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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
6 Introduction to Minitab- Descriptive statistics using Minitab
7 Statistical distributions in Minitab
8 Statistical tests using Minitab
9 Correlation and regression using Minitab
10 Introduction to SPSS
11 Descriptive statistics using SPSS
12 Statistical tests using SPSS
13 Correlation and regression using SPSS
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

Course outline-Stat 328
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MATHEMATICAL FUNCTIONS

Write the commands of the following:

By Excel By Minitab
(using (fx)) calc — calculator
Absolute value |—4|=4 ABS(-4)

Combinations

(160):10C6:210

COMBIN(10;6)

The exponential

respect to base 10

function e~16=0.201897 EXP(-1.6)
Factorial 110! =1.5882E+178 FACT(110)
Floor function [-3.15]=-4 INT(-3.15)
Natural logarithm | In(23)=3.135494216 LN(23)
rLec;%Z::I:T(r)na\rlwv;/tgase logs(4) = 0.630929754 | LOG(4:9)
Logarithm with 1,019y = 1 079181246 | LOG10(12)

Multinomial
Coefficient

(2 3 5):756

MULTINOMIAL(2;2;5)

Square root

\/85= 9.219544457

SQRT(85)

Summation

Summation of:
450,11,20,5 = 486

SUM(450;11;20;5)

Permutations

10P6=151200

PERMUT(10;6)

Product

Product of: 450,11,20,5

= 495000

PRODUCT(450;11;20;5)

Powers

10*=0.0001

POWER(10;-4)




CONDITIONAL FUNCTION (1F) AND COUNT CONDITIONAL FUNCTION

By Excel

(using (%))
We have grades of 10 students
73 45 32 8 98 78 82 87 60 25 64 72 12 90

1. Print student case being successful (Mark >=60) and being a failure (Mark <60).
2. How many successful students?
3. How many students whose grades are less than or equal to 80?



DESCRIPTIVE STATISTICS

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

By Minitab
By Excel stat — basic statistics —

. . display descriptive statistics
(using (fx) and (Data Analysis)) +

See Appendix -1-

Mean=44 AVERAGE(C2:C7)
Median=44 MEDIAN(C2:C7)
Mode=44 MODE.SNGL(C2:C7)
Sample standord STDEV.S(C2:C7)
Sample variance=8 VAR.S(C2:C7)
Kurtosis=-0.3 KURT(C2:C7)
Skewness=4.996E-17 SKEW(C2:C7)
Minimum=40 MIN(C2:C7)
Maximum=48 MAX(C2:C7)
Range=8 MAX(C2:C7)-MIN(C2:C7)
Count=6 COUNT(C2:C7)

Coefficient of

Ualation=.428% STDEV.S(C2:C7)/AVERAGE(C2:C7)*100

» Range= Maximum-Minimum

Sample standard deviation

*xx Coefficient of variation= X10

Mean



PROBABILITY DISTRIBUTION FUNCTIONS

Discrete Distributions

Notes

If X is discrete random variable. then

1) Pla<X <b)=P (X £5)-P(X <a)

and so, if

Pla=X <b)=P((a-1)<X 2(b-1))=P(X <(d-1))-P(X =(e—1)) 01
Pla<X <b)=P((a—1)<X <b)=P(X <b)-P(X <(a-1)) or
Pla<X <b)=Pla<X =(b-1))=P(X =(5-1))-P (X =a).

2) P(X >a)=1-P(X <a).
P(X 2a)=1-P(X <a)=1-P(X <(a—1)),
P(X <a)=P(X <(a—1))

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:

(i) If we call heads a success then this X has a binomial
distribution with parameters n = 6 and p = 0.3.

P(X =2) = (2) (0.3)%(0.7)* = 0.324135

(i)
P(X =3) = (2) (0.3)3(0.7) = 0.18522.

(iii) We need P(1 < X < 5)

P(X =2)+ P(X = 3) + P(X = 4) + P(X = 5)
—  0.324 + 0.185 + 0.059 + 0.01
= 0.578



By Excel
(using ()

By Minitab

calc — probability distribution

T
ﬁ- =BINOM.DIST(2;6;.3;0)

BINOM.DIST
v = [z | Number_s
1= [fEs | Trials
Y = 3 | Probability_s
FALSE = [F%i ol | cumulaty
. ¥FEITe =

el 155 el loamY Sl plbaall Bl

ol csnSlyall gl Alls J=l oo tAsdkio 408 Cumulative
JFALSE jaceswl @Syl ps ciilacsVI

< ITEWo = aseall goli

f,’t =BINOM.DIST(3;6;.3;0)

vl 85 pujgdl eV 5381 pllaaall Ly
sl 9 ol OYglxo 33 Number_s

< MY = agpall il

v=-f%4 Number_s | — N
1-@5 Trials
¥ = s ——oubablys |
FASE = [ 0 | Cumulative I P
QY =




Jx | =BINOM.DIST(5;6;0.3;1)-BINOM.DIST(1;6;.3;1)

BINOM.DIST
1 | Number_s
1 | Trials
Al | Probability_s
TRUE | © i

“S¥Ve =
o33l 155 pajgill Uloi (53,8)1 albaoll £l

al cnS13501 rjasll Alls i o0 As6hio do.d Cumulative
\FALSE o1l o3yl jué SWlassl

-+ oW1 = ameall zili




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

Let X = No. of births in a given hour

(i) Events occur randomly

(i1) Mean rate A = 1.8 = X = Po(1.8)

We can now use the formula to calculate the probability of observing exactly 4
births in a given hour

P(X =4)=e 1818 _ o723

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

Wewant P(X >2)=P(X =2)+ P(X =3)+...

i.e. an infinite number of probabilities to calculate

but
P(X>2) = PX=2)+P(X=3)+...
= 1— P(X <2
= 1—(P(X =0)+ P(X =1))
1,87 o] B
= Tiertioy et
= 1 - (0.16529 + 0.29753)
= 0.537
P oy Jinitab
(using (£)) calc — probability distribution
X v ﬁ- POISSON.DIST{4;1.3,0)
Q
FOISSON.DIST
t=[E X
R - RN Mean
FALSE = [ﬁg | tumulatrve
TV =
Folezon g el

alls o oo STALE 2aiieed « nnS2ll POISBON dla! ol 0 1dinin dngd Cumulatve:
FALTE il Aundial s Cilnedl Poimsan

¢ VTTINTE = el p

sl e} ahgn | il 3y Clalas




X o f  =-poissomDisTiLE)

L POISSON.DIET —
- Yos Eli x =
| 4= s | HMean F

i i = & 1 | Camatatue i

| « AV = |8

| Foiszan wigs gl [
alls 5] 0 TRUE Bl o1l Psson ulocs! 1ol - 20dinug s Cumulative

| FALSE i el e Cllassil Pygmn 7

SEVRINY = amill gt

8 [Ersers wssnioan | |




Continuous Distributions

4 N

Notes

If X 1s continuous symmetric random variable (as Wormal distribution and Student’s t-
distribution). then

1) PXzx)=1—-PX<x)and P(X < x)=1—P(X = x)
2 P(X=x)=1—-P(X< —x)and P(X =2 x)=1—P(X = —x)

o /

1. Exponential Distribution

On the average, a certain computer part lasts 10 years. The length of time the computer part lasts
is exponentially distributed.

What is the probability that a computer part lasts more than 7 vears?

Solution
Let X the amount of time (in years) a computer part lasts,
p=10som= & = ilﬁ =01

PIX>T=1—-P[(X<T)
P(X >T) =7 = 0.4966. The probability that a computer part lasts more than 7 years is
(4966,

By Excel By Minitab
(using (f)) calc — probability distribution

X« [t | =LEXPONDIST(Z:1/101)
X

EXPON.DIST
vV = [B&|7 X
<) = [B& 110 Lambda
TRUE = & 1 Cumulative
Lo TDIE =
esmadl] il Bl

308 &y TRUE = LSl gujgall alls Hlpelony| piva sall Alal) uikio 40,6 Cumulative
JFALSE = Ulaz=Vl

< El0MT L = sl iU

20U 2] Laslga allall 2id Joo Silauss




2. Normal Distribution

By Excel By Minitab
(using (&) calc — probability distribution
P(X < 25)
=P(X < 25)
at A1 | - £ =NORMDIST(25,20 3, TRUE)
A_ | B C D E
u=20 1 [095221
and
g=3
fx(25)
at Al = & =NORMDIST(25,203 FALSE)
u= 20 A B C D E
1 [0033150
and -
g=3
P(X < xq)
= 55 o
at \ . £ =NORMINV(0 55 20,3)
A B c ) E
u=720 1 [z037008
and
g=3
P(Z <1.78)
=P(Z < 1.78)
Al - A =NORMSDIST(1.78)
at A B Cc D
n=0 i [GseeEd]
and -
g=1
P(Z < z,) = .55
At & =NORMSINV(055)
at [ A B c D
U= 0 i i__wzsrsfn
and -

c=1




3. Student’s t Distribution

/ Notes in Excel

5) =T.INV(p, v

1) =I.DIST(;, ; 0) « fr (t)
2) =TI.DIST(, v 1) © P(T,<t)
3) =T.DISTRT(, vy < P(T,>1t)

4) =T.DIST2T(t, V) |« 2P(T, =1)

< P(T,=t)=p

K 6) =TINV2T(,Y © 2P(T,>t,) =p

/

Fhm: (@)t 025 When v =14
Bty when v =10

(€)tooos When v =7

By Excel
(using ()

By Minitab
calc — probability distribution

-ote = [ 025

(a) 1= e
P(T14 S t) TOLIVATAS- =

= 0.025 Buiall 3480 o] Qe ot 35 ol i 130 e 31 Deg_freedom

sl i b |

| =T.INV(.025;14] |

T
| Probability
| Deg_freedom

bl lt 5 Sl e i ]

TUEEATIAN = ez all g3l

il e sl

awl E.Dl

o= B

(b) e
P(Typ <t)
= 0.01

e

T.0W

B et sl Qo] A A el ety 2utes 2as Deg_freedom

| Probablity
| Deq_freedom

sl Bl w5 ML) b a2 oyl

¥ VIrVTEeh = amL i uls

(c) -
P(T7 < t) T EQQEATTAV =

= 0_995 gl Jeod Lndll Al Ol 335 ] el w30 Bere 32 Deg_freedom

| =T.INV({0.995;7) |

ows | oty

il
i

T.INV

Deg_freedom

a1 5001 55 Ll t ujed S Bl

TLERQEATTAY = azpall 20l

Al 8id Joo Sloalar




Given a random sample of size 24 from a normal distribution, find k such that:

(@)P(—1.7139<T <k)=0.90
(B)P(k <T <2.807)=0.95
()P(—k <T <k)=0.90

(@)

P(-1.7139 < Ty; < k) = 0.9

& P(Ty3 < k) — P(Ty3 < —1.7139) = 0.9
& P(Ty3 < k) = 0.9 + P(Tpy < —1.7139)
& P(Ty3 < k) = 0.949997

By Excel
(using (fx))

By Minitab
calc — probability distribution

fr | =TDIsT(-1.7139:23:1)

T.DIST
- beg_fresdom
e - Comutatve

+,+E99AVTEE =

BV 8yl S5 U t pujes £

02wl 5081yl grjaall @ls Ul o0 audinig angd Cumulative
FALSE il cdlocl

- +E899VTEE = aseall 20l

| T.INV(.049997;23) |

.
.a5999v = 949397 | Probability
W = 29 | Deg_freedom
LVIFATATR =

a1 Byl 55 il g pes Bl

Dles 3as pl] el wrgo pues s Deg_freedom

1LVITATATA = azeall Fili

Qln excel you might make it in one step too
P(Ty; < k) = 09 4 P(T,; < ~17139)
so,  =T.INV(0.9 +T.DIST(-1.7139,23,1),23) = 1.713839369




(b)

P(k < T,; < 2.807) = 0.95

o P(Ty; < 2.807) — P(Tys < k) = 0.95
o P(T,5 < k) = (T3 < 2.807) — 0.95
o P(Th; < k) = 0.044996

By Excel By Minitab
(using (fx)) calc — probability distribution
| =T.DIST(2.807;23;1) |
T.DIST
wo- E Deg_freedom
TRUE = . 1 C

- 4959917 =
o] iyl S5 Ul b g £l

ABiE grjgall Paadi 310l duadyll anaall X

- AAEAANIT = dseall ol

|ix =T.INV(D1;23) |

TNy
< egsaauTa = [ o1 | Probability

v - [z | Deg_freedom
\ ViRasYeV =

. a1 8] (53 lal) t RS uiSe ELryL

G el Aol Ol 302 ] jdy oo pues 31c Deg_freedom

1, V199 TeV]- = azuall wili

O1In excel you might make it in one step too
P(Ty; < k) = (T3 < 2.807) — 0.95
so,  =T.INV(-0.95+T.DIST(2.807,23,1),23) = —1.769952576




(©

e P(Tys < k) — {1 — P(Tas < k)} = 0.9
s 2P(Tys < k) —1 = 0.9

s 2P(Tos < k) = 1.9

so,  =T.inv(0.9523) = 1.71387

(ii)P(Tps < k) — P(Tys < —k) = .9

&1 —P(Ty3 > k) — P(Ty3 < —k) = 0.9

1= P(Tyy > k) — {1 — P(Ty3 > —k)} = 0.9
o1 —P(Tyy > k) — {1 —[1—P(Ty; > k)]} = 0.9
o1 —P(Ty3 > k) —{1 —1+P(Ty; > k)} = 0.9
1 — P(Tyy > k) — P(Ty3 > k) = 0.9

e 1—2P(Ty; > k) = 0.9

— 2P(T23 > k) = 0.1

so, = T.inv.2t(0.1,23) = 1.71387
By Excel By Minitab
(using (5)) calc — probability distribution

ﬁ' =T.INV(.95;23)

T.INV
<%0 = [ .08 | Probability
W o= 23 | Deg_freedom

LVITAVIOTA =
el Byl S5 ) b R s Bl

s By byl sl Ul t @rjes Upsdedl JleVl Probability

1V VITAVIOTA = Az, all ot

| =T.INV.2T(.1;23) |

T.INV.2T
o= [ | Probability
w o= [EE] 23 | Deg_freedom
VVITAVIGNA =

Byl ol LUall t gijgi e Byl

Byl ol 31 o] ey waorgd putes sac Deg_freedom

1 VITAVIETA = dzpall 26




4. Chi-Square Distribution

/ Notes in Excel \

1) = CHISQ.DIST(x,v,0) — f;w (x)

2) = CHISQ.DIST(x,v,1) & Py, <x)

3) =CHISQ.DIST.RT(x,v,1) < P(y,=x)

4) = CHISQ.INV(p,v) Py, =x)=p
5) = CHISQ.INV.RT(p,v) S Py, 2x) =p

- 4

By using chi- square distribution ,Find:

X299s when v =19

By Excel By Minitab
(using (fx)) calc — probability distribution

Jr =cHIsQINV(995,19)

CHISQ.INV
Qi = 085 | Probability
a = 19 | Deg_freedom
Plr1o <x) ThoMTale =
=0.995 S g ol iyl 55 Ul e )

il 1M ag 1 o p8) sl Olrposac Deg_freedom

ThoMToleo = aguall aili




5. F Distribution

/ Notes in Excel
1) = F.DIST(f,v,,5,0) o Jr 0, ()
2) = F.DIST(f,v,,v3,1) e PE,u,=1)
3) =F.DIST.RT(f,vy,v;,1) P, . 2f)

4) =FINV(p,vy,vs)
5} = F.INV. RT(F PV, 'I?z)

\_

© P(FVLPV: = fﬂ)
£ P(er?z & )ﬂ’)

=p
=p

\

)

From the tables of F- distribution ,Find:

Fy.995,15,22

By Excel
(using (%))

By Minitab
calc — probability distribution

P(F152,<1)
=0.995

fr | =FINV(9951522)

Ll VoM 0g | p8) cdupdl Dl plio Deg_freedom?2

FINV
0 = [FE| sos | Probability
Yo = [B 15 | Deg_freedom1
W = [ | Deg_freedom2
¥ TolUMAE =

ens) = % G o = FDIST( 000 G 150 (a1 oyl 085) F ool gigd s Bl

T YoRMUMMAE = dzpall gili




HYPOTHESIS TESTING STATISTICS AND CONFIDENCES INTERVAL

1)

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:

(hservation Program | Program 2 Program 3 Program 4
1 9 10 12 9
2 12 & 14 8
E 14 9 11 11
4 11 9 13 7
5 13 10 11 8




Anova: Two-Factor Without Replication
Correlation

Covariance

Descriptive Statistics

Exponential Smoothing

F-Test Two-Sample for Variances
Fourier Analysis

Histogram

594 = Microsoft Excel - Vwaiaell
2 o@ e bl uase asslae || il |fes
Data Analysis By | s e & E|,"_<= ﬁ'{; =5 ] = fas K g rRE ALt |
3 e i =B B B I N FF 2 A
lewslodd] dlas] £ ! Bashi dale] i il
wellozyl A8 peead | Julw pey gegaswdl  AGL gdlgedl | LRy s I
woasll Tgaoced] T 151 13Lo T kil A ColylaSdl dancl Gz Syl Ry
Analysis [l idandi babnted Cililaall Silgal Aal i 30 AL
L11 & o il | chace|
JLAE 0 Acgocen cndy
|
| (] = (e} E F G H 1 ] Fel - M N o P
1 |programl |program2 |program3 |program4
2| 9 10 12 9
3 12 6 14 B8
4| 1 9 1 11
5 11 9 13 7
6, 13 10 1 8
o
8 1
9
oo g Data Analysis



RN RENNY. BT R TR N

11
12
13
14

16
17
18

A B C D G H I i} K L M
programl |program2 |program3 |programéd
9 10 12 9
12 ] 14 8
14 9 11 11
11 9 13 7 -
13 0 T g A g Anova: Single Factor
Input
B | $AS1:8D85 :Input Range
i Columns (@) :Grouped By
gmemsmeany Slogl=; Rows ()
{r= 1 Labels in first row
0.05 :Alpha
Output options
B | sB510| :Qutput Range (8
:New Worksheet Ply ()
New Workbook ()
Anova: Single Factor
SUMMARY
Groups Count Sum Average Variance
programl 5 59 11.8 3.7
programa2 3 44 8.8 2.7
programa3 3 61 12.2 1.7
program4 3 43 8.6 2.3
AMNOVA
Source of Variatior 55 af Ms F P-value Forit
Between Groups 54.95 3 18.31e67 7.044872 0.003113 3.238872
Within Groups 41.6 16 2.6
Total 96.55 19

- P #—



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

33cm 13.25 13.47

13.32 13.26

Make all appropriate tests (0=0.05)



* — Microsoft Excel - \wiiasll

2F =@ a
Data Analysis F s e By B T
G BB =
ezl 5 moxw | Jdw pes oegEadl Al wlgedl | g Gedar | b
2 wo3all T gancedl v. = 13| 15lo ¥ Olilall s CAjlSal  dxoc] Anamie il K
Analysis il ol im0 nben Calilead| sl | 4,075 )8
K10 - i

| | A B ! c D | E ! ke G H I ] | K )i M
1 | Fertilizer level
2 :Spacingbetween plants 1 2
3 16.01 15.8%
4 | 25cm 16.78 16.23
5 | 16.44 16.18
6 | 1342 | 13.32
i 33cm 13.25 13.47
8 | 13.32 13.26
g

> 5 Data Analysis
Analysis Tools
.
Cancel Anova: Two-Factor With Replication 3
B : Correlation
e Covariance

Descriptive Statistics

Exponential Smoothing

F-Test Two-Sample for Variances

Fourier Analysis

b Histogram

A B = D E F G H 1 ] K L

1 | Fertilizer level
2 Spacing between plants 1 2
3 16.01 15.89
4 25cm 16.78 16.23 | X T Anova: Two-Factor With Replication
5 16.44 | 16.18 \ Input
B 13.42 13.32 3 :Input Range
| T 33cm 13.25 13.47 TrEpT e
8 13.32 13.26
:Alpha
9
10 Output options
11 Fi: | sF51 :Qutput Range (®)
12
:New Worksheet Ply ()
E :! New Workbaok ()
14




A B C
Fertilizer level

(Y=l = RN I = IR IR R TR R R ]

BR[| | e
REEEREEGREERERE

Spacing between plants

F G

H I

Anova: Two-Factor With Replication

16.01 15.89 SUMMARY 2 Total
16.78 16.23
16.44 16.18 Count 3 3 li]
13.42 13.32 Sum 49,23 48.3 97.53
13.25 13.47 Average 16.41 16.1 16.255
13.32 13.26 Variance 0.1489 0.0337 0.10187
Count 3 3 7]
Sum 39.99 40.05 80.04
Average 13.33 13.35 13.34
Variance 0.0073 0.0117 0.00772
Total
Count 6 7]
Sum 89.22 88.35
Average 14.87 14.725
Variance 2.9084 2.28691
ANOWVA
Source of Variat 55 af MS P-value Ferit
Sample 25.49168 1 2549168 505.7872 1.62E-08 5.317655
Columns 0.063075 1 0.063075 1.251488 0.295732 5.317655
Ilnteraction _I 0.081672 1 0.081675 1.620530 0.238762 5.317653
Within 0.4032 8 0.0504
Total 26.03963 11

N4



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.

