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Course outline
STAT 328 (Statistical Packages) 3 credit hours

Course Scope Contents:

Using program code in a statistical software package
(Excel — Minitab - SPSS - R)
to write a program for data and statistical analysis. Topics include creating

and managing data files, graphical presentation - and Monte Carlo

simulations.
# Topics Covered
1 Introduction to statistical analysis using excel
2 Some mathematical, statistical and logical functions in excel
3 Descriptive statistics using excel
4 Statistical tests using excel
5 Correlation and regression using excel
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14 Introduction to R
15 Statistical and mathematical functions in R
16 Descriptive statistics using R
17 Statistical distributions in R
18 Statistical tests using R
19 Correlation and regression using R
20 Programming and simulation in R
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MATHEMATICAL FUNCTIONS

Write the commands of the following :

=ABS(-4)
Absolute value |-4| =4 =abs(-4) D E
A
=COMBIN(10;6)
o 10 ,
Combination ( p ) =combin(10;6) D E
210
=EXP(-1.6)
Exponential function e 16 =exp(-1.6) } E
0.2018971
=FACT(3)
Factorial 3! =fact(3) | E
6
| |
=LN(23)
Natural logarithm In23 =In(23) | E
3.135494
. th th =LOG(4;9)
ogarithm wi _ )
respect to any base log, 4 =log(4;9) ! =
0.63093
. h h =L0G10(12)
ogarithm wi _
respect to base 10 log 12 =log10(12) ] =
1.079181
=SORT(4)
Square root V4 =sqrt(4) ) E
2
S ti £ =5UM(450;11;20;5)
. ummation or :
Summation 450 11,20, 5 =sum(450;11;20;5) D E
436
=PERMUT({10;6)
Permutations 10P6 =permut(10;6) D E
151200
=PRODUCT(450;11;20;5)
Product Product of : =product(450 ; 11; 20; c E
450,11,20,5 5) T
=POWER(10;-4)
Powers 1074 =power(10;-4) | E
0.0001
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CONDITIONAL FUNCTION (IF) AND COUNT CONDITIONAL FUNCTION
We have marks of 14 students :

73 45 32 85 98 78 82 87 60 25 64 72 12 90

1- Print student case being successful if (mark >60) and being a failure if (mark< 60 ).

A | B | ¢ !
1 marks | A B T
2 | 73| =if{A25=60;"S";"F") 1 |marks
3 a5 2 735
a 32 3 a5 F
5 85 [a 32 F
6 98 = 855
7 78 6 98 5
s o 7 78’5
5 a7 g 825
10 &0 9 875
" ’s 110 60 S
1 5 F
12 64 12 645
£ 7 [13 725
1k 12 [1a 12F
15 50 [15 90 s

1

2- How many successful students ?

a8 | ¢ A B c

1 marks 1 marks

2 73|S 2 735
3 45(F 3 45 E
4 32(F a 39 F
5 855 5 855
6 985 6 98 §
7 78|58 7 78 S
8 82|5 8 82§
9 87|5 9 878
10 60(5 10 60 S
11 25(F 11 25 F
12 64/ 12 64 S
13 72|58 13 728
14 12|F 14 12 F
15 30(s 15 90 S
16 16

17 17

18 |=countif{B2:BlS;”S”} = 10
o 1

3- How many students whose marks are less than or equal to 80 ?

A B C D A B c

1 marks 1 |marks

2 735 2 73S

3 a5|F 3 45F

4 32|F 4 2F

5 85/s 5 85

6 98s 6 ag c

7 78/s - 735

2 82/s a 825

9 g7/s a9 g7 ¢

10 60(S 10 60'S

1 25|F 1 25 F

12 64/s = oals

13 72/s 13 725

14 12[F 1 12

L, 905 15 30 5

16 16

17 17

18 10 18 10
19 19
20| =countif(A2:A15;"<=80") o 5
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DESCRIPTIVE STATISTICS

We have students’ weights as follows:
44 , 40 , 42 , 48, 46, 44.

Find:
Mean=44 AVERAGE({C2:CT)
Median=44 MEDIAN{CZ2:CT)
Mode=44 MODE SNGL{C2:CT)

Sample standard
deviation=2_#25

STDEV.S(C2:CT)

Sample variance=4 VAR S(CXCT)
Kurtosis=(.3 KURT(CZ:CT)
Skewness=4 Y9GE-17 SEEW(C2:CT)
Minimum=40 MIN{(C2:CT)
Maximum=43 MAX(C2:CT)
Range==4 MAX({C2:CT}-MIN(C2:CT)
Count=6 COUNT{C2:CT)

Coeflicient of
variation—=6.4258%

STDEV.S(CZ:CTVAVERAGE(C2:CT)* 100

+ Range= Maximum-Minimum

= | X N Descriptive Statistics

++ Coefficient of variation= —mbe SANT8TC CVIATOR 4100 A 1] p It

Mean 1 a4 ER: SASL:EASE :Input Range

4 @ s Columns :Grouped B

other ways : 3 LR 'R_mg =
4 a8 Labels in first row []
Data - Data Analysis - Descriptive Statistics o w —
7 % 5082 :Qutput Range (@)
8 :New Worksheet Ply (O
9 New Workbook ()
ﬁ Summary statistics
o % |95 :Confidence Level for Mean [ ]
. 1 Kth Largest []
”n 1 Kth Smallest []
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PROBABILITY DISTRIBUTION FUNCTIONS

Discrete Distribution :

1-Binomial Distribution :
A biased coin is tossed 6 times. The probability of heads on any toss is 0.3. Let X denote
the number of heads that come up. Calculate

X~Bin(n=6 , p=0.3)
a) PX=2

b) P(X=3)

c) P(l<Xx5).

A B c D E F G H 1 ] K L
1 C & O
2 1. Binomial Distribution
3
2 A) 0.324135 A biased coin is tossed 6 times. The probability of heads on any

= toss is 0.3. Let X denote the number of heads that come up.
& Calculate:
6 B) 0.18522
7 (i) If we call heads a success then this X has a binomial
g8 Q) 0.579096 distribution with parameters n — 6 and p — 0.3.
3 or 6
10 p(x=2) 0.324135 | P(X =2) (2)(0.3)’-{0.?)“ 0.324135
11 | p{x=3} 0.18522 T i
12 | p{x=4) 0.059535 0.579096 (i®) 6
13 p(x=5) 0.010206 P(X =3)= (3)(0-3)3[0-713 = 0.18522.
14
15
15 (iii) We need P(1 < X < 5)
17 P(X =2)+ P(X = 3) + P(X = 4) + P(X = 5)
18 — 0.324 + 0.185 + 0.059 + 0.01
19 = 0578
20

A B C
1
2
3
4 |A) =BINOM.DIST(2;6;0.3;FALSE)
5
6 B) =BINOM.DIST(3;6;0.3;FALSE)
7
8 () =BINOM.DIST(5;6;0.3; TRUE}-BINOM.DIST(1;6;0.3; TRUE)
9 or

L
10 | p(x=2) =BINOM.DIST(2;6;0.3;FALSE)
11 p(x=3) =BINOM.DIST(3;6;0.3;FALSE)
12 |p(x=4) =BINOM.DIST(4;6;0.3;FALSE) $ =SUM(B10:B13)
13 | p(x=5) =BINOM.DIST(5;6;0.3;FALSE)
A

14
15

-
n
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2.Poisson Distribution :

Births in a hospital occur randomly at an average rate of 1.8 births per hour.
a) What is the probability of observing 4 births in a given hour at the hospital?

b) What about the probability of observing more than or equal to 2 births in a given hour at the
hospital?

X~poisson(A=1.8)

A B C D E F G H | J K L N
1 2. Poisson Distribution
2 A) 0.072302
3 Births in a hospital occur randomly at an average rate of 1.8 births per hour.
1 What is the probability of observing 4 births in a given hour at the hospital?
5 B x=2)=1-p(x<2)=1-p(x=1
6 ) Pl ) Pl ) Pl ) Let X = MNo. of births in a given hour
7 0.537163 (i) Events occur randomly .
. (ii)Meanrate A= 1.8  — < ~Po(l.®)
We can now use the formula to calculate the probability of observing exactly 4
EI hirths in a given hour
10 )
1 P(X = 4) = e 1815 = 0.0723
12 What about the probability of observing more than or equal to 2 births in a given
13 hour at the hospital?
14 i .
15 Wewant P(X 2 2) = P(X =2)+ P(X =3) +...
16 i.e. an infinite number of probabilities to calculate
17 but
18 PX22) = P(X=2)+P(X=8)+..
15 = 1— P[X <2)
20 = 1=(PX =0)+P(X =1))
21 - 1-— “:—I.H.I -"-"If e A_l‘sll)
o 1!
22 = 1— (0.16629 + 0.29753)
23 = 0.537
A B c D |
1
2 |A) =POISSOMN.DIST(4;1.8;FALSE) I
3
4
5 B) p(x= 2)=1-p[x<2)=1-p(x=1)
6
7 =1-POISSON.DIST(1;1.8;TRUE)
8
9

=
(=]

Stat 328 (Excel) jasallg




Continuous Distribution :

1. Exponential Distribution :

If X~exp(A=1/10) , Find P(X>7)

A B

1

5 A B c
3 ) plx>7) =1- p(x<7) ;
g 3 A) pr=7=1-p(x=7)
5 =1-EXPON.DIST(7;{1/10); TRUE) 4

6 5 0.496585304
7] 6

8 7

g
10
2. Normal Distribution :
IfX-NWu=20,0=3) .Find:
A) P(X<25)=P(X<25)
B) P(X<xy) =055, xo =

A B c D E F G H I

1

2 fx-Np=20,0=3) .Find :

3 A) 0.95221

a AP X £25) =P X < 25)

5| C)P(X <x,)=0.55, x, =

6 €) 20.37698 VP(X <x0) P o

7

—1

A B

1

2

3 A) =NORM.DIST(25;20;3; TRUE)

4

5

g 0) =NORM.INV{0.55;20;3)

7

iadallg
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Ifz-Nu=0,0c=1) .Find:

A)P(Z<1.78)= P(Z<1.78) =

B) P(Z <zo )=0.55 , z, =

A B c D E F G
1
v fz-Nu=0,c=1) . Find :
3 |A) 0.96246202
. A)P(Z <1.78) = P(Z < 1.78) =
5 - _
6 B) 0.125661347 B)P(Z<2,)70.55 . 2, =
7
A B
1
2
3 A) =NORM.S.DIST(1.78;TRUE)
a
5
6 B) =NORM.S.INV(0.55)
—

3.Student's t-distribution :

Find: A)toes where v=df=14 () P(T<t,)=0.025 df=14

B) t0_01 where v=df =10

C) t0.995 where v=df=7

Stat 328 (Excel) Jadall7




1
2
: A) ~2.144786688 Find: A)tyg,s where v=df=14
5 B) -2.763769458 B) t,p; where v=df=10
6
7 Q) 3.499483297 C) ty00s where v=df=7
8
A B
1
2
3 A) =T.INV(0.025;14)
a4
5 B) =T.INV(0.01;10)
&
7 ) =T.INV(0.995;7)
]

4- chi-square distribution:

Find : x3 495 When v = 19
A B C D
1

2 | 38.58226 : X5995 When v =19

A B C

1 !

