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The main focus of Chapter 6 is two-fold!

«O>r «F»r «

>

DA


http://timbusken.com/

Chapter 6

Tim Busken
can take on numerical values that fall in an
interval where there are no gaps between the numbers.
Conruous Random Examples of CRVs: distance, speed, time, shelf life of foods and medicines, heights

and weights, volumes, surface areas.

The Standard
Normal Distribution

s Random Variables

Examples

Sampling Distribution
of the Mean

Sampling Distribution

Estimators

Discrete Continuous

Another Random
Experiment


http://timbusken.com/

Chapter 6

Tim Busken

Continuous Random
Variables

Probability Density
Functions

The Uniform
Distribution

The Normal
Distribution

The Standard
Normal Distribution

Using Table A-2

Examples

Sampling Distribution
of t

Mean

Sampling Distribution
of the Variance

Other Sampling
Distributions
Unbiased and Biased
Estimators

Another Random
Experiment

Unlike discrete random variables, CRVs take on an infinite number of values in an interval. If
you try to assign a probability to each of the infinite values in the interval, the sum of the
probabilities is no longer 1 (or 100%)!

So, we must take a different approach.

P(x)
0.4
0.2
T T T T T T T }
-1 0 1 2 3 4 5 6 * "
Discrete Probability Distribution Continuous Probability Distribution

An example of a discrete probability distribution (left figure) and a continuous probability distribution (right) are
shown above. Remember that not all probability distributions are bell-shaped!
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Probability Density Function

(PDF)

Suppose you have a set of measurements on a continuous random variable and you create a
relative frequency histogram to describe their distribution. For a small number of measurements,
you could use a small number of classes; then as more and more measurements are collected,
you can use more classes, and reduce the class width.

The outline of the histogram will
change slightly, for the most part
becoming less and less irregular, as
shown in the animation (right).

As the number of measurements
becomes large and the class widths
become more narrow, the relative
frequency histogram appears more
and more like a smooth, continuous
curve.

This smooth curve describes the
probability distribution of the
continuous random variable, and is
called a probability density function.

Not all PDFs are bell-shaped!
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If we take an infinite number of measurements and shrink the class width to near zero,
then the histogram outline takes on the shape of a smooth curve. We can show mathe-
matically that the area under the smooth, PDF curve is 1—resulting in a correspondence
between area and probability.

As class widths decrease, more rectangles are required to construct the probability his-
togram. Additionally, once the class widths shrink to zero, there are an infinite number of
rectangles under the curve, so every real number in the interval becomes a distinct class.
As a result of this construction, for any particular value of x, such as x = a,

That is, the probability associated with any single value of x is zero. This is a major differ-
ence between continuous random variables and discrete random variables. Therefore, for
continuous random variables, we can only determine the probability that x will be between
two values. )
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Definition
A probability density function (PDF)
is the graph of a continuous probability
distribution. It must satisfy the following
properties:
@ The total area under the curve
must equal 1.
@ Every point on the curve must have
a vertical height that is O or greater.

(That s, the curve cannot fall below
the x-axis.)

Properties of PDFs
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Uniform Distribution

Definition
A continuous random variable, x has a uniform distribution if its values are spread evenly over
the range of probabilities. The graph of a uniform distribution results in a rectangular shape.

Definition
A probability density function (PDF)
is the graph of a continuous probability
distribution. It must satisfy the following
properties:

@ The total area under the curve
must equal 1.

@ Every point on the curve must have
a vertical height that is O or greater.
(That s, the curve cannot fall below
the x-axis.)
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Definition
A continuous random variable, x has a if its values are spread evenly over
the range of probabilities. The graph of a uniform distribution results in a rectangular shape.

Definition

A

is the graph of a continuous probability
distribution. It must satisfy the following
properties:

@ The total area under the curve
must equal 1.

@ Every point on the curve must have
a vertical height that is O or greater.
(That s, the curve cannot fall below
the x-axis.)

Example: Wait times at the bus stop are uniformly distributed between 0 and 15 minutes.
This means that any wait time between 0 minutes and 15 minutes is possible and all of the
possible wait times are equally likely.
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Definition
A continuous random variable, x has a if its values are spread evenly over
the range of probabilities. The graph of a uniform distribution results in a rectangular shape.

0.12
Definition

A é 0.1

is the graph of a continuous probability s,
distribution. It must satisfy the following ;i 008
properties: = 006

@ The total area under the curve E
must equal 1. 0.04

@ Every point on the curve must have =
a vertical height that is 0 or greater. R, 0.02
(That s, the curve cannot fall below 0

the x-axis.) 0 5 .10 15
x-axis wait times
Example: Wait times at the bus stop are uniformly distributed between 0 and 15 minutes.
This means that any wait time between 0 minutes and 15 minutes is possible and all of the
possible wait times are equally likely.

If we randomly select one of the wait times and represent its value by the random variable, x,
then x has a probability distribution described by the 1st quadrant rectangular graph above: the
area under probability density function (PDF), f(x) = I bounded by vertical lines x = 0 and
x =15.
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Definition

Uniform Distribution

A continuous random variable, x has a uniform distribution if its values are spread evenly over
the range of probabilities. The graph of a uniform distribution results in a rectangular shape.

Definition
A probability density function (PDF)
is the graph of a continuous probability
distribution. It must satisfy the following
properties:

@ The total area under the curve
must equal 1.

@ Every point on the curve must have
a vertical height that is O or greater.
(That s, the curve cannot fall below
the x-axis.)

0.12

o o
o o o
(=2} @© =

Probability axis

o
o
=

(z)

P
o
o
N

o

5 8 12 15
x-axis wait times

Example: Wait times at the bus stop are uniformly distributed between 0 and 15 minutes.
Determine the probability that a randomly selected wait time is between 8 and 12 minutes.

Solution: Compute the area under the uniform PDF from 8 to 12 minutes:

1
P(8 < x <12) =base - height = (12-8)- E 0.2667
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Uniform Distribution

Definition
A continuous random variable, x has a uniform distribution if its values are spread evenly over
the range of probabilities. The graph of a uniform distribution results in a rectangular shape.

Definition
A probability density function (PDF)
is the graph of a continuous probability
distribution. It must satisfy the following
properties:
@ The total area under the curve
must equal 1.
@ Every point on the curve must have
a vertical height that is O or greater.

(That s, the curve cannot fall below
the x-axis.)

Click this text to try a similar exercise.
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The Normal Probability Distribution

Definition
If a continuous random variable has a probability distribution with a graph that is sym-
metric and bell-shaped, and it can be described by the function equation

Y
fx) = — e 3(%*) —w<x<o
o+2m

then we say it has a normal distribution.
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The Normal Probability Distribution

Definition
If a continuous random variable has a probability distribution with a graph that is sym-
metric and bell-shaped, and it can be described by the function equation

eu\2
f(x):_l (%) —o<x<w®

ovan

then we say it has a normal distribution.

Note that 1= 3.1416 and e = 2.7183
in the formula. When the parameters
U and o are fixed constant, the above
equation becomes a function of a
single variable x; and a particular
normal distribution is determined.
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Definition
If a continuous random variable has a probability distribution with a graph that is sym-
metric and bell-shaped, and it can be described by the function equation

Continuous Random

Variables 1 2
Probability Density f(x) = —e’%(%) —00 < x <o
Functions g /Zn - -
The Uniform
Distrbuton then we say it has a normal distribution.
The Normal
Distribution
The Standard
Normal Distribution 181
Using Table A-2
e Note that 7= 3.1416 and e = 2.7183 160 = 2198, 0 =04
in the formula. When the parameters E ;S ’ ’g ff
X £ 14} 4, 0 =07
u and_ o are fixed constan_t, the above g p= 2224, o =091
equation becomes a function of a ~ ool
Sa I n . N . o
e single variable x; and a particular %
Sampling Distribution normal distribution is determined. & 1r
of Variance 3
Other Sampling = 081
Distrbutions The figure (right) shows four different E
Unbiased and Biased e . =] +
S normal probability curves determined 206
by different values of these — 0.4}
parameters. We show in another =
class that the area underneath each 0.2f
R of these curves, between the x axis

Experiment and f(x), is 1. 16 18
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Definition
If a continuous random variable has a probability distribution with a graph that is sym-
metric and bell-shaped, and it can be described by the function equation

Continuous Random

Variables l 2
Probability Density f(x) = —e’%(%) —00 < x <o
Functions - =
av2m
The Uniform
Distrbuton then we say it has a normal distribution.
The Normal
Distribution
The Standard
Normal Distribution 1.8p
- The mean, x = [, locates the center
sing Table A-2 o A . . —_— 21.98, 04
Examples of the distribution. The vertical line, 1.6¢ =21 R
N A = 89, 7 =02
X = | is an axis of symmetry for the 2 14l SL o =078
PDF. é ’ —_—=2221, 0 =091
=~
Sampling Distribution . o Z 12r
of the Mean The population standard deviation, o, g
. o g 1
Sazliy Bl affects the shape of the distribution. s 1
of the Variance .
Other samping = 08f
e Large values of g decrease the E
Unbiased and Biesed height of the peak and increase the £ 06f
stimators . ;| . ~
spread of the distribution (along the x — o4t
axis; small values of o raise the =
height of the peak and decrease the 0.21
spread.
Another Random 0 L

Experiment 16 18
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vertical lines x =aand x = b.

interval from a to b is the area under the probability density function between
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The probability that a continuous random variable x assumes a value in the
vertical lines x =aand x = b.

interval from a to b is the area under the probability density function between

Since normal curves have different population means and standard deviations,
there are infinitely many large number of normal distributions.
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Tabulated Areas of the Normal
Probability Distribution

The probability that a continuous random variable x assumes a value in the

interval from a to b is the area under the probability density function between
vertical lines x =aand x = b.

Since normal curves have different population means and standard deviations,

i

there are infinitely many large number of normal distributions.

A separate table listing the areas for each of these curves is obviously impractical.
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Tabulated Areas of the Normal
Probability Distribution

The probability that a continuous random variable x assumes a value in the
interval from a to b is the area under the probability density function between
vertical lines x =aand x = b.

Since normal curves have different population means and standard deviations,
there are infinitely many large number of normal distributions.

A separate table listing the areas for each of these curves is obviously impractical.

07 Instead, we use a standardization procedure that allows us to use the same
table for all normal distributions.
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Converting to the Standard Normal Distribution

Definition
A normal random variable x is standardized by expressing its value as the number of standard
deviations (0) it lies to the left or right of its mean u. The standardized normal random variable,
z, is defined as
X—H
g

z=

or equivalently,
X=U+z0

From the formula for z, we can draw the following conclusions.
v When x is less than the mean p, the value of z is negative.
v/ When x is greater than the mean L, the value of z is positive.
v When x = p, the value of z=0

noox 0 =z

The probability distribution for z is shown in the figure (right) is called the
because its mean is 0 and its standard deviation is 1.
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Probability Distribution

This standardization process helps us convert normal distributions whose mean
is not 0 or whose standard deviation is not 1 to the standard normal distribution.
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Tabulated Areas of the Normal
Probability Distribution

This standardization process helps us convert normal distributions whose mean
is not 0 or whose standard deviation is not 1 to the standard normal distribution.

We do this (because it works and) so that we may use the same table of
probabilities when working with any normal distribution.
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Tabulated Areas of the Normal
Probability Distribution

This standardization process helps us convert normal distributions whose mean
is not 0 or whose standard deviation is not 1 to the standard normal distribution.

We do this (because it works and) so that we may use the same table of
probabilities when working with any normal distribution.

That table of probabilities is Table A2 in the back of your textbook.
(click here to view a copy)
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Using Table A-2

gZ Itis designed only for the standard
normal distribution, which has a
mean of 0 and a standard deviation
of 1.

NEGATIVE z Scores

Standard Normal (z) Distribution: fumulative Area from the LEFT
J

0010 0009
0013 0013
0019 oo
0026 0025
0035 0034
0047 0045
0062 0080
0082 0080
0107 0104
o139 0136
0179 0174
0228 0222
0287 0281
0359 0351
0446 0436
0548 0537
0868 0655,
0808 0793
0968 0951
51 n3
1357, 1335
1587 1562
1841 814
219 2090
2420 2389
2743 2709
3085 3050
3446 3409
3821 2783
4207 4168
4602 4562

02

03

04

05

06

o7

o

o8

09

NOTE: For values of z below 3,49, use 0,000 for the area.

“Use these common values that result from interpolation:

Zzscore
1645
-2575

Area

DIOSHE,

00050 =




NEGATIVE z Scores

USlng Table A_2 Standard Normal (z) Distribution: Cumulative Area from the LEFT

: o o o0 o3 o o5 05 o7 o8 09
gZ Itis designed only for the standard .
normal distribution, which has a 0001
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ooss 0034 0% 00 0031 003 0029 0028 0027 0026
. . 0047 0045 0044 0043 0041 0040 0039 0038 0037 0036
7 Table A-2 is on two pages, with one 0062 10060 005 0057 00Ss  0OS4 0052 0031 * 0043 0043
. 0082 0080 0078 0075 0073 0071 0069 0068 A 0066 0064
page for negative z-scores and the o7 o4 062 00% 009 0096 0091 0089 | 0BT 0084
- o oms  om  ows  oms oz  om  oms | ons  om
other page for positive z-scores. oi79 o4 om0 oes o2 ola  OB4 050 | oW oWz
ozs w2 oo o> o207 o202 o7 ooz | owe  ows
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o668 oess " oses 0630 018 A Osos  oso4  ose2 | osn 0559
osos o703 o o4 oo | oms o oms | oso4  ooe
o965 oss1 " lossa osis  osol | osss oscs  oss3. | .ome  .0s2s
wsr ms a2 1093 do7s | 105 doss 020 | 1003 ods
w7 mmscma mpse en | o o | meo om0
&7 s 15 ams %2 | 465 1ads  aeos | qam s
A A e e rss | dess 660 | es dem
Mo 209 208 2055 2005 | 177 eds o2 | twea  1mes
2420w oms a7 os | 2 2w zoe | 2wy 28
w3 2703 267 o643 26 | oms  osas ;a4 | zess  aam
3085 3050 3015 2981 2946 2912 2877 2843 2810 2776
ae 309 swp 36 sw0 | s aom  swz | sss
St mas o sms mor  sess | se  asea asw | a0 saes
w07 alcs a5 4000  40f2 | 403  So4  deu | sy  5eso
w01 amer as;  asss  aas | edos  azee  az2s | aves  e2er
5000 4960 4920 4880 4840 | 4801 476 a7n | asm  asal
NOTE: For vaus of 7 below ~3.45, use 0.000I fo thearea
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“less 00500 <

-2575 00050 =




(NEGATIVE z Scores ]

Uslng Table A'Z Standard Normal (z) Distribution: Cumulative Area from the LEFT

: o o o0 o3 o o5 05 o7 o8 09
gZ Itis designed only for the standard
normal distribution, which has a 0001
. . 0003 0003 0003 0003 0003 0003 0003 0003 0003 0002
mean of 0 and a standard deviation 0005 0005 0005 0004 0004 0004 0004 0004 0004 0003
0007 0007 0005 0006 0005 0005 0006 0005 0005 0005
Of 1 0010 0009 0009 0009 0008 0008 0008 0008 0oc7 0007
oo oo o3 ooz oo oo oon  oon oo 000
o0ls oo oo o7 00l 00ls o015 cols oo ooia
o6 o025 o024  ov2s 0025 ooz ooz 002 0020 001
ooss 0034 0% 00 0031 003 0029 0028 0027 0026
. . 0047 0045 0044 0043 0041 0040 0039 0038 0037 0036
7 Table A-2 is on two pages, with one 0062 10060 005 0057 00Ss  0OS4 0052 0031 * 0043 0043
. 0082 0080 0078 0075 0073 0071 0069 0068 A 0066 0064
page for negative z-scores and the o7 o4 062 00% 009 0096 0091 0089 | 0BT 0084
- o oms  om  ows  oms oz  om  oms | ons  om
other page for positive z-scores. oi79 o4 om0 oes o2 ola  OB4 050 | oW oWz
ozs w2 oo o> o207 o202 o7 ooz | owe  ows
oo87 ool ozm' oaes o262 oS5 020 0aa4 | oxmo 0z
osso o osss o6  omo o2  On4 0307 | o050l 0294
oads " 0asS oa7 oms  ods os0 o3> o4 | oms 0w
055 057 0526  OSI6 0505 + 0495  O48s  0&75 | ass  odss
o668 oess " oses 0630 018 A Osos  oso4  ose2 | osn 0559
osos o703 o o4 oo | oms o oms | oso4  ooe
o965 oss1 " lossa osis  osol | osss oscs  oss3. | .ome  .0s2s
wsr ms a2 1093 do7s | 105 doss 020 | 1003 ods
w7 mmscma mpse en | o o | meo om0
&7 s 15 ams %2 | 465 1ads  aeos | qam s
A A e e rss | dess 660 | es dem
Mo 209 208 2055 2005 | 177 eds o2 | twea  1mes
2420w oms a7 os | 2 2w zoe | 2wy 28
w3 2703 267 o643 26 | oms  osas ;a4 | zess  aam
3085 3050 3015 2981 2946 2912 2877 2843 2810 2776
ae 309 swp 36 sw0 | s aom  swz | sss
St mas o sms mor  sess | se  asea asw | a0 saes
w07 alcs a5 4000  40f2 | 403  So4  deu | sy  5eso
w01 amer as;  asss  aas | edos  azee  az2s | aves  e2er
5000 4960 4920 4880 4840 | 4801 476 a7n | asm  asal
NOTE: For vaus of 7 below ~3.45, use 0.000I fo thearea
Use thess cormaion Vae that asul rom interpolation
“less 00500 <

-2575 00050 =




( POSITIVE z Scores |

USIng Table A_Z S (continued) Cumulative Area from the LEFT ]

g7 Itis designed only for the standard z 0 o o o5 o+ s o5 o1 os o

normal distribution, which has a 00 5000 5040 5080 5120 S0 swe 529 s sE9 5359
’ o1 5398 5438 5478 5517 5557, 5596 5636 5675, 5714 5753
mean Of 0 and a Standard deVIa'[IOn 02 5793 5832 5871 5910 5948 5987 6026 6064 6103 6141
03 e7s e 65 93 e o8 6aos 6443 oad0 | kSi7
of 1 04 o554 G50 6 6es4 6700 673 6772 6sos o844 o879
- o5 o5 6980 98 gow  jose | 7088 g a1 W00 224
06 7257 7291 7324 7357 7389 7422 7454 7486 7517 7549
07 75800 genC aeap o ers es rsagmea zjeagesi e
o8 Jem  ss0 753 797 7s9s 8023 @0s  sore 806 8133
. ) 09 ase sms ez 2% sz sz@s  asb 80 £36s o369
g0 Table A-2 is on two pages, with one 10 8413 843 e461  B4ss 8508 853 g554 8577 8599 @62l
) i G643 8665 8686 708 6720 49 @70 G790 6810 @830
page for negatwe z-scores and the 12 8849  @8se 8888 8907 8925 8944 8962 8980 8997 9015
13 9032 9048 0es 082 oss  ens e Swr e o7
Other page fOr positive Z-scores 14 9192 9207 9222 9236 9251 9265 9279 9292 9306 9319
- 15 9332 9345 9357 9370 9382 9394 9406 9418 9429 9441
16 52 9163 o474  o4sa o495 + 9505 9515 o535 9535 9545
17 o554 9564 9575 o582 9591 A 9599 9508 9616 9625 9633
10 ol os40 o5 66  s6n | 978 9oss 693 9699 9706
19 ons  eme 76 a2 e | oma om0 o7se o761 767
20 o772 o7 s7e3  orss o793 | o708  oa0s  osop e oev
21 o ome  sss  sss  osss | Swi2  Ssds  oAsO 9S4 9957
22 g6 ose4  osss 987 s | osrs  osm  ooe4 9857 9890
23 9893 9896 9898 9901 9904 9906 9909 991 9913 9916
24 o8 9920 o2  oms  osz | 9%20 o931 992 934 993
25 9955 9940  59M  9945 o945 | osdc  ooAn 9949 = 9951 995
26 9953 9955 9956 9957 9959 9960 9961 2962 A 9963 9964
i 065 o966 9967 9968 969 | Ser0  goTi 72 | eer3 oo
P so7s o975 9w ot o7 | sere o979 Swro | 9980 sosl
29 9981 9982 9982 9983 9984 9984 9985 9985 9986 9986
30 o7  ooe7  oow o9  ooes | o989  Gups 9933 | 9990 9990
31 9990 9991 9991 9991 9992 9992 9992 9992 9993 9993
32 0995 o995 o934 o034 o934 | 9e94 9994 995 | 9995 9995
s oses 995 so0s  se9s 9896 | 9%6 S99 995 | 9996 9997
54 9007 o907 9997 o3  ooo7 | eoe7 o997 9997 | 9907 9008

350 9999

andup
NOTE: For values of z aove 3.49, use 0.9999 for the area " Common Crtcal vatues
*Use these common values tha result from interpolation: confiiensa ctiee
7 score Area Level Value

1645 09500 < —_— e | o e
2575 09950 095 196
099 2575




Using Table A-2

There are two pieces of info on this
table: z-scores and probabilities.