Temperature Growth regulator
1 2 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)



Microsoft Excel - Vaiall

2HEo@ e
Data Analysis £y %‘? > =] E
= -
B= = B
delad mer e gemdl o all Gl gedl
* 13 I5La T Dlilaal B3es Ayl pSall  Bancl
Analysis il CAliluadl Crlgal
L4 fe
A = D H I J K L M N o
growth regulators
2 Temperature 2 3
3 5C 11.3 9.1
4 10C 17.6 18.4 I 1
5 25¢ 24.4 24.8 X ) Data Analysis
6 Analysis Tools
7 | 3
3 Cancel
2 =lesL Covariance
10 Descriptive Statistics
1 Exponential Smoothing
F-Test Two-Sample for Variances
12 Fourier Analysis
13 b Histogram
A C D H I ] K L M N
Temperature 2 3 '\
5C 9.2 11.3 9.1
10C 18.2 17.6 18.4 * ¥ Anova: Two-Factor Without Replication
25C 21.3 24.4 24.8 Input
:Input Range

Oloal=i 0.05 :Alpha

Qutput options

e | 4181 :Qutput Range (@)
:New Worksheet Bly (O

New Workbook ()




F G H I ] K L M N 0
Anova: Two-Factor Without Replication

SUMMARY  Count Sum Average Variance

aC 5 52.3 10.46 1.883
10C 5 38.5 17.7 0.55
25C 5 115.8 23.16 3.103
1 3 48.7 16.23333 39.50333
2 3 53.3 17.76667 4292333
3 3 52.3 1743333 062.32333
a4 3 48.1 16.03333 29.32333
3 3 54,2 18.0606067 34.86333
ANOWVA
Temperature Source of Variat, LX) dar Ms F P-value Forit
P Rows 405.8653 2 202.9327 135.1983 6.82E-07 4.45897
/ Columns 10,136 4 2.534 1.688208 0.244786 3.837853
growth regulators Error 12.008 B 1.501

Total 428.0093 14




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 with equal variance

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 - Yiaiaall

BFEo@ e sball  Laye Ealie il
Data Analysis i Justel| jlpis) 58 e 3 =
2 T T ey a8 mex | lw ae ool AN woleadl | o aaw | g8 2]
wepell vmowdl v v 13} 1ila il Ame SllpEdl fuas] | ReAfieolls &
Analysis cilimiiy Viben Gliluall Clgal Audnry 538
K11 - E|
| | A B € | D | E | F | G | H | I | ] K | L | M | N o
1 whole skim
2 54.95 51.25
3 95.15 91.8
4| 9485 91.5
i 94.55 91.65 X g Data Analysis
6 9455 | 9115 Analysis Tools
7 93.4 90.25 IEI A Correlation
| Cancel Covariance
a8 95.05 91.9 i Descriptive Statistics
2 94.35 91.25 = = Jep=pr
i | for Vi 3
10 94.7 91.65 er Aozl
11 94.9 91 Histogram
= Moving Average
12

Random Mumber Generation
Rank and Percentile

iy
wa
£
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D2 - 5
A B D E F G H | 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 - | tme2ERE11 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

-
a

Hypothesis: Hy: 0, = 0,

VS H1:0'1¢O'2

Conclusion: As F * F Critical one-tail, we fail reject the null hypothesis. This is the
case, 1.0849 #»3.1789. Therefore, we fail to reject the null hypothesis. The
variances of the two populations are equal (p-value=0.4527<a=0.01).
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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
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A B C D E F G H 1 J K L

1 | whole skim
2 | 9495 91.25 F-Test Two-Sample for Variances
3 95.15 91.8
4 94,85 91.5 e ) 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
Crloalsi R i
9 | 9435 | 9125 F oG
10 947 | 9165 P(F<=f) ¢ ettt | =
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 0] E F G t
1  whole skim
3 94.95 91.25 .-T:'*l > § t-Test: Two-5Sample Assuming Equal Variances
3 95.15 91.8 Input
4 94.85 91.5 S ARsE 51 55¢ Variable 1 Range
5 9455 9165 Mean e 5| sASL:sAS11 :Variable 2 Range
5] 94.55 91.15 arian rloalsi _ _
7 93.4 90.25 Obsert ] :Hypathesized Mean Difference
8 95.05 91.9 df Labels
9 94.35 91.25 F 0,01 :Alpha
. a <= ]
10 94.7 91.65 P(F —’f T
H i =0 ﬂ s | 8182 :Qutput Range (@)
e ‘Mew Worksheet Fly ()
13
Mew Workbook
14 = O
15
16 Hg: Hstim — Hwhole 22 VS  Hi:Pepim — Hwhote < 0
17

Stat 328 (Excel)




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:
Ho: Pskim = Bwhote VS Hi: Bskim < Bwhole
Ho: Pskim — Bwhote 20 VS Hy: PUskim — Bwhote < 0

2- Test statistic: T=-14.98

3- T critical one tail= 2.55238

4- Conclusion:

We do a one-tail 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
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Q : Independent random samples of 17 sophomores and 13 juniors attending a large
university yield the following data on grade point averages

sophomores juniors
3.04 2.92 2.86 2.56 3.47 2.65
1.71 3.60 3.49 2.77 3.26 3.00
3.30 2.28 3.11 2.70 3.20 3.39
2.88 2.82 2.13 3.00 3.19 2.58
2.11 3.03 3.27 2.98
2.60 3.13

Assuming normal population. At the 5% significance level, do the data provide sufficient
evidence to conclude that the mean GPAs of sophomores and juniors at the university

different ?

1-Test for equality of variance :

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

2E @ e

samall L dzla Slily
= H Eis s T e == = = = [ %
CEEEE B2 B BE & it #lEEgE!
T oWyl 28 pow | e @ey gogeadl &Gl llgadl | iy = B %
el Ygaocml v * 13} I3k ¥ Slill dea oyl)Sall  esi a0azio b Ky
iils a6 bk ililadl Colgal g b
D2 i
_ A B g [m | G H I J K L M N 0
1 Sophomores| Juniors
2 3.04 2.56
3 1.71 277 &
4 33 2:7 > b1 Data Analysis
5 2.88 3 Analysis Tools
6 2.1 298 A Anova: Single Factor
7 5% 347 Cancel Anova: Two-Factor With Replication
= S Anova: Two-Factor Without Replication
3 292 3.26 S ((::orrel_aﬁon
9 36 32 Eim ~ Covariance
Descriptive Statistics
10 228 3 0 1| pe———0———5§5» bRk anaing 3
11 2.82 265 m :
12 3.03 3 i e Histogram |
13 3.13 3.39
14 2.86 2.58
15 3.49
16 311
17 o
18 327
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A = C ™D E F G H Lo

1 Sophomores  Juniors
2 304 2.56 1 :
—3 171 277 X g F-Test Two-Sample for Variances
T | Input
% 23_;8 2;‘ i % B8 3 Variable 1_F'.anpge
_6 211 2938 Cancel R | $851:5B514 :Variable 2 Range
7 26 3.47 e Labels
8] 29 3.26 0.05 | :Alpha
9 36 3.2
10 278 319 Output options
E 287 265 R | 5052 :Qutput Range (@)
E 303 3 i :Mew Worksheet Ply ()
13 3.13 3.39 New Workbook (O
14 2.86 258
15 3.49
16 3.11
17 213
18 3.27
19
D E F G
F-Test Two-Sample for Variances
Sophomores Juniors
Mean 2.84 2980769231
Variance 0.270225 0.095641026
Observations 17 13
df 16 12
F 2.325408847
P(F==f} one-tail 0.037332216
F Critical one-tail 2.598881158
Hypothesis: Hy:0, =0, VS H,: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 (p-value=0.03733<a=0.05)
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2-T Test two samples for mean assuming Unequal Variance :

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

Soily
Data Analysis B [ Lot ERe Eie E = == = == a
2| SlosVl M5 pax | L mes  peal Al lgadl | o mass | b Z|
wopell TRezdl T *13] llo T Olilgall fors OlplpEal  dsos] A01din il Ky el
Analysis i wolomdy b Celilaadl -.'a!_::i fadig j39
i
c D E F G H | J K [ M
|
| F-Test Two-Sample for Variances
] il o g Data Analysis
] M E Analysis Tools I .I
Va ~ Histogram
1 of | cancel | Maving Average
_ | SEnia Random Number Generation
df| ] Rank and Percentile
] E iedinl ) Regression
_ Sampling
P{ t-Test: Paired Two Sample for Means
] Fd e 3
a z o n E F G H |
1 Sophomores  Juniors : ______
2 3.04 2.56 x g t-Test: Two-Sample Assuming Unequal Variances
3 1.71 2,17 Input
. - e
4 33 27 PR SAS1:5AS13 :Variable 1Range
5 2.8%8 3 Cance % | sRS1:6B514 :Variable 2 Range
& 211 2.98 - -
. 26 347 Sres 0 :Hypothesized Mean Difference
8 292 326 Labels
9 3.6 3.2 0.05 | :Apha
10 228 3.19 Output options
11 2382 2.65 L Fr_'i $I$1| :Output Range @
12 3.03 3 :Mew Warksheet Bly ()
L 3.13 3.39 Mew Workbook ()
14 2.86 2.58
15 3.49
16 3
17 213
18 3.27
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1-Hypothesis:
Ho:py =p, VS Hyipy # [y
Ho:py —p2 =0 VS Hyipy —p; #0

2- Test statistic: T=-0.9231

3- T critical two tail= 2.05183

4- Conclusion:

We do a two-tail 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, -2.05183< -0.9231 < 2.05183. Therefore, we do
not reject the null hypothesis (p-value=0.3641«a=0.05)

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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| A B c E | F G H 1 J K L M N 0 F
1  before after
2| 148 78
3| 154 133
4| 107 80 * T Data Analysis
5 119 T0 Analysis Tools
& | 102 T0 III P Histogram
I [ | Moving A
2 T L i Cancel Random NumbaevrmGgen:rear:Esl
2| 122 81 - - Rank and Percentile |
3 | 140 60 == Regressmni
10: 140 85 3
1 1 117 120 t-Test: Two-SamplevAss.lm\ng U?eaual Variances
12 | bl z-Test: Two Sample for Means
! 12 T
A = C D E | F G H | J
1 before  after i A
2 148 72 ot g t-Test: Paired Two Sample for Means
3 154 | 133 Input
4 107 B0 FR: | SAS1:SAS11 :Variable 1 Range
=] 113 70 e FR: | SBS1:eBS11 :Variable 2 Range
i 102 70 - _
a Lowl =i
7 127 63 — ] :Hypothesized Mean Difference
8 122 Bl Labels
9 140 = 60 0.05 :Alpha
10 140 832
H Qutput options
11 117 120 =
D i B ses1 :Qutput Range (@)
13 :Mew Worksheet Ply ()
14 Mew Workbook ()
15
16 Hg: HD=U V5 Hi: HD¢U
17
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E F G
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 0.000223426
t Critical one-tail 1.833112933
P(T<=t) two-tail 0.000446852
t Critical two-tail 2.262157163

1-Hypothesis:
Ho:py =pp VS Hy:py +

Ho:py —p2 =0 VS Hy:py —p #0

2- Test statistic: T=5.3759

3- T critical two tail= 2.26215

4- Conclusion:

We do a two-tail 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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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) Obtain a point estimate for the mean sales price of all 4-year-old Corvettes.

Data === Data Analysis =3 Regression

Microsoft Excel - Viaiasll

REF @ a skl T axnie A
Data Analysis _I':| Jostall gl L == i ? =TT A
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| A B = | D E F | G | H | 1 | J | K | L [ | N | 8]

1 % b
2 6 125
3 6 115
4 6 130 X ] Data Analysis
5 4 160 III Analysis Tools
B 2 219 ~ Descriptive Statistics |

Cancel Exponential Smoathing
4 = L b B F-Test Two-Sample for Variances
8 4 190 - N Fourier Analysis
3 5 163 [t - Histogram

oving Avera_ge

10 ik 260 Random Number Generation I .I
u 2 260
12 s

-
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D1 - 5
+H X ) Regression [~
A B C D ?
. Input
1 X L. . | oK I _—
2 B 125 s | 8B51:5B511 JInput ¥ Range
Cancel
3 6 115 BRG | SAS1:5A511 :Input % Range
a4 6 130 ; _
Lol =7
5 a 160 — Constantis Zero [ Labels
6 2 219 % |95 :Confidence Level [_]
7 5 150 Output options
) a 190 FRs sDg1| :Qutput Range (@)
9 = 163
:Mew Worksheet Bly ()
10 1 260
Mew Workbook ()
11 & 260 )
Residuals
12 Residual Plots [] Residuals [
13 Line Fit Plots [_] Standardized Residuals [
14
Mormal Probahility
15 -
Mormal Probability Flots [_]
16
17
D E F G H | 1 K L
SUNMMARY QUTPUT
Regression Statistics
Multiple R 0.967871585
R Sguare 0.936775406
Adjusted R Sguare  0.928372332
Standard Error 14.24652913
Observations 10
ANOWVA
df 55 MS F Significance F
Regression 1 24057.89 24057.89 118.533 4.48427E-06
Residual 8 1623.709 202.9636
Total 9 25681.6
Coefficients andard Err tStat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 291.6019417 11.4329 25.50551 5.98E-09 265.2376293 317.9662542 265.2376293 317.9662542
X -27.90291262 2.562889 -10.8873 4.48E-00 -33.81294571 -21.899287953 -33.81294571 -21.99287953
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a) y =291.6019 — 27.9029x

For every unit in x we expect that y to decrease by 27.9029
b) R*=0.9367

93.67% of the variation in y data is explained by x
c) ¢)y =291.6019 — 27.9029(4) = 180

Results:
The regression line is: y =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 minutes does not depend on the age .
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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)

Stat 328 (Excel)
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EXPON.DIST X « fe| =CORREL(A1:A9;B1:B9)
A B C D

1. x Y

2 a2 125

3 36 118

a 63 140

5 55 150

6 42 140

7 60 155

g | a9 145 |:CGRREL{A1:A9;51:BB}
9 62 152 T




Data == Data Analysis === Correlation

Microsoft Excel - Yeaiasll
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Data Analysis 1 &
B |I:0 z
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Analysis & oy basen cliled] ilgsl Aadnry 38
15 - (= fe

[ ; T 7
2| & 125
3| 36 118
4 63 140 * b} Data Analysis
5 55 150 I_l Analysis Tools
6 42 140 i - mrE 3
7w | s e [%ﬂ
8 43 145 i il Descriptive Statistics
| s ial Smoothi
9 68 152 o F—TestTwEfSp:n:;hf?)rS\r’:inanlczg
10 Fourier Analysis
11' ) Histogram
= Maving Average
12 | ¥ Random Mumber Generation
[ [
A B C D E F G H I 1
1 X Y A
2 a2 125 .
2 a6 118 ~ § Correlation
4 63 140 Input
4 __ “
5 55 150 F%: | $AS1:9B49 :Input Range
Cancel
& 42 140 Columns (@) :Grouped By
7 a0 155 Crloal=i &gwg I:::I
8 49 145 Labels in first row
9 68 152 .
I Output options
n FR: | 5051 :0utput Range (@)
12 :New Waorksheet Ply ()
13 Mew Workbook ()

-

1
Y 0.791832 1

Poisitive Correlation between X and Y
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328 stat

MATRICES

Write the commands of the following:

By Excel
(using (fx))

By Minitab
1) data — copy — columns in matrix
\‘display data
2) cale — matrices —arithmetic
invers
eThe name of matrices in columns
in matrix keeps their names
+
X Names of matrix containing....
eThe name of new matrices in
arithmetic and invers is (M#).

SR

Addition of
Matrices 546 0+3] [1 -3
= A+B= =
442 43| |6 4
1 2 1 4
c=22 0|,p=|1 3
Subtract of -3 23
Matrices 1o T 3
=>(C-D=|-2-1 0-3 [=]-3 -3
-3-2 -3 (-5 4
1 0 2
" A=
Additive {3 -1 5}
Inverse of
Matrix -1 0 2
= -A=
3 1 -5
-3 0
Scalar D= 45
Multiplication 9 0
of Matrices =3D=
12 15
1 4 7 1 4
E=|2 5 8|.F=|2 5§
Matrix 3609 36
Multiplication 30 66
= ExF=|36 81
42 96

Determinant
and Inverse
Matrices

% 7]

21
= det(G)=1and G {5 3]




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- Barchart:
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s 2- highlight the range the data including the row and column.
' 3- select Insert > Charts|Column.
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b- Pie chart : (For the previous example draw the pie chart for transportation)
x — Microsoft Excel - Tiaiasll
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b- Scatter plot :

X = Microsoft Excel - Yuaiall
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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 , 14-14.9 , 15-15.9 , 16-16.9 , 17-17.9 , 18-18.9

Data ——>» Data Analysis ——>» Histogram

Microsoft Excel - Tuaiaoll
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~ Correlation
5 16.2 16.5 Cancel Covariance 17.8
(i} 16.2 179 Descriptive Statistics 16.1
= = Exponential Smoothing &
7 17.1 18.9 EIi ) F-Test Two-Sample for Variances
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Random Number Generation
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o o | 7L IU: 15.3




A

1 hemoglobin

2 17

3 17.7

4 15.9

5 16.2

] 16.2

7 17.1

3 15.7

|9 17.3
10 14.6

11 15.8

12 15.3

13 16.4

14 13.7

15 16.2

1A 1A A

Bin
13.9
14.9
15.9
16.9
17.9
18.9
More

Freguency

r E e c Histogram |
Bin - In|
put
139 I_O—Kl | sAs1:8AS51 :Input Range
. Capncel =
1: : __nr_-s--;"_é 0818087 :BinRange pb
16.9 == Labels T
17.3 Outputoptions | |
18.9 Fes | sCsil 'Quiput Range (@ [T
:Mew Worksheet Ply () H-
E New Workbook () |
(sorted histogram)Pareto [ |
Cumulative Percentage [ ] | |
14.6 16.4
10,2 T 1o et
16.2 16.4 1
171 16 1 1

3 .

s Histogram 4 1
15 20 2 1
16 g1s 4 1
10 % 10 9 1

1 E 5 B Frequency

0 o

sTo remove the space
.Format Data Series and change the Gap Widthto 0%. .

139 149 159 169 179 139 More
Bin

sing the following

9 ,17-17.9 i&-l

etween the bars, right click a bar, selec




Generation Random samples :

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

T ATy T A8 aig T Ol O (RVEY Jgus P

oS LALS bl

EXPON.DIST (" K « f| =rand()

=rand(}

Type =RAND() then press Ctrl-Enter

[B[E[B[2]=]~]o[]*[«]~]-




2- Sampling
Data =2 Data Analysis ===>» sampling

1 WHCTOSUIL EXCET - 1 wnaandl
P o@ a mholl  Lae awxhe | ol
Data Analysis :@_q Jeotadl jlpis) 5% Ell €|7.fv Hﬂ‘%’ @H = T o E = pos B T y h
-eERE Y B = M 1
T lxVl 85 mox | Jdw o aey  oegEwdl Al wloadl | g we | e E|
2 wopdll TReedl T ~ 15 13la ~ il A Syl pEal Baosl anusi0 oyl K,
Analysis . sloadi hbdo Sl cigal udis 40

b

B c D | E E | G | H | I | i K | L | M N | o]

1
2 .| x g Data Analysis
3 0.85 Apalysis Tools
4 0.5 I .I III ~ Exponential Smoathing
5 0.71 | Cancel F-Test Two-Sample for Variances

T - B Fourier Analysis
(3] 0.45 = | Histogram
7 0.32 [ Moving Average

- Random Number Generation

8 B8k Rank and Percentile
2 1.02 -
10 067 3
11| 0.51
12| 0.78
13 0.25
14 06
15| 079
16| 0.63

A B C gl | E | E | G [ H | 1 I J

1 flouride x 5 Sampling
2 0.65 —— Input
| 0D | oK =
3 0.85 l—l % | SAS1:5AS510 :Input Range
4 05 b Canee Labels
3 0.71 iloglei Sampling Method
6 045 Periodic (O
eriodic
7 0.32 N
:Period
8 0.91
9 1.02 Random (@)
10 0.67 5 :Number of Samples
11 0.51 Qutput options
12 078 E e :Qutput Range (@)
13 0.25
| M :New Worksheet Ply ()
14 0.6
————— Mew Workbook ()
15 0.79
16 0.63




1 flouride

2 0.65

3 0.85

4 0.5 0.32
5 0.71 0.25
7] 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 0.79

16 0.63

3- Random number generation from distributions
To generate two random sample of size 20 from normal distribution with mean 2 and

standard deviation 1

Microsoft Excel - Yvaiaell

kol L a=zlpe Srlils
Data Analysis By E|—-I¢' @h T =1 | s T N [a]z| &
E Jlﬂ ? 'j;n =9 = ) . A ? !1 2l
2 mow | Llw @y ol all ; g maw | owé Z
il * 13} 1ila * olileall Azesn alyl Sl Baoc] ansgzo oyl ‘K =
Analysis Cililaadl CAgal fafi iy 36
ﬁ..
€ D E 6 | H | 1 | 1 | k M N 0
I * Data Analysis
| =1 i
; o 'S Exponential Smoothing

F-Test Two-Sample for Variances
Fourier Analysis

Moving Average 3

Random Number Generation
o

=y el

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




To generate

two random sample

of size 20 fromlnorm

~ standard deviation 1

al distributionjwith mean 2 and._'

A B | | x % Random Number Generation |
K- ] Il B | :Number of Variables
::’ E Cancel | |20 :Number of Random Numbers
: Crlolai I w Mormal I :Distribution
c Parameters
7 o = Mean
8 1 = Standard deviation
-
11 :Random Seed
i Output aptions
13 Fes | gas1 :Qutput Range (@)
i: :Mew Worksheet Fly ()
i New Workbook ()
17
A B C
1  -0.30023 -1.27768
2 | 0.244257 1.276474
2 1.19835 1.733133
4 0 -2.18359 -0.23418
5 | 1.095023 -1.0867
] -0.6902 -1.69043
7| -LB4691 -0.97763
8 | -0.77351 -2.11793
9 | -0.56792 -0.40405
10| 0.134853 -0.36549
11 -0.32699 -0.37024
12 1.342642 -0.08528
13| -0.18616 -0.51321
14| 1.972212 0.865673
(15| 2375655 -0.65491
16 | 1.661456 -1.6124
17 0.5385%48 0.902191
18 | 1.918916 -0.08452
19 -0.5238 0.675138
200 -0.38132 0.757611

2
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SPSS (tutorial 1)

Q1 :In the following example, ten women and men employees in a company were asked about the
educational Level, the number of years of experience, and the current salary.

Classify the data using the following variables and enter it to SPSS program :
Gender: 1:Male 2:female
Level education 1: Bachelor’s degree:1  2: master’s degree

Experience 1:Less than 5 years 2: between 5 and 10 years 3: greater than 5 years

Salary
Gender Level education Experience Salary
Male Bachelor’s degree Less than 5 500.00
Female Bachelor’s degree between 5 and 10 450.00
Male Bachelor’s degree Less than 5 440.00
Female Bachelor’s degree greater than 5 500.00
Male master’s degree between 5 and 10 570.00
Female master’s degree greater than 5 550.00
Female master’s degree between 5 and 10 490.00
Female master’s degree greater than 5 540.00
Male master’s degree between 5 and 10 600.00
Male master’s degree greater than 5 650.00

'!\.'a *Untitled1 [DataSet0] - IBM SPSS Statistics Data Editor -

File Edit View Data Transform Analyze DirectMarketing Graphs Utiliies Add-ons Window Help

= | L O T w b | WETE e Wy W= e ARg |
SHE M e~ Bl BE B 109
7_ Name | Type Width ‘[ Decimals Label " Values " Missing |r Columns Align  Measure Role
1 | gender Numeric 8 2 {1.00, Male}... None 8 = Center Unknown N Input
= level_edu Numeric 8 2 level education | {1.00, Bach... None 8 = Center Unknown N Input
3 experience Numeric 8 2 {1.00, Less ... None 8 = Center Unknown N Input
4 0 salary Numeric 8 2 None None 8 = Center Unknown “ Input
5

-l

o

/\ |

I (s _._.

