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Estimation and Confidence Interval

Single Mean Two Means
X_l_Z o ()?1_)?2)+Z a 0-_12+0-_22
T —%\/_ﬁ — 12 An;  n,
o known O'land (o) known
Ttt o (K, — %) ¢ s, [24 X
- 1—7,('”—1) \/ﬁ 1 2 - 1—%, (n1+n2—2) p nl n2
o unknown o, and g, unknown
Single Proportion Two Proportions
For large sample size (n > 30, np > 5, nq > 5) For large sample size (n, = 30, nyp; > 5, nyq; > 5)
(n, = 30, nyp, > 5, nyq, >5)
~ @ A A + Z ﬁ1QI ﬁzflz
pt7, «|> (B —P2) £ 7, L .
G2 — S{(ny — 1) +S5(n, — 1)
P ny +n, — 2
Reliability coefficeint
— —— )
X + YA —

a
1= Vn

margin of error
precision of the estimate
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Question 1:

Suppose we are interested in making some statistical inference about the mean u,
of a normal population with standard deviation ¢ = 2. Suppose that a random
sample of size n = 49 from this population gave a sample mean X = 4.5.

a. Find the upper limit of 95% of the confident interval for p

lo=2 X=45 n=49|

95% - a = 0.05 Zl—g = Zo_975 == 1.96
2

_ o 2
T+ (zl_% x ﬁ) — 45+ (1.96 x 5) ~ 5.06

b. Find the lower limit of 95% of the confident interval for p

Question 2:

A researcher wants to estimate the mean of a life span a certain bulb. Suppose that
the distribution is normal with standard deviation 5 hours. Suppose that the
researcher selected a random sample of 49 bulbs and found that the sample mean
Is 390 hours.

lo=5 , X=390 , n=49]

a. findZggys:

| Zog7s = 1.96 |
b. find a point estimate for p

| EX) ==X =390 |
c. Find the upper limit of 95% of the confident interval for p

_ o 5
X+ (Z X —) = 390 + (1.96 X —) = 3914
1-3 " n V49

d. Find the lower limit of 95% of the confident interval for p

_ o 5
X - (z X —) =390 — (1.96 X —) = 388.6
7 " Vn V49
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Question 3:

A sample of 16 college students were asked about time they spent doing their
homework. It was found that the average to be 4.5 hours. Assuming normal
population with standard deviation 0.5 hours.

lo=05 X=45 n=16|

1. The point estimate for p is:

A | 0hours | B| 10hours | C| 0.5hours | D | 4.5 hours |

2. The standard error of X is:

= 0.5
SSEX) = % ==

|A | 0.125hours | B | 0.266hours |C| 0.206hours |D| 0.245hours |

3. The correct formula for calculating 100 (1 — a)% confidence interval for p is:

A o B

— — 2 2
Xtt, a— X+7 ¢ o |b o
“2+vn n n

X+7Z X+t

Sle

(04
=3

04
12

NIES]

4. The upper limit of 95% confidence interval for p is:

|A| 4745 |B| 4531 C| 4832 ID| 4891 |

5. The lower limit of 95% confidence interval for [ is:

|A| 5531 |B| 7.469 [C| 3632 |ID| 4255 |

6. The length of the 95% confidence interval for p is:

Length = 4.745 — 4.255 = 0.49

A | 4.74 | B | 0.49 | C | 0.83 D | 0.89 |
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Question 4:

Let us consider a hypothetical study on the height of women in their adulthood. A
sample of 24 women is drown from a normal distribution with population mean p
and variance o2. The sample mean and variance of height of the selected women
are 151 cm and 18.65 cm? respectively. Using given data, we want to constract a
99% confidentce interval for the mean height of the adult women in the populatopn
from which the sample was drown randomly.

X=151 ; n=24 ; S*=18.65= S=432|
a. Point estimate for pu

b. Find the upper limit of 99% of the confident interval for p

= S _
S 99% — a = 0.01
X + (tl—%,n—l X \/ﬁ)
t. « =t o0.01
1-7n-1 "~ 1-22224-1
=151 + (2.807 X %) — 153.4753 2 2

= tp.99523 = 2.807

c. Find the lower limit of 99% of the confident interval for u

X - (t1—%,n—1 X \/iﬁ)

=151 (2 807 X 4'32) = 148.5247
. Ner .
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Estimation and Confidence Interval: Two Means

— — 2 2
1- (X, - X))+ <Zl_% /2—1 + 2—22>

= S 1 1
2' (X1 - Xz) i (tl_%’nl_l_nz_z Sp —+ _)

ny na

2512(”1—1)"'522(”2—1)

SZ
n1+n2_2

p

Question 5:

The tensile strength of type | thread is approximately normally distributed with standard
deviation of 6.8 kg. A sample of 20 pieces of the thread has an average tensile strength of 72.8
kg. Another type of thread (type Il) is approximately followed normal distribution with standard
deviation 6.8 kg. A sample of 25 pieces of the thread has an average tensile strength pf 64.4 kg.
then for 98% confidence interval of the difference in tensile strength means between type | and
type I, we have:

Theard1: n, = 20,X, =72.8,0, = 6.8
Thread 2 : n, = 25,X, = 64.4,0, = 6.8

98% - a=0.02 > Z _a=Zygy = 2.325
2

— — 2 2
X, —X,) + (Zl_g X [Z 4+ 2)
2

nq nz

(72.8 — 64.4) + <2.325 x |22+ 6-82>

25

(3.657,13.143)
(1): The lower limit = 3.657
(2): The upper limit = 13.143
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Question 6:

First sample Second sample
Sample size (n) 12 14
Sample mean (X) 10.5 10
Sample variance (S%) 4 5

1. Estimate the difference p; — p,:

ﬁl_ﬁzle_XZZ:lOS_lO:OS

2. Find the pooled standard deviation estimator Sp :

SZ

_S3n, - D +S3(n,— 1) 4(11) +5(13)

P n1+n2_2

24

=454 = [Sp=213

3. The upper limit of 95% confidence interval for p is:

95% - a=0.05 -t _«

7,n1+n2—2

= too75,24 = 2.064,

= = ’1 1
(Xl - Xz) + (tl—%,n1+n2—2 X Sp n_1 + 1’1_2)
(0.5) + <2.064 x 2.13 /i + i) =2.23
12 14

4. The lower limit of 95% confidence interval for p is:

- = ’1 1
(Xl - Xz) - <t1_%'n1+n2_2 X Sp n_l + I‘l_2>
(0.5) — <2.064 x 2.13 /i+i> = —1.23
12 14
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Question 7:

A researcher was interested in comparing the mean score of female students p,, with the mean
score of male students u, ina certain test. Assume the populations of score are normal with equal
variances. Two independent samples gave the following results:

Female Male
Sample size n, =5 n, =7
Mean X, = 82.63 X, = 80.04
Variance S = 15.05 SZ =20.79
1. The point estimate of p; — p, is:
[A] 2.63 |B| 237 [ C | 2.59 D | 0.59 \

2. The estimate of the pooled variance S is:

A | 17.994 |B| 18494 |C| 17.794 D]  18.094 |

3. The upper limit of the 95% confidence interval for p; — p, is:

|A] 26717 |B| 7525 lc| 7153 | D | 8.2 |

4. The lower limit of the 95% confidence interval for p; — p, is:

|A] -—2154 |B| -2345 [C| —3.02 ID| -1.973 |
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Estimation and Confidence Interval: Single Proportion
For large sample size (n = 30, np > 5, nq > 5)

* Point estimate for P is: %

* Interval estimate for P is: p + <Zl_z X E)
2

Question 7:

A random sample of 200 students from a certain school showed that 15 student smoke. Let p
be the proportion of smokers in the school.
1. Find a point estimate for p.

n=200 & x=15

s X_ 1 00755 §=0925
= —=—=(). - = ().
P =7 200 q

2. Find 95% confidence interval for p.

95% - o =0.05 - Z,_a=Zygs =196
2

pt <Zl_z X \/ﬁ:q> =0.075+ (1_96 X M)
2 n 200

The 95% confidence interval is: (0.038, 0.112)

Question 8:

A researcher’s group has perfected a new treatment of a disease which they claim is very
efficient. As evidence, they say that they have used the new treatment on 50 patients with the
disease and cured 25 of them. To calculate a 95% confidence interval for the proportion of the
cured.

1. The point estimate of p is equal to:
A ] 0.25 | B | 0.50 | C | 0.01 | D | 0.33 |

2. The reliability coefficient (Zl_g) is equal is:
2
A ] 1.96 |B|  1.645 | C | 2.02 | D | 1.35 |

3. The 95% confidence interval is equal to:
[ A [(0.1114,0.3886) | B | (0.3837,0.6163) [ C | (0.1614,0.6386) | D | (0.3614,0.6386) |
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Estimation and Confidence Interval: Two Proportions
For large sample size (n; = 30, nyp; > 5, nyq; > 5)
(le > 30, nyp, > 5, n,q; > 5)

* Point estimate for P, — P, = p; — P, = z_i — z_z

* |nterval estimate for P, — P, is: (p; — P,) + (Zl_z X /% + p,iﬁ)
2 1 2

Question 9:
A random sample of 100 students from school “A” showed that 15 students smoke.

Another independent random sample of 200students from school “B” showed that
20 students smoke. Let p; be the proportion of smoker in school “A” and let p, be
the proportion of smoker in school “B”.

1. Find a point estimate for P, — P,.

15
ny =100,x; = 15 — ﬁlzmz = §, =1—0.15 =[0.85]

n, =200,x, =20 — P, = — =[0.10] = §, = 1 — 0.10 = [0.90]

200

2. Find 95% confidence interval for P, — P,.

95% > a =0.05 - Z _a=Zygs =196
2

By —Py) + (21—% w [Prds szz)

ny ny

= (0.05) i<1.96>< \/“115)(0-85) +(0.1)(0.9))

100 200

= 0.05 + (1.96 x v/0.001725)

The 95% confidence interval is: (—0.031, 0.131)
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Question 10:
a first sample of 100 store customers, 43 used a MasterCard. In a second sample of 100 store

customers, 58 used a Visa card. To find the 95% confidence interval for difference in the
proportion (P, — P,) of people who use each type of credit card?

1. The value of ais:

A | 0.95 | B | 0.50 | C| 0.05 ID|  0.025 |

2. The upper limit of 95% confidence interval for the proportion difference is:

n; =100, x; =43 — p, =--=[043] =4, =1-043 =[057]
n, =100 , x, = 58 —»132:%: = g, =1—0.58 = [0.42]
ml+ﬁzaz>

ng n;

(P1 —P2) + (Zl_% X

= (0.43 — 0.58) + (1.96 X \/ 049057 4 “"58)“"42)> = —0.013

100 100

3. The lower limit of 95% confidence interval for the proportion difference is:

(p1 — P2) — (Zl_g x [Padr 4 @)
2 1

= (0.43 — 0.58) — <1.96 x J (043)(057) (0'58)(0'42)> = —0.287

100 100
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Question from previous midterms and finals:

e In procedure of construction (1 — @)100% confidence interval for the population mean (u)
of a normal population with a known standard deviation (o) based on a random sample of
size n.

1. The width of (1 — @)100% confidence interval for (u) is:
2

A B < .~ |D 2
22, 2Zvay; |C) 27,05 270

2. Forn =70and o = 4 the width of a 95% confidence interval for (u) is:

|A | 3.1458 |B| 15153 |C| 6.1601 |ID| 1.8741 |

3. For X = 60 and a 95% confidence interval for u is (57, k), then the value of the upper
confidence limit K is:
A | 64.5 | B | 66 | C | 61.5 | D | 63 |

4. When comparing the width of the 95% confidence interval (C.1.) for u with that of 90%
C.1., we found that:

95% C.lI.is B 95% C.I.is | C | Theyhavethe | D | We can’t decide

shorter wider same width

5. When the sample size n increase, the width of the C.1. will:
|A| Decrease |B| Increase |C| Notbechange | D | We can’t decide |

6. The most typical form of a calculated confidence interval is:
Point estimate + standard error

Population parameter + margin of error
Population parameter + standard error
Point estimate + margin of error

glO|w >

7. Confidence intervals are useful when trying to estimate ............. parameter:
|A| Sample | B| Statistics | C| Population | D | None ofthese |

8. The following C.I. is obtained for a population proportion (0.505,0.545), then the
margin of error equals (let p = 0.525)
A | 0.01 | B | 0.04 | C| 0.03 | D | 0.02 |
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Chapter 7 Hypotheses Testing
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Hypotheses Testing

1-Single Mean
(if o known):
i HHypOtheS'S Ho: ph = fo Ho: p < po Ho: it = po
0 . . .
Alternative (Research) H, Hy: 1t # pho Hytpp > po Hy:p < o
Test Statistics X
(TS)
Rejection Region
(RR) of Hy gt ot s
Acceptance Region | / ““
(AR) of H, 7, Zoe e
We reject H, at the significance level « if
Decision 7 < ~Zy_@/2
or Z>7Z1_¢4 Z< —Zi_q4
Z > Zl—(a/Z)
Two sides test One side test One side test