NEGATIVE z Scores

Standard Normal () Distribution: Cumulative Area from the LEFT

00 o1 02 03
0001
0003 0003 0003 0003
0005 0005 0005 0004
0007 0007 0006 0006
0010 0009 0009 0009
0013 0013 0013 0012
0019 0018 0018 0017
0026 0025 0024 0023
0035 0034 0033 0032
0047 0045 0044 0043
0062 0060 0059 0057
0082 0080 0078 0075
0107 004 0102 0099
o139 0136 o132 0129
0179 0174 o0 066
0228 0222 0217 0212
0287 028 0z4 0268
0359 0351 0344 0336
0446 0436 0427 0418
0548 0537 0526 0516
0868 0655 0643 0630
0808 0793 0778 0764
0968 0951 0934 0918
1151 n3 m2 1093
1357, 1335 1314 1292
1587 1562 1539 1515
1841 1814 1788 1762
219 2090 2061 2033
2420 2389 238 2327
2743 2709 2676 2643
3085 3050 3015 2981
3446 3409 3372 3336
3821 3783 3745 3707
4207 4168 4129 4090
4602 4562 4522 4483

04

05

06

o7

o

o8

NOTE: For values of z below 3,49, use 0,000 for the area.
“Use these common values that result from interpolation:

Zzscore
1645
-2575

Area
00500 =
00050 =




Using Table A-2

There are two pieces of info on this
table: z-scores and probabilities.

The leftmost column

NEGATIVE z Scores

Standard Normal () Distribution: Cumulative Area from the LEFT

00

o1

02

03

04

05

06

o7

o

o8

09

NOTE: For values of z below 3,49, use 0,000 for the area.

“Use these common values that result from interpolation:

zscore _Area

=teds. Dpsas —E——————————————

-2575 00050 =




Using Table A-2

There are two pieces of info on this
table: z-scores and probabilities.

The leftmost column and the top row
are associated with z values.

NEGATIVE z Scores

Standard Normal () Distribution: Cumulative Area from the LEFT
)

z 00 o1 02 03 04 05 06 o7 o8 09
0001
0003 0003 0003 0003 0003 0003 0003 0003 0003 0002
0005 0005 0005 0004 0004 0004 0004 0004 0004 0003
0007 0007 0006 0006 0006 0006 0006 0005 0005 0005
0010 0003 0009 0009 0008 0008 0008 0008 0007 0007
003 0013 0013 0012 0012 00N  QON 00N 0010 0010
0019 0018 001 007 OOl 006 005 0015  .00W 0014
Q026 0025 0024 0023 0023 0022 0021 0021 0020 0019
0035 0034 0033 0032 0031 0030 0029 0028 0027 0026
0047 0045 0044 0043 0041 0040 0039 0038 0037 0036
0062 0060 0059 0057 0085 0054 0052  00SI * 0049 0048
0082 0080 0078 0075 0073 0071 0069 0068 A 0066 0064
007 0104 02 0099 009 0084 0091 0089 | 0087 0084
olZ9 013 032 O 025  Op2 09 0N | OU3  ON0
oi7e o7  OWO o6 O 058  OB4 050 | OM6 0143
0228 022 027 022 0207 0202 017  Ol92 | OB 083
0287 0261 | 0274 0268 0262 0256 0250 0244 | 0239 0233
0359 0351 0344 0336 0320 0322 034 0307 | 0301 0294
0446 0436 0427 OM18 0409 0401 0392 0384 | 0375 0367
0543 0557 0526  OSI6  0S05 * 0495 0485 0475 | 0465 0455
0668 0655 | 0643 0630 0618 A 0606 0594 0582 | 0571 0559
0808 0793 0778 0764 0749 | 0735 0721 0708 | 0694 .08
0968 0951 0934 0918 0901 | 0885  0se 0853 | o83 0823
151 n3 m2 1003 1075 | jos6 1038 1020 | 1005 0985
1357 5350 ama e 2n | sl 2% a0 | meo 170
1587 62 1839 1515 1492 | 1469 1ad6 1425 | 1400 1379
1841 w4 ss ez ass | am l685 1660 | 1635 16m
a9 2090 2061 2033 2005 | 1977 1949 1022 | 1894 1867
2420 2389 238 2827 2296 | 2266 2236 2206 | 277 28
2743 2709 2676 2643 261 | 2578 2546 2514 | 2483 2451
3085 3050 3015 | 2981 2946 | 2012 2877 2843 | 2810 2776
3446 3409 3372 3336 3300 | 3264 3208 392 | 356 302
821 3783 3mMs 3707 3669 | 3632 3594 3557 | 3520 3483
4207 4168 4129 4090 4052 | 4013 3974 3936 | 3897 3859
4602 4562 A4S22 4483 4443 | 4404 4364 4325 | 4286 4247
5000 4960 4920 4880 4840 | 4801 476 a0 | aem  aea

INOTE: For values of 7 below ~3.49, use 0.0001 for the area.
“Use these common values that result from interpolation
zscore _Area
1645 00500 <

2575 00050 =




Using Table A-2

There are two pieces of info on this

table: z-scores and probabilities.

The leftmost column and the top row
are associated with z values.

Each value in the “body” of the table
is a cumulative area from the left up
to a vertical boundary above a
specific z-score.

NEGATIVE z Scores

Standard Normal () Distribut

ion: Cumulative Area from the LEFT

NOTE: For values:

Zzscore

16

00 o 02 03 04 05 06 o7 o8 09
0001
0003 0003 0003 0003 0003 0003 0003 0003 0003 0002
0005 0005 0005 0004 0004 0004 0004 0004 0004 0003
0007 0007 0006 0006 0006 0006 0006 0005
0010 0009 0009 0009 0008 0008 0008 0007
0015 0013 0013 0012 0012  oOn 0On 0010
00l 0018 001 0077 00l 006 0015 3 ol 0014
0026 0025 0024 0025 0025 002 0021 020 0019
0035 0034 0033 0032 0031 0030 0029 27 0026
0047 0045 0044 0043 0041 37 0036
0062 0060 0059 0057 0085 * 0049 0048
0082 0080 0078 0075 0073 A 0066 0064
0107 004 002 0099 0096 | oos7 0084
oZe o136 o132 0RO 015 ons  ono
oe o4 OWO 06 02 oue 0143
o228 0222 027 022 0207 ows o3
0287 0281 0274 0268 O 023 0233
0359 0351 0344 0336 0301 0294
0445 0436 0427 048 4 0375 0367
0548 0537 0526 | - 0465 0455
0668 0655 0643 8 0571 0559
o808 0793 07% 0749 0694 0681
0968 0951 4 0901 0838 0823
151 3 b 3 1075 1005 0985
1357 7350 amaNy 292 27 n0 1170
1587 162 1839 v 1515 1492 1401 1379
1841 w4 vEs ez 736 J635  den
a9 209 2061 2033 2005 894 1867
2420 2389 238 2327 229 2177 2148
2743 2700 2676 2643 261 2483 2451
3085 3050 3015 | 2981 2946 2810 2776
3446 3409 3372 3336 3300 556 s
821 383 3mMs 3707 3669 | 3520 3483
4207 4168 4129 4090 4052 3897 3859
4602 4562 4522 4483 4443 4286 4247
S000 4960 4920 4880 4840 4681 4641
“Use these common values that result from interpolation
Area
00500 <———
00050 =

2575




Using Table A-2

There are two pieces of info on this

table: z-scores and probabilities.

The leftmost column and the top row
are associated with z values.

Each value in the “body” of the table
is a cumulative area from the left up
to a vertical boundary above a
specific z-score. These area values
are mathematically equivalent to
probabilities.

NEGATIVE z Scores

Standard Normal () Distribut

ion: Cumulative Area from the LEFT

z 00 o1 02 03 04 05 06 o7 o8 09
~3.50

and
tower |f 0001
—54 0003 0003  .000% 0003 0003 0003 0003 0003 0003 0002
] 0005 0005 0005 0004 0004 0004 0004 0004 0004 0003
32 ©007 0007 0006 0006 0006 0006 0006 0005 0005 0005
=37 0010 0009 0009 0009 0008 0008 0008 0008 007 0007
-50 0013 0013 0013 0012 o012 001 oon oot 0010 0010
-28 0019 0018 0018 0017 006 0016 0015 001 004 0014
28 0026 0025 0019
— 0035 0034 0026
-26 0047 0045 0036
225 0062 0080 0048
24 0082 0080 0084
-23 0107 0104 0084
22 o139 0136 oo
-21 0179 0174 0143
-20 0228 0222 0183
-8 0287 0281 0233
18 0359 0351 0294
-17 0446 0436 0367
-16 0548 0537 0455
iz 0868 0655, 0559
14 0808 0793 0681
=i 0968 0951 0823
-12 1151 3 0985
=1 1357, 1335 1170
-10 1587 1562 1579
—o8 1841 1814 aen
-08 219 2090 1867
-07 2420 2389 2148
-06 2743 2709 2451
05 2085 3050 2776
-04 3446 3409 3121
-03 3821 3783 5483
-02 4207 4168 3859
o1 4602 4562 4247
-00 S000 4960 4641

NOTE: For values:

“Use these common values that result from interpolation:

zscore _Area

16
2575 00050 =




Using Table A-2

There are two pieces of info on this

table: z-scores and probabilities.

The leftmost column and the top row
are associated with z values.

Each value in the “body” of the table
is a cumulative area from the left up
to a vertical boundary above a
specific z-score. These area values
are mathematically equivalent to
probabilities.

The part of the z-score denoting
hundredths is found across the top.

NEGATIVE z Scores

ABLE A Standard Normal (2) Distribution: Cumulative Area from the LEFT
2 00 01 02 03 04 05 06 07 08, 09
~350
and
lower. .0001
-3.4 0003 0003 0003 0003 0003 0003 0003 0003 0003 0002
=33 0005 0005 0005 0004 0004 0004 0004 0004 0004 0003
32 0007 0007 0006 0006 0006 0006  .0006 0005 0005 0005
=30 0010 0009 0009 0009 0008  .0008 0008 0008 0007 0007
-30 0013 0013 0013 0012 0012 oon 0011 001 0010 0010
s 0019 0018, 0018, 0017 0016 0016, 0015 0015 0014 0014
28 0026 0025 0024 0023 0023 0022 0021 0021 0020 0019
7 0035 0034 0033 0032 0031 0030 0029 0028 0027 0026
-26 0047 0045 0044 0043 0041 0040 0039 0038 0037 0036
~25 0062 0080 0059 0057 0085 0054  .0052 0051 * 0049 0048
24 0082 0080 0078 0075 0073 0071 0069 0068 A 0066 0064
ol 0107 0104 0102 0099 0096 0094 0091 0089 | 0087  .0084
—22 0138, 0136 0132 o129 0125 0122 o1g o116 onz otlo
-21 0179 0174 0170, 0166, 0162 0158 0154, 0150, 0146 0143
-20 0228 0222 0217 0212 0207 0202 0197 o192 0168 0183
il 0287 0281 0274, 0268 0262 0256 0250 0244 0239 0233
18 0359 0351 0344 0336 0329 0322 0314 0307 0301 0294
S 0446, 0436 0427 0418, 0408 0401 0392 0384 0375 0367
-16 0548 0537 0526 0516 0505 * 0495 0485 0475 0465 0455
s 0668 0655 0643 0630 0618 0606 .0594 0582 0571 0559
14 0808 0793 0778 0764 0749 0735 0721 0708 0694 0681
=i 0968 0951 0934 0918 0901 0885 0869 0853 0838 0823
—12 ns1 ns 2 1093 1075 1056 1038 1020 1003 0985
1] 1357 1335 1314 1292 1271 251 1230 1210 m90 170
-10 1587 1562 1539 1515 1492 1469 1446 1423 1401 1379
—09 1841 1814 1788 1762 1736 am 1685 1660, 1635 aen
-08 219 2090 2061 2033 2005 | 1977 1949 1922 1894 1867
o7 2420 2389 2358 2327 2296 2266, 2236 2206 2177 2148
-06 2743 2709 2676 2643 2611 2578 2546 2514 2483 2451
=08 3085 3050 3015 2981 2946 2912 2877, 2843 2810 2776
0.4 3446 3409 3372 3336 3300 3264 3228 3192 3156 3121
—03 3821 3783 3745 3707 3669 3632 3594 3557 | 3520 3483
-02 4207 4168 4129 4090 4052 4013 3974 3936 3897 3859
o1 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247
-00 5000 4960 4920 4880 4840 | 4801 4761 4721 4681 4641
NOTE: For values of 7 below —3.49, use 0.0001 for the area.
“Use these common values that result from interpolation:
zscore _Area

16
2575 00050 =
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Example: The Precision Scientific Instrument Company manufactures thermometers
that are supposed to give readings of 0°C at the freezing point of water. Tests on a large
sample of these instruments reveal that at the freezing point of water, some thermometers
give readings below 0°C (denoted by negative numbers) and some give readings above
0°C (denoted by positive numbers). [2]

Assume that the mean reading is 0°C and the standard deviation of the readings is
1.00°C. Also, assume that the readings are normally distributed. If one thermometer is
randomly selected, find the probability that, at the freezing point of water, the reading is
less than -1.51°C.


http://timbusken.com/

Solution: We are told the distribution is normal, with
pH=0and o =1. Let x be the continuous random N EGATIVE zZ SCO res

variable representing the temperature of a randomly
selected thermometer.

Standard Normal () Distribution: Cumulative Area from the LEFT
) - ; o
We need t_o find the probability that x is less than -1.51°C, 5 50 o1 02 03 o4 05 06 o7 o8 09
or, symbolically, P(x < —1.51°). Then, = = . E——
and
lower | 0001
P(x<-151°) = p(z< XZH) (standardize x T R R S e R
a i, transform x — 2Z)| sz | ocor o007 0006 0006 0006 0006 0005 0005 0005 0005
=31 0010 0008 0009 0009 0008 0008 0008 0008 0007 0007
50 | o015 003 00 0012 002  OON 000 QO 0010 0010
- -29 0019 o018 0018 o7 0016 0016 0015 0015 0014 0014
pyc 251 O\ sincex=—151,| 25 | oozs .oo25 o024 0023 0023 0022 002 002l 0020 0019
- p=0and g—1| 27 |00 o0 o0 00 003 000 0029  00m 00z . 002
-26 0047 0045 0044 0043 0041 0040 0039 0038 0037 0036
~25 | 0062 0080 0053 0057 0085 0054 0052 0051 * 0043 0043
24 | oos2 0080 0078 0075 0073 0071 0069 0068 A 0066 0064
=P(z<-1.51) -23 007 014 002 0099 0096 0094 0091 0089 | 0087  .0084
22 | oue  ome  om2  o@e o5 o122 om oM | oW om0
= oi79 o4 om0 oes o2 ola  OB4 050 | oW oWz
0.4 20 | o028 o222 027 o022 0207 002 Ol&7 0192 | O®8 083
Jia | o7 o281 o274 0268 0262 0256 0250 0244 | 0239 0233
18 0359 035 0344 033 0320 0322 O34 0307 | 0301 0294
= oads 0436 0427 04 0408 0401 0392 0384 | 05 0367
0.3 -1 05e8 0537 0526 OS5 0505 * 0495 0485 0475 | 0465  Oass
=i 0668 0655 | 0643 0630 0618 A 0606 0594 0582 | 057 0559
L2 | osos o073 o778 o764  OM9 | 0735 0721 0708 | 0694 0681
= os6s 0951 0934 0918 0901 | o8SS  Oses 0853 | 0838 0823
0.2 -2 | ms mm a2 1093 1075 | 1056 1038 1020 | 1003 0985
- A R e st S 1230 e B O 1T
-10 87 1562 153 155 1492 | 1469 1446 1423 | a0 1579
—os | o4 aes ez amse | am 1685 1660 | 1635 1em
0.1 o8 | 2ms 2000 2061 2033 2005 | 1977 1949 1s22 | 1894 1867
%o 2420 2389 2358 2327 2296 2266 2236 2206 2177 2148
-06 2743 2709 2676 2643 2611 2578 2546 2514 2483 2451
-0.5 3085 3050 3015 2981 2946 2912 2877 2843 2810 2776
0 04 | a4 400 3372 3336 3300 | 264 3208 mo2 | 36 w@
151 0 Z o3 | @e mmss aMs 307 3ees | sesz 354 37 | 350 3483
02 | 4207 413 41> 4090 4052 | 4013 3974 3936 | 3aw 3859
o1 4602 4562 4522 4483 4443 | 4404 4364 4325 | 4286 4247
00 | 5000 4960 4920 4880 4840 | 4801  .a7el 4721 | 4cE 4641

NOTE: For values of z below —3.49, use 0.0001 for the are
“Use these common values that result from interpolation:
zscore _Area
1645 00500

ea.

2575 00050 =




Solution: We are told the distribution is normal, with
pH=0and o =1. Let x be the continuous random
variable representing the temperature of a randomly
selected thermometer.

We need to find the probability that x is less than -1.51°C,
or, symbolically, P(x < —1.51°). Then,

X—{ (standardize x

P(x<-151°)=P(z< ;
i.e., transform x — z)

—151-0 since x = —1.51,

Plz< 1 p=0ando=1
=P(z<-151)
0.4
0.3
0.2
0.1]
0 -151 0 z

This last probability is equal to the area under the
Standard Normal Distribution just left of z = —1.51. We
can find this value from Table A-2.

NEGATIVE z Scores

Standard Normal () Distribution: Cumulative Area from the LEFT
z 00 o 02 03 04 05 06 o7 o8 09
350 £
and
lower | 0001
—54 | 0003 0003 0005 0003 0003 0003 0003 0003 0003 0002
35 | 0005 0005 0005 0004 0004 0004 0004 0004 0004 0003
32 | 0007 0007 0006 0006 0006 0006 0005 0005 0005 0005
=31 0010 0008 0009 0009 0008 0008 0008 0008 0007 0007
—s0 | o0im  oos 003 002 0012 OOW 000  0Of 0010 0010
20 | ool9  com  oow 007 00l 006 005 OOl 004  00W
28 | 002 0025 0024 0025 0023 0022 0021 0021 0020 0019
27 | o0ss 0034 0035 0032 003 0030 0029 0028 0027 002
-26 0047 0045 0044 0043 0041 0040 0039 0038 0037 0036
~25 | 0062 0080 0053 0057 0085 0054 0052 0051 * 0043 0043
24 | oos2 0080 0078 0075 0073 0071 0069 0068 A 0066 0064
23 | o7 o4 0102 009 0086 0094 0081 0089 | 0087 0084
22 | ose  om6 o2 o129 025 o122 O o6 | ON3 OO
= oi79 o4 om0 oes o2 ola  OB4 050 | oW oWz
20 | o028 o022 027 022 0207 0202 0197 Oz | 013 083
i | o087 o281 o274 o268 0262 0256 0250 0244 | 0238 0233
18 0359 035 0344 033 0320 0322 O34 0307 | 0301 0294
i oads 0436 0427 04 0408 0401 0392 0384 | 05 0367
-1 05e8 0537 0526 OS5 0505 * 0495 0485 0475 | 0465  Oass
=i 06680655 0643 0630  .06l8 A 0606 0594 0582 | 0571 0559
14 | osos o703 o778 O64  OM3 | 0735 0721 0708 | 064 068l
=73 os6s 0951 0934 0918 0901 | o8SS  Oses 0853 | 0838 0823
-2 | ms mm a2 1093 1075 | 1056 1038 1020 | 1003 0985
=i T e i ey ST P R o TN
1.0 87 1562 153 155 1492 | 1469 1446 1423 | a0 1579
~os | aea w4 aes ez arss | am 1685 1660 | 1635 1em
o8 | 2ms 2000 2061 2033 2005 | 1977 1949 1s22 | 1894 1867
%o 2420 2389 2358 2327 2296 2266 2236 2206 2177 2148
-06 2743 2709 2676 2643 2611 2578 2546 2514 2483 2451
-0.5 3085 3050 3015 2981 2946 2912 2877 2843 2810 2776
04 | a4 400 3372 3336 3300 | 264 3208 mo2 | 36 w@
o3 | 3ea ams ams 3707 3ees | ses2  3se4 3557 | 3520 3483
02 | 4207 4168 4129 4090 4052 | 4OI3 3974 3936 | 3897 3859
o1 4602 4562 4522 4483 4443 | 4404 4364 4325 | 4286 4247
00 | 5000 4960 4920 4880 4840 | 4801 4761 4721 | 468 4641

NOTE: For values of z below 3,49, use 0,000 for the area.

“Use these common values that result from interpolation:

Zzscore
1645
2575

Area

00500 =

00050 =




Solution: We are told the distribution is normal, with
pH=0and o =1. Let x be the continuous random
variable representing the temperature of a randomly
selected thermometer.

