Applied Math 30 Unit 2: Statistics

Unit 2: Statistics

3-1: Distributions

Probability Distribution: - a table or a graph that displays the theoretical probability for each outcome of
an experiment.
- P (any particular outcome) is between 0 and 1
- the sum of all the probabilities is always 1.

a. Uniform Probability Distribution: - a probability distribution where the probability of one outcome is
the same as all the others.

. . Probability Distributi f Rolli Fair Di
Example 1: Rolling a fair dice robability Distribution of Rolling a Fair Dice

0.18 -
=0.167 0.16 -
0.14
0.12

0.1
0.08
0.06 -
0.04
0.02 -

0

P (any particular from 1 to 6) =

N =

Probability

1 2 3 4 5 6

Number on a Fair Dice

b. Binomial Probability Distribution: - a probability distribution from a binomial experiment (an
experiment where there are only two results — favourable and
non-favourable).

binompdf (Binomial Probability Distribution): displays a binomial probability distribution when the
number of trials and the theoretical probability of the
favourable outcome are specified.

binompdf (Number of Trials, Theoretical Probability of favorable outcome)

To access binompdf: ORALI
§¥%P§Fﬂ
1. Press 2nd DISTR S toodf o
VARS Bl KEpdf e
raRecdt |
2. Select Option 0\ g : EESF E
50 nomedf |
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Unit 2: Statistics Applied Math 30

Example 2: Using your graphing calculator, determine the probabilities of having any number of girls in a
family of 5 children.

1. binompdf (5, %) 2. Store answer in L, of the STAT Editor. 3. Enter 0 to 5 in L; of the STAT Editor.

binomrdt oS 122 binomedf (S, 122 L1 Lz L i
L.B83125 15625 . STO®» L8312 J15625 .. STAT 0 OELEE | oo
An=+Lz i AEGZE
E.EIEIES 15625 g 2122
2nd ENTER QK
LiEI=5
4. WINDOW Settings 5. Select Histogram in STAT PLOT and graph.
X: [xmin, Xmax, xscl] =X [09 ) 1]
Y [Vmin, Ymax, Ysei] = ¥: [0, 0.35, 0.05] pJ LN STAT PLOT
GRAPH
TRTR Select a number
- slightly higher than the Plotl is Flokz  Flobz
maximum in L,. ON ED'F f
WIHDO |Topel Lo Lo i
“min=8 Wlistily ==
nMaxN=6 istili
e s =1 Must be 1 more Frex:Lz
Ymin=a than the number v
32?‘1{: %g of trials. — —
prampepy | Type in L; as Frequency g l\t
b ing: cle
Y PIESSIE: 2nd - Histogram
6. Transfer the graph on the calculator to paper.
Probability of the Number of Girls in a Family of 5 Children
0.35 4 0.3125 0.3125
0.3 -
b 0.25 N
5 0.2- 0.15625 0.15625
'g 0.15 -
0.1
0.05 - 0.03125 0.03125
0
0 1 2 3 4 5

Number of Girls
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Applied Math 30 Unit 2: Statistics

Example 3: The first week of February marks the tradition of Groundhog Day. If the groundhog sees its
own shadow, it means 6 more weeks of winter. Otherwise, spring is just around the corner.
Recent statistics has shown that the groundhog sees its shadow 90% of the time on Groundhog
Day.

a. Graph a binomial distribution to illustrate the probability that the groundhog will see its
shadow for the next ten years.

b. Find the probability that the groundhog will see its shadow 9 time out of the ten years.

c. Calculate the probability that the groundhog will see its shadow at least 6 times out of the
next 10 years.

d. Determine the probability that “spring is just around the corner” at least 8 years out of the
next ten years.

a. Graph Binomial Distribution
1. binompdf (10, 0.90) 2. Store answer in L, of the STAT Editor. 3. Enter 0 to 10 in L; of the STAT Editor.

I§-1HDMP-:IFI:1EI:EI.9EI STO® Ignlr'u:-r-'uF-dF'ilEl:El.'E'El STAT L
ElE_lE‘ Q-9 3.6 +1e-18 -9 3.6..

Ars+Lz

ond IR (157160 25 3.6 | [T :
L1C11D =1@

5. Select Histogram in STAT PLOT and graph.

L& L= 1

iﬂm'uml.ﬂ.r -
R e
rm

4. WINDOW Settings
X [xmin, Xmax, Xset] =x: [0, 11

’]‘]

y: [Vmin, ymax, yscl] :y: [0, 04, 005] an STAT PLOT

T GRAPH
NG Select a number
- slightly .hlgher. than the el T Flotz Flobs g
maximum in L. ON ED'F f
WIHDOW TeRed e L
Amin=@ WlistilLi 1=
Mmax=11 Must be “more FF;i tL s 1
pacl=1 than the number )
Yrmin=8 , v
Uraw=.d of trials _—
Vezl=.H5 .
Hres=1 Type in L, as Frequency \

by pressing:  5pq L2 Select

Histogram
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Unit 2: Statistics Applied Math 30

6. Transfer the graph on the calculator to paper.

Groundhog Day Predictions for the next Ten Years

0.45
0.40 - 0.387420
0.35 -
0.30 -
0.25 -
0.20 -
0.15 -
0.10 - 0.057396
0.05 - 0.011160

1.0E-10 9.0E-09 3.65E-07 8.75E-06 1.38E-04  1.49E-03

0.00 | | | | | ‘
0 1 2 3 4 5 6 7 8 9 10

Number of time groundhog will see its shawdow

0.348678

0.193710

Probability

b.@Shadow 9 times out of 10) = 0.387420 = 38.7% > (read from Table or TRACE on Graph)

c. P (Shadow at least 6 times) = P (6 times) + P (7 times) + P (8 times) + P (9 times) + P (10 times)
= 0.011160 + 0.057396 + 0.193710 + 0.387420 + 0.348678

@Shadow at least 6 times) = 0.998364 ~ 99.8%

d. P (No Shadow at least 8 times) = P (Shadow at most 2 times) = P (0 time) + P (1 time) + P (2 times)
=(1.0x 1079 + (9.0 x 107) + (3.65 x 107)

(To enter scientific notation, press 2nd EE p

9

@Shadow at least 8 times) = 3.741 x 107 ~ 0.000 0374%

1.8e-168+9.8E -9+3
EIJET
J.741E-Y

3-1 Assignment: pg. 102 — 104 #1 to 7
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Applied Math 30

Unit 2: Statistics

3-2: Mean And Standard Deviation

Mean (Ll or X ): - the average of a given set of data.