— & O
=CHISQ.INV/(0.995;19) SE: XZ oo when v — 19 j}

[

5- F distribution:

Find : Fogo5152;  (EEmmmmm) P(F<f)=0.995, df, = 15 ,df, = 22

6
7 |=£.1Nv(0.995;15;22)|
3

3.359998284 : Fooes.1522
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* Find the value ofa: P(X <a)or P(X=a)

short .. . P <
= name of distribution , dist (X, parameter of distribution , True : calculate Carmlative Distribution

False : if calculate Probabilistic Distribution =

* Find the value of k : P(X<Kk)=Db

short
= name of distribution , jnv ( probability , parameter of distribution )

other ways:
you can find the functions of distribution from:

Formulas - Insert function

Ta i
—J;_I_ Home Insert Page Layout Data Review
- - . ‘:,- - . .
> A
AutoSum Recently Financial Logical Text  Date & Lookup & Math &
- Used - i i i Time ~ Reference~ Trig =

Eumrtiam | ilrame

Insert Function ? -

Search for a fundtion:

Type a brief description of what you want to do and then Go
click Go

3
Or select a categoryl Statistical e

Select a function:

COUNTA A
COUNTELAME

COUNTIFS u

COVARIAMCE.P

COVARIAMCE.S

DEVSG o
COUNTIF(range,criteria)

Counts the number of cells within a range that meet the given condition.

Help on this function Cancel

Stat 328 (Excel) jasnallg




HYPOTHESIS TESTING STATISTICS AND CONFIDENCES INTERVAL

1-One way AVOVA :

A firm wishes to compare four programs for training workers to perform a certain manual
task. Twenty new employees are randomly assigned to the training programs, with 5 in
each program. At the end of the training period, a test is conducted to see how quickly
trainees can perform the task. The number of times the task is performed per minute is
recorded for each trainee, with the following results:

observation Program 1 Program 2 Program 3 Program 4
1 9 10 12 9
2 12 6 14 8
3 14 9 11 11
4 11 9 13 7
5 13 10 11 8
M [=] — MICroSDft EXCel - |aiaall
2
2F o@ e sholl  oee Azl SRR [EW
vsis e | s yor1 5% CER EL® AR " - ; = s = =
3 Dats Analysis g _ o —|IlE |:Nr- Df E[? I:EE ’:3] a_l; = : F EET V)fL
T Wl M pow | Lbw mey 0wl @Bl olleagl | 3 Ao s zl
wosaall " s ¥ 131 131 * Gl @0 Gl SHl srnel | Aol olle % : L= »
Analysis & wrlios bbe el gl dudag j3b =
L11 - oo il slas|
S L0 Aoz Lok
A B c D E F G H 1 J K L M N o
1 |programl |program2 |program3 |programd
2 9 10 12 9
3 12 -] 14 8
4 14 9 11 1
5 11 9 13 7
6 13 10 i [
7
8 1
a
X g Data Analysis
AvzusisTools
4
~
Cancel " Sttt mand
Anova: Two-Factor Without Replication
B B Correlation
Ologlei Covariance
Descriptive Statistics
Exponential Smoothing
F-Test Two-Sample for Variances
Fourier Analysis
v Histogram
4 A B cC D E F G H | J K L M
L programl |program? [program? |programd
2 3 10 12 3
3 12 14 3
1 14 39 11 11
3 11 3 13 7
B kS 5 Arnova: Single Factor
3 13 10 11 3
Input
7 _
3 L i | sag1:5086 Input Range
Canczl _
3 Coumne (@) :Grouped By
0 R Sleal=i Raws (J
3 frasstins Labels in first row
5 0.05 :Abha
3 )
a QOutput options
;5 i | gre1n :0utput Rarge (@)
B :New Warksheet Ply (O
Iri New Warkbaok ()
8

Stat 328 (Excel)
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Anova: Single Factor

SUMMARY
Groups Count Sum Avergge Variance

programl 5 59 11.8 3.7

programz2 5 a4 3.8 2.7

programs3 5 61 12.2 1.7

program4 5 43 8.6 2.3

ANOVA
Source of Variatior 55 daf Ms F P-value Fcrit
Between Groups 54.35 3 18.31667 7.044872 0.003113 3.238872
Within Groups 41.6 16 2.6

Total 96.55 19

1) Hypotheses testing:
Hy s =p, =y =y VS Hj:atleast one of meansis dif ferent
2) Test statistic:
F =7.04487

3) Critical region:

Reject Hy if F > F i;
F..i+ =3.23887 Or

4) P-value =0.003113< 0 p-value< o
Decision:

we reject the null hypothesis. There are difference in the means

Stat 328 (Excel)




Two Factor ANOVA with Replication:

2) In a study on fertilizer levels and spacing between plants, plots
were assigned to combinations and the yield of potatoes (in
kg/plot) was measured

Spacing between Fertilizer level (in tons/ha)
plants 1 2

16.01 15.89

25 cm 16.78 16.23

16.44 16.18

13.42 13.32

33 cm 13.25 13.47

13.32 13.26

Make all appropriate tests (a=0.05)

Hg4p: vVij=0foralli,j (thereis no interaction between factor A at level i and factor B at level
j)H,p-atleastone y; + 0

P-value=0.2387 > 0.05 , we accept H,, which means there is no interaction between fertilizer and
spacing between plants.

Hys: ¢y = az=a3=0 v.s H;, atleastonea; +# 0 (a;the effect of fertilizer at level i.)

P-value=0.2957 > 0.05 , we accept H,, which means there is no effect of fertilizers on potato
yield.

Hyg: B1= f,=B3=0 v.s H,g:atleastone ﬁf # 0 (B, the effect of spacing between
plants at level j )

P-value=0.000 < 0.05, we cannot accept H,, which means that there is an effect of distance
between plants on potato yield.




| :MNew Worksheet Ply ()

New Workbook ()

* — Microsoft Excel - |\ iiaall
2FE @ a alis | oty
Data Analysis By | Loleu E =8 [alz] 2]
. —9 = EEE |z|&]| %
dlw ey oaEwdl &L Ll gadl w g
2 15 lita = Cliladd] Ao CgpE dans] =
Enalysis i1l dlaandt bbnten Aile] gl by a8
K10 - I
1 | Fertilizer level
2 Spacing between plants 1 2
3 | 16.01 15.89
4 | 25¢cm 16.78 16.23
5 16.44 16.18
6 | 13.42 13.32
7 | 33cm 13.25 13.47
8 13.32 13.26
9
> Data Analysis
SERE
| Cancel Anova: Two-Factor With Replication 3
Correlation
| Clogl=i Covariance
Descriptive Statistics
Exponential Smoothing
F-Test Two-Sample for Variances
Fourier Analysis
i Histogram
. A I 8 | e o] e | F | & | v [ 0 [ K L
1| rrsrrrrrresresroesehertilizer level
2 Spacing between plants [
3 16.01 15.89
4 25 cm 16.78 16.23 1 | > g Anova: Two-Factor With Replication
5} 1644 | 16.18 \ Tnput
i6] 1342 | 13.32 ‘Input Range
=) 3zcm 13.25 12.47 ‘Rows per sample
a 13.32 13.26
2 3.32 St Alpha
9|
10. Qutput options
11 | :0utput Range (@)
12 I




i B e ey F R e P E

|

1 Fertilizer level i Anova: Two-Factor With Repli.catic_m
2 |Spacing between plants | 2 |
3 16.01 | 15.89 SUMMARY 2 Total
4 16.78 | 16.23
5 16.44 | 16.18 Count 3 3 6
6 | 13.42 | 13.32 Sum 43.23 48.3 97.53
7 13.25 | 13.47 Average 16.41 16.1  16.255
8 | 13.32 | 13.26 Variance 01489  0.0337 0.10187
5 |
10|
11 Count 3 3 B
12| Sum 39.99  40.05  80.04
13 | Average 13.33 13.35 13.34
14| Variance 0.0073  0.0117 0.00772
5
16 Total
17| Count 6 6
18| Sum 89.22  88.35
19| Average 14.87  14.725
20 | Variance 2.9084 2.28691
21|
ANOVA
Source of Variati 55 dar M5 F P-value | Fuait
Sample 25.49163 1 25.49168 505.7872 1.62E-08 5.317655
Columns 0.063075 1 0.06207> 1.251483 0.295732 5.317655
Ilnter?actinn .I 0.081675 1 0.081675 1.620536 0.238762 5.317655
Within 0.4032 8  0.0504
Total 26.03963 11
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Two Factor ANOVA without Replication:

2) Suppose that interest is in 5 growth regulators. Baladi orange
trees were randomly sprayed with one of the growth regulators, at
harvest, 3 orange from each treatment were randomly assigned to a
storage temperature. After a period of storage, the percent weight
loss was measured.

