1670 1999 2388 2657 62
: ' ' g ' 63 1295 1669 1998 2387 2656 63
15 1341 1753 2131 2602 2.947 15 64 1295 1669 1998 2386  2.655 64
16 1337 1746 2120 2583 2921 16 . 1205 Leso 1997 2385 2654 s
17 1333 1740 2110 2567  2.898 17
66 1295 1668 1997 2384 2652 66
18 1330 1734 2101 2552 2878 18 s 1201 1ees 1996 2383 26s1 pad
19 1328 1720 2003 2539 2861 19 ot 204 1668 1995 235 2620 P
20 1325 1725 2086 2528  2.845 20 69 1294 1667 1995 2382  2.649 69
21 1323 1721 2080 2518 2.831 21 70 1294 1667 1994 2381  2.648 70
22 1321 1717 2074 2508 2819 22 71 1294 1667 1994 2380  2.647 71
23 1319 1714 2069 2500  2.807 23 : : : : :
- O e Sl > 72 1293 1666 1993 2379  2.646 72
: ' ' : ' 73 1293 1666 1993 2379  2.645 73
25 1316 1708 2060 2485 2787 25 74 1293 1666 1993 2378  2.644 74
26 1315 1706 2056 2479  2.779 26 75 1203 Less 199 2377 2643 75
27 1314 1703 2052 2473 2771 27
80 1292 1664 1990 2374  2.639 80
28 1313 1701 2048 2467 2763 28
ot S O S > 85 1292 1663 1988 2371  2.635 85
: : ' : ' 920 1291 1662 1987 2368 2632 90
30 1310 1697 2042 2457 2750 30 95 1291 1661 1985 2366  2.629 95
31 13091696 2.040 2453 2.744 31 100 1290 1660 1984 2364 2.626 100
32 1309 1694 2037 2449 2738 32 00 1256 1653 197 2345 2601 00
33 1308 1692 2035 2445 2733 33 : : : : :
! s i ! 300 1284 1650 1968 2330 2592 300
: ' ' : ' 400 1284 1649 1966 2336  2.588 400
35 1306 1690 2030 2438 2724 35 500 1283 1648 1965 2334  2.586 500
36 1306  1.688 2028 2434 2719 36 600 1283 1647 1964 2333  2.584 600
37 1305 1687 2026 2431 2715 37
700 1283 1647 1963 2332  2.583 700
38 1304 1686 2024 2429 2712 38
o O T oo A o 800 1283 1647 1963 2331  2.582 800
: : ' : : 900 1282 1647 1963 2330 2.581 900
40 1303 1684 2021 2423 2704 40 1000 1282 1646 1962 2330 2.581 1000
41 1303 1683 2020 2421 2701 41 2000 1282 1646 1961 2328 2578 2000
2 1302 1682 2018 2418  2.698 2
43 1302 1681 2017 2416  2.695 43
Y 1301 1680 2015 2414  2.692 4 1282 1645 1960 2326 2576
45 1301 1679 2014 2412 2.690 45 Zows Zows  Zooss  Zoor  Zooos
46 1300 1679 2013 2410  2.687 46
47 1300 1678 2012 2408  2.685 47
48 1299 1677 2011 2407  2.682 48
49 1299 1677 2010 2405  2.680 49 Table V  Values of W,
n Wo.i0 Wo.05 Wo.025 Wo.o Wo.005 n
7 2 2% 2 28 — 7
8 28 30 3 34 36 8
9 34 37 39 ) 43 9
10 41 44 47 50 52 10
11 48 52 55 59 61 11
2 56 61 64 68 71 2
13 65 70 74 78 81 13
14 74 79 84 89 ) 14
15 83 90 95 100 104 15
16 94 100 106 12 117 16
17 104 112 118 125 130 17
18 16 124 131 138 143 18
19 128 136 144 152 158 19
20 140 150 158 167 173 20
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Table | Random numbers Table Il Normal scores
n
Line Column number Ordered
number | 00-09 10-19 20-29 30-39 4049 position s 6 7 8 9 10 1 12 13
00 | 15544 80712 | 97742 21500 | 97081 42451 | 50623 56071 | 28882 28739 1 118 —128 —136 —143 —150 —155 —159 —164 —1.68
0l |01011 21285 | 04729 39986 | 73150 31548 | 30168 76189 | 56996 19210 2 050 —0.64 —076 —085 —093 —100 -106 —111 —1.16
02 | 47435 53308 | 40718 29050 | 74858 64517 | 93573 51058 | 68501 42723 3 000 —020 —035 —047 —057 —0.65 —073 —079 —0.85
03 | 91312 75137 | 86274 59834 | 69844 19853 | 06917 17413 | 44474 86530 4 050 020 000 —0.15 —027 —037 —046 —053 —0.60
04 | 12775 08768 | 80791 16298 | 22934 09630 | 98862 39746 | 64623 32768 5 118§ 064 035 015 000 —012 -022 -031 —039
05 | 31466 43761 | 94872 92230 | 52367 13205 | 38634 55882 | 77518 36252 6 128 076 047 027 012 000 -010 -—0.9
