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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

16—
function e~ °=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)

Logarithm with

respect to any loge(4) = 0.630929754 | LOG(4;9)

base

Logarithm with log(12) =

respect to base 10 | 1.079181246 LOG10(12)

Multinomial 9 _ .
ot (2 , 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 of: 1190
Product 450.11,20.5 = 495000 PRODUCT(450;11;20;5)
Powers 10= 0.0001 POWER(10;-4)
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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
mvers
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#).

=50 6 -3
A= B=
Addition of 41 23
Matrices 5+6 0+3] [1 -3
=>4+B= =
442 143 |6 4
1 2 |
C=2 0|,D=|1 3
Subtract of =l 73
Matrices o] o 3
=C-D={-2-1  0-3 |=[-3 -3
3-2 0 1.3 | |5 -4
(10 2
Additive 3 -1 5
Inverse of
Matrix {71 0 72}
=-4=
-3 1 -5
-3 0
Scalar D= 4 s
Multiplication 9 0
of Matrices =3D=
12 15
1 4 7 1 4
E=|2 5 8|, F=|2 5
Matrix 369 3.6
Multiplication 30 66
= ExF=|36 81
12 96
) 3 -1
Determinant 6=l 5 5
and Inverse
Matrices Ddet(G):landG"l=F 1]
53
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CONDITIONAL FUNCTION (1IF) AND COUNT CONDITIONAL FUNCTION

By Excel
(using (fx))
We have grades of 10 students

73 45 32 8 98 78 8 8 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?
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DESCRIPTIVE STATISTICS

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

By Minitab
stat — basic statistics —
By Excel display descriptive
(using (fx) and (Data Analysis)) statistics

+
See Appendix -1-

Mean=44 AVERAGE(C2:C7)
Median=44 MEDIAN(C2:C7)
Mode=44 MODE.SNGL(C2:C7)
Sample standard 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 STDEV.S(C2:C7)/AVERAGE(C2:C7)*100

variation=6.428%

» Range= Maximum-Minimum

Sample standard deviation

X100%

*x Coefficient of variation=
Mean

-5-
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PEARSON CORRELATION COEFFICIENT

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

68 49 60 42 55 63 36 42 X
152 145 155 140 150 140 118 125 Y
Find:
By Minitab
By Excel stat — basic statistics — correlation
(using () and (Data Analysis)) +

v'Display p-value

Correlation=0.791832 CORREL(M3:M10;N3:N10)
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PROBABILITY DISTRIBUTION FUNCTIONS

Discrete Distributions

Notes

If X is discrete random variable. then

1) P(la<X <b)=P(X <b)-P(X <a)

and so. if

Pla<X <b)=P((a—1)<X =(b-1))=P(X =<(b-1))-P(X <(a—1)) or
P(a<X <b)=P((a—1)<X <b)=P(X <b)-P(X <(a—1)) or
Pla<X <b)=P(a<X =(b-1))=P(X <(b-1))-P (X =<a).

2) P(X >a)=1-P(X <a).
P(X za)=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)= (g) (0.3)2(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
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By Excel By Minitab
(using (fx)) calc — probability distribution

.
ﬁ =BINOM.DIST(2;6;.3;0)

BINOM.DIST
T = 2 | Number_s
1 = [E&s | Trials
X = 3 | Probability_s
FALSE = o| | cumut
i R A
1 szl 5 grjgall Jles Sapell plbhasl] Bl

ol s3] grigsll @lls U3l o0 tauikhio a0.d Cumulative
JFALSE 013wl casnS1pall jaf C¥LosVI

SIVEe = aseall aoli

S -BiNOM.DIST(3;5:.3:0)

BINOM.DIST
r=[m4 | Humber_s N
1= [Fe "T_rl;;/
7 = [E.s ] bility_s
FAE = [0 | cumulative [ T—— D

AeYY =
el 185 ujgd|l JoiY 533801 pllaanl £Lxy)
bl o8 2Ll SVslxo sac Number_s

< MOYY = sl il

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

BINOM.DIST
i | Number_s
5= | Trials
oY = | Probability_s
TRUE = | cumulati
+ IV Vo =
il (el 53 Rajeall ULo>Y 3001 xlandl gLl

wil eS| grjpall Alls 5l o0 tsbhio do.d Cumulative
JFALSE ol caunSlpall s SYLlassV

+,0VA-01 = Azl gili
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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)=¢ 818 — 00723

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

We want P(X >2)=P(X =2)+ P(X =3)+...