Growth regulator
Temperature | 5 3 4 5
5°C 9.2 11.3 9.1 10.4 12.3
10°C 18.2 17.6 18.4 16.5 17.8
25°C 21.3 24.4 24.8 21.2 24.1

Assuming no interaction, test if there is a difference in the effects
of the five growth regulators on the percent weight loss of oranges.
Also test if there a difference in the effects of the three storage
temperature (0=0.05)

Hys: a3 = a; = a3 =0 v.s Hy 4 at least one a; # 0 («; the effect of temperature at leveli )

P-value= 0.000 < 0.05 , we reject H,, which means that there is an effect of temperature on the
percentage of weight loss in oranges.

Hop: B1= P2 = =P5=0 v.s Hypatleastonef, +0

regulators at level j )

[Bi the effect of growth

P-value= 0.2447 > 0.05 , we cannot reject Hy, which means that there is no effect of growth
regulators on the percentage of weight loss in oranges.



RFo@ e

Microsoft Excel - Vv aianll

Data Analysis By B EI—!-#’ |E i @? (=
2 : B LN = 'J‘ﬂ 2 ? =o
wllozyl s Eadx o o L Blol] il el paill
woyEll Tgwexdl T 150 15la wolilall ds SRl s
Analysis =l odamoy balaten Al gl
L4 - 5

_ A B c D E F G H ] | K L | m N
1 growth regulators
2 Temperature 1 2 3 4 5
3 5C 9.2 11.3 g1 10.4 12.3
4 | 10C 18.2 17.6 18.4 16.5 17.8 I 1 ;
5 25¢C 213 4] s8] 2] a1 AT Data Analysis
& | -“ Analysis Tools
7 o =]l v Anova: Single Factor 3

| Cancel v
8 4
g = =

| R Covariance
10 | Descriptive Statistics
1 Exponential Smoothing
S F-Test Two-Sample for Variances
12 Fourier Analysis
13 | G Histogram

A B c D E F 6 | H | 1 1 K L | ™

Temperature 1 2 3 4
5C; b B 11.3 0T 10.4 7
10C 18.2 17.6 18.4 16.5 17.8
25C 21.3 24.4 24.8 21.2 24,

mlglglele|e|o]u]alnls]wln|w

x Anova: Two-Factor Without Replication
- = Input

:Input Range

l0.0s | :Alpha

Qutput options

1Qutput Range @
:MNew Worksheet Bly (O
New Workbook ()




F G | H | [ ) K L M N o]
Anova: Two-Factor Without Replication

SUMMARY  Count Sum Average \Variance

5 5 52.3 10.46 1.883
10C 5 B88.5 17.7 0.35
25C 3 115.8 23.16 3.103
1 3 48.7 16.23333 39.50333
2 3 53.3 17.76067 42.92333
3 3 52.3 1743333 02.32333
4 3 48.1 16.03333 29.32333
5 3 54.2 18.06667 34.86333
AMNOWVA
T t Source of Variat, 55 af Ms F P-value Ferit
omperatiae -.-"""‘"'-Rows A05.8653 2 2029327 135.1983 6.82E-07 4.45897
Columns 10.136 4 2.534 1.688208 0.244786 3.837853
Error 12.008 8 1.501

growth regulators

Total 428.0093 14




2-Two-Sample t Statistic :

Q: The phosphorus content was measured for independent samples of skim and whole:

Whole | 94.95 | 95.15

94.85

94.55

94.55

93.40 | 95.05 | 94.35

94.70 | 94.90

Skim | 91.25 | 91.80

91.50

91.65

91.15

90.25 | 91.90 | 91.25

91.65 | 91.00

Assuming normal populations .

a) Test whether the average phosphorus content of skim milk is less than the average

phosphorus content of whole milk . Use 0=0.01

1-Test for equality of variance :

Data —>» Data Analysis ——» F —test two —sample for variance

Microsoft Excel - Veaiasll

2HE @ e phall  uaye az>rly0 Cilily
Data Analysis l'ﬁ Jeolasl] slpls| T4 :E|1 I"fv’ I"‘;' % R E = == pran T ? A
el slas| = LIE: [J:'l Jﬂ ? tb- - “E ol Vo z 2l 1
2 ' Toses¥l 28 mea | Jdw ozey ool Wl wlloadl | g wba | s E
eyl Ygooml T 13| 1lo v Slildl ds OlylySal Gissl | A02dio SRS sl
Analysis sleasi hhko Slildl Cigal asd.cig
K11 - &
A B C D B F G | J K L M N o]
1  whole skim
2 | 94.95 91.25
3 95.15 91.8
4 94.85 91.5
5 | 9455 91.65 X N Data Analysis
6 94.55 91.15 Analysis Tools
-OK
7 93.4 90.25 ~ Correlation
Cancel Covariance
8 95.05 913 Descriptive Statistics
9 94.35 91.25 3 N S
leal=r F-Test Two-Sample for Variances 3

10 947 91.65 Foy e Analysi
11 94.9 91 Histogram

- Moving Average
12 Random Number Generation
13 v Rank and Percentile

Stat 328 (Excel) adall]2




D2 - 5
A B D E F G H I 1 [
1 whole
2 9495 L 2 :
““““ > g F-Test Two-Sample for Variances
3 95.15 oot
: iﬁg 91.65 FRz | SAS2:SAS11 :'I.-'ariable 1Range
6 94.55 91.15 - | epe2ERE11 :Variable 2 Range
7 93.4 Labels []
8 95.05 0.01 :Alpha
9 94.35
10 94.7 Output options
11 949 % | D52 :Qutput Range (@)
E :Mew Worksheet Bly ()
13 Mew Waorkbook ()
14
M17 Jx
A B D E F
1 whole skim
2 94.95 91.25 F-Test Two-Sample for Variances
3 95.15 91.8
4 94,85 91.5 Variable 1 Variable 2
5 94.55 91.65 Mean 94.645 91.34
6 94.55 91.15 ariance 0.253027778 0.233222222
7 93.4 90.25 Observations 10 10
8 95.05 91.9 df 9 9
9 94.35 91.25 F 1.084921391
10 94.7 91.65 P{F==f) one-tail 0.452676255
11 94.9 91 F Critical one-tail 5.351128861
12
Hypothesis: Hy: 012 = 05 2 VS Hy:0,% # 0,2

Conclusion: As F * F Critical one-tail, we fail reject the null hypothesis. This is the
case, 1.0849 » 5,351 . Therefore, we fail to reject the null hypothesis.
The variances of the two populations are equal .
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2-T Test two samples for mean assuming Equal Variance :

Data =——>» Data Analysis =—>» T Test: Two -samples Assuming Equal Variance

Microsoft Excel - Veaiasll

2 o@ o ekl ey a=ly0 il
[t ws @ o 3 B e = P8 e 4l EOE
2 - SlozYl M8 mew | Juw @ey  oedEmdl Al wlleadl | o b s Z)
ol T ol - + 13] 13l * Oililaa)l @ AyEa Brecl 01800 Ol ylad \'& o
Analysis © oloadi b Colilaall Cilgol 8.7 38
E12 - I
A B C D E F G H 1 J K L M
1 | whole skim
2 | 9495 91.25 F-Test Two-Sample for Variances
3 95.15 91.8
4 | 94,85 91.5 X N Data Analysis
5 94.55 91.65 Mean Analysis Tools
6 94.55 91.15 Variance FS ) Histogram
7 93.4 90.25 Observa Caneel Random Nu:l?:rlréﬁgeﬁ;farzgﬁ
8 95.05 91.9 df I Rank and Percentile
Sloulss R i
9 | 9435 | 9125 F oG
10 947 | 9165 P{F<=f] ¢ e Spmiviie | 3
1 9.9 91 F Critica t-:. Ta.lcn-_‘.: ‘ A:..-Jml Equn .:r.:nc::,
12 v z-Test: Two Sample for Means |
A B C D E F G F
1 whole skim
3 94.95 91.25 . "'—~+| > § t-Test: Two-5Sample Assuming Equal Variances
3 95.15 91.8 Input
g . F'”
4 94.85 91.5 A | ks Variable 1 Range
5 9455 9165 Mean e 5| sASL:sAS11 :Variable 2 Range
6 94.55 91.15 Varian Cilnaloi ] )
7 93.4 90.25 Obsert ] :Hypathesized Mean Difference
8 95.05 919 df Labels
9 94.35 91.25 F 0.01 :Alpha
. - <= ]
10 94.7 91.65 P(F —’f T
11 94.9 91 F Critig | e1e2 Output Range @)
e ‘Mew Worksheet Fly ()
13
Mew Workbook
14 - O
15
16 Hy: Hsiim — Hwhole 22 VS  Hi: Msiim — Bwhote < 0
17
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t-Test: Two-Sample Assuming Equal Variances

skim whole
Mean 91.34 94.645
Variance 0.233222222 0.253027778
Observations 10 10
Pooled Variance 0.243125
Hypothesized Meal o
df 13
t Stat -14.98793002
P(T<=t) one-tail 6.53252E-12
t Critical one-tail 2.55237963
P(T==t) two-tail 1.3065E-11
t Critical two-tail 2.878440473

1-Hypothesis:

Hy: Pskim — Bwhote = 0

2- Test statistic :

3- T critical value (one tail) = -2.55238

4- Conclusion:

We do a one-tailed test . if t Stat < -t Critical one-tail, we reject the null hypothesis.
As -14.9879 < -2.55238 (p-value=0.00000653<a=0.01) . Therefore, we reject the null

hypothesis

Stat 328 (Excel)

