Page 1 Introductory Statistics for Engineers

Project 1 Descriptive Statistics

Name Due 1/26/2009

I. (14 points)
Problems from Miller & Freund's Probability and Statistics for Engineers by R. A. Johnson:

Attach your work and answers as separate sheets. Each solution needs to be organized, nestly
written and clearly labeled with its corresponding problem number and attached in the order
assigned. If you use Excd on a particular problem, attach a labeled printout of the relevant part of
the spreadsheet. All attached spreadsheet printouts should be set up in Print Preview so that
mar gins, orientation, and scaling yield areadable output that avoids confusing split pages.

Pages10-11: 1.3,1.7,18

Pages 24-27: 2.2,2.9, 2.10, 2.25

Pages 40 —43: 2.34, 2.39, 2.50, 2.51, 2.52
Pages 49 —50: 2.68, 2.69

I1. (12 points)

Use the following two data sets to compute the requested sums. Put only the answers on this sheet
and attach work separatdy. Y ou may wish to use Excd to do the calculations.

[ 1 2 3 4 5 6 7 8 9 10 11 12 13

Xi 32 | 35|38 |40 | 43 | 44 | 47 | 48 | 49 | 50 | 51 | 53 | 55

Yi 50 | 50|49 | 46 | 40 | 39 | 41 | 38 | 37 | 32 | 30 | 28 | 2.7

Complete the table below and answer the questions that follow. Here the shorthand convention is

n
used that 'z ="z , n being the number of data points.
i=1

Summation For mula a= -45 a=0 a= 45 a= 9.0

A 2 (x-a)
B. > x—na

o 2i-a)

n
D. Z(x, —a)2
E. lez —ZaZ X+ na®

What pattern if any do you see between A. and B. above? Prove your assertion.

What do you notice about C.? Prove your assertion.
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What pattern if any do you see between D. and E. above? Prove your assertion.

What value of a above makes D. the smallest?

Compute the following:

Summation For mula

ZXiYi

ZXiZYi

S (Z&)

2 _(Zv.)

S (Z&)

n-— 1

ZXiYi_ZXiZyi

inz_(zxi)z Zyiz_( yi)z

For any fixed set of data x;, i running from 1 to n, determine the value of a which minimizes each

of the following functions.

0 2
f(a):(Z(xi —a)} minimizing value of a =

i=1

n
9(a) = > (x —a)2 minimizing value of a =

i=1
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I11. (22 points)
The data set that follows are measurements of the average diameters of a sample of lymphocytes.

A scanning electron microscope (SEM) image
of a single human lymphocyte (white blood
cdl).

A stained lymphocyte surrounded by red
blood cells viewed using a light microscope.

The measurements are in um and were extracted from an image analysis of an SEM image. The
software which generated the data does not always distinguish between intact lymphocytes and
“pieces’ or fragments of lymphocytes or between single lymphocytes and adjacent “ clusters’.
This data was supplied by Mike Kostma of MATC’s Electron Microscopy program.

16.3975 18.63855 15.20965 18.63918 19.4107 18.38818
3.0105 14.83309 30.56236 20.1218 15.87201 15.17715
15.07998 17.98224 17.05593 44.1056 29.24289 19.45832
19.36242 20.9678 20.82515 18.22499 17.78974 17.33582

18.56787 17.86239 16.55765 21.59801 17.57864 17.29442
18.13202 21.23444 15.53546 13.99835 19.19576 17.07939
17.46741 17.8864 15.85017 21.35174 19.35696 4.472136
2.236068 22.12852 39.16

Thisfull data set will bereferred to as the  Ungrouped Data’. For this set of scores calculate and
record to the nearest thousandth the descriptive statistics requested in the left side of Table 1 on
page 5. Now using a constant class width, group the data so that the lowest classis 1.5-2.5. Using
this grouped data, construct a histogram of the scores, plotting either frequency or relative
frequency along the vertical axis and the classes along the horizontal axis. Also generate the
ogive graph of relative cumulative frequency for less than or equal versus the class boundaries.
Use the midpoint or class mark of each classto represent all of the scoresin that class. Repeat the
same calculations as for the Ungrouped Data and fill in theright side of Table 1, under the
heading ‘ Grouped Data . Finally, make and attach a box plot of both the Ungrouped and Grouped
data.

Y ou may use Excel to present the frequency distributions, do the calculations, and graph the
histogram and ogive. Excd does not have a *built-in’ function to calculate the standard deviation
of afrequency distribution (the Excel functions STDEV and STDEVP assume each scorein the
argument list occurs only once,) However, by setting up a column of x*f and a column of 2,
the standard deviation can be calculated from the formula:

2

Zfixiz_(zxi)

S n-1

Al Lehnen Madison Area Technical College 2/22/2009



Page 4 Introductory Statistics for Engineers

The Excel sample spread sheet shown below illustrates such a calculation.
& e C D E F G
1 |Formulas Shown in Cells

X f x°f XA2f
= 3 =B3*C3 =B3+*C3 Mean = =+03/C8
G 13 =B4*C4 =B4+*C4 Sample SD = =SQRT(ED-DIACI/CI-17)
7 23 =B5*Ch =BavTCE Pop SD= =SORT(ES-DO2/C(CIY
&3 ] =BE*Ch =BGk
9 19 =B7*C7 =B7CT
10 4 =B5*Ca =B5~"CE
| =SUM(C3:C8) =SUM(D3:D8) =SUM(E3:ER)
Histegram of Scores
35
30
25
k4
= 20
g
T15
i
10
5
0
5 i} 7 ki 9 10
X scores

An
The output of the above fo_rmul as _is show_n bel ow.

A B & 0O B F & H
X f x'f x"2*f
a 3 15 75 Mean = 7 BEGRET
=] 13 78 455 Sample SD = 1.173376
7 23 161 1127 Pop SD= 1.167051
g 3 248 1954
2 19 171 1539
1a 4 40 400
a3 713 5593
Histogram of Scores
35
30
25
8
S 20
]
=
E‘- 15
(N8
10
5
0
5 6 7 8 9 10
X scores

