MATH 145 - ELEMENTARY STATISTICS

FINAL EXAM

Summary of Formulas

e Some Properties of Probability.

P(ANB
e Descriptive Statistics. Let {x1,29,...,2,} be a sample of size n, then
1< R Ya?-Lt(>2)?  Ss
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Discrete Random Variable.

k

1. px = E(X) = Z%‘Pi = x1p1 + Top1 + T3ps + -+ + TPk

i=1

2. 0% = Var(X) = (2 — 1)*pi = (@1 — 1)*p1 + (w2 — 1)°p2 + -+ + (21 — 1) Py

1. E(X)=mnp 2. V(X) =np(1 —p).
1
e (Continuous) Uniform Distribution. X ~ unif(c,d] = f(z)= T forc <z <d.
1. E(X)=1(c+d) 2. V(X)=4(d—-0o)2
X—up
IfZ= ~ N(0,1).
e 107 kN (O
. The (1 — @)100% confidence interval for y is [X — Za T X +Zg ﬁ]

. To test Hy: = po vs. Hy : > po, reject the null if Z,,s =

Zao 2
. For a specified margin of error M, the required sample size is n = < 2 > .

KXobs — H

o/vn

> Z,, or if the

p—value= P(Z > Zps) is < a.

. To test Hy: = po vs. Hy : i < po, reject the null if Z,ps < —Z,, or if the

p—value= P(Z < Zyps) is < a.

. To test Ho : = po vs. Hy : pu# po, reject the null if [Zgps| > Za, or if the

p—value= 2 x P(Z > |Zons|) is < a.
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. The (1 — )100% confidence interval for s is [X — tg T X +ta

2 \/ﬁ]

Xobs — U

. To test Hy : o = po vs. Hy : i > pg, reject the null if tops = > t,.

s/v/n

. To test Hy: = o vs. Hy : o < pg, reject the null if tops < —tq.
. To test Ho : = pio vs. Hy: p # po, reject the null if [tops| > ta.

(n—1)8? 2
oz X
2 2 2 2 - e o2 (n — 1)Sgbs 2
1. To test Hy : 0% = of vs. Hy : 0° > o, reject the null if X5, = —5—> > x5
90
2 2 2 2 o oy2 (n—1)Sa 2
2. To test Hy : 0 = o vs. Hy : 0% < o, reject the null if X = —+5— < x7_,.
90

3. To test Hy: 0% = 0} vs. Hy : 0% # o2, reject the null if X2 > ng orif X3, < Xi%'

Binomial Distribution. X ~ bin(n,p) = P(X =u1z)= (n>px(1 —p)"", forz=0,1,...,n.
T



o If 7 = ~ N(0,1).
p(1—p)
n
1. The (1 — «)100% confidence interval for p is [p — Za 1/ @,;ﬁ +Zan/ @].
Z2;5lp(L=p)] _ Z2,,(0.25)

2. For a specified margin of error M, the required sample size is n = /2 Ve < a/?\42

3. To test Hy : p=po vs. Hy : p > pg, reject the null if Z,,s = % > Za-

Po(1—po

n

4. To test Hy: p=po vs. Hy : p < pg, reject the null if Zyps < —Z,.
5. To test Ho : p=po vs. Hi :p # po, reject the null if | Zops| > Za.

Xy - Xo) — (g —
eriz=FEm X mmmm) |y gy
o

1. The (1 — «)100% confidence interval for py — pio
2. To test Hy : puy — pe = dg vs. Hy @ g — po > do,
3. To test Hy : 1 — o = do vs. Hy : pg — po < dy,
4. To test Hy : g — po = do vs. Hy @ pp — po # dp,

(X1 — Xy) — (u1 — p2)

is (X; — X») +Zg\/ o+ 02
reject the null if Z,,s > Z,.

reject the null if Zy,s < —Z,.
reject the null if |Zgps| > Zg.

o If t = ~ k), where k ~
EgNE) .
n1 na ni—1
1. The (1 — «)100% confidence interval for g — po
2. To test Hy : uy — pe = dg vs. Hy @ 1 — po > do,
3. To test H()I/I,l—,UQ:dO Vs. Hl:,ufl_/i2<d0;
4. To test Hy : g — po = do vs. Hy @ py — po # dy,
X - Xo)— (-
o Ift = (Xy 2) = (i — i) ~ t(n,4nq—2), Where s, = \/

1 1
Sp\/mr T s

is (X) — Xp) dtay/L + 2
YR SEYAVE N
reject the null if ¢topg > 4.
reject the null if tops < —tq.

reject the null if [tops| > ta.

(n1 —1)s? + (ny — 1)s3
ny +ng — 2 '

1. The (1 —a)100% C. I for py — pg is (X1 — Xo) £ ta * sp,/ni1 + n%

2. To test Hy : 1y — po = do vs. Hy : 1 — puo > dg, reject the null if tops > tq.
3. To test Hy : 1 — po = do vs. Hy : 1 — po < do, reject the null if tos < —t4.
4. To test Hy : g — po = do vs. Hy : g — p2 # do, reject the null if |tops| > ta.

o If 7 — p1— P2 — (p1 — p2)

\/pl(l_Pl) + p2(1—p2)

ny no

~ N(0,1).