Data View ] Variable View \

P ——

[IBM 5PSS Statistics Processoris ready | |

Stat 328 (SPSS - T 1




B ~Untitled [DataSecd] - IBM P55 Statistics Data Edito,
File Edi \View Datz Transform  Analvze Difect Mareting  Graphs  Ulilities  Addons  Window  Help

]

.H%@Hf"ﬂ Bzl 0 HE BT a0 %

I Hame Type || Width || DeC|maln| Label Valugs | Missing " Colurmsl Align | IMeasure | Fole

1 Mumeric i 2 1.00 _ Wlone ] = Center Unknown ™ Input nal

2 Mumernc a 2 level education one B Lnknawn e Input

1 )| experience rlurnenc il 2 Unitnawn > Input

4 salary Mumeric B 2 2 N Input

- )
i& Velue Lebels lue Labels P
Value'Labels rValue Labsls Valuz Labels-
Lauelri | I:ahel.| | | Label |
1.00 ="Bachelor s degree”™ 1.00-="Male" 1.00="Less han &
A |[200="mastar 5 degrea” a3 2.00 ="Female” | ade |[200="petweens and 107

- | 3.00 = "gre=tar than 5°
Chatige

@ *Untitled1 [DataSetD] - IBM SPSS Statistics Data Editor
File Edit View Data Transform Analyze DirectMarketing Graphs Utilities Add-ons Window Help

S5HE lf“‘- Bz H

atla @ “§

ue Labels
| gender || level_edu || experience || salary || var || var || var || vaa¢| var || var || var || var || var ||
1 1.00 1.00 1.00 500.00
: 200 1.00 200 450.00 gender || level_edu " experience " salary "
E 1.00 1.00 1.00 440.00 Male  Bachelors . Lessthan&  500.00
4 2.00 1.00 3.00 500.00 Female  Bachelor's... between 5 ... 450.00
£l 1.00 200 200 570.00 Male  Bachelors.. Lessthans  440.00
6 2.00 2.00 3.00 550.00 Female  Bachelor's... greatertha... 500.00
7 2.00 2.00 2.00 430.00 Male master's d... between 5 . 570.00
8 2.00 2.00 3.00 540.00 Female  master's d... greatertha... 550.00
9 1.00 2.00 2.00 600.00 Female  masters d... between5 ... 490.00
10 1.00 2.00 3.00 650.00 Female  master's d... greatertha... 540.00
11 Male master's d... between 5 . 600.00
iz r4 Male master's d... greater tha... 650.00
13 f
Ei e
Data View i
Value Labels IBM SPSS Stati:

Stat 328 (SPSS-T 2




1- Use the Frequencies option for calculating statistical measures and frequency table for

salaries :

5 Statistics Data Editor

orm  Analyze Ditect Marketing

| 2

@
=%
=

NNN!\‘!\‘N###%|

Graphs

Utilities  Add-ons  Window  Help

Reports

Descriptive Statistics 2 » Frequencies 3 _
Tables » | Bl pescriptives... |visible: 4 of 4 Variables
Compare Means 3 8, Explore.. var || var ” var H var || var || var || var || var || var || var ” v
General Linear Model 3 B Crosstabs. ’i
Generalized Linear Models » —
Mixed Models » n Q Frequencies: Statistics X
Correlate 3 E-F Plots
Regression b [l a-a Piots... rPercentile Values rCentral Tendency
Loglinear b [V Quartiles [V Mean
Neural Networks b @ Frequencies b [ Cut points for. 10 equal groups |+ Median
Classify - 3 Veriasle(o) 5 . [ Percentile(s) [+ Mode
Dimension Reduction 3 % gender T& sa\ary. a | % Adr ¥ sum
Scale » ol Level education [Lev... %
Monparametric Tests 4 il Experience
Forecasting » o
Sunival ' [7] Values are group midpoints
M.gm?\e Response ' rDispersion rDistribution
L3 Mlss.lng\fa\ue»\.nalysws... [+ Std. deviation [ Minimum [7] Skewness
Mulfipe ImpLtation |« Display frequency tables [+ variance [ Maximum Eéﬁunosisf
Complex Samples 3
Quality Cantral » [_]0“ u"“‘* u‘““‘ u;a"ﬂ*‘ M‘ R i
ROC Curve... 6 Cnnh'nuel Cancel E
TR Frequencies X %3 Frequencies: Charts X
Variable(s): Statistics. | | ~Chart Type

&5 gender & salary i

,{l Level education [Lev... © Ll

il Experience I © Bar charts

(@ Pie charts

[+ Display frequency tables

@ Histograms:

I [+ iShow normal curve on histograni

rChart Values
@ Frequencies & Pe

|Continue | Cancel || Heip

Stat 328 (SPSS- T




= Frequencies

[DataSetl] C:\Users'dell\Desktop\Untitledl.sav

Statistics
salary
N valid 10
Missing 0 5 _L %
Mean 529.0000 *** n
Std. Error of Mean 2089351 quum SE - = é
Median 520.0000 v
Mode 500.00 —
Std. Deviation B6.07235== ¢ — 'ﬁ . _ — 2
_ N variance = (standard deviation)
Variance 4365.556 N
Kurtosis -351- standard deviation =/ variance
Std. Error of Kurtosis 1.334
Range 210.00 R = max - min
Minimum 440.00
Maximum 650.00
Sum 5750.00 The first quartile, Q1,
Percentiles 25 480.0000 is the 25™ percentile.
50 520.0000 The second quartile,
75 577.5000 Q2, is the
50" percentile. The
salary third quartile, Q3, is
T the 75™ percentile
Frequency | Percent | Valid Percent Percent
Valid  440.00 1 100 10.0 100
450.00 1 100 10.0 200
490.00 1 100 10.0 300
500.00 2 200 200 50.0
540.00 1 100 10.0 60.0
550.00 1 100 10.0 700
570.00 1 100 10.0 0.0
600.00 1 10.0 10.0 0.0
650.00 1 10.0 10.0 100.0
Total 10 100.0 100.0

Stat 328 (SPSS - T



dell
Stamp


Histogram

3—

Frequency

P

\

T I
400.00 430.00

T
500.00

T T
550.00 600.00

salary

I
G:30.00

T
700.00

Mean = 529.00
Std. Dev. = 66,072
M=10
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2- Use the descriptive option for calculating statistical measures for salaries :

stistics Data Editor

Analyze QiredMarketing Graphs  Utilities Add-ons Window Help
i -
Reports » | = @Al . A
P S 14 0 W o
Descriptive Statistics » 73 Frequencies
_ Taples " | & Descriptives.. 3
i Compare Means » A, Explore. var var var wvar var var var var var
General Linear Model »
- @ Crosstabs ..
Generalized Linear Models »
) [7] Ratio... -
Mixed Models L # Descriptives: Options X
|2l P-P Plots...
Correlate » -
' T y | Eda-QPiots.. [ Mean [] Sum
- Loglinear 2 . Dispersion
4 L4 D ipti *
Neural Networks 3 @ Descriptives 5 [ Std. deviation [ Minimum
= Classi 3 : : [ Variance [ Maximum
7 fy Variable(s): Opiions.. ] v X
. Dimension Reduction » &b gender | & salary a | [ Range [¥! S.E. mean
- Scale , ol Level education [Lev... Bootstrap...
- ol Experience Distribution
Nonparametric Tests 2 P Kantosis
Forecasting 3
Survival » Display Order
Multiple Response b @ Variable list
EZ] Missing Value Analysis... © Alphabetic
Multiple Imputation L4 [] Save standardized values as variables © Ascending means
Complex Samples » © Descending means
- 7 | ok ] paste || Reset |[cancel|[ Heip | 6
Quality Contraol 3
ROC Curve... (continue ) cancel || Help |
= Descriptives
[DataSetl] C:\Users'\dell\Desktop\Untitledl.sav
Descriptive Statistics
M Range Minimum | Maximum Mean Std. Deviation | Wariance Skewness Kurtosis
Statistic Statistic Statistic Statistic Statistic Std. Error Statistic Statistic Statistic | Std. Error | Statistic | Std. Error
salary 10 210.00 440.00 650.00 | 529.0000 | 20.89391 66.07235 | 4365.556 435 BBT -.351- 1.334
Walid M (listwise) 10
Stat 328 (SPSS - T 6




3- How many male and female?

Statistics Data Editor

'm  Analyze Difect Marketing Graphs Utilittes Add-ons Window Help
e | BT B A% %
Descriptive Statisti 2 : = [ <)
escriptive Statistics [EZ] Frequencies... 3
— Tables P | |2 Descriptives...
edu 2 var var var var var var var
| Compare Means A, Explore... v V V V v V V
1. General Linear Model [
- @Qrosstabs_.
1. Generalized Linear Models P
1 _ [Z] Ratio...
- Mixed Models 4
P-P Plots...
1. Correlate b B ots
2. : Q-0 Plots... .
Regression ’ o #3 Frequencies >
2. )
Loglinear P
2_ 5 .
Neural Networks 3 Variable(s) —
2. ) ol Level education [Lev... &b gender 4
Classify [ :EI = :
2 Kperience
P Dimension Reduction 3 & salary

Scale
Monparametric Tests
Forecasting
Survival
Multiple Response
Missing Value Analysis...
Multiple Imputation
Complex Samples
Quality Control
ROC Curve...

% Frequencies

[+ Display frequency tables

5 | ok | paste || Reset |[cancel|| Help |

[DataSetl] C:'\Users‘dell\Desktop\Untitledl.sav

Statistics
gender
I Walid 10
Missing
gender
| | Cumulative
|Frequency Percent | Walid Percent FPercent
Yalid Male ] a0.0 a0.0 a0.0
Female ] 50.0 50.0 100.0
Total | 10 | 100.0 100.0

Stat 328 (SPSS - T




Q2: What is the relationship between the gender of the students and the assignment of a Pass or No
Pass test grade? (Pass = score 70 or above)

Pass No pass Row Totals
Males 12 3 15
Females 13 2 15
Column Totals 25 5 30

Hj: the gender of the students is independent of pass or no pass test grade

H;: the gender of the students is not independent of pass or no pass test grade

@ *Untitled2 [DataSet1] - IBM SPSS Statistics Data Editor

File  Edit

VWiew Data Transform Analyze DirectMarketing Graphs Utilities Add-ons Window Help
Ci=RY e
= M -~ Bt.=F i § = 24 [ md 9
| Name |  Type | wicth | Decimais | | vawes | wissing | columns | Align | measure |  Roe
1 |count Numeric 8 2 None None 8 = Right & Scale ™ Input
2 JPass_nolPass Numeric g 2 {1.00. Pass}... None & = Right & Nominal “ Input
3 |Gender Numeric 8 2 {1.00, Male}... MNone 3 = Right &b Nominal “ Input
4
5 @ Value Labels X @ Value Labels x
[
7 ~Value Label rValue Label
Label. | | Label: | |
Data View | Variable View 1.00 = “Male” 1.00 ="Pass”
_— ] 2.00 ="Female” A 2.00="Not Pass”
C cn
Remaove Rem
ok (cancel] el oK (cancel] vt |

Stat 328 (SPSS- T




count Pass nolPz  Gender =
55
1 1.00 Pass Male
2 200 Pass Male
3 300 Pass Male
a 400 Pass Male
5 5.00 Pass Male
& 600 Pass Male
T .00 Pass kale
8 8.00 Pass Mae |
a a.00 Pass Male
Eogpis 10.00 Pass Male
EL 11.00 Pass Male
12 1200 Pass Hale .
13 4300 MNotPass Male
14 1400 Mot Pass Mae |
15 | 1500 MNotPass ___ Mawe |
16 16,00 Pass  Femak
Eay 17.00 Pass  Female
18 18.00 Pass  Female
ig 1900 Pass Female
i’jﬂ 20.00 Pass Female
21 21.00 Pass  Female

War

Var

var ar War v WRr War i
| Pass | Nopass | Row Totals
[ Males 12 s 3 15
Fernales |15 _~ 15
Column Totals _ |25 5 30

JLOLELULE Lo LUl

sform  Analyze DiLctMarkeﬁng Graphs  Utilities  Add-ons

Window Help

Reports

=R

Descriptive Statisiics 5 P[] Frequendies...

Visible: 3
TELES P Qescriptives...
Compare Means (2
- &gxplore... ar var var var var var var var var var
General Linear Model (2 3
- @Qrosstabs...
Generalized Linear Models -
Ratio...
Mixed Models (2 -
Corelate N [ B-P Plots...
Regression L T . . . . . o o o . .
Loglinear » ER Crosstabs w " " " "
Neural Networks 3 - | T3 Crosstabs: Statistics X b
Classity ™ 5 o 4 (et ] | | : i
count ender . o )
Dimension Reduction » Q | Statistics... | || Chi-square i [l Carrelations |
Scale 3 | i I L | rMominal Ordinal L
Monparametric Tests 3 Columnis): 5 @ Ll ([ Contingency coefiicient E Gamma L
Forecasting 3 i | &b Pass_notPass W .| | [[] Phiand Cramer's V [] Somers'd |
Surnvival » | | | [ Lambda [[] Kendall's tau-b | |
Multiple Response b L " | | [C] Uncertainty coefficient [] Kendall's tau-c | |
B3] Missing Value Analysis... H - ]
. a i Previous Next Mominal by Interval [] kappa
Multiple Imputation nllE Eta B Risk F
Complex Samples 3 Q F A B McNemar o
Quality Control (2 E o
. [] Cochran's and Mantel-Haenszel statistics
RESEI Test common odds ratio equals: |4
Pass TETTare . Display layer variables in table layers (& L
Pass Female [] Display clustered bar charts L MWM L
Pass Female [] Suppress tables I : : : :

Lok J[(paste J{ Reset [cancel [ Heio |

Stat 328 (SPSS- T




g& count

L WL ||

WL ||

W "

v ||

W " v

Row(s): #2 Crosstabs: Cell Display X
i iz
Cells... | [+ Observed [] Compare column proportions
Column(s): rom— H B ~djust pvalues (Bonfe g
&5 Pass_notPass — & ; -
|| Hide small counts
Layer 1 of 1 I
|| rPercentages rResiduals
rrevious e | | [ Row [7] Unstandardized

| | ] column ["] Standardized

|| | E Total ["] Adjusted standardized

| rMoninteger Weights

| [7] Display clustered bar charts

| 7] Suppress tables

=% Crosstabs

[ oK ] Paste”Resei”Cancei” Heip]

@ Round cell counts

Round case weights

r Truncate cell counts © Truncate case weights
r No adjustments

Case Processing Summary

[continue| cancel |[ Hep

Cases
Walid Missing Total
M Percent M Percent M Percent
Gender* Pass_notPass 30 100.0% 0 0.0% 30 100.0%
Gender * Pass_notPass Crosstabulation
Pass_notPass
Pass Mot Pass Total
Gender  Male Count 12 3 15
Expected Count 12.5 25 15.0
Female  Count 13 2 15
Expected Count 12.5 25 15.0
Total Count 25 ] 30
Expected Count 250 5.0 300

[DatasSetl]

The Chi-Square statistic * = 0.240

Chi-Square Tests

P Asymp. Sig. ‘ ExactSig. (2- | ExactSia-(1

Yalue (2-sided) sincdy sided)
Pearson Chi-Square 2407 1 I 624 I
Continuity Correction® .00o 1 1.000 \
Likelihood Ratio 24 1 623 \
Fisher's Exact Test 1.000 500
Linear-by-Linear 232 1 630
Association So, we Accept HO
M ofValid Cases 30

p-value =0.624 > a=0.05

a. 2 cells (50.0%) have expected count less than 5. The minimum expected count is 2.50.

b. Computed only for a 2x2 table

Stat 328 (SPSS- T
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Other method :

SHE i % %

[ wname | Type | wigth | Decimais | Label | vawes | wmissng | columns | Align | Measure | Roe

1 Gender Numeric 8 2 {1.00, Males}... tlone ] Unknown A" Input
2 Pass_notpass Numeric g 2 {1.00, pass}... None 8 Unknown N Input
3 frequency Num eric 8 2 None None 8 = Right Unknown “ Input
4 ; ; ;
= 3 Value Labels X | B8 Value Labels X
5 ~Value Label ~Value Label
7
vawe [ ] vage ]
8 _speling..| seeing..|
5 Label: | | Label: | |
10 1.00 = "pass” 1.00 = "Males”
Py S0 || 200="Notpass” ; Lac || 2.00="Females"
12 Change Change
13 Remove Remove
14
15
B Lok | cancel | e [ ok [ cancal] _riew |
17

18

Variable View
| = e 109
e I e ] ] 9
L |
Gender |Pass_notp
HOSE |Pas;ss_5 ﬂ‘ Begieiy var var var var var var var var
1 Males_ pass 12.00:
2 Males  Not pass 3.00
II Females pass 13.00. Pass No pass Row Totals
4 Females  Not pass 200 Males 12 3 15
T ' ' ' Females 13 2 15
Tolumn Totals 75 5 30
7
8

Stat 328 (SPSS- T 11




©
=

Data Transform  Analyze Direct Marketing  Graphs  Utilities Add-ons  Window Help

. Tuine Variable Properties... H ﬁ % % % %E EI%% ‘ %

;’ﬂ] Set Measurament Level far Unknown...

| I

Iz Copy Data Properties...

GE e e e
' Mew Custom -.ﬂll_.th':‘... var var var var var var
—| B Define Dates_..
Define Multiple Response Sets...
F Walidation k
B Identifv Duplicate C: @ Weight Cases >
gl = |dentify Duplicate Cases...

F7 Identify Unusual Cases...
© Do notweight cases

) Sort Cases... & Gender @ Weight cases by
Sort Variables... ﬁ Pass_notpass — Frequency Yariable:
FEl Transpose... m [ frequency
Merge Files k
= Restructure...
EE1 Aggregate...
Orthogonal Design b Current Status: Do not weight cases
T Copy Dataset (L Ok J _Paste || Reset || cancel| Help |
E splitFile... ' ' ' ' '

FE Select Cases...
3'& Weight Cases..

Stat 328 (SPSS- T 12




m Analyze DirectMarketing Graphs

Utilities  Add-ons  Window Help

L e RS ESE [ TQ® %
Descriptive Statistics 3 [E5] Frequencies... =
Visible: 3 of
TELES D Descriptives...
Compare Means (2
e & Explore... Ar var var var var var var var var var
General Linear Model (2
- % Crosstabs...
Generalized Linear Models » _
Ratio...
Mixed Models 3 -
Correlate 3 I8 £-P Plots.
Regression (2 Bl 00 Piots..
Loglinear 3 @ Crosstabs X " " " "
Meural Networks (2 L
; Rowis):
Classify 3 P ;ftc::znd M #3 Crosstabs: Statistics *
Dimension Reduction » saueney E ‘ . ‘ Statisti ] .
Scale N | | [ ] [ Ch 1 [C] correlations
Monparametric Tests 3 Column(s): m Mominal Ordinal
Faorecasting 3 E ‘ & Pass_notpass W [] Contingency coefficient [[] Gamma
Survival 3 | | [T Phi and Cramer's V [] Somers'd
Multiple Response » Layer 1 of 1 [[] Lambda [] Kendall's tau-b
Missing Value Analysis... [T Uncertainty coefficient [T Kendall's tau-c
Previous Mext
Multiple Imputation rMominal by Interval E Kappa
Complex Samples r - ] Eta ] Risk
Quality Control 3 B McNemar
ROC Curve...
[] Cochran's and Mantel-Haenszel statistics

[ Display clustered bar charts
[] Suppress tables

Bl Display layer variables in table layers

| Lok J{ paste ][ geset |{ cancet]_rep |

Test common odds ratio equals:

1

e

i @ Crosstabs

7 e g - [ gatotes |
Cells...
Column(s):
el —
Layer 1 of1
Previous Next
-

[] Display clustered bar charts
[] Suppress tables

[ Display layer variables in table layers

@ Crosstabs: Cell Display

rCounts

¥ Expected

[ Hide small counts

| rz-test

[] Compare column proportions
. Adjust p-values (Bonferroni method)

Less than |5
rPercentages rResiduals
[Tl Row [] Unstandardized
7] Column [] standardized
[7] Total [] Adjusted standardized

~Noninteger Weights
® Round cell counts
© Truncate cell counts
© No adjustments

© Round case weights
© Truncate case weights

((contnve _cance J{_telp |

Stat 328 (SPSS- T
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= Crosstabs

Case Processing Summary

Cases
YWalid Missing Total
M Fercent M Fercent M Percent
Gender* Pass_notpass a0 100.0% 1] 0.0% a0 100.0%
Gender * Pass_notpass Crosstabulation
Pass_notpass
pass Mot pass Total

Gender Males Count 12 3 15

Expected Count 12.5 245 15.0

Females Count 13 2 15

Expected Count 12.5 245 15.0
Total Count 25 ] a0

Expected Count 25.0 50 30.0

Chi-Square Tests
Asymp. Sig. Exact Sig. (2- Exact Sig. (1-
Yalue df (2-sided) sided) sided)

Pearson Chi-Square 2408 1 624
Continuity Correction® 000 1 1.000
Likelihood Ratio 24 1 623
Fisher's Exact Test 1.000 400
Linear-by-Linear 232 1 G630
Association
M ofValid Cases 30

a. 2 cells (50.0%) have expected count less than &. The minimum expected count is 2.50.

h. Computed only for a 2x2 table

Stat 328 (SPSS - T
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Q3: We have marks of 14 students

73 45 32 85

1. Recode the students' marks to be successful (if the mark is> = 60) and be a failure (if Mark

60)?

11 |Uatasety] - |6 SF5s STATISTICS Uata Eamor

98 78 82 87 60 25 64 72

12 90

View Data Transform 15nalyze Direct Marketing  Graphs Utilities Add-ons Window Help

i i E E Compute Variable... = 52; % {@ ‘ _l_%

=il - HH ([
_— Count Values within Cases... B = A
7|— Shift Values...

marks Recode into Same Variables... — @ Recode into Different Variables w
73.0(

E Becode into Different Variables... 2 N ic Variable - Output Variable:
1 4500 T umeric Variable -= Qutput Variable: [Output Variable
B utomatic Recode...
1] 320 &l A ‘marks—>ma:k51 Name: 4
] 850 fb2 visual Binning. .. |marks1 |
] 08.0 [& Optimal Binning... Label-
7 78.0 Prepare Data for Modeling » | |
7 82 ool B RankCases...
f 87.000 [E Date and Time Wizard...

Create Time Series...

_ 230 @E Replace Missing Values...

_ 64.0 @ Random Number Generators...
= 720 B Run Pending Transforms Ctri+G
i 12.0

90.00

Old and New Values...