i.e. an infinite number of probabilities to calculate

but
P(X22) = P(X=2)+P(X =3)+...
— 1-P(X <2)
= 1—(P(X =0)+P(X =1))
0 1

= 1— (0.16529 + 0.29753)
= 0.537

By Excel By Minitab

(using (f)) calc — probability distribution

X [t =POISSON.DIST(£180)
POISSON,DIST
t= X
FALSE = T
L WTTVEE =
‘Poisson gjgi £Lx)l

als I3l 50 STRUE il . 0312 Poisson Jlozs| Il o0 taubkin 40,8 Cumulative
FALSE vl «aunsl il e Wloa> Poisson
- WITAWE = égeall gili

allul 8id Joz Oloalei

(X v fr | =L-poissoN.DIsT(1;1.83)
POISSONDIST
TRE = Cumulaty
- CTTATINY =

JPaisson i £l

als 0 TRUE pacecanl « oS! all Poisson Jlais! [l 0 ta,dkio doé Cumulative
\FALSE 150wl :4:03133 g SYLoa>A Poisson
L OVITENT = ageall il

Al 2idd Jor Oloulei
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Continuous Distributions

4 N

Notes

If X 15 continuous symmetric random variable (as Normal distribution and Student's t-
distribution), then

) P(X=zx)=1—-PX=x)and P(X =x)=1—P(X = x)
) PX=x)=1—-PX=s—x)andP(X=2x)=1—-P(X = —x)

o /

1. Exponential Distribution

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

What & the probability that a computer part lasts more than 7 vears”

Solution
Let X = the amount of time (in vears) a computer part lasts,
_ _1_ 1 _
p=lsom=+= 35 =01

PIX>T=1-P(X <T).
P(X > 7)=e ™7 = 0.4966. The probability that a computer part lasts more than 7 years is
(L4966,

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

X o fr | =LEXPON.DIST(7;1/10;1)
x

EXPON.DIST
vV = |7 X
<) = 5 o Lambda
TRUE = | 1 Cumulative
+ 0 VEVE1AT = .
o] il E Ll

8L &1y TRUE = a3l gujpsl] &3 tlpoley) pieww sl AL Aubbio 40,8 Cumulative
JFALSE = Jla=yl

< EloMaT+E = Gl 2l

p&H =] L8l allall aid gz Siloalei

-10-
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2. Normal Distribution

By Excel By Minitab
(using (f)) calc — probability distribution
P(X <25)
=P(X < 25)
at A1 - # =NORMDIST(25,20,3,TRUE)
A B c D E
u=20 1 [005221
and
g=3
fx(25)
at A1 - # =NORMDIST(25,20,3 FALSE)
O IS - e ———
and .
=3
P(X < xy)
=P(X < xp)
=.55 Xo
Al - =NORMINV(0.55,20,3
at % A B s e
# = 20 1 2037698}
and
g =
P(Z <1.78)
=P(Z < 1.78)
at Al - A =NORMSDIST(1.78)
A B Cc D
=0
and -
=1
P(Z < z,)
=.55 M - & -NORMSNV(055)
at o — —
,U = /"'
and #
=1

-11 -
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3. Student’s t Distribution

/ Notes in Excel

1) =T.DIST(, v 0)
2) =T.DIST(, v 1)

5) =T.INV(p, 9

K 6) =T.INV2T(p,y

o fr,(®)
oP(T,<t)

3) =T.DIST.RT(, ) © P(T, > 1t)

4) =T.DIST2T(t, ) |< 2P(T,=>1t)

oP(T,<t)=p

©2P(T, =ty) =p

/

Find: (@)ty g0 When v =14
(b)tyo when v =10

(€)tgo0s When v =7

By Excel By Minitab
(using (£)) calc — probability distribution
| =T.INV(.025;14) I
TNV
o - probabity
@) s - Des_recdom
TIEVATI- =
P(T14 S t) sl Byl oS5 Ul t R puSe Byl
= 0.025 <esjodll 5203 ol ] Slrp> 315 ()l pedis Lrgo s sic Deg_freedom
FENATIA- = Gsaall 2
v
TNV
- - prosaiy
(b) o — T
Y VIViason- =
P(TIO < t) <2tV Byl (55 LUl b ijas GuSs Bl
— 0 01 L 2jeall jund el @yl Sl 315 )] s Lo Aues sac Deg_freedom
YNV = aseall g6l
N
| =T.INV({0.995;7) |
TNV
o« EEloms | prosabiey
(c) v- Deg_fecdom
TEAREATTY =
P(T7 < t) el Bl 55 linl] t 27 e Bl
= 0.995 2ajasll s el Al Ol 3ag sl e Les puro sae Deg_freedom
¥ ERQEATY = ameall 20l
.