Standard Deviation (O): - the measure of how far apart are the data spread out from the mean.

Frequency Distribution: - a Histogram (bar graphs with no gaps) OR a Curve showing the frequency of
occurrence over the range of values of a data set.

Example of a Large Standard Deviation

Large o (scores or data are more spread

out)

/,

=
5 =

Number of Students (Frequency)
(@)}
1

/

Mean (L)

N

-

2

1 -

0 ‘

0%-10% 11%-20% 21%-30% 31%-40% 41%-50% 51%-60% 61%-70% 71%-80% 81%-90% 91%-100%
Final Marks
Example of a Small Standard Deviation
Mean (L)

124 Small  (scores or data are closer together)
> 11 -
8 10 -
g 9
L 8
& 7
g 6-
2 5
s
53
£ 7
r4 1

0

0%-10% 11%-20% 21%-30% 31%-40% 41%-50%

51%-60% 61%-70%

Final Marks
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Applied Math 30

Example 1: The following sets of data are the final marks of an Applied Math 10 class.

56, 32, 50, 29, 60, 45, 43, 50, 34, 63, 72, 67, 70, 50, 68, 42,
65, 50, 50, 65, 34, 60, 45, 61, 65, 45, 60, 55, 50, 32, 77, 59

a. Organize the data into a frequency table below and create a histogram of frequency

distribution.

b. Using a graphing calculator, determine the mean and standard deviation of the set of

scores above.

a. Frequency Table

Applied Math 10 Final Marks

—

Final Marks | Frequency
90% - 100% 0 1
80% - 89% 0 S
70% - 79% 3 E g
60% - 69% 10 3% 71
50% - 59% 9 28 &
T 5 -
40% - 49% 5 58 4.
30% - 39% 4 E- 31
20% - 29% 1 z 2
10% - 19% 0 (1) I
0% - 10% 0

Fianl Marks

b. To find the Mean and Standard Deviation using a Graphing Calculator:

1. Enter the set of data into L; of the STAT Editor.

L1 Lz L= 1
STAT T
)

3
ENTER £
Liczz1 =59

MODE

3. Write down the Mean and the Standard Deviation.

Page 20.

OUIT  Ffiee entering the last score.

1-War tats
: 2=-War 5tat5
St Med—-Med
diLinkEeadax+hl
ot Hyadkea
G CubicEeg
rlBuartEeg

1- Uar Stats
Ex‘l?E#
Exe=90822
Sx=12.88624347
Tx=12.08406267

Lr=32
_

0%-10% 10%-19% 20%-29% 30% -39% 40%-49% 50% -59% 60%-69% 70%-79% 80% -89% 90% - 100%

2. To access the “1-Variable Stats” function.

1. Press EENYV:-ND
EOIT ESTS access CALC

ENTER
3. Press

for Option 1
X = Mean

ox = Standard
Deviation

Copyrighted by Gabriel Tang B.Ed., B.Sc.




Applied Math 30 Unit 2: Statistics

When the frequency distribution involves a binomial probability, we can use the following formulas
to estimate the mean and standard deviation.

L=np o =np(1-p)

where n = number of trials and p = probability of favourable outcome.

Example 2: Find the mean and standard deviation of the number of male students in a class of 35. Graph
the binomial distribution.

n=35 p = 0.5 (probability of a male student from any student)

w=np o=np(l-p)
=35(0.5) =J/(35)0.5)1-0.5)
=/35x0.5x0.5

=175 c=@

To Graph the Binomial Distribution:
1. binompdf (35, 0.5) 2. Store answer in L, of the STAT Editor. 3. Enter 0 to 35 in L; of the STAT Editor.

binomedt 35, .52 birnomedt 35, .52 L1 Lz Lz i
2. 91EA3EIA4EE -] .. STO® T2.91EA3EIAdEE -] .. STAT ] 4.7E-E
[ | An=+L:z =0 8.4E -B
T2.918383645E -1 .. %é HEE
X 1.7E-B
2 L2 ENTER -
LiizE1 =35

4. WINDOW Settings

5. Select Histogram in STAT PLOT and graph.
X: [Xmin, Xmax, Xsc1] = x: [0, 36, 1]
Y [Vmin, Ymax, Vsei] = y: [0, 0.14, 0.01]

2nd STAT PLOT ENTER
* Y= GRAPH
Select a number
WINDOW slightly higher than the

) ; Plotl is Flokz  Flak:
maximum in L;. ON Off
WIHOOL |Tares [ L=
Amin=a _ H:I-l - [~
Amax=3e Must be 1”more wlistily
wacl=1 — FrexilL:z
Vmin=8 than the number /'
Ymax=.14 :
Oeoi =81 of trials _— \

nres=1 Type in L, as Frequency < l\t
ele

by pressing:  apq L2

3-2 Assignment: pg. 108 — 110 #1 to 6, 8 to 10

Histogram
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Unit 2: Statistics Applied Math 30

3-3: The Normal Distribution

Raw-Scores (X): - the scores as they appear on the original data list.

z-score (z): - the number of standard deviation a particular score is away from the mean in a normal
distribution.

Normal Distribution (Bell Curve): a probability distribution that has been normalized for standard use
and exhibits the following characteristics.

The distribution has a mean (u ) and a standard deviation (o).

The curve is symmetrical about the mean.

Most of the data is within £3 standard deviation of the mean.

The area under the curve represents probability. The total area under the entire curve is 1 or 100%.
The probability under the curve follows the 68-95-99 Rule.

The curve gets really close to the x-axis, but never touches it.