(if o unknown):

i pypothesis Ho: pt = o Ho: 0 < Ho: it > o
ull Ay . . .
Alternative (Research) H, Ha: 1t # po Hy: > po Hy: i < o
Test Statistics - X — o ~t
(TS) S/\n 1
Rejection Region
(RR) of H,,
Acceptance Region
(AR) of H, - - r
St = “fl1-a
We reject H, at the significance level « if
Decision t < —ti (a2
Or t > tl—a t < _tl—(l
t> ti-(a/2)
Two sides test One side test One side test
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Question 1:

Suppose that we are interested in estimating the true average time in seconds it takes an adult
to open a new type of tamper-resistant aspirin bottle. It is known that the population standard
deviation is o = 5.71seconds. A random sample of 40 adults gave a mean of 20.6 seconds. Let
u be the population mean, then, to test if the meanu is 21 seconds at level of significant 0.05
(Ho:p = 21vs Hy:pp #+ 21) then:

(1) The value of the test statistic is:

lo =5.71 n=40 X =20.6|

_ X-uo _ 206-21 _ —
Z= g/Nn ~ 5.71/V40 0'443\
\

A | 0443 IB| -0012 |C| -0443| |D| 0.012 |

(2) The acceptance area is:

1_

Z a = Z 0.05 — Zo_975 - 1.96
2 ==

-1.96 1.96

A | (-196196) |B| (1.96,0) |C| (-»,196) |D| (—»,1.645) |

(3) The decision is:

|A| RejectH, |B| AcceptH, |C| Nodecision |D]| Noneofthese |

|P —value = 2 X P(Z < —0.443) =2 x0.32997 = 0.66 > 0.05|«— «a
or

|P —value = 2 x P(Z > | — 0.443|) = 2 X P(Z > 0.443) = 0.66 > 0.05|« — «
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Question 2:

If the hemoglobin level of pregnant women (J«<l i ) is normally distributed, and if the
mean and standard deviation of a sample of 25 pregnant women were X = 13 (g/dl),s = 2
(g/dl). Using o = 0.05, to test if the average hemoglobin level for the pregnant women is
greater than 10 (g/dl) [Ho: u<10, Ha: u>10].

s=2, n=25, X=13

1. The test statistic is:

A __X-10 B __X-10 C _X-10 D __X-10
Z‘a/ﬁ Z‘s/ﬁ t‘a/ﬁ t_s/vﬁ

2. The value of the test statistic is:

_X—-u, 13-10

t = = =|7.5
S/Nn 2/4/25
[A] 10 | B | 1.5 | C | 7.5 | D | 37.5 |
3. The rejection of Ho is:
ti—aqn-1 = toos2e = 1.711
1.711

IA| Z<-1645 |B| z>1645 |C| t<-1711 |D| ¢>1711 |

4. The decision is:

Reject Ho

Do not reject (Accept) Ho.
Accept both Ho and Ha.
Reject both Ho and Ha.

oo|m>
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2-Two Means:
(if o4 and o, known ):

Hypothesis
Null H,
Alternative (Research) H,

Ho:py —pp =d
Hyipy —pp # d

Test Statistics
(TS)

Rejection Region

(RR) of H,
Acceptance Region
(AR) of H, v
We reject H, at the significance level « if
Decision Z< ~Zi o
Or Z > Zl—a Z < _Zl—a
Z> Z1-(a/2)

Two sides test

One side test

One side test

(if o1 and g, unknown ):

Hypothesis
Null H,
Alternative (Research) H,

Ho:py —pp = d
Hyipy —pp #d

Ho:py —pp < d
Hyipy —pp > d

Ho:py —pp 2 d
Hyipg —pp < d

Test Statistics
(TS)

t

_ (X,—-Xp)—d _ (X,—-Xp)—d

1 1
’52 G- Sy |—4—
_p+_p p nq np
ni nz

~ tn1+n2—2

Rejection Region

(RR) of H,
Acceptance Region
(AR) of H,
. fl_% t1-a “lT1-a
We reject H, at the significance level « if
Decision t<—ti (a2
OI’ t > tl—a t < _tl—a
t > tl—(a/Z)
Two sides test One side test One side test
5%(nq—1)+55(np—1)

52 =

n1+n2—2
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Question 3:

A standardized chemistry test was given to 50 girls and 75 boys. The girls made an average of
84, while the boys made an average grade of 82. Assume the population standard deviations
are 6 and 8 for girls and boys respectively. To test the null hypothesis

Hy:pg —p <0 VSHy:py —puy, >0 usea = 0.05

(1) The standard error of (X; — X,) is:

girls: n;, =50, X, =84, 0, =6
boys: mn, =75 X,=82, 0,=8

_ _ 2 2
SEQR, —X,) = \/Z—ll+“—2 - \/2—2+j—2 — 1.2543

n;

(2) The value of the test statistic is:

z=ta¥) (@489 _ 2 _[75o45
2 2 62 82 1.2543
/ﬁ+2 50775
nqg np
(3) The rejection region (RR) of Ho is:
Zy_q =Zy-005 = Zo.9s = 1.645
1.645

A ] (1.6450) |B|(=o,-1645)[C| (1.96,0) [D]| (—,—-1.96) |

(4) The decision is:

Reject Ho

Do not reject (Accept) Ho.
Accept both Ho and Ha.
Reject both Ho and Ha.

ooO|m>

P —value = P(Z > 1.59) = 1 — P(Z < 1.59) = 0.056 > 0.05]

ﬁ

(04
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Question 4:

Cortisol level determinations were made on two samples of women at childbirth. Group 1
subjects underwent emergency cesarean section (4= 4le) following induced labor. Group 2
subjects natural childbirth route following spontaneous labor (duxkll 32¥ 4l1). The random sample
sizes, mean cortisol levels, and standard deviations were (n; = 40,%, = 575,0, = 70) ,
(n, = 44,%, = 610,0, =80).

If we are interested to test if the mean Cortisol level of group 1 (u, ) is less than that of group 2
(ny ) atlevel 0.05 (orHg: py = py vs Hytpy < py ), then:

(1) The value of the test statistic is:

7 = (X1—X3) _ (575-610) _ 5138

nq np
/
[A] -1326 |B]|] -2138 |Cc| 2576 D] -1.432 |
/

(2) Reject Hy, if:

Zl—a - ZO.95 - 164’5

-1.645

|A] Z>1645 [B] T>198 [C| Z<-1645 |D| T<-198 |

(3) The decision is:

|A] Reject H, | B| AcceptH, |C| Nodecision [D]| None of these |

|P — value = P(Z < —2.138) = 0.01618 < 0.05|

?

a
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Question 5:

An experiment was conducted to compare time length (duration time in minutes) of two types
of surgeries (A) and (B). 10 surgeries of type (A) and 8 surgeries of type (B) were performed.
The data for both samples is shown below.