-12 -
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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

o P(Ty3 < k) — P(Ty3 < —1.7139) = 0.9
& P(Ty3 < k) = 0.9 + P(Ty; < —1.7139)
o P(Ty; < k) = 0.949997

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

fr =T.DIST(-1.7139;23;1)

T.DIST
w - bes freedom
e - —

+,+EQQQVYTES =
Pl bl S5 Ul £ arjes £l

b 2wl < nnS 13l el &l ol o0 taudhin Asud Cumulative
JFALSE paserawl allos>Vl

< <E9AVTEE = el 20l

| =T.INV/(.949997;23) |

T.INV
.,q599QY = ,949997 | Probability
W o= 23 | Deg_freedom

1 VITATATIS =
a1 ayhall (S5 il e uSie Bl

Dlorys 3ag (o] s Lo puses 3 Deg_freedom

1 VITATEIE = sl 206

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

-13-
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(b)

P(k < Ty; < 2.807) = 0.95

& P(Ty3 < 2.807) — P(Ty; < k) = 0.95
o P(Ty; < k) = (Tyz < 2.807) — 0.95
o P(To3 < k) = 0.044996

By Excel By Minitab
(using (fx)) calc — probability distribution
| =1.DIST(2.807;23;1) |
T.DIST
) T —
beg_estom
TRUE = . 1 ©

-, 20599 =
o0l el 55 el £ i E Ll

B gajgall pasdi 315001 Anodll d0udll X

+, 98299V = axpall 2ili

v | =T.INV(D1;23)

Ty
-, £59TN T = | Probability

W o= | Deg_freedom
1, VI98TOV - =

¥l k) S5 Ul t g e Bl

D5 ol Spoell Solorps 300 gd] ey oo puces 3ac Deg_freedom

1,VHA90TOVT = Gkl 20l

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

-14 -




328 stat

(©)

e 2P(Tys < k) — 1 = 0.9
so, =T.inv(0.9523) = 1.71387

(iD)P(Ty3 < k) — P(Tyy < —k) = .9

&1 — P(Ty3 > k) — P(Tp3 < —k) = 0.9

e 1= P(Ty3 > k) — {1 — P(Ty > —k)} = 0.9

e 1 — P(Ty3 > k) — {1 — [1 — P(Ty3 > k)]} = 0.9
1 —P(Tyy > k) — {1 —1+P(Ty3 > k)} = 0.9
1 — P(Ty3 > k) — P(Tp3 > k) =09

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 (f)) calc — probability distribution

_)‘_'r =T.INV(.95;23)

TNV
“80 = a5 | Probability
wo= 23 | Deg_freedom

1LVITAVISYA =
sl el S5 Il g e Bl

Gt 88 bkl ol wallnll t gejes Gyednl]l Jles>Yl Probability

LVITAVIORA = sl 2l

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

T.INV.ZT
| Probability
23 | Deg_fi

)=

i i

o=

I VITAWIeTA =
dylall sl sl t gigs uSe Bl

Ayl il sac  pl] du worgo putes 3o Deg_freedom

VVITAVIGYA = aspall 2ol
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4. Chi-Square Distribution

/ Notes in Excel \

1) = CHISQ.DIST(x,v,0) & f, (0

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

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

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

o

By using chi- square distribution ,Find:

Xé99s when v =19

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

Jr  =CHISQINV(.995;19)

CHISQ.INV
e = [ 9% | Probability
W = [ 1 | Deg_freedom
Pt <x) ThofTioio =
=0.995 a1 S i) oVl Byl 53 UV e Bl

ol oM e 1 8y Bl Ol 3ac Deg_freedom

ThoA o100 = dzwall 2li

-16 -
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5. F Distribution

/ Notes in Excel \

1) = F.DIST(f, vy, v5,0) o Jryw, ()

2) =F.DIST(f, vy, v3,1) PR, =f)

3) =F.DIST.RT(f,vy,v2,1) ©P(F, . =f)

4) =F.INV(p,vy,v;) PR =fo)=p
) =F.INV.RT(p, vy, v5) P .2f)=p

o

From the tables of F- distribution .Find:

F0.99 5,15,22

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

Jr | =FINV(995:15;22)

F.IN
\ 8% = 995 | Probability
e = [ s | Deg_freedom1
P(Fy5,2,<1) w - [ | Deg_freedom2
=0.995 T VAL =

eees) = X 08 D = FDIST(X,...) 015 13] (ol CBylall 1 83) F Uizl gujgi pusic Bl

Ll 19198 |y pd) gl Clzgs plin Deg_freedom?2

T Y0900 = azeall s

-17 -
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HYPOTHESIS TESTING STATISTICS AND CONFIDENCES INTERVAL

equal variance and
unequal variance

By Excel
(using (Data By Minitab
Analysis))
Z test one sample for v
i X
mefan with known stat — basic statistics
variance
T test one sample for v
mean with unknown x . -
. stat — basic statistics
variance
T test two samples for
means assuming v v

stat — basic statistics

T test parried two v v
samples for means stat — basic statistics
One-way ANOVA v

i stat — ANOVA — one way — response data are in cne column
(Smgle Factor v ‘for all factor levels.
ANOVA) response data are in| a separate

column for each factor level.