—e a0 o

The 68-95-99 Rule of the Area under the Normal Distribution Curve

Probability = 95% within 2o

< >
Probability = 68% within 1o
< >
34% 34%
0.15%
0.15% T 13.5% 13.5% \ °
Raw-Score (X)u— 30 u—20o u—lo )7, u+lo u+22o u+3o
z-Score (z7) -3 -2 -1 0 1 2 3
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Applied Math 30 Unit 2: Statistics

Example 1: The standard IQ test has a mean of 100 and a standard deviation of 15.

a. Draw the normal distribution curve for the standard IQ test.

)7,

Raw-Score (X) 55 70 85 100 115 130 145

z-Score (z) -3 -2 -1 0 1 2 3

b. What is the probability that a randomly selected person will have a IQ score of 85 and below?
11

P(X<85=P@<-1)
=13.5% +2.35% + 0.15%
= 16%

P(X<85)=0.16

c. What is the probability that a randomly selected person will have a IQ score between 115 to 145?

X 55 70 85 100 115 130 145
3 22 ~1 0 1 2 3

&N

11

v

P(115<X<145)=P(1<z<3)
= 13.5% +2.35%

__/

=15.85%
X 55 70 85 100 115 130 145
0

P (115 < X < 145) = 0.1585
z -3 =2 -1 1 2 3

Copyrighted by Gabriel Tang B.Ed., B.Sc. Page 23.




Unit 2: Statistics Applied Math 30

d. Find the percentage of the population who has an IQ test score outside of the 2 standard
deviations of the mean. Determine the range of the 1Q test scores.

95% of the population > P(z<-2andz>2)=100% — 95%

@—2 and 7> 2) = 5%

From the bell curve, we can see that the ranges
are
P(z<-2andz>2)=P((X<70and X>130)

_—/ \_ The ranges of 1Q test s@

X 55 70 85 100 115 130 145 X<70and X> 130
z 3 -2 -1 0 1 2 3

<

e. In a school of 1500 students, how many students should have an IQ test score above 130?

_ D

X 55 70 85 100 115 130 145
z 3 -2 -1 0 1 2 3

P(X>130)=P(z>2)
=2.35% + 0.15%
P (X>130)=2.5%

Number of students with 1Q score > 130 = Total x Probability

= 1500 x 0.025
= 37.5

@of ST e R 1) s = 1A — 38@

3-3 Assignment: pg. 116 — 118 #1 to 10
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Applied Math 30 Unit 2: Statistics

3-4: Standard Normal Distribution

The 68-95-99 Rule in the previous section provides an approximate value to the probability of the normal
distribution (area under the bell-curve) for 1, 2, and 3 standard deviations from the mean. For z-scores other
than 1, 2, and 3, we can use a variety of ways to determine the probability under the normal distribution
curve from the raw-score (X) and vice versa.

where = mean, o= standard deviation, X =Raw-Score, z=1z-Score

Example 1: To the nearest hundredth, find the z-score of the followings.

a. X=52,u=41,and 0=64 b. X=75u4=82,and 0=9.1
X -—u 2—52_41—£ X—u Z_75—82_—_7
o 6.4 6.4 o 9.1 9.1

Example 2: To the nearest tenth, find the raw-score of the followings.

a. z=134,u=162,and 6=3.8 b.  z=-1.85u=65and c=12.7
e Nl
o (o}

1342102 185=29

3.8 12.7
(1.34)3.8)= X —16.2 (-1.85)12.7)= X —65
5092 =X -16.2 ~23.495= X —65

5092+162=X ~23.495+65=X
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Unit 2: Statistics Applied Math 30

Example 3: Find the unknown mean or standard deviation to the nearest tenth.

a. z=-233, X=47,and =84 o="7? b z=178, X=38,and 0=8.2 u=?
L _X-u B
o O
_2.33=47_84 1.78:38—_’u
lo} 8.2
o 4184 (1.78)8.2)=38 - u
~-233 14.596 =38 — u
=57 4 =38-14.596

O =

Normal Distribution Curve Summary

ShadeNorm (Zy,ers Zupper)

OR
invNorm (area left of boundary) Normalcdf (Zy,wers Zupper)
Lo X—p Use l
Raw Scores c Z-scores TABLE Probabilities
—> -
(X —scores) —» | (Area under the Bell-Curve)
invNorm (area left of boundary, x4, c) ShadeNorm (Xjyyers Xupper, Hs O) T

OR
Normalcdf (Xjoers Xuppers s O)
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Applied Math 30

Unit 2: Statistics

Normaledf (Xjppers Xuppers 4 O) : - use to convert Raw-Score directly to probability with NO graphics.

Normaledf (Zjpyers Zupper) : - use to convert z-Score to probability with NO graphics

- if Xjower OT Zjower 18 at the very left edge of the curve and is not obvious, use —1 x 10%° (—1E99 on calculator).
- 1f X,ypper OF Zyypper 15 at the very right edge of the curve and is not obvious, use 1 x 10%° (1E99 on calculator).

To access normalcdf:

1. Press 2nd

2. Select Option 2

ORAL
s normalFdf e
hiobmalcodf o
: 1RV Horme

ShadeNorm (Xjoyers Xuppers 1 O) : - use to convert Raw-Score directly to probability with graphics.

ShadeNorm (Zjoers Zupper) : - use to convert z-Score to probability with graphics

- if Xjower OT Zjower 18 at the very left edge of the curve and is not obvious, use —1 x 10%° (—1E99 on calculator).
- if Xypper OF Zypper 18 at the very right edge of the curve and is not obvious, use 1 x 10%° (1E99 on calculator).

Before accessing ShadeNorm, we need to select the WINDOW setting.

For ShadeNorm (Xjwers Xuppers 14 O0), select a reasonable setting based on the information provided.

For ShadeNorm (Zjoers Zupper), use x: [ =5, 5, 1] and y: [-0.15, 0.5, 0].

To access ShadeNorm:

1. Press 2nd DISTR

VARS

’/,)V

3. Select Option 1

2. Use

to access DRAW

DISTR

ShadeMorme
Shade_t.«
ShadeXr
Shadef'(

Must Clear the Drawing (ClrDraw)
before drawing or graphing again!