Ho: Pskim = Bwhote VS Hi: Bskim < Bwhole

=-14.98

VS  Hy: Pskim — Bwhote < 0




Q : The example below gives the Dividend Yields for the top ten NYSE and NASDAW stocks.
Use the t-test tool to determine whether there is any indication of a difference between the

means of the two different populations. o =0.05

NYSE NASDAW
346.55 56.73
250.55 52.34
65.48 51.26
50 44.44
48.91 37.25
43.48 36.79
42.46 34.18
39.97 30.29
33.5 29.4
32.9 28.65

1-Test for equality of variance :

Data —=>» Data Analysis ——» F —test two —sample for variance

MICrosoft Excel - Vaiaell

e e e - - — = “ =
Data Analysis By | Jocteo jpe 59 :EIEF' ‘va -|<; @: > B = =3 o K N -
1 ekl £ 5 = . - AlzZ| 4
B BOON S ? J.; =0 E LT 4% 24 1
2 - T Slbayl b maes | lx o oger ge.gsmdl Al llpadl | g udar s %
wnipdll T poocedl - 13 lilo * Srlilall Az Sl3Sal  dansl P iaL UI)L_._?\'&, il
Analysis loagi kb Oolilal gl as2.aig 30
14 - £
A B C D E F G H | J L M N
1 NYSE NASDAW
2 346.55 56.73
3 250.55 52.34 X ) Data Analysis
4 65.48 51.26 Analysis Tools
5 50 44.44 - Anova: Single Factor
Cancel Anova: Two-Factor With Replication
3 4891 2 Anova: Two-Factor Without Replication
7 43.48 36.79 B - Correlation
8| 4246 34.18 = Cavariance
9 39.97 30.29
10 33.5 29.4 e
11 32.9 28.65 Histogram
12

Stat 328 (Excel)

iaaall16




Data Analysis g

Analysis ol bnbnsen CiliLel olgal

A B = D E F G H I ] K

1 NYSE - NASDAW
2 346.55 56.73
E el | e d g F-Test Two-Sample for Variances
4| 6548 51.26
= | Input
| 20 . M PO Fies | SAS1:SAS10 :Variable 1 Range
& 48.91 37.25 Cancel = _
7 43.48 . 36.79 | $851:8B510 :Variable 2 Range
8 4246 | 3418 laglsl Labels []
g 39.97 | 30.29 0.05 :Alpha
10 33.5 29.4 _
11 329 28.65 - Ry
12 % | SFs6 :Qutput Range (@)
13 :New Worksheet Ply ()
14 Mew Workboak ()
15
F-Test Two-Sample for Variances
Variable 1 Variable 2
Mean 95.38 40.133
\Variance 12063.80027 107.2998233
Observations 10 10
df 9 9
F 112.4307561
P(F<=f) one-tail 3.6621E-08
F Critical one-tail 3.178893104
' . 2 _ 2 . 2 2
Hypothesis: Hy.0.° =0, /A Hi:0,° # 0,

Conclusion: As F > F Critical one-tail, we reject the null hypothesis. Therefore, reject
the null hypothesis. The variances of the two populations are unequal .
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2-T Test two samples for mean assuming Unequal Variance :

Data

=3 Data Analysis =——>» T Test: Two -samples Assuming Unequal Variance

?

Data Analysis

Analysis Tools

t-Test: Paired Two Sample for Means

t-Test: Two-5ample Assuming Unequal Variances

Histogram

Moving Average

Random Mumber Generation
Rank and Percentile
Regression

Sampling

MNAKPAAS % c
346.50 36.73
250.55 52.34 n
65.48 51.26 Cancel
a0 44.44
48.91 37.25 al=]
43.48 36.79
42.46 34.18
39.97 30.29 W
33.5 29.4
329 28.65 > €
ID_K—' Fi:| sAS2:8A511
Cancel | Bs2:eBs11
rloal =i a
B | &Ks10|

t-Test: Two-Sample Assuming Unequal Variances

Input
:Variable 1 Range

:Variable 2 Range

:Hypothesized Mean Difference

Labels []
0.05 :Alpha
Qutput options

:0Qutput Range @
:New Worksheet Ply ()
New Workbook ()

t-Test: Two-Sample Assuming Unequal Variances

Variable 1 Variable 2
Mean 95.38 40.133
Variance 12063.80027 107.2998233
Observations 10 10
Hypothesized Mean Difference o
df 9
t 5tat 1.583593765

P{T<=t} one-tail
t Critical one-tail
P(T==t) two-tail
t Critical two-tail

0.073873163
1.833112933
0.147746326
2.262157163
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1-Hypothesis:
Ho:py =pp VS Hy:py # o

Ho:py —p2 =0 VS Hyipy —p #0
2- Test statistic: T= 1.58359
3- T critical value ( two tailed) = + 2.26215
4- Conclusion:

We do a two-tailed test (inequality). if t Stat < -t Critical two-tail or t Stat > t Critical two-
tail, we reject the null hypothesis. This is not the case, -2.26215< 1.58359 < 2.26215.
Therefore, we do not reject the null hypothesis (p-value=0.1477<a=0.05)

there is no significant difference in the means of each sample.
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3- paired test :

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

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

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

We assume that the data comes from normal distribution. Find :

1- Test whether the data provide sufficient evidence to indicate a difference in the
average weight before and after surgery. (up = 0 versus up # 0)

Data =——>» Data Analysis =—>» T Test: Paired Two —sample for Means
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MHLTUSUIL CXCET — Toriaodl
REo@ e kel Leys e | obl
[oes]l-cr@ g @ = 288 07 @A 1
2 N PEST R B0 el gy o0 Gdsall AL sl | i__ ) . dubar i %l
bl Yol v - 13} lila * ikl G Oyl pEall Eascl 201850 ol Ky Ll
Analysis m sloadi hives Crliladl rlaai bt b
E5 fe
A B £ E G H I J L M N o
1 | before after
2 148 78
3 154 133
4 107 230 X § Data Analysis
5 119 70 Analysis Tools
6 102 70 ) Histogram
u Ly & Cancel Random Nu:l?g:ntige:;rearzgﬁ
2 122 81 — Rank and Percentile
9 140 50 it Regression
10| 140 35 3
1 117 120 t-Test: Two-Samp\evAssum\ng U?eaual Variances
12 z-Test: Two Sample for Means
! 12
A = C E | F G H | J
1 before  after i \
2 148 73 ot g t-Test: Paired Two Sample for Means
3 154 | 133 Input
4 107 80 Fh | SA51:8A511 :Variable 1 Range
L= 13 = 70 e TR | sms1:8B811 :Variable 2 Range
i} 102 70 ; ;
| | Lol =7
— ] :Hypothesized Mean Difference
7 137 | 63
8 122 81 Labels
9 140 60 0.05 :Alpha
10 140 85
H Qutput options
11 117 120 =
5 | B | sE51) :Qutput Range (@)
13 :Mew Worksheet Ply ()
14 Mew Workbook ()
15
16 Hg Hp = 0 Vs Hi Hp F 0
17
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E
t-Test: Paired Two Sample for Means

before after
Mean 128.6 84
Variance 310.7111111 574,2222222
Observations 10 10
Pearson Correlation 0.232799676
Hypothesized Mean Difference 0
df 9
i Stat 5.373965714

P{T<=t) one-tail
t Critical one-tail
P{T==t) two-tail
t Critical two-tail

0.000223426
1.833112933
0.000446852
2.262157163

1-Hypothesis:
Ho:py = py

Ho:py —p2 =0

2- Test statistic: T=5.3759
3- T critical value (two tailed) =+ 2.26215

4- Conclusion:

VS Hyipy #p2

Vs Hlﬂﬂl—ﬂz-'/:o

We do a two-tailed test . if t Stat < -t Critical or t Stat > t Critical two-tail, we reject the
null hypothesis. As 5.3759 > 2.26215 (p-value=0.00044 < 0¢=0.05) . Therefore, we reject the

null hypothesis
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Regression :

Q : Ten Corvettes between 1 and 6 years old were randomly selected from last year’s sales
records in Virginia Beach, Virginia. The following data were obtained, where x denotes age, in
years, and y denotes sales price, in hundreds of dollars.

X 6 6 6 4 2 5 4 5 1 2
y 125 115 | 130 160 219 150 190 163 | 260 | 260
a) Determine the regression equation for the data.
b) Compute and interpret the coefficient of determination, r?.
c) Find the predicted sales price of 4-year-old Corvette.
Data == Data Analysis =3 Regression
Microsoft Excel - \aiaoll
B o G -~ sakall e A=l rlily
Data Analysis By [ Lote e 5% L e Ele A = == s
“erME R B 2 MR T @
T T oWl 5 mew | Jdw pes el all lleedl | o aawm | 58 &
woyill Teozdl v - 13] 1ilo = Colilaall fvs SelplpEal Buncl doado o)l Ky
Analysis o sliadi bhio Srlileall Slgal Aaduaiy )8
M10 - I3
A B = E F G I J K M N (0] I
1 X Y
2 3] 125
3 3] 115
4 6 130 x g Data Analysis
5 4 160 Analysis Tools
o 2 2159 rs Descripp‘ve Smh‘st_:‘cs
7= 150 cancel F-Test T Sanple fr varonens
2 4 150 P Four\er_AnaIysis
9 £l 163 o ann;{:r;grr:grg
10 1 260 Random Mumber Generation I .I
11 2 260
12 Ll
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D1 - 5
- X ) Regression [~
A B C D ?
P . Input
1 X L. . | oK I _— P
2 B 125 s | 8B51:5B511 JInput ¥ Range
Cancel
3 b 115 PR | SAS1iSAS11 :Input ¥ Range
a4 6 130 Olpglss .
5 a 160 Constantis Zero [ Labels
6 2 219 % |95 :Confidence Level [_]
7 3 150 Output options
) a 190 ===
e D3] :Qutput Range (@)
9 = 163
:Mew Worksheet Bly ()
10 1 260
Mew Workbook ()
11 & 260 )
= Residuals
Residual Plots [] Residuals [
13 Line Fit Plots [_] Standardized Residuals [
14
Mormal Probahility
15 -
Mormal Probability Flots [_]
16
17
SUMMARY OUTPUT
Regression Statistics
Multiple R 0.367871585
R Sguare 0.9367754006
Adjusted R Sguare 0.928872332
Standard Error 14.24652913
Observations 10
ANOVA
df 55 MS F Significance F
Regression 1 24057.89126 24057.89 118.533 4.48427E-06
Residual 8 1623.708738 202.9036
Total E] 25681.6
Coefficients Standard Error tStat P-value Lower 95% Upper95%  Lower95.0% Upper95.0%
Intercept 291.6019417 11.43289905 25.50551 5.98E-09  265.2376293  317.9662542 265.2376293 317.9662542
X Variable 1 -27.90291262 2.562889198 -10.8873 4.48E-06 -33.81294571  -21.99287953 -33.81294571 -21.99287953
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Results:

a) The regression equation : ¥ =sales price = 291.6019 - 27.9029 * age .
In other words, for increasing the age by one, the sales price decreasing
by 27.9029 , while there is 291.6019 of Y does not depend on the age .