6

‘ (optional case selection condition)

i",a Recode into Different Variables: Old and Mew Values

Range, LOWEST through value:

Range, value through HIGHEST:

All athervalues

OK Faszie | Reset || Cancel He_lE

Cld Walue MNew Yalue
@ value: ’7@ Value: |F
ool ==y
@) gystem-mizsing @ Copy old value(s
System- or user-missing
@® Range: Old —= MNew:
B | 60 thru 100 —= 'S’
through
59 |

[& Output variables are strings

(cote _care )t

Width:

B Convert numeric strings to numbers (5-=

Stat 328 (SPSS- T
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File Edit WView Data Transform Analyze Direct Marketing Grag

SHe M e~ Bz |
|

|4:
marks | marks1 | var | var |
1 73.00 S
4500 F
3200 F
4 wsws i
98.00 S
| & | 78.00 8
8200 S
87.00 S
s soos
2500 F
1 | e400s
72.00 S
12.00 F
20.00 8
T

Stat 328 (SPSS- T 16




statictice Mata Editor

n

-

1@ |

2. How many successful students?

ROC Curve...

= Frequencies

[DataSetl]
Statistics
marks1
M Walid 14
Missing
marks1
Cumulative
Frequency | Percent | VWalid Percent Fercent
Valid F 4 286 286 286
IS 10 71.4 71.4 100.0
Total 14 100.0 100.0

Analyze  Direct Marketing Graphs  Ulilities Add-ons  Window Help
Reports W= 4 Q@ %5
Descriptive Statistics } | [ Frequendies.. = Y
s 3 Egescrip‘[ives...
Compare Means 2 %g}{plore... var || var var || " var ||
General Linear Model 3
- @ Crosstabs...
Generalized Linear Models
[ Ratio...
Mixed Models 2 -
Correlate 3 [l £ Plots...
Regression 2 Egﬂ S
Loglinear 2 .
Meural Networks 2 "a Frequencies i
Classify v Variable(s):
Dimension Reduction 3 & marks |ﬁ marks _
Monparametric Tests 2
Forecasting 2
Sunvival k
Multiple Response 2
Missing Value Analysis...
Multiple Imputation 2 Fi Display frequency tables
Complex Samples [ 2
= [ ok | Paste || Reset || cancel|[ Heip |
Cality Control 2

Stat 328 (SPSS- T
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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, find and interpret a 90%
confidence interval for the average fruit shape.

To use the T- test, we need to make sure that the population follows a normal distribution:
H,: the population follows a normal distribution
Vs

H,:the population does not follow a normal distribution

we find the question he said that the population follows a normal distribution, so is not
necessary to make this test.

Now, 90% Confidence interval of the mean can be found in two ways :

1) The first method:
1taSet0] - IBM SPSS Statistics Data Fditor
w  Data Transform  Analyze DiJectMarketmg Graphs  Utilities Add-ons  Window Help

! Reports » T B S T (4] A
= g bk i SAF \-@ ARG
= Descriptive Statistics b = B e ad
Tables + |E
mesure var CompareMeans 2 P[] Means.. [ v | va | var [ va [ v | var [ var [ v
i |
1.066 i
oas General Linear Model 3 ﬁ One-Sample T Test... 3
: Generalized Linear Models b\ * 0 jependent-Samples T Test. .
1.076 Mixed Madels 3
1051 ] paired-Samples T Test..
: Correlate 3 T —
ne-Way .
1.059 Regression 3 —
1.020 Loglinear »
1E:j Neural Networks 3 - - - -
. =] T e
Classify 3 @ One-Sample TTes x
1.046 Di ion Reducti 3 3
976 Dimension Reduction Test Variable(s): options.. J Q One-Sample T Test: Options GX }
Scale + | & mesure 4 B
Nonparametric Tests » Liw Confidence Interval Percentage % I
Forecasting L MissingValues———————
Spki b ® Exclude cases analysis by analysis
T B ERETETER b © Exclude cases listwise
Missing Value Analysis...
Multiple Imputation 3 TestValue EI 7 [continue| cancel |[ ke |
Ci lex S I 13
ompiex samples g [ ok |[ Paste || Reset |[cancel|[ Help |
Quality Control » |
ROC Curve...

stat328 (sPsS) 18




=+ T-Test

[DatasSetl]
L — 5
One-Saniple Statistics SE(x) = =
rror
M Mean Std. Deviation Mean
Mmesure 10 1.04650 031035 008814 I
One-Sample Test
TestValue=10 |
90% Confidence Interval ofthe
Mean Difference
t df Sig. (2-tailed) Difference Lower Upper
mesure 106.632 9 .ooo 1.046500 1.02851 1.06445
x—qig
T=—= p-value
! sfn 2
[iBM S
2) The second method:
DataSetl] - IBM 5PS5 Statistics Nata Fditor —
View Data Transform Analyze [OirectMarketing Graphs Utilities Add-ons Window Help
= [F Reports 3 [ : e D= e
& M = - TY Y
Descriptive Statistics 2 » | [F] Frequencies... -
Wisible: 1 pf1 Vi
|— Taples * | [ Descriptives.. | se 2
var Compare Means 3 A, Explore.. 3 H var ” var || var || var || var H var || var H var ” var Vi
1.066 General Linear Model »
- 3H Crosstabs...
1.084 Generalized Linear Models »
1076 ' [E Ratio
- Mixed Models 4
1.051 Correlate b Bl PP Plots.. it helps in the calculation of
1.059 EesEsnn N EE oaPiots.. the confidence interval and
1.020 find the statistical measures
Loglinear >
1.035 Neural Metworks 3
1.052
1046 Classily ' Dependent List
976 Dimension Reduction 4 & mesure
Scale » g =) 7(plore: Sttitics _ X
Monparametric Tests > o
Factor List: [+ Descriptives
Forecasting » =
: Confidence Interval for Mean %
Sumvival r - -
Multiple Response » E f-esumatars
. Outliers
Missing Value Analysis... LaiE (reEs - )
["] Percentiles
Multiple Imputation
D
Complex Samples » { SR _ ‘ ¢ [continue [ cancel |[ Hep |
Quality Coniral » | " [ @EBoth O statistics O Plots
=
AN s [ ok | Paste | Reset |[cancel|[ Hep |
stat328(spss) 19




Dependent List: -
= Statistics...
4 mesure —
>
Options...
Factor List:
B Bootstrap... |
up
Label Cases by

Dizplay
@ Both @ Statistics © Plots

[ OK ] Ea.ste ][ Bes.et ][Cancel]-[ Help ]

Helps in the normality test

Case Processing Summary

Cases
Walid Missing Total
M Percent M Percent M Percent
mesLre 10 100.0% 0 0.0% 10 100.0%
Descriptives
Statistic | Std. Error
mesure  Mean 1.04650 009814
90% Confidence Interval Lower Bound | 1.02851
far Mean UpperBound | 1.06449
5% Trimmed Mean 1.04833
Median 1.051560
Wariance .om
Std. Deviation 031035
Minimum 976
Maximum 1.084
Range 108
Interquartile Range 037
Skewness -1.313- 687
Kurtosis 2.276 1.334
Tests of Normality
Kolmogorov-Smirnov? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
mesLre 194 10 .200 807 10 260

* This is a lower bound of the true significance.

a. Lilliefors Significance Correction

| "@ Explore: Plots

Boxplots

© Dependents together
@ Mone

[ Normality plots with tests

Spreadvs Level with Levene Test

Descriptive
[7] stem-and-leaf
[ Histogram

[Conﬂnue] Cancel][ Help ]

p-value >0.1=a

so , we accept HO: the population follows a normal distribution

IO CO0C C4atictine Dramnncarin ro

Stat 328 (SPSS)
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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 .

to use the T- test for two sample, we need to make sure that
1) The independence of the two samples:
It is very clear that there is no correlation between the values of the two samples.

2) The populations follow a normal distribution

ﬁuse the T- test for two sample, we need to make sure that : \

1) The independence of the two samples:

It is very clear that there is no correlation between the values of the two samples.

2) The populations follow a normal distribution

H,: the population follows a normal distribution
Vs H;:the population does not follow a normal distribution

However, we find the question he said that the populations follows a normal distribution, so is

\\ not necessary to make this test. /

a) Ho: Uskim — Bwhote =0 Vs  Hy:Ugpim — Bwhote <0 ata =0.01
b) 90 % Confidence interval of  Usiim — Hwhole

Stat328 (sPss) 21




CATISTICE LV3ta eqitor

Analyze DirectMarketing Graphs Utilities Add-ons Window Help
Reports 3 E‘Ei : e A [Aa] % A
A e B 4 0%
: Descriptive Statistics 3 =
Tables 4 #2 Independent-Samples T Test: Options X |\u’isible:130f
i P P P
H Compare Means » Means... pe before after ?rg
G i Hodal . K w Confidence Interval Percentage: % var
E SR EE I L | [ one-sample T Test..
| i i Vhole Missing Value
EETEE T LTEIIES [ Independent-Samples T Test..
I Mixed Models [ Vhole @ Exclude cases analysis by analysis
- ralreg-sampies | 1est..
| Correlate b ‘ E— s L\;hole Exclude cases listwise L
- One-Way AMOVA_.
I Regression 3 - hole i -
= e W SO NN v (Continue) [_cancel | (_ Help
b Loglinear » [0 @ . de ec T Tes
l 0{{ - o T A LU A AT e I ATA r_
= e ‘ TestVariable(s): @ Define Groups *
t Classify » 104 —§ TELEE .
| — g " B
|  DimensionReducion  » [0.0 @0 GeAder measured @ Use specified values Doy e
. = ol &b level_edu B S .
Scale 4 ‘ & Exp - = I_(ﬁme
t Nonparametric Tests » 100 | ¢ salay Group 2: |1 W.mle -
) || ¢ fruit_shape —
Forecasting 3 1 = - .
) | | & before © Cut point: Hy foim — Moonote <0
Survival (2 | &
= after : i -
Grouping Variable: [ = ‘| Hy:popim < Pwhot
Multiple Response 3 X = Conﬂnue” Cancel ” Help Ll IS
= ﬁy [Typez 1) | '
Missing Value Analysis... ~
f MNumberOfTask - [geﬁne Groups...]
Multiple Imputation
Complex Samples 3 [ Ok ”Eﬂsf& ”E%E‘HC&"CE‘” Help ]
> T-Test Group Statistics
Std. Error This for test :
Type M Mean Std. Deviation Mean ) : .
Hoi Oote = Tguim = VS My Opry #
measured  skim 10 | 91.3400 48203 15272 ke 5 R T
Whale 10 94.6450 50302 15907 p—value =0.924 > a= 0.01. Sowre Accept H,
However, it is given in question
Infiependent Samples Test Bsgin — Pukote
Levene's Testfor Equality of / —l
“ariances t-test for Equality of Means
99% Confidence Interval of the
Mean Std. Error Difference
F Sig. t df Sig. (2-tailed) Difference Difference Lower Upper
measured  Equal variances 009 924 § -14.988- 18 .0oo -3.30500- 22081 -3.93973- -2.67027-
assumed
Equal variances not -14.988- 17.970 .0oo -3.30500- 22051 -3.93985- -2.67015-
assumed
Stat328 (SPSS) 22




Std. Error
Jfiation Mean
48293 A8272
50302 16907

This for test :

2

P value

:
Hy @ ot = Teloim

0.924 >

Vs Hyopu, #

0.01 .

Howewer, it is given in question

- |
T ekim

So,we Accept Hﬂ

Infependent Samples Test Psgim — Mwhole
“est for Equality of ]
ariances t-test for Equality of Means
989% Confidence Interval of the
Test stat. Mean Std. Error Difference
Sig. 1 df Sig. (2-tailed) Difference Difference Lower pper
19 824 B-14.988- 18 .0oo -3.30500- 22081 -3.934973- -2.67027-
-14.988- 17.8970 .0oo -3.304800- 22081 -3.93985- -2.67015-
Stat328(SPSS) 23




Q3: 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 | Programs 1 | 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

to use the one way ANOVA- test, we need to make sure that :

1) The independence of the four samples:

It is very clear that there is no correlation between the values of the four samples .

2) The populations follow a normal distribution :

H,: the four population follows a normal distribution
Vs H;:the four population does not follow a normal distribution

Stat 328 (SPSS)
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MurmberCITask || Ty e s O rogran e

=2 00 1.00
1200 1.00
14 .00 1.00
11.0:00 1.00
13 .00 1.00
10 oD 2.00

& 00 2.00

o900 200

900 2.00
0 o0 =.00
1200 3.00
14 00 3.00
1100 3. 00
13 00 3. 00
1700 3.00

900 A4 00

a_oo 4 00
T17.00 .00

T.00 4_00

a8.00 A 00

IBM SPSS Statistica Processor is ready | |
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Analyze Direct Marketing Graphs Litilities Add-ons Wi

- Reports " EIFEETEE 7T
e Descriptive Statistics g [EE] Frequencies.
o L et ¥ &5 Cescriptives... -
Compare Means * B g P2
General Linear Model s R Crosstabs..
SGeneralized Linear Mode|s L3
3 TURF Analysis
Mized Models *
Correlate L [ ratio...
Regression L4 i B-F Plots...
Loglinear r =l o-a Piots.... ]
Meural Networks - e
Classify L 510
Dimension Reduction » oo
D 10.00
Scale . 11.00
HMonparametric Tests > 12 00
Forecasting L 13 .00
Survival L4 14 00
Multiple Response L3 15 00
B3 missing value Analysis .. 16.00
Multiple Imputation L2 17.00
Complex Samples g | 18.00
B simulation. _ 19.00
Quality Control * : 2000
ROC Curve. . | 21.00
z = ] 22 00
23 00
s 6.00 1.00 1.00 . . 10.00. 2
1R Explore B[] & Explore: Plots
Dependent List = Boxplols
& VARDDDO1 & NumberOffask ® Faclor levels logether
& Variable @ = ) Dependents lagether
& grouping opnons | || || | & none
&b VAROODD2 Eactor List _ W =
.. [ — [ 2 vomat o s
& Gender / ~Spreadvs Level with Levens Test———————
| & VARD0002 = Labal Cases by: s / ® None
| | # varoo0D4 I | O Power sstimalion
Display @Irmslmmed Pawar, |Natural log -
‘ @ poth © Statistics O Plots | © Uniransformed

2200 1.00 2.00

Helps in the normality test
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Explore

[DataSetl] E:\32B\7 mjadi\Untitledl.sav

‘rypescm’rogram
Case Processing Summary
Cases
WValld Missing Tatal
TypesOfProgram & Percent ¥ Pearcent ] Pearcent
MumberofMask 1.00 5 100.0% a 0.0% 5 100.0%
2.00 5 100.0% o 0.0% 5 100.0%
3,00 5 100.0% 1] 0.0% 5 100.0%
4,00 5 100.0% o 0.0% 5 100.0%
Descriptives
TypesOfPragram Statistic Std. Error
MumberOfTask 1.00 M=an 11.8000 .B6023
45% Confidence Interval Lower Bound 94116
for Mean Upper Bound | 141884
5% Trimmed Mean 11.8333
Median 12.0000
Variance 3.700
Std, Deviation 1.92354
Minirmum 9.00
Maximum 14.00
Ranage 5.00
Interquartile Range 3.50
Skawness -.5480 813
Kurtosis -.022 2000
2.00 Mean B.BO00 73485

Stat 328 (SPSS)
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2.00 Maan |B.a000 73485
A5% Confidence Imaerval Lower Bouwnd 6.75a7
for Mean Lpper Bound 10.8403
5% Trimmmaed Maan B EBEBG
Median G000
variance 2,700
Std, Daviation 1.68431F
Minimum G.00
Maximum 10.00
Range 4.00
Interguartile Range 2,50
Skawness -1. 736 |13
Kunosis 3,25 2.000
3.00 Maan 12.2000 58310
5% Confidence Inmarval Lower Bound 10.5811
far Mean Upper Bound | 138188
5% Trimmed Maan 1236887
Median 12.0000
Variance 1,700
Std. Daviation 1.30384
Minimum 11.00
Maximum 14.00
Range 3.00
Interquartile Rangs 2.50
Skawness 541 813
Furtosis -1.488 2.000
4.00 Maan B a000 87823
5% Confidence Interval Lowsar Bound 6.7168
far Mean Upper Bound 10,4831
5% Trimmead Maan B.5556
Median B.0000
Variance 2,300
Std. Daviation 1.51658
Minimum 7.00
Maximum 11.00
Range 4.00
Interquartile Ranges 2.50
R Bououuy t
Warlance 2.300
Std. Deviation 1.51858 E
Minirmum 7.00 t
B a=i U 11.00 3
Ranga 4.00
Brvles oL rtile Fumqa 2.50
Skewness 1.118 813
Hunosis 1.458 2. 000
Tests of Mormality
l'(C\lI'I‘HZHJIZI'I'IZI\II'-5I'I'llri"l'l:l'n'JI Shapiro-VWilk
TypesOProgram Statistic or Sig. Statustic oar Sig.
MumberciTask 1.00 141 5 2000 ara 5 a928
200 .34\ ] .a47 778 5 054
3.00 221 5 200 a0z 5 | o~ am
4.00 254 5 200” G114 __.:,..4--"_-.'"" 492

=. This i& a lower bound ol the trua significancea.
a. Lilliefors Significance Comaction

&=

As P — value > .05 for the four populations.

So, we except Hy: the four populations follow a normal distribution

Stat 328 (SPSS)
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3) Homogeneity of Variance (to get a test of the assumption of homogeneity of
variance) i.e.

Hy: Jslrograml = Uﬁzrngramz = gpzrogmm 3= ggmgrﬂm-@
i.e. the variances of each sample are equal
Vs
H,: The variances are not all equal
This will be clear later.
Now, the goal of the question:
Hy: Hprogram1 = Hprogram2 = Hprogram3 = Hprogram 4
1.e. treatments are equally effective
Vs
H,: The means are not all equal

ata = .05
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sform An

Direct Marketing

¢

Graphs  Utilities Add-ons  Window  Help
= | S A
- o~y ¢ e
1 Descriptive Statistics » v i:i ; . i3
Tables »
10001 Compare Means * | El Means... Geni
General Linear Model » i3] one-Sample T Test .
Generalized Linear Models » 3 Independent-Samples T Test.
S t .
o Ay B Paired-Samples T Test...
Correlate » E g R o
Regression » One-Way =
Loglinear » 6.00 1.00
Neural Networks > ;gg : gg
Classify > 9'00- 1’00-
Dimension Reduction > 10'00' 2 -00'
5 ] 4
Seale 11.00 1.00
Nonparametric Tests 4 12.00 1.00
Forecasting > 13.00 2'00
Sundval E 14.00 200
Multiple Response » 1500 2.00
2 missing value Analysis .. 16.00 1.00
Multiple imputation » 17.00 1.00
Complex Samples » 18.00 1.00
E$ simulation... 19.00, 1.00
Quality Control » 2000 1.00
ROC Curve... 21.00 1.00
- = 22.00_ 1 .00_
. U 100 R AT —
[ One-Way ANOVA: Ophi
[ €2 One-Way ANOVA | @ ety ol
rStatistics
Dependent List :
& Funsnape & NumberOfTask ' [”] Descriptive
%vmouum : Fired and random efiecis
Variable I
Hom of variance test
@5 VARDOD03 W : E e g
& Count : Brown-Forsythe
&b PassOrlot /] Welch
& Gender
§b VAR00002 ] Means plot
& SR04 rMissing Values -
® Exclude cases analysis by analysis
e
AR TOU rali @ EIC!TLI& B
2100 1.00 2.00 iill “ ]E " ]
2200 1.00 200
2300 1.00 2.00
24.00 1.00 200

Helps in the homogeneity of variance test
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If we reject Ho in Analysis of Variance (ANOVA one way-test) we
need to look at the multiple comparisons output by use the appropriate

post hoc procedure (LSD) to determine whether unique pairwise
comparisons are significant.

%05 Whie 10, , i) 210
943 Whoe Cre-Way ANCH Pt Wil Coreparioes. O
(
| 8 Ore g it ” Vartasces Assumad
. @ [ ﬁ;lsg ek [} WabetDancan
:] DBockol T Tutey Tigt FENMIR
%‘um1 Fostie) Tl | oo OTusefsd  [Dwodt
Yaraie % ({28 | = ke z
e | (T (RSP ;
& BRI w {l 0 o
4 ot Bl f Theowr  Twmensen e
& Passinia E REGHE  7ou N
& Gunox
YAROODRZ Fady
f\“,m,‘ @ Egeal Varancae it kesumat 3
o % Tamane'sT2 | DumelsTd | Gamesowel | DaroafsC
o] 1
—r LT
L (o] st
A% 1
U

As P —value > .05 .So, we except

G e S | T
Oneway Ha* EJ"p:n:r_._r;l:v-a:-ﬂ : B ﬂ'pragmm 2 = Uprogramz = dprngrﬂmé

Test of Homogeneity of Variances
UMb arOmask

Levena
Statistic oft dry
o0 ] T8
ANOVA
PUMbEsOrTask /)'
Surn al
Sguarss df man & re F Sig. | = Zu - 1
Betwean Groups 54,050 3 18317 7.04 ?ﬁ_
Within Graups 41.600 18 _.'/:r_____l,ﬁﬁﬂ’_____.--i"
Tatal 96,650 19 ,_-—“"/

as P — value < .05 then we reject Hy: flprogram1 = Hprogramz = Hprograms = Hprogram s
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= Post Hoc Tests

Multiple Comparisons
Depandant Variabla: MNumberofTask

LSD
Diﬂz‘:;f;e i 95% Confidence Interval

(I} TypesOfProgram (J) TypesofPragram Jy Std. Error Sig, Lowear Bound Uppar Bound

1.00 200 3.00000° 1.01980 010 8381 51619
3.00 -.40000 1.01320 700 25618 1.7619
4.00 3.zo0000" 1.01880 006 1.0381 53618

2.00 1.00 -3.00000° 1.01980 o1o 51618 - 8381
3.00 -3.40000° 1.01980 0o4 -5.5618 -1.2381
4.00 .20000 1.01980 84T -1.8618 2.3618

300 1.00 .40000 1.01820 700 1.7618 25619
2.00 3.40000° 1.01880 oo4 1.2381 55619
4.00 3.60000° 1.01980 003 1.4381 57619

400 1.00 -3 20000 1.01980 ooe -5.3618 -1.0381
200 -.20000 1.01980 84T -2.3818 1.9619
3.00 -3.60000° 1.01980 003 -5.7618 -1.4381

* Tha maan diffaranra is cianifirant ot thas A A8 laval

o

1) Hy: Mprogram1 = Mprogramz VS Hi: fprogram1 ¥ Mprogramz at @ = .05
as P — value = .01 < .05, then we reject Hy.