NEGATIVE z Scores

Standard Normal () Distribution: Cumulative Area from the LEFT
) - ; o
We need t_o find the probability that x is less than -1.51°C, 5 50 o1 02 03 o4 05 06 o7 o8 09
or, symbolically, P(x < —1.51°). Then, = = . E——
and
lower | .00
Ple<-151) = p(z< XTH) Glandadizex Lol s oo Smogn SR G Sn gm0
i.e., transform x — z) sz 0007 0007 0006 0006 0006 0006 0006 0005 0005 0005
=31 0010 0008 0009 0009 0008 0008 0008 0008 0007 0007
50 | o015 003 00 0012 002  OON 000 QO 0010 0010
- -29 0019 o018 0018 0017 0016 0016 0015 0015 0014 0014
pyc 251 O\ sincex=—151,| 25 | oozs .oo25 o024 0023 0023 0022 002 002l 0020 0019
-1 p=0and g—1| 27 |00 o0 o0 00 003 000 0029  00m 00z . 002
-26 0047 0045 0044 0043 0041 0040 0039 0038 0037 0036
~25 | 0062 0080 0053 0057 0085 0054 0052 0051 * 0043 0043
24 | oos2 0080 0078 0075 0073 0071 0069 0068 A 0066 0064
=P(z<-1.51) -23 o107 o4 0102 0099 0096 0094 0091 0089 | 0087 0084
22 | ose  om6 o2 o129 025 o122 O o6 | ON3 OO
= oi79 o4 om0 oes o2 ola  OB4 050 | oW oWz
0.4 20 | o028 o222 027 o022 0207 002 Ol&7 0192 | O®8 083
i | o087 o281 o274 o268 0262 0256 0250 0244 | 0238 0233
18 0359 035 0344 033 0320 0322 O34 0307 | 0301 0294
= oads 0436 0427 04 0408 0401 0392 0384 | 05 0367
0.3 T o o 6 osig  0sos + ou oigs  oa75 | os65  oass
== 0668 0655 | 0643 0630 0618 A 0606 0594 0582 | 057 0559
= os6s 0951 0934 0918 0901 | o8SS  Oses 0853 | 0838 0823
0.2 -2 | ms mm a2 1093 1075 | 1056 1038 1020 | 1003 0985
- A R e st S 1230 e B O 1T
1.0 87 1562 153 155 1492 | 1469 1446 1423 | a0 1579
—os | o4 aes ez amse | am 1685 1660 | 1635 1em
0.1 o8 | 2ms 2000 2061 2033 2005 | 1977 1949 1s22 | 1894 1867
%o 2420 2389 2358 2327 2296 2266 2236 2206 2177 2148
-06 2743 2709 2676 2643 2611 2578 2546 2514 2483 2451
-0.5 3085 3050 3015 2981 2946 2912 2877 2843 2810 2776
0 04 | a4 400 3372 3336 3300 | 264 3208 mo2 | 36 w@
151 0 Z o3 | @e mmss aMs 307 3ees | sesz 354 37 | 350 3483
02 | 4207 4168 4129 4090 4052 | 4OI3 3974 3936 | 3897 3859
o1 4602 4562 4522 4483 4443 | 4404 4364 4325 | 4286 4247
Locate the row with z = —1.5 then the column with .01. -00 5000 4960 4920 4880 4840 | 4801 4767 4721 4681 4641

The intersection of this row and column gives the
cumulative probability,

NOTE: For values of z below —3.49, use 0.0001 for the are
“Use these common values that result from interpolation:
zscore _Area
1645 00500

ea.

2575 00050 =




Solution: We are told the distribution is normal, with
pH=0and o =1. Let x be the continuous random
variable representing the temperature of a randomly
selected thermometer.

NEGATIVE z Scores

Standard Normal () Distribution: Cumulative Area from the LEFT
) - ; o
We need t_o find the probability that x is less than -1.51°C, 5 a [ o Y. 03 o4 05 06 o7 o8 09
or, symbolically, P(x < —1.51°). Then, = = . ==
and
lower | 0001
Px<-1517) = p(z< XH)  Clandadex | ool g R BB R Mm oG mno oo
i.e., transform x — z) sz 0007 | 0007 |.0006 0006 0006 0006 0006 0005 0005 0005
=31 0010 0008 0009 0009 0008 0008 0008 0008 0007 0007
50 | ooz | oo |oos oo ooz oom  oom  oom 0010 0010
- -29 0019 o018 0018 0017 0016 0016 0015 0015 0014 0014
p(z< —151-0 since x =—1.51,| 25 | oozs | ooz |ooza .cozs o025 0022 oom ooz 0020 008
-1 p=0andg=1| 27 | oo [loose |oos oom ov3 o0 o0 oom 00w . 002
26 | o047 | ooss |ooa4 0043 0041 0040 0039 0038 0037 0036
25 | oos2 | 00s0  |.ooss  cos7  .00ss 0054 0052 0051 * 0048 0043
24 | oos2 | ooso |oo7s o075 0073 o7t 0069 0068 A 0066 0064
=P(z<-1.51) -23 o107 o4 |o102 0099 0096 0084 0091 0089 | 0087 0084
22 | owe | oms |om2 .owe o5 o2 ome oM | ons om0
= oizs | owa |omo  oes o2 cma  oma 0150 | ous  ou3
0.4 20 | o8 | o222 |27  oz2 0207 0202 o7 o2 | ows 083
e | oos7 | oam o |oza o268 oze2 o6 0250 o244 | 0239 0233
18 0359 | oss |osas 03z o320 0322 o034 0307 | 0301 0294
= oass | osse |oazr  oms  os0s oso1 o392 o3ea | oms o367
0.3 T o 6 osig  0sos + ou oigs  oa75 | os65  oass
== o668 | 0655|0643 0630 0618 A 0606 0594 0582 | 057 0559
= oses | o5t |ossa oms o001 | osss oses  oss3s | osss o823
0.2 -2 | s nn |m2  0ss o755 | dos6  jose  Joz0 | 1003 098s
- 57| mssm s mea e et %o - mEOL 70
1.0 we7 | 1se2  |1ss8  ass 1402 | 1469 1426 123 | a0 1379
—os | s |ams ez ame | am 1685 1660 | 1635 1em
0.1 o8 | 2ms 2000 |2081 2033 2005 | 1977 149 is22 | 1894 1867
%o 2420 2389 2358 2327 2296 2266 2236 2206 2177 2148
-06 2743 2709 2676 2643 2611 2578 2546 2514 2483 2451
-0.5 3085 3050 3015 2981 2946 2912 2877 2843 2810 2776
0 04 | saas | sa00 |s372 3336 3300 | 264 3228 mo2 | 3we  sm
151 0 Z —ox | 3en | mms |ams 307 mess | ses2  asea  3ss7 | ms20 3483
02 | 4207 | a8 |29 4090 4052 | 4oiz 3974 3e36 | 3897 3859
o1 02 | asez | 422 ases a4z | ad0a 4364 4325 | aze6 4247
Locate the row with z = —1.5 then the column with .01. -00 5000 | 4960 ).4920 4880 4840 | 4801 4761 4721 4681 4641

The intersection of this row and column gives the
cumulative probability,

NOTE: For values of 7 below 3,49, use 0.0001 for the area.
“Use these common values that result from interpolation
zscore _Area
1645 00500 <

2575 00050 =




click here to access the classroom worksheet

click here to access Table A-2 (the z-table)

«O>» «F»r» «E>»

«E=

DA


http://timbusken.com/
http://timbusken.com/assets/statistics/chapter-6/std-norm-worksheet.pdf
http://timbusken.com/assets/statistics/chapter-6/z-table.pdf

The negative z table lists cumulative
areas from the left of the center
(z=0). Notice that as the values of z
increase from —3.5 to 0, so does the
cumulative areas (probabilities).

0.4
0.3

0.2

0.1

NEGATIVE z Scores

Standard Normal () Distribution: Cumulative

Area from the LEFT

= 00 o1 02 03 04 05 06 o7 08 09
350 2

and
lower. .0001
—54 0003 0003 0003 0003 0003 0003 0003 0003 0003 0002
=33 0005 0005 0005 0004 0004 0004 0004 0004 0004 0003
=30 0010 0009 0009 0008 0008 0008 0008 0007 0007
-30 0013 0013 0013 0012 ooi oot 001 0010 0010
=28 0019 0018, 0018, 0016 0016, 0015, 0015 0014 0014
28 0026 0025 0024 0023 0022 0021 0021 0020 0019
7 0035 0034 0033 0031 0030 0029 0028 0027 0026
-26 0047 0045 0044 0041 0040 0039 0038 0037 0036
~25 0062 0080 0059 0085 0054  .0052 0051 * 0049 0048
24 0082 0080 0078 0073 0071 0069 0068 A 0066 0064
ol 0107 0104 0102 0096 0094 0091 0089, 0087 0084
22 0138, 0136 0132 0125 o122 o1g o116 onz otlo
a0 0179 0174 0170, 0162 0158 0154, 0150, 0146 0143
-20 0228 0222 0217 0207 0202 0197 0192 0188 0183
e | 0287 0281 0274 0262 0256 0250 0244 0239 0233
18 0359 0351 0344 0329 0322 0314 0307 0301 0294
S 0446, 0436 0427 0408 0401 0392 0384 0375 0367
-16 0548 0537 0526 0505 * 0495 0485 0475 0465 0455
s 0668 0655 0643, 0618 0606 0594 0582 0571 0559
14 0808 0793 0778 0749 0735 0721 0708 0694 0681
=i 0968 0951 0934, 0901 0885 0869 0853 0838 0823
—12 ns1 n31 2 1075 1056 1038 1020 1003 0985
1] 1357 1335 1314 1271 251 1230 1210 m90 170
-10 1587 1562 1539 1492 1469 1446 1423 1401 1379
—09 1841 1814 1788 1736 am 1685 1660, 1635 aen
-08 219 2090 2061 2005 | 1977 1949 1922 1894 1867
o7 2420 2389 2358 2296 2266, 2236 2206 2177 2148
-06 2743 2709 2676 2611 2578 2546 2514 2483 2451
=08 3085 3050 3015 2946 2912 2877 2843 2810 2776
-04 3446 3409 3372 3300 3264 3228 3192 3156 3121
—03 3821 3783 3745 3669 3632 3594 3557, 3500 3483
-02 4207 4168 4129 4052 4013 3974 3936 3897 3859
o1 4602 4562 4522 4443 4404 4364 4325 4286 4247
-00 5000 4960 4920 4840 | 4801 4761 4721 4681 4641

NOTE: For values of z below 3,49, use 0,000 for the area.

“Use these common values that result from interpolation:

zscore _Area
1645 00500 =
2575 00050 =




The negative z table lists cumulative
areas from the left of the center
(z=0). Notice that as the values of z
increase from —3.5 to 0, so does the
cumulative areas (probabilities).

0.4
0.3

0.2

0.1

NEGATIVE z Scores

Standard Normal () Distribution: Cumulative

Area from the LEFT

= 00 o1 02 03 04 05 06 o7 08 09
350 2
and
lower. .0001
-3.4 0003 0003 0003 0003 0003 0003 0003 0003 0003 0002
=33 0005 0005 0005 0004 0004 0004 0004 0004 0004 0003
32 0007 0007 0006 0006 0006 0006  .0006 0005 0005 0005
= 2. 0o oo onoa o 000; 100 000;
-30 0013 0013 0013 0012 0012 ooi oot 001 0010 0010
= o oo m T m m m m
28 0026 0025 0024 0023 0022 0021 0021 0020 0019
7 0035 0034 0033 0031 0030 0029 0028 0027 0026
-26 0047 0045 0044 0041 0040 0039 0038 0037 0036
~25 0062 0080 0059 0085 0054  .0052 0051 * 0049 0048
24 0082 0080 0078 0073 0071 0069 0068 A 0066 0064
ol 0107 0104, 0102 0096 0094 0091 0089, 0087 0084
22 0138, 0136 0132 0125 o122 o1g o116 onz otlo
a0 0179 0174 0170, 0162 0158 0154, 0150, 0146 0143
-20 0228 0222 0217 0207 0202 0197 0192 0188 0183
e | 0287 0281 0274 0262 0256 0250 0244 0239 0233
18 0359 0351 0344 0329 0322 0314 0307 0301 0294
S 0446, 0436 0427 0408 0401 0392 0384 0375 0367
-16 0548 0537 0526 0505 * 0495 0485 0475 0465 0455
s 0668 0655 0643, 0618 0606 0594 0582 0571 0559
14 0808 0793 0778 0749 0735 0721 0708 0694 0681
=i 0968 0951 0934, 0901 0885 0869 0853 0838 0823
—12 ns1 n31 2 1075 1056 1038 1020 1003 0985
1] 1357 1335 1314 1271 251 1230 1210 m90 170
-10 1587 1562 1539 1492 1469 1446 1423 1401 1379
—09 1841 1814 788 1736 am 1685 1660, 1635 aen
-08 219 2090 2061 2005 | 1977 1949 1922 1894 1867
o7 2420 2389 2358 2296 2266, 2236 2206 2177 2148
-06 2743 2709 2676 2611 2578 2546 2514 2483 2451
=08 3085 3050 3015 2946 2912 2877 2843 2810 2776
-04 3446 3409 3372 3300 3264 3228 3192 3156 3121
—03 3821 3783 3745 3669 3632 3594 3557, 3500 3483
-02 4207 4168 4129 4052 4013 3974 3936 3897 3859
o1 4602 4562 4522 4443 4404 4364 4325 4286 4247
-00 5000 4960 4920 4840 | 4801 4761 4721 4681 4641

INOTE: For values of 7 below ~3.49, use 0.0001 for the ars
“Use these common values that result from interpolation
zscore _Area
1645 00500 <
~2575 00050 =

ea.




NEGATIVE z Scores

Area from the LEFT

The negative 7 table lists cumulative Standard Normal () Distribution: Cumulative

areas from the left of the center el e .- == -
350 £
(z=0). Notice that as the values of z |
increase from —3.5 to 0, so does the 55 | 0005 0005 0005 0004 0004 0004 0004 0004 0004 0003
! 32 0007 0007 0006 0006 0006 0006 0006 0005 0005 0005
Cumulative areas (probabilities) == 0010 0009 0009 0009 0008 0008 0008 0008 0007 0007
04
0.3 24 | oosz o080 0078 0073 007 0069  o00G8 A 0086 0064
0.2 BT
01
- 1.4 0808 0793 0778 0749 0735 0721 0708 0694 0681
- 0 5 “os | lea  ma s e | m ess a0 [ 'de3s  em
o 2420 2389 2358 2296 2266 2236 2206 2177 2148
-06 2743 2709 2676 2611 2578 2546 2514 2483 2451

INOTE: For values of 7 below ~3.49, use 0.0001 for the ars
“Use these common values that result from interpolation
zscore _Area
1645 00500 <
~2575 00050 =

ea.




The negative z table lists cumulative
areas from the left of the center
(z=0). Notice that as the values of z
increase from —3.5 to 0, so does the
cumulative areas (probabilities).

0.4
0.3

0.2

0.1

NEGATIVE z Scores

Standard Normal () Distribution: Cumulative

Area from the LEFT

z 00 o1 02 03 04 05 06 o7 o8 09
350 r
and
lower | 0001
—54 0003 0003  .000% 0003 0003 0003 0003 0003 0003 0002
] 0005 0005 0005 0004 0004 0004 0004 0004 0004 0003
32 ©007 0007 0006 0006 0006 0006 0006 0005 0005 0005
=37 0010 0009 0009 0009 0008 0008 0008 0008 007 0007
-50 0013 0013 0013 0012 o012 001 oon oot 0010 0010
-29 0019 0018 0018 0017 ©o0i6 0016 0015 0015 004 0014
28 0026 0025 0024 0023 0025 0022 0021 0021 0020 0019
-27 0035 0034 0033 0032 0031 0030 0029 0028 0027 0026
-26 0047 0045 0044 0043 0041 0040 0039 0038 0037 0036
o el "
24 0082 0080 0078 0073 0071 0069 0068 A 0066 0084
= o Loz OO TUSF——00ST vz " g
-22 o139 0136 o132 o125 o122 ong otis on3 ono
-21 0179 0174 0170, o2 058 o154 0150, o146 0143
-20 0228 0222 0217 0207 0202 0197 o192 o8 0183
-9 | 0287 0281 0274 0262 0256 0250 0244 | 0239 0233
18 0359 0351 0344 0329 032 034 0307 | 0301 0294
-17 0446 0436 0427 0409 0401 0392 0384 | 0375 0367
-16 0548 0537 0526 0505 * 0495 0485 0475 0465 0455
-5 0868 0655 0643 o818 0606 0594 0582 | 0571 0559
14 0808 0793 0778 o749 | 0735 0721 0708 | 0694 0681
-3 0968 0951 0934 0901 | 0885 0869 0853 | 0838 0823
-12 1151 n31 m2 1075 1056 1038 1020 | 1003 0985
=1 1357, 1335 1314 1271 1251 1230 1210 1190 1170
-10 1587 1562 1539 1492 1469 1446 1423 1401 1579
-09 1841 1814 788 1736 am 1685 1660, 1635 aen
-08 2119 2090 2061 2005 | 1977 1949 1922 1894 1867
-07 2420 2389 2358 2296 | 2266 2236 2206 | 2177 2148
-06 2743 2709 2676 2611 2578 2546 2514 2483 2451
-05 3085 3050 3015 2946 | 2012 2877 2843 2810 2776
-0.4 3446 3409 3372 3300 | 3264 3228 3192 3156 3121
-03 5821 3783 3745 3669 | 3632 3594 3557 3520 3483
-02 4207 4168 4129 4052 | 4013 3974 3936 3897 3859
o1 4602 4362 4522 4443 | 4404 4364 4325 4286 4247
-00 5000 4960 4920 4840 | 4801 4761 4721 4681 4641

INOTE: For values of 7 below ~3.49, use 0.0001 for the ars
“Use these common values that result from interpolation
zscore _Area
1645 00500 <
~2575 00050 =

ea.




NEGATIVE z Scores

Area from the LEFT

The negative 7 table lists cumulative Standard Normal () Distribution: Cumulative

areas from the left of the center el e .- == -
350 £
(z=0). Notice that as the values of z |
increase from —3.5 to 0, so does the 55 | 0005 0005 0005 0004 0004 0004 0004 0004 0004 0003
! 32 0007 0007 0006 0006 0006 0006 0006 0005 0005 0005
Cumulative areas (probabilities) == 0010 0009 0009 0009 0008 0008 0008 0008 0007 0007
04
-26 0047 0045 0044 0043 0041 0040 0039 0038 0037 0036
0.3 24 | oosz 0080 0078 0075 0073 0071 006 0068 A 0066 0064
0.2 14
01
- 1.4 0808 0793 0778 0749 0735 0721 0708 0694 0681
- 0 5 “os | lea  ma s e | m ess a0 [ 'de3s  em
o 2420 2389 2358 2296 2266 2236 2206 2177 2148
-06 2743 2709 2676 2611 2578 2546 2514 2483 2451

INOTE: For values of 7 below ~3.49, use 0.0001 for the ars
“Use these common values that result from interpolation
zscore _Area
1645 00500 <
~2575 00050 =

ea.




The negative z table lists cumulative
areas from the left of the center
(z=0). Notice that as the values of z
increase from —3.5 to 0, so does the
cumulative areas (probabilities).

0.4
0.3

0.2

0.1

NEGATIVE z Scores

Standard Normal () Distribution: Cumulative

Area from the LEFT

= 00 o1 02 03 04 05 06 o7 08 09
350 2
and
lower. .0001
-3.4 0003 0003 0003 0003 0003 0003 0003 0003 0003 0002
=33 0005 0005 0005 0004 0004 0004 0004 0004 0004 0003
32 0007 0007 0006 0006 0006 0006  .0006 0005 0005 0005
=30 0010 0009 0009 0009 0008  .0008 0008 0008 0007 0007
-30 0013 0013 0013 0012 0012 ooi oot 001 0010 0010
=28 0019 0018, 0018, 0017 0016 0016 0015, 0015 0014 0014
28 0026 0025 0024 0023 0023 0022 0021 0021 0020 0019
7 0035 0034 0033 0032 0031 0030 0029 0028 0027 0026
-26 0047 0045 0044 0043 0041 0040 0039 0038 0037 0036
~25 0062 0080 0059 0057 0085 0054  .0052 0051 * 0049 0048
24 0082 0080 0078 0075 0073 0071 0069 0068 A 0066 0064
ol 0107 0104 0102 0099 0096 0094 0091 0089, 0087 0084
22 0138, 0136 0132 o129 0125 o122 o1g o116 onz otlo
-21 0179 0174 0170, 0166, 0162 0158 0154, 0150, 0146 0143
-20 0228 0222 0217 0212 0207 0202 0197 0192 0188 0183
" = o 0244 0239
18 0359 0351 0344 0329 0322 0314 0307 0301 0294
=N tozzy T3 ™ u ™
-16 0548 0537 0526 0505 * 0495 0485 0475 0465 0455
s 0668 0655 0643, 0618 0606 0594 0582 0571 0559
14 0808 0793 0778 0749 0735 0721 0708 0694 0681
=i 0968 0951 0934, 0901 0885 0869 0853 0838 0823
—12 ns1 n31 2 1075 1056 1038 1020 1003 0985
1] 1357 1335 1314 1271 251 1230 1210 m90 170
-10 1587 1562 1539 1492 1469 1446 1423 1401 1379
—09 1841 1814 788 1736 am 1685 1660, 1635 aen
-08 219 2090 2061 2005 | 1977 1949 1922 1894 1867
o7 2420 2389 2358 2296 2266, 2236 2206 2177 2148
-06 2743 2709 2676 2611 2578 2546 2514 2483 2451
=08 3085 3050 3015 2946 2912 2877 2843 2810 2776
-04 3446 3409 3372 3300 3264 3228 3192 3156 3121
—03 3821 3783 3745 3669 3632 3594 3557, 3500 3483
-02 4207 4168 4129 4052 4013 3974 3936 3897 3859
o1 4602 4562 4522 4443 4404 4364 4325 4286 4247
-00 5000 4960 4920 4840 | 4801 4761 4721 4681 4641

INOTE: For values of 7 below ~3.49, use 0.0001 for the ars
“Use these common values that result from interpolation
zscore _Area
1645 00500 <
~2575 00050 =

ea.