To access ClrDraw:

1. Press

DRAW

PRGM

///V

2. Select
Option 1

1nel
Horizontal
Vartical
Tarndent
OrawF
LShadef

FOIMTS STO
(I a=TH

Copyrighted by Gabriel Tang B.Ed., B.Sc.
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invNorm (area left of boundary, x4, G) : - use to convert Area under the curve (Probability directly
back to Raw-Score with NO graphics.

invNorm (area left of boundary) : - use to convert Area under the curve (Probability) back to z-Score

with NO graphics.
To access invNorm:
1. Press 2nd DISTR ORAL
VARS hormal Fdf

2ihormalcdf

””)' _1nuHDPmi
2. Select Option 3 5 ; EESF E
ErXEpdf o
rlyecdfy

Using the Table of Areas under the Standard Normal Curve (Complete table on the next 2 pages)

1. Converting z-score to Area under the curve (LEFT of the z-score boundary)
a. Look up the z-score from the column and row headings.
b. Follow that row and column to find the area.

Example: Find P (z < —1.35). z 0.05

/ v
/ 13 0.0885

z=-1.35 0

2. Converting Area under the curve back to z-score (LEFT of the z-score boundary)
a. Look up the Area LEFT of the boundary from INSIDE the table.
b. Follow that row and column back to the heading and locate the corresponding z-score.

/\
Example: P (z < ?) = 0.8907 . Py,

< Area=08907 v

1.2 0.8907
\ ‘\/
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Areas under the Standard Normal Curve

0.09 n.08 0.07 0.06 0.05 0.04 0.03 0.02 0.01 0.00

0.0002 | 0.0003 | 0.0003 | 0.0003 | QU003 | 0.0003 | 0.0003 | 0.0003 | 0.0003 | 0.0003
0.0003 | 0.0004 | 0.0004 | 00004 | 00004 | 0.0004 | 0.0004 1 0.0005 | 0.0005 | D.0005
00005 | 0.0005 | 0.0005 | 0.0006 | 0.0006 | 0.0006 | 0.0006 | 0.0006 | 0.0007 | 0.0007
00007 | 0.0007 | 0.0008 | 0.0008 | 0.0008 | 0.0008 | 0.0009 | 0.0009 | 0.0009 [ 0.0010
00010 | 00010 | 00011 0000 ] | 00011 | 00012 ) 0.0012 1 00003 | 0.0013 | 0.0013

[FEIRFEIRITIRFEIRFE]
[ O RPN

900014 | 00004 (00015 | 00015 | 00016 | 00016 | 0.0017 | 00018 | 0.0018 | 0.00]19
00019 | 00020 | 00021 | 00021 | 00022 | 0.0023 | 0.0023 | 0.0024 | 0.0025 | 0.0026
00026 | 0.0027 | 00028 | 0.0029 | 00030 | 0.003] | 0.0032 | 0.0033 | 0.0034 | D.0035
00036 | 0.0037 | 00038 | 0.0039 | 00040 | 0.004]1 | 0.0045 | 0.0044 | 00045 [ 0.0047
00045 | 0.0049 | 00051 | 00052 | 0U0054 | 0.0055 | 0.0057 | 0.0059 | 0.0060 | 0.0062

oo

[ S S S
Jd

L L

0.0064 | 0.0066 | 0.0068 | 0.0069 | 0UD0T] | 0.0073 | 0.0075 | 0.0078 | 0.0080 | D.0082
00054 | 0.0087 | 00089 | 0.009]1 | 0.0094 | 0.00%6 | 0.0099 1 0.0102 | 0.0104 | 0.0107
001100 001153 00116 0019 00122 | 00125 | 0.0129 ) 00132 | 0.0136 | 001359
00143 | 00146 | 00150 | 00154 | 00158 | 00162 | 0.0166 | 0.0170 | 0.0174 | 00179
00183 | 00188 | 00192 | 00197 | 00202 | 0.0207 | 0.0212 ) 00217 | 0.0222 | 0.0228

P P P2 1 [

[ R S RPN

-
L]

00233 | 0.0239 | 00244 | 0.0250 | 00256 | 0.0262 | 0.0268 | 0.0274 | 0.028]1 | 0.0287
002594 | 0.0301 | 00307 | 00314 | 00322 | 000329 | 0.0336 ) 0.0344 | 00351 | 00359
00367 | 00375 | 00384 | 0.0392 | 0ud0] | 00409 | 00418 | 0.0427 | 0.0436 | 0.0446
00455 | 00465 | 00475 | 00485 | 00495 | 00505 | 0.0516 ) 0.0526 | 0.0537 | 0.0548
00559 | 00571 | 00582 | 0.0594 | 00606 | 00618 | 0.0630 | 0.0643 | 0.0655 | 0.0668

&

[ e |

th

00681 | 0.0694 | 0.0708 | 0.072] | 00735 | 0.0749 | 0.0764 | 00778 | 0.0793 | 0D.0808
0U0E25 | 00838 | 00853 | 0L0869 | DUDSSES | 0.0901 | 0.0918 | 0.0934 | 0.095]1 | 0.0968
00985 | 01003 | 001020 | 01038 | 001056 | 01075 | 0093 PO L2 001131 J0.115]
011700 01190 | 01210 | 01230 [ 001251 | 01271 | 01292 | 001314 | 001335
0U1537%9 ) 01400 | 01423 | 001G | 001469 | 001492 | Q1515 | 001539 | 001562

[ R N PR N

-
ol

0.
0.
01611 ) 001635 | 01660 | 01685 | 00171 | 001736 | 01762 | 001788 | 01814 | 0.
OU1s6ET | 001894 | 01922 | 0u1949 | 001977 | 0.2005 | 0.2033 | 0.206] | 0.2090 | 0.
02148 | 02177 | 02206 | 0.2236 | 02266 | 0.2296 | 02327 | 0.2358 | 0.2389 | 0.24
02451 | 02485 | 02514 | 0.2546 | 02578 | 02611 | 0.2645 | 0.2676 | 0.2709 | 0.27
0.
0.
0.
0.
0.

g J—

0O

2 P bdbd —

h B oo
=

1 —
o lea 2

02776 | 02810 | 02843 | 02877 | 02912 ] 0.2946 | 0.2981 | 0.3015 | 0.3050

[56 (03192 | 0L3228 | 03264 | 03300 | 03336 | 003372 | 0.3409
S20 [ 03557 | 0.3594 | 03632 | 03665 | 03707 | 03745 | 03783

BT | 03936 | 03974 | 04013 | 0.4052 | 04090 | 0.4129 | 04168 | 0.4207
.—L"'H{« 04325 04364 | 04404 [ 04443 | 04483 | 04522 | 04562 | 0.4602
04681 | 04721 104761 | 04801 [ 04840 | 04880 ] 0.4920 | 0.4960 | 0.5000

5
\';
4
1
4
'.;
4

led —

313
48"
AR5
2

laa JJ laa

-l-'_nu::IJ

led lad led

.JD.H-\.