In Excel to have the histogram barsfill up the class width as shown above, click on one of the
rectangles in the histogram, then right click and select Format Data Series from the right-click
menu. In the Format Data series menu select Options and in the Options dialogue box set Gap
Width to zero. To generate the ogive graph in Excel choose a chart type that is a line graph of
connected points.
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Excd can even generate the frequency distribution of the classes. This requires the Data Analysis
package be available under the Tools menu. If Data Analysis is not shown in the Tool Menu,
choose Add-Ins, from thelist of Add Ins available: check Anaylsis ToolPak and click OK. You
will need to setup a column of left-class boundaries for the grouped data. Excel calls the column
of these boundaries a*“Bin Range”. Once the Data Analysis Tool is chosen from the Tools menu,
select Histogram and click OK. From the Histogram menu select the Input Range as the cellsin
the column of the ungrouped data, the Bin Range as the column of Right class boundaries, and
then pick a cell where you want the resulting frequency distribution to begin as the Output Range.
Click OK to generate the frequency distribution.
A B c E

o oo e
1
i Engineering Statistics Project 1
E]
4 i Ungrouped Data Class/Bin
5 1 2.236063 15
B 2 3.010500 25
7 3 4472136 35 Input
______ - oo
B8 4 13.993350 45 Lpt B :) :
__:‘:3___ 5 14.833090 548 Bin Range: &
0 6 15.079950 B.5 o
1 7 15.177150 75
12 8 15.209650 a5 utput options
g 9 15.535460 95 (& Qutput Range:
14 10 15850170 108 1) New Wotkshest Ply:
15 1 15872010 115 ) New Workbook
__1__6__ 12 16.397500 125 [] Paretn (sorked histogram)
ghiy 13 16557650 135 [] cumulative Percentage
18 14 17.055930 14.5 [] chart output
19 15 17.079390 15.5
20 16 17.294420 16.5
21 17 17.335820 17.5
2 18 17.467410 18.5
23 19 17573640 19.5
24 20 17.789740 205
25 P 17.862390 215
Tablel
Descriptive Statistic Ungrouped Data | Grouped Data
Minimum
Maximum
Range
Mode N. A.
Median, My
Mean, X
Q1
Qs
IQR

60'th Percentile, Pgo
Sample Standard Deviation, s,
Population Standard Deviation, oy

Sample coefficient of variation

Sample Variance, s)%

Population Variance, 0')%

Al Lehnen Madison Area Technical College 2/22/2009



Page 6 Introductory Statistics for Engineers

Box Plot of Ungrouped Data

2 4 a8 g 1012 14 16 18 200 22 24 26 28 30 32 34 36 38 40 42 44 45 48

Diameter in microns

Box Plot of Grouped Data

2 4 a8 g 1012 14 16 18 200 22 24 26 28 30 32 34 36 38 40 42 44 45 48

Diameter in microns

How closdly do the descriptive statistics of the grouped and ungrouped scores compare?

How well does grouping the scores into classes represent the actual data?

For the ungrouped data, what fraction of the scores is within one standard deviation of the mean?

For the ungrouped data, what fraction of the scores is within two standard deviations of the
mean?

For the ungrouped data, what fraction of the scores is within three standard deviations of the
mean?

For the ungrouped data, what fraction of the scores havea z scorelarger than 1 ?

For the ungrouped data, what fraction of the scores havea z score smaller than 1 ?

For the ungrouped data, what fraction of the scores have a |z| (absolute value of z score) larger
than1?
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Using the box plot of the ungrouped data, diminate all “outliers’, i.e, all data beyond the outer
fence (3.0 IQR's from the box hinges). Now recompute the mean and the sample standard
deviation of this reduced data set.

Sample Mean X =

Sample Standard Deviation s,

Eliminating the outliers changed the values of both of these statistics. Compared to the results for
the full ungrouped data set, which statistic showed the greatest percent change by eiminating the
outliers? Explain this observation.

In general, if outliers are diminated, will the value of this same statistic increase or decrease?
Explain your answer.

For this data set give a possible justification for eliminating the outliers.
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Project 2 Basic Probability

Name Due 2/03/2009

I. (21 points)

Problems from Miller & Freund's Probability and Statistics for Engineers by R. A. Johnson:
Attach your work and answers as separate sheets. Each solution needs to be organized, nestly
written and clearly labeled with its corresponding problem number and attached in the order
assigned. If you use Excd on a particular problem, attach a labeled printout of the relevant part of
the spreadsheet. All attached spreadsheet printouts should be set up in Print Preview so that
mar gins, orientation, and scaling yield areadable output that avoids confusing split pages.
Pages 63 —65: 3.7, 3.8, 3.13, 3.14, 3.17, 3.20, 3.23, 3.25, 3.26

Pages 74-78: 3.34, 3.35, 3.41, 3.42, 3.45, 3.48, 3.51

Pages 88 —91: 3.57, 3.58, 3.61, 3.63, 3.67, 3.68, 3.70, 3.75, 3.79

Pages 95 —-96: 3.86, 3.90, 3.92

.

1. (4 points)

A diagnostic test is always performed to determine product reliability. Thetest hasa0.1%
probability of afalse positive and a 1.0% probability of afalse negative. If past history seemsto
indicate that in fact 4.25% of the products are defective (i.e., not reliable), calculate the following:

a) What percent of all products arerdiable?

b) What percent of all products arereliable and test as reliable?

¢) What percent of all products arerdiable and test as unreliable?

d) What percent of all products are unreliable and test as reliable?

€) What percent of all products are unreliable and test as unrdiable?

f) For what percent of all products does the test giveincorrect results?

g) Given that a product tests as being reliable, what is the probability that it really is reiable?

h) Given that a product tests as being reliable, what is the probability that it really is unrdiable?

i) Given that a product tests as being unreliable, what is the probability that it is reliable?

j) Given that a product tests as being unreliable, what is the probability that it is unreliable?
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2. (2 points)
A student must answer 10 of 13 questions (each worth 10 points) on a 100 point exam.
a) How many different choices as to which set of questions to answer does any one student have?

b) Answer the same question assuming that the exam rules state that everyone must answer the
first five questions.

3. (2 points)

Four integrated circuits (IC's) areto be sampled for testing from a lot of 39 experimental
prototypes produced.

a) How many different samples are possible?

b) What is the probability that a particular group of 4 IC's out of the 39 produced would be the
ones chosen for testing?

¢) Suppose that five of the 39 IC's are defective. Let x be the number of defective IC's chosenin
the sample of four to be tested. Fill in the following probability distribution:

p(x)

AIWINIFL|IO|X
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4. (2 points)
a) A manufacturing process consists of four sub assembly operations performed in series. If each
step is 99% reliable, what is the overall reliability of the process?

b) A power supply is rated at 95% reliability and it has two separate backups each rated as 70%
reliable. Assuming that the failure of a power supply isindependent of the other power supplies,
what is the probability of having power?