2) Hy: Pprogram1 = Mprograma VS Hi: fprogram 1 ¥ Hprograma at & = .05
as P — value = .7 > .05, then we except H,,.

3) Ho: Hprogram1 = Hprograma VS Hi: flprogram1 # Hprograma at a@ = .05
as P — value = .006 < .05, then we reject H,;.

4) Hy: Pprogram2 = Pprograms VS Hy: Bprogram 2 # Mprograma at @ = .05
as P —value = .004 < .05, then we reject Hy.

5) Ho: Uprogramz = Uprogramas VS Hi: Uprogramz # Hprograms at @ = .05
as P — value = .847 > .05, then we except H,.

6} Ho: Uprograms = Hprograma VS Hy! Bprogram 3 # Mprogram« At @ = .05

as P —value = .003 < .05, then we reject Hp.
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Q4: 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- 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)

ﬁ “Untitled [DataZet0] - [BM 5P5S Statistics Data Editor

Elle  Edt View Dats Transtorm  Analze  DirsciMarketing  Graghs  Utites  Addons  Window  Help

SHEM e~ BLAHEEELEH 1900 5

| Mame | Twee | with | Decimals |  Label | Vales | Missing | Cowmns |  aign |  Measwe | Roe
| 1 |Before TLm eric 8 2 Hone Hone 8 = Right & scale ™ Input
[ 2 |After Numene ] 2 None: Hone 8 = Right [ Seale =N Input
3 |
__1|__!
|__"‘__|
G
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Q *Untitled [DataSet0] - IBM SPSS Statistics Data Editor
File Edit View Data Transform Analyze Direc

SrEe M =~ &
| |

| Before || After || var
1 148.00 78.00
2 154 00 133.00
E 107 00 80.00
4 119.00 70.00
5 102.00 70.00
6 137.00 63.00
7 122.00 81.00
8 140.00 60.00
9 140.00 85.00
10 117.00 120.00

To use the Paired-Samples T-Test, we need to make sure that the population follows a normal distribution:

H,: the population follows a normal distribution
Vs

H;:the population does not follow a normal distribution

However, we find the question he said that the population follows a normal distribution, so

is not necessary to make this test
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tistics Lata editor

'm  Analyze DirectMarketing Graphs Utilities Add-ons  Window Help
e e EmuE 0 %
[ Descriptive Statistics 2" [&] Frequencies... = EY

Tables " | [&] Descriptives..
2 Compare Means (2 % Explore... 3 |_Val' " var " var " var " var " var " var " var " var
8.0 General Linear Model 4

@ Crosstabs...
33.4 Generalized Linear Models »
) [Z] Ratio...
30.Q Mixed Models 4
0.4 Correlate 3 Il -7 Plots..
naq Regression » i a0 Piots...
33.0 Loglinear 2 2 Explore 3% #2 Explore: Plots X
3.0 Neural Networks 3 4
304 Classify » ZERETOETILEE Statistics... [Boxplat Descripiive
_ _ . & Before [[] stem-and-leaf
35.4 Dimension Reduction » -» [ Plats... ]5
0.4 Scate , — © Dependents together [T] Histogram
. . [_optons. | None
Monparametric Tests (2 Factor List:
_ -

Forecasting 3 > [« Mormality plots with tests

Sunvival L ~Spreadvs Level with Levene |est

Multiple Response ’ Label Cases by: @ None

Missing Value Analysis... T EEFTTETT

Multiple Imputation Display © Transformed Power: |Natural log -

Complex Samples 4 ’7@ Both © Statistics © Plots Untransformed

Quality Control 4

[ roc curve... 8 [Lok J| paste ”Resei]w[ Help | 7 wm Help
Tests of Normality
Kaolmogorov-Smirnoy® Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
T
Eefore 183 10 200 948 10 G20
After 283 10 022 825 10 029

* This is a lower bound ofthe true significance.

a. Lilliefors Significance Correction

p-value >0.01, Accept HO

Now, 99 % Confidence interval for uD and test up = 0 versus up + 0 :
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stics Data Fditor

1 Analyze DirectMarketing Graphs Utilities Add-ons  Window  Help
Reports » g;g B Qq?\ [E [A] Q A%
= Descriptive Statistics 3 D E EE el ald \@
| Tables 5 |visible: 9 of g Var
Ie| Compare Means * | [ Means.. pe || before || after || var || var || var || var || var || var
el LM Lilgdl muuel " | I3 one-Sample T Test.. [V hole 148.00 78.00
el i V hole 154.00 133.00
BeTEEEEl LTI P Independent-Samples T Test...
el Wixed Models 3 Vhole 107.00 80.00
= 1] Paired-Samples T Test...
el Correlate 3 Vhole 119.00 70.00
- One-Way ANOVA...
st{  Regression | bl Oneay hole  102.00 70.00
. el 440 U0 1.U8 Y4 500 WNoe! T gy |
st Loglinear » 107 Y — wdl
st Neural Networks (3 0“. . o Q Paired-Samples T Test: Options *
il
st Classify » |0 Paired Variables:
| — X X Confidence Interval Percentage: %
st Dimension Reduction P10 | @ before Pair |§nable1 |§1nable2 | | =
st Scale »i0 | amer ! [before] E Missing Value
Nonparametric Tests > “_ ® Exclude cases analysis by analysis
Forecasting y |1 + Exclude cases listwise
] i
Survival ' I [Contnue] Cancel ” Help ]
Multiple Response 3 H
Missing Value Analysis...
-
Multiple Imputation
Complex Samples 3
Quality Control 3
= [ ok | Paste | Reset |[cancel[ Help |
[ roc curve...
skim
% T-Test
[DataSet0]
Paired Samples Statistics
Std. Error
Mean M Std. Deviation Mean
Pair1  before | 128.6000 10 17.62700 557415
after 24.0000 10 23.96293 TETTTE
Paired Samples Correlations
M Caorrelation Sig.
Fair1  before & after 10 233 A7 =
Teststatistic : T =
Sp
Paired Samples Test l |degree of freedom :n-1 = I
Faired Differences
_ . 99% Confidence Interval of the p—value=0 < «=0.01
D SDp Difference i
Std. Error 1 5o ,we Reject Hy
Mean Std. Deviation Mean Lower Upper t df Sig. (2-tailed)
FPair1  before- after | 44.60000 26.23484 8.29618 17.63877 71.56123 5.376 I| 9 .00o
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Q5: 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) Compute and interpret the linear correlation coefficient, r.
b) Determine the regression equation for the data.
c) Compute and interpret the coefficient of determination, r?.

d) Obtain a point estimate for the mean sales price of all 4-year-old Corvettes.

Enter the age values (x) into one variable and the corresponding sales price values (y) into another variable

(see figure, below).

@ *Untitled [DataSet] - IBM SPSS Statistics Data Editor
File Edit View Data Transform Analyze DirectMarketing Graphs Utilites Add-ons Window Help

= o, - Bm o | " J@ @

_JHf.EJ e E&% i s @525' md D *H
| mame | Type | width | Decimals | Label | wvawes | Missing | columns | Align | Measure | Rolke
X Numeric 8 2 | None None 8 = Right _& Scale ™ Input
¥ Numeric 8 2 None None 8 = Right & Scale N Input

o | || ||a || =

!

e[

| |IBM SPSS Statistics Processor is ready
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@ *Untitled1 [DataSet(] - IBM SPSS Statistics Data Editor
File Edit View Data Transform Analyze Direct Marketing

=11 -~ B =R
|

[ x | v [ wvar | var
i 6.00 125.00
2 6.00 115.00
3 6.00 130.00
4 4.00 160.00
5 2.00 219.00
6 5.00 150.00
7 4.00 190.00
8 5.00 163.00
9 1.00 260.00
10 2.00 260.00
11
12 'ﬂ
13
[ ——————————
Data View

a) Select Analyze =2 Correlate = Bivariate... (see figure, below).

tistire Mata Frlitar

'm  Analyze Direct Marketing Graphs Utilities Add-ons  Window  Help

s Reports 3 e 53 [A] % ‘ %
_ | Descriptive Statistics > == e ] ad
] Tables »
: Compare Means kP Ar || var ” o - 1
5.0 General Linear Model » @ givariate Corrlations L
164 Generalized Linear Models # Variables: 4 L
10.0 Mixed Models r (& x m i
304 Correlate 2 F Bivariate... 3 &y @ i
9.4 Regression 4 Partial... L
0.0 Loglinear 3 3 Distances _ E |
n.d MNeural Networks 3 L
3.0 Classify r L
i0.Q Dimension Reduction 3 L
0.4 e 4 3 Correlation Coefiicients I
Nonparametric Tests s | Pearson | Kendall's tau-b [| Spearman 0
Forecasting 2 L
Survival b Test of Significance |
Multiple Response b [@ Two-tailed © One-tailed i
L LA Sl [/ Flag significant correlations i
Multiple Imputation 3 L
Complex Samples 3 E m[ wwww -
Quality Control > ' [ ' !
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= Correlations

[DataSetl]
Correlations
X y -

X Pearson Correlation 1 - 968- r=-0.968

Sig. (2-tailed) 000

M 10 10 | strong negative
Y Pearson Correlation - 968 1

Sig. (2-tailed) 000

M 10 10

** Correlation is significant atthe 0.01 level (2-
tailed).

The correlation coefficient is —=0.968 which we can see that the relationship between x and y are negative
and strong.

b, c and d)

«d1 [DataSetD] - IEM SPSS Statistics Data Editor
t View Data Transform Analyze DirectMarketing Graphs Ulilities Add-ons Window Help

A0 @ e~ Hi 4 M

uﬁ@‘ “5

6.00 125.00
6.00 115.00

6.00 130.00 | Since we eventually want to predict the price of 4-year-old Corvettes, enter the

4.00 160.00 | humber “4” in the “x” variable column of the data window after the last row. Enter a
2.00 219.00

5.00 150.00
4.00 190.00
5.00 163.00
1.00 260.00
2.00 260.00

T
e
==
[s1]
=
=
jat]
=
-
[s1]
=
<
jat]
=
=
oy
-
<
[+¥]
=
=
jat]
=
==
[+]
=
<
at]
=

[T 1}

. for the corresponding “y” variable value (this lets SPSS know that we want a
prediction for this value and not to include the value in any other computations)

[

]
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Select Analyze =—=> Regression == Linear... (see figure).

Select “y” as the dependent variable and “x” as the independent variable. Click
“Statistics”, select “Estimates™ and “Confidence Intervals™ for the regression

coefficients, select “Model fit” to obtain r ?, and click “Continue”. Click “Save...

select “Unstandardized™ predicted values and click “Continue”. Click “OK”.

M SPS5 Statistics Data Editor

Transform  Analyze  DirectMarketing  Graphs Utilities  Add-ons  Window  Help
U = | r(e;,_}ur‘ts‘. 3 EEE
Descriptive Statistics 3 -
Tables 3
:l Y Compare Means L :1§ " var " var || var
0 1254 General Linear Model 3
0 115.9 Generalized Linear Models >
0 1300 Mixed Models 2
0 160.Q Correlate 3
0 2194 Regression 2 » [ Automatic Linear Modeling...
0 1504 S " | [l Linear... 3
0 190.0 Neural Netwaorks > B8l Curve Estimation_.
0 163.Q Classify > - _
Partial Least Squares...
0 260.4 Dimension Reduction >
0 2604 scale N [iF Binary Logistic...
0 Hogparamemﬂests N [l Muttinomial Logistic...
Forecasting > £ orginal..
Sunival v | B prooit..
Multiple Response 3 [ Nonlinear...
B3] Missing Value Analysis... [ weight Estimation...
Multiple Imputation » | [EJ2-stage Least Squares..
Complex Samples s Optimal Scaling (CATREG)...

1]

2
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@ Linear Regression

Dependent:

» e |

rBlock 1 of 1

Previous

£2

Independent(s):

etnoa:

Selection Variable:

2 |
Case Labels:

| WLS Weight:

iz
=3
(18]

@ Linear Regression: Statistics *

~Reagression Coeflicients

| | [¥ Estimates

|

[7] Covariance matrix

(¥ Model fit
[] R squared change
["] Descriptives

E Part and partial correlations

Level(%):
[T] Collinearity diagnostics

-Residuals

[ Durbin-Watson
[7] Casewise diagnostics

3 standard dewviations

cancel [ _riep |

| var

@ Linear Regressior : Save

rPredicted Values—
W {Unstandaraized
|| Stanoaraizea
[] Adjusted
[] 8.E. of mean predictions

rResiduals
[] Unstandardized
[T] Standardized
[7] Studentized
[T] Deleted
[T] Studentized deleted

Fx

)

Selection Variable: /
| | Rule

Case Labels:

WLS Weight:

y
@ Linear Regression -

Dependent:

£y |

rBlock 1 of 1
Save...
Previous i
Independent(s).

-Distance rinfluence Statistics
[] Mahalanobis ["] DfBeta(s)
[T] Cook's ["] standardized DfBeta(s)
[7] Leverage values [T] DfFit

[”] Standardized DfFit
[ Covariance ratio

rPrediction Intervals
[T] Mean [T] Individual
Confidence Interval: g5 %

rCoefficient statistics
[[] Create coefficient statistics
@ Create a new dataset

Datasetnamea

(= AT -
& Writer a ne

Fite

rExport model information to XML file

[ Include the covariance matrix

s
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% Regression

[DatasSetl]
Variables Entered/ Removed®
Wariables Variahles
Madel Entered Femaoved Method
1 i Enter
a. Dependent Variable: y
b, All requested variables entered.
coefficient of determination :
Model Summary” 2
r —
Adjusted R Std. Error of 0.937
Madel R F Square Square the Estimate
1 aEg® 8249 14.24653
a. Predictors: (Constant), x
h. Dependent Variable: vy
ANOVA®
Sum of
Madel Squares df Mean Square F Sig.
1 Fegression 24057.891 1 24057.891 118.533 .000°
Residual 1623.709 202.964
Total 25681.600
a. Dependent Variable: vy
h. Predictors: (Constant), x
Coofficiants™
Coefficients®
Standardized
Unstandardized Coefficients Coefficients 95.0% Confidence Interval for B
Madel B Std. Error Beta t Sig. Lower Bound | Upper Bound
1 (Constant) 291.602 11.433 25.506 .000 265.238 317.966
X -27.803- 2.563 - 968 | -10.887- .000 -33.813- -21.893-

a. Dependent Variable: y

Regression equation : y=291.602-27.903 x

Stat 328 (SPSS)
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-

X I y I PRE_1 | var | wvar | var

1 600 12500 124.18447
600  115.00 12418447
600 13000 12418447
a4 400  160.00 179.99029
200  219.00 235 70612
[ & ] 500 15000 152 08738
400  190.00 179.99029
500  163.00 152 08738
9 | 100 26000 263 69903
10| 23579612

11 - 179.99029

a point estimate for the mean sales price of all 4-year-old Corvettes
y = 179.99029

T ———

- From above, the regression equation is: y = 29160.1942 — (2790.2913)(x).

- The coefficient of determination is 0.9368; therefore, about 93.68% of the variation in
y data is explained by x.
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MATHEMATICAL FUNCTIONS

Write the commands of the following:

By Minitab:

calc — calculator

——jeee———

B swersthveube [
Empression.
==

|—41=4 =

Absolute value S
e
= %

[ Assign ax a forwala

i1 Shawn peault |n variable: | of
Expression;
Irzmmur{w:ﬁo )

rls ol e &]w
Combinations (160)=10C6=210 ! _I ==

)] Mot |

0 sues |
COMMRATIONS number of femacnumber o dhooee)

Assign s formule

Malp_ Lo | cooa |

The

exponential e~ 16=0.201897

H.W
function

c Stors resut i varthe: |2
@ Expression:
ACTORIAL(LTL

Factorial 11! =39916800 IO —

: @ns) il
(1] 1] _tea | Eomn
_r

(3 Mot | Selet |
FACTORIAL (suwier of ites)

[ Assgn as n forrmite

ot o Ganost
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Floor function

[-3.15]= -4

Natural In(23)= 3.135494216
logarithm
Logarithm
with respectto | logy(4) = 0.630929754 | HW
any base
I ﬂ'oreréult.invanable. ,:17
el
Logarithm —
with respect to | log(12) = 1.079181246 S Y O S ——
s e] | <]>] fum ~
base 10 Tzfa) ] sz
o) e #] A | et - "
[sases | EL _ St |
LOGTEN| nurmber)
[ Assign as a formuia
Hep | [ o Cancel
Square root 85=9.219544457 HW
. Summation of:
Summation 450.11.20.5 = 486 H.W
Permutations 10P6=151200 H.W
Powers 10= 0.0001 H.W

2Page
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DESCRIPTIVE STATISTICS

We have students' weights as follows:

A4 | 40, 42 , 48 , 46 , 44

Find:
By Minitab
calc — calculator
rCalculator ﬁﬂ
Store result in variable: |¢_2
Expression:
MEAN{weights')
Functions:
7 | B e ]
Mean=44 |
4|s]s]| -| <>
i Mean (rows)
I} L2323 ;|<= >=| |Median @ i
a 0 _"r_l ol :Edlan{rows) =
::l or Minimum x
Select | _{)_] Mot Select !
MEAN{number)
I~ Assign as a formula
Help ! Cancel I
[
Median=44 | | ... ..
3w
a - Aoy 1t
A o [ ] o
3Page
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Mode=44

Sample standard
deviation=2.828

Sample variance=8

Kurtosis=-0.3

Skewness=4.996E-17

Minimum=40

Maximum=48

Range=8

Count=6

Coefficient of
variation=6.428%
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OR

File Edit Data Calc

I a

Statl| Graph Editor

Window Help Assistant

Display Descriptive Statistics...

- Regression 4 §5 Store Descriptive Statistics...
Session ANOVA v ¥ Graphical Summary...
DOE »
8/20/20 ;ontrol Charts 3 I e
1t 1-Samplet.
Welcome to Minitab,  Quality Tools 4 2t 2-Samplet...
Reliability/Survival ' 1t Paired t... rDispIay Descriptive Statistics u1
Multivariate 3
Time Series »| 1P 1 Proportion... 1
Tables | 2P 2 Proportions...
&onparametrics » op 1-Sample Poisson Rate...
EDA y| & 2-Sample Poisson Rate...
- ) ] By variables (optional):
g Power and Sample 5ize »| g2 1 Var?ancg... R
“§ﬁ§ 2 Variances... =
@ Worksheet 1 ¥ @ Correlation... o =
+ C1 c2 c3 c4 0¥ Covariance...
N [ |
- welghz #ﬂ- Mormality Test... -
2 A0 )(2 Goodness-of-Fit Test for Poisson... Statistics | Graph... |
3 42
4 48 Help oK | Cancel |
5 46
6 44
r D_ T E = ¥ | E:g I'\
isplay Descriptive Statistics | i
€1 weights Variables: [ Display Descriptive Statistics - Statistics ﬂ1
weights a
2 ¥ Mean [ Trimmedmean | N nonmissing
[~ sEofmean [~ Sum ™ M missing
By variables {optional): W standard deviation ¥ Minimum ¥ M total
i Variance i Maxirum [ Cumulative M
¥ Coefficient of variation ¥ Range I Bercent
[~ Cumulative percent
[ First quartile [7 Sumofsquares  check statistics |
¥ Median ¥ Skewness & Default |
[~ Third quartile ¥ Kurtosis  MNone
& Interguartile range I MS5D Al

¥ Mode

Help

5Page
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Etﬁewkm

Descriptive Statistics: weights

Total
Variakle Count Mean StDev Variance CoefVar Minimom Median Maximum
weights g 44.00 2.83 2.00 6.43 40.00 44,00 48,00
N for
Variabkle ERange Mode Mode Skewness Eurtosis
weights 2.00 44 2 0.00 -0.30
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Generation Random samples

Generate a random sample of size 20 between 0 and 1

tied

pEmEloc @Bty i

Sample From Coelumns...

tafl Calc || 5tat Graph
| Calculator...

= gg Column Statistics...

__ o3 Row Statistics...

E=0 Standardize...

Editor Tools

Chi-Sguare...
MNormal...

Multivariate Normal...

[
e

®

i C R

EEEE R

¥ | 2|

allx ToON ¢

' Generate a random sample of{size iﬂieiween 0and1 |

1 §

Make Patterned Data 3
8% Make Mesh Data..
ol

318 Make Indicator Variables...

Bernoulli.
Binomial...
Geometric...

Megative Binomial...

Set Base...
Bl e it F et
Integer...
Matrices 3 it
Beta...
Cauchy...
i Exponential...
c2 3 ca e
s
Laplace...
- ! Largest Extreme Value...
40 G
1 1 Logistic...
+ Cc1 c2
weights|
2 400 0.931765
3 44 0.927695
4 4 0324524
5 44 | 0778341
6 44| 0489656
T 0.322434
8 0.941024
9 0.659563
10 0.732617
1 0.989092
12 0.135542
13 0.926717
14 0.345093
15 0.412308
16 0.673885
17 0.852221
18 0.536819
19 0.664379
20 0.529992
21

Haxin
48

-

Uniform Distribution

Cl weights

Mumber of rows of data to generate: |20

Store in column{s):

Eil

Lower endpoint:

Upper endpoint:

o]

e

Cancel |
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To generate two random sample of size 20 from normal distribution with mean 2 and

standard deviation 1
— |
;_, @| o) || T

ri Calc |Stat Graph Editor Tools
i Calculator...

= g% Column Statistics...

_ =i Row Statistics...

;_‘:ﬂ Standardize...

Make Patterned Data 3

Sample From Columns...

Chi-Square...

Multivariate Mermal...
Ei

t..

Uniform...

ti Make Mesh Data...
w

éﬁ Make Indicator Variables...

Set Baze...

Bernculli...
Bincmial...
Geometric...

Negative Binomial...

O R ERE| B & -EELE] " o o

I 7o generate two randum'sample of size 20|frum normal

| distribution with Eean ZEnd standard deviation 1

=

Mumber of rows of data to generate: | 0 |

Mormal Distribution

0 Hiohanikig Beinbontie y|  Discrete..
- - Integer...
Datress ! Poizzon...
Beta...
[ Cauchy...
. Exponential...
| €2 &) €4 Gamma...
24 = Laplace...
L ! St ! Largest Extreme Value...
2 0927695 et
Logistic...
8 0324524
) — Loaloaistic...
+ c3 Cc4
|
2 1.90638 | 324232
3 1.63281 | 0.79785
4 226516 1.61199
5 202063 155126
6 27731 318251
T 0.82860 | 213605
L] 1.62206 | 2285298
9 160335 | 253755
10 1.78842 | 314198
11 162002 1.918M1
12 239124 1 1.91966
13 0.58042 | 1.06965
14 063477 | 1.07440
15 172190 1.46281
16 292065 264073
17 223790 028269
18 349190 | 245408
19 209695 077887
20 231778 | 022604

Ha|

Help |

Store in columns):

34

Standard deviation:

—

o]

Cancel
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PROBABILITY DISTRIBUTION FUNCTIONS

Discrete Distributions

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:

(i) If we call heads a success then this X has a binomial
distribution with parameters n — 6 and p = 0.3.