The negative z table lists cumulative
areas from the left of the center
(z=0). Notice that as the values of z
increase from —3.5 to 0, so does the
cumulative areas (probabilities).

0.4
0.3

0.2

0.1

NEGATIVE z Scores

Standard Normal () Distribution: Cumulative

Area from the LEFT

= 00 o1 02 03 04 05 06 o7 08 09
350 2
and
lower. .0001
-3.4 0003 0003 0003 0003 £003 0003 0003 0003 0003 0002
=33 10005 0005 0005 0004 0004 0004 0004 0004 0004 0003
32 0007 0007 0006 0006 0006 0006  .0006 0005 0005 0005
=30 0010 0009 0009 0009 0008  .0008 0008 0008 0007 0007
-30 0013 0013 0013 0012 0012 ooi oot 001 0010 0010
=28 0019 0018, 0018, 0017 0016 0016 0015, 0015 0014 0014
28 0026 0025 0024 0023 0023 0022 0021 0021 0020 0019
7 0035 0034 0033 0032 0031 0030 0029 0028 0027 0026
-26 0047 0045 0044 0043 0041 0040 0039 0038 0037 0036
~25 0062 0080 0059 .0057 0085 0054  .0052 0051 * 0049 0048
24 0082 0080 0078 0075 0073 0071 0069 0068 A 0066 0064
ol 0107 0i04 0102 0099 0096 0094 0091 0089, 0087 0084
22 0138, 0136 0132 o129 0125 o122 o1g o116 onz otlo
-21 0179 0174 0170, 0166 0162 0158 0154, 0150, 0146 0143
-20 0228 0222 0217 0212 0207 0202 0197 0192 0188 0183
e | 0287 0281 0274, 0268 0262 0256 0250 0244 0239 0233
18 0359 0351 0344 0336 0329 0322 0314 0307 0301 0294
S 0446, 0436 0427 0418 0408 0401 0392 0384 0375 0367
. = . s o n4ss 4
i 0668 0655 0643, 0618 0606 0594 0582 0571 0559
= TE0E T gl 3 72T o
=i 0968 0951 0934, 0901 0885 0869 0853 0838 0823
—12 ns1 n31 . 1075 1056 1038 1020 1003 0985
1] 1357 1335 1314 1271 251 1230 1210 m90 170
-10 1587 1562 1539 1492 1469 1446 1423 1401 1379
—09 1841 1814 1788 1736 am 1685 1660, 1635 aen
-08 219 2090 2061 2005 | 1977 1949 1922 1894 1867
o7 2420 2389 2358 2296 2266, 2236 2206 2177 2148
-06 2743 2709 2676 2611 2578 2546 2514 2483 2451
=08 3085 3050 3015 2946 2912 2877 2843 2810 2776
-04 3446 3409 3372 3300 3264 3228 3192 3156 3121
—03 3821 3783 3745 3669 3632 3594 3557, 3500 3483
-02 4207 4168 4129 4052 4013 3974 3936 3897 3859
o1 4602 4562 4522 4443 4404 4364 4325 4286 4247
-00 5000 4960 4920 4840 | 4801 4761 4721 4681 4641

NOTE: For values of z below —3 .49, use 00001 for the ar
“Use these common values that result from interpolation:
zscore _Area

=teds. Dpsas —E——————————————

2575 00050 =

ea.




The negative z table lists cumulative
areas from the left of the center
(z=0). Notice that as the values of z
increase from —3.5 to 0, so does the
cumulative areas (probabilities).

0.4
0.3

0.2

0.1

NEGATIVE z Scores

Standard Normal () Distribution: Cumulative

Area from the LEFT

= 00 o1 02 03 04 05 06 o7 08 09
350 2
and
lower. .0001
-3.4 0003 0003 0003 0003 £003 0003 0003 0003 0003 0002
=33 10005 0005 0005 0004 0004 0004 0004 0004 0004 0003
32 0007 0007 0006 0006 0006 0006  .0006 0005 0005 0005
=30 0010 0009 0009 0009 0008  .0008 0008 0008 0007 0007
-30 0013 0013 0013 0012 0012 ooi oot 001 0010 0010
=28 0019 0018, 0018, 0017 0016 0016 0015, 0015 0014 0014
28 0026 0025 0024 0023 0023 0022 0021 0021 0020 0019
7 0035 0034 0033 0032 0031 0030 0029 0028 0027 0026
-26 0047 0045 0044 0043 0041 0040 0039 0038 0037 0036
~25 0062 0080 0059 .0057 0085 0054  .0052 0051 * 0049 0048
24 0082 0080 0078 0075 0073 0071 0069 0068 A 0066 0064
ol 0107 0i04 0102 0099 0096 0094 0091 0089, 0087 0084
22 0138, 0136 0132 o129 0125 o122 o1g o116 onz otlo
-21 0179 0174 0170, 0166 0162 0158 0154, 0150, 0146 0143
-20 0228 0222 0217 0212 0207 0202 0197 0192 0188 0183
e | 0287 0281 0274, 0268 0262 0256 0250 0244 0239 0233
18 0359 0351 0344 0336 0329 0322 0314 0307 0301 0294
S 0446, 0436 0427 0418 0408 0401 0392 0384 0375 0367
-16 0548 0537 0526 0516 0505 * 0495 0485 0475 0465 0455
s 0668 0655 0643 0630 0618 0606 0594 0582 0571 0559
14 0808 0793 0778 0764 0749 0735 0721 0708 0694 0681
=i 0951 0034 0gi8 01 0869 ot 0823
—12 ns1 n31 2 1093 1075 1056 1038 1020 1003 0985
— T T TST
-10 1587 1562 1539 1492 1469 1446 1423 1401 1379
—09 1841 1814 1788 1736 am 1685 1660, 1635 aen
-08 219 2090 2061 2005 | 1977 1949 1922 1894 1867
o7 2420 2389 2358 2296 2266, 2236 2206 2177 2148
-06 2743 2709 2676 2611 2578 2546 2514 2483 2451
=08 3085 3050 3015 2946 2912 2877 2843 2810 2776
-04 3446 3409 3372 3300 3264 3228 3192 3156 3121
—03 3821 3783 3745 3669 3632 3594 3557, 3500 3483
-02 4207 4168 4129 4052 4013 3974 3936 3897 3859
o1 4602 4562 4522 4443 4404 4364 4325 4286 4247
-00 5000 4960 4920 4840 | 4801 4761 4721 4681 4641

INOTE: For values of 7 below ~3.49, use 0.0001 for the ars
“Use these common values that result from interpolation
zscore _Area
1645 00500 <
~2575 00050 =

ea.




The negative z table lists cumulative
areas from the left of the center
(z=0). Notice that as the values of z
increase from —3.5 to 0, so does the
cumulative areas (probabilities).

0.4
0.3

0.2

0.1

NEGATIVE z Scores

Standard Normal () Distribution: Cumulative

Area from the LEFT

= 00 o1 02 03 04 05 06 o7 08 09
350 2
and
lower. .0001
-3.4 0003 0003 0003 0003 £003 0003 0003 0003 0003 0002
=33 10005 0005 0005 0004 0004 0004 0004 0004 0004 0003
32 0007 0007 0006 0006 0006 0006  .0006 0005 0005 0005
=30 0010 0009 0009 0009 0008  .0008 0008 0008 0007 0007
-30 0013 0013 0013 0012 0012 ooi oot 001 0010 0010
=28 0019 0018, 0018, 0017 0016 0016 0015, 0015 0014 0014
28 0026 0025 0024 0023 0023 0022 0021 0021 0020 0019
7 0035 0034 0033 0032 0031 0030 0029 0028 0027 0026
-26 0047 0045 0044 0043 0041 0040 0039 0038 0037 0036
~25 0062 0080 0059 .0057 0085 0054  .0052 0051 * 0049 0048
24 0082 0080 0078 0075 0073 0071 0069 0068 A 0066 0064
ol 0107 0i04 0102 0099 0096 0094 0091 0089, 0087 0084
22 0138, 0136 0132 o129 0125 o122 o1g o116 onz otlo
-21 0179 0174 0170, 0166 0162 0158 0154, 0150, 0146 0143
-20 0228 0222 0217 0212 0207 0202 0197 0192 0188 0183
e | 0287 0281 0274, 0268 0262 0256 0250 0244 0239 0233
18 0359 0351 0344 0336 0329 0322 0314 0307 0301 0294
S 0446, 0436 0427 0418 0408 0401 0392 0384 0375 0367
-16 0548 0537 0526 0516 0505 * 0495 0485 0475 0465 0455
s 0668 0655 0643 0630 0618 0606 0594 0582 0571 0559
14 0808 0793 0778 0764 0749 0735 0721 0708 0694 0681
=i 0968 0951 0934 0918 0901 0885 0869 0853 0838 0823
—12 ns1 n31 2 1093 1075 1056 1038 1020 1003 0985
1] 1357 1335 1314 1292 1271 251 1230 1210 m90 170
L 150 2 it 151 14 1469 1448 142 1401 1579
—09 1841 1814 1788 1762 1736 am 1685 1660 1635 aen
=T. W T
o7 2420 2389 2358 2296 2266, 2236 2206 2177 2148
-06 2743 2709 2676 2611 2578 2546 2514 2483 2451
=08 3085 3050 3015 2946 2912 2877 2843 2810 2776
-04 3446 3409 3372 3300 3264 3228 3192 3156 3121
—03 3821 3783 3745 3669 3632 3594 3557, 3500 3483
-02 4207 4168 4129 4052 4013 3974 3936 3897 3859
o1 4602 4562 4522 4443 4404 4364 4325 4286 4247
-00 5000 4960 4920 4840 | 4801 4761 4721 4681 4641

INOTE: For values of 7 below ~3.49, use 0.0001 for the ars
“Use these common values that result from interpolation
zscore _Area
1645 00500 <
~2575 00050 =

ea.




The negative z table lists cumulative
areas from the left of the center
(z=0). Notice that as the values of z
increase from —3.5 to 0, so does the
cumulative areas (probabilities).

0.4
0.3

0.2

0.1

NEGATIVE z Scores

Standard Normal () Distribution: Cumulative

Area from the LEFT

= 00 o1 02 03 04 05 06 o7 08 09
350 2
and
lower. .0001
-3.4 0003 0003 0003 0003 £003 0003 0003 0003 0003 0002
=33 10005 0005 0005 0004 0004 0004 0004 0004 0004 0003
32 0007 0007 0006 0006 0006 0006  .0006 0005 0005 0005
=30 0010 0009 0009 0009 0008  .0008 0008 0008 0007 0007
-30 0013 0013 0013 0012 0012 ooi oot 001 0010 0010
=28 0019 0018, 0018, 0017 0016 0016 0015, 0015 0014 0014
28 0026 0025 0024 0023 0023 0022 0021 0021 0020 0019
7 0035 0034 0033 0032 0031 0030 0029 0028 0027 0026
-26 0047 0045 0044 0043 0041 0040 0039 0038 0037 0036
~25 0062 0080 0059 .0057 0085 0054  .0052 0051 * 0049 0048
24 0082 0080 0078 0075 0073 0071 0069 0068 A 0066 0064
ol 0107 0i04 0102 0099 0096 0094 0091 0089, 0087 0084
22 0138, 0136 0132 o129 0125 o122 o1g o116 onz otlo
-21 0179 0174 0170, 0166 0162 0158 0154, 0150, 0146 0143
-20 0228 0222 0217 0212 0207 0202 0197 0192 0188 0183
e | 0287 0281 0274, 0268 0262 0256 0250 0244 0239 0233
18 0359 0351 0344 0336 0329 0322 0314 0307 0301 0294
S 0446, 0436 0427 0418 0408 0401 0392 0384 0375 0367
-16 0548 0537 0526 0516 0505 * 0495 0485 0475 0465 0455
s 0668 0655 0643 0630 0618 0606 0594 0582 0571 0559
14 0808 0793 0778 0764 0749 0735 0721 0708 0694 0681
=i 0968 0951 0934 0918 0901 0885 0869 0853 0838 0823
—12 ns1 n31 2 1093 1075 1056 1038 1020 1003 0985
1] 1357 1335 1314 1292 1271 251 1230 1210 m90 170
-10 1587 1562 1539 1515 1492 1469 1446 1423 1401 1379
—09 1841 1814 1788 1762 1736 am 1685 1660, 1635 aen
-08 219 2090 2061 2033 2005 | 1977 1949 1922 1894 1867
=0 420 53 27 2296 2266 2236 2206 2177 2148
-06 2743 2709 2676 2643 2611 2578 2546 2514 2483 2451 ]
-04 3446 3409 3372 3300 3264 3228 3192 3156 3121
—03 3821 3783 3745 3669 3632 3594 3557, 3500 3483
-02 4207 4168 4129 4052 4013 3974 3936 3897 3859
o1 4602 4562 4522 4443 4404 4364 4325 4286 4247
-00 5000 4960 4920 4840 | 4801 4761 4721 4681 4641

INOTE: For values of 7 below ~3.49, use 0.0001 for the ars
“Use these common values that result from interpolation
zscore _Area
1645 00500 <
~2575 00050 =

ea.




The negative z table lists cumulative
areas from the left of the center
(z=0). Notice that as the values of z
increase from —3.5 to 0, so does the
cumulative areas (probabilities).

0.4
0.3

0.2

0.1

NEGATIVE z Scores

Standard Normal () Distribution: Cumulative

Area from the LEFT

= 00 o1 02 03 04 05 06 o7 08 09
350 2
and
lower. .0001
-3.4 0003 0003 0003 0003 £003 0003 0003 0003 0003 0002
=33 10005 0005 0005 0004 0004 0004 0004 0004 0004 0003
32 0007 0007 0006 0006 0006 0006  .0006 0005 0005 0005
=30 0010 0009 0009 0009 0008  .0008 0008 0008 0007 0007
-30 0013 0013 0013 0012 0012 ooi oot 001 0010 0010
=28 0019 0018, 0018, 0017 0016 0016 0015, 0015 0014 0014
28 0026 0025 0024 0023 0023 0022 0021 0021 0020 0019
7 0035 0034 0033 0032 0031 0030 0029 0028 0027 0026
-26 0047 0045 0044 0043 0041 0040 0039 0038 0037 0036
~25 0062 0080 0059 .0057 0085 0054  .0052 0051 * 0049 0048
24 0082 0080 0078 0075 0073 0071 0069 0068 A 0066 0064
ol 0107 0i04 0102 0099 0096 0094 0091 0089, 0087 0084
22 0138, 0136 0132 o129 0125 o122 o1g o116 onz otlo
-21 0179 0174 0170, 0166 0162 0158 0154, 0150, 0146 0143
-20 0228 0222 0217 0212 0207 0202 0197 0192 0188 0183
e | 0287 0281 0274, 0268 0262 0256 0250 0244 0239 0233
18 0359 0351 0344 0336 0329 0322 0314 0307 0301 0294
S 0446, 0436 0427 0418 0408 0401 0392 0384 0375 0367
-16 0548 0537 0526 0516 0505 * 0495 0485 0475 0465 0455
s 0668 0655 0643 0630 0618 0606 0594 0582 0571 0559
14 0808 0793 0778 0764 0749 0735 0721 0708 0694 0681
=i 0968 0951 0934 0918 0901 0885 0869 0853 0838 0823
—12 ns1 n31 2 1093 1075 1056 1038 1020 1003 0985
1] 1357 1335 1314 1292 1271 251 1230 1210 m90 170
-10 1587 1562 1539 1515 1492 1469 1446 1423 1401 1379
—09 1841 1814 1788 1762 1736 am 1685 1660, 1635 aen
-08 219 2090 2061 2033 2005 | 1977 1949 1922 1894 1867
o7 2420 2389 2358 2327 2296 2266, 2236 2206 2177 2148
-06 2743 2709 2676 2643 2611 2578 2546 2514 2483 2451
=08 3085 3050 3015 2981 2946 2912 2877 2843 2810 2776
—02 446 400 6 3300 3264 3228 3192 3156 3121
—03 3821 3783 3745 3707 3669 3632 3594 3557, 3500 3483
o1 4602 4562 4522 4483 4443 4404 4364 4325 4286 4247
-00 5000 4960 4920 4880 4840 | 4801 4761 4721 4681 4641

INOTE: For values of 7 below ~3.49, use 0.0001 for the ars
“Use these common values that result from interpolation
zscore _Area
1645 00500 <
~2575 00050 =

ea.




The negative z table lists cumulative
areas from the left of the center
(z=0). Notice that as the values of z
increase from —3.5 to 0, so does the
cumulative areas (probabilities).

0.4
0.3

0.2

0.1

NEGATIVE z Scores

Standard Normal () Distribution: Cumulative

Area from the LEFT

= 00 o1 02 03 04 05 06 o7 08 09
350 2
and
lower. .0001
-3.4 0003 0003 0003 0003 £003 0003 0003 0003 0003 0002
=33 10005 0005 0005 0004 0004 0004 0004 0004 0004 0003
32 0007 0007 0006 0006 0006 0006  .0006 0005 0005 0005
=30 0010 0009 0009 0009 0008  .0008 0008 0008 0007 0007
-30 0013 0013 0013 0012 ooi oot 001 0010 0010
=28 0019 0018, 0018, 0016 0016, 0015, 0015 0014 0014
28 0026 0025 0024 0023 0022 0021 0021 0020 0019
7 0035 0034 0033 0031 0030 0029 0028 0027 0026
-26 0047 0045 0044 0041 0040 0039 0038 0037 0036
~25 0062 0080 0059 0085 0054  .0052 0051 * 0049 0048
24 0082 0080 0078 0073 0071 0069 0068 A 0066 0064
ol 0107 0i04 0102 0096 0094 0091 0089, 0087 0084
22 0138, 0136 0132 0125 o122 o1g o116 onz otlo
a0 0179 0174 0170, 0162 0158 0154, 0150, 0146 0143
-20 0228 0222 0217 0207 0202 0197 0192 0188 0183
e | 0287 0281 0274, 0262 0256 0250 0244 0239 0233
18 0359 0351 0344 0329 0322 0314 0307 0301 0294
S 0446, 0436 0427 0408 0401 0392 0384 0375 0367
-16 0548 0537 0526 0505 * 0495 0485 0475 0465 0455
s 0668 0655 0643, 0618 0606 0594 0582 0571 0559
14 0808 0793 0778 0749 0735 0721 0708 0694 0681
=i 0968 0951 0934, 0901 0885 0869 0853 0838 0823
—12 ns1 n31 2 1075 1056 1038 1020 1003 0985
1] 1357 1335 1314 1271 251 1230 1210 m90 170
-10 1587 1562 1539 1492 1469 1446 1423 1401 1379
—09 1841 1814 1788 1736 am 1685 1660, 1635 aen
-08 219 2090 2061 2005 | 1977 1949 1922 1894 1867
o7 2420 2389 2358 2296 2266, 2236 2206 2177 2148
-06 2743 2709 2676 2611 2578 2546 2514 2483 2451
=08 3085 3050 3015 2946 2912 2877 2843 2810 2776
-04 3446 3409 3372 3300 3264 3228 3192 3156 3121
—03 3821 3783 3745 3669 3632 3594 3557, 3500 3483
-02 4207 4168 4129 4052 4013 3974 3936 3897 3859
a1 40 456 444 404 4364 43 4286 4247
-0.0 5000 4960 4920 4840 | 4801 4761 4721 4681 4641

INOTE: For values of 7 below ~3.49, use 0.0001 for the ars
“Use these common values that result from interpolation
zscore _Area
1645 00500 <
~2575 00050 =

ea.




| POSITIVE z Scores

The positive z table lists cumulative

ISR (continued) Cumulative Area from the LEFT

areas from the left which are . o o o o e e
associated with z scores right of the | oo | o0 om0 a0 seo e s s;e  sw  sws
center (z = 0). Notice the cumulative (2 = L L L L o
areas also increase as z increases. | o= | oo
06 7257 7324 7357 7389 7422 7454 7486 7517 7549
0.4
0.3
N 12 8849 8888 8907 8925 8944 8962 8980 8997 9015
14 9192 9222 9236 9251 9265 9279 9292 9306 9319
0.2 6 oas2 9474 oas4  odss + 9505 9515 9525 9535 9545
17 9554 9573 9582 9591 A 9599  .9608 9616 9625 9633
o1
29 9981 9982 9983 9984 9984 9985 9985 9986 9986
350 9999
NOTE: For values of z above 3.49, use 0.9999 for the area. | common critical values
zscore _Area Level Value
1645 09500 -« o - ‘ 0.0 1645
2575 09950 095 196

0.99 2575



| POSITIVE z Scores

The positive z table lists cumulative

ISR (continued) Cumulative Area from the LEFT

areas from the left which are . o o o o e e
associated with z scores right of the | oo | w0 so0 0 20 o0 s s s s s
. . al 5398 5438 5478 5517 5557 5596 5636 5675 5714 5753
center (z — 0) Notice the Cumulatlve 02 5703 5832 5871 s910 5948 5987 6026 6064 6103 6141
areas also increase as z increases. R T
0.4
0.3
- 12 8849 8869 8888 8907 8925 8944 8962 8980 8997 9015
0.2 6 o4s2  oa63 9474  ods4 9495 © 9505 9515 9525 9535 9545
17 9554 9564 9573 9582 9591 A 9599 9608 9616 9625 9633
01
29 9981 9982 9982 9983 9984 9984 9985 9985 9986 9986
31 9990 9991 9991 9991 9992 9992 9992 9992 9993 9993
350 9999
NOTE: For values of z above 3.49, use 0.9999 for the area. | commen critical values
zscore _Area Level Value
1645 09500 -« — - ‘ 0.90 1645
2575 09950 095 196