0.
0.
0.
0

== =~ Iy =~ [ == I <=~ R = N == Y =~ J =~ =

[ QS R PN
DG-DDD

-1]"
i |

N
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Areas under the Standard Normal Curve

z 0.00 0.01 0.02 0.03 0.04 005 0,06 0.07 0.08 0.09
0.0 | 05000 ) 05040 | 05080 | 05120 05160 | 05199 [ 05239 | 05279 | 05319 [ 0.5359
O 055398 | 05438 | 05478 | 05517 | O5557 | 05590 [ 05636 | 0L56T5 | 0L5T14 | 05753
0.2 | 05793 | 05832 | O58T] | 05910 | 05948 | 05987 [ 0.6026 | 06064 | 06103 | 0614 ]
03 06179 ) 06217 | 006255 | 06293 | 0L633 1 | 06368 [ 0.6406 | 06443 | 0.6480 [ 06517

04 | 06554 ) 06591 | 06628 | 06664 | 06700 | 06736 [ 06772 | 0LGEOS | 0.6844 [ 0.6879

0.5 1069215 069500 | 06985 | 07019 107054 | 07088 [ O7123 | 07157 | 07190 [ 0.7224
O POUT2ST L0729 | 07324 P 07357 POUTIRG | 07422 | 07454 | 07486 | 07517 [ 0.7549
O POTSR0 | 0761 | 07642 07673 07704 | 07734 [ 07764 | 07794 | 007823 [ 007852
08 JOTER] | 079100 07939 1 07967 | 0.7995 | 08023 [ 08051 | 08078 | 08106 [ OU8135
0.9 JOEI59 | 08186 | 08212 | 082538 | 0.8264 | 08289 | 0835 | 08340 | 08365 [ 08389

08413 | 08438 | 0.846] | 08485 | 08508 | 08531 | 08554 | 08577 | L8599 | 0.862]
08643 | 08665 | O.8GEG | 0.8TOR | 08729 | 08749 | O8TTO | 08790 | 0LER10 | 08830
08849 | 08869 | O8EER | 08907 | 08925 | 08944 | 08962 | 08980 | 08997 | 0.9015
09032 | 0.904%9 | 0.9066 | 09082 | 09099 | 09115 | 091531 09147 | 09162 | 09177
09192 | 09207 | 09222 10,9256 | 09251 | 09265 | 09279 | 09292 1 0.9306 | 0.93]9

e W b — D

09332 [ 09345 [ 09357 | 09370 | 089352 | 09394 | 0.9406 | 0.94] 8 | 0.9429 | 0.944 ]
09452 [0.9463 [ 09474 | 09454 | 09495 | 09505 | 09515 | 0.9525 | 0.9535 | 0.9545
09554 [ 09564 [ 09573 | 09582 | 00591 | 09599 | 09608 | 0.96]16 | 0.9625 | 0.9633
A 105064] | 0.9649 | 09656 | 0.9664 | 09671 | 09678 [ 09686 | 0.9693 | 0.9699 [ 0.9706
S 0STIA | 09719 | 09720 | 09732 | 08738 | 09744 [ 09750 | 09756 | 0.976] [ 0.9767

= LA

-

A 09772 097TE | 09783 | OOT8E | 09793 | 09798 [ 09803 | 0,9808 | 0.98]2 [ 09817
| [ OS82] [ 09826 | 09830 | 0.9834 | 09838 | 09842 | 09846 | 0.9850 | 0.9854 | 0.9857
21089861 [ 0.9864 [ 09868 | 0L98T] | 09875 | O.9878 | 09881 | 0.9884 | 09887 | 0.9890
A 09893 | 09R9G | 09898 | 0.990] | 09904 | 0.9906 [ 09909 | 09911 09913 [0.99]6
S 0S9918 | 09920 | 09922 1 09925 | 08927 [ 09929 [ 0.993] | 0,9932 1 0.9934 [ 0.9936

[ N T S i L

25 | 09938 | 0.9940 | 0.994] | 09943 [ 09945 | 09940 [ 09945 | 09949 1 0.995] [ 0.9952
206 05953 | 09955 | 09956 | 09957 109959 | 0.9960 [ 0.996] | 0.9962 | 0.9963 [ 0.9964
2T 109965 ) 0.9966 | 0.9967 | 09968 | 09969 | 09970 [ 0.997] | 09972 1 0.9973 [ 0.9974
28 10599741 09975 | 09976 | 09977 [ 09977 | 089978 [ 09979 | 0.9979 | 0,9980 | 0.998]
29 | 0998] | 09982 | 09982 | 09983 | 09984 | 09984 [ 09985 | 0L9985 | 0.9986 [ 0.9986
3.0 | OS98T | 09987 | 09987 | 0.9988 | 0.9988 | 0.9989 | 0.9989 | 0.9989 | 0.9990 [ 0.9990
A1 105900 | 0.900] | 09000 109991 109992 | 09992 [ 09992 | 0.9992 | 0.9993 [ 09993
3.2 1059993 ) 09993 | 0.9994 | 0.9994 109994 | 0.9994 (0.99%94 | 09995 10,9995 [ 0.9995
3.3 | 09995 0.9995 | 0.9995 | 0.9996 | 0.9996 | 0.9996 [ 0.9996 | 0.9996 | 0.9996 [ 0.9997
3.4 109997 | 0.9997 | 0.9997 1 0.9997 1 0.9997 | 0.9997 | 0.9997 | 0.9997 | 0.9997 [ 0.9998
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Example 4: To the nearest hundredth of a percent, find the probability of the following.