5. (4 points)

Suppose that on any given flight of a particular kind of aircraft that the chance of an aileron
malfunction is 0.015%. Assume that this probability never changes and that having an aileron
malfunction is a random process.

a) Calculate the probability that an aircraft of this kind has an aileron malfunction oniits first
flight.

b) Calculate the probability that an aircraft of this kind will have an aileron malfunction onits
1000'th flight, given that it has already completed 999 flights without incident.

c¢) Calculate the probability that an aircraft of this kind makes 999 flights without incident and
then has an aileron malfunction on its 1000'thflight.

d) Calculate the probability that an aircraft of this kind makes 1000 flights and never has an
aileron malfunction.

€) Calculate the probability that an aircraft of this kind has an aileron malfunction sometime
before it completes its 1000'th flight.
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I11. (13 points)

Toss two six-sided dice 144 times. For each toss record the sum of the two uppermost faces.
From this data construct the relative frequency distribution (i.e., the empirical probability
distribution) to the nearest ten-thousandth. Using the assumption of afair experiment (i.e, the
“classical probability concept”), calculate the theoretical probabilities, also to the nearest ten-
thousandth. The Mean value of the probability distribution is the mathematical expectation
(expectation value) of the sum of faces. The population variance is the expectation value of the
squared deviation of the sum of faces fromits mean value. The population standard deviation is
the square root of the population variance. For the 144 die tosses, the mean and population
standard deviation are just the mean and population standard deviation of your 144 scores.

Sum of Faces Empirical Probability Theor etical Probability

[y I
RlBlo|lo|~No|o| s w(n

12
Mean Value
Population Standard Deviation

Using Excel superimpose both the empirical and the theoretical probability distributions as
probability histograms. Use a series legend to identify each distribution. Use the classes 1.5-2.5,
2.5-3.5, ec., so that each “score” (possible sum value) is associated with its own class of width of
one. On the vertical axis plot the respective probability (empirical or theoretical). Attach a print
out of your histogram with your assignment.

How do the empirical and theoretical distributions differ?

Why are the two distributions different?

Assuming a“fair toss’ of the dice, what would you need to do to make the two distributions
converge?

What is the area to theright of 5.5 under the theoretical probability distribution curve?

Interpret this area as a probability.

How well do the means and standard deviations of the two distributions compare?
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Project 3 Discr ete Probability Distributions
Name Due 2/12/2009

I. (24 points)
Problems from Miller & Freund's Probability and Statistics for Engineers by R. A. Johnson:

Attach your work and answers as separate sheets. Each solution needs to be organized, nestly
written and clearly labeled with its corresponding problem number and attached in the order
assigned. If you use Excd on a particular problem, attach a labeled printout of the relevant part of
the spreadsheet. All attached spreadsheet printouts should be set up in Print Preview so that
mar gins, orientation, and scaling yield areadable output that avoids confusing split pages.

Pages 112 — 114: 4.3,45,4.6,4.7,4.8,4.12, 4.20, 4.25
Pages 125-127: 4.34,4.41,4.44, 4.47, 4.48
Pages 133 — 135: 4.50, 4.51, 4.56, 4.59, 4.60, 4.61, 4.63, 4.67, 4.68, 4.69
Page 137: 4.74
1. (2 points)
Calculate the following to three significant digits.
a) 80!

b) 80,000,000!

I1. (11 points)
A state LOTTO gameis advertised as follows:

Win Up To $3,000,000! Play Number-Buck!
Rules: For only $1 purchase any six humbers of your choice from 1 to 49. In the grand drawing

six different numbers from 1 to 49 are picked at random. Y ou compare your numbers to those
drawn. Depending on the number of matches you win as follows:

3 matches $2

4 matches $30

5 matches $400

6 matches $3,000,000

Y our friend, Joe Hapless, who, sadly, never benefited from a course in statistics, is impressed
with the ad and wants to play. As his more enlightened confidant you agree to compute the
probabilities of hiswinning. Let the random variable, x, stand for the number of matches.

a) Let p(x) bethe probability that the number of matchesis x and fill in the probability
distribution table for x. Calculate the mean and the standard deviation of this distribution and
record them as well.

b) Let m stand for Jo€'s net earnings. Remember, Joe must pay $1 just to play
the game! Complete the probability distribution table for m and also calculate the values for the
mean and standard deviation of m.
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Probability Distribution Table for x

p(x)

DO WINFPOX

x
x
|
—
X
o

Oy = <x2>—<x>2

Probability Distribution Table for m

p(m)

IN
N

olu|blw|3|x

¢) If 1,000,000 tickets for this game were sold, how much money would you expect the game's
sponsors (i.e., the state) to make?

d) On the average how many tickets for this game must be sold before for there to be a jackpot
($3,000,000) winner?

€) How many people must play the game so that the probability of at least one jackpot winner
becomes 95%?

f) For the number of tickets sold in part €) how many jackpot winners would you expect?

g) For the number of tickets sold in part €) how much money would you expect the state to make?

V. (11 points)

Toss ten coins 100 times and for each of the 100 tosses record the number of heads, x. From the
resulting frequency distribution of x, compute the empirical probability (relative frequency) of
each value of x. Compute the theoretical probabilities assuming fair and independent tosses of the
ten coins. Note: A single experiment in this coin toss scenario is defined as atoss of the ten coins.

Al Lehnen Madison Area Technical College 2/22/2009



Page 14 Introductory Statistics for Engineers

There are then 100 repetitions of this same experiment. Calculate the mean and standard
deviations of both the theoretical and empirical distributions and enter all resultsin Table 1.

Using Excel superimpose both the empirical and the theoretical probability distributions as
probability histograms. Use a series legend to identify each distribution. Use classes —0.5-0.5,
0.5-1.5, 1.5-2.5, etc., so that each “scor€’ (possible sum value) is associated with its own class of
width of one. On the vertical axis plot the respective probability (empirical or theoretical). Attach
aprint out of your histogram with your assignment.

Tablel
X Empirical Probability Theoretical Probability
0
1
2
3
4
5
6
I
8
9
10
ﬂx:<x>
2
Oy = <x2>—<x>

How do the empirical and theoretical distributions differ?

Why are the two distributions different?

Wheat is the theoretical probability of 7 or more heads on one toss of the ten coins?

Wheat is the theoretical probability of 4 or less heads on one toss of the ten coins?
Do the means of the theoretical and empirical distributions match better or worse than most of the
specific event probabilities?

Give areason why this makes sense.
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Project 4 Continuous Probability Distributions
Name Due 2/27/2009

I. (26 points)
Problems from Miller & Freund's Probability and Statistics for Engineers by R. A. Johnson:

Attach your work and answers as separate sheets. Each solution needs to be organized, nestly
written and clearly labeled with its corresponding problem number and attached in the order
assigned. If you use Excd on a particular problem, attach a labeled printout of the relevant part of
the spreadsheet. All attached spreadsheet printouts should be set up in Print Preview so that
mar gins, orientation, and scaling yield areadable output that avoids confusing split pages.