Surgery type A B
Sample size 10 8
Sample mean 14.2 12.8
Sample standard deviation | 1.6 2.5

Assume that the two random samples were independently selected from two normal
populations with equal variances. If p, and pg are the population means of the time length of
surgeries of type (A) and type (B), then, to test if p, is greater than pg at level of significant
0.05 (Hg: pa < ug vs Hp:ipa > pp) then:

1. The value of the test statistic is:

G2 — S2(n;—1)+5%2(np,—1) _ 1.62(10-1)+2.5%(8-1)
p ny+n,—2 10+8-2

=4.174

;= (X1—Xp) _ (14.2—121.8)12 144

2. Reject Holf:

tl—(x,nl +n,-2
= 1p.9510+8-2

= lp.95,16
= 1.746

1.746

|A] Z>1645 [B] zZ<-1645 [C| T>1746 |D]| T<-1746 |

3. The decision is:

|A] Reject Hp | B| AcceptH, |C| Nodecision [D]| None of these |
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Question 6:

A researcher was interested in comparing the mean score of female students p, ,with the
mean score of male students p, in a certain test. Assume the populations of score are normal
with equal variances. Two independent samples gave the following results:

Female Male

Sample size | n; =5 n, =7
Mean X, = 82.63 X, = 80.04
Variance SZ = 15.05 SZ =20.79

Test that is there is a difference between the mean score of female students and the mean
score of male students.

1. The hypotheses are:

A | Hoipg =y B | Hoipy = p2 C

Ho:py < iy D| Heipy <py
Hatpg # [y Hatpy <y

Hatpy >y Hatpy > 1y

2. The value of the test statistic is:
G2 _ $3(n1—1)+85(n;—1) _ 15.05(4)+20.79(6)

= = 18.494
n1+n2—2 5+7—2
= ()?1;)?2)1 __ 82.63—80.04 _ 102
Sp Tl—1+6 1/18.494 \/T—
A | 1.3 |B| 1.029 | C | 0.46 | D | 0.93 |
3. The acceptance region (AR) of Ho is:
tl—gn1+n2—2
- t1—°—°55+7 2
= tp.975,10
=2.228 -2.228 2.228

|A ] (2228,0) [B | (—»,—2228) [C| (-2.228,2.228) [D| (-1.96,1.96) |
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Question 7:

A nurse researcher wished to know if graduates of baccalaureate (u«_5\S3) nursing program and
graduate of associate degree (AwV) nursing program differ with respect to mean scores on
personality inventory at o = 0.02. A sample of 50 associate degree graduates (sample A) and a
sample of 60 baccalaureate graduates (sample B) yielded the following means and standard
deviations:

X, =88.12, S, =10.5 n, =50

Xp =83.25, Sy =112, ng =60

1) The hypothesis is:
A HO: Ul = HZ B HO: ul S uz C HO: IJ.l 2 IJ.Z D None Of these
Hatpy # o Hatpg > 1y Hatpy <y

2) The test statistic is:
A | Z | B | t | C | F | D| None of these |

3) The computed value of the test statistic is:

G2 — Sf(n;-1)+57(np,—-1) _ 10.5%(50-1)+11.22(60-1)
p ny+n,—2 50+60—2

= 118.55

;= (X,—X;) _ _88.12-83.25 :

4)  The critical region (rejection area) is:

tl —%,nl +n2 -2

=t
1—%, 50+60—2

= tp.99,108 = 2.36

-2.36 2.36

|A]2600r—2.60|B|2.060r—2.06|C| 2360r—236 |D]| 2.58 |

5) Your decision is:

|A| Reject H, [ B] AcceptH, [C| Accept Hy |D] Nodecision |
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3- Single proportion:

Hypothesis
Null H,

Alternative (Research) H,

Hy:p =po
Hy:p # po

Hy:p = p,
Hy:p <p,

Test Statistics
(TS)

Rejection Region

(RR) of H,
Acceptance Region
(AR) of H,
We reject H,, at the significance level « if
Decision Z < —Zy_
OI' Z > Zl—a Z < _Zl—a
Z > Zl—(a/Z)

Two sides test

One side test

One side test
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Question 8:

Toothpaste (0lwY! ¢ sa2<) company claims that more than 75% of the dentists recommend their
product to the patients. Suppose that 161 out of 200 dental patients reported receiving a
recommendation for this toothpaste from their dentist. Do you suspect that the proportion is
actually morethan75%. If we use 0.05 level of significance to test Hy: P < 0.75, Hy: P > 0.75,
then:

(1) The sample proportion p is:

161
n =200, p=-= 08050

(2) The value of the test statistic is:

5 — 0.805 — 0.75
z=P_Po_ =[1.7963
\/poqo (0.75)(0.25)

n 200

(3) The decision is:

a =0.05
Zl—a - ZO.95 == 1.64‘5

1.645

Reject H, (agree with the claim)
Do not reject (Accept) Hy
Accept both H, and Hp

Reject both Hy and H,

olo|w >

P —value = P(Z > 1.7963) =1 - P(Z < 1.7963) = 1 — 0.96407 = 0.03593 < 0.05|

T

(04
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Question 9:

A researcher was interested in studying the obesity (d) disease in a certain population. A
random sample of 400 people was taken from this population. It was found that 152 people in
this sample have the obesity disease. If p is the population proportion of people who are obese.
Then, to test if p is greater than 0.34 at level 0.05 (Hy: p < 0.34 vs Hy: p > 0.34) then:

(1) The value of the test statistic is:

152
n =400, p=_--=038

p-p 0.38—0.34

Z = L = =[1.69
Podo 0.34X0.66
\/ n \/ 400

[A]  0.023 | B | 1.96 [ C | 2.50 D | 1.69

(2) The P-value is

P —value = P(Z > 1.69) = 1 — P(Z < 1.69) = 1 — 0.9545 = 0.0455

[A] 09545 [B] 00910 [C| 0.0455 [D]  1.909 |

(3) The decision is:

P — value = 0.0455 < 0.05

|A]| Reject H, | B| AcceptH, |C| Nodecision [D]| None of these |
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4-Two proportions:

N “Iljypothesis Hy:py—p,=d |Hy:p,—p,<d| Hy:p,—p,=d

u

Alterna(';ive (Research) H, Hipo—po #d | Hipi =Py >d | Hyipr —p2 < d
Test Statistics z=TRet - TRl N (0,1)

Rejection Region

(RR) of H,
Acceptance Region
(AR) of H,
We reject H,, at the significance level « if
Decision Z < —Zi_@an
OI’ Z > Zl—a Z < _Zl—a
Z> L@/
Two sides test One side test One side test
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Question 10:

In a first sample of 200 men, 130 said they used seat belts and a second sample of 300 women,
150 said they used seat belts. To test the claim that men are more safety-conscious than women
(Ho: p1 — p2 < 0,H;: p; — p2 > 0), at 0.05 level of significant:

(1) The value of the test statistic is:

=200 A—130—065 = 300 A—150—05
e AT R M2 =580 P2 T 359 = Y
—~ xl+X2 _ 130+150 _
b= ni+n,  200+300 0.56

—P2) (0.65-0.5) —[331

1 —
1,1y
<n_1+n_2) \/(0.56)(0-44)($+$)
(2) The decision is:
Zyq =Z1-005 = Zoos = 1.645

1.645

Reject Hy

Do not reject (Accept) Hy
Accept both Hy and Hy
Reject both Hy and H

oo|lw >

P —value = P(Z > 3.31) = 1 - P(Z < 3.31) = 1 — 0.99953 = 0.00047 < 0.05]

!

a
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Question 11:

In a study of diabetes, the following results were obtained from samples of males and females
between the ages of 20 and 75. Male sample size is 300 of whom 129 are diabetes patients, and
female sample size is 200 of whom 50 are diabetes patients. If Py, Pz are the diabetes proportions
in both populations and py;, Pr are the sample proportions, then:

A researcher claims that the Proportion of diabetes patients is found to be more in males than in
female (Hy: Py — Pr < 0 vs Hpy: Py — Pz > 0) . Do you agree with his claim, take o = 0.10

N =300 , Xy =129 = fy = = 0.43

A _ 50 _
np =200 , % =50 = p,=-r=0.25

(1) The pooled proportion is:

Xyt X 129 4+ 50
p = L = = 0.358
M + 1y 300 + 200

A | 0.43 | B | 0.18 |c| 0358 D | 0.68 |

(2) The value of the test statistic is:

(P1-P2) (0.43-0.25) _

1 1

Z = —— =
\/ﬁﬁ(n—ﬁn—z) \/(0.358)(1—0.358)(ﬁ+m)

(3) The decision is:

Zi—a = Z1-010 = Zp9o = 1.285

1.285

A | Agree with the claim (Reject H,)
B | do not agree with the claim
C | Can’t say

|P—value =P(Z>411)=1-P(Z<411)=1—-1=0 < 0.10|

T

o
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P — value:

. Hy:u=pu Hy:pu < pu Hy:uz=p
Hypothesis 0 0 ° 0
yP Hy: e # o Hy: > po Hy:p < o
RR
P-value 2x P(Z > |TS]) P(Z>TS) P(Z <TS)
2XP(Z>TS) 2XP(Z<TS)
If TS>0 If TS<O0

population normal or not normal
n large (n > 30)

population normal
nsmall (n < 30)

o known o unknown o known o unknown
. X~ Ho X~ lo X~ Ho X~ o
Testin 7= 7= 7= T=
J o/Vn s/vn o/Vn s/vVn
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e Two Samples Test for Paired Observation

Question 1:

The following contains the calcium levels of eleven test subjects at zero hours and three hours
after taking a multi-vitamin containing calcium.

Pair 0 hour ( X,) 3 hours (Y,) | Difference D, = X, Y,
1 17.0 17.0 0.0
2 13.2 12.9 03
3 35.3 354 01
4 13.6 13.2 0.4
5 32.7 325 02
6 18.4 18.1 0.3
7 225 225 0.0
8 26.8 26.7 0.1
9 15.1 15.0 0.1

The sample mean and sample standard deviation of the differences D are 0.144 and
0.167, respectively. To test whether the data provide sufficient evidence to indicate
a difference in mean calcium levels (Hy: u; = p, againstHy: p; # W,)

witha = 0.10 we have: |[D=0.144, S;=0167 , n=9|

[1]. The reliability coefficient (the tabulated value) is:

tl—g,n—l - tl—oé—l, _1 - t0.95,8 =1(1.860

2 9

[2]. The value of the test statistic is:

HO:.U1=H2:>H0:M1_H2=O:HO:.UD=0
Hytpy # 1y Hyipy —pp, #0 Hy:pp #0

T = D-up _ 0.144-0 __ 7 5868

© Sg/Nn 0167/V9

[3]. The decision is:

We reject H,
-1.86 1.86
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Question 2:

Scientists and engineers frequently wish to compare two different techniques for
measuring or determining the value of a variable. Reports the accompanying data on
amount of milk ingested by each of 14 randomly selected infants.

Pair DD method (X;) TW method (Y;) Difference D; = X; — Y;
1 1509 1498 11
2 1418 1254 164
3 1561 1336 225
4 1556 1565 -9
5 2169 2000 169
6 1760 1318 442
7 1098 1410 -312
8 1198 1129 69
9 1479 1342 137
10 1281 1124 157
11 1414 1468 54
12 1954 1604 350
13 2174 1722 452
14 2058 1518 540

1. The sample mean of the differences D is:

=  114+164+225-9+169+442—312+--+540
D = ” = 167.21

A | 16721 | B | 0.71 | C| 0.61 | D | 0.31 |

2. The sample standard deviation of the differences Sy, is:

—\2
S, = /2(’;’%) = 22821

A | 3.15 IB| -071 c| 7153 |D| 22821
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3. The reliability coefficient to construct 90% confidence interval for the true average
difference between intake values measured by the two methods up, is:
The reliability coefficient =t, a |, = to9513 = 1.771
2!

N 1.96 IB| 1771 | C | 2.58 ID| 1372 |

4. The 90% lower limit for up, is:

=D - (tl—%,n—l X f/_%)

228.12
=16721 - (1771 x = ) =59.19
A| 2492 |B| 2255 |c|] 5919 ID| 4496 \
5. The 90% upper limit for pp is:
_ Sp
=D + (tl—%,n—l X ﬁ)
228.12
=167.21 + (1.771 x 222 ) = 275.23
A | 22492 |B| 32255 |c| 275.23 ID| 2496 |

Totest Hy: up = 0 versus Hy: up # 0 , a = 0.10 as a level of significance we have:

6. The value of the test statistic is:

D-up _ 167.21-0

r= Sg/Nn 228.12/V14 =12.74
A | 2.74 |B] -07135 [C| -7.153 ID| -03157 |
7. The decision is:
Reject H,
\4
-1.771 1.771

|A] Reject H, | B| AcceptH, |C| Nodecision [D]| None of these |
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Question 3:

In a study of a surgical procedure used to decrease the amount of food that person can
eat. A sample of 10 persons measures their weights before and after one year of the
surgery, we obtain the following data:

Before surgery (X) | 148 | 154 | 107 | 119 | 102 | 137 | 122 | 140 | 140 | 117

After surgery (Y) | 78 | 133 | 80 | 70 | 70 | 63 | 81 | 60 | 85 | 120

D;=X;—Y; 70 | 21 | 27 | 49 | 32 | 74 | 41 | 80 | 55 | -3

We assume that the data comes from normal distribution.
For 90% confidence interval for up, where up is the difference in the average weight
before and after surgery.