Linear regression

v

v Stat — regression — regression — fit regression model
Independent test v
Stzt — tables — chi-square test for association
— summarized data in 2 two-way table
X

cross tabulation and chi-square

— raw data (categorical variables)
+
See Appendix -2-

G/alue

Notes

~

(1) Hy: 0 # 6, » p — valuey,, il = 2P (distribution oftest statistical > |test statistical|)

(2) Hy:0 > 0y = p — valuegne vail () = P(distribution oftest statistical > test statistical)

(3) Hy: 8 < 0y — p — valuegne rail (<) = P(distribution oftest statistical < test statistical)

In the programs (Excel and Spss for symmetric distribution), how to find p-value for the one tail from p-value for

two tail?

p — value one tail
p —value

test statistical > 0

Then we have p — valuegne tail ()
and p — valuegpe tail «=1p - valuegne tail >

2 test statistical < 0

two tail

Then we have p — valuegne tail (<)
and p — valuegpe tail >=1p - valuegne tail <) /

-18 -
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1)

For a sample of 10 fruits from thirteen-year-old acidless orange trees, the fruit shape
(determined as adiameter divided by height ) wae measured [ Shaheen and Hamouda (1984b)]:
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.

(T test one sample for mean with unknown variance By Minitab)

One-Sample t for the Mean

€1 Q1 IOne or more samples, each in a column | Confidence level: I 90
+ c
o1 Q1 Alternative hypothesis: Mean + hypothesized mean Vl

1.066
1084 Help | oK | Cancel |
1.076

1.051
[~ Perform hypothesis test
1.059

Hypothesized mean: I
1.020

1.035
Select Optiops... |
1.052

1.046

0.976 Help | oK | Cancel |

One-Sample T: Q1

Graphs. .. |

Variable N Mean StDev SE Mean 808 CI
Q1 10 1.04850 0.03103 0.00%81 (1.02851; 1.06449)

-19-
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2)

B [In a sample of 185 people in the Western Region who had a
particular bacterial infection. the mean egg count ( per gram of stool ) was 141 [Ghandour et. al.

(1991)]. Assume that egg counts of such people are normally distributed with a variance of
3025.]

Find and interpret a 90% confidence interval for the average egg count.
*E In a sample of 185 people in the Western Region who had a particular bacterial
infection, the mean egg count ( per gram of stool ) was 141. Assume that egg counts of such

people are normally distributed with a variance of 3025. Can we conclude that the true mean egg
count is different from 130. . Use ¢=0.10.

(Z test one sample for mean with known variance By Minitab)

= One-Sample Z for the Mean
ISummarized data j
5 ize: 185

One-Sample Z Sample size [
Sample mean: 141

Tesat of p = 130 w3 # 130

The assumed standard deviation = 55

Known standard deviation: I 55

" Mean SE Mean 90% CI Z i3
185 141.00 4,04 (134.35; 147.85) 2.72 0.007 ¥ perform hypothesis test
Hypothesized mean: I 130
Options. .. | Graphs. .. |
Confidence level: I o i
Alternative hypothesis: IMean + hypothesized mean LI - Help | oK | Cancel | L

Help | oK | Cancel |

-20-
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3)

The phosphorus content was measured for independent samples of skim and whole
Whole:94.95 9515 94.85 94.55 94.55 93.40 95.05 94.35 94.70 94.90
Skim: 9125 91.80 9150 91.65 9L15 90.25 91.90 91.25 91.65 91.00

Assuming normal populations with equal variances

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

(T test two samples for means assuming equal variance By Minitab)

Two-Sample t for the Mean

G C4 ci Qi IEach sample is in its own column j
skim whole gi Slﬂhml
whole + [ ski
91.25 94.95 capii| Sm
Difference = (sample 1 mean) - (sample 2 mean)
41.80 95.15 Sample 2: | whole
9150 94.85 Confidence level: I 99
91.65 94,55 Hypothesized difference: I0.0
91.15 94.55
Alternative hypothesis: IDiH’erenoe < hypothesized difference LI
90.25 93.40
91.90 95.05 Select | Options... | Graphs... |
91.25 94,35