P(X=2)= (2) (0.3)2(0.7)* = 0.324135

(i)
P(X = 3)

iii) We need P(1 <« X <5
(iii)

(g) (0.3)°(0.7)° = 0.18522.

P(X =2)+ P(X =3) + P(X = 4) + P(X = 5)
= 0.324 + 0.185 + 0.059 + 0.01

= 0.578
SH & sBR|lo~[H 1 I HA

File Edit Data] Calc | Stat Graph Editor Tools
i Calculator...

55 Column Statistics...

s Row Statistics...

E Session

%20 Standardize...

Descriptive §
Make Patterned Data 4

Toti Make Mesh Data...
Variable Cow i i
oo Make Indicator Vanables...

Geometric...
Megative Binomial...
Hypergeometric...
Discrete...

Integer...

Poiszon...

weights
Set Base...
WVariable Ram Random Data 3
RN Probebiit Disibution: )|
Matrices 4
‘ [
7] Worksheet 1 =+
+ Cc1 Cc2 C3 C4
e P{X=x)
1 0
2 | 1
3| 2
T4 | 3
5 | 4
6 5
7| 6
8 |
9 |

Beta...

Cauchy...

Exponential...
Gamma...

Laplace...

Largest Extreme Value...
Logistic..

Loglogistic...
Lognormal...

Smallest Extrermne Value...
Triangular...

Weibull...

OB %% ERE| B~ | -I5h&] ¥ 42

Q[ x ToON » L]

|'I Binomial Distribution I

Ci x |(3' Probabiity P (X=x) |
€2 PX=x) Cumulative probability
1 ™ Inverse cumulative probability

Number of trials:

Event probability:

¢ Input column:

Optional storage:

Select |
Help |

Optional storage:

C—
E

I x
| {~ Input constant: I
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7

] Worksheet1 ==
4 C1 Cc2 c3 c4 C5 C6 ci ca c9
X P{X=x)
1 0 0.117649 | p(x=0)
2 1, 0302526 PIX=1)
3 2] 0.324135 | p(x=2) (i) (i)
3] 0185220 = ii
4 P(x=3) | (ii) 0.324145+0.185220+0.059535+0.010206 =0.578
5 4| 0059535 p(x=a)
[ 5] 0.010206 P{X=5)
7 6 0000129 P(x=6)
OR
< N o
s @0 ] LM Noma. EEEEEEEI T DT
r| Calc Stat Graph Editer Teols E..
" @ Colcustor. - QI xy TooN » b
= gg Column Statistics... Uniform...
;—(:? Siandardie., Geometric... Binomial Distribution M
Make Patterned Data 3 Megative Binornial... E; ;(3: ) I'Lmal e
2 =X . e —
o Make Mesh Data... Hypergeometric.. C3 Pliz=1) @ Cumiative probabity P(X<=x) I
38 Make Indicator Variables... DECEES £ v e cummekaivs poob oy
Integer... )
Set Base... Bricsin.. Mumber of trials: I & n
ml Random Data b Event probability: ro—s,_- P
Cauchy... | n
Matrices 3 = ¢ Input column; Ix
Exponential... |
e Gamma... Optional storage: |'p{><<= |
— — Laplace... " Input constant: I— E
e Largest Extremne Value... Optional storage: I—
c2 Cc3 c4 Logistic... i
P(X=x) P{X==x) Loglogistic... Help ok I Coarice] |
0 0117649 Lognermal... __I
1 0302526 Smallest Bxtreme Value...
' —
] Worksheet 1 #*
+ c1 c2 c3 C4 CH Cob c7 c8 C9 c10 cn c1
X P{X=x)  P{X<=1x)
1 0 0117649 011765
2 1 0.302526 042017 >
= 210324135 | 0.74431 P(1 < X <5) =P(X=5)-P(X=1)=0.99927 - 0.42017 = 0.578
4 3 0185220 092953
5 4 0.059535  0.98906
6 5 0010206, 099927
i 6 0000729 1.00000
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2- Poisson Distribution:

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

Let X =No. of births in a given hour

(i) Events occur randomly

(ii) Mean rate A = 1.8 = X ~ Po(1.8)

We can now use the formula to calculate the probability of observing exactly 4
births in a given hour

P(X =4)=e 5.8 — 0.0723

4!
= N Chisquare.
(B @E| oo E LA Nomal. @HERLEPE E | A EEdhd| Y 2|
|!E Stat Graph Editor Tools E
# @ calculator... I"'. | '_Q |J ATEE N e HE i
= gg Column Statistics.., e - =
_ ta Row Statistics... Binomial... | Poisson Distribution m
z:? Standardize... Geometric... Ii';' Probability P[X=x) I
Make Patterned Data 3 Negative Binemial.. " Cumulative probability
Li Make Mesh Data... Hypergeometric... " Inverse cumulative probability
T : . Discrete... &
a1 Make Indicator Variables... l—ntegerm TR IIB__ N =18
T | poison.. |
o Random Data 3
Matrices 3 ;_?::::r;ial... i Optional storage: i— P(X=4) |
= Gamma... |(3‘ Input constant: |4 |
Laplace.. - Selac Optional storage: I
i Largest Extrerne Value...
c2 c3 ca Logistic.. ]| v | [ o | cancel |
Loglogistic..
Legnormal... i

| ]
(€ Session

k&

Poisson with mean = 1.8

X B{X=x)
4 0.0723017
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What about the probability of observing more than or equal to 2 births in a given

hour at the hospital?

Wewant P(X >2)= P(X =2)+ P(X =3)+ ...

i.e. an infinite number of probabilities to calculate

but

P(X > 2)

ed

b i_-LE Stat Graph Editer Tools
B i Calculator...
= §§ Column Statistics,..

=+ Row Statistics...

n 529 Standardize..

A
Make Patterned Data
Make Mesh Data...

i Make Indicator Variables...

Set Base...
) Random Data 3

T
Probability Distributions 4

3

Matrices

|
= WIS = A Y

E

c2 c4

P(X=2)+P(X=3)+...
L~ (X <2)
1— (P(X =0)+ P(X =1))

0 1
ET I (= (3—1.31'8 E—T.SI'B )
o1 1!
= 1— (0.16529 + 0.29753)
= 0.537
Chi-5quare...
Nommal.. EEEEEEEE R IR
E-
L. [ [ a3
. |'=;\!'q [|_I'~.__.-\°|_'I|j‘
Uniform = -
Px=2)=1—-P(X <1
Binomial... (x R } {: i )
5 etric... F = & e[
St Poisson Distribution { } M
Megative Binomial... W
Hypergeometric... {_Probabiity
Discieten, II';' Cumulative probability P{X<=x) I
Jniteger... " Inverse cumulative probability
| Posson.. | S
Beta...
Cauchy...
- . It Il
Exponential.., " Input column: |—
Gamma... E Optional storage: I I
Laplace... L ]
* Input constant: |1
Largest Extreme Value...
Logistic... m Select | Optional storage: | .E
Loglogistic...
Lognormal... Help | oK I Cancel |
Smallest Extreme Yalue... L 2
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Session

X P{EX=x)
4 0.0723017

Cumulative Distribution Function

Poisson with mean = 1.8

¥ B{X<=1x)
1 0.462837 E>P{x2 2)=1—-P(X=1)=1-0.462837
| P(X<=1)

Continuous Distributions

1. Exponential Distribution

On the average, a certain computer part lasts 10 vears. The length of time the computer part lasts
i exponentially distributed,

What is the probability that a computer part lasts more than 7 years?

Solution
Let X the amount of time (in years) a computer part lasts,
* e Ly e
p=llsom==5= 0.1

PIX>T)=1—-P(X<T)
P(X >T) =7 = 0.4966. The probability that a computer part lasts more than 7 years is
(0 496G,
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led
LBl |@ 1 LA
a| Calc Stat Graph Editor Tools

= i Calculator...
= !;.!;. Column Statistics...

= Row Statistics...

) =0 Standardize...
A

IMake Patterned Data 3
IMake Mesh Data...
518 Make Indicator Variables...
L1
Set Base...
Random Data 3

3
Prebability Distnbutions 3

3

Matrices

c2 c3 c4

Chi-Square...

-

Exponential Distribution

Binomial...
Geometric...
Megative Binomial...
Hypergeometric...
Discrete...

Integer...

Poisson...

Beta...

Cauchy...
Gamma...
Laplace...

Largest Extreme Value...

Logistic...

Select

Help |

™ Probability density

" Cumulative probability P(X<=x)

™ Inverse cumulative probability

I 10 {= Mean when Threshold = 0}
Threshold: I 0.0

Scale:

" Input column:
Optional storage:
+ Input constant:

Optional storage:

o
——
e
—

Leglogistic...

Loanormal...

JIE R F ]

Session

Exponential with mean

Cumulative Distribution Function

10

7

|  P(X<=7)

¥ Bl X <=1x)
0.503415

PX>7)=1-P(X=7)=1-0.503415
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MATRICES

A

MTB > copy cl-c2ml
MTB > copy c¢3-c4 m2

Addltl(.m of MTB > add m1 m2 m3
Matrices 5 -5+6 0+-3] [1 -3
A = = 1
At DTCTPE bl P MTB > print m3
L L4 MTB > copy c3-c4 m4
=2 0|.D=|1 3 MTB > copy c5-c6 m5
3 203
SUbtra.Ct o MTB > subt m5 m4 m6
I\/IatI’ICGS [1-1 2-(-1) 0 3
=C-D=[-2-1  0-3 |={-3 -3 MTB > print m6
-3-2 13 |5 4
P 1 0 2} MTB > copy ¢7-c9 m7
Additive 3 15 MTB > mult -1 m7 m8
Inverse of _
Matrix -1 0 2 MTB > print m8
=>-A4=
-3 -5
-3 0 MTB > copy c10-c11 m9
D=
Scalar 4 5 MTB > mult 3 m9 m10
Multiplication 9 0 _
of Matrices 3D MTB > print m10
12 15
L4 7 - MTB > copy c11-c13 m1l
E=|2 5 8|.F=2 5 MTB > copy c14-c15 m12
i 36 9 306
N.Iat.rlx ) . MTB > mult m11 m12 m13
Multiplication 30 66
= ExF=|36 81 MTB > print m13
142 96
MTB > copy c16-c17 m14
3 -1
Inverse GL 2} MTB > inver m14 m15
Matrices MTB > print m15

15Page

= det(G)=1and G {

21
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input matrix A and
denoted by m1l

MTB > copy cl c2 ml
MTE > print ml

Data Display
Matrix M1

-5 0
4 1

MIB > copy c3 cd m2
MIB > print m2

input matrix B and
denoted by m2

Data Display
Matrix M2

& -3
2 3

ml + m2 and denoted
by m3

MIB > add ml m2 m3
MTB > print m3

Data Display

Matrix M3

1 I =
6 -3]
1 L5 =] -
6 12 3
M -5+6 0+-3] [1 -3]
=4 —B: =
4+ 123 | |6 4
@\”Jorksheetl“* /
A c c2 c3 c4 /C5 ct
A B /
1 5 0 6 3
2 4 1 2 3

The following table gives the monthly income for sample of employees; analyze

the data based on gender

Male 450 500

480

300

520

400

Female | 350 400

280

300

260

240

Analyze the data based on the gender

4 c1 21
5 520 M

] 400 M

I 350 F

8 400 | F

9 280 F
10 300 F

Ll 260 F
12 240 F
A%
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Eloco @t AGCTHE | ABEOEE R SFHE|E|| A -2k L 2

: raph Editor Tool Wincow Hep Assistant Display Dieseriptive Statistics - Stabistics [
Basic Statistics » B Dicplay Descrptive itatistics... = |_I
= Regrsssion » 2 Store Descriptive Statisticsn. _ﬁ g’—“ﬁ“ F Trrm=d mean F N nanmssng
: T wa 2 i
L Anova v EY Graphical Summary... s _Dliplay DErlpllue Statistics . 2 Sh:dz::mmm L le:mm 8 Nimlzrn
DOE 3 12 1-SempleZ. T | vaables: ™ Variane ¥ Magmum [ Cunlstve
M Control Charts 3 AR L= c1 W Cosfficertafvanaton ¥ Range [~ Percent
o = = r X
Qujallt.y-Tools . b 21 2-samplet. Cumulative percent
Reeliability/ Survival H 4 Prirsd £ ™ Erstquartle ™ Gumofsquares  Chak stabatics
Lduttivariane ] Gy variables (patianal): || ¥ Median ¥ Skmurises & Default f
Time Series » 1P 1 Poporion... ] [+ ] T thrd quarie ¥ frtcs £ Neone
Tables y 2P 2Procportions... f [~ Irterquartle ranpe ™ mssn | i
Monparametrics » == 1-SampleFoisson Rate . ! ¥ Mode
DA y | &+ 2-SamplePojsson Rate., s ! oc I —
Power and Sample Sze b7 ] Vorinnicn,, == ]
e D Variznces.. = =
FR Correletion.. E
2T Cc3 C4 R Cousriance. ‘ 14 | ct5 C16 | c17 c13 | c19 c20
A Normality Test.. ! !
:}{2 Goodness-of-Fit Test for Poiszon..
i H |
Display Descriptive Statistics
1 Variables: r
2 c1 Display Descriptive Statistics - Graphs ﬁ
-~
X ¥ Histogram of data
v Histogram of data, with normal curve
By variables (optional): [T Individual value plot
c2 -
—
Statistics... | Graphs... |
1 (]9 Cancel I

Session

Descriptive Statistics: C1

™

Total
Variable C2 Count Mean StDev Variance CoefVar Minimum Median Maximuam
C1 F & 305.0 59.9 3590.0 19.64 240.0 290.0 400.0
M & 441.7 8l.1 8576.7 18.36 300.0 465.0 520.0
N for
Variable C2 ERange Mode Mode Skewness Kurtosis
Cl F 160.0 * ] 0.79 -0.39
M 220.0 * ] -1.23 1.15

Minitab -Stat 328
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F Histagram (with Normal Curve) of C1 by C2 [r=|[-E-|[E3a] | s Histogram of C1 by C2 (o= =]k
Histogram (with Normal Curve) of C1 by C2 Histogram of C1 by C2
200 300 400 500 600 250 300 350 400 450 500
F M F F M
Mean 305
9 ] SiDev 5952 g
N 6
25 W 25
Mean 4417
- ey . -
§ 204 E‘D“ 511‘6’ g 20
o o
= =
g 15 g 154
i i
1.0 1.0
0.54 0.5
0.0 1 T T T T 0.0 T T T T T T
200 300 400 500 600 250 300 350 400 450 500
c1 c1
Panel variable: C2 Panel variable: C2
| =P Boxplot of C1 E=R[EcRg,
Boxplot of C1
250 4
300
450 1
400
L]
8]
350 +
300
250 ~
200 : :
F M J
c2
d

e Graphical Summary
The graphical summary can be also introduced for the income of both male and
female as follows
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B G T ) e N B R W = = 7 Te | =5 =& vin M | "
c Graph Editor Tools Window Help Assistant
il : || ®< Display Descriptive Statistics...
= Regression 3 ES Store Descriptive Statistics... = = e
or ANOVA b ﬂﬂl; Graphical Summary... | & Graphical Summary M L
DOE 3 E _— ) .
i - 12 1-Sample Z... g; Variables: b
Control Chart 4 -
Lontro arts 1t 1-Samplet... ci L
lity Tool 2
B S | 2t 2-samplet.. |1 -
Reliability/Survival 3
] eliability/Surviva [ $4 Pairedt.. L. . .
Multivariate » ~ o By variables (optional):
Tirme Series y| 1P 1 Preportion... 5 c2 -
Tahles y| 2P 2 Proportions... =
i ) 1.7 ]
Nonparametrics » o'p 1-Sample Poisson Rate... 10
Z EDA v| 5% 2-Sample Poisson Rate... | 5| Confidence level: | 35.0
Power and Sample Size M| 52 1 Variance...
ﬁﬁg 2 Variances...
@ Correlation...
@ Covariance.., | | Help CK | Cancel L
#1— Mormality Test... L
C2T Cc3 C4 ca C10 cn C12 C13 Cc1
- — " '}{Iz Goodness-of-Fit Test for Poisson... - R - - - -
Summary for C1
C2=M
Anderson-Darling Normality Test
A-Squared 0.33
P-Value 0.379
Mean 441.67
StDev 81.10
Variance 6576.67
Skew ness -1.22591
7 Kutosis 114920
N 6
/ ™ Minimum 300.00
/ 1st Quartile  375.00
- i i i i i Median 465.00
250 300 350 400 450 500 3rd Quartile 505.00
Maximum 520.00
I — 95% Confidence Interval for Mean
356.56 526.77
95% Confidence Interval for Median
335.71 512.86
95% Confidence Intervals 95% Confidence Interval for StDev
Mean | . | 50.62 198.90
Mediand | tt |
350 400 450 500 550
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Summary for C1
C2=F
Anderson-Darling Normality Test

A-Squared 0.24
Y P-Value 0.619
Mean 305.00
StDev 59.92
Variance 3590.00
Skew ness 0.790793
Kurtosis -0.389895
N 6
Minimum 240.00
1st Quartile 255.00
i i i i : . Median 290.00
250 300 350 400 450 500 3rd Quartile 362.50
Maximum 400.00

—] [ 95% Confidence Interval for Mean
242.12 367.88

95% Confidence Interval for Median
247.14 382.14

95% Confidence Intervals 95% Confidence Interval for StDev
Meand | . | 37.40 146.95

Median I 0 |
250 275 300 325 350 375 400
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One-sample z-test
Q: In a study on samples fruit grown in central Saudi Arabia, 15 samples of ripe fruit were analyzed for
Vitamin C content obtaining a mean of 50.44 mg/100g . Assume that Vitamin C contents are normally
distributed with a standard deviation of 13. At a=0.05,
a) Test whether the true mean vitamin C content is different from 45 mg/100g
b) Find a 95% confidence interval for the average vitamin C content .
* Use the 1-sample Z-test to estimate the mean of a population and compare it to a target or
reference value when you know the standard deviation of the population
Using this test, you can:
- Determine whether the mean of a group differs from a specified value.
- Calculate a range of values that is likely to include the population mean.
B oo Elt1A§Ced ABECHEYTEEE B| |2 Wt 2]
c Graph Editor Tools Window Help Assistant
Basic Statistics %_ Display Descriptive Statistics...
= Regression v %2 Store Descriptive Statistics...
| | ANOVA 3 Graphical Summary... _r]_fSampleZ(Test and Confidence Interval) @1 EI BID
0 ok b; 12| 1-Samp|2-Z-.- " Samples in columns:
- Control Charts b 11 1 Samplst. r
b, Quality Taols v o ;-Samplet Alternative hypothesis Hj:p 7 45
Reliability/Survival v . ‘aire 5 s
Multivariate >: t.t L [+ e et 1-Sample 7 - Options @
Time Series 3 1P IPIDF'D"th”"' sampesize: [15 M Eonfidence oyl ]m—‘
Tables 3 21P 2 Prgportlun.s... Mean: ED_‘HT_‘ x
Nonparametrics »| gp 1-5ample Poisson Rate...
EDA % 2-Sample Pojsson Rate... e
et and Sanple S :: 0"2 1 Varisnce.. Standard deviation: j 13 o2 Altetyes ]not equal j'
"§6§ 2 Variances... = W Perform hypothesis test | ¥ Help J oK | Cancel
@ Correlation... Hypothesized mean: 145
€2 < {AS I feanance | Graphs... | | optons.. | |f15 | €16 | c7 | c8 | c19 | |
| & Normality Test... Help oK | Cancel ]
'){‘2 Goodness-of-Fit Test for Poisson...
Session
One-Sample 2 .
Hp:n=45 Hip=45
Test of mu = 45 vs not = 45
The assumed standard deviation = 13
N Mean SE Mean 95% CI Z P
15 50.44 3.36 (43.86; 57.02) || 1.82|0.105 p-vale
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1- Hypothesis:

2- Test statistic :
Z=1.62
3- The critical region(s)

Calc>> probability distributions>>Normal

Null hypothesis Hq: u =45 VS Alternative hypothesis Hy: pu# 45

ARofHD

Mormal Distribution

" Probability density
™ Cumulative probability

1 I (% Inverse cumulative probab\lit\fl

Mean: |g‘g

N
Standard deviation: 1.0

™ Input column:
Optional storage:

e > ]

e Input constant: 0.975
Q ptional storage:

Cancel |

4

4- Decision:

Minitab -Stat 328

Since p-value =0.105 > a=0.05 . we can not reject H,

The 95% CI for themean p : ( 43.86 , 57.02 )

Inverse Cumulative Distribution Function

Hormal with mean = 0 and standard deviation = 1

B{X<x) X
0.975 J 1.9599¢
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One-sample t-test

Q: 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, find and interpret a 90%
confidence interval for the average fruit shape.

*Use the 1-sample t-test to estimate the mean of a population and compare it to a target or
reference value when you do not know the standard deviation of the population.
Using this test, you can:

- Determine whether the mean of a group differs from a specified value.

- Calculate a range of values that is likely to include the population mean.