Pages 152 — 153: 5.2,5.3,5.10,5.12, 5.13,5.17

Pages 162 - 164: 5.19,5.20, 5.21, 5.22, 5.23, 5.24, 5.28, 5.29, 5.30, 5.37, 5.40
Pages 175 - 176: 5.45, 5.46, 5.48, 5.50, 5.51, 5.52, 5.56, 5.57, 5.58, 5.61, 5.62, 5.63
Pages 188 - 190: 5.71,5.72,5.73, 5.74, 5.75, 5.85, 5.90, 5.91

Page 194 594

Page 197: 5.99

.

1. (6 points)

a) Inagroup of n people, none of whom were born on a leap day (February 29 of aleap year),
what is the probability that at least two people share a birthday? Assume that peoples’ birthdays
are uniformly distributed over the 365 days of the year.

b) In Excel generate a column in a spreadsheet that calculates this probability fromn=1to
n=100. [Hint: Let g(n) bethe probability that in the group of n people no common birthdays
occur. Develop arecursion for g(n) interms of n and g(n — 1). Using relative addressing this
recursion is easy to implement in Excel.] Also insert in your spreadsheet a scatter plot which
displays the prabability of at least one common birthday versusnfor n=1ton=100.

¢) What is thefirst value of n for which the probability of at least one common birthday exceeds
50%"7?

d) Using Stirling's formula, determine aformula for G(n) , so that 1— eG(n) approximates the
probability of at least one common birthday in the group of n people. As a check, in your
spreadsheet add another column adjacent to the column of part b) which displays the results of
this approximation n = 1 to n = 100. Print out and attach a copy of your spreadsheet with your
assignment.
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2. (3 points)
Given the following distributions (cumulative probability distribution) functions F(x) which give
the probability that the value of the random variable is less than or equal to x, determine

i) the probability density function f(x)

i) the expected or expectation value of x: E(x)=(x)

iii) the expected or expectation value of X% E(xz) = <x2>

0 if x<0

a) Fora>0, F(x)=
() {1—e"‘/a if x>0

<X>= My =

0 if x<0
> A
b) Fora>0, F(x)= 1—cos(z—j if 0<x<a
a
1 if X>a
f(x) =
<X>= Hy =
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3. (3 points)
a) The probability density function of the standard normal distribution is given by

f(z)= Ae Z/2 The constant A is called a nor malization factor and is determined by the

requirement that JW f(2)dz=1. Theformulafor A can be discovered by the following “trick”.

B= .E; e Z/2gz= \/(I:o e_Xz/dej(I:o e‘yz/Zdyj :\/J::, J':o e—xz/ze—yz/zdydx

Transform the double integral to polar coordinates and from the formula for B determine A.

b) For positive o determine the normalization factor A in the probability density function
f ()= ag 0 /(27)

c) Calculate E([x—u]z) =<(x—u)2> for the probability distribution of b).

Al Lehnen Madison Area Technical College 2/22/2009



Page 18 Introductory Statistics for Engineers

4. (8 points)
The probability that a standard normal variable, &, takes on a value between 0 and Z is given by

- 1 2 22
h =— .
theintegral Pr(0<¢<2Z) \/EIO e /“dt

a) Usethe Maclaurin series for €*to generate a power seriesfor Pr(0<¢£<Z).

b) What is the interval of convergence of the power seriesin a)

o) If Pr(0<¢< Z):%Z aj(Z), where a; (Z) arenon-zero terms in the power series of

part @), determine the following:

20(2)= a2

d) Using your results from c), generate an Excel spreadsheet with the following three [abeled
columns.

Zrunning from0to 5 in steps of 0.1

Excel’s approximation to Pr(0< & < Z) formatted to eight decimal places. Use the built in
standard normal probability distribution function, NORMSDIST( ). Since this function gives the
cumulative probability that Pr(& < Z) you will need to subtract 0.5 fromits output to get

Pr(0<¢£<Z).
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Theresult of summing — Z aj Z)also formatted to eight decimal places. To do this sum, for

each row that goes with a given val ue of Z, generate 51 columns, one for each term you're going
to sum. Use the recursion implied by your answer to part ¢) to generate the terms.

Pr(0<¢<2) Pr(0<¢<2) j 0 1
j'thTerm
Z NORMSDIST (2)-0.5 | Power Series | label >
0.10 0.03982784 0.03982784 1.0000E-01 | -1.6667E-04
0.20 0.07925971 0.07925971 2.0000E-01 | -1.3333E-03
0.30 0.11791142 0.11791142 3.0000E-01 | -4.5000E-03

€) Comment on the accuracy of Excel’s built in function compared to the power series
approximation for the values of Z considered.

f) Add one additional row to the bottom with Z = 9. What happens?! Try to come up with an
explanation for what you see.

g) Print out your spreadsheet but only select the three labeled columns as shown above. Attach
your printout with the assignment.

5. (2 points)
Now consider the probability that a standard normal variable, &, takes on a value greater than Z.

Pr(£>2)= 1-—j e /2t = “e /26t . Asthelast part of Problem 6 illustrated

1
Tork

getting accurate answers as Z gets large can be a problem. An alternate approach is an asymptotic
approximation to the probability. If you make the substitution u= t2/ 2 and integrate by parts,

1 (=] 1 e
e 2)= Tt ( Ja ﬂzz/ﬁfﬂ/zﬁ‘“
-22/2

J_Z 4\/7'[2/2u3/2
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Now, the second integral is of order eT , Which is Z times smaller than the first term. So we
Z
~Z%/2
have the asymptotic representation that asZ — e, Pr(&>7)— . Generate an Excel
N2rnZ

spreadsheet with the following thr ee labeled columns.

a) Zrunning from 1 to 25 in steps of 1

b) Excel’s approximation to Pr(& > Z) formatted as scientific with four decimal places. Use the
built in standard normal probability distribution function, NORMSDIST( ). Since this function
gives the cumulative probability that Pr(& < Z) you will need to subtract it from 1 to get

Pr(&>2).

c) The asymptotic approximation to Pr(& > Z) also formatted as Scientific with four decimal

places.
To hep you check your work the actual probabilities to five significant figures are given below
for thefirst eight values of Z.

N

Pr(&>2)
1.5866E-01
2.2750E-02
1.3499E-03
3.1671E-05
2.8665E-07
9.8659E-10
1.2798E-12
6.2210E-16

0o N o o B~ w N P

Print out and attach your spread sheet with the assignment.