0.99 2575



| POSITIVE z Scores

The positive z table lists cumulative

ISR (continued) Cumulative Area from the LEFT

areas from the left which are . o o o o e e
associated with z scores right of the | oo | o0 om0 a0 seo e s s;e  sw  sws
center (z — 0) Notice the Cumulatlve 02 5703 5871 s910 5948 5987 6026 6064 6103 6141
areas also increase as z increases. o5 |
06 7257 7324 7357 7389 7422 7454 7486 7517 7549
0.4 o7 | e
08 7881 7939 7967 7995 8025 8051 8078 8106 8133 ]
0.3
- 12 8849 8869 8888 8907 8925 8944 8962 8980 8997 9015
0.2 6 o4s2  oa63 9474  ods4 9495 © 9505 9515 9525 9535 9545
17 9554 9564 9573 9582 9591 A 9599 9608 9616 9625 9633
01
29 9981 9982 9982 9983 9984 9984 9985 9985 9986 9986
31 9990 9991 9991 9991 9992 9992 9992 9992 9993 9993
350 9999
NOTE: For values of z above 3.49, use 0.9999 for the area. | commen critical values
zscore _Area Level Value
1645 09500 -« — - ‘ 0.90 1645
2575 09950 095 196

0.99 2575



| POSITIVE z Scores

The positive z table lists cumulative

ISR (continued) Cumulative Area from the LEFT

areas from the left which are . o o o o e e
associated with z scores right of the | oo | o0 om0 a0 seo e s s;e  sw  sws
center (z — 0) Notice the Cumulatlve 02 5703 5871 s910 5948 5987 6026 6064 6103 6141
areas also increase as z increases. o5 |
06 7257 7324 7357 7389 7422 7454 7486 7517 7549
0.4
10 L 61 3485 8508 8531 8554 8577 8599 8621
0.3 1 8643 8605 8686 6708 8720 8749 8770 8790 8810 8830 ]
0.2 6 o4s2  oa63 9474  ods4 9495 © 9505 9515 9525 9535 9545
17 9554 9564 9573 9582 9591 A 9599 9608 9616 9625 9633
01
29 9981 9982 9982 9983 9984 9984 9985 9985 9986 9986
31 9990 9991 9991 9991 9992 9992 9992 9992 9993 9993
350 9999
NOTE: For values of z above 3.49, use 0.9999 for the area. | commen critical values
zscore _Area Level Value
1645 09500 -« — - ‘ 0.90 1645
2575 09950 095 196

0.99 2575



| POSITIVE z Scores

The positive z table lists cumulative

ISR (continued) Cumulative Area from the LEFT

areas from the left which are . o o o o e e
associated with z scores right of the | oo | o0 om0 a0 seo e s s;e  sw  sws
center (z — 0) Notice the Cumulatlve 02 5703 5871 s910 5948 5987 6026 6064 6103 6141
areas also increase as z increases. o5 |
06 7257 7324 7357 7389 7422 7454 7486 7517 7549
0.4
0.3
- 12 8849 8888 8907 8925 8944 8962 8980 8997 9015
9192 9207 9222 9236 9251 9265 9279 9292 9306 5519 ]
0.2 6 o4ss | o463 9474 odg4 9495 © 9505 9515 9525 9535 9545
17 9554 9564 9573 9582 9591 A 9599 9608 9616 9625 9633
01
29 9981 9982 9982 9983 9984 9984 9985 9985 9986 9986
31 9990 9991 9991 9991 9992 9992 9992 9992 9993 9993
350 9999
NOTE: For values of z above 3.49, use 0.9999 for the area. | commen critical values
zscore _Area Level Value

1645 09500 = - | o e
2575 09950 095 196
0.99 2575




| POSITIVE z Scores

The positive z table lists cumulative

ISR (continued) Cumulative Area from the LEFT

areas from the left which are . o o o o e e
associated with z scores right of the | oo | w0 so0 0 20 o0 s s s s s
. . al 5398 5438 5478 5517 5557 5596 5636 5675 5714 5753
center (z — 0) Notice the Cumulatlve 02 5703 5832 5871 s910 5948 5987 6026 6064 6103 6141
areas also increase as z increases. o5 | G o s zw o s 7es e qwor e
06 7257 7291 7324 7357 7389 7422 7454 7486 7517 7549
0.4
0.3
- 12 8849 8869 8888 8907 8925 8944 8962 8980 8997 9015
0.2 e 94s> _ oa63 o474 ouss 0495 + o505 9515 o535 9535 9545
[w 9554 9564 9573 9582 9551 K 9599 9608 5618 9625 9635 | ]
01
29 9981 9982 9982 9983 9984 9984 9985 9985 9986 9986
31 9990 9991 9991 9991 9992 9992 9992 9992 9993 9993
350 9999
NOTE: For values of z above 3.49, use 0.9999 for the area. | commen critical values
zscore _Area Level Value
1645 09500 -« — - ‘ 0.90 1645
2575 09950 095 196

0.99 2575



The positive z table lists cumulative
areas from the left which are
associated with z scores right of the
center (z = 0). Notice the cumulative
areas also increase as z increases.

0.4
0.3

0.2

0.1

| POSITIVE z Scores

ISR (continued) Cumulative Area from the LEFT

z 00 ol 02 03 05 06 07 08 09
5000 5080 5120 5160 5199 5239 5279 5319 5359
5398 5478 5517 5557 5596° 5636 5675 5714 5753
5793 5871 5910 5948 5987 6026 6064 6103 6141
6179 6255 6293 6331 6368 6406 6443 6480 6517
6554 628 6664 6700 6736 6772 6808 6841 6879
6915 6985 7019 7054 7088 7123 7157 7190 7224
7257 7324 7357 7389 7422 7154 7486 7517 7549
7580 7642 7673 7704 7734 7764 779 7823 7852
7891 7939 7967 7995 8023 8051 8078 8106 8133
8159 8212 8238 8264 8289 8515 8340 | 8365 6389
8413 8461 8485 8508 8531 8554 8577 8599 8621
8643 8686 8708 8720 8749 8770 8790 8810 8830
8849 8388 8907 8925  B944 8962 8980 8997 9015
9032 9066 9082 9099 o1s EIE 9147 9162 o177
9192 9222 9236 9251 9265 9279 9292 9306 9319
9332 9357 9370 932 9394 9406 9418 9420 9441
9452 9474 9484 9495 = 9505 9515 9525 9535 9545
9554 9573 9582 9591 A 9599 9608 9616 9625 9633
9641 9656 9664 9671 9678 9686 9693 9699 9706
271 9726 9732 9738 | o744 9750 9756 9761 9767
9772 9783 o788 9793 9798 9803 9808 9812 9817 ]
22 9861 9864 9868 9871 9875 | 9878 o881 9884 9887 9890
23 98935 9896 9898 9901 9904 | 9906 9909  .98M 9913 9916
24 0918 9920 9922 9925 9927 | 9929 993 9932 9934 9936
25 9938 9940 9941 9943 9945 | 9946 9948 9949 = 9951 9952
26 9953 9955 9956 9957 9959 9960 9961 9962 A 9963 9964
27 9965 9966 9967 9968 9969 | 9970 9971 9972 | 9973 o974
28 2974 9975 9976 9977 9977 | 9978 9979 9979 | 93980 9981
29 9981 9982 9982 9983 9984 | 9984 9985 9985 | 9986 9986
30 9987 9987 9987 9988 9988 | 9989 9989 9989 | 9990 9990
31 9990 9991 9991 9991 9992 | 9992 9992 9992 | 99935 9993
32 9993 9993 9994 9994 9994 | 9994 9994 9995 | 9995 9995
33 9995 9995 9995 9996 9996 | 9996 9996 9996 | 9996 9997
34 9997 9997 9997 9997 9997 | 9997 9997 9997 997 9998
350 9999
and up

NOTE: For values of z above 3.49, use 0.9999 for the area.
“Use these common values that result from interpolation:
zscore _Area
1645 09500 <

2575 09950

Common Critical Values
Confidence Critical

Level  Value
090 1645
095 196

0.99 2575



POSITIVE z Scores

0z

Try this!  Find P(z < 2.37)

[ (continued) Cumulative Area from the LEFT

z 00 o 02 03 04 05 06 o7 08 08
oo 5000 5040 5080 5120 5160 5199 5239 5279 539 5359
a1 5398 5438 5478 557 5557 | 5596° 5636 5675 5714 5753
02 5703 5832 587 5610 5948 5087 6026 6064 603 6141
03 678 627 6255 6293 6331 6368 6406 6443 6480 6517
04 6554  ©591 6628 6664 6700 6736 6772 6808 6841 6879
05 £915 6950 6985 7O 7054 7088 723 7157 7190 7224
06 7257 7291 7524 7357 7389 7422 7454 7486 75177 7549
0.4 o7 7580 76N 7642 7673 7704 7734 L7iesl 77941 78231 7882
08 7881 7e0 7959 7967 7995 8023 8OS| 8078 806 8133
09 g9 886 8212 8233 s2e4 8289 85 8340 8365 8389
10 8413 8438 8461 8485 8508 8531 @554 8577 8599 8621
0.3 1 8643 8665 8686 8708 8720 8749 8770  &90 8610 8830
. 12 8849 8860 8BS 8907 8925 8944 8962 8980 8997 9015
13 9032 048 9066 9082 9099 9ils sis1 o7 962 977
14 ols2 9207 9222 923 9251 9265 9279 9292 9306 9319
15 9332 9345 9357 8370 9382 9394 0406 9418 9420 | 94m
0.2 16 9452 9463 9474 9484 9495 # 9505 9515 9525 9535 9545
17 9554 9564 9573 9582 9591 A 9599 9608 9616 9625 9633 |
8 9641 9649 9656 9664 9671 | 9678 9686 9693 9699 9706
9 S7i3 o7e o g726  o7a2 9738 | 9744 9780 19756 76l o767
0.1 20 s772 o778 e783 9788 9795 | 9798 9803 9808 9Bz 9817
. 21 9821 9826 9830 9834 9838 | 9842 9846 9850 9854 9857
v ) o 5 o asns o o
= 5893 9896 9898 9901 9904 | 9906 9909 891 )]
T ToT Einy & : — =
25 8036 9940 9941 9943 9945 | 9946 9948 9949 x 9951 9952
27 9965 9966 9967 9968 9969 | 9970 9971 9972 | 9973 0974
28 9974 9975 976 9977 9977 | 9978 9979 9979 | 9980 998l
29 9981 9982 9982 9983 9984 | 9984 9985 9985 | 9986 9986
30 9987 9987 9987 9988 9988 | 9989 9989 9989 | 9990 8990
a1 9990 9991 9991 9991 9992 | 9992 9992 9992 | 9995 9993
32 9993 9995 9994 9934 9994 | 9994 9994 9995 | 9995 9995
53 9995 9995 9995 9996  .9996 | 9996 9996 9996 | 9996 9997
54 9997 9997 8997 9997 9997 | 9997 9997 9997 | 9997 9998
350 9999
andup
NOTE: For values of z above 3.48, use 0.9999 for the area. | common critical values
“Use these comman values that result from interpolation: Confidence Critical
zscore _Area Level Value
1645 09500 < — 1 | o e

095 196
099 2575

2575 09950



POSITIVE z Scores

0z

Try this!  Find P(z < 2.37)

A (continued) Cumulative Area from the LEFT ( A
p 2 z 00 o1 02 03 04 os 05 o7 08 09
(z2<237)=0.9911 P e R I
01 5398 5438 5478 5517 5557 5596 563 5675 5714 5753
02 5793 5832 5871 5910 5948 5987 602 6064 6103 6141
o3 679 ea7 6255 6203 6331 638 a0 6443 | 6480 650
04 6554 6ol 6628 o664 6700 6736 6779 .esos | .esaa 6879
05 6915 6950 685 7ol 7054 goss  7i2s| zis7 |70 7224
06 7257 7291 7324 7357 7389 7422 7454 7486 7517 7549
0.4 o7 75801 aengeazqers 704 azsa el zzear | izeasi es
o8 789 7910 7939 7967 7995 8023 sos| so7s | si06 813
09 giso  @wes 822 sz g4 se  msws|  ez40 | ases  isses
10 aa13 843 8461  s4ss  msos 853 @ssd  ss77 | 8soo  sen
0.3 b 6643 goes  sces o8 e ame  erd  srs0 | ssi0 8830
. 12 8815 @9  sses 8007 8925 5044  896d 8980 | 8957 9015
13 9032 9045 066 sos2  sove  ows  em| ewr | ew2 ez
14 9192 9207 9222 9236 9251 9265 9279 9292 9306 9319
15 9332 o345 o357 930 932 9394 940 ome | a0 oam
0.2 16 o452 9463 o474 4B 9495 + 9505  osis| o525 | 9535 9545
17 9554 9564 @573 esa2 9591 A 9599 9501 oste | o5 633 |
8 964 9649 9656 9664 9671 | 9678  96sd 9693 | 9695 9706
19 ons  sma 726 o7z o1ss | ema  orsd 76 | srel 9767
0.1 20 o772 o778 eres  o7es 9793 | 9798 980  9sos | om2  om
. 21 9821 9826  gss0 9834  9s3s | oeaz  9sad 980 | mmsa 9857
v " o " el o o a
= o3 o695 9308 9901 9904 | es06  ssod  een | ees svs )
T o T & & - ~—
25 9938 9940  goa1 9943 9945 | 9946 994§ 9949 |s 9951 9952
27 o065 9966 s67  ssee 8969 | 970  so7|  ss72 || eerseom
28 o074 9975 9976 9077 9977 | 9978 997 9979 || 9980  sem
29 9981 9982 9982 9983 9984 9984 998! 9985 9986 9986
30 9087 o987  oos7  soes  oose | o989  99sd  seso || 9990 90
31 9990 9991 9991 9991 9992 9992 999: 9992 9993 9993
32 9993 9993 9994 9954 9994 | 9994 999, 9ges || 9095 9905
33 9995 9985 9995 9996 9996 | 9996 999 9996 || o096 9997
34 9097 9907 9997 9997 9997 | 9997  99e] o097 || 997 9998
350 9999
and up . J
NOTE: For values of z above 3.49, use 0.9999 for the area. | commen critical values
“Use these common values that result from interpolation Confidence Critical
zscore _Area Level  Value
1645  0.9500 < — ‘ 0.90 1645
2575 09950 095 196

0.99 2575



, | POSITIVE z Scores

Try this!  Find P(z < 2.37)

QPSR (continued) Cumulative Area from the LEFT ( A
p 2 : 00 o 02 03 os 3 ) o8 09
(z2<2.37) =0.9911 op | sue soc oo oo oo ot sox] s | sse _see
) 5308 se7s sy sss | sss  sese| sers | sma o s7ss
02 5793 sen S0 soas  som7  eo2d  6oes | €08 el
03 6179 6255 eass 6331 368 edod 5443 | eas0l lesty
04 o554 o2  ses4 6700 o736 6772 6808 | e8ad 6870
05 6015 6985 gow 7054 o 73| 7z | imeo 7226
06 7257 7324 7357 7389 7422 7454 7486 7517 7549
0.4 07 7580 Jeaz gers e gma sl amea | aeasi gese
08 7881 7939 7967 7995 so2s  sos| sore | sw06 833
09 8159 22 ez  s6e  mees  ews| e3a0 | s3es mses
10 aers 161 sags  msos  essi  mssd  es77 | sses sea
0.3 n seas sses  soss  eros  a7o  ams e srso | sso a0
- 12 8849 8869 8888 8907 8925 8944 8962 8980 8997 9015
13 9032 soas goss  ooe2  s099 ows el swr | se2 e
14 o2 w07  s220 2% 92 szes oz o202 | 9306 ome
15 o332 o345 e37  swo sz o4 odod oawe | eaze e
0.2 e ot5> o163 o474  Dass  odos » 9505  oms|  ss2s | 9535 9545
17 9554 9564 9573 9582 9591 A 9599 960 9616 9625 9633
18 o641 oe4s  oss6 o661 9671 | 9678 oeuq 9693 | 9693 9706
19 ons one o6 orsz orse | sma srsderse | e e7er
01 20 o772 o7 7es  arss o3 | o7es  oao] osos | e cev
. 2 62 o826 sss0 o834 9838 | ge4z  9ead  ssso | sss4  sesy
" 2 < T o o
Gs o853 9w osos 9901 9904 | 0906 sood  sem | sew es6 |)
L ™ — > -
25 9% o040 som 9943 9945 | 9946  994]  9%as [« o051 9952
27 9065 ooe6  9v67 9968 9969 | 9970 son| o972 || g9z ee7a
28 o oors  swe ooy ssr | s oo o7 || sem0  som
29 9981 9982 9982 9983 9984 9984 998! 9985 9986 9986
: . . 30 9967 o087  oes7 o933  ooss | o9 o9sd  99mo [| 9990  ses0
Did you notice that in order to 3| o e eow e sos | sesssssd isses || isassisess
. 32 003 o995 o934 o904  oo9a | seoa 9994 095 || oeos  9%ss
find the probability in the table 53 9995 9995 9995 9996 9996 | 9996 .99 9996 || 9996 9997
34 9957 o057 9997 o9 9097 | so97  s09] 9997 || 9997  9s8
B 350 9999
we split the number z = 2.37 ]
. NOTE: For values of z atiove 345, use 09999 forthe area " Commn critcal values
into two parts: 2.3 and 0.07? “Use these common values that result from interpolation Confidence Critical
zscore _Area Level Value

(2.37 =23+ .07) o m—— B B

0.99 2575




, | ( POSITIVE z Scores |

Try this!  Find P(z < 2.37)

JEESAA (continued) Cumulative Area from the LEFT ( ) |
P(z<2.37) =0.9911 e | Consio_mis. a5 os e |
al 5398 5438 5478 5517 5557 5596 563 5675 5714 5753
i | Gme em o ms e e ews ew )
03 | G ees> ceas qow o soss otz 7224
0.4 a5 | Teeoaenveas gen moa e med s
To | e e e sws mos ssm  sssd
0.3 W | gess sees ssas mon ps eve em 250
- 12 8849 8869 8888 8907 8925 8944 8962 9015
A SOSIM088 00 5 Soss I SIS T
14 9192 9207 9222 9236 9251 9265 9279 9319
la | oms oass oam  ome s » o5 o soas
0.2 17 o554 9564 9573 9582 9591 A 9598 960 9633
P e S A T [
01 21 9821 9826 9830 9834 9838 9842 9844 9857
(G5 | osm  owee  esss _ooor ssos | ssos  ms0 s )
05 25 9938 9940 9941 9943 9945 9946 1994 9952
S 36 | ooss ows oo v e | so oo
O 5 27 9965 9966 9967 9968 9969 9970 9971) 9974
So | G o oo ows sems | sesa sem soss
The first part, 2.3, tells us what T T
H 31 9990 9991 9991 9991 9992 9992 999: 9993
row to look up in the table. The 2 | e oo o0as oo save | sses om0
. " 5| oses oo seas  omes  lesse | issss oo
second part 07, identifies what 34 9997 9997 9997 9997 9997 | 9987 999 9908
L 1 350 9999
- and up . J
column to look at. The intersec- N Commgn i
tion of the row and column gives Lol Value.
1645 09500 < —— e | 0.90 1645
ili 2575 09950 095 1.96
the probability (area).




Try this!  Find the area between z = —1.51 and |

z=2.37. T POSITIVE z Scores

[EEESAA (continued) Cumulative Area from the LEFT ( )
: 00 o 02 03 04 os 06 o7 o8 09
00 5000 5040 5080 5120 S0 swe  saze|  sore [ sz s3se
01 5398 5438 5478 5517 5557 5596 563¢ 5675 5714 5753
02 5793 5832 5871 5910 5948 5987 602 6064 6103 6141
o3 679 ey 6255 6293 6331 e3c8  eaod saas'|lieago | esw
04 6554  ©s91 6628 6664 6700 6736  6772|  .esoe | esaa 6879
o5 6015 6950 6985 oW 7054 goss  7i23| sz | eo’ 7224
06 7257 7291 7324 7357 7389 7422 7454 7486 7517 7549
o7 7880 gen 7642 ge7s 7704 g73a gzed a7ear | 7easi | 7esa
og 7881 7910 7939 7957 7995 8023 sos| sore | sw06 ez
09 eiso mss s 625  e4  s2se  ews|  esso | eses e389
1.0 8413 8438 8461 8485 8508 8531 8554 8577 8599 8621
1 8643 8665  sees 8708 720 eme  s770  s90 | ssi0 8830
12 8349 860  sses 8907  go2s  soas  so6d  soso | 8997 g0
13 o032 049 9066  90s2  soss  eus  em| ewr | w2 ew
14 9192 9207 9222 9236 9251 9265 9279 9292 9306 9319
15 o33 o345 osmy  ewo 932 9394 odod o4 | ea2e saal
16 o452 o463 9474 9484 9485 = 9505 9515 9525 | 9535 osds
17 9554 9564 9573 9582 9591 A 9599 960¢ 9616 9625 9633 |
8 o641 o649 oess  oee4 o671 | o678 oesd  see3 | eeae o706
19 ons  ome  om6  or2  orse | oma  sisd  erse | erel  sver
20 o772 o778 o783 o783 o7es | o708  oso] ssos | sm2  oav
21 821 os26  sss0 9834 9838 | 9842 9s4d gm0 | lessa 9857
. 2 " o " e e a
= ogs3 o896 9805 9901 9904 | 9s0s sood  son | eos  s9e )
) o 7 & - - -

25 998 9940 o4l  9e43  seas | 5946 094 9940 |« 9951 s9m2
26 9953 9955 9956 9957 9959 9960 996 2962 |A 9963 9964
27 o065 o966 9967 9968 %69 | ser0  so7| ser2 || ee73 o
28 o074 o975 o976 9977  ser7 | s978 9979 9979 || semo gsm
29 9981 9982 9982 9983 9984 9984 998! 9985 9986 9986
30 9087 o987  oos7  soes  oose | o989  99sd  seso || 9990 90
31 9990 9991 9991 9991 9992 9992 999: 9992 9993 9993
32 0093 9993 094  oosa 9994 | 9994 999  .sees || sess  oses
33 o605 oess 9995 9995 9096 | 9996  909d  sss [[ 9996 o7
34 cco7  oo07 9997 9997 9997 | 9997  o9s] 9997 || 9997  ossm
350 foblEls
and up . J -
NOTE: For values of z above 3.49, use 0.9999 for the area. | commen critical values
“Use these common values that result from interpolation: Confidence  Critcal

zscore _Area Level Value

1645 09500 - — ‘ 0.90 1645

2575 09950 095 196

099 2575




Try this!  Find the area between z

—1.51 and

z=2.37.