1. The sample mean of the differences D is:
= 70+214+27+49+32+74+41+80+55-3

D= = 44.6
10

2. The sample standard deviation of the differences Sy, is:

Sp = Z(Di—_ﬁ)z= 26.2

n—-1

3. The 90% upper limit of the confidence interval for pp is:

t = t0_95'9 = 1.833

1-Zn-1
2

- D . Sp
=D +(t1_?n_1 xﬁ)

— 446 + (1.833 X %) —59.79

4. Totest Hy:pup = 43 versus Hp:pp < 43, with «=0.10 as a level of significance,
the value of the test statistic is:
T = D-up _ 44.6—43

T Sa/vn 262/Vi0 0.19

5. The decision is:

—t1-an-1= —toooe = —1.383 =[0.19 ¢ RR: (—0 ,—1.383)|

[A] Reject H, | B [ DonotrejectH, [C| Nodecision |[D] None of these |
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Questions 4:

Trace metals in drinking water affect the flavor and an unusually high
concentration can pose a health hazard. Ten pairs of data were taken measuring

zinc concentration in bottom water and surface water.

The Data is given below:

zinc concentration in

zinc concentration

Bottom water in Surface water DA
1 0.43 0.415 0.015
2 0.266 0.238 0.028
3 0.567 0.39 0.177
4 0.531 0.41 0.121
5 0.707 0.605 0.102
6 0.716 0.609 0.107
7 0.651 0.632 0.019
8 0.589 0.523 0.066
9 0.469 0.411 0.058
10 0.723 0.612 0.111

Note that the mean and the standard deviation of the difference are given
respectively by D = 0.0804 and Sp = 0.0523 We want to determine the 95 %
confidence interval for p; — p,, where p; and p , represent the true mean zinc
concentration in Bottom water and surface water respectively. Assume the

distribution of the differences to be approximately normal.

1. The 95% lower limit for p; — p , equals to:

|A| 0.02628 |B| 013452 [C| 0.04299 [D| 0.11781 |
2. The 95% upper limit for p; — p, equals to:
|A| 002628 |B| 013452 |[C| 0.04299 |D| 0.11781 |
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Estimation Testing
Xt7, o 7= i;&%ﬂ
2
o known o known
Single mean
v i _ X—uo
Frhsonim "=
o unknown o unknown
— (%,-X;)-d
K- K47 o | D42 2 o2
1 27 = 1=2\n;  ny 171+i
o;and o known g,and o, known
Two means _— 2
_ _ 1 1 — (X1—X3)—d
(X1 —Xz) £ t1—§, (n,+15-2) Sp o ny Sp i+é
o, and g, unknown o; and g, unknown
Z — ﬁ—Po

Single proportion

Two proportions

(pAl - pAZ) i Zl_%

1
nq n;

2 — SZ2(ny—1)+S%(ny-1)
p nitn,—2
H, is true H, is false
) Correct decision Type Il error
Accepting H, N yp B)
.. Correct decision
Rejecting H, Typéaal)error M

:

Type | error = Rejecting Hy, when Hy is true

P(Type I error) = P(Rejecting Hy|H, is true) = a

Type Il error = Accepting H, when H,, is false

P(Type Il error) = P(Accepting Hy|H, is false) = S
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Question from previous midterms and finals:

Q1. In the procedure of testing the statistical hypotheses H, against H, using a
significance level

1. The type | error occur if we:

A Rejecting Hy, B Rejecting H, C | Accepting Hy D | Accepting Hy
when H, is true when H, is false when H, is true when H, is false

2. The probability of type I error is:

Al g [B] o« JC|] 1-p D] 1-a |

3. When we use P-value method, we reject H, if

|A| P-value>a |B| P-value<a |C| P-value<B |D| P-value>p |

4. To determine the rejection region for H, it depends on:

|A| aandH, |B] H, IC| aandH, |D| B |

5. Which one is an example of two-tailed test:

A Hy:p=0 [B| Hyupu#0 |C| Hyi:u<0 [D| Hyipp>0 |
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Q2. To compare the mean times spent waiting for a heart transplant for two age
groups, you randomly select several people in each age group who have had a heart
transplant. The result is shown below. Assume both population is are normally
distributed with equal variance.

Sample statistics for heart transplant
Age group 18-34 35-49
Mean 171 days 169 days
Standard deviation 8.5 days 11.5 days
Sample size 20 17

Do this data provide sufficient evident to indicate a difference among the
population means at « = 0.05

1. The alternative hypothesis is:

Al Hpipy #Fpp |BIHatpuy <pp |[ClHprpu >pp |DHpipyy =
2. The pooled estimator of the common variance S is:
|A| 9935.82 |B]| 1055214 [C| 104429 [D| 99.6786 |
3. The appropriate test statistics is:
7= %% 7 = %% T X% 1= X%
A st | B o, |C .5 |D 5353

4. The 95% confidence interval for the different in mean times spent waiting
for heart transplant for the two age groups:

A

(—3.548,7.565)

B

(—0.1306,4.1306)

C

(—4.6862,8.6862)

D

(—4.8519,8.8519)

5. Base on the 95% C.I. in the above question, it can be concluded that:

A

Xl :XZ

B

M1 F Uy

C

U1 = Uy

D

None of these
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Chapter 6 and Chapter 7

chapter 7

chapter 6

Assumptions

Test statistics (T.S.)

TS.— Estimator — hypothesized parameter
T (standard error)

Confidence Interval (C.1.)

Estimator * (reliability cofficent)(standard error)
Estimator © margin error

eNormal + 2 Known NIXIto ¥, .2
o /Vn - T2
eNon-normal + g2 Known + n > 30
(large)
Single population T F S
X t —
mean () e Normal + ¢ Unknown - -3 /n
eNon-normal + 2 Unknown + n
>30 (large)
eNormal + 65 and 65 Known
-
eNon-normal + 65 and 65 Known + (X1—Xz) _ NTm
nq,n, 2 30 (large)
Difference (X, -%,) "t t, o
between Two -2
Population Means | ® zNo::sM +
w2 2
AIH — INV o1 = 63 = ¢“Unknown , equal
U = + Sp
Related population T=—— D”t, « —=,
pop MD\)\M 1 2 Jn

Kholoud Basalim —Stat109

109 an ALty 352




Assumptions chapter 7 chapter 6
z-P_Po Jgt P(1-P)
. . p Z, o |/—=
Population Proportion n > 30 (large) Podo - "1-3 n
(P) n

Difference between

Two Population n, > 30 (large) 4
Proportion P; — P, n; > 30 (large)
odMple Population
Size : -
Mean 7 y
Variance 52 =
Standard deviation S 2
Proportion 5 0

Kholoud Basalim —Stat109
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%

Estimation

Chapter 6

measure computed from population

T~

Statistical Inferences

> Hypothesis test

\_'_l

Ch7

Point Estimate

single value used to estimate the corresponding

population parameter.