Comment on how well the asymptotic formula representsPr(& > Z).
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Project 5 Sampling Distributions
Name Due 3/11/2009

I. (15 points)
Problems from Miller & Freund's Probability and Statistics for Engineers by R. A. Johnson:

Attach your work and answers as separate sheets. Each solution needs to be organized, nestly
written and clearly labeled with its corresponding problem number and attached in the order
assigned. If you use Excd on a particular problem, attach a labeled printout of the relevant part of
the spreadsheet. All attached spreadsheet printouts should be set up in Print Preview so that
mar gins, orientation, and scaling yield a readable output that avoids confusing split pages.

Pages 214 — 216: 6.5, 6.9, 6.11, 6.12, 6.13, 6.14, 6.15, 6.17, 6.18
Pages 221 - 222: 6.20, 6.22, 6.23, 6.25, 6.27, 6.28

Il

1. (8 paints)

Use the set of 45 average lymphocyte diameters was given in Project 1.

a) Generate an Excel spreadsheet that makes a normal scores plot of the data. First enter the
lymphocyte diameters as a column of 45 entries and then sort this column in ascending order.
Next generate a parallel column of integers, j, from 1 to 45. The Excel Inverse Standard Normal
Distribution Function, NORM SINV (P), returns the z score which has an area to the ft equal to
P. Paralld to the other two columns column to enter a third column generated by

NORMSINV (j/46). Thiswill provide a column of 45 z scores distributed across N(O, 1) with
equal probability between each score. Make a scatter plot of the lymphocyte diameters versus the
Z SCOres.

b) Based on the normal scores plot, how normal is the distribution of lymphocyte diameters?

¢) Now, asin Projectl, removeall “outliers’, i.e., al data beyond the outer fence (3.0 IQR's from
the box hinges). Then repeat the normal scores analysis on this reduced data set.

d) Based on the normal scores plot, how normal is the distribution of lymphocyte diameters once
the outliers have been removed?

€) Hand in your spreadsheet with the assignment.

2. (15 points)

In Excel we are going to simulate the sampling distribution of means and standard deviations for
scores drawn at random from a uniform distribution. Construct an approximately uniform parent
population of 2000 scores with a mean of about 34, aminimum of about 18, and a maximum of
about 50. To do this, generate a column of integers from 1 to 2000. Start this column in the
middle of the spread sheet so as to leave ample rows near the top for summary results of the
sampling distributions.
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Next to this column generate a column of 2000 random scores by using the formula
32*RAND()+18. Since the random number generator RAND() will recompute this column every
time any new formulais entered or computed, this column will continuously change. To keep the
generated parent population from constantly changing, create a third column of “ Stable Score” by
selecting and copying the entire second column. Position the cursor to the first cell of thethird
column. From the Edit menu, choose Paste Special. In this menu check “Values’ and then click
OK. This column is your parent population of 2000 scores.

Population
Index Score |[Stable Score
1| 37.26276| 45.1289503
2| 34.80189 19.1632413

Calculate the mean and population standard deviation of the parent population and display the
resultsin labeled cells near the top of the spreadsheet under atitle of Parent Population. Create a
column of right class boundaries that goes from 18 to 50 in steps of 1. Then from the Tools menu
select Data Analysis, from that menu select Histogram. For the Input Range select the parent
population column. Select the column of |eft class boundaries for the Bin Range and choose a
convenient cell as the Output Range where the grouped frequency distribution will begin in the
spreadsheet. From the grouped frequency distribution construct a histogram of the parent
population similar to the one shown below. Place this histogram near the top of the spreadsheet

by the parent population parameters.

Frequency of Parent Population
a0

a0

[ M S W ) N )1 A ) N () 0 A B O R

ap +— e i et HHHHHHHHHHAHHHHH R

«+—1--+H+H-HHHHHHHHHHHHHHHHHAHHHHHHHHHHF

a+—-H- - -4 H+H-H4H44-HHHHHHHHHHHHHHHHHHHHHHH

18 190 20 21 22 23 24 25 26 27 I8 20 30 31 22 33 24 35 36 37 38 30 40 41 42 42 44 45 46 47 42 40 4D

Now from the Data Analysis Menu pick Sampling and for the Input Range select the parent
population column. Specify random samples and 4 for the number of samples. Thisis actually n,
the sample size. Choose a convenient cell as the Output Range where the column of four sample
scores will begin. Repeat this procedure until you have 40 different random samples each of
sample size four. For each sample calculate the mean and sample standard deviation. Now for the
set of forty sample means calculate the mean, standard deviation, minimum and maximum. From
the minimum and maximum determine a reasonable set of |eft class boundaries. Using Histogram
from the Data Analysis menu generate a histogram of the grouped sample means.
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Sampling

Introductory Statistics for Engineers

Input
Input Range:

[]Labels

Sampling Method

) Periodic
Period:

(& pandom

Mumber of Samples:

Qukpuk opkions

) Outpuk Range:

%) Mew Worksheet Ply:
) New Workbook

Repesat this same procedure for the forty sample standard deviations. Place the two histograms of
the sample statistics as well as labded values of the mean, standard deviation, minimum and
maximum of each distribution at the top of the spreadsheet under the population parameters and
population histogram. Examples of the two histograms are shown below.

Distribution of Sample Means

Distribution of Sample Standard Deviations

Frequency of Sample Means n= 4

Frequency of Sample 5. n=4

A

19 21 23 25 27 29 31 33 35 37

-

39 41 43 45 47 48 1.2 3 4 5 68 7

g

9 10 11 12 13 14 135

Now generate a second set of 40 samples, only this time use a sample size of 36. Repest all of the
steps you carried out for the samples of size 4. Place the new two histograms of the sample
statistics based on n = 36 aswell as labeed values of the mean, standard deviation, minimum and
maximum of each distribution at the top of the spreadsheet under the previous results for the
sampling distributions based on n = 4. From the File Menu choose Print Area and then Set Print
Area.. Select only that part of the spreadsheet that contains the five histograms and summary
statistics. After adjusting the margins and size in Setup to get a readable printout that avoids

confusing split pages, print your sdection.

Fill in the following table and answer the following questions.
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Summary Table of Sampling Distributions from the Uniform Population

Parent Population Mean g,

Parent Pop Standard Deviation oy

n = 4. Mean of the 40 sample means

n = 4. Standard Deviation of the 40 sample means

n = 4: Standard Error of the Mean o

n = 4. Mean of the 40 sample standard deviations

n = 36: Mean of the 40 sample means

n =36: Standard Deviation of the 40 sample means

n =36: Standard Error of the Mean oy

n = 36: Mean of the 40 sample standard deviations

a) For the samples of size 4, how closdaly does the mean of the forty sample means match the
population mean?

b) For the samples of size 4, how does the spread of the sampling distribution of sample means
compare to the spread of the parent population?

c) For the samples of size 4, how does the shape of the sampling distribution of sample means
compare to the shape of the parent population?

d) For the samples of size 4, how closely does the standard deviation of the forty sample means
match the standard error of the mean?