a. P (z<0.62)

normaledf (-1 x 10°%, 0.62) ShadeNorm (-1 x 10, 0.62)

normal cdf C -1 99, [ 1

@, 62 OR x.{_s(;?’s 2)5 0
s ra2arlless V: SChat

AFed=.7 32271
Tow=-1E98  Jur=.BE

b.  P(z>-12)

normaledf (1.2, 1 x 10*) ShadeNorm (-1.2, 1 x 10°%)
rormalcdfy -1.2.1 :[-5, 5,1
X3 OR . [—015 2)5 0
. 5349362684 y:[=0.15,0.5,0]

Area=.HEY49Z
Tow==1.2 ur=1g99

@—1.2) — 88.49% @—1.2) — 88.49%

c. P (52.6 <X<70.6) given £=59 and o= 8.6

normalcdf (52.6, 70.6, 59, 8.6) ShadeNorm (52.6, 70.6, 59, 8.6)
normalocdi CoZ. 6.7 x: [0, 100, 10]
H. G 5l

==
L ES29234188 OR

Ared=.EEz9e =
Taw=EE B UF=ri.b

P (52.6 <X <70.6) =68.29% P (52.6 <X<70.6) =68.29%

Copyrighted by Gabriel Tang B.Ed., B.Sc.
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d. P(X<112.3 and X> 140.1) given =118 and o= 12.8

£ normaledf (112.3, 140.1, 118, 12.8)
//’ hormalodfcll2, 3.
148.1.118,12.8%
Ared = B2IE29142
0.62p8299142
< > P(112.3 < X< 140.1) = 0.6298299142
X 1123 118 140.1

P (X<112.3 and X> 140.1) = 1 — 0.6298299142

P (X <1123 and X > 140.1) = 37.0%

Example 5: To the nearest hundredth, find the z-score and the raw-score from the following probability.

a. u=289 and 0=3.28 z=invNorm (0.312)
X =invNorm (0.312, 28.9, 3.28)

/’ inuvHormcEa,. 312
-.49R1892319

P=312% invHormia, 312,28

95280
272921793

d
@49 and X = 27.29

b. wu=82.1 and 0=7.42 z=invNorm (1 — 0.185)
X =invNorm (1 - 0.185, 82.1, 7.42)

inWHormCl-Aa. 1352
P(left of the boundgfy) 2954733583

1-0.185 P=0.185 imvHormel-6, 185,
8. 1.7, 420
S . S8, 7S183232

Y7, X
60.90 and X = 88.75

4
Copyrighted by Gabriel Tang B.Ed., B.Sc.
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c. wu=185 ando=113

z1 =invNorm (0.1)
P =80% symmetrical about the mean X; =invNorm (0.1, 185, 11.3)

trbarn s L o
P=0.1+08=09 g iTUE?PﬁiE.lplﬂﬁp
TR S184ET3
P (1 —20.8) o1 \
— \\\__

X] M X2
z1=-1.28 and X; =170.52
21 22

22 =invNorm (0.9) X, =invNorm (0.1, 185, 11.3) inwHormiEa. 92
1.2581551567
TanrmﬂE 9,135,

1
1135
G.zs andX2=19@ 199, 4515327

Example 6: There are approximately 5000 vehicles travelling on 14™ Street SW during non-rush hours

everyday. The average speed of these vehicles is 75 km/h with a standard deviation of 8 km/h. If
the posted speed limit on 14™ Street is 70 km/h and the police will pull people over when they
are 15% above the speed limit, how many people will the police pull over on any given day?

\ 15% above 70 km/h = 70 x 115% = 80.5 km/h
X=80.5km/h, ux=75km/h, o=8km/h
P (X > 80.5 k;m/h) = normalcdf (80.5, 1 x 10%°, 75, 8)

=0.2458837772
X 75 km/h  80.5 km/h

7]

Number of drivers pulled over = Total x Probabilit
hormalodf (oE, 5, 1 P Y

EQY, 75,20 = 5000 x 0.2458837772
 242BEIY VL

SEER+HNS @rs can be pulled over by@
1229.413826

Copyrighted by Gabriel Tang B.Ed., B.Sc.
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Example 7: A tire manufacturer finds that the mean life of the tires produced is 72000 km with a standard
deviation of 22331 km. To the nearest kilometre, what should the manufacturer’s warranty be
set at if it can only accept a return rate of 3% of all tires sold?

Y7} P=0.03, £=72000 km, o=22331km

X =invNorm(0.03, 720000, 22331)

P=0.03 1nvHormed. B3, 72
: Al 223312
— . 29999, 39373

X km 72 000 km

@nty should be set at 30000 km

3-4 Assignment: pg. 123 — 125 #1 to 10
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Unit 2: Statistics

3-5: The Normal Approximation to a Binomial Distribution

Binomial Distribution: - a histogram that shows the probabilities of an experiment repeated many times
(only success or failure — desirable or undesirable outcomes).

When the conditions np > 5 and n(1 — p) > 5 are met, we can use the normal approximation
for the binomial distribution. ONLY IN THAT CASE, the mean and the standard deviation

can be calculated by:

H=np

where n = number of trials and p = probability of favourable outcome

o= \/np(l—p)

Using the bell curve to approximate a binomial distribution really depends on the number

of trials, n. When n is small, there are very few bars on the binomial distribution and the
bell curve does not fit the graph well. However, when # is large, the bell curve fits the
binomial distribution much better. Therefore, we can use the areca under normal bell curve
to approximate the cumulative sum of the binomial probabilities.

np=4x05=2 (less than 5)
n(l-p)=4x(1-0.5)=2 (lessthan5)

CANNOT use Normal Approximation
Bell-Curve does NOT fit the binomial
distribution well.

n=9 p=0.5

np=9x0.5=45 (less than 5)
n(l-p)=9x(1-0.5)=4.5 (less than 5)

CANNOT use Normal Approximation
Bell-Curve does NOT fit the binomial
distribution well. It’s still not good enough.