Confidence Interval =Interval estimate

consists of two numerical values defining a range
of values that most likely includes the parameter

Proportions

Population Point
parameters estimation
Mean u X
Variance o? 52
Standard deviation o S
Proportion P p
Difference between
Two Population B B
Means Hy = Hy X1 = X2
Difference Between
Two N
Population Py — P, Py =P

Chapter 6 : Estimates About Population Parameters [STAT 109]

Parameter € (L, U)

L < Parameter < U

Lower limit

Upper limit

{ Confidence coefficient

I

Confidence Level

Estimator * (reliability cofficent)(standard error)

J

i
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Confidence Interval of @

Interval Estimation of@

e Normal + ¢ Known
e Non-normal + g2 Known + n > 30 (large )

_|_
Estimator
Reliability
Standard
Coefficient Error of X
\ Y J
margin error
Precision of the estimate
Upper limit :
X+ Z

Chapter 6 : Estimates About Population Parameters [STAT 109]

e Normal + ¢ Unknown

Estimator
Reliability
Standard

Coefficient Error of X

\ J
|

margin error

Precision of the estimate

Upper limit :
X+t

Lower limit :
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Confidence Interval for the Difference between Two Population Means

Interval Estimat

|

e Normal + ¢f and &3 Known e Normal + 6§ = 05 = 6?Unknown
e Non-normal + ¢ and o5 Known + nq,n, > 30 (large )

68| eoer

Reliability
i Reliabilit Standard Error
Estimator Standard Error of . v _ _
Coefficient - Estimator o of X1 — X,
X1 —-X; Coefficient
\ } \ J
| |
margin error margin error
Precision of the estimate Precision of the estimate
Upper limit :
2 2
=2 =4 (o] (¢
X1 —Xo)+ Z, ¢ -1 + -2
( 1 2) 1_E ny n,
Lower limit : Upper limit :
of | o (X1 —X)+ t % | S
Y Y 1 2 — [V — 4+ —
(X1—-X3)— Z; ¢ mto 1~ Xz -2 m T
Lower limit :
— _ SZ SZ
X; —X —t, « 2 + -2
( 1 2) 1_E ng ny
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Confidence Interval for a Population Proportion @

Interval Estimate@

n > 30 (large) (q=1-p)

\\V}

Estimator Reliability
Standard Error

Coefficient

\ }
|

margin error

Precision of the estimate

Upper limit :
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Confidence Interval for the Difference between Two Population Proportion P; — P,

Interval Estimate P, — P,

n; > 30 (large) (G=1-P)

n, > 30 (large) (g2=1-P,)

_|_
Reliability
Estimator
Coefficient Standard Error
margin error
Precision of the estimate
Upper limit :

L P,g, P,q
(Pl—P2)+Z 1Q1+ 242

NI

=]
[aey

=]
N

Lower limit :

(’P\l - ﬁZ) . Z1—%
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How to know if 6 known or unknown :

o known
e The population variance ......... (6?)
e The population standard deviation........ (o)
e It is normal distribution with variance ..... (6?)
e It is normal distribution with standard deviation ..... (o)
o unknown: (Use S instead )
e Sample variance..... (%)
e Sample standard deviation ..... (S)
o If we have a sample of size ..(n),has mean ( X) with variance ...(S%)
o If we have a sample of size ..(n),has mean ( X) with standard

deviation ...(S)

%k 3k >k >k 3k 3k 3k 3k >k %k %k %k %k 5k 3k 3k %k %k %k %k 3%k 3k %k %k %k %k %k %k 3% %k %k %k %k *k *k >k k




Critical Values of the t-distribution (t, )

v=df tp.00 {05 to.975 to,90 t.005
1 3.078 6314 12.706 31.821 63.657
2 1.886 2.020 4303 6.065 9.025
3 1638 2353 3.182 4541 5841
4 1.533 2132 2776 3.747 4.604
5 1476 2.015 2571 3.365 4.032
6 1.440 1.043 2447 3.143 3.707
7 1415 1.895 2365 7.008 3.499
3 1397 1860 3306 7 896 3.355
9 1383 1.833 2.2062 3821 3.250
10 1372 1812 5278 2764 3.160
1 1363 1.79 2201 2718 3.106
12 1356 1.782 2.179 2,681 3.055
13 1.350 1.771 2.160 3.650 3.012
14 1345 1.761 2.145 2.624 2.977
15 1341 1.753 2131 3 602 3.047
16 1337 1746 212 7,583 2.021
17 1333 1,740 2110 3567 3898
13 1330 1734 3101 3552 5.878
19 1328 1729 2.093 2,539 2861
20 1325 1.725 2.086 7,528 2.845
21 1323 1721 2.080 2518 2831
22 1321 1717 2.074 3,508 2.819
23 1319 1714 2.069 2,500 2.807
24 1318 1711 3064 3492 2.797
25 1316 1.708 2.060 3,485 2.787
26 1315 1706 2056 3479 2.779
27 1314 1.703 5.052 2473 2771
28 1313 1.701 2.048 2.467 2.763
29 1311 1.699 2.045 2.462 2.756
30 1310 1.697 2.042 2457 2.750
35 13062 1.6896 2.0301 24377 27238
40 13030 1.6840 2.0210 2.4230 2.7040
45 13006 16794 30141 54101 3 6896
50 12087 16759 2.0086 2.4033 26778
60 12958 16706 3.0003 33901 3 6603
70 12038 1.6669 1.0944 33808 3.6479
30 12922 16641 1.9901 23739 2.6387
90 12910 1.6620 1.9867 23685 2.6316

100 1.2901 1.6602 1.9840 23642 2.6259
120 12886 16577 1.9799 23578 216174
140 12876 1.6558 19771 23533 26114
160 12869 16544 1.9749 2.3499 7.6069
180 12863 16534 1.9732 23472 2.6034
200 12858 16525 19719 33451 3.6006
® 1282 1.645 1.960 2,326 2.576