€) For the samples of size 4, how closely does the mean of the standard deviations match the
standard deviation of the parent population?

f) For the samples of size 36, how closely does the mean of the forty sample means match the
population mean?
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g) For the samples of size 36, how does the spread of the sampling distribution of sample means
compareto the spread of the sampling distribution of sample means based on samples of size 4?

h) For the samples of size 36, how does the shape of the sampling distribution of sample means
compare to the shape of the sampling distribution of sample means based on samples of size 4?

i) For the samples of size 36, how closdly does the standard deviation of the forty sample means
match the standard error of the mean?

j) For the samples of size 36, how closdy does the mean of the standard deviations match the
standard deviation of the parent population?

k) Based on this simulation, which parameter, the mean or standard deviation, is better estimated
by its sample statistic? Explain your answer.

3. (10 paints)
Go to the website http://www.ruf.rice.edu/~lane/stat_sim/sampling_dist/index.html to run a Java
simulation of sampling distributions from various parent populations. In the instructions it states:

“Please wait until a button appears below”. The button is Actually to the L eft!. Click the Begir]
button to start the simulation. There will be a slight delay and then the Java applet opens in a new
window. When the applet begins, a histogram of a normal distribution is displayed at the top of
the screen.

The distribution portrayed at the top of the screen is the population from which samples are taken.
The mean of the distribution isindicated by a small blue line and the median is indicated by a
small purpleline. When the mean and median are the same, the two lines overlap. Thered line
extends from the mean one standard deviation in each direction.

The second histogram displays the sample data. This histogram isinitially blank. The third and
fourth histograms show the distribution of statistics computed from the sample data. The number
of samples (replications) that the third and fourth histograms are based on is indicated by the label
"Reps=." This number is chosen from the three options stated, 5, 1000, or 10,000. In this
simulation always choose 10,000. The“ Animated” button samples 5 scores and illustrates the
random sampling. Two sampling distributions can be displayed and for each one you can specify
which statistic and sample size to use with the pop-up menu. However, leave the bottom one
blank. Thiswill avoid scaling problems, since by default the same scale is used on both
distributions. The scale required for the variance, which is larger than the scale needed for the
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mean, would also be applied to the mean if both distributions are generated in parallel. On the
first sampling distribution choose M ean to display the distribution of sample means and later
choose Var (U) to display the distribution of the sample variances. The sample size of each
sample can be set to 2, 5, 10, 16, 20 or 25 from the pop-up menu. Do not confuse the sample size
with the number of samples.

Numerical values of the statistics of the sampling distribution are displayed to the left of the
histogram. By clicking the "Fit normal" button you can see a normal distribution superimposed
over the simulated sampling distribution. The pop-up menu at the top of the screen allows you to
change the parent population. There are four options for the parent population: Normal, Uniform,
Skewed and Custom.

In your simulation you will use three different parent populations each to be sampled withn = 2,
n=16 and n =25 . The populations to use are Normal, Uniform and BiModal. Y ou will need to
construct the BiModal population. From the top pop-up menu choose Custom. By clicking on the
top histogram with the mouse and dragging, generate a“BiModal” distribution similar to the one
shown below.

£ Sampling Distributions

fnean= 1540 Paint distribution with rouse.
redian= 0.50
ad= 1223
aleu= 007 Clear lower 3
kurtosiz= 183 Custom i
i
Sarnple Data
6 Sample:
A
4 Animated
3 5
2
1 1,000
0 % 10,000
Reps= 10000 Distribution of Means, N=2
_ 1056
fnean= 1547 220
rnedian= 16.00 04 Mean i
sl= 210 502 s
skews 005 352 e e
kurtosis= 092 176 v Fitnormal:
0 #
]
5
4 MHone -
3 = -
5 =5
1 [ Fitnormal
0 a
Java Applet Window
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For each parent population and each sample size simulate both the distribution of sample means
and the distribution of sample variances. As noted above, do them one at a time. This avoids
compressing the shape of the sampling distribution of means which results if both distributions
are generated in parald. Fill in the two tables below using the results displayed by the
simulation.

Table 1: The Sampling Distribution of Means

Population Nor mal Uniform BiModal

Parent Population Mean g,

Parent Pop Standard Deviation oy

n = 2: Mean of the Sampling Distribution

n=2: S. D. of the Sampling Distribution

n = 2: Standard Error of the Mean o

n = 16: Mean of the Sampling Distribution

n =16: S. D. of the Sampling Distribution

n = 16: Standard Error of the Mean oy

n = 25: Mean of the Sampling Distribution

n =25: S. D. of the Sampling Distribution

n =25: Standard Error of the Mean ox

Table 2: The Sampling Distribution of Variances

Population Nor mal Uniform BiModal

Parent Pop Variance 0')%

n = 2: Mean of the Sampling Distribution

n=2: S. D. of the Sampling Distribution

n=2 J2/vo?

n = 16: Mean of the Sampling Distribution

n =16: S. D. of the Sampling Distribution

n=16: \[2/vo?

n = 25: Mean of the Sampling Distribution

n =25: S. D. of the Sampling Distribution

n=25 \2/vo?
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a) For which population did the n = 2 sampling distribution of means least resemble a normal
distribution? Explain if thisis surprising or not.

b) For every parent population what happened to the width of the sampling distributions of means
as nincreased? In what way was this reflected in the numbers you recorded in Table 1?

¢) For every parent population what happened to the shape of the sampling distribution of means
as nincreased?

d) In general, how did the values of the standard deviations of the sampling distribution of means
compare with the standard error of the mean?

€) How arethe results of this simulation consistent with the Central Limit Theorem?

f) How well do the means of the sampling distribution of variances approximate the population
variance? Is this surprising?

g) For every parent population what happened to the shape of the sampling distribution of
variances as n increased?

h) For which parent population did the values of the standard deviation of the sampling
distribution of means come closest to/2/v 0')% ? Explain why this makes sense.

2
i) Under what condition is the sampling distribution of (n—l)[iJ a ;{2 distribution withn—1
o
X
degrees of freedom? Based on this simulation, how important is this condition for the result to be
true?
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j) The graph below shows a parent population similar to the“BiModal” distribution used in the
Sampling Distributions simulation. The parent population parameters were 1 =40 and

o =17.01777.