06 | 09300 43847 | 40881 51243 | 97810 18903 | 53914 31688 | 06220 40422 7 136 08 057 037 022 010 000
07 | 73582 13810 | 57784 72454 | 68997 72229 | 30340 08844 | 53924 89630 8 143093 065 046 031 019
08 | 11092 81392 | 58189 22697 | 41063 09451 | 09789 00637 | 06450 85990 9 150 100 073 053 039
09 | 93322 98567 | 00116 35605 | 66790 52965 | 62877 21740 | 56476 49296 ;‘1) 1.55 }"5’8 ?Z? ggg
10 | 80134 12484 | 67089 08674 | 70753 90959 | 45842 59844 | 45214 36505 2 ’ 64 116
11 | 97888 31797 | 95037 84400 | 76041 96668 | 75920 68482 | 56855 97417 13 L68
12 | 92612 27082 | 59459 69380 | 98654 20407 | 88151 56263 | 27126 63797
13 | 72744 45586 | 43279 44218 | 83638 05422 | 00995 70217 | 78925 39097
14 | 96256 70653 | 45285 26293 | 78305 80252 | 03625 40159 | 68760 84716
15 | 07851 47452 | 66742 83331 | 54701 06573 | 98169 37499 | 67756 68301
16 | 25594 41552 | 96475 56151 | 02089 33748 | 65289 89956 | 89559 33687
17 | 65358 15155 | 59374 80940 | 03411 94656 | 69440 47156 | 77115 99463
18 | 09402 31008 | 53424 21928 | 02198 61201 | 02457 87214 | 59750 51330
19 | 97424 90765 | 01634 37328 | 41243 33564 | 17884 94747 | 93650 77668
Table VI Values of M, @
m 0 X2
mo o« 3 4 5 6 7 8 9 10 )
Table VIl Values of xg,
0.10 14 20 27 36 45 55 66 78
0.05 15 21 29 37 46 517 68 80 Xg.m Xg.os Xg,ozs Xg,m Xg,oos df
3 0025 | — 2 30 38 48 58 70 82
oor | — — - 39 49 59 71 83 2706 3.841 5.024 6.635 7.879 1
0005 | — — — — — 60 72 85 4.605 5.991 7378 9210 10597 2
e 2w w o» @ om o ow ast g ase uw ne | o
0.05 17 24 32 41 51 62 74 87 : : : : :
4 0025 | 18 25 33 43 53 64 76 89 9236 11070  12.833 15086  16.750 5
001 | — 26 35 44 54 65 78 91 10645 12592 14449 16812  18.548 6
0005 | — — — 45 55 66 79 93 12017 14067 16013 18475 20278 7
A IR e B rmomm e |
005 | 20 27 36 46 56 68 80 94 : : : : :
5 0025 | 21 28 37 47 58 70 83 9% 15987 18307 20483 23209  25.188 10
001 | — 30 39 49 60 7 85 99 17275 19675 21920 24725 26757 11
0005 | — — 40 50 61 73 86 101 18549 21.026 23337 26217  28.300 2
w n » 3 om o» om ow om ste =i ome e mi |
005 | 22 30 40 50 61 73 87 101 : : : : :
6 0025 | 23 32 41 5 63 76 89 103 22307 24996 27488 30578 32.801 15
001 | 24 33 43 54 65 78 %2 106 23542 26296 28.845 32000  34.267 16
0005 | — 34 44 55 67 80 o4 108 24769 27587  30.191  33.409 35718 17
o0 |3 3w @76 e 720 016 mem s ®wm | 1
005 | 24 33 43 54 66 79 93 107
7 0025 | 26 35 45 56 68 81 95 110 28412 31410 34170 37566  39.997 20
001 | 27 36 47 58 71 84 98 114 29615 32671 35479 38932  41.401 21
0005 | — 37 48 60 7 86 101 116 30.813 33924 36781 40290  42.796 22
o |3 wow owoow ww o w mw o wmosmo ne wm | o
005 | 27 36 47 58 71 84 99 114 : - : : :
8 0025 | 28 38 49 61 73 87 102 117 34382 37.653 40647 44314 46928 25
0.01 29 39 51 63 76 90 105 121 35563 38885 41923 45642 48290 26
0.005 | 30 40 52 65 78 9”2 108 124 36741 40113 43.195 46963  49.645 27
. gan M de wmo a |
005 | 29 39 50 63 76 90 105 121 : . : : :
9 0025 | 31 41 53 65 78 93 108 124 40256 43773 46979 50892  53.672 30
0.01 2 43 55 68 81 96 112 129 51.805 55759 59342 63.691  66.767 40
0.005 | 33 44 56 70 84 99 114 131 63.167 67505 71420  76.154  79.490 50
I wy mm o mmo s ww |
005 | 31 4 54 67 80 95 111 127 : : : - :
10 0025 | 33 44 56 69 83 98 114 131 96578 101879  106.628 112328 116320 80
0.01 34 46 59 7 87 102 119 136 107.565 113145 118135 124.115 128296 %
0.005 | 36 48 61 74 89 105 121 139 118499 124343 129563 135811  140.177 100
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