Standard Normal Table
Areas Under the Standard Normal Curve

0

z -0.09 -0.08 -0.07 -0.06 -0.05 -0.04 -0.03 -0.02 -0.01 -0.00 z
-3.50 | 0.00017 | 0.00017 | 0.00018 | 0.00019 | 0.00019 | 0.00020 | 0.00021 [ 0.00022 | 0.00022 | 0.00023 | -3.50
-3.40 [ 0.00024 | 0.00025 | 0.00026 | 0.00027 | 0.00028 | 0.00029 | 0.00030 [ 0.00031 | 0.00032 | 0.00034 | -3.40
-3.30 | 0.00035 | 0.00036 | 0.00038 | 0.00039 | 0.00040 | 0.00042 | 0.00043 | 0.00045 | 0.00047 | 0.00048 | -3.30
-3.20 | 0.00050 | 0.00052 | 0.00054 | 0.00056 | 0.00058 | 0.00060 | 0.00062 | 0.00064 | 0.00066 | 0.00069 | -3.20
-3.10 | 0.00071 | 0.00074 | 0.00076 | 0.00079 | 0.00082 | 0.00084 | 0.00087 | 0.00090 | 0.00094 | 0.00097 | -3.10
-3.00 ] 0.00100 ) 0.00104 | 0.00107 | 0.00111 | 0.00114 | 0.00118 | 0.00122 | 0.00126 | 0.00131 | 0.00135 | -3.00
-2.00 | 000139 | 0.00144 | 0.00149 | 0.00154 | 0.00159 | 0.00164 | 0.00169 | 0.00175 | 0.00181 | 0.00187 | -2.00
-2.80 | 0.00193 | 0.00199 | 0.00205 | 0.00212 | 0.00219 | 0.00226 | 0.00233 | 0.00240 | 0.00248 | 0.00256 | -2.80
-2.70 [ 0.00264 | 0.00272 | 0.00280 | 0.00289 | 0.00298 | 0.00307 | 0.00317 [ 0.00326 | 0.00336 | 0.00347 | -2.70
-2.60 [ 0.00357 | 0.00368 | 0.00379 | 0.00391 | 0.00402 | 0.00415 | 0.00427 [ 0.00440 | 0.00453 | 0.00466 | -2.60
-2.50 [ 0.00480 | 0.00494 | 0.00508 | 0.00523 | 0.00539 | 0.00554 | 0.00570 [ 0.00587 | 0.00604 | 0.00621 | -2.50
-2.40 | 0.00639 | 0.00657 | 0.00676 | 0.00695 | 0.00714 | 0.00734 | 0.00755 | 0.00776 | 0.00798 | 0.00820 | -2.40
-2.30 | 0.00842 | 0.00866 | 0.00889 | 0.00914 | 0.00939 | 0.00964 | 0.00990 | 0.01017 | 0.01044 | 0.01072 | -2.30
-2.20 ] 0.01101 | 0.01130 | 0.01160 | 0.01191 | 0.01222 | 0.01255 | 0.01287 | 0.01321 | 0.01355 | 0.01390 | -2.20
-2.10 ] 0.01426 | 0.01463 | 0.01500 | 0.01539 | 0.01578 | 0.01618 | 0.01659 | 0.01700 | 0.01743 | 0.01786 | -2.10
-2.00 | 0.01831 | 0.01876 | 0.01923 | 0.01970 | 0.02018 | 0.02068 | 0.02118 | 0.02169 | 0.02222 | 0.02275 | -2.00
-1.90 | 0.02330 | 0.02385 | 0.02442 | 0.02500 | 0.02559 | 0.02619 | 0.02680 [ 0.02743 | 0.02807 | 0.02872 | -1.90
-1.80 [ 0.02938 | 0.03005 | 0.03074 | 0.03144 | 0.03216 | 0.03288 | 0.03362 [ 0.03438 | 0.03515 | 0.03593 | -1.80
-1.70 [ 0.03673 | 0.03754 | 0.03836 | 0.03920 | 0.04006 | 0.04093 | 0.04182 [ 0.04272 | 0.04363 | 0.04457 | -1.70
-1.60 | 0.04551 | 0.04648 | 0.04746 | 0.04846 | 0.04947 | 0.05050 | 0.05155 | 0.05262 | 0.05370 | 0.05480 | -1.60
-1.50 | 0.05592 | 0.05705 | 0.05821 | 0.05938 | 0.06057 | 0.06178 | 0.06301 | 0.06426 | 0.06552 | 0.06681 | -1.50
-1.40 | 0.06811 | 0.06944 | 0.07078 | 0.07215 | 0.07353 | 0.07493 | 0.07636 | 0.07780 | 0.07927 | 0.08076 | -1.40
-1.30 | 0.08226 | 0.08379 | 0.08534 | 0.08691 | 0.08851 | 0.09012 | 0.09176 | 0.09342 | 0.09510 | 0.09680 | -1.30
-1.20 ] 0.09853 | 0.10027 | 0.10204 | 0.10383 | 0.10565 | 0.10749 | 0.10935 | 0.11123 | 0.11314 | 0.11507 | -1.20
-1.10 | 0.11702 | 0.11900 | 0.12100 | 0.12302 | 0.12507 | 0.12714 | 0.12924 | 0.13136 | 0.13350 | 0.13567 | -1.10
-1.00 [ 0.13786 | 0.14007 | 0.14231 | 0.14457 | 0.14686 | 0.14917 | 0.15151 [ 0.15386 | 0.15625 | 0.15866 | -1.00
-0.90 [ 0.16109 | 0.16354 | 0.16602 | 0.16853 | 0.17106 | 0.17361 | 0.17619 [ 0.17879 | 0.18141 | 0.18406 | -0.90
-0.80 [ 0.18673 | 0.18943 | 0.19215 | 0.19489 | 0.19766 | 0.20045 | 0.20327 [ 0.20611 | 0.20897 | 0.21186 | -0.80
-0.70 | 0.21476 | 0.21770 | 0.22065 | 0.22363 | 0.22663 | 0.22965 | 0.23270 | 0.23576 | 0.23885 | 0.24196 | -0.70
-0.60 [ 0.24510 | 0.24825 | 0.25143 | 0.25463 | 0.25785 | 0.26109 | 0.26435 [ 0.26763 | 027093 | 0.27425 | -0.60
-0.50 | 0.27760 | 0.28096 | 0.28434 | 0.28774 | 0.29116 | 0.29460 | 0.29806 | 0.30153 | 0.30503 | 0.30854 | -0.50
-0.40 ] 0.31207 ] 0.31561 | 0.31918 | 0.32276 | 0.32636 | 0.32997 | 0.33360 | 0.33724 | 03409 | 0.34458 | -0.40
-0.30 | 0.34827 | 0.35197 | 0.35569 | 0.35942 | 0.36317 | 0.36693 | 0.37070 | 0.37448 | 0.37828 | 0.38209 | -0.30
-0.20 [ 038591 | 0.38974 | 0.39358 | 039743 | 0.40129 | 040517 | 040905 [ 041294 | 041683 | 0.42074 | -0.20
-0.10 [ 042465 | 042858 | 043251 | 043644 | 0.44038 | 0.44433 | 044828 [ 045224 | 045620 | 0.46017 | -0.10
-0.00 | 046414 | 046812 | 0.47210 | 047608 | 0.48006 | 0.48405 | 0.48803 [ 0.45202 | 0.49601 | 0.50000 | -0.00




Standard Normal Table (continued)
Areas Under the Standard Normal Curve
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