Hint: Because Table A-2 gives cumulative areas from the

) =3 - S
left, we must find the area left of z = 2.37, then subtract RIS (continued) Cumulative Area from the LEFT (
from this the area that is left of z = —1.51. z 00, i 02 03 61 2] 06 07 08 09
00 5000 5040 5080 5120 sieo  swe  so39l  s270 | swo 5359
01 5398 5438 5478 5517 5557 5596 563 5675 5714 5753
0.4 02 5793 5932 5871 5910 5948 5987 602 6064 6103 6141
o3 679 ea7 6255 6203 6331 638 a0 6443 | 6480 650
04 6554 6ol 6628 o664 6700 6736 6779 .esos | .esaa 6879
05 6915 6950 685 7ol 7054 goss  7i2s| zis7 |70 7224
06 7257 7291 7324 7357 7389 7422 7454 7486 7517 7549
0.3 o7 7580 761 642 7673 7704 7734 7764 7794 7823 7852
og 789 7910 7939 7967 7995 8023 sos| so7s | si06 813
09 giso  gwes 822 sz saea  sae  sws|  sz40 | ases
10 ans  @ase  eael  eass  ssos sz essd  es77 | sseo gem
‘We must subtract off 1 8643 8665 8686 8708 8720 8749 87 8790 | se10 8830
[ 5 5 B 12 8849 8869 8888 8907 8925 8944 8962 8980 8997 9015
the area in this tﬂll, 13 9032 9049 9066 9082 9099 NS a131 9147 9162 9177
left of z = —1.51 14 9192 9207 9222 9236 9251 o265 o279| @292 | 9308 9319
15 9332 o345 o357 930 932 9394 940 ome | a0 oam
16 ous2 9463 o474  oass 9435 + 9505 9515|9525 | ms35 9545
0.1 17 9554 9564 9573 9582 9591 A 9599 960 9616 9625 9633
8 o641 o649 oess  oee4 o671 | o678 oesd  see3 | eeae o706
19 ons ema o726 o732 o738 | 9744 97 o156 | o1 o767
20 o772 o778 eres  o7es 9793 | 9798 980  9sos | om2  om
21 o2 986 sss0  ess4  sese | omaz  os4d  smso | omsa  sesy
0 v " o " el o 9 a
-1.51 237 = osos 9695 0898 9901 9904 | 9906 990 oon | _ems oo |)
T o T & & - - -
25 998 9940 o4l  9e43  seas | 5946 094 9940 |« 9951 s9m2
26 0053 9055  oose 9957 9959 | 9960  oo6]  see2 |A co63 9964
27 o065 9966 s67  ssee 8969 | 970  so7|  ss72 || eerseom
28 o074 o975 ser6  ee77 9977 | 9978 997 9979 || 9980  sem
29 9981 9982 9982 9983 9984 9984 998! 9985 9986 9986
30 9087 o987  oos7  soes  oose | o989  99sd  seso || 9990 90
31 9990 9991 9991 9991 9992 9992 999: 9992 9993 9993
32 9993 9993 9994 9954 9994 | 9994 999, 9ges || 9095 9905
33 9995 9985 9995 9996 9996 | 9996 999 9996 || o096 9997
34 9097 9907 9997 9997 9997 | 9997  99e] o097 || 997 9998
350 9999
and up . J

NOTE: For values of z above 3.49, use 0.9999 for the area.
“Use these common values that result from interpolation:
zscore _Area
1645 09500 <

2575 09950

Common Critical Values
Confidence Critical

Level  Value
090 1645
095 196

0.99 2575



Try this!  Find the area between z = —1.51 and

=237 _~ | N\ [ POSITIVE z Scores ]

Hint: Because Table A-2 gives cumulative areas from the

) | - <
left, we must find the area left of z = 2.37, then subtract RIS (continued) Cumulative Area from the LEFT ( ]
from this the area that is left of z = —1.51. z 00, o1 02 03 61 05 06 07 08 09
00 s000 5040 5080 5120 sieo  swe s sare | smo 5359
01 5398 5438 5478 5517 5557 5596 563 5675 5714 5753
0.4 02 5703 ses2  sen  sei0  seas  soe7 oz oe4 | 103 e
o3 6179 6255 6293 6331 368 aod  saas’|ileagol " iesw
04 6554 6628 o650 6700 o736  6772] esos | e84 6879
o5 6915 6985 70w 7054 goss 73| 7z | mweo 7224
06 7257 7324 7357 7389 7422 7454 7486 7517 7549
0.3 o7 7580 7642 7673 7704 7734 7764 7794 7823 7852
og 7881 7939 7957  7ees  sozs  sos| so7e | si0s 8133
09 8iso @22 5238 s2ea  me  ess| 340 | &36s  ieses
10 8413 ss61  sags  msos @53 s es77 | sses  sem
‘We must subtract off u 8643 8665 8686 8708 8729 8749 877 8790 | 8810 8830
[ B 5 B 12 8843 8869 8888 8907 8925 8944 8962 8980 8997 9015
the area in this tﬂll, 13 9032 9049 9066 9082 9099 NS a131 9147 9162 8177
left of z = —1.51 14 9192 9207 9222 9236 9251 s26s o279 9202 | 9308 9319
15 o33 o345 osmy  ewo 932 9394 odod o4 | ea2e saal
16 ous2 9463 o474  oass 9435 + 9505 9515|9525 | ms35 9545
0.1 17 9554 9564 9573 9582 9591 A 9599 960 9616 9625 9633
18 o641 o649 oess  oee4 o671 | o678 oesd  see3 | eeae o706
19 ons  ome  om6  or2  orse | oma  sisd  erse | erel  sver
20 o772 o778 o783 o783 o7es | o708  oso] ssos | sm2  oav
21 o2 986 sss0  ess4  sese | omaz  os4d  smso | omsa  sesy
0 2 " o e o] o 9 a
-1.51 2.37 = osos 9695 0898 9901 9904 | 9906 990 oon | _ems oo |)
o o o & - = -
25 998 9940 o4l  9e43  seas | 5946 094 9940 |« 9951 s9m2
26 0053 9055  oose 9957 9959 | 9960  oo6]  see2 |A co63 9964
27 o065 o966 9967 9968 %69 | ser0  so7| ser2 || ee73 o
Answer: 28 9974 9975 976 9977 9977 | 9978 997" 979 || 9980  .oem
29 9981 9982 9982 9983 9984 9984 998! 9985 9986 9986
30 oss7 o087  oom7 9933 o088 | o989  e9ad om0 || 9990 9990
31 9990 9991 9991 9991 9992 9992 999: 9992 9993 9993
P(-151<z<237)=P(z<2.37)—P(z<-151) 32 9993 9995 9994 9994 9994 | 9994 999 9995 || 9005 gsos
33 o605 oess 9995 9995 9096 | 9996  909d  sss [[ 9996 o7
— 0.9911 — 0.0655 34 cco7  ooo7 9997 9997 9997 | 9997  o99] 9997 || 9997  o0ss
350 foblEls
=0.9256 e S
- NOTE: For values of z above 3.49, use 0.9999 for the area. | commen critical values
“Use these common values that result from interpolation: Confidence  Critcal
zscore _Area Level  Value

1645 09500 < —— ] | o e
2575 09950 095 196
0.99 2575




Try this!

Find the probability, P(z > 2.37).

- | I~

POSITIVE z Scores

0z

A (continued) Cumulative Area from the LEFT ( A
z 00 o1 02 03 05 06 o7 08 09
00 5000 5040 5080 520 S0 swe  sa3e|  s270 [ osme  ssso
01 5398 5438 5478 5517 5557 5596 563¢ 5675 5714 5753
02 5793 5832 5871 5910 5948 5987 602 6064 6103 6141
03 679 ea7 6255 6203 6331 638 a0 6443 | 6480 650
04 6554 6ol 6628 o664 6700 6736 6779 .esos | .esaa 6879
05 6915 6050 6985 7ol 7054 7088 73| sz | 7o 7224
06 7257 7291 7324 7357 7 7422 7454 7486 7517 7549
o7 7580 gem  ge4z 7673 7704 7734 gl 7794 | 7823 gmm2
o8 789 7910 7939 7967 7995 8023 sos| so7s | si06 813
09 giso  gwes 822 sz saea  sae  sws|  sz40 | ases
1.0 8413 8438 8461 8485 8508 8531 8554 8577 8599 8621
b 6643 8665 ~ 8cec  &/08 6720 8749 BTN 790 | 880 8830
12 8815 @9  sses 8007 8925 5044  896d 8980 | 8957 9015
13 9032 9045 066 sos2  sove  ows  em| ewr | ew2 ez
14 9192 9207 9222 9236 9265 9279 9292 9306 9319
15 9332 o345 o357 930 932 9394 940 ome | a0 oam
16 o452 9463 o474 4B 9495 + 9505  osis| o525 | 9535 9545
17 9554 9564 9573 9582 9591 A 9599 9608 9616 9625 9633 |
8 641 9649 9656 9664 9671 | 9678 968 o693 | 9609 9706 |
19 ons  em9 726 STz 9738 | 9r44 975 o156 | o1 o767
20 o772 o778 eres  o7es 9793 | 9798 980  9sos | om2  om
21 o821 9m6  sEs0 983 9838 | oea2  osad gm0 | smsa 9857
v ) c 8 el  opps | o o
= og93 9896 9898 9901 9904 | 9906 990 oo | eosowe )
T o 570 & ~
25 9938 9940  goa1 9943 9945 | 9946 994§ 9949 |s 9951 9952
26 9953 9955 9956 9957 9959 9960 996 2962 |A 9963 9964
27 o065 9966 s67  ssee 8969 | 970  so7|  ss72 || eerseom
28 o074 9975 9976 9077 9977 | 9978 997 9979 || 9980  sem
29 9981 9982 9982 9983 9984 9984 998! 9985 9986 9986
30 o087 9987 9987  9s8s 9988 | 9989  99sd  s9oso || 9990 9990
31 9990 9991 9991 9991 9992 9992 999: 9992 9993 9993
32 9993 9993 9994 9954 9994 | 9994 999, 9ges || 9095 9905
33 9095 9995 9995 9996 9996 | 9996 999 9996 || 9006 0907
34 9997 9997 9997 9997 9997 | 9997 999 9997 || see7 o008
350 9999
and up . J

NOTE: For values of z above 3.49, use 0.9999 for the area.

“Use these common values that result from interpolation:
zscore _Area
1645 09500 <

2575 09950

Common Critical Values
Confidence Critical

Level  Value
090 1645
095 196

099 2575



Try this!  Find the probability, P(z > 2.37).

, | ( POSITIVE z Scores |

We make use of the fact that the total area under the
probability density curve is 1. Because Table A-2 gives

i i [ TasLe A-2 NG Y
cumulative areas from the left, we must find the area left RPTTEHR] (continued) Cumlative Ares from the LEFT ‘
of z=2.37, then subtract this from 1. Z b of ) 03 54 2] 06 07 08 09
00 5000 soso 5120  se0  swe  sas9  sare | sz 5359
ol 308 sa7s  ssy sss7 | ssest  sese|  sers | sma o smss
02 5793 se71  ssi0  seas  soe7 oz 6064 | 103 e
0.4 o3 6179 6255 6293 6331 368 aod  saas’|ileagol " iesw
04 6554 6628 o650 6700 o736  6772] esos | e84 6879
o5 6915 6985 70w 7054 goss 73| 7z | mweo 7224
06 7257 7324 7357 7389 7422 7454 7486 7517 7549
o7 7580 J642° 7673 7704 A mzed zzea|izeesi zesa
0.3 og 7881 7939 7957  7ees  sozs  sos| so7e | si0s 8133
- 09 8159 8212 8238 8264 8289 8315 8340 8365 8389
10 8413 ss61  sags  msos @53 s es77 | sses  sem
1 8643 sess  e708  e729  are e erso | ssi0iss30
12 8849 ssss 8907 so2s o4 896d  mos0 | see7  so1s
0.2 13 9032 soss  oos2 S0 ons  em| swz | ew2 sz
" 14 9192 9222 9236 9251 9265 9279 9292 9306 9319
15 9332 o357 om0 om2 o394 940d saw | e eam
16 9452 o474 oasa 9495 + 9505  osis| 9525 | ssss  esas
7 9554 9575 osa2 950 A 9ses  seod  seie | se2s 633
01 8 641 o6s6  oe64 967 | 978 oesd  oee3 | 9699 o706
. 19 9713 9726 9732 9738 9744 975 9756 9761 9767
20 9772 o783 ores  o7ss | o798 .es0f  ssos | sz  oav
21 s821 980 9834 osse | osaz  osad  seso | omsa  ss7
2 ) o e o] o 2 o
0 = o803 969 9898 9901 9904 | 9906 990 oon | emssos )
237 o o o & - = -
- 25 9938 9940 9941 9943 9945 9946 994¢ 9949 |+ 9951 9952
26 9953 9955 9956 9957 9959 9960 996]| 2962 |A 9963 9964
27 o065 o966 9967 9968 %69 | ser0  so7| ser2 || ee73 o
28 o074 o975 o976 9977  ser7 | s978 9979 9979 || semo gsm
Answer: 29 9981 9982 9982 9983 9984 | 9984 998 085 || ses o986
30 oss7 o087  oom7 9933 o088 | o989  e9ad om0 || 9990 9990
31 9990 9991 9991 9991 9992 9992 999: 9992 9993 9993
32 9005 9995 9934 9994 9994 | 9904 9994 9005 [| 9995  99ss
P(z>237)=1-P(z<2.37) 53 o9s5 sess 9995 9996 9096 | 9996  0ad 9996 [| 9996 o997
34 cco7  oo07 9997 9997 9997 | 9997  o9s] 9997 || 9997  ossm
—1_ 350 9999
1-0.9911 e & )
= 0.0089 NOTE: For values of z above 3.49, use 0.9999 for the area. | Commen Critical Values
“Use these common values that result from interpolation: Confidence Critical
zscore _Area Level  Value

1645  0.9500 < — e = | o e
2575 09950 095 196
0.99 2575




Try this!  Find the z score associated with a probability
value of 0.8461.




Try this!  Find the z score associated with a probability

value of 0.8461. T POSITIVE z Scores

0 -
We make use of the fact that the positive z table gives
probabilities that are between 0.5 and 1, inclusive, to EESTSA (continued) Cumulative Area from the LEFT
deduce that the given probability value is on the positive | . - - - - o o = o8 0o
z table.
00 5000 5040 5080 5120 si60 S99 5239 5279 539 5359
01 5398 5438 5478 5517 5557 5596 5636 5675 5714 5753
02 5793 5832 5871 5910 5948 5987 6026 6064 6103 6141
03 6179 6217 6255 6293 633 | 6368 6406 5443164800 " e517
04 6554 6591 6628 6664 6700 6736 6772 6808 6844 G879
04 o5 6915 6950 6985 7019 7054 7088 7128 gis7 w0l 7224
06 7257 7291 7324 7357 7389 7422 7454 7486 7517 7549
o7 75801 7eN 7eaz 7673 7704 7734 igmeA’ zisaligeasiii gesy
o8 7881 7910 7939 7967 7995 8023  BOSI 8078 8106 B33
09 giso mss s 625 664 8289 8ws B340 8365 8389
03 10 8413 8438 8461 8495  BS08 853 @S54 8577 8590  8e2
1 643 8665 sess  .§708 G720 &749 8770 8790 86108830
12 8349 8369 8888 8907 8925 8044 8962 8980 8997 90
13 9032 9049 9066 9082 9098 ouS S o7 w2 9w
14 9192 9207 9222 9236 9251 9265 9279 9292 9306 9319
0.2 15 o332 o345 o3y 9370 932 934 9406 4B 9420 9441
16 o452 9463 o474  94sa 9435 + 9505 9515 9525 9535 9545
7 o554 o564 9573 9582 9591 A 9599 9608 Sel6 | 9625 9633
18 o641 o640 965 0664 967 | 9678 9685 9693 9699 9706
19 ons  ome  9;6 o7z oy | oma o750 e7se o761 9767
01 20 o772 o778 9783 o783 o793 | 9708 9803 9808 9812 987
21 82 o825 9830 983 9838 | 9842 9846 8s0 9854 9857
22 o961 o8s4  oses 987 0875 | 9878 oem 9884 9887 9890
23 9893 9896 9898 9901 9904 9906 9909 oomn 9913 9916
24 o8 9920 9922 9925 9627 | 9929 993 9932 9934 9936
o 25 9936 9040 991 9943 9945 | 9946 9948 9949 » 9951 9952
26 9953 9955 9956 9957 9959 9960 9961 2962 A 9963 9964
27 0065 0966 9967 9968 9969 | 8970 997 se72 | 9973 .74
28 o074 o975 o976 9977  se77 | 9978 9979 9979 | 9980 9981
29 9981 9982 9982 9983 9984 9984 9985 9985 9986 9986
30 oss7 o087 o087 9933 0088 | 9989 9989 9989 | 9990 9990
31 9990 9991 9991 9991 9992 19992 9992 9992 9993 9993
32 0093 9993  ©0994  oosa 9994 | 9994 9994 9885 | 9095 9995
33 o605 5es5 9995 9995 9996 | 9996 9996 9996 | 9996 9007
34 cco7  ooo7 9397 9997 9997 | 9997 9997 9997 | 9997 9998
350 foblEls
and up
NOTE: For values of z above 3.49, use 0.9999 for the area. | commen critical values
“Use these common values that result from interpolation: Confidence  Critcal
zscore _Area Level  Value

1645 09500 < — e = | o e
2575 09950 095 196
0.99 2575




Try this!  Find the z score associated with a probability
value of 0.8461.