+ c1

feuit shape
1.066
1.064
1.076
1.051
1.059
1.020
1.035
1.052
1.046
0.976

n [ ]

[T=TN =T = R S I I U N

=
=

Minitab -Stat 328 iaiali23




BocBEtiag Ol | EBEOHE RS

EE B ~ |2

i

ilc || Stat fGraph Editor Tools _window Help Assistant

N[ igs Display Descriptive Statistics... l';" T 11 1|
i s T
—| Regression 4 : ES Store Descriptive Statistics... 1-Sample t (Test and Confidence Interval) X &
ANOVA Graphical §
|| BOE =1 Draphicat sUmmany, & Samples in columns:
(4 B v
ab, = 12 1-SampleZ... fevit shape -
Control Chart: 3 I
S ERdl1 Samplet.. E
lity Tool & iy
Quality Tooks 2t 2-Samplet..
;S Reliability/Survival 4 $1 Pairedt " Summarized data
a1 =L B
Multivariate 3 5 =H
= : 1 Proportion..,
Time Series v 1P 1op! aa
2n i i »| 2P 2 Proportions..,
38 - 1 S Standard deviation:
Monparametrics | 5p 1-Sample Poisson Rate...
EDA v | &% 2-Sample Poisson Rate...
Power and Sample Size ¥ | 52 1 Variance...
“i-,g 2 Variances...
@ Correlation... Graphs... i Options... |
c2 c3 c4 @ Covariance...
oK | Cancel |
$ MNormality Test...

r 5
1-Sample t - Options ﬂ
Confidence level: I a0

Alternative: not equal 'i
Help | ’TI Cancel I

Session

One-Sample T: feuit shape

Variakle N Mean StDev SE Mean
feuit shape 10 1.04850 0.03103 0.00921

Sample mean ¥  Sample5.D §

90% CI

{1.02851; 1.06449)

C I for the mean H

The 90% CI for the mean . ( 1.02851 , 1.06449 )

Minitab -Stat 328
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Two-sample t-test

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 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 .

the variances are unknowns

*Use the 2-sample t-test to two compare between two population means, when

| —_
4 C1 c2
Whole Skim

3 94 .85 91.50
4 94 .55 91.65
5 94 55 91.15
6 93.40 90.25
T 95.05 91.90
8 9435 91.25
9 94.70 91.65
10 9490 91.00
11 I _I
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Window Help Assistant

Basic Statistics 25 Display Descriptive Statistics... Ik
— Regression r 8,5 Store Descriptive Statistics... =
|| ANOVA k g Graphical Summary... |
DOE »
- 12 1-Sample Z...
Control Chart »
n ~=ontrelnans 1t 1-Samplet..
lity Teol 3
f QuityTook
Reliability/Survival J 4 Pairedt.
u Multivariate 3
Time Series ¢ | 1P 1Proportion...
Tables ¢ | 2P 2 Proportions...
1. = 1 _
Nonparametrics | sp 1-5ample Poisson Rate...
EDA » ¢ 2-Sample Poisson Rate...
Power and Sample Size ¥ | g2 1 Variance...
“gﬁ.g 2 Variances..,
@ Correlation...
c2 c3 c4 @ Covariance...
Skim
91 50 # Mormality Test... —
91 55 :',{2 Goodness-of-Fit Test for Poisson...
91 15
= nCS T 7z s

|'\

2-5ample t {Test and Confidence Interval)

&

Hy: Ugkim = Uwhote

£~ Samples in one column

Hy: Uskim — Mwnote = 0

Samples:

—

vs Hylspim < lwhote

s Hy:ligpim — Uwhote = 0

Subscripts: |—
' Samples in different columns
First: Skirm

I Whole

(" Summarized data

Second:

2o

2-5ample t - Options
Confidence level: I aq
Test difference: I 0.0

iss than B4

Alternative:

1 Sample size: Mean:
Firsk:
) | |
Second! I I
I v Assume equal variances I
Graphs... I

Help | oK I

r# Help I 0K I Cancel
!
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| SE s+ B S x|al[x TOON - Lt

Two-Sample T-Test and CI: Skim; Whole

Two-sample T for Skim va Whole

H Mean StDev SE Mean
Skim 10 91.340 0.483 0.15
Whole 10 94.645 0.503 0.1&

Difference = mu (Skim) - mu (Whole) Hilspim — Mwhote = 0
Eatimate for difference: -3.303

IBS% upper bound for difference: -2.742
T-Teat of difference = 0 (v3 <): T-Value = -14.99 P-Value = 0.000 DF = 18

Both Pooled StDev = 0.45831
oth use Pooled StDev T=-14.99 p-value = 0.00 Degree of freedom=18

a)

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

Ho: Uskim — Mwhote 20 VS Hy:Uskim — Hwhote < 0

2- Test statistic: T= -14.99
3- The critical region(s): — %

" Probability density

Calc>> probability distributions>> t e

Moncentrality parameter: ID.D
!- Inverse cumulative pfoEaEi ity

MNoncentrality parameter: Ig,o
Degrees of freedom: I 13

£~ Input column:
Optional storage:

BB ol B0 % Input constant: I 0.99
AR ol HO il Optional storage:
— -

Help OK I Cancel |
T T T T T T

Inverse Cumulative Distribution Function

Student’s t distribution with 1% DF

P{ X = x ) x
0.99 § 2.55238

4- Decision:
Since p-value =0.00 < 0= 0.01 . we reject H,
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b)

2-Sample t (Test and Confidence Interval} P 5

(" Samples in one column " L ; 3
b) Find and interpret a 99% C.I for the differenc in average
phosphorus contents of whole and skim milk

+ Samples in different columns

S - é
s Skim 2-Sample t - Options m

Second: iwhole
Confidence level: laﬂ
€ Summarized data
Sample size:  Mean: Test difference: ]0.0
st | | |
| (M Alternative: inotequal Ll
Secand: l I l
| =
v Assume equal variances | Help | oK l Cancel C15 | C16 C1i
| |
Graphs... l
OK l

Sasion

H Mean StDev SE Mean
Skim 10 51.340 0.483 0.15
Whole 10 94.845 0.503 0.1l&

Difference = mu (Skim) - mu (Whole)

1if= 0 . i — (]

99% CI for difference: (-3.940; -2.670)
=123 L | =P = = = |} WV = (] = =

us = -14.99 P-¥alue = 0.000 DF = 18
Both use Pooled StDev = 0.4931

Uskim — Uwhote € (_3-94‘0 ,_2-670 )
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Two-sample t-test

Q : Independent random samples of 17 sophomores and 13 juniors attending a large university yield

the following data on grade point averages

sophomores juniors
3.04 2.92 2.86 2.56 3.47 2.65
1.71 3.60 3.49 2.77 3.26 3.00
3.30 2.28 3.11 2.70 3.20 3.39
2.88 2.82 2.13 3.00 3.19 2.58
211 3.03 3.27 2.98
2.60 3.13

Assuming normal population. At the 5% significance level, do the data provide sufficient evidence to

conclude that the mean GPAs of sophomores and juniors at the university different ?

3 Cc1 c2
sophomores| juniors

b 2 60 347

T 292 3.26

B 3.60 3.20

9 228 319

10 2.82 265

1 3.03 3.00

12 3.13 3.39

13 2.56 258

14 349

15 3N

16 213

17 327

18
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2o @B 14802 | EBEOHE

raph Editor

Window Help Assistant

] Basic Statistics 25 Display Descriptive Statistics... IE
= Regression r 55 Store Descriptive Statistics... =
_ ANOVA ¥ | &% Graphical Summary... |

DOE 3
- 12 1-Sample Z..
Control Chart ]
~=Oniernars 1t 1-Samplet..
lity Tool L
ety Took pad 2-Somplet.. |
Reliability/Survival 3
. eliability/Surviva 1 Pairedt...
2 Multivariate »
3 Time Series v| 1P 1Proportion..
1: Tables y | 2P 2 Proportions... -8
Monparametrics » ¢p 1-Sample Poisson Rate...
EDA » EZF 2-5ample Poisson Rate...
Power and Sample Size ¥ | g2 1 Variance...
“gﬁ.g 2 Variances...
E Correlation...
() Cc3 C4 oV Covariance... ]
juniors
L 247 # Mormality Test... =
326 }{IE Goodness-of-Eit Test for Poisson...
3.20
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7 B

2-5ample t (Test and Confidence Interval) EE

" Samples in one column

e i-—— 2-Sample t - Options w
* Samples in different columns Confidence level: I a5
First: I
TS Test difference: I 0.0
Second: ijuniors
Alternative: =

(" Summarized data

Sample sizet Mean:

Help I oK I Cancel |

[~ Assume equal variances

Graphs... I Options... |

Help l Ok l Cancel I I

A o

Interval Plot of program1; program2; ...

Two-Sample T-Test and Cl: Sophomores; Juniors

Two-sample T for Scphomores ws Juniors

N Mean StDev SE Mean Hu=l-|-1 = K2 vs H1=I-|-1 * U2

Sophomores 17 2.840 0.320 0.13

Juniors 13 2.981 0.309  0.086 Ho:py —up =0 »s Hy:py —Hp 0
Difference = p (Sophomores) - g {(Juniors)
Estimate for difference: -0.141

95% CI for difference: (—=0.454; 0.173)
T-Test of difference = 0 (v3s #): T-Value = -0.%2 P-Value = 0.364 DF = 2¢

T test p-value

1- Hypothesis :
Ho:py =y  vs Hytpg # g

Ho:py —p2 =0 ws Hyptpy —pp #0

2- Test statistic: T= -0.92

3- Decision:
Since p-value =0.364 > 0= 0.05 . we can not reject H,
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Paired-sample t-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 :

a) Test whether the data provide sufficient evidence to indicate a difference in the average

weight before and after surgery. (up = 0 versus up + 0)

b) Find 90% confidence interval for puj, where up is the difference in the average weight before

and after surgery.

*Use the Paired-sample t-test to compare between the means of paired observations
taken from the same population. This can be very useful to see the effectiveness of a
treatment on some objects.

Minitab -Stat 328

+ C1 c2
before x | aftery E

1 148 73
2 154 133
3 107 80
4 119 70
5 102 70
B 137 B3
7 122 81
8 140 B0
9 140 85
10 n7 120
1
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Window Help Assistant

Rs Display Descriptive Statistics... 1"
— Begression r 5_‘,5 Store Descriptive Statistics... E
_ ANOVA | 2% Graphical Summary... |
DOE 3
= 12 1-Sample Z...
Contrel Chart 3
g oA 1t 1-Samplet...
lity Teol 3
Quality Tools 2t 2-Samplet..
T R W e
M Multivariate r
i Time Series »| 1P 1 Proportion..
o Tables s | 2P 2 Proportions..,
Monparametrics » o's 1-Sample Poisson Rate...
8t EDA y | 57 2-Sample Pojsson Rate...
Power and S5ample Size ¥ | g2 1 Variance...
“§ﬁ.§ 2 Vanances...
EOR Correlation...
c2 C3 c4 @ Cowvariance...
after
y ﬁ Mormality Test... —
7a
133 xz Goodness-of-Eit Test for Poisson...
Hu:ng =0 v H]_:I-L_D]_ =0
- T 3 Hy:p —pn. =0 wvs Hyp —p =0
Paired t (Test and Confidence Interval) L 23 I N ILI u!f' by I'L]r'

{* Samples in columns - —
Fistsample:  [beforex Paired t - Options o8]
Second sample: | 'after y' Confidence level: |g5.0

- : '

Summarized data (differences) et pixe IUEI_.

Sample size;

Mears: I Alternative: innt equal vl

o | [ ]

Paired t evaluates the first sample
minus the second sample.

Seleck

Graphs. .. | Options. .. |

Help | Ok | Cancel I b
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Paired T-Test and Cl: before x; aftery
Paired T for before x - after y

N Mean StDev SE Mean

before x 10 128.80 17.63 5.57
after ¥ 10 g4.00 23.94 7.58
Difference 10 44,80 26.23 g8.30

95% CI for mean difference: {25.83; 6£3.37)

T-Test of mean difference = 0 (v3 not = 0):

a)

1- Hypothesis:
uip =0 vs pp #0

2- Test Statistic :
T= 5.38

3- Decision:

HU':I'LD =0

HU.:I.LI —U = 0

T-Value

Since p-value =0.00 < o= 0.05 . we reject H,

b)
up € (25.83 , 63.37 )

=5

.38

P-Value

s HI:I'LDI =0

s H:l:l.LI —WF 0

= 0.000
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One sample proportion

Q: A researcher was interested in the proportion of females in the population of all patients visiting a
certain clinic. The researcher claims that 70% of all patients in this population are females.

a) Would you agree with this claim if a random survey shows that 24 out of 45 patients are
females? a=0.1
b) Find a 90% confidence interval for the true proportion of females

Use the 1 proportion test to estimate the proportion of a population and compare it to a
target or reference value.

Using this test, you can:

Determine whether the proportion for a group differs from a specified value.

Calculate a range of values that is likely to include the population proportion.

Graph Editor Tools Window Help Assistant

Basic Statistics RS Display Descriptive Statistics...

Regression r %5 Store Descriptive Statistics... —
ANOVA | &% Graphical Summary... |
DOE ' 12 1-Sample 2.

Qu:-nt.rnlliharts 3 1t 1-Samplet..

QLI.E|I1.'_.',I'.TDEI|5 | » 2t 2-Samplet..

Reliability/Survival » 4 Paired t..

Multivanate b

Time Series il 1 Proportion...

Tables p | 2P 2 Proportions...

&anarametrics b oo 1-Sample Poisson Rate...

EDA » 52,:- 2-5ample Poisson Rate...

Power and 5ample Size | 42 1 Variance...

Ha
b

2 Variances...

]

i
o
A

Correlation...

vy
[
O
(]
)
=N
o
o
=

Covarniance...

b

Meormality Test...

-
m
wn
=

&1

Goodness-of-Fit Test for Poissan...

=
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Summarized data

Mumber of events: | 24

One-Sample Proportion: Options

-

Confidence level:

p: event proportion

Normal approximation method is used for this analysis.
a)

Number of trials: Iqﬁi Alternative hypothesis: |Pruporﬁon*hypuﬂ1esized propartion j
Methad: =
- [¥ Perform hypothesis test ﬁ oK | S | h
| Hypothesized proportion: | 0.70
| Ci14 C15 Ci16 17 (s}
Options...

[ Help oK ‘ Cancel ‘ |

| Session

Test and Cl for One Proportion

Test cE p = 0.7 va p # 0.7

Sample X N Sample p 90% CI Z-Value | P-Value

1 24 45 0.533333 (0.41100&; 0.655661) -2.44 0.015

Using the normal approxXimation.

1- Hypothesis:
Hy:P=0.70 vs H;:P+0.70
ARofHD
) ) I E.R of HO

2- Test statistic : %

'zl—e!’ o i
Z=-2.44 : Big s ¥k

= -1.6448 = 1.6448

3- zcritical =1.645

4- conclusion is:

Since p-value =0.015 < a=0.05 . we reject the null hypothesis H,

We do not agree with the claim stating that 70% of the population are females

Q\Jﬁ A gé «aasda
oAl o) ¢y 58, 42
b) 3 ¥ ilaay)

P € (0.411006 , 0.655661)
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Two sample proportion

In a study about the obesity (overweight), a researcher was interested in comparing the
proportion of obesity between males and females. The researcher has obtained a random
sample of 150 males and another independent random sample of 200 females. The following
results were obtained from this study

n Number of obese people
Males 150 21
Females 200 48

a) Can we conclude from these data that there is a difference between the proportion of
obese males and proportion of obese females? Use a = 0.05.
b) Find a 95% confidence interval for the difference between the two proportions.

Determine whether the proportions of two groups differ
Calculate a range of values that is likely to include the difference between the population
proportions

Stat || Graph Editer Tools Window Help Assistant

Basic Statistics |5 Display Descriptive Statistics... J B
= Begression ¥ | .5 Store Descriptive Statistics...
= AMNOVA b | == Graphical Summary...
DOE 3
. - I-_'-f_ 1-Sample Z...
Contrel Chart 3
=an .n:- ans K 1-Samplet..
N Cuality Tools L L 2-Samplet..
Reliability/Survival » MH Pairedt.
B Multivariate 4
Time Series b 1 Proporticn...
Tables » fH_H 2 Proportions...
33 - ] oo
Monparametrics v| A 1-Sample Pois
| 2 Proportions
B! Equivalence Tests 3 A. 2-Sample Pois PG
) Determine whether the sample
Power and Sample Size* | g2 1| Variance... proportions of an event for two
228 3 Variances... groups differ significantly.
[12] Correlation...
(63 Covariance..
2 c3 c4 A Normality Test... co
|E Clutlier Test...
Goodness-of-Fit Test for Poissan...
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oportion * Two-Sample Proportion: Options X

I |5ummarized data 4 Difference = (sample 1 proportion) - (sample 2 proportion)

Sample 1 Sample 2 Confidence level: 95.0
Mumber of events: | 21 | 43
Hypothesized difference: | 0.0

Alternative hypothesis: |Dif-Ference % hypothesized difference ﬂ

Mumber of trials: | 150 | 200

Test method: |Use the pooled estimate of the proportion ﬂ

Help oK | Cancel |
Options. .. H
1 | [ [ |
| Help QK | Cancel | I

Test and Cl for Two Proportions

JILTH

Sample X H Sample p
1 21 150 0,140000
2 45 200 0,240000

Difference = p (1) - p (2)

Estimate for difference: -0.1
[55% CI for difference: (-0.181159: -0.0122402))
Teat for difference = 0 (v £ 0): |Z = -2.33 | P-Value = 0.020

Fisher's exact test: P-Value = 0.021

p1: proportion where Sample 1 = Event
p2: proportion where Sample 2 = Event

Difference: p1 - p2

a)
1- Hypothesis:
HO:P1:P2 s HI:PI#:PZ
2- Test statistic :
7=-2.33 _

ARofHD ittt

3- zcritical =1.96

- - - ZJ—(:' o
4- conclusion is: : Bon= Loy

Since p-value =0.020 < a= 0.05 . we reject H,

We conclude that there is a difference between the proportion of obese males and proportion of obese
females .

Qbﬁ A gﬁ <43 e
A ) s AR
gt ¥ Alaal)

b)

P, — P, € (—0.181159, —0.018841 )
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one sample variance

Q: 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 variance of
fruit shape is more than 0.004, use a=0.01

| Graph Editor Tools Window Help Assistant
N Basic Statistics P| ~% Display Descriptive Statistics... |
i = Regression | [,@ Store Descriptive Statistics...
ik
" Worksheet 1 ANOVA ¥ | =E Graphical Surmmary...
DOE 3
= < = B2 1-SampleZ..
5 b -
fruit_shape| 3  Control Charts K_ 1-Samplet..
lity Tool 3
1 1.066 Quality Tools K, 2-Samplet..
Reliability/Survival » HH Pairedt.
2 1.054 Multivariate >
3 1.076 Time Series > 1 Proportion...
4 1051 Tables » ']_H 2 Proportions...
Mo -
Nonparametrics s | & 1-Sample Poisson Rate..,
1.059 - -
5 Equivalence Tests » A_  2-5ample Pojsson Rate...
B 1.020 Power and Sample Size b |U’2 1 Variance...
¥ 1.035 =¥, 2Variances...
- 1 Variance il
8 1.052 [1a] Correlation... Determine whether the variance or
q 1.046 2 3 ca [63 Covariance.. the standard deviation of a sample E
£ ; - differs from a specified value.
& Mormality Test... T
. X
Alt tive hypothesis Hi: ¢® > 0.004
One or more samples, each in a column j srnetive pe ESIi‘/H_
‘fruit_shape’ One-SampIeVaE;a?@ﬁﬁs_ *
| ] ence level: 2B L-o
=
|AI P —— ,7 - -
7 Perform hypothess test —— | Alternative hypothesis: |Variance = hypothesized variance J |
! |Hyp0ﬁﬂesized variance j |U-UU4 =
J Help oK | Cancel |
| c2 | <3 | ca | s | <6 7|
Options... l
. Help Ok | Cancel |
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Test and Cl for One Variance: fruit_shape

Method

Null hypothesis g-squared = 0.004 Mull hypothesis Ho o = 0.004

hlternatlve hypothesis g-squared > 0.004 Alternative hypothesis  Hq:o® > 0,004

The chi-square method is only for the normal distribution.
The Bonett method is for any continuous distribution.

Statistics

Variable i) S5tDev Variance
fruit shape 10 0.0310 0.000963
949% One-5ided Confidence Interwvals

Lower Bound Lower Bound

Variable Method for S5tDev for Variance
fruit shape Chi-Square 0.0200 0.000400

Bonett 0.0129 0.0001e2
Tests

p-value=0.989:
Test

Variable Method Statistic DF P-Valus Iz =2.17
fruit shape Chi-Square 2.17 ] 0.9349

Bonett - = 1l.000 df=n-1=10-1

1-The hypothesis:
Hop:062=0.004 vs Hj:o? > 0.004

2- p-value=0.989 > 0=0.01 , we can not reject HO
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Two sample variance

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 . Test whether the variance of phosphorus content is different for
whole and skim milk.

That is test whether the assumption of equal variances is valid. Use a=0.01

B9 o B #BI0QESBHEOBANTNSEH

ale §tat§raph Editor Tools Window Help  Assistant

o

basic Statistics P| 5 Display Descriptive Statistics...
— Regression b | i@ Store Descriptive Statistics...
] ANOVA b | =E  Graphical Summary...
DOE g B2 1-SampleZ..
On Q:unt.rcul Charts 3 W 1-Samplet..
Cuality Tools r . 2-Samplet..
Reliability,/Survival r HH Pairedt.
Multivariate r
whes Time Series »| & 1Proportion..
=thd Tables » ]_H 2 Proportions...
iis Nonparametrics y | & 1-Sample Poisson Rate...
Equivalence Tests » A. 2-Sample Poisson Rate...
Power and Sample 5ize¥ | g2 1| Variance...
|'f/§ 2 Variances...
[11] Correlation... 2 Variances
c2 C3 c4 63 Covariance.. Determine whether the variances or I
whole | skim & T Ef'il:r::andard deviations of two groups
94.85 91.25 |E Cutlier Test...
8515 91.480
94,85 9150 Goodness-of-Fit Test for Poisson...
04,55 81.65
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Alternative hypothesis

Eé Ifl:ﬁgEshape Each sample is in its own column j Two-Sample Variance: Options w
C3 sk . [ _
s L | R Ratio: |(samp|e 1 variance) [ (sample 2 variance) j
Sample 2: | skim Confidence level: a9
Hypothesized ratio: 1
!
—| [ Alternative hypothesis: |Ratic|$ hypothesized ratio j C
_E [V Use test and confidence intervals based on normal distribution; r
- | Options... | Graphs... | Results... |— -
1 1] Help oK | Cancel
| Help oK | Cancel | I
Test and Cl for Two Variances: whole; skim
Method
. e s e s - _ 2z 2
Hull hg,'pu_:thesm _ w_ar:!.ance {whole) / v_ar:!.ance{sk:!.m:l =1 HU‘:U_I,: % vs H.'I.:U_Igi 1
Llternative hypothesis Wariance (whole) / Variance(skim) # 1 T3 a2
Significance lewvel a = 0.01
F method was used. This method is accurate for normal data only.
Statistics
99% CI for
Variable N 5StDev Variance Variances
whole 10 0.503 0.253  (0.097; 1.313)
skim 10 0.483 0.233 (0.089%; 1.210)
Ratioc of standard deviations = 1.042
Ratioc of wvariances = 1.085
99% Confidence Intervals
CI for
CI for StDew Variance
Method Ratio Batioc
F {(0.407; 2.664) (0.166; 7.097)
Tests
Test _
Method DFl DF2 Statistic P-Value p-value =0.905 df1=nl-1=9
F g 9 1.08 0.905 df2=n2-1=9
F=1.08
£
Current Winrkeheet Wiarlcheet 1
1- Hypothesis :
0'12 0'12
Hpy—# vs Hi—=#1
02 (Y

2- P-value : 0.905 > a=0.01 , we cannot reject HO , The variances of the two populations are

equal
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ANOVA

Q: 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 | Programs 1 | 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
File Edit Data Calc | Stat [I Graph Editor Tools Window Help Assistant
Basic Statistics 4 Y :
| E _ =11 %1 Qi
Begression »
=) [ ANOvA }|[Bs  One-Way.. |
DOE b= Analysis of Mea
Test and Cl for Tw Control Charts b | 4E PBalanced ANO One-Way
litv Tool . . Determine whether the means of two
Method Quality Tools General Linear B o 1ore groups differ.
Reliability/Survival 4 E Fully Mested AMNorves
Null hypothesis Multivariate .
Blternative hypothes _ _ .n.,%, General MANOVA,..
Significance lewvel Time Series b
Tahles p | 82 Test for Equal Variances..,

F method was used. 1

Monparametrics

Equivalence Tests

3

[

Power and Sample Size ¥

il

|_ Main Effects Plot...
|*_ Interaction Plot...