91.65 94.70
Help | oK | Cancel |
91.00 94,50

Two-Sample T-Test and CI: skim; whole
Two-sample T for skim va whole
ol Mean StDev SE Mean

skim 10 91.340 0.483 0.15
whole 10 94.645 0.503 0.16

bifferenr:.e =nu (skim) - p (whole)

Eatimate for difference: -3.305
99% upper bound for difference: -2.742
T-Test of difference = 0 (w3 <): T-Value = -14.99 P-Value = 0.000 DF = 18

Both use Pooled StDew = 0.43931

-21-
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Difference = (sample 1 mean) - (sample 2 mean)

Confidence level: 59

Hypothesized difference: I 0.0

Alternative hypothesis: IDiFFerence + hypothesized difference ;I

v Assume equal variances

Help |

Two-Sample T-Test and Cl: skim; whole

Two-sample T for skim vws whole

2l Mean StDev 5E Mean
skim 10 91.340 0.483 a.15
whole 10 94.645 0.503 0.1&
Difference = u {(3kim) - u (whole)
Estimate for difference: -3.3035
99% CI for difference: {(—3.940; -2.870)
T-Test of difference = 0 (w3 #): T-Walue = -14.9% P-Value = 0.000 DF = 18

Both use Pooled StDev = 0.4931

Or

c6 C7-T

Two-Sample t for the Mean

- c1T Q1 Both samples are in one column hd
91.25  skim c3  okim I _I

91.80 | skim Eg whole Samples: I Ch
91.50 | skim c7
- Sample IDs: I c7

91.65 | skim
91.15  skim
80.25 skim
91.90  skim
91.25  skim
91.65  skim &I Options. . Graphs...
31.00  skim
94,95 whole
8515 whole
94.85 whole

94,55 |whole
294,55 whole Confidence level: £

93.40 whole Hypothesized difference: I0.0
95.05 whole
94.35 whole

Help

Difference = (sample 1 mean) - (sample 2 mean)

Alternative hypothesis: IDifFerenoe < hypothesized difference ;I

94,70 | whole ¥ Assume equal variances

Help |

whole

-22 -
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Two-Sample T-Test and Cl: C6; C7

Two—sample T for Ca

c7 i Mean StDewv SE Mean

skim 10 91.340 0.483 0.15

whole 10 94.645 0.503 0.18

bifferenr:.e = u (skim) - p (whole)

Estimate for difference: —-3.305

93% upper bound for difference: —2.742

T-Test of difference = 0 (vs <): T-Value = -14.89% P-VWalue = 0.000 DF = 18

Both use Pooled StDewv = 0.4931

Difference = (sample 1 mean) - (sample 2 mean)

Confidence level: 99

—
 —

Hypothesized difference: | 0.0

L= g T =R Difference £ hypothesized difference

¥ Assume equal variances

Help |

Two-Sample T-Test and Cl: C6; C7

Two—-sample T for Cé

c7 N Mean StDewv SE Mean

skim 10 91.340 0.483 0.15

whole 10 94.845 0.503 0.16

bifferenc‘.e = u (skim) - p (whocle)

Estimate for difference: —-3.305

99% CI for difference: {(—-3.940; -2.4670)

T-Test of difference = 0 (w3 #£): T-Value = -14.9% P-Value = 0.000 DF = 138

Both use Pooled StDewv = 0.4931

(T test two samples for means assuming equal variance By Excel)

H G F E D C B A
whole skim 1
9495 9125 2
Analysis Tools 9515 918 2
Histog
Moving ::verra?_:jne-l 94.85 91.5 4
Random Number Generation 94 55 9165 5
Rank and Percentile g4 55 9115/ &
Regression ° z
Sampling 934 9025 7
t-Test: Paired Two Sample for Means 9505 919 8
t-Test: Two-Sample Assuming Equal Variances
t-Test: Twoampl Assuneal Vaas 94.35 9125 9
z-Test: Two Sample for Means 04.7 91685 10
949 9"
12
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© sastisAsts
€| s@suspst

Input
:Variable 1 Range

:Variable 2 Range

:Hypothesized Mean Difference
Labels
:Alpha
Output options

:Qutput Range ()
:Mew Worksheet Ply ()
New Workbook (®)