, | ( POSITIVE z Scores |

We make use of the fact that the positive z table gives
probabilities that are between 0.5 and 1, inclusive, to

JEESAA (continued) Cumulative Area from the LEFT |

deduce that the given probability value is on the positive | . - - - o o = o8 0o
z table. We need to locate the probability closest to
- ! 00 5000 5040 5080 5120 si60 S99 5239 5279 539 5359
0.8461, then use the row and column intersection to ol 5398 5438 5478 5577 5557 | 55967 5636 S675 574 5753
determine the corresponding value of z. 02 5703 5832 5871 5010 5948 5987 6026 6064 6103 6141
03 6179 6217 6255 6293 633 | 6368 6406 5443164800 " e517
04 6554 659 6628 G664 6700 6736 6772 6808 6844 6879
04 o5 6915 6950 6985 7019 7054 7088 7128 gis7 w0l 7224
06 7257 7291 7324 7357 7389 7422 7454 7486 7517 7549
o7 75801 7eN 7eaz 7673 7704 7734 igmeA’ zisaligeasiii gesy
o8 788 7910 7959 797 7995 8023 .80SI 8078 06 BI33
09 R o 64 sz8s es5 8340 83658389
03 10 a3 8438 ( 8461 ]8455 8508 .53 @554 8577 8509 62l
1 8643 8665 Jgros 4720 a9 8770 8790 86108830
12 8349 8369 8888 8907 8925 8044 8962 8980 8997 90
13 9032 9049 9066 9082 9098 ouS S o7 w2 9w
14 992 9207 o222  e23%  ©251 9265 9279 9292 9306 9319
0.2 15 9332 0345 o7 930 932 o34 9406 948 9425 9441
16 o452 9463 o474  94sa 9435 + 9505 9515 9525 9535 9545
7 o554 o564 9575 9582 9501 A 9599 9608 9A16 9625 9633
18 o641 9649  oess 9664 9671 | 9678 9686 9683 9699 9706
19 ons  ome  9;6 o7z oy | oma o750 e7se o761 9767
01 20 o772 o778 9783 o783 o793 | 9708 9803 9808 9812 987
21 o821 s 9830 9834 9833 | 9842 9846  98S0 9854 9857
22 o961 o8s4  oses 987 0875 | 9878 oem 9884 9887 9890
2 o803 o895 9898 9801 9904 | 9806 9909 S9N 990 9916
24 o8 9920 9922 9925 9627 | 9929 993 9932 9934 9936
o 25 9936 9040 991 9943 9945 | 9946 9948 9949 » 9951 9952
26 9953 9955 9956 9957 9959 9960 9961 2962 A 9963 9964
27 0065 0966 9967 9968 9969 | 8970 997 se72 | 9973 .74
28 o074 o975 o976 9977  se77 | 9978 9979 9979 | 9980 9981
29 9981 9982 9982 9983 9984 9984 9985 9985 9986 9986
30 oss7 o087 o087 9933 0088 | 9989 9989 9989 | 9990 9990
31 9990 9991 9991 9991 9992 9992 9992 9992 9993 9993
32 0093 9993  ©0994  oosa 9994 | 9994 9994 9885 | 9095 9995
33 o605 5es5 9995 9995 9996 | 9996 9996 9996 | 9996 9007
34 cco7  ooo7 9397 9997 9997 | 9997 9997 9997 | 9997 9998
350 foblEls
and up
NOTE: For values of z above 3.49, use 0.9999 for the area. | commen critical values
“Use these common values that result from interpolation: Confidence  Critcal
7 score Area Level Value
1645  0.9500 - 1 ‘ 0.90 1645
2575 09950 095 196

0.99 2575



Try this!  Find the z score associated with a probability

value of 0.8461. _~ | N\ [ POSITIVE z Scores ]

We make use of the fact that the positive z table gives

probabilities that are between 0.5 and 1, inclusive, to BV (continued)(Cumulatye Area from the LEFT _ T
deduce that the given probability value is on the positive | . - - o o = o8 0o
z table. We need to locate the probability closest to
- ! 00 so00 5040 | sos0  |siz0 599 5239 5279 539 5359
0.8461, then use the row and column intersection to o1 ss0e  sazs | sae  |ssw ss06° 5636 Se7s  S74 5753
determine the corresponding value of z. 02 5703 sgs2 | sem 5910 5087 6026 6064 6103 6141
03 e7s 627|625 [ezes 6368 6406 6443 6480 6517
04 6554 esol | eo2e  [eeea 673 6772 6808 6844 6879
0.4 o5 o015 6950 | eoes  |row 088 723 757780 7224
06 7257 7291 7324 7357 7422 7454 7486 7517 7549
o7 7580 zen | zeaz |rers 7734 giea 7794 783 7s2
o8 783 790 | 7939|767 8023 805 8078 8106 8133
o i 166 22 lopse  epes  mams  sss  esac  s3ss  eseo
0.3 10| sex  siss | il fews  seos sss et g5 sws oo )
12 349 8360 | ssss  |so07  ees  meas  soe2  sos0 8997 90
13 o032 90as |.soes |ooe2 sose ews  em  ewr  sw2  ew
14 o192 9207 | 222 |e2se  sest o265 s270 9202 9306 9310
0.2 15 o552 osas | ossz oo o3z o3sa o405 sale 9426 .sad
16 ous2 o463 | oa7a  [oass 9435 + 9505 9515 9525 9535 9545
7 o554 osea | 9575 |osaz  ssm A 9ses  seos  sele 9625 9633
18 o641 9649 | oess  [oes4  e671 | 9678 9686  9ee3 9690 9706
19 ons  oms | .ome  |ors2 ey | oma  sso  ere  er61  s761
01 20 o772 o778 | o783 |ores  o7es | o708  oe0s  seos  sm o8y
21 o821 om |ssso  fossa  osse | seaz  omas  emso  emsa  ss57
22 ose1  osss | sses  |oan  oe7s | o987 oee1  9ass  oss7 9890
2 ooz onos | .osos  [osor  e004 | ss0s  sw0s  sen  gms  sue
24 oo8 9920 | o922 fo925  se27 | ss2e  oom  sez2 9934 9936
o 25 9036 0040 |.oem  fooss 0045 | seas o048 o040 » o5 99m2
26 9953 9955 9956 9957 9959 9960 9961 2962 A 9963 9964
27 o065 o966 | o967  fosss  seee | ser0 sm ser2 | s973  oma
28 o074 o975 | o976  lo077  serr | se78 9079  9w79 | sem0 gvm
. 29 9981 o082 | 9982 9983 9984 9984 9985 9985 9986 9986
Answer: 30 o7 o087 | ooe7 [sose  o%s | soms  ssms  ssas | 990 9990
31 9990 9991 9991 9991 9992 9992 9992 9992 9993 9993
. . . 32 9993 9993 9994 9994 9994 9994 9994 9995 9995 9995
The row and column intersection give us two 33 o095 9sss | .eses  |esse 9996 | 9996 9995 9996 | 2996 9997
parts of the desired z value, 1.0 and .02. Putting O 0 N 0 L DL - e
these values together gives us the answer, z = and up WS,
1.02 NOTE:For values of 2 aiove 549, use 0,999 forthe area. " Common criiat vaes
“Use these common values that result from interpolation: Confidence  Critcal
zscore _Area Level Value
1645  0.9500 — - ‘ 0.90 1645

095 196
0.99 2575

2575 09950
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Try this!  Find zq if o = 0.05.

POSITIVE z Scores

A (continued) Cumulative Area from the LEFT

z 00 o 02 03 04 05 06 o7 08 08
oo 5000 5040 5080 520 5160 5199 5239 5279 539 5359
01 5398 5438 5478 5517 5557 5596 5636 5675 5714 5753
02 5793 5832 5871 5910 5948 5987 6026 6064 6103 6141
03 678 627 6255 6293 6331 6368 6406 6443 6480 6517
04 6554  ©591 6628 6664 6700 6736 6772 6808 6841 6879
05 £915 6950 6985  7OI9 7054 7088 723 7157 719 7224
06 7257 7291 7324 7357 7389 7422 7454 7486 7517 7549
o7 7580 76m 7642 7673 7704 7734 764 7794 7823 7852
08 78 7910 7939 7967 7995 8023  8OS| 8078 8106 BI33
09 g9 886 8212 8238 8264  B289  BES 8340 | 8365
1.0 8413 8438 8461 8485 8508 8531 8554 8577 8599 8621
1 8643 8665 8686 8708 6729 &40 8770 8790 810 8830
12 8849 8869  8sss 8907  BO25 8944 8962 8980 8997 9015
13 9032 048 9066 9082 9099 9ils sis1 o7 962 977
14 9192 9207 9222 9236 9251 9265 9279 9292 9306 9319
15 9332 9345 9357 930 932 0394 9406 9418 9420 9441
16 9452 9463 9474 9484 9495 # 9505 9515 9525 9535 9545
17 9554 9564 9573 9582 9591 A 9599 9608 9616 9625 9633
a=0.05 8 9641 9649 9656 9664 9671 | 9678 9686 9693 9699 9706
9 ons  e7e 9726 o732 o7se | 9744 9750 9756 9761 9767
20 s772 o778 e783 9788 9795 | 9798 9803 9808 9Bz 9817
21 9821 9826 8850 9834 9838 | 9842 9846 9850 0854 9857
22 9861 9864 9868 9871 9875 | 9878  .98m 9884 9387 9890
23 9893 9896 9898 9901 9904 9906 9909 [9m 9913 9916
24 9018 9920 9922 9925 9927 | 9929 9931 9932 9934 9936
Za 25 9938 9940 9941 9943 9945 | 9946 9948 9949 x 995 9952
26 9953 9955 9956 9957 9959 9960 9961 2962 A 9963 9964
27 9965 9966 9967 9968 9969 | 9970 9971 9972 | 9973 o7
28 co74 9975 9976 9077 9977 | 9978 9979 9979 | 9980 9981
29 9981 9982 9982 9983 9984 9984 9985 9985 9986 9986
30 9987 9987 9987 9988 9988 | 9989 9989 9989 | 9990 8990
31 9990 9991 9991 9991 9992 9992 9992 9992 9993 9993
32 9993 9995 9994 9934 9994 | 9994 9994 9995 | 9995 9995
53 9095 9995 9995 9996 9996 | 9996 9996 9996 | 9996 9997
54 9997 9997 8997 9997 9997 | 9997 9997 9997 | 9997 9998
350 9999
andup .
NOTE: For values of z above 3.48, use 0.9999 for the area. [ Common critical Values
“Use these comman values that result from interpolation: Confidence Critical
zscore _Area Level  Value
1645 09500 < —— e ‘ 0.90 1645
2575 09950 095 196
092 2575




Try this!  Find zq if o = 0.05.

We draw a normal distribution and locate zq along the
horizontal axis, far right of center. We suppose the area _—L P O S I T I V E zZ s cores

right of zg is a@ = 0.05. ¢

[ (continued) Cumulative Area from the LEFT

z 00 ul 02 03 04 os 06 o7 08 09
00 5000 5040 5080 520 5160 5199 5239 5279 539 5359
o1 5398 5438 5478 557 5557 | 5596° 5636 8675 574 57S3
02 5793 5832 587 5910 5948 5987 6026 6064 6103 6Ml
03 679 627 6255 6293 6331 6368 6406 6443 6480 657
04 6554 ©591 6628 G664 6700 6736 6772 6808 6844 6879
os 6915 6950 6985 7019 7054 7088 7125 757 7190 7234
06 7257 7291 7524 73 7389 7422 AS4 7486 7517 7549
07 7560 76N 7642 7673 7704 7734 764 7794 7823 7882
o8 78 7910 7939 7967 7995 8023  8OS| 8078 8106 BI33
09 @59 @@ 822 823 8264 889 835 8340 8365 8389
10 8413 8438 8461 8485  BS0B 853 8554 @577 8599 862l
11 8643 8665 8686 8708 6729 &40 8770 8790 810 8830
12 8849 8869  8sss 8907  BO25 8944 8962 8980 8997 9015
13 9032 9049 6066 9082 9099 NS  SE1 o7 962 9177
14 9192 9207 9222 923 95| 9265 9279 9292 9306 9319
15 9332 9345 9357 %0 932 9304 9406 948 9429 9441
16 9452 9463 9474 9484 9495 + 9505 9515 9525 9535 9545
17 9554 9564 9573 9582 9591 A 9599 9608 9616 9625 9633 |

a = 0.05 18 9641 9649 9656 9664 9671 | 9678 9686 9693 9699 9706
19 ons  e79 o726 e732 9738 | 944 9750 9756 9761 9767
20 9772 9778 6783 S78s 9793 | 9798 9803 9808 912 9817
21 821 9826 9830 983 9838 | 9842 9846 9850 9854 8857
22 9861 9864 9868 987 9875 | 9878 988 9884 9887 9890
23 0893 9896 9808 9901 9904 | 9906 9909 991 991 5916
24 9018 9920 9922 9925 9927 | 9929 9931 9932 9934 9936

2o 25 9938 9940 9941 9943 9945 | 9946 9948 9949 = 9951 9952
26 9953 9955 9956 9957 9950 | 9960 9951 9962 A 9963 9964
27 9965 9966 9967 9968 9969 | 9970 9971 9972 | 9973 o7
28 co74 9975 9976 9077 9977 | 9978 9979 9979 | 9980 9981
29 9e81 9982 9982 9983 9984 | 9984 9985 9985 | 9986 9986
30 o987 9987 9987 9988 9988 | 9989 9989 9989 | 9990 9990
31 9990 9981 9991 9991 9992 | 9992 9992 9992 | 9983 9963
32 0095 9993 9994 9994 9994 | 9994 9954 9995 | 9995 9995
33 9095 9995 9995 9996 9996 | 9996 9996 9996 | 9996 9997
34 9997 9997 9997 9997 9997 | 9997 9997 9997 | 9997 9998
350 9999
and up

NOTE: For values of z above 3.49, use 0.9999 for the area. [ Common critical Values
“Use these common values that result from interpolation Confidence Critical
zscore _Area Level Value

1645 09500 < —_— e | o e
2575 09950 095 196
099 2575




Try this!  Find zq if o = 0.05.

We draw a normal distribution and locate zq along the |
horizontal axis, far right of center. We suppose the area T R [ P O S I T I V E r4 s cores ]
right of z¢ is o = 0.05.

Because of the way the table is constructed, with

QIEFA (continued) Cumulative Area from the LEFT ]

cumulative areas left of some critical value of z, we must

use the fact that total area under the the curve is 1. The |~ 00, B = o2 o4 L L o o 5

area left of zg is 00 5000 5040 5080 S0 se0  s99 5239 5279 53 5359
al 5398 5438 5478 5517 5557 5596 5636 5675 5714 5753
0.2 5793 5832 5871 5910 5948 5987 6026 6064 6103 6141
o3 o7 a1 ezss eass | esseu8 6406 eAds’ibaE0l GSi

l a 1 - 005 095 0.4 6554 6591 6628 6664 6700 6736 6772 6808 6844 6879
os 6915 6950 6085 7018 7osa  7ogs 7123 77 w0 7224
06 7257 7291 7324 7357 7389 7422 7454 7486 7517 7549
07 7580 7en7eaa 7ers g704 g7saiea gzsagexsi @sa
o8 788 790 793 7957 7995 8023 805\  8O7E 8106 AIS3
09 Biss  mwms  so2 2% 664 8283 aws 8340 8358389
10 A4s 8433 845 s4ss 8508 8s3 @554 @577 8599 @62l
W 8645 sces  sess  &0n 720 G749 s7o 8750 88108830
12 sods  sees  ssss 8907  so2s 8344 8962 G980 8997 901
i 9032 so4s 9066  o0s2 5099  ous @ ow7 o2 e
14 9192 9207 9222 9236 9251 9265 9279 9292 9306 9319
is o352 o345 9357 ew0 32 o4 9406 o418 9420 944l
16 o452 oM63  ©474  oass 9495 + 9505 9515 9525 9535 9545
1 o554 sse4 573 ose2 9591 A 9599 e60B oE6 9625 8633
18 ‘o641 o649 9656 9664 9671 | 9678 9686 8693 9699 9706
is ons one  om6  om2  erse | om4  s7s0  erse ol 976y
20 o772 o8 o3 o7 9795 | o798 9803 9sos  seiz 9@l
21 o821 o2 9@ sssa  ogss | 9sa2 986 SEs0 94 9857
22 o861 o84  o@ss 9871 9875 | oms  osm  9ae4 9887 9890
23 9893 9896 9898 9901 9904 9906 9909 oomn 9913 9916
24 osi8 9920 o022 o925 927 | 9923 993 9932 9934 9936
25 993 9040 9941 9943 9945 | osdo 9948 9949 % 9951 6952
26 9953 9955 9956 9957 9959 9960 9961 2962 A 9963 9964
27 9965 sse6  see7 968 9969 | 9970 gem 972 | 9973 9974
28 o7 9975  oe7s o771  so77 | o978 9979 9979 | 9980 0l
29 9981 9982 9982 9983 9984 9984 9985 9985 9986 9986
30 9987 o087 o987 o83 o088 | o980 9989 9983 | 9990 9990
31 9990 9991 9991 9991 9992 19992 9992 9992 9993 9993
32 0995 9993 9994 9094 9994 | 9904 o994 9995 | 9995 9995
53 0995 o9e5 9965 looe 9996 | 9996 9995 9996 | 9996 9997
54 997 o997  99e7  ses7 o097 | so37  e997 9997 | 9997 9998
350 foblEls
S
NOTE: For values of z above 3.49, use 0.9999 for the area. | commen critical values
“Use these common values that result fram interpolation: Confidence Crtical
zscore _area Lol value

1645  0.9500 <—— — e = | o e
2575 09950 095 196
0.99 2575




Try this!  Find z4 if a = 0.05.

We draw a normal distribution and locate zq along the
horizontal axis, far right of center. We suppose the area ——— | | ™ [ P O S ITIVE z s cores ]
right of zg is a@ = 0.05. o

Because of the way the table is constructed, with

N o QPRSP (continued) Cumulative Aref from the LEI ]
cumulative areas left of some critical value of z, we must
use the fact that total area under the the curve is 1. The | = L il o L & i i 5
area left of zg is 00 s040  s080 520 | sweo  swe | some  sa7e  sme  suse
01 5438 5478 5517 5557 5596 5636 5675 5714 5753
02 se2  sen  so0 | Soas  sus7 | 6026 604 6103 6w
_ 03 6a17 6255 e203 | ems 38 | eaos  ea4seas0l sl
1 a 1- 005 - 095 0.4 8591 6628 6664 6700 6736 6772 6808 6844 6879
o5 6950 6oss  gow | gosa  z0es | 73 gsz ;o 7224
06 7291 7324 7357 7389 7422 7454 7486 7517 7549
o7 en  eas gers | 7704 7rsa | gmea zzea ezt gesa
o8 790 7359 7oe7 | 7995 8023 | .s0si 8oz s05 8133
09 oes 22 o2s | s sz | sws  esa0  sms  eses
1.0 8438 8461 8485 8508 8531 8554 8577 8599 8621
i 665 sess  vos | e720  ame | ezo  e790 lgei0 830
12 3o sses  .eo07 | 8925  seas | soe2 @980 8997 eois
13 9049 9066 9082 9099 NS a131 9147 9162 9177
14 9207 9222 9236 9251 9265 9279 9292 9306 9319
ase  on aal
16 0452 o063 o474 oass | 9495 + 9505 | osis o535 9535 9545 )
7 = 7 TSST—A—S5eT |~ = T =
18 o6m  oeao  96ss o664 | 9671 | ge7e | oess  see3 9699 9706
19 ons ome o6 o7s2 | ose | ema | s7s0 sve e 9767
20 o2 o778 73  o7ss | 9793 | 9798 | s9e0s  sosos  em2  ee17
21 o821 s  ssso  ossa | osss | seaz | omas  emso  emsa  .css7
22 o561 ossa  oses  oen | oers | osve | sem  osss  oes7 9890
2 osos oo  osos  osor | 9904 | seos | seos sen  ms  sue
24 oo8 9920 9922 9925 | se27 | s | oom  sos2 9934 9936
25 9036 0040  som 9943 | 9945 | seas | o048 o040 » o5 g9m2
26 9953 9955 9956 9957 9959 9960 9961 2962 A 9963 9964
27 o065 o966 9967 9968 | 60 | ser0 | som ssr2 | e973  oma
Answer: 28 o074 o975 oa76 9977 | wer7 | se78 | 9079 9979 | sem0 gvm
29 9981 9982 9982 9983 9984 9984 9985 9985 9986 9986
30 oos7 o087  oom7 9983 | ooss | soveo | eems  seso | 9990 9990
- oR 31 9990 9991 9991 9991 9992 9992 9992 9992 9993 9993
We find two probability values equally close to 2 | 9995 o093  oees  o9a4 | oooa | sosa | ooa  sess | sess  sses
0.95; and these values are associated with z = 33 o605 sess 9905 9996 | ees6 | 9996 | 096  sees [ 9996 ee7
" N 34 cco7  oo07 9397 9997 | 9997 | s997 | oee7 9997 | 9997  o9s8
1.64 and z = 1.65. Notice the asterisk between 350 9989
these two numbers points us to the bottom left il T
" ] NOTE: For values of z above 3.49, use 0.9999 for the area Common Critical Values
portion of the table which tells us to take z = *Use these common values that result from interpolation Confidence Criical
1.645 (the midpoint between z = 1.64 and z = Zscors, e el value
1645 09500 — B 0.0 1645
1.65) as the answer. I oo ies
0ss 2575




Try this!
percentile.