b) r? = 0.9367
The coefficient of determination is 0.9368; therefore, about 93.68% of the
variation in the price data is explained by age. The regression equation

appears to be very useful for making predictions since the value of r? is
close to 1.

c) The predicted sales price is 17999.0291 dollars ($17,999.0291).
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Correlation :

Q : We have the table illustrates the age X and blood pressure Y for eight female.

X 42 36 63 55 42 60 49 68
Y 125 118 140 150 140 155 145 152
Find:
By Excel
(using (fx) and (Data Analysis))
Correlation=0.791832 CORREL(M3:M10:N3:N10)
EXPON.DIST X  Jfc| =CORREL(A1:A9;B1:B9)
A B C D
1 X y
2| 4 125
3 36 118
a 63 140
5 55 150
6 42 140
7 60 155
8 49 145 |:CGRREL{A1:AEI:BI:BEJ}
3 68 152
10
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Data == Data Analysis =3 Correlation

Microsoft Excel - Veaianll

2P o@ e pholl  yaye  ame | ool
Data Analysisli% Leolasll lpil E%  FRL ML 1¢' ) > =" e P K P
el BEF W 2e- = P8 ~5Y e,
2 - Tyl A8 mexw | w2 pogEdll @l wllgadl | S ada ]
wopdll T gosll 7 MEEP ~ Olildl A Ol)pSdl fansl dosizo oyl Ky el
Analysis wrlindi b Silaall Slgal dud.aiy j39
15 - "
A B C D E F G H I ] K M N o P
1 X Y
2 A2 125
3 36 118
4 63 140 * g Data Analysis
5 55 150 I_l Analysis Tools
6 42 140 S - — 3
7 60 155 Cancel Correlation
8 49 145 — Descriptive Statistics
R E tial Smoothi
2 68 152 F—TestTwofSp:n:I;ne fzr \E‘:i‘;néneg
10 Fourier Analysis
Histogram
1 Moving Average
12 v Random Number Generation
[ I
A B C D E F G H | J
1 X ¥ b !
2 42 125
3 a6 118 -~ § Caorrelation
4 63 140 Input
2 :
3 35 150 £ | SAS1:5B59 :Input Range
Cancel
6 42 140 Columns (@) :Grouped By
7 60 155 - Rows O
& 49 145 Labels in first row
9 68 152 _
iR Dutput options
1 FRz | sDs1 :Output Range (@)
12 :New Worksheet Ply ()
13 Mew Workbook ()
A
C D E F G H I |
X 1
¥ 0.791832 1

Poisitive Correlation between X and Y
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The Graph showing correlation between two variables:

> — Microsoft Excel - Voainoll
2F =@ -~ A=l 3 fo &bl nylns m
5 = i
QN & 44 E6 Q@ = o O b e el i 2 0 B
3oy dll=o S b WordArt il Ll §jlusfpyy 3g0c b Olabio  pimo  wobwo osdard s).rls ms -umJ SmartArt JIS.5 aolab
- TeSgll v Juidly  gai | uedi ua}rdl-m)h Tl - - asls - b
901 war Slblyl | asai Jols el byl ! Sl i Azaogi logu)

K == =
c D E F G H I ] K L |"’T‘@‘|L P o R

tn

A 180
2 i g .
; 150 el VA s
a 140 /A/\./ qu
5 120 — I—
6 00 <olabzol glel 015 gl
7 —_—X
8 80 —_—
9 60 \/\//
1 0 ____’/
11
1 20
13 ]
14 1 2 3 4 5 5 7 8
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MATRICES

Werite the commands of the following:

Addition of Matrices:

-5 0
A= [4 1]
A+B=

A= -5 0 B= [ -3
4 1 2 3
| A= | | -3
i) 4
Subtract of Matrices
1 2 1 —1
C=|-2 0 D=1 3
-3 -1 2 3
C-D=
Subtract of Matrices
C= 1 2 D= 1 -1
-2 0 1 3
-3 -1 3
C-D= I lI:I'.I 3
-3 -3
-5 -4

Additive Inverse of Matrix

1 0 2
A‘3—15'A

Additive Inverse of Matrix

A= 1 0 2
3 -1 5
— A= | 1] 0
| |
-3 1
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Scalar Multiplication of Matrices
_[-3 0 _
D= [ . 5] ,3D=

Scalar Multiplication of Matrices
D= -3 0
4 5
iD= I —EI.I 0
12 15
Matrix Multiplication
1 4 7 1 4
E= 2 5 8 F= 2 5
3 6 9 3 6
ExF=
e - . - .. -
Matrix Multiplication
E= 1 4 7 F= 1 4
8 5
3 6 9 3 (]

EXF= |=mmult(N3:P5;R3:55
[MMULT(array1; array2) | Ctrl +Shift +Enter

*

transpose of (G)

13 -1
G' =
transpose
a= | 3 a7
A B 2}

~TRANSPOSE(N12:013| _
[ TRANSPOSE(array) | Ctel + Shift + Enter

6T =

EXF-

il
3
1

i
il
56
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Determinant and Inverse Matrices

Determinant

det(G)= |=MDEI'ERM|{N12:013|

[ MDETERM({array) |

det(G)= 1

Inverse Matrices

,,,,,,,,,,,,,,, |
G= ? 3 a !
{

i -
LA S 2 4
G-1= |=MINVERSE(N12:013

Stat 328 (Excel)
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Some Statistical Charts
The following data represents the expenses in dollars by month :

month transportation | grocery | household | entertainment
January 74 235 175 100
February 115 240 225 125

march 90 260 200 120

a- Bar chart:

e a=clyo Slila [

Lo wsbupd Spfls  wbs | sgec

5l

REH @ e Jakanll
= — =l . .
= |A e e
QTN @ [74 588 Q H = awa Q- du
oy dblze S ke WordArt Luiyl o gipe Lyl Boatio Bjlufpuy  sgoc I Ollahio iz oo
M  gabigall T duddls al il | papell Adyyl sl M s
8oy e Slblyyl | dai Jolo ol by 3
Al - (" Ff | month

1- enter the data into the worksheet.
2- highlight the range the data including the row and column.
o 3- select Insert > Charts|Column.

Sl VI LG sgas ||

1R |dn

24|

VI W dgas =

9

g 93

Wi

M

Jot
R

S M

18]

<ol gle @S gl

300

250

200

150

100

50

transportation grocery household  entertainment

W January
B February

B march
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b- Pie chart : (For the previous example draw the pie chart for transportation)

Microsoft Excel - Yeaiaoll

* —
2 o@ o skl Leie Amwle
= - = - .
QT &[4 208 B minmbk Ql: dy e
joy  @sl=a S5yl WordArt Lol g LLiyl Poaiin Bylassfpyy  3goc Lase Dlabis oo ool ebyd| Sls | s
< Tedgdl v Jwidly el | =i | ool ddnb M = S e
| 90y wai | wlbliyl | auial Jols | irgoll gl | & Slas VI NG Syl |
Al - (= maonth m /\Eb 3
( [
A B € D E F G H [ €= N
1 month grocery | household | entertainment
2 74 235 175 100 Slas VI M S
3 115 240 225 125
4 20 260 200 120 @ @
5
6 weolabbol glaf 235 il
s
]
M January M February B march
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c- Scatter plot :

Microsoft Excel - Yaaall

Stat 328 (Excel)
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d- Histogram:

The following data represent hemoglobin (g/dl) for a sample of 50 women :

17 15.3 17.8 17.4 16.3
17.7 16.4 16.1 15 15.9
15.9 13.7 15.5 14.2 16.7
16.2 16.2 18.3 16.1 15.1
16.2 16.4 15.9 15.7 15.8
17.1 16.1 15.3 15.1 13.5
15.7 14 13.9 17.4 17
17.3 16.2 16.8 16.5 15.8
14.6 16.4 15.9 14.4 17.5
15.8 14.9 16.3 16.3 17.3