0.01

-24-

t-Test: Two-Sample Assuming Equal Variances

Skim wiole
Mean 91.34 94.645
Variance 0.233222 0.253028
Observations 10 10
Pooled Variance 0243125
Hypothesized Mean Difference 1]
df 18
t Stat -14 9879
P({T==t) one-tail 6.53E-12
t Critical one-tail 2565238
P{T==t) two-tail 1.31E-1
t Critical two-tail 2.87844
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4)

In an experiment comparing 2 feeding methods for caves. eight pairs of twins were used —

one twin receiving Method A and other twin receiving Method B. At the end of a given time, the
calves were slaughtered and cooked. and the meat was rated for its taste ( with a higher number

indicating a better taste):

Twin pair Method A Method B
1 27 23

2 37 238

3 31 30

4 38 32

5 29 27

§) 35 29

7 41 36

8 37 31

Assuming approximate normality, test if the average taste score for calves fed by Method B is
less than the average taste foe calves fed by Method A. Use 0=0.05.

(T test parried two samples for means By Minitab)

Paired t for the Mean

Worksheet 1 ###%
(@] co C10
Method A | Method B
27 23
37 28
31 30
38 32
29 27
35 29
41 36
37 31

C1
C3
C4
(ol
Cs
Ci0

Q1
skim
whole

Method A
Method B

Difference = mean of (sample 1 - sample 2)

Confidence level: 95.0

Hypothesized difference: I 0.0

L= =Tt el = Difference < hypothesized difference

Help |

Select

IEach sample is in a column vI

Sample 1: I'Meﬂmd B'
Sample 2: I ‘Method A’

Options... | Graphs... |

[8]4 | Cancel |
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Paired T-Test and Cl: Method B; Method A

Paired T for Method B - Method A

1o Mean StDev SE Mean
Method B g 29.50 3.82 1.35
Method R g 34.38 4,87 1.72
Difference & —-4.875 2.532 0.895

IQE% upper bound for mean difference: -3.17%
T-Test of mean difference = 0 (wva < 0): T-Walue = -5.45 P-Value = 0.000

(T test parried two samples for means By Excel)

Method B Method A

_ 23 27
Analysis Tools 78 97
Exponential Smoothing 10 91
F-Test Two-5ample for Variances
Fourier Analysis 32 38
Histogram 27 29
Moving Average
Random Mumber Generation 29 35
Rank and Percentile 5 41
Regression
Sampling 31 37
t-Test: Paired Two Sample for Means

Input t-Test: Paired Two Sample for Means
EFELEFE | :Variable 1Range
LES1:8EL0 | “Variable 2 Range Method B _Method A
Mean 2945 34 375
o] :Hypothesized Mean Difference | Variance 1457143 2369643
Labels Observations 8 8
Pearson Correlation 0.857204
+Apha Hypothesized Mean Difference 0
Output options df 7
|E | :Output Range () t Stat -5 44586
| | :New Worksheet ply () P(T _‘:_:t} on&tai_l 0.00048
t Critical one-tail 1.894579
Nen Workbook ® | | o7 —t) twio-tail 0.00096
t Critical two-tail 2.364624
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5)

Two independent samples of dates were taken-one from dates in the Khalal stage
and one from dates at the Tamr stage. The calcium (in mg/100g) was measured [Sawaya
(1986)]:
Khalal:30,57,29,23,55,50,49,74,101,97,79,158,112,107,93,63,70,90,98,48,75,64,71,72,146,37,
82,19,115,36,34,27,38,42,18,21,75,37,80,72,73.198,107,107,35,56,25,35,26,40,75,109,27,101
Tamr:g4,25,21,18,28,14,19,20,44,18,24,47,19,52,31,38,41,39,35,16,47,26,26,30,81,18,42,9,49,2

3,27,14,15,17,10,16,18,14,13,32,42,55,42,27,30,17,24,14,20,17,48,20, 76
Assuming normal populations with unequal variances (¢=0.05)

a) Test whether the average calcium of dates at the khalal stage is more than this average
for Tamar stage dates

b) Find the confidence interval for the difference in the average calcium of dates at the two
stage

-27 -
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(T test two samples for means assuming unequal variance By Minitab)

Khalal Tamr
1 30 14
2 57 23
3 29 21
4 23 18
3 55 28
] S0 14
T 49 149
8 T4 20
9 101 44
10 o7 18
1 79 24
12 158 47
12 112 14
14 107 52
15 93 31
16 63 38
17 70 41
18 oo 39
19 95 35
20 45 16
21 75 47
22 64 26
23 FA 26
24 72 30

25 146 81
26 37 18
27 | 82 42

28 19 9
29 115 49
30 36 23
31 34 27
32 27 14
33 | 38 15
34 42 17
35 18 10
36 | 21 16
37 | 75 18
38 37 14
39 80 13
a0 | 72 32
e 73 42
2 198 55
43 | 107 42