BiModal Parent Population

40.0

Below is shown a detailed view of the histogram of the sampling distribution of means for 750
samples each of sample size n taken at random from this population. Based on this histogram
determine the sample size n and estimate the mean and standard deviation of these 750 sample

averages.
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Project 6 Statistical Decision Theory
Name Due 4/08/2009

I. (36 paints)
Problems from Miller & Freund's Probability and Statistics for Engineers by R. A. Johnson:

Attach your work and answers as separate sheets. Each solution needs to be organized, nestly
written and clearly labeled with its corresponding problem number and attached in the order
assigned. If you use Excd on a particular problem, attach a labeled printout of the relevant part of
the spreadsheet. All attached spreadsheet printouts should be set up in Print Preview so that
mar gins, orientation, and scaling yield areadable output that avoids confusing split pages.

Pages 235 — 237: 7.2,7.12,7.13,7.15,7.21, 7.25
Pages 244 - 246: 7.27,7.28,7.30,7.32,7.38
Pages 257 - 258: 7.41,7.44,7.46, 7.54, 7.55
Pages 269 - 271: 7.63, 7.65, 7.68, 7.70, 7.72
Page 274 7.74,7.75

Page 284: 8.3,84

Page 289: 8.7,8.15

Pages 297 - 298: 9.1,9.2,9.10,9.11

Pages 306 - 308: 9.19,9.25,9.29,9.30,9.34
Il

1. (4 points)

At aR&D center there are five different research groups. Some research groups are perceived
both internally and externally as being more prestigious than others. The center maintains its own
private library, but the library's share of the total research budget is insufficient to purchase all the
materials requested at any given time. Therefore, when a member of a particular research group
makes a request, he or she must also specify a priority, from 1 (the highest) to 4 (the lowest),
which indicates how urgently the item is needed. The following contingency table summarizes all
requests for thefirst six months of the last fiscal year.

R .Ch Qroup 2 A B C D E Row Sum
Priority {
1 46 33 48 36 33
5 39 30 41 30 26
3 19 13 23 26 16
4 16 7 18 26 14
Column Sum

Test, at a5% level of significance whether thereis a rd ationship between the assignment of
priorities and the research group the request comes from. State and explain your conclusion.
Compute and report the P- Value of your observed statistic.
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2. (2 points)

In Project 2, Part 111, you tossed two six-sided dice 144 times and recorded the observed
frequencies for the sum of the two faces. Based on your datais there evidence at a 5% level of
significance that the die-toss was not done fairly? To answer this question fill in the table bel ow.

Sum of Faces Theor etical Probability Expected f Observed f (0- E)Z/E

2or 3

4

O[N] 01

10

11 or 12

State and explain your conclusion. Compute and report the P- Value of your observed statistic.

3. (6 points)
In Excel usethe same set of average lymphocyte diameters asin Project 1. Set up the Tablein
Excd with the data grouped in the six classes shown in the table below.

Class Boundaries
Lower Bound | Upper Bound f zlower | zupper |NormPr| E | (O-E)YE
—o0 135
13.5 15.5
15.5 17.5
17.5 19.5
19.5 21.5
21.5 oo
Column Sum %////////////%%//////////%

For calculation purposes you need to use the mean and (sample) standard deviation for the
ungrouped data. For each class calculate the z scores of the lower and upper class boundaries
(called z lower and z upper, respectively). In Excel use the function NORMSINV() to calculate
the area between these two z scores in the standard normal distribution, N(0,1) . Thisisthe
probability of the given class assuming that the scores are normally distributed. From this model
probability you can calculate an expected frequency to compare against observation. Generate a
histogram which displays both the expected and observed frequencies versus the classes.

Al Lehnen Madison Area Technical College 2/22/2009



Page 32 Introductory Statistics for Engineers

Isthere evidence at a 5% level of significance that the lymphocyte diameters are not normally
distributed? State and explain your conclusion. Explain how you reached your conclusion.
Compute and report the P- Value of your observed statistic.

Now, asin Project 1, removeall “outliers’, i.e, al data beyond the outer fence (3.0 IQR's from
the box hinges). Then group the scores into at least five classes in such away that no expected
frequency is less than 5. For this reduced data set generate a histogram which displays both the
expected and observed frequencies versus the classes. Is there evidence at a 5% level of
significance that the lymphocyte diameters with outliers removed are not normally distributed?
Explain how you reached your conclusion. Compute and report the P- Value of your observed
statistic.

Hand in your spreadsheet with the assignment.
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Project 7 Analysis of Variance

Name Due 4/24/2009

I. (30 paints)
Problems from Miller & Freund's Probability and Statistics for Engineers by R. A. Johnson:

Attach your work and answers as separate sheets. Each solution needs to be organized, nestly
written and clearly labeled with its corresponding problem number and attached in the order
assigned. If you use Excd on a particular problem, attach a labeled printout of the relevant part of
the spreadsheet. All attached spreadsheet printouts should be set up in Print Preview so that
mar gins, orientation, and scaling yield areadable output that avoids confusing split pages.

Pages 413 — 416: 122,125, 12.6, 12.10, 12.12, 12.17
I1. (18 points)
A pilot study on three-member wood joints held with asingle steel bolt was performed to

determineif previousload conditions affected the strength of the joints. All joints were made to
the same design from DouglasHir.

)/ The specimens were three-member wood joints
(fig. 1) with a single bolt. The main members

were 3 inches wide and the side members were
1-1/2 inches wide. All members were 1-1/2 inches
thick. All material was Douglas-fir with a moisture
content of approximately 10 percent.

4 Bolts were 1/2 inch in diameter and 7 inches in
length. They conformed to ASTM Standard A 307
(Low Carbon Steel Externally and Internally

papar. i Threaded Standard Fasteners). Washers were
used under the bolt head and the nut. Nuts

were finger-tight. The bolt holes were 9/16 inch

4 in diameter.

The specimens had a ratio of main member
width-to-bolt diameter of six (Mode i failure). This
ratio was selected because it is commonly found
in glulam construction.