We wish to summarize these data using the following class intervals

13-13.9 , 14-149 , 15-159 ,

16-16.9

, 17-17.9 ,

Data ——> Data Analysis ——>» Histogram

18-18.9

Microsoft Excel - Tiiiasll

n

e - E = o
sewien 2 GG BE B ED Be = 28 = s & PP 3
) = - AlZ| &
ez 28 EYOES 2 = = - o B 3l%] 2
) C WYl A8 paa | Jdw 203 o0.ededl @l llgadl | [ o %]
el Yol v v 15 Iilo T Slilul e S5l fansl | Aeadse ST
Analysis oleadi hhi Solilaad] Silgsl by 3P
F10 - b
A B C F G H 1 il K L M N 8]
1 _hemoglobin Bin =
3 cﬁ_ 135 2- Histogram
5 177 14'9 X N Data Analysis
- - obin (g/dl) for a sample of 50
2 159 159 &nalysls‘ Tools (g/ ) P
- Correlation
5 16.2 16.9 Cancel Covariance 17.8
6 16.2 17.9 Descriptive Statistics 16.1
- ~ Expaonential Smoothing .
7 17.1 18.9 Oloyl=y F-Test Two-Sample for Variances
g 5.7 | . 15.5
9 17.3 18.3
10 14.6 Random Number Generation
;I; : v Rank and Percentile 15.9
- S 7L IO, 15.3
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A B ad D E W Ay Histogram |
1 hemoglobin Bin - T
s put
2 17 13.9 I_O—Kl | $A51:9A851 :Input Range
. . Cancel =
3 17.7 14.9 S e 55 | 5 1:6087 :BinRange Db
a 15.9 15.9 o
5 16.2 16.9 == Labels —
6 182 17.3 Outputoptions | |
7o 171 18.3 | sCs11 ‘QuiputRange @ [T~
8 15.7
:Mew Worksheet Ply () H-
—9 L New Workbook () |
10 14.6 I
1 15.8 (sorted histogram)Pareto [] -
— Cumulative Percentage [ |
12 15.3 ’ 1T
13 16.4 Bl
14 13.7 7 o
15 16.2 14.6 16.4
16 164 Py aan
10, & 10,2 1
| I 16.2 16.4 1
Bin  Frequency 17 1 161 1
13.9 3 .
14.9 s Histogram 4 1
15.9 15 50 2 1
16.9 16 B s 4 1
=
17.9 10 g . 9 1
o
18.5 1 E 5 B Frequency
More 0 o
139 1495 159 169 179 18.5 More sing the following
Bin

«To remove the space

etween the bars, right click a bar, select

.Format Data Series and change the Gap Widthto 0%. .
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Generation Random samples :

1- generate a random sample of size 20 between 0 and 1

hETEC Y

EXPOM.DIST - P

=rand()

[S[E[8[e]=]~]a]n]*[«[~]-

Type =RAND() then press Ctrl-Enter

Stat 328 (Excel)
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2- Sampling

Data =2 Data Analysis === sampling

WILTUSUIL EXCET = | ohiandl
2P o@ a kol o az= 0 Ciiles
Data Analysis £ =5 R E R > = 2 K i
5 TEHRF R 2 288 _rV @E1
2 e e L el Rl e
Analysis [ sleads 4_‘.,; - _,L.L.:J.I gl Gadaig 30
ca v I
A B C D H F G H I J K M N o P
1 flouride
2 0.65 * ) Data Analysis
3 0.85 Analysis Tools
4 0.5 I .I A Exponential Smoothing
5 0.71 Cancel F-Test Twu-Samp'\:e fu_r Vaﬂrialre_s
6 0.45 S ) Hismg:am
u 0.32 o Random Nur:‘l:ogrmgaﬁ:r‘a;:gﬁ
8 0.91 Rank and Percentile
9 1.02
10 0.67 3
11 0.51
12 0.78
13 0.25
14 0.6
15 0.79
16 0.63
|
A | 8 | ¢ | Db | E | E | G T T Y
1 flouride x ) sampling
2 0.65 — Input
| 0]4 =
3 0.83 I—I R | $A51:5A5165 :Input Range
Cancel
405 | L] e
3 0.71 ; ;
_ Crlogl=y Sampling Method
& 0.45
| Periodic D
7 0.32 N
| :Period
8 0.91
9 102 Random @)
10 0.67 5 :Mumber of Samples
= i Output options
12° 078 R gosa :Qutput Range (@)
13 0.25
—— :Mew Worksheet Ply ()
14 0.6
—— Mew Workbook ()
15 0.79
16 0.63
17
A B C D
1 flouride
2 0.65
3 0.85
4 0.5 0.32
5] 0.71 0.25
6 0.45 0.45
7 0.32 0.78
8 0.91 0.78
9 1.02
10 0.67
11 0.51
12 0.78
13 0.25
14 0.6
—— 15 0.73
Stat 328 (Exc 1 063 | iaiali3g




3- Random number generation from distributions
To generate two random sample of size 20 from normal distribution with mean 0 and

standard deviation 1

Microsoft Excel - Twainell

saknadl WA EERIT] Dbl
Data Analysis d% Leolasll lpk| S [ITJ '|=> '|¢' g‘ R E = ran K e
U J LS = ) ] - C : AlZ

. = R ES ?Eb =) E s T & AR RN

2 i - Al M5 e | Llw o pes oo gEll Al llgadl | g ke | s %
il TRzl T - 13] 13 il dee olylEd|  Gapsl | G0rdie il Ry el

Analysis I3 lodi ki lilaall Srlgal Sudnin 38
I

D E F G H | J K L M N (8] I

_c |
I > T Data Analysis
T Analysis Tools

- Exponential Smoothing
Cancel F-Test Two-Sample for Variances
Fourier Analysis
- - i e
=L Moving Average 3

Random Mumber Generation

oo ey ]

Regression
Sampling
v t-Test: Paired Two Sample for Means |

To generateEwn random samglgnf size 20 frnm!nnrmal distribution _Iﬂith
mean 0 and standard deviation 1

ht g Random Mumber Generation
| K | I 2 I :Number of Variables
Cancel 20 :Mumber of Random Mumbers
Oloalay e Marmal :Distribution
Parameters
1] = Mean
1 = Standard deviation

:Random Seed

Output oplions

B | sa513 :Qutput Range (@)
:New Waorksheet Ply ()

New Warkboak ()

Stat 328 (Excel) iadalizg




A B c
1 -0.30023 -1.27768
2 | 0.244257 1.276474
3 | 119835 1.733133
4 -2.18359 -0.23418
5 1.095023 -1.0867
6 -0.6302 -1.69043
7 | -184691 -0.97763
8 | -0.77351 -2.11793
5 | -0.56792 -0.40405
10 0.134853 -0.36549
11 -0.32699 -0.37024
12| 1342642 -0.08528
13 -0.18616 -0.51321
14 1.972212 0.865673
15| 2375655 -0.65491
16 1661456 -1.6124
17 0538948 0.902191
18 1918916 -0.08452
19 -0.5238 0.675138
20 -0.38132 0.757611
21

Note: RANDOM SAMPLES

Use the Insert Function button on the standard tool bar or type directly.

=RAND( ) returns a random number between 0 and 1.

=RANDBETWEEN(bottom,top) returns a random number between the designated values.

Use the menu selection >Data>Data Analysis to access the dialog box.
Sampling returns a random sample from a designated cell range.

Random Number Generator returns a random sample from a designated distribution (uniform,

normal, binomial, poisson).

Stat 328 (Excel)
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R Programming

et

i

n

o

0s

oo

<8

- print("Hello World")
1] "Hello World"

2 w—y
[
e

)
> mot<-dato. frame(o- d=1), b=r

mean=-1, sd=1))

> mat 140 0 ook Loarwtion et sl ey el s
Troe () b e v
] b [ ARt w e tn b § e 8 puchagen (5 ] Lot s

0.68095071 2.62502002 0.2000328

L e e . Ll

-1.41886274 1.77124066 -0.3053134 e
-0.02606923 -0.02631055 ©.7104818 -

1
2
3
4 -9.43837086 1.61360146 ©.1967935
5
6

1.46786720 1.32386062 -1.9940575
©.61093695 3.40457075 -2.1482692

s MY Pl an, g
Moo GE 500 (TWI) w0 M4 st it & 0]

- o119 ewle, teurpiems wily MLLI shermriere Wil mwe

7 -0.46963148 2.15205057 -0.2698978 ey
B 0.17917047 1.46567625 -0.3944110 R N s At regete i s kary)

9 1.67233978 2.60024381 -0.2677363 [ o

lo 0'78591m 3.31195551 0_”327” R{ :\W :;:: TR S WARETT L BITINAT 0 THANE 4 1NN 4 e




R-Part 1

#Mathematical functions :

Q1: Write the command and the result to calculate the following :

Log(17)=

N
W
Il

»

(5]

= W

> loglO(17)

[1] 1.230445

> log{l7,base=10)
[1] 1.230449

* LR

o]

T et [l bt [
[

LON e B

Ln(14)= V16 =
?_iD;kZ;i__ » 3grt(le)
[1] 2.639057 [1] 4
50\ _

(4) - |-4| =
> choosze (50, 4) > abs(-4)
[1] 230300 [1] 4
> I = |

r'(18),

> gamma (13)
[1] 3.556574e+14

» factorial (4)

Stat 328 -R iadall]




Q2: Let x=6 and y=2 find:

x+y , x-—-y , XY , Xy z=xy-1

b
|
| I 3
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# Vector :

a+b
> a=c(l,2,3,3)
> b=c(6,7,3,98)
> a
[1] 1 2 3 3
> b
[1] 6 7 8 ©
> ath

[1] 7 & 11 12
> a-b

[1] -5 -5 -5 -&
> a*b

[1] & 14 249 27
» a/’/b

[1] 0.1l666667T O
= 2%a

[1] 2 4 & &

» b+l

[lj 7 8 5 10

, a—-b ,ab ,a+b, 22 , b+1

L2857143 0.3730000 0,3333333

Is() is a function in R that lists all the object in the working environment.

rm() deletes (removes) a variable from a workspace.

Stat 328 -R

13




# Matrices:

Q3: write the commends and results to find the determent of matrix and its inverse

1 7 2
w=12 7 2
4 0 2

% we-matriz(cil,2,4,7,7,0,2,2,2),nr=3) pal a sl 4K
> W Jﬂylﬂﬂﬂﬂx

[.11 [.2]1 [.3]
1,1 1 7 2
2,1 2 T 2
(3,1 4 0 2
> #inverse
> solve (W)

[.1] [.21] [-3]

[1,] -1.0000000 1.0000000 0.0000000

[2,] -0.2857143 0.4285714 -0.1428571

[3,]1 2.0000000 -2.0000000 0.5000000

> gdeterment 25 5 W . .