44 107 27
45 35 30
46 56 17
47 | 25 24
s 35 14

49 26 20
50 | 40 17
51 | 75 48
‘52 | 109 20
53 | 27 76
54 | 101
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Two-Sample t for the Mean

Cl Q1 IEach sample iz in itz own column LI

C3  skim

C4  whole Sample 1: I Kkhalal Difference = (sample 1 mean) - (sample 2 mean)
ca -

C2 Method A . I

€10 Methed B Sample 2: ITamr Confidence level: 95

C12  Khalal

C13 Taﬁnra Hypothesized difference: I 0.0

| Alternative hypothesis:  [Difference < hypothesized difference |

Select | Options. .. | Graphs... |
Help | oK | Cancel |

Two-Sample T-Test and CI: Khalal; Tamr

Two-sample T for Ehalal ve Tamr

N Mean StDev 3SE Mean
Ehalal 54 &7.7 38.0 5.2
Tamr 53 28.7 15.7 2.2

Difference = p (Khalal) - p (Tamr)

Estimate for difference: 39.02

|95% upper bound for difference: 48.36

T-Test of difference = 0 (vs <): T-Value = 6.97 P-Value = 1.000 DF = 70

Two-Sample t for the Mean

IEach sample is in its own column j

Sample 1: IKhaIaI
Sample 2: ITamr

Difference = (sample 1 mean) - (sample 2 mean)
Confidence level: 35

l—
Hypathesized difference: I 0.0

LU= B LIV Yk Sl Difference # hypothesized difference

[ Assume equal variances

Help |

Select | Options. .. | Graphs... |
Help | oK | Cancel |

Two-Sample T-Test and Cl: Khalal; Tamr
Two-sample T for Khalal vs Tamr

H Mean 3tDev 3E Mean
Ehalal 54 £7.7 38.0 5.2
Tamr 53 28.7 15.7 2.2

Difference = u (EKhalal) - u (Tamr)

Eatimate for difference: 39.02

IBE% CI for difference: ([27.85; 50.20)

T-Teat of difference = 0 (v3s #): T-Value = §.97 P-Value = 0.000 DF = 70

-29-




328 stat

(T test two samples for means assuming unequal variance By Excel)

J |
Tamr Khalal
14 30
Analysis Tools 25 57
Histogram M 29
Maving Average
Random Mumber Generation 18 23
Rank and Percentile 28 55
R -
Samping 14 50
t-Test: Paired Two Sample for Means 19 49
t-Test: Two-Sample Assuming Equal Variances
t-Test: Two-Sample Assuming Unequal Variances 20 74
z-Test: Two Sample for Means 44 101
18 ar
24 79
47 158
19 112
52 107
3 a3
38 63
41 70
39 a0
35 a8
16 48
47 75
"\ R4

JER A O S S O O S gy
mmﬂmmbmm_‘ammwmmbmm—t

20
| 21
22

29

Input

| t-Test: Two-Sample Assuming Unequal Variances

S181:41855

| Variable 1Range

Khalal Tamr

|| s051: 62854

o]

Mean
Variance

Variable 2 Range

:Hypothesized Mean Difference
Labels

df

t Stat

son

Output options

=

:Qutput Range O

:MNew Worksheet Ply ()

New Workbook (@)

Observations
Hypothesized Mean Difference

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

67.74074074 28.71698
1443.139064 247.2837
54 53
0
71
6965139095
6.80179E-10
1.666599658
1.36036E-09
1.993043368
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6)

Formation of vitamin D depends on exposure to ultraviolet radiation in sunlight. A
sample of Saudis was classified by the type of residence and the level of vitamin D
[Sedrani et al. (1992)]:

Vitamin D Level

Residence type Irls:fnﬁgc/i:ﬁt 5-1:2‘gAllml f?é‘fifglzr:l Total
Tent 6 31 97 134
Mud house 16 73 349 438
Flat 45 174 652 87

Villa 64 323 1061 1448
Brick house 51 250 886 187
Total 182 851 3045 4078

Test whether the Vitamin D level of Saudis is related to the type of residence. Use a level
of significance of 0.0s.