Interval Plot...

" Worksheet 1 *==*

+ c c2
programi| programz
1 g 10
2 12 &
3 14 g
4 1 9
5 13 10

Minitab -Stat 328
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programs | program4
12 g
14 8
1 1
13 7
1 8
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:._,""E—.'.%_ Analysis o

f Variance x

C1 programil
illc2  program2
1lc3  program3
C4  program4

Response data are in a separate column for each factor level LI

Responses:

program1 program?2 program3 program<

Options... | Comparisons. .. | Graphs... |
Results... | Storage... |
oK | Cancel |

One-Way Analysis of Variance: Options X

e
Confidence level: I 95 (for table of means and interval plot)
Type of confidence interval: ITwoiided Vl

Help | oK Cancel

TTY T

One-way ANOVA: program1; program2; program3; program4

Method

Hull hypothesis 411 means are =gqual
Alternative hypothesis

At least one mean is different

Significance lewel o = 0.05

Equal wvariances were assumed for the analvysis.

Factor Information

Factor Levels Values
4 programl; program2; program3; programd

Factor

hnalysis of Variance

Source DF
Factor 3
Error 16
Total 15

Bdj 535 Adj M5 F-Valus PF-Valus

54.85 18.317 T.04 0.003
41.80 2.800
896.55

Model Summary

5

E-sg EBE-sgladj) EBE-sg(pred)

1.61245 56.91% 43.33% 32.68%

p-valoe = 0.003 < D{: 0.05
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+ Interval Plot of program1: programz: ...

959% Cl for the Mean

Data

programa

programs3

programi
The pooled standard deviation was used to calculate the intervals.

Interval Plot of program1; programz2; ...

program4

1-Hypothesis :

HO:’uprograml - 'uprogramz - 'uprogram3 - 'uprogram4-

H,: at least one mean is dif frenet

2- Test statistic :
F=7.04
3- p-value =0.003 < a=0.05, Reject HO:,up =

rograml ~ 'uprogramz - 'uprogramB - 'uprogram4

F Distribution

Calc>> probability distributions>>F

Feriticat = F1-a, df1=k-1, df2=N-k

=Fpo95, 3,16=3.288
_ s |

Help

>

™ Probability density
™ Cumulative probability

& Inverse cumulative probability

Noncentrality parameter: [0.0
3 dfl=
15 df25

—

Mumerator degrees of freedom:

Denominator degrees of freedom:

i Input column:
Optional storage:

* Input constant:

Optional storage:

k-1
N-k

L

Inverse Cumulative Distribution Function

F distribution with 3 DF in numerator and 16 DF in denominator

B{X=x) X
0.85 | 3. 7
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now we use Tukey test to determine which means different

Stat > ANOVA > One-Way

| One-Way Analysis of Variance: Compari

sons

Error rate for comparisons:l 5

Comparison procedures assuming equal variances

| Eisher
[ Dunnett

X || One-Way Analysizs of Variance >

Control group level: Iprograml

[~ HsuMCB

Results

ETS e,

¥ Grouping information
r Tests

Help |

Best: ILargest mean is best

¥ Interval plot for differences of means

Cancel

Response data are in a separate column for each factor level ;I

Responses:

program 1 program2 program3 program4

. C
Options... | gomparisons...| Graphs... |
Resulis, .. | Storage... | I
oK | Cancel

" Tukey Simultaneous 95% Cls

Tukey Simultaneous 95% Cls

Difference of Means for program1; programz; ...

program2 - program -

program3 - program -

1 program4 - program -|

programs3 - programa -

program4 - programa2 |

program4 - programa3 -

T
i
i

ﬂprng?'um 1 F “prngra:m 2

If an interval does not contain zero, the corresponding means are significantly different,

L e
I -
|
I —_
} : * | P:p'ragrurr: 1= Pprugrctm 3
|
I
| * I Fprogrum 1 ¥ Hprogram 4
i
l
i | T | f'[prugrr.:m z ¥ zuprugrumé
I
l
I
| #: | .up'rugrumz = Pprugrﬂni 4
l
i
I * L
| ﬂp’rogﬂzm 3 # xupra‘gram 4
1
T T T T T T
-7.5 -5.0 -2.5 0.0 2.5 5.0
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Chi-square

Q2: What is the relationship between the gender of the students and the assignment of a Pass or

No Pass test grade? (Pass = score 70 or above)

Pass No pass Row Totals
Males 12 3 15
Females 13 2 15
Column Totals 25 5 30

1-Hypothesis :

Hy: the gender of the students is independent of pass or no pass test grade

H;:the gender of the students is not independent of pass or no pass test grade

2- Teststatistic : y? = 0.240

3- p-value =0.624 > 00.05 , we Accept HO
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e Edit Data Qal Graph Editor Tools Window Help Assistant

Session

1 25

+11 Contents:

sarson Chi-Square
Jelihood Ratic Chi

HOTE * 2 cells wit

in

Basic Statistics , j | |
Begression k
AMOVA »
DOE *
Control Charts *
Cuality Tools k

Reliability,/Survival k

Multivariate 3

= 0.024
Time Series ! P-Value = 0.623
Tables *| ] Tally Individual Variables...
Monparametrics r
=onp |x2 Chi-5quare Test for Association...
Equivalence Tests LY e

== Cross Tabulatio

Power and Sample Sizek

iT Chi-5quare Gog

Worksheet 1 =

~3 Descriptive Stat

Chi-Square Test for Association

Determine whether two categorical
variables are associated.

3

12
13

Row Totals

Females

Column Totals

Chi-5quare Test for Association >
C1 Summarized data in a two-way table ;I
c2

Columns containing the table:

c1c2

Labels for the table (optional)

Rows: I (colurmn with row labels)
Columns: I (name for column category)

Statistics... | Options

Minitab -Stat 328
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Chi-Ssuare Test for Association: Worksheet rows: Worksheet columns

Eows: Worksheet rows Columns: Worksheet columns
Cl C2 All
1 12 3 15
12.500 2.500
12.500 2.500

Ell 25 3 30

Cell Contents: Count
Expected count

Likelihood Batic Chi-Square = 0.241; DF = 1; P-Value = 0.623

¥ NOTE * 2 cells with expected counts less than 5
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Correlation

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 the correlation coefficient between x and y

&2 Worksheet
+ (o] c2 C
X Y
1 42 125
2 36 1148
3 63 140
4 55 150
5 42 140
6 ili] 155
7 49 145
8 68 152

§tat| Graph Editor Tools Window Help Assistant

- Basic Statistics | 5 Display Descriptive Statistics...
= Regression P| % Store Descriptive Statistics...
0 ANOVA » | =2 Graphical Summary...

DOE ’ I-_'-_z_ 1-Sample Z...
3 Qunt-rul Charts r B 1-Samplet.. —_—

Qu.allt_f,f.T-:-nIs | 3 K. 2-Samplet..

Reliability, Survival » HH Pairedt..

Multivariate 4

Time Series » { 1 Proportion...

Tables » H 2 Proportions...

Nonparametrics y | & 1-Sample Poissen Rate...

Equivalence Tests > ‘}_.:. 2-5ample Poisson Rate...

Power and 5ample 5ize* | g2 1| Variance...

=ry 2 Variances..
|[-1:1] Correlation...

2 3 c4 [63 Cowvariance... S M
| & Mormality Test.| Measure the strength and direction of
125 Ii Outlier Test... the.linear relationship between two
18 variables,
140 Goodness-of-Fit Test for Poisson...
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Correlation oo

c1 X Variables:

cz Ny
1 Method: |Pearsun correlation j E
1 v Display p-values 1

Select | [~ Store matrix {display nothing)

20/03/20 12:35:13 0

Welcome to Minitalk, preas Fl for help.

Correlation: X0 Y

| Pearson correlation of X and ¥ = 0,792

P-Value = 0.01%

r =0.792 positive correlation
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Regression

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

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) Obtain a point estimate for the mean sales price of all 4-year-old Corvettes.

(Ans b) R?=10.9368 — 93.68 % of the variation in y data is explained by x)
(Ans ¢) y=291.6—-27.90(4) =180)
] Statl] Graph Editor Tools ﬂindou_r Heljp ASS;Eﬂt B m J —

Basic Statistics

Regression

AMNOVA

DOE

Control Charts
Quality Tools
Reliability/Survival
Multivariate

Time Series

Tables
Monparametrics

Equivalence Tests

3

PBower and Sample Size »

X

l.# Fitted Line Plot...

| Begression

’| [Z Fit Regression Model...

lC Manlingar Regression...
Stability Study
Orthogonal Regression...
Partial Least Squares...

Binary Fitted Line Plot...
Binary Legistic Regression

Ordinal Logistic Regression...

BNEN & & X

Mominal Legistic Regression...

Peisson Regression

['E’E] Best Subsets...

b | Predict...
Factorial Plots...

L Contour Plot...
Surface Plot...
Ovwerlaid Contour Plot...

» Response Optimizer...

Fit Regression Model

Muodel the relationship between
categorical or continuous predictors
and one response. Easily include
interaction and polynomial terms, or
transform the response if needed.
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Regression

Cl x Responses:
c2 oy y
Continuous predictors:

b

Categorical predictors:

Model. .. Options. .. | Coding... | Stepwize. ..

1=
m

£
74

Graphs...

Storage...

| Help | oK | Cancel

Regression Analysis: y versus x

Analysis of Variance

Source DF Adjy 55 A4y M5 F-Walus P-Value
RBegression 1 24057.5% 24057.9 118.53 0.0040
X 1 24057.5% 24057.9 118.53 0.0040
Error 3 1623.7 203.0
Lack-of-Fit 3 132.0 44.0 0.15 0.927
Pure Error 5 1451.7 298.3
Total 9 2568l.¢8

Model Summary ]J]

5 B-3q §R-3g{ad]j) EB-sg(pred)
14.2465 J53.658% 92.589% S0.16%

Coefficients

Term Coef S5E Coef T-Valus P-Value VIF
Constant 291.6 11.4 25.51 0.000

X -27.90 2.38 -10.8 0.000 1.00

a)

Fegression Equation

¥y = 291.6 - 27.%0 x

Minitab -Stat 328

1aial53




i

n

1o

0s

oo

<8

Department of Statistics and Operations Research

College of Science

King Saud University

jaTe CoX 11 ol 8 Wol |

King Saud University

Tutorial

STATISTICAL PACKAGES(R)

> mot<-dato. frame(o:
mean=-1, sd=1))

> mat
a
0.68095071
-1.41886274
-0.02606923
-0.43837086
1.46786720
9.61093695
-0.46963148
9.17917047
1.67233978
@ ©.78591380

VB W N

-0 om N

b
2.62502002
1.77124866

-9.02631055
1.61360146
1.32386062
3.40457075
2.15205057
1.46567625
2.60024381
3.31195551

STAT 328

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

L e e . I e

§ 4% @ oo lobarmion prajert shon sy oot iy
- e R i d

[ !:-n-(: e tn e 8 e & pechages (5 e Lo e

0.2000328 e ey O e s ek,
-0.3053134 e o

0.7104818

0.1967035 g
-1.9040575 R T R
-2.1482692 s i O e
-9.2698978 ak 0 § VR0 Chsw W) AScTim B W MEMIt 18 -
-9.3944110 Do L Tt Ly R
-0.2677363 N AT Y s i w4t v
0.3432750 B S S




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 = |

['(18),

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

» factorial (4)
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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
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# 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:

B e O B
oW o N

~1
NNO\J

(a) A*B
(b) Determinant of 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 4 8
[2.1 7 4 2
[3.1 5 1 5
[4,1 1 1 =
> C<-matrix(c(3,4,3,3,4,9,8,4,2,0,3,6,7,6,2,2),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 1.36774159 -1.5870%6E 1.14193548
[2,] ©.1935484 -0.2903226 0.516l250 -0.32258085
[3,] ©.2580645 -0.3870%68 0.3548387 -0.0567741%
[4,] ©.4064516 -0.3056774 O0.2838710 -0.27741535

Stat 328 -R iadalls




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?

(¢}

r XX<-C(6,;7;0,8,3,7,:8;0)
X

[1] 6 70 8 37840

» mean (xx)

[1] 4.875

» median (xx)

il 6.5

> var (xx)

[1] 11.55357
5d (Xx)

[1] 3.398054

> summary (xx)

Min., lst Qu. Madian Mean 3rd Qu. Max.
0.000 2.250 &.500 4.875 7.250 g,.000
> range (xx)
(1] 0 8
i
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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
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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 ?

4- (0.5)
> pnorm(2.5, 2
[1] O.87724%5%

= F 2) Pix<= x)= 0.80

> # 3) Generate a random sample with size 10

rnorm(10,2,0.25

[1] 1.5988027 1.7445%37 1.821131 2.0491%1 2.082522 1.992336 2.419595941 2_.270132
[9] 1.705538 2.000087

F 4) £(0.5

dnorm(0.5,2,0.25)

[1] 2.430353=-08

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

= # 2)P( l< x<= 5):

> phinom(5,6,0.3)-pbinom(l,6,0.3)
[1] 2.5790%&

o
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Q5: write the commends and results to calculate the following

1.

i dwWN

> # 2)Find k such that P(T<k)=0.025,v=12
> gt (0.025,12)

> % 5)P(3<¥=T) ,X~Poizzon (3)
> ppois(7,3)-ppois(3,3)

P(-1<T<1.5), v=10

Find k such that P(T <Kk) = 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)

> # 1)P(-1<T<1.5),v=10
> pt{l.5,10)-pt(-1,10)

[1] O0.74729598

(1] -2.178813

=
> # 3)Generate a random =zample of =zize 12 from the exponential (3)
> rexp(l2, 3)

[1] ©0.02741723 0.57916093 0.43225e08 0.58065241 0.10705782 0.
[7] 0.e6971650 0.070281c7 0.25315354 0.656068353 0.35302758 0.

27

4
05

[

R P

1
2

[ =

T
5

[ ]
=
o]

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

[1] 3.13147%5

[1] 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

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

1. PlotXandY

> # 1)Plot X and ¥:
> plot (=, v)

> plot(x,v,cyvpe="1")
> plotix, v, type="L")
> plot(x®,v,cype="h")
> gomormix)

> histix)

> boxplot (x®)

.

2. cdrrelation of Xand Y

> # 2)correlation of X and ¥:
> Cor(x,v)

[1] ©.751831¢8

» COor.test(x,v)

Pearson's product-moment correlation

data: x and v
t = 3.1758, df = &, p—value = 0.015918
alternative hypothesis: true correlation i=s not egqual 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(y~x)

> summary (£it)

Call:
lm(formula = v ~ X)
Eesiduals:

Min 10 Median 30 Max=x
-10.713 -T7.0&60 1.647 6.988 8.330
Coefficients:

Ezstimate 5td. Error t walue Pr(>|t])

(Intercept) G3.5838 15.1239% 6.188 0.00082 #*¥*x
b4 0.9068 0.2855 3.17& 0.01918 *

Signif. codes: O **#®#®r 0,001 **f Q.01 **f Q.05 *." 0.1 " 1

Eesidual standard error: £.637 on & degrees of freedom
Multiple E-squared: 0.827, Ldijusted R-sguared: 0.5648
F-statistic: 10.0% on 1 and & DF, p-value: 0.0151%

> plot(x,v)
> abline (fit)
= |

150
1
[s]

140
|
o
o

35 40 45 50 55 60 65

Regression Equation:

Y =93.5838 +0.9068 X

7 dadall Stat328 -R part2




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 0=0.05

1-Hypothesis :
Hypu<102 vs Hyu>1.02
2-Test statistics :
T=2.6849
3- Decision:
p —value = 0.0125 < a=0.05
So, we reject Hy. 1 < 1.02

.cest(x,mu=1.02,alternative="greater',conf.level=0.95)

Cne Sample tT-test

data X
t = 2.6849, df = S, p-value = 0.0125
alternative hypothesis: true mean is greatesr than 1.02
85 percent confidence interval:
1.028121 Inf

sample estimates:
mean of x
1.0456

y

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

-~

If:H;: # two.sided
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 0d=0.01

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

a)

1- Hypothesis :
Ho: Uskim = Uwhote vs Hip:Uskim < Hwhole

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

2- Test statistic : T= -14.162
3- Decision:
Since p-value =0.00 < 0= 0.01 . we reject H,

> W<-c(94.95,95.15,94,85,94.55,93.4,595,05,94.35,94.70,94.90)
. 5<-c{91.25,91.80,91.50,91.65,91.15,90.25,91.,90,91,25,591,65,91)

t.test (5 W ,alternative="lessz",conf.level=0.59)
Welch Two Sample t-test

data: S and W
t = -14.1g2, df = 1le6.254, p-value = 6.995=-11
alternative hypothesis: true difference in means is less than 0
99 percent confidence interval:
-Inf -2.711506&

sanple estimates:
mean of X mean of vy

91.34000 94_85556
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b)  Wskim — Mwhote € (—3.99 ,—2.63 )

> t.test (5 ,W,conf.level=0.59)
Welch Two Sample t-test

data: 5 and W
t = -14.1g2, df = 16.25%4, p-valus = 1.4e-10
alternative hypothesis: true difference in means is not egqual to O
99 percent confidence interval:
-3.997738 -2.6833373
sample estimates:
mean of X mean of v
91.34000 94.65556

For confidence

interval we change
alternative to not

> t.test (5 W ,alternative="two.zided",conf.level=0.59)

Welch Two Sample t-test equal
data: 5 and W

t = -14.182, df = 1le.25%4, p-value = 1.4e-10
alternative hypothesis: true difference in means is not egqual to O
99 percent confidence interval:

-3.8997738 -2.6833373

sample estimates:
mean of x mean of vy

91.34000 94_.865556

Two independent sample t-test

t.test( x,y, mu=a , alternative="  “,conf.level= 1-0 )
\

¥

If:Hy: # two.sided

Ho:px—uy If: Hy: < less

A v I
Q

If: Hy: > 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

After surgery (Y) 78 133 80 70 70 63 81 60 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 u, # 0)

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

2- Test Statistic :
T= 5.376

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

b) 99% C.I pp € (17.638 , 71.56 )

. . vam TEa TAT tim A 1am 1A tam lan 10 e
> X<—- c(148,154,107,119,102,137,122,140,140,117)

» y<-c(78,133,80,70,70,63,81,60,85,120)
> L.test(®,v,alternative="two.sided",conf.level=0.99, paired=TRUE)
Paired t-test

data: X and vy
t = 5.376, df = 9, p-value = 0.000448%9
alternative hyvpothesis: true difference in means is not egual to 0
99 percent confidence interwval:
17.63877 T71.56123
sample estimates:
mean of the differences —
44 . & L
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Paired t-test

[ t.test( x,y, mu=a , alternative="

“,conf.level= 1-a ,paired=T ) ]
i
If:H;: # two.sided
Hopp2 a If:Hqi: < less

If:Hq:> 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
x<-c{9,12,14,11,13,10,6,9,9,10,12,14,11,13,11,9,8,11,7,8)
TF e III' n mTm " n mTm mTw mam mam mam mam maw mam mam mgmw mIm mIm mam
gl e T g T g e T T Ol T Ol Tl Ol ol R e T -
L Ham WmaAm mamW "‘:'"J
2 = = =
r model<-acv{x~y)
summary (model)
DEf Sum Sg Mean Sg F wvalue Pr{>F)
Y 3 &S54.%5 18.32 7.045 0.00311 ==
Residuals le 41.60 2.60
Signif. codas: g “ea®xr g o0E1 ‘wxfg.01 ¢ 5.05 Y. el Y1

1-Hypothesis :

HO: 'uprograml = 'uprogramz = ‘uprogram3 = 'uprogramél
H;: at least one mean is dif frenet

2- Test statistic :
F=7.045

3 p-value =0.00311 < a=0.05, RejeCt HO: 'uprograml = 'uprogramz = 'uprogram3 = 'uprogram4
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We use Tukey test to determine which means different:

» me=-TukeyHSD (model)
- m

Tukey multiple compariscons of me=ans
5% family-wise confidence level

Fitc: aov(formula = x ~ vy)

v
diff lwr upr p adj
2-1 =-3.0 =5,9176792 -0.08232082 0.0427582
3-1 0.4 =-2.51767%2 3.317679%18 0.9738127
4=1 =3.2 =-6.,1176752 =-0.28232082 (.02%91638
3-2 3.4 0.4823208B &.31767918 0.019745%
4=2"=0.2 =3.1176792 2.71767918 0.9972140
4-3 =3.6 =6.51767%2 =-0.68232082 0.0133087
- boxplot (x~y)
L]
¥ —_— —
o
T [+
= 2 4 i
@ 1
w — o]
T T T T
1 2 3 4

prﬂﬁrﬂ?ﬂ 1 # Hpragramz !

Ij!prugmln = lu;.rr-:ryrnm 3 I

Hprogram 1 F Hprograrm 4
Lorparan 2 = Hprogram 3

J’Ipruyrum 2= Hpr'uyr o %

Hprogram 1 ¥ Hprogram 4
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1- fol x°(1 — x)*dx

1
2- [ x°(1—x)*dx
> fe-Ffunction(x) { ‘[0 ( )
+ [(2™5)* (L-=)"4 [(a)T(3 1
T B(a, 8) (a)T(B) / 1 (1 - )P at
. ) - I‘{Q—ﬂ) 0
> integrate(f£,0,1)
0.0007936508 with aksolute error < 8.8e=-18 g-1=5 and P-1=4
' a=6 p=5
> betal(e,5)
[1] 0.0007936508 —>>B(6,5
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