> det (w) T B

[1] -14 =J-;det

> #Trnspose:

> T (wW)
[1

[.2

[ Q-

B wd B

[ Y S

OR
> wWwa— chind(c(l,2,4),c(7,7,0),cl2,2,2))
> oW
[,11 [,2] [.23]
1 1 7T 2
[2 2 7 2
3, 4 0 2
|
OR
> we— rhind(c(l,7,2),c(2,7,2),c(4,0,2))
W
[,11 [.2] [,3]
[1.] 1 7 2
[2.] 2 2
[3,] 4 2
-1
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Q4:

1 9 8
6 3 =l 7 & 2| .
= ,B; v(‘=
4 [5 2.3 41 S5 5
(R0 L
(a) A*B
(b) Determinant of C

(c) Inverse of C

> A<-matrix(c(l,5,6,2,3,7,-1,4),nr=2)
= R
[.11 [.2] [.3]1 [,4]
[1,1 1 & 3 -1
[2,1] o 2 T 4
> B<-matrix(c(l,7,5,1,9,4,1,1,3,2,5,9) ,nr=4)
> B
[,11 [.2] [,3]

1,1 1 g g
1z,1 7 4 2
13,1 5 1 5
(4,1 1 1 ]

W h W
B 0 O &

W

oW o N

» C<-matrix(c(3,4,3,3,4,9,3,4,2,0,3,6,7,6,2,2),nr=4)

> C

[.11 [.21 [.,31 [.%]
1,1 3 4 2 7
12,1 4 g 0 6
13,1 3 8 3 2
(4,1 3 4 € 2
> L3*%E

[,11 [.2] [,3]
[1,1 57 35 26
[2,1] 58 64 115
> det (T)
[1] -155
> solwve (C)
[,1] [,2] [r3]

[,4]

[1,] -1.0451613 1.3677419 -1.5870%68 1.14193548
[2,] ©0.1%35484 -0.250322¢ 0.51612%0 -0.32258065
[3,] ©0.2580645 -0.3870%68 0.3548387 -0.0%9e7741%5

Stat 328 -R

[4,] ©.406451le -0.3096774 0.2838710 -0.27741535
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Q5: A sample of families were selected and the number of children in each family
was considered as follows:

6,7,0,8,3,7,8,0
Find mean , median, range, variance , standard deviation?

5 =

> XX<-c(6,7,0,8,3,7,8,0)

- XX

[L1]1 6 708 37820

> mean (xx)

[1] 4.875

» median (xx)

rn 6.5

» WAr (xx)

[1] 11.55357

» & (XX)

[1] 3.399054

> summary (xx)
Min. lst Qu. Median Mean 3rd Qu. Max.
0.000 2.250 &.500 4.875 T7.250 g.000

> range (xx)

[1] © &

[

Stat 328 -R iadallg




R-Part 2
Q1: We have grades of 7 students in the following table

math | 73 |45 |32 |8 |98 |78 |82

stat {87 (60 |25 |64 |72 |12 |90

Find
1) summary of math and stat grades > math=c(73,45,32,85,98,78,82)
> stat=c(87,60,25,64,72,12,90)
> math<- c(73,45,32,85,58,78,82) Sdﬁyﬁtmfmmﬂmmhﬁtmy
» stat<- c(37,60,25,64,72,12,90) »odf
. . . . - math stat
» grades<-matrix(c(math,stat) ,nc=2) T
> grades 2 45 &0
[,1] [,2] on o
[1,] 73 87 5 ;5 72
[Z2.1] 45 &0 &€ 78 12
[3,1 32 25 OR . ”’ 52 90
[4,1 g5 64
[S,] o8 T2 = df3<- chbind(math, stat)
[E,] 78 12 > df3
[7:] 82 80 math stat
> apply(grades, 2, summary) {;:% 42 ;a
Min. 32.00000 12.00000 [4,] gL 64
1st Qu. 59.00000 42.50000 [5,1 a8 T2
Median 7E8.00000 &4.00000 [6,] 75 12
Mean TO.42857 58.57143 [7.1 82 =T}
3rd Qu. E83.50000 T9.50000 3>|
Max. 95.00000 20.00000
1

2) Summary of each student grade

> apply(grades, 1, summary)

[r1] [-2] [r3] [«2]1 [-51 [-&] [.7]
Min. T3.0 45.00 25.00 €4.00 72.0 12.0 82
lst Qu. 76.5 48.75 26.75 €9.25 T8.5 28.5 84
Median 80.0 52.50 28.50 T74.50 85.0 45.0 86
Mean BO.0 52.50 28.50 T4.50 B85.0 45.0 Be
3rd Qu. 83.5 56.25 30.25 T79.75 91.5 61.5 88
Haf. 87.0 &0.00 32.00 85.00 98.0 78.0 S0
3) Summary of first five student grades in math
> summary (math[l:5])
Min. 1st QCu. Hedian Mean 3rd Qm. Hax.
32.0 45.0 73.0 66.6 85.0 98.0
> summary(math[-(e:7) 1)
Min. 1st Qu. Median Mean 3rd Qu. Max.
32.0 45.0 T3.0 E6. 6 85.0 G98.0
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Slglaal) Gy clua g R (e iy sledi)
Q2: Growth of Orange Trees

Description

The Orange data frame has 35 rows and 3 columns of records of the growth of orange trees.

> Orange

Tree age circumference
1 1 118 30
2 1 484 58
3 1 &64 87
30 5 484 ig
31 5 664 81
32 5 1004 125
33 5 1231 142
34 5 1372 174
35 5 1582 177

> attach (Orange)

> mean{age)

[1] 522.142%9

> summary ({circumference)

Min. 1st Qu. Median Mean 3rd Qu. Max.
30.0 65.5 115.0 115.4 18l.5 214.0
OR

NS

> mean(Orangesage)

[1] 822.1425

> summary (Orangeicircumference)
Min. 1lst Qu. Median Mean 3rd Cu. Mzx.
_30.0 65.5 115.0 115.8 lel.5S 214.0

par (mfcol=ci{l,3))

plot (Orangelage, Orangescircumference)
hist (Orangelcircumference)
anplnt(C:ange$ci:cumfe:ence,cnl="g:een”]

WYY W
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Histogram of Orange$circumference
o m o _
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Statistical Computation and Simulation

Cumulative

" Inverse
Probabili S
: t\,r distribution distribution Random sample
functions . :
function function
) =pixex | || 1
| — F(x)=p(X<x Ll y= -1
P(X=x) X=F(x)
e d e
p | | q r
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Q3: Suppose X is Normal with mean 2 and standard deviation 0.25 . Find:
1-F(2.5) = P(X<2.5)
2-F71(0.90) or P(X <x) = 0.90

3- Generate a random sample with size 10 from N(2 , 0. 252) distribution ?

> § 1) F(2.5)
O

> pnorm(2.5,2,0.25)
[1] 0.9772499

» # 2) P(x<= x)= 0.90
> gnorm(0.90,2,0.25)
[1) 2.320388
# 3) Generate a random sample with size 10
» rnorm(10,2,0.25)
[1] 1.988027 1.744937 1.821131 2.049191 2.092522 1.992336 2.419
[9] 1.709938 2.009987

1941 2.270132

Q4: A biased coin is tossed 6 times . The probability of heads on any toss is 0.3 . Let X denote

the number of heads that come up. Find :
1-P(x=2)
2-P(1< X <5)=P(X< 5)-P(X< 1)

> #¥Binomial Distribution:
. ¥ 1) P(¥=2):

> dbinom(2,6,0.3)

[1] 0.324135

> EIF E:lPI 1 ma= E]:
pbinom(5,&6,0.3)-pbinom(1l,6,0.3)

[1] D.5790%9&

S

4 isdal)
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Q5: write the commends and results to calculate the following
1. P(-1<T<1.5),v=10

Find k such that P(T < k) = 0.025, v=12

Generate a random sample of size 12 from the exponential(3)
Find k such that P(X > k) = 0.04, X~F(12,10)

P(3 <X <7), X~Poisson(3)

i dWN

= # 1L)P(-1<T<1.5),wv=10
> pt(l.5,10)-pt(-1,10)
[1] 0.T74729498
> # 2)Find k such that P(T<k)=0.025,wv=1Z2
> gr(0.025,12)
[1] -2.178813
= # 3)Generate a random sample of size 12 from the exponential (3)
> rexp(l2, 3)
[1] ©.02741723 0.579%1e093 0.43225608 0.580659241 0.107057&82 0.
[7] 0.e€5971le20 0.070281lcT 0.28315354 0.656088593 0.35302758 0.

27

4
a5

]

LA ]

1
2

oo

T
L

]
[
o8]

> # 4) Find k such that P(X>k)=0.04, X~F(12,10)
> gf(1-0.04,12,10)

[1] 3.13147%

= # S5)P(3<XZT) ,K~Poisson(3)
> ppols(7,3) -ppols (3, 3)

[lJ 0.3408636
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Q6: We have the following table show age X and blood pressure Y of 8 women

X 68 49 60 42 55 63 36 42

Y 152 145 155 140 150 140 118 125

» m<-c(63,49,60,42,55,63,36,42)
> y<-c(l52,145,155,140,150,140,118,125)

1. PlotXandY

> # L)Plot X and ¥:
> plot (%,V)

> plotix,v,tyvpe="1")
> plotix, v, type="L")
> plot (=, v,cyvpe="h")
> gomormix)

> histix)

> boxplot (x)

.