1. The (1 — @)100% confidence interval for p; — po is [(f)l —p2) £ Zg \/ﬁl(zﬁl) + ﬁQ(ZﬁQ)
p1 — p2) — 0
2. To test Hy :py —p2 =0 vs. Hy : py — pa > 0, reject the null if Z,ps = (b1 — p2)
p(1—p) + p(1—p)
ny na
Y1 +Y;
where, p = 1t 2, the pooled sample proportion.
ny + no
3. To test Hp : p1 —p2 =0 vs. Hy : p1 — p2 <0, reject the null if Z,,s < —Z,,.
4. To test Ho : p1 —pa = 0 vs. Hy :p1 —p2 # 0, reject the null if [Zops| > Za .
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e Chi-Square Statistic. The chi-square statistic is a measure of how much the observed cell counts diverge
from the expected cell counts. The formula for the statistic is

1. Goodness-of-fit Test.

Y2 o i (observed count — expected count)?
B expected count

This X? statistic follows approximately the x2 distribution with & — 1 degrees of freedom.
2. Testing equality of several proportions, independence, and homogeneity.

b d t— ted )2
X? = Z (observe Count del‘pecte count) )
all cells expected coun
nz —T; *x p )
S D) DL ) DR 2 .
=1 j=1 i=1 j=1 i pj
n” Ti ¥ Cj /’I’L) 9
pr— ~ ) 5
; JZ; rik ci/n X(r=1)(e=1) (5)

where, r; and ¢; are the total of the ith row and jth column, respectively. This X? statistic follows
approximately the x? distribution with (r — 1)(c — 1) degrees of freedom.

e ANOVA Table

Source DF Sum of Squares Mean Square F
%

k-1 MSE

SSE
n—=k

Growps | k—1| 856G =3 mi(@ —2? | MSG= 220 | p,,, = MG

k
Error n—k SSE = 2:(712 —1)s? MSE =

k  n;
Total n—1|S8ST = Z Z(x” _

i=1 j=1

Note: SST = SSG + SSE. Under Hy, Fops ~ f(kfl,nfk)-

e Equation of the Least-Squares Regression Line . Suppose we have data on an explanatory variable x
and a response variable y for n individuals. The means and standard deviations of the sample data are T and s,
for z and g and s, for y, and the correlation between x and y is r. The equation of the least-squares regression
line of y on x is

§=a+bx
with slope
R Yry) — L (Sz)(T
- S Sy _ (Xzy) n(l z)(Xy) - (6)
SSzs (Xa?) — 5 (X2)? Sz
and intercept -
a=7y—bzx (7)

The fitted (or predicted) values §;’s are obtained by successively substituting the z;’s into the estimated
regression line: § = a + bx;. The residuals are the vertical deviations, e; = y; — ¢;, from the estimated line.

The error sum of squares, (equivalently, residual sum of squares) denoted by SSE, is

SSE = Z 612 = Z(yi - Z?i)Z = Z[yl —(a+ 5@)]2 (8)
= ny—dZyi—?)inzﬁ (9)
.2 , SSE (n-— 1)53(1 —7r?)

= g = . 10
7 5 n—2 n—2 (10)

and the estimate of o2 is




e Linear Correlation. The linear correlation coefficient r measures the strength of the linear relationship
between the paired x— and y—quantitative values in a sample.

do(xi —Z)(yi — )

where,
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e The coefficient of determination, denoted by r2, is the amount of the variation in y that is explained by

the regression line.

e Inference for b.

1. Test statistic:

where, SST =SS, = Z(yz )

s N

1 SSE
SST’
SST — SSE _ explained variation
SST total variation
b—b
~tip_ SE; =
SEB (n—2) b

2. Confidence Interval: b+ ta2SE;

Szv/n —1 - rvn —2

e Mean Response of Y at a specified value z*, (uy|y-)-

1. Point Estimate. For a specific value x*, the estimate of the mean value of Y is given by

/}’Y|z

. =a+ bzt

2. Confidence Interval. For a specific value 2, the (1 — a)100% confidence interval for iy |- is given by

1 * 2
where, SE; = 54/ — + u
n

(n—1

)3

, and s = sy

ﬂY|m* + ta/2;(n—2)SEﬂ

e Prediction of Y at a specified value z*.

1. Point Estimate. For a specific value x*, the predicted value of Y is given by

2. Prediction Interval. For a specific value xx*, the (1 — «)100% prediction interval is given by

1
where, SE; = s\/l +—+
: n

(z

(n

z)

—1)s3’

2

(n—1)(1—-1r2)

n—2

§=a+ ba*

(U= t(x/Q;(n—Q) SE@

and s = s,

(n—1)(1-1r2)
n—2