/_T—/ End distance was 4 inches in both main and

3 — \
side members.

e 15 —> 13 =

Figure 1—Specimen
geometry. Member thickness
was 1-1/2 inches. (All
dimensions are inches.)
(ML88 5387)

Thefollowing four load conditions were used:
A: A short duration ramp load (i.e., acontrol group)
B: A constant load of 4080 Ibs applied for 1 year
C: A constant load of 2880 Ibs applied for 1 year
D: A constant load of 1440 Ibs applied for 1 year

The strengths of the joints were then determined in destructive testing by monitoring the
maximum load (pounds) to joint failure. The data is shown in the table below.
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Previous Load Condition = A B C D

4420 5950 5140 4810
4570 4670 5030 5370
4600 5830 4870 5480
4640 4870 4920 5540
4440 4510 5560 6580

4860 5110 6200
4620 5090 7410
5020 5810

In Excel set up a one-way analysis of variance as is described in the ANOVA notes at
http://faculty. matcmadison.edu/alehnen/EngineeringStats/ ANOV A.pdf . Since the numbers are
rather large, you will have display problems. One possible solution is to format resultsin
scientific notation. A second solution is to subtract a constant from every score as this will shift
the means, but not the variances. The Excel function FDIST gives the probability ina F
distribution with the appropriate observed F score and numerator and denominator degrees of
freedom. The Excel function FINV gives critical one-tail F scores for a stated level of
significance and the appropriate numerator and denominator degrees of freedom.

Test at a 5% level of significance whether any of the load condition variations are associated with
differences in maximum load. State and explain your conclusion. Explain how you reached your
conclusion. Compute and report the P- Value of your observed statistic.

Now determine by a Bonferroni procedure which, if any, of the four load conditions are
significantly different from each other in their mean maximum load. Remember that the Excel
function TINV outputs the two tail critical degree score.

What assumptions are necessary for the above Single Factor ANOVA to bevalid?

Do these assumptions seem to be satisfied by this particular set of data? Explain your answer.

Hand in your spreadsheet with the assignment.
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Project 8 Regression Analysis
Name Due 5/07/2009

I. (25 points)
Problems from Miller & Freund's Probability and Statistics for Engineers by R. A. Johnson:

Attach your work and answers as separate sheets. Each solution needs to be organized, nestly
written and clearly labeled with its corresponding problem number and attached in the order
assigned. If you use Excd on a particular problem, attach a labeled printout of the relevant part of
the spreadsheet. All attached spreadsheet printouts should be set up in Print Preview so that
mar gins, orientation, and scaling yield areadable output that avoids confusing split pages.

Pages 352 — 356: 114,115, 11.12,11.13,11.22
Pages 370 - 373: 11.26, 11.27

Pages 383 - 386: 11.50, 11.51, 11.57

I1. (23 points)

Measurements of the electrical resistivity of tungsten at specified temperatures are presented in
the table below. The error in the determination of the temperature was negligible. The
temperatures are stated as absolute temperatures in °K. The units on resistivity are zcm.

Temperature Resistivity
300 5.65
400 8.06
500 10.56
600 13.23
700 16.09
800 19.00
900 21.94
1000 24.93
1100 27.94
1200 30.98
1300 34.08
1400 37.19
1500 40.36
1600 43.55
1700 46.78
1800 49.69
1900 53.35
2000 56.67

In Excel perform aregression analysis as detailed in the Regression Notes found at

http://faculty. matcmadison.edu/al ehnen/EngineeringStats/regression.pdf . Y our spreadsheet
analysis of this data set should contain two scatter plots. Thefirst should display both the data and
the predictions of the linear regression model drawn as a continuous line. The second should
display the residuals plotted versus the control variable.
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Assuming that the underlying relation between absolute temperature and resistivity for tungsten is
linear and that the errors in the measurements are normally distributed, calculate the lower and
upper limits for a 99% confidence intervals requested in the following table.

99% Confidence Interval L ower Limit Upper Limit

Population Slope 3,

Population I ntercept Sg

Theresistivity when T =1150°K

A measurement of resistivity when T =1150°K

Theresistivity when T =1950°K

A measurement of resistivity when T =1950°K

Why are the width of the confidenceintervals for T =1150°K and T =1950° K different?

Fill in thefollowing Regression ANOVA table as shown below.

Degrees of
Sour ce Sum of Squares Er eedom Mean Square
Linear Model
Error
Total

Observed F score

At a 1% level of significance, what conclusion do you draw from this ANOV A Table?

Comment on how well the linear modd fits this data.

What does the pattern of residuals indicate about the adequacy of the linear model?
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One of the data pointsisin fact incorrect. Which oneis it? (Justify your answer.)

Theresistivity measurement for the data point in question isin fact too low. Correct it by adding
0.36 uQcm to the value stated in the table. In the spreadsheet add a second linear regression

analysis on this corrected data set. Be sure to include the scatter plots of the data plus regression
line as well as the scatter plot of theresiduals. Fill in the following table.

Original Data Set Corrected Data Set

Regression Slope

Regression | nter cept

Correlation Coefficient

Coefficient of Deter mination

Standard Error of Estimate

What conclusion can you make about using r? as the sole measure of the accuracy of a model?

The quadratic regression modd (it’s still linear in the parameters) for fitting a set of data,
(%,¥;),1<i<n, toaparabolaisgivenby y= ﬁz,o + ﬁ2,1x+,82,2x2. The values of

,32,0, ,32,1 and ﬁAZ,Z are determined by minimizing the error variation given by
n

Z[yi —(ﬁz,o + B2 JrﬂAz,zxiz)J2 .

i=1

Write out and solve the normal equations for the quadratic regression. Attach your work on
separate sheets. The process of solving and theform of the final equationsis“cleaner” if you
express the sums of the data in terms of the quantities shown below.

> % >y _ Sy > (x=X)

n 2 n 2 _—2 2 n 2 .

— ZX' Cov(x, X) = XX Z X =X _qu (y-Y)
X2 = I:1n n Cov(p =1~ - Cov(p@ y)=1L -
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Formulasfor S50, B1 and By
Boo= y- ﬁ2,17 - ﬁz,zg
Paa=
Pz =

In the spreadsheet add a quadratic regression analysis on the corrected data set. Calculate
B2, Bo1 and B, , and SSE. From the latter calculate the coefficient of determination and the

standard error of estimate. Include scatter plots of the data plus regression parabola as well as the
scatter plot of the quadratic residuals. Fill in the following table.

Use Corrected Data Set Quadratic Regression Linear Regression

Constant Term in the Model

Coefficient on x in the Modd

Coefficient on x? in the M odel

i
i

Coefficient of Deter mination

Standard Error of Estimate

Fill in thefollowing Regression ANOVA table as shown below.

Degrees of

Sour ce Sum of Squares Ereedom

Mean Square

Quadratic Modd

Error

Total

Observed F score

At a1% level of significance, what conclusion do you draw from this ANOV A Table?
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Comment on how well the quadratic modé fits this data. In particular, how does it compare to the

linear model ?

What does the pattern of residuals indicate about the adequacy of the quadratic model ?

What would be next appropriate step in constructing an adequate model of this system?

Bonus (9 points):

Construct 99% confidenceintervals for the parameters of the quadratic regression.

99% Confidence Interval

Lower Limit

Upper Limit

Bao

Bo1

Bo2
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