2. cdrrelation of Xand Y

> # 2)correlation of X and ¥:
F oCOr(X,V)

[1] ©.7518318

> Cor.test(x,v)

Pearson's product-moment correlation

data: x and v
t = 3.1788, df = &6, p—value = 0.015918
alternative hypothesis: true correlation is not egual to O
55 percent confidence interwval:
0.1971842 0.9605402
sanple estimates:
CoOr
0.7918318

3. covariance

> # 3)covariance:
> CcovI(X,V)
[1] 118.5179
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4. The equation of regression

= # 4)The equation of regression:
> fit<-1m(v~x)
> summary (£it)
Call:
Im(formala = y ~ X)
Residuals:
Min 10 Median 30 Max
-10.713 -7.080 1.647 6.988 8.330
Coefficients:
Eztimate 5td. Error t walue Pr(>|t])
[(Intercept) 93.5838 15.1239 €.188 0.00082 #%=*
X 0.9068 0.2855 3.176 ©0.01518 *
Signif. codes: 0O “&%%r (_00Q1 “**rf g_.01 *®*f Q.05 *.* 0.1 *r 1
Residual standard error: B.637 on & degrees of freedom
Multiple E-squared: 0.827, Ldijusted R-sguared: 0.5648
F-statistic: 10.09% on 1 and & DF, p-value: 0.0191E8
> plot (=, V)
> abline (fit)
= |
[s]
[+
o
w - (s}
(=]
(=]
‘V_r— o] o
=
(=]
3
=]
(=]
Q4
T (=]
T T T T T T T
35 40 45 50 55 60 65

Regression Equation:

Y =93.5838 +0.9068 X

7 daaall
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R-Part 3

Q1: For a sample of 10 fruits from thirteen-year-old acidless orange trees, the fruit shape (determined as
a diameter divided by height ) was measured [ Shaheen and Hamouda (8419b)]:

1.066 1.084 1.076 1.051 1.059 1.020 1.035 1.052 1.046 0.976

Assuming that fruit shapes are approximately normally distributed, Test whether the mean of fruit
shape greater than 1.02 . Use a=0.05

1-Hypothesis :
Hyn<1.02 vs Hyp>1.02
2-Test statistics :
T=2.7002
3- Decision:
p —value =0.01219 < a =0.05
So, we reject Hy. 1 < 1.02

- X <- ¢(1.066,1.084,1.076,1.051,1.059,1.020,1.035,1.052,1.046,0. 976)
> T.test(x,mu=1.02,alternative ="greater"”,conf. level = 0.93)

one Sample t-test

data: =x

t = 2.7002, df = 9, p-value = 0.01219

alternative hypothesis: true mean is greater than 1.02
95 percent confidence interval:

1.02851 nf
sample estimates:
mean of x

1.0465

y

t.test( x, mu=a , alternative="  “,conf.level= 1-a )

-

= If:Hy: # two.sided

Sy >
e R LT If: Hy: < less

If:H.:> greater
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Q2: The phosphorus content was measured for independent samples of skim and whole:

Whole | 94.95 | 95.15 | 94.85 | 94.55 | 94.55 | 93.40 | 95.05 | 94.35 | 94.70 | 94.90
Skim | 91.25 | 91.80 | 91.50 | 91.65 | 91.15 | 90.25 | 91.90 | 91.25 | 91.65 | 91.00

Assuming normal populations with equal variance

a) Test whether the average phosphorus content of skim milk is less than the average phosphorus
content of whole milk . Use a=0.01

b) Find and interpret a 99% confidence interval for the difference in average phosphorus contents of
whole and skim milk .

1- Hypothesis :
Ho: Uskim = Hwhole vs Hq:lskim < Uwhole

Ho: Uskim — Mwhote =0 VS Hy:Uskim — Wwhote < 0

2- Test statistic: T= -14.988
3- Decision:
Since p-value =0.00 < 0= 0.01 . we reject H,

> Whole <- ¢(94.95,95.15,94.85,94.55,94.55,93.40,95.05,94.35,94.70,94.90)
> Skim <- ¢(91.25,91.80,91.50,91.65,91.15,90.25,91.90,91.25,91.65,91.00)
> t.test(Skim,whole,alternative = "less",conf.level = 0.99,var.equal = TRUE)

Two Sample t-test

data: Skim and whole
t = -14.988, df = 18, p-value = 6.533e-12
alternative hypothesis: true difference in means is Tess than 0
99 percent confidence interval:
-Inf -2.742173
sample estimates:
mean of x mean of y
91.340 94.645
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For confidence
interval we change
alternative to not

b) Uskim — Uwhole € (_3-94’ ,—2.67 ) equaI

> t.test(Skim,whole,alternative = "two.sided",conf.level = 0.99)
wWelch Two Sample t-test

data: skim and whole
t = -14.988, df = 17.97, p-value = 1.341le-11
alternative hypothesis: true difference in means is not equal to 0
99 percent confidence interval:

-3.939849 -2.670151

sample estimates:
mean of x mean of y

91.340 94.645

)

t.test( x,y, mu=a , alternative="  “,conf.level= 1-a , var.equal= )

-

If:Hy: # two.sided

Ho: py — 1y TRUE

A v I
2

If:Hq: < less

FALSE
If: Hqy:> greater
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Q3: In a study of a surgical procedure used to decrease the amount of food that person can eat. A sample

of 10 persons measures their weights before and after one year of the surgery, we obtain the following
data:

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

Aftersurgery(Y) |78 [133 [80 [70 |70 [63 |81 [e0 |85 |[120

We assume that the data comes from normal distribution. Find :

1- 99% confidence interval for uD, where uD is the difference in the average weight before and after
surgery.

2- Test whether the data provide sufficient evidence to indicate a difference in the average weight
before and after surgery. (up = 0 versus up # 0)

a) 1- Hypothesis:
uip =0 vs pp #0

2- Test Statistic :
T= 5.376

3- Decision:
Since p-value =0.00 < a= 0.05 . we reject H,

b) 99% C.I pp € (17.638 , 71.56 )

. . Cam A Tmm Tem e e 1aa Al ar 1A
» X<— c(143,154,107,119,102,137,122,140,140,117)

> y<-c(783,133,80,70,70,63,83L,60,835,120)

» L.test(X,v,alternative="two,.sided",conf.level=0,9%, paired=TRUE)
Paired t-test

data: =x and ¥y
t = 5.37g, df = 9, p-valus = 0.00044&%9
alternative hypothesis: true difference in means is not equal teo O
589 percent confidence interval:
17.63877 T1.56123
sample estimates:
mean of the differences —
44 . & -
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Paired t-test

{ t.test( x,y, mu=a , alternative=" “,conf.level= 1-a ,paired=T ) }

j

If:H,: # two.sided

If:H{:< less
Hy:pp 1

IA IV I
Q

If: Hy:> greater
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Q4: A firm wishes to compare four programs for training workers to perform a certain manual task.

Twenty new employees are randomly assigned to the training programs, with 5 in each program. At the
end of the training period, a test is conducted to see how quickly trainees can perform the task. The
number of times the task is performed per minute is recorded for each trainee, with the following results

Observation | Programs1 | Programs 2 | Programs 3 | Programs 4
1 9 10 12 9
2 12 6 14 8
3 14 9 11 11
4 11 9 13 7
5 13 10 11 8
> ®<-c(9,12,14,11,13,10,%6,9,9,10,12,14,11,13,11,9,8,11,7, &)
e —C I'II'_IIll II'_IIll II'_IIll II'_II'l II'_II'l II:II'l II:II'l II:II'l II:II'l II:II'l II_E‘_II'l II_E‘_II'l II_E).II'l II_E).II'l II_E).II'l II.":II'l
& |-|.-;|| |;.-;|| " ||.-;||:I
Lo ior ior =
> model<-aov (x~y)
» summary (model)
Df Sum 5g Mean S5Sq F wvalue Pr(>F)
v 3 54.85 18.32 7.045 0.00311 ==
Residuals leé 4l1.&0 2 .60
Signif. codes: 0 ‘Y¥w®rf Q0 _Q0Q01 ‘x%f Q.01 '»f Q.05 *.F Q.1 »r 1
1-Hypothesis :
HO: p‘programl = IJ‘programZ = IJ‘program3 = p‘program4

H,: at least one mean is dif frenet

2- Test statistic :
F =7.045

3- D'Va|Ue =0.00311 < 0=0.05 ! RejeCt HO: I'J‘programl = p'programZ = I'lprogram3 = p'programzl
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We use Tukey test to determine which means different:

» me<=TukeyHSD (model)

Tukey multiplse compari=ons of means
5% family-wise confidence level

Fit: aov(formula = X ~ y)

Y
diff lwr upr p adj
2=1 =3.0 =5.9176792 =0.08232082 0.0427982
3=-1 0.4 =2.5176792 3.317679%18 0.9788127
4-1 -3.2 -6.1176792 -0,28232082 0.0291638
3-2 3.4 0.4823208 6.317679%18 0.019745%9
4-2 -0.2 -3.1176792 2.71767918 0.95%72140
4-3 -3.6 -6.5176792 -0.68232082 0.0133087
> boxplot (x~y)
1
‘Y_l'_ _ -
o~
H =]
= 2 i
@ 1
w — [+
T T T T
1 2 3 4

.uprngrdm 1 #F upmgmm z!

I.Iupru_grum 1= luprr.ryrum. 3 I

Hprogram 1 3 Hprogram 4

rogriam 2 = pprﬁﬁlrﬂlﬂ. 3
Hprogramz = Mprogram 4 I

Fprogram 3 = Hprogram 4
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1- fol x°(1 — x)*dx

» f<-function(x) {

+ [x™*E)* (1-x) "4

- integrate(f,0,1)

0.0007936508 with absolute error < B.Be-18

» betalG, )
[1] 0.000T7936508
1

2- f01x5(1 —x)*dx

B(a, ) I;((Z)E[;)) /' (1 —t)% 'de

$
[ay
Il

i

and P-1=4

=]
Il
(=)
==l
Il
h

=>B(6, )
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