- =10 o=2.236

n=20 p=05

np=20x0.5=10 (greater than 5)
n(l-p)=20x(1-0.5)=10 (greater than 5)

CAN use Normal Approximation
Bell-Curve fits the binomial distribution well.
(MORE bars means better fit!)
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Example 1: A multiple-choice test has 10 questions. Each question has 4 possible choices.
a. Determine whether the conditions for normal approximation are met.
b. Graph the resulting binomial distribution.
c. Find the probability that a student will score exactly 6 out of 10 on the test.
d. Calculate the probability that a student will at least pass the test.

a. Determining Condition for Normal Approximation

n = 10 questions p= i= 0.25 (probability of guessing a question correct)
np =10 x 0.25 n(l —p)=10x (1 -0.25)
np = 2.5 (less than 5) =10x0.75

n(l —p) ="7.5 (greater than 5)
Since the np condition is NOT met, we CANNOT use the normal approximation for this question.

b. To Graph the Binomial Distribution:
1. binompdf (10, 0.25) 2. Store answer in L, of the STAT Editor. 3. Enter 0 to 10 in L; of the STAT Editor.

biromrdfCl8.0.25 STO» binomrdf (1A, A, 25 Li Lz Lz 1
2 a1 STAT E JEAY
L. 8563133147 1. L.E5963135147 1. - igzz
ma QPR [rsikz N
E. HS63135147 . 1. ENTER - —

4. WINDOW Settings
X [Xmin, Xmax, xScl] = X. [0, 11, 1]
y: [ymin, YVmax, yscl] =) [0, 030, 005]

Select a number
MBI jiohily higher than the

maximum in L,.

5. Select Histogram in STAT PLOT and graph.

2nd STAT PLOT

Plot1 is Eﬂﬂgtz Flats
ON. : ._._' I.||.E
WO aFel e Lo

- HH-- HIH |~
amin=a wlistili
amax=11 Must be 1 more Freaq:il:z

ﬁﬁ?rl';é than the number

Vrge=. & of trials —

Yacl=.H85 ]

weas=] Type in .L2 as Frequency Seledt
bypressing:  zpq [ Histogram

Page 36. Copyrighted by Gabriel Tang B.Ed., B.Sc.




Applied Math 30 Unit 2: Statistics

c. P (6) =binompdf (10, 0.25, 6) d. P (passing) = P (at least 5 out of 10)
=P (X=5)
bégDdeFiIEFE.ES
? exactly 6 successes £ (X =5)=sum (binompdf (10, 0.25 {5,6,7,8,9,10}))
. AlE22200E] T : ,

_ sum up binomial . T .
P (6) =0.01622 prObabilities of 5 list up I?l.nf)mlal
probabilities of 5

through 10 successes

To access sum function through 10 successes
1. Press 2nd LIST 2. Use to access MATH sumtbhinomEdfC1AE,
STAT H, 25, {5:6.7:3:%,
1@ 2
HAMES 0OFPS |§ERs A7E1 269873
liming
2ipaxt
Simeant
dimediant P ing) = 0.07813 = 7.813%
3. Select Option 5 =P ﬁi;‘igéﬂ (passing) =0. e
FdstdDew

Example 2: A multiple-choice test has 30 questions. Each question has 4 possible choices.
a. Determine whether the conditions for normal approximation are met.
b. Find the mean and standard deviation
Graph the resulting binomial distribution..
Find the probability that a student will score exactly 17 out of 30 on the test.
Calculate the probability that a student will at least pass the test.

o a0

a. Determining Condition for Normal Approximation

n =30 questions p= %: 0.25 (probability of guessing a question correct)
np =30 x0.25 n(1 —-p)=30x(1-0.25)
np = 7.5 (greater than 5) =30x0.75

n(1 — p)=22.5 (greater than 5)
Since both np and n(1 — p) condition are met, we CAN use the normal approximation for this question.

b. Mean and Standard Deviation

M =np =Yt
~30(0.25) = /(30)0.25)1-0.25)
-75 =+/35x0.25x0.75
=2.372
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¢. To Graph the Binomial Distribution:
1. binompdf (30, 0.25) 2. Store answer in L, of the STAT Editor. 3. Enter 0 to 30 in L; of the STAT Editor.

birnomedf {30,825 STO» biromeds (3.8, 25 L1 Lz Lz 1
3 2 STAT ZE ZE-11

71.785820902E -4... {1, 7ESE20902E -4..
md R (2535020002 -4 :
i RSN cnTer JEEEEEEE
i

5. Select Histogram in STAT PLOT and graph.
y. [ymin, Ymax, yscl] =y [0, 018, 002]

LB STAT PLOT
T Y= GRAPH
Select a number
slightly higher than the Plot1 is Flokz  Flots
maximum in L. ON. EEFL L~y
WINGOH etil T
mﬂ;% Must be 1 more Er{éitLI? \
5}

4. WINDOW Settings
X. [Xmin, Xmax’ xScl] = X. [O, 31, 1]

ﬁﬁ?rl'; than the number

Vmax=. 15 of trials. —

Yscl=, B2 i

mz=] Type in L, as Frequency Selebt
L7 Lt 2nd Histogram

6. To Overlay the Binomial Distribution with a Normal Bell Curve
[Enter equation: normalpdf (X, u&, o) ]

A Flotz Flot: =75 GRAPH
Y= =M1 Enormal edf X L °
T;‘SSJ':SEI*.ES*.?S 6 = /30%x0.25%0.75

M=
wMa=
Wiy = use exact value for o
~Ne=

d. P (17)=binompdf (30, 0.25, 17) e. P (passing) = P (at least 15 out of 30)
binomedf 38,8, 25 =P (15<X £30) <« 30 is the maximum score

7
1.656184736E -4

Since Normal Approximation is allowed, we can use
normalcdf to calculate area under the bell curve.
P(17)=1.656 x 107

P (15 < X < 30) = normalcdf (15, 30, 7.5, 2.372) =7.84 x 10™*

P (17) = 0.0001656
@ X <30) = 0.000 784

3-5 Assignment: pg. 130 — 131 #1 to 9
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3-6: Confidence Intervals

Confidence Intervals: - the level of assurance from a statistical report.