Find the z-score associated with Pgg, the goth

POSITIVE z Scores

QEEE A (continued) Cumulative Area from the LEFT

z 00 o 02 03 04 s 06 o7 08 08
00 5000 5040 5080 5120 5160 5199 5239 5279 539 5359
o1 5398 5438 5478 5517 S557 | 5596° 5636 5675 574 5753
02 5703 5832 587 5910 5948 5987 6026 6064 6103 6141
03 6179 6217 6255 6295 6351 6368 6406 6443 6480 6517
04 6554 6591 6628 6664 6700 6736 6772 6808 6844 6879
os £915 6950 6985  7OI9 7054 7088 723 7157 719 7224
a6 7257 7291 7524 7357 7389 7A22  A5A 7486 7577 7549
o7 7580 761 642 7673 7I04 774 7764 7794 7823 7852
o8 7881 7e0 7959 7967 7995 8023 8OS| 8078 806 8133
09 @59 886 8212 8233 s2ea 8289 85 8340 8365

10 8413 8433 8461 8485 8508 8531 @554 8577 8599 8621
1 8643 8665 8686 8708 8720 8749 8770  &90 8610 8830
12 8849 8860 8BS 8907 8925 8944 8962 8980 8997 9015
13 9032 9049 9066 9082 9099 .9US 9131 ou7 962 977
14 9192 9207 o222 923 9251 9265 9279 9292 9306 9319
15 9332 9345 9357 9370 9382 9394 9406 9418 9420 9441
16 9452 9463 9474 9484 9495 # 9505 9515 9525 9535 9545
17 9554 9564 9573 9582 9591 A 9599 9608 9616 9625 9633
18 9641 9649 9656 9664 9671 | 9678 9686 9693 9699 9706
19 s 9719 9726 o732 9738 | 9744 9750 9756 9761 9767
20 s772 o778 e783 9788 9795 | 9798 9803 9808 9Bz 9817
21 9821 9826 9830 9834  98%8 | 9842 9846 9850 9854 9857
22 9861 9864 9868 9871 9875 | 9878  .9@m 9884 9887 9890
23 893 8896 9898 9901 9904 | 9906 9909 9811 9913 9916
24 9518 9920 9922 9925 9927 | 9920 9931 9932 9934 9936
25 9938 9940 9941 9943 9945 | 9946 9948 9949 x 9951 9952
26 9953 9955 9956 9957 9950 | 9960 9961 9962 A 9963 9964
27 9965 9966 9967 9968 9969 | 9970 9971 9972 | 9973 0974
28 9974 9975 976 9977 9977 | 9978 9979 9979 | 9980 998l
29 9981 9982 9982 9983 9984 | 9984 9985 9985 | 9986 9986
30 9987 9987 9987 9988 9988 | 9989 9989 9989 | 9990 8990
a1 9990 9991 9991 9991 9992 | 9992 9992 9992 | 9995 9993
32 9993 9993 9934 9994 9994 | 9994 9994 9995 | 9995 9995
53 9995 9995 9995 9996  .9996 | 9996 9996 9996 | 9996 9997
34 9997 9997 8997 9997 9997 | 9997 9997 9997 | 9997 9998
350 9999

andup

NOTE: For values of z above 3.49, use 0.9999 for the area.
“Use these common values that result from interpolation:
zscore _Area
1645 09500 <

2575 09950

Common Critical Values
Confidence Critical
Level  Value

090 1645
095 196
099 2575




Try this!  Find the z-score associated with Pgg, the goth

percentile. . ‘ [ POSITIVE z Scores ]

9 _ )
Recall that Pgg separates the lower 90% from the upper  greygrey o inuedy Cumulative Area from the LEFT ]

10%. We locate a z value along the horizontal axis, far
left of center, and assign the probability or area to the left |~ % o = R
of the z value to be 0.9000. Afterwards, we look in the 00 5000 5040 5080 5120 5160 5199 5239 5279 5319 5359
", N ol 5398 5438 5478 5517 5557, 5596 5636 5675 5714 5753
body of the positive z table for 0.9000, then determine 02 5703 5832 .58 5010 5948 5087 6026 6064 6103 6141
; : 03 6179 6217 6255 6293 633 | 6368 6406 5443164800 " e517
from the row and column intersection the correct value of | [ T T T T
Z. o5 6915 6950 6985 7019 7054 7088 7123 7157 7190 7224
06 7257 7291 7324 7357 7389 7422 7454 7486 7517 7549
o7 75801 7eN 7eaz 7673 7704 7734 igmeA’ zisaligeasiii gesy
0.4 o8 7881 7910 7939 7967 7995 8023  BOSI 8078 8106 B33
09 giso mss s 625 664 8289 8ws B340 8365 8389
10 8413 8438 8461 8495  BS08 853 @S54 8577 8590  8e2
i 643 8665 sess  .§708 G720 &749 8770 8790 86108830
12 8349 8369 8888 8907 8925 8044 8962 8980 8997 90
0.3 13 9032 9049 9066 9082 9098 ouS S o7 w2 9w
14 9192 9207 9222 9236 9251 9265 9279 9292 9306 9319
15 9332 0345 o7 930 932 o34 9406 948 9425 9441
16 o452  ©463 o474 9484  94g5 = 9505 9515 9525 9535 9545
0.2] 7 o554 o564 9575 9582 9501 A 9599 9608 9A16 9625 9633
18 o6 o640 965 9664 967 | 9678 9686 9693 9699 9706
19 ons  ome  9;6 o7z oy | oma o750 e7se o761 9767
20 o772 o778 9783 o783 o793 | 9708 9803 9808 9812 987
1 21 o821 s 9830 9834 9833 | 9842 9846  98S0 9854 9857
0. 22 9861 9864 9868 9871 9875 9878 9881 9884 9887 9890
23 o803 o895 9898 9801 9904 | 9806 9909 S9N 990 9916
24 o8 9920 9922 9925 9627 | 9929 993 9932 9934 9936
area 0.90 25 9938 9940 9941 9943 9945 9946 9948 9949 = 9951 9952
0 26 9953 0055  cose 9957 9950 | 9960 9961 9962 A 9963 9964
z 27 9965 9966 9967 9968 9969 9970 9971 9972 9973 9974
28 o074 o975 o976 9977  se77 | 9978 9979 9979 | 9980 9981
29 9981 9982 9982 9983 9984 9984 9985 9985 9986 9986
30 oss7 o087 o087 9933 0088 | 9989 9989 9989 | 9990 9990
31 9990 9991 9991 9991 9992 9992 9992 9992 9993 9993
32 0093 9993  ©0994  oosa 9994 | 9994 9994 9885 | 9095 9995
33 o605 5es5 9995 9995 9996 | 9996 9996 9996 | 9996 9007
34 cco7  ooo7 9397 9997 9997 | 9997 9997 9997 | 9997 9998
350 foblEls
and up
NOTE: For values of z above 3.49, use 0.9999 for the area. | commen critical values
“Use these common values that result from interpolation: Confidence Critical
zscore _Area Level  Value

1645  0.9500 < — e = | o e
2575 09950 095 196
0.99 2575




Try this!  Find the z-score associated with Pgg, the goth

percentile. ‘ [ POSITIVE z Scores ]

0, S——
Recall that Pgg separates the lower 90% from the upper vy corinued) Cumuiative Area from the LEFT ]

10%. We locate a z value along the horizontal axis, far
left of center, and assign the probability or area to the left |~ % o - %05 o] o 2%
of the z value to be 0.9000. Afterwards, we look in the it e IO TR - 1| . -
. . 01 5438 5478 5517 5557 5596 5636 5675 5714 5753
body of the positive z table for 0.9000, then determine 02 5832 5871 5010 So4g 5087 6026 .6064| 6103 6141
; : 03 6217 6255 6203 638 638 6406 6443 6480 g8l
from the row and column intersection the correct value of | [ . BT
Z. o5 6950 6985 7013 7054 7088 7123 7157 7190 7224
06 7291 7324 7357 7389 7422 7454 7486 7517 7549
o7 76N 7643 7673 7704 77sa gzear zzeal’izeesi gesa
0.4 o8 790  7ss0  7oe7 7995 8023 gosi  sore| sos 8133
09 86 22 8238 s s w5 e3a0|  s3ms eses
1.0 8438 8461 8485 8508 8531 8554 8577 8599 8621
aca i zen| mmo
12 8349 860 8888 8907  o25 8044 8962 6980|8997 90
0.3 T 75— & L o T
14 o192 9207 o202 923 925 9265 o279  s202| 9306 9319
15 o332 o345 o7 930 o2  om4 9406 o4l 9420 ssa
16 o452 o463 o474 o484  odss = 9505 9515 9525| 9535 9545
0.2 7 o554 o564 9575 9582 9501 A 9599  9e08  oele| 9625 9633
18 o6  o6ao 9656 9664 967 | 9678 9685 9693|9699 9706
19 ons  ome  om6 72 oy | oma oo erse| o761 s767
20 o772 o778 o783 o783 .o7e3 | o708 9803 ssos| om  oav
1 21 o821 om%  sss0 o834 9838 | geaz  oa4s  omso| essa o857
0. 22 9861 9864 9868 9871 9875 9878 9881 9884 9887 9890
23 osos o9  osos 9801 9904 | se06 9909 sen| oms  sue
24 oo 9920 9922 9925  e27 | ss29  oom  sos2| 99s4 9936
area 0.90 25 9938 9940 9941 9943 9945 9946 9948 9949| = 9951 9952
0 26 9953 9955 9956 9957 9959 | 9950 9961 o962| A 963 9964
z 27 9965 9966 9967 9968 9969 9970 9971 9972 9973 9974
28 o074 o975 o976 9977  se77 | s978 9979  9979| | sem0  gvm
29 9981 9982 9982 9983 9984 9984 9985 9985 9986 9986
30 oos7 o087  oom7 9933 o088 | o989  e9ms  sesol| | 9990 9990
AnSWel': 31 9990 9991 9991 9991 9992 9992 9992 9992 9993 9993
32 9005 9995 9934 9994 9994 | 9904 9994  soos| | 9995  99m5
33 o605 oess 9995 9995 9096 | 9996 9996  soss| [ 9996 o007
34 cco7  ooo7 9997 9997 9997 | 9997 o997  9997| | 9997  o9s8
It seems as if there are two probabilities in the e -/
table closest to 0.9, namely 0.8997 and 0.9015. NOTE: For values of z above 3.49, use 0.9999 for the area. Common Critical Values
Since 0.8997 iS ) mUCh CIOSer to 0.9 lhan *Use these common values that result from interpolation: Cozg\ji:‘nce C\;;U::;\
zscore _Area Level  value
0.9015 is, we take z = 1.28 to be the best ap- 1645 0.9500 < L — 090 1645
proximate value of z associated with Pgg. S e e
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Sampling Distributions

The key point of Section 6.4 is to introduce the concept of a
, which is the distribution of all values of that statistic
when all possible samples of the same size are taken from the same population.

Consider the goal of trying to find the true proportion of all Alzheimer’s patients
who will have a particular side effect if they take an experimental drug that a
pharmaceutical company wants to test. Because it is impossible and impractical to
conduct a census, the drug manufacturer, with the FDA'’s approval, conducts
clinical trials or repeated samples of Alzheimer’s patients. The drug is given to the
patients and the sample proportions are calculated. That is, the proportion of
patients from each sample experiencing the undesired side effect is

determined. [1]

Conclusions the pharmaceutical company makes require that they understand the
behavior of the sampling distribution of all such sample proportions. Though they
may have only one or a few samples, meaningful conclusions can be drawn from
sample results about the population of all Alzheimer’s patients who would likely
suffer from the side effect.

A major goal of the rest of the textbook is to learn how we can effectively use a
sample to form conclusions about a population.
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Recall: The probability distribution from tossing a single die. m’

Continuous Random

Varial -

Probability Density —

ATELS x | Probability, P(x) 0.40

o 1 0.1667 Zozs

The Normal ~

Distribution 2 0.1667 5\0 30

The Standard 3 0.1667 E 025

4| o167 Fox

Examples 5 0.1667 @015
6 0.1667 0.10

0.05
Sampling Distribution 0
of the Mean 1 2 3 4 5 6

Sampling Distribution
of the Variance

The mean, U, of this probability distribution is

Distributions

u= ZX-P(X) =35

Now, consider the following random experiment.

Another Random
Experiment
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Another Random
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Random Experiment

Roll a die 5 times, and each time record the number on the top face of the
die. Calculate the mean, X, of the five values.[2]

That sample mean is a number
between 1 and 6. Suppose the
experiment is repeated many times,
and that each time the sample
mean is recorded.

In addition, suppose we sort the
sample means into 26 classes.
That is, a tally mark is made in one
of 26 classes each time a mean is
recorded.

Suppose that as we continue this
experiment, from time to time we
plot a histogram of the classes and
their associated frequencies. The
animation (right) shows what our
histograms might look like.

The number of trials represents the
number of times the experiment is
repeated.

Frequency

100

801

(2]
o

ey
o

N
o

number of samples = 20

average of the
sample means
= 3.55000

i S o e e i i

1 2 3 4 5 6 7

Sample Means

K[ <[aI>]>I> -]
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Experiment

Sampling Distribution of the Mean

Definition
The

is the probability distribution of sample means,

with all samples having the same sample size n taken from the same population.

The animation (right) simulates
the repeated experiment up to
20,000 times, but the true
sampling distribution of the mean
involves repeating the experiment
indefinitely.

The actual sampling distribution
would reflect all possible samples,
not just a few or several thousand.

As the experiment is repeated
several times, the distribution of
means takes on a bell shape; and
the mean, L, of the sample
means tends to reflect the actual
mean, 4 = 3.5. (The animation
illustrates frequencies of sample
means piling up along the x axis
around 3.5)

3000

2500

2000

1500

Frequency

1000

500

number of samples = 1000
1
average of the

sample means
=3.48380

0o 1 2 3 4 5 6 7

Sample Means

K [<[<]> ][>>I
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Unbiased and Biased
Estimators

Another Random
Experiment

The previous experiment introduces the concept of the sampling
distribution of the mean.

Properties of the Sampling Distribution of the Mean

v/ Sample means tend to target the value of the population mean.
(That is, the mean of the sample means is the population mean. The
expected value of the sample mean is equal to the population mean.)

v The distribution of the sample means tends to be a normal
distribution.
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Recall: The probability distribution from tossing a single die. m

Probability, P(x)

0.1667
0.1667
0.1667
0.1667
0.1667
0.1667

o Ul WN PRP|IX

0.30

1

2

3

4
x

5

6

The variance, a2, of this probability distribution is

o

N

2 Mzz_g

DA


http://timbusken.com/

Chapter 6

Tim Busken

Functions

The Uniform
Distribution

The Normal
Distribution

The Standard
Normal Distribution

Using Table A-2

Examples

Sampling Distribution
of the Mean
sampling Distribution
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Other Sampling
Distributions
Unbiased and Biased
Estimators

Another Random
Experiment

Random Experiment

Roll a die 5 times, and each time record the number on the top face of the
die. Calculate the variance, s?, of the five values.[2]

Additionally suppose while
repeating the experiment the
variance of each sample was
recorded, and sorted into one of 16
classes.

The animation (right) shows what
our histograms might look like. The
number of samples represents the
number of times the experiment is
repeated.

Notice this time the mean of the
sample variances targets the
population variance, 02=2.9; and
the distributions are skewed right.

6000

5000

4000

3000

Frequency

2000

1000

number of samples = 1000

average of the
sample
variances =
2.83170

0 15 30 45 6.0 75

Sample Variances

(K] <[[4[[>]>]>]
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Sampling Distribution
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sampling Distribution
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Other Sampling

Another Random
Experiment

Definition
The is the probability distribution

of sample variances, with all samples having the same sample size n
taken from the same population.

Properties of the Sampling Distribution of the Variance

v Sample variances tend to target the value of the population
variance, 0. (That is, the mean of the sample variances is the
population variance. The expected value of the sample variance is
equal to the population variance.)

v/ The distribution of the sample means tends to be a distribution
skewed to the right.
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Continuous Random

Probability Density

Functions

The Uniform
Distribution

The Normal
Distribution

The Standard
Normal Distribution

Using Table A-2

Examples

Sampling Distribution
of the Mean

Sampling Distribution
of the Variance
Other Sampling
Distributions
Unbiased and Biased
Estimators

Another Random
Experiment

Definition

The is the relative frequency
distribution of that statistic that is approached as the number of
samples (not the sample size!) approaches infinity.

Got Sampling Distributions?

What about the sampling distributions of sample

@ proportions,

® medians,

® ranges and

@ standard deviations?
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Distribution

The Standard
Normal Distribution
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Examples

Sampling Distribution
of the Mean

Sampling Distribution
of the Variance

Other Sampling
Distributions
Unbiased and Biased
Estimators

ner Random

Definition

An is a sample statistic that has a sampling distribution whose mean
is equal to the mean of the corresponding population parameter. An unbiased estimator
tends to target or be reflective of the true value of the population parameter it is
estimating.

Unbiased Estimators:
@ Mean X

® Variance s?

© Proportion p

Definition

A is a sample statistic that has a sampling distribution whose mean is
not equal to the mean of the corresponding population parameter. A biased estimator
does not target the true value of the population parameter it is estimating.

Biased Estimators:

©® Median

® Range

©® Standard Deviation s

The bias of the sample standard deviation is relatively small in large samples, so s is often used as an unbiased
estimator.
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Sampling Distribution Facts

o All statistics, not just the mean, have sampling distributions.

e There is a different sampling distribution for each value of n, the
sample size.

e LIz is the notation used to represent the mean of a sampling
distribution.

e Oy is the notation used to represent the standard deviation of a
sampling distribution.
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The Central
Limit Theorem
(CLT)

Another Random
Experiment

The Central Limit Theorem (CLT)

If random samples of n observations are drawn from a nonnormal population with mean p and
standard deviation g, then, when n is large, the sampling distribution of the sample means is ap-
proximately normally distributed, with mean and standard deviation

o
Hx=p and UY:%

The approximation becomes more accurate as n becomes large.

The CLT can be applied to any probability distribution (continuous or discrete). We will use the
following guidelines for our work:

« For a population with any distribution, if n > 30, then the sample means have a distribution
that can be approximated by a normal distribution with mean ¢ and standard deviation
a//n.

e If n < 30 and the original population has a normal distribution, then the sample means have a
normal distribution with mean p and standard deviation a/ v/n.

e If n <30 and the original population does not have a normal distribution, then we do not apply
the CLT.

* When the sampled population is approximately symmetric, the sampling distribution of X
becomes approximately normal for relatively small values of n.
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Consider the roughly symmetric Random Probability Distribution — with u = 20.3873 and 0 = 12.0106
probability distribution given in the
top left figure of the adjacent box

(right). The mean of the 0.06 800 n=2
distribution, u, was found to be 0.04 600
20.3873. Suppose we repeatedly P(x) 400
take random samples of different 0.02 200
sizes, n, from this distribution. 0 0

0 10 20aj 30 40 0 10 20 30 40
A data entry in a sample would be 800 n=5 on n=10

an x value between 1 and 43. Also
suppose that each time a sample is
taken, the sample mean X is
calculated and a tally mark is

number of repeated samples = 500

600
400
200

Frequency
S
]
8

)
=1
3

0 H H

o

placed into one of 50 classes. [ 10 20 30 40 0 10 20 30 40
- n =30 n =50
The other five figures 800 800
accompanying the probability 3 600 600
distribution show the experiment 3 400 400
g f g

being repeated for different sample i 200 200

. o o .
sizes, n. In each case, itis clear o 10 P - m 5 n = - -
that the sample means follow a Sample Means Sample Means

normal distribution and they target

the population mean. (Observe @@

that the center of each histogram is
very close to x = 20.3873.)

Sample means (x) tend to target population means (),
and this is easily seen with repeated sampling.



You don’t need to repeatedly
sample the population thousands
of times to see the result of the
Central Limit Theorem.

The animation here simulates the
repeated random sampling, except
the vertical scaling is not fixed
constant. The blue curve in each
figure represents a rough
approximation of the outline of
each histogram.

Notice that larger sample sizes
approximate the normal distribution
better than smaller sample sizes
do.

* Recall that there is a separate sampling distribution for each different value of the sample size, n.

Random Probability Distribution — with (1t = 20.3873 and 0 = 12.0106

0.06 10
0.04
P(x)
0.02
0
10 20 30 40
z
10 n= 5 ET.1
‘ number of repeated samples = 100 ‘
z
2
$s
=
i IIFI'
0 n |||||||"|| |||| ||| “ 1 1
0 40 [ 10 20 30 40
n =230 n =50
10 10
Iy
2
ER 5
=
o
fie
0 0
10 20 30 40 0 10 20 30 40

Sample Means

Sample Means




Notice also that after 10,000
repeated samples were taken, the
sample standard deviation for each
nwas placed in a green box inside
each figure (right). Recall that the
standard deviation is a measure of
how spread out the data is along
the x axis.

Observe that as n increases the
standard deviation of each
histogram decreases (the spread of
each distribution is more narrow).

It turns out that multiplying each
one of these values of oy by /n
(for its associated n) approximates
the true population standard
deviation, o = 12.0106 with 99%
accuracy. This comes as a result
of the Central Limit Theorem (CLT).

Because of the CLT we can
approximate previously unknown
values of u and o, even if we don't
know how the population is
distributed.

Random Probability Distribution — with (1t = 20.3873 and 0 = 12.0106

Frequency

Frequency

1000

500

1000

2
=1
3

n=2
1000
og=
) JH‘WWHTHUHTF;H:;;‘N
0
0 10 20 30 40 0 10 20 30 40
xz
n=>5 n=10
1000
= ‘ number of repeated samples = 10000 ‘ Or=

30 40

Ox=
2.1848

1000

500

10

Sample Means

20 30 40 0 10

* Recall that there is a separate sampling distribution for each different value of the sample size, n.

Sample Means




. Random Probability Distribution — with (1t = 20.3873 and 0 = 12.0106
If we constructed relative

frequency histograms while n=2
conducting the repeated sampling, 0.06
then we could try to approximate 02
the actual sampling (probability) P(x) 004
distribution of sample means 0.02 01 : :
associated with each different o o jﬁmmm\i ;
value of n shown here. 0 10 2011 30 40 0 10 20 30 40
n=10 n=20
This_animation ShOWS some g 02 ‘ number of repeated samples = 100 ‘
relative frequency histograms from 2
the experiment. The blue curve in < 04 : : 01 :
each figure represents each actual 2
S
probability density z 0 10 20 30 10 % 10 20 30 40
function*—which itself follows a
- o n=30 n=>50
normal probability distribution. >
This comes as a result of the g 02 02
Central Limit Theorem (CLT). 2
S 01 0.1
2
3
We will study applications of this g o 0
. 0 10 20 30 40 0 10 20 30 40
powerful theorem in Chapters 6, 7, Sample Means Sample Means

8 and 9 and 10.

> >

* Recall that there is a separate sampling distribution for each different value of the sample size, n.
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Concept

| invite you to make your own probability distribution and try the repeated sampling to see the CLT in

action. The online statbook has a pretty cool applet that lets you do this with ease. Check it out if you
have time:

http://onlinestatbook.com/2/sampling_distributions/clt_demo.html

click here to access the classroom worksheet


http://timbusken.com/
http://onlinestatbook.com/2/sampling_distributions/clt_demo.html
http://timbusken.com/assets/statistics/chapter-6/CLT-worksheet.pdf
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