- symmetrical area around the mean.

EXTRA!! @lye @unes EXTRAN!

POLL SHOW TORIES ARE STILL POPULAR
A recent poll conducted with 2000 Albertans shows
that if there is a provincial election today, the
Conservative Party will win it by 65% of the popular
vote. The poll is said to be accurate within 1.5%,

19 times out of 20.

Area=97.5%
<

n =2000 Albertans

H=65%

Margin of Error = £1.5%

Xiower = 65% — 1.5% = 63.5%
Xupper = 65% +1.5% = 66.5%

Confidence Interval (Area) = % =95%

To find the zjgwer 0f the 95% Area = 95%

P To find the zypper of the 95%
confidence interval, use invNorm.

confidence interval, use invNorm. <

Ziower = —1.96

Area =2.5%

_196 — Xlower B ‘U

Ziower = INVNorm (0.975)
Zupper = 1.96

1.96 = M
O
1960c=X —u

upper

o Xiower=63.5%  u=65%  Xupper = 66.5% Xpper = H+1960
-1960=X,, ., —u
X, =u-19%c Zlower = —1.96 Zupper = 1.96
95% Confidence Interval In general, conf-int. = u+ ;o
Area = 95%
95% confuint. = u +(1.960) |4 — P

A

95% conf-int. Margin of Error
95% conf-int.

Margin of Error
(Percent)

1.960 «100%

n
Xiower = invNorm (0.025, 4, o) 4
Zlower — -1.96

s

— Margin of Error

General Margin of Error (Percent)

X =
g 2 TH o 00%

n
OR

+29 4 100%
n

Xupper = invNorm (0.975, u, o)
Zupper = 1.96

[« 1 >

+ Margin of Error

Copyrighted by Gabriel Tang B.Ed., B.Sc.
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Example 1: Given that = 72.5, 0= 5.24 and n = 130, draw a 95% confidence interval curve and
determine the margin of error and the percent margin of error.

Area =97.5%
< >

Area =95%

<

Area =2.5%

Xlower= ? U= 72.5 Xupper =? n=130
z]()wer = _1-96 zUpper = 1.96
Xiower = invNorm (0.025, 72.5, 5.24)
Xoypper = invNorm (0.975, 72.5, 5.24) 1pvHorml @, Bes. 7
) B2, 2237887 ]
1EUEDEE§B.9F5:FE
@2.2 pD Tt gEiTrez1129
Margin of Error = £ + (1.960) Margin of Error = z £ (1 — Xiower)
=725+£196x5.24 =725%(72.5-62.2)
Margin of Error =72.51+10.3
X —
Percent Margin of Error = + 1.960 x100%  OR  Percent Margin of Error = £ L T8 100%
n n
_  196(524) o, _, 828-725 o0
130
@ent Margin of Error = 55.8% @ Mean eXpressed m percent
725 x100%
We can say that we are 95% confident that the scores are in the
range of 72.5 = 10.3 out of a total of 130. 1=55.8%

OR

We can say that we are 95% confident that the scores are in the
range of 55.8% £ 7.9% out of a total of 130.
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Example 2: Given that n =250 and p = 0.4, draw a 95% confidence interval curve and determine the
margin of error and the percent margin of error.

This is a binomial distribution. We need to use the formulas g =np and o = 1/np‘l -p ).

Area =97.5%

<

=np(i-p) <

=/250x0.4x(1-0.4)

Area =95%

1= np = (250)(0.4)

~ 100
o="1.746 #

Area =2.5%

AXlower= 2 u= 100 Xupper =? n="250
Zlower = _1096 zUpper = 1-96
Xlower invNorm (0.025, 100, 7.746) .
Xypper = invNorm (0.975, 100, 7.746) Lo 8. 023, 18
2d.21211395

XOVV 85 ] IHUHDI NI:E- HISFIE
: er er E?; l;q'E:l

(Answers are round to whole number because it is a binomial distribution.)

Margin of Error = 4 £+ (1.960) Margin of Error = 1+ (1 — Xiower)
=100+ 1.96 x 7.746 OR =100 £ (100 — 85)

@argin of Error =100 £ 15

X —
Percent Margin of Error = + 1.960 x100%  OR  Percent Margin of Error = £ L T8 100%
n

n
_ ,196(7.746) | 000, =i“52;300x100%

@nt Margin of Error = 40%@

We can say that we are 95% confident that the scores are in the range
of 100 = 15 out of a total of 250.
OR
We can say that we are 95% confident that the scores are in the range
of 40% £ 6% out of a total of 250.
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Example 3: From a random survey of 1000 people, 852 of them believe that the government should
regulate the electricity industry. Calculate the 95% confidence intervals and the margin of
error in percent. Report your final answer in complete sentences.

This is a binomial distribution. We need to use the formulas z=np and o = 1/npil -p } :

Area = 97.5% L1 =np =(1000)(0.852)
< >
Area = 95% Pter
b 852 <
1000 _ /np(I —p)
p=0.852 =,/1000x0.852x(1-0.852)
o=11.23
Area =2.5%
-)(lower= ? U= 852 Xupper =? n=1000
Ziower = —1.96 Zupper = 1.96
AXlower invNorm (O 025 852 11 23) iruHormoE,. 825,25
Xupper = InvNorm (0.975, 852, 11.23) 2.11.23%
) 2829.9335044
invHormia. 975, 35
)(lower =830 Xupper =874 2211.232
274. 8183956

(Answers are round to whole number because it is a binomial distribution.)

Margin of Error = £ + (1.960) Margin of Error = g £ (1 — Xiower)
=852+1.96x11.23 OR =852 + (852 - 830)
@argin of Error = 852 i@
X -
Percent Margin of Error = + 1.960 x100% OR  Percent Margin of Error = + Luper T 100%
n n
_ 1o6(11.23) o _ 874-852 o0
1000 1000

@Margin of Error =85.2% +2.2%

We can say that we are 95% confident that the scores
are in the range of 852 * 22 out of a total of 1000.
OR
We can say that we are 95% confident that the scores
are in the range of 85.2% + 2.2% out of a total of 1000.
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