(Independent test By Minitab)

Cl Qi Summarized data in a two-way table ;I
C3  skim
C16 17 C18 Eg whole Columns containing the table:
Ca  Method A Cl5Circis
C10 Method B
& 31 57 €12  Khalal

C13 Tamr

16 73 349 e

45 174 652 Cci7 Labels for the table (optional)

b4 323 1061 ci8 Rows: I (column with row labels)

o1 230 880 Columns: I (name for column category)

Options... |
Help | oK | Cancel |

-31-




328 stat

Chi-Square Test for Association: Worksheet rows; Worksheet columns

Rowa:

211

Cla

la
19.5

45
38.9

a4
ad.a

51
53.0

182

Worksheet rows

C17

31
28.0

73
91.4

174
18l1.8

323
302.2

250
247.7

851

Cell Contents:

Pearson Chi-Square = 9.461; DF = &;

Columns: Worksheet columns
Ccls A1l
a7 134
100.1
349 438
327.1
652 71
650.4
1061 1448
1081.2
gge 1187
B886.3
3045 4078
Count

Expected count

P-Value = 0.305

Likelihood Ratic Chi-Sgquare = 9.668; DF = &; P-Value = 0.289
Or
c20 c21 c22 c23 | caa | s [ e [ cr [ c8 [ 9 [ co (= a2 33 c3a c35 [
Cross Tabulation and Chi-Square
G 1 1
c1 Q1 |Raw data (categorical varizbles) |
16 2 1 C3  skim
45 3 1 Eg whale Rows: | c21
Ca  Method A
64 4 ! C10  Method B Columns: | C22
51 3 1 C12  Khalal
C13  Tamr Layers: I
3 1 2| s
C17 - -
73 2 2 Freguencies: | C20 {optional)
cis ¥ Chisquare test
174 3 2 C20
C21
323 4 2 c22 Statistics to display in each cell
250 5 2 [¥ Expected cell counts}
97 1 E Display [ Raw residuals
349 2 3
¥ counts ™ standardized residuals
652 3 3 R ts
W Rppre=: [~ Adjusted residuals
1061 4 3 ™ Column percents
286 5 3 [~ Total percents [ Each cell’s contribution to chi-square
Select | Chi-Square. .. Other Stats... | Options... | Help oK Cancel
Help oK | Cancel |
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Tabulated Statistics: C21: C22

Using frequencies in C20

Rows: C21 Colurms: C22

1 [ 31 97 134
§.0 28.0 100.1

2 16 73 348 438
19.5 91.4 327.1

3 45 174 652 871
3g.9 18l.8 6850.4

4 a4 323 10681 1448
e4.8 302.2 1081.2

5 51 250 g8e 1187
53.0 247.7 B286.3

Rl1l 182 B51 3045 4078
Cell Contents: Count

Expected count

Pearson Chi-Square = 9.461; DF = 8; P-Value = 0.305
Likelihood Ratic Chi-Square = 9.668; DF = B; P-Value

-33-
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7)

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

Observation Program | Program2 Program 3 Program 4
1 9 10 12 9
2 12 & 14 8
3 14 9 11 11
4 11 9 13 7
5 13 10 11 8

(One-way ANOVA by Minitab)

25 C26 27 c28 Ei 3«1‘1m Response data are in a separate column for each factor level ;I
C4  whole
ce Responses:
9 1o 12 9 W [cs  Method A £25C26 C27C28

C10 Method B

12 & 14 8 Wlci2 khalal

14 9 1 1 C13  Tamr
Lo [

1 9 13 7 Cci7
C13

13 10 1 8 a0
c21
c22
C25
C26
c27
C23

Cptions... Graphs...
Results... | Storage... |
| — — T
Naorksheet: Worksheet 1 Help oK | Cancel
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W Assume equal variances

Confidence level:

Help |

Error rate for comparisnns:l E

Comparison procedures assuming equal variances
[V Tukey

™ Eisher
[ Dunnett

I a5 (for table of means and interval plot)
Type of confidence interval: -

Control group level: ICZS

[ HsuMCB

Best: ILargest mean is best

Results
V¥ Interval plot for differences of means

[¥ Grouping information
il Tests

Help | oK

Tukey Simultaneous 95% Cls

One-way ANOVA: C25; C26; C27; C28

Method

Hull hypothesis

Rll means are egqual

Llternative hypothesis At least cne mean is different

Significance level o = 0.03

Equal variances were a3sumed for the analysis.

h:‘ar:.tnr Information

Factor Levels Values
Factor 4 C25; C2a; €27; C28

knalysis of Variance
Source DF Adj 55 &dj MS F-Value
Factor 3 54.95 18.317 7.04

Error 14 41.80 2.600
Total 13 96.55

Tukey Simultaneous 95% Cls

Tukey Simultaneous 95% Cls
Difference of Means for C25: C26; ...

€26 - €25 f

C2aT - 25+ }

€28 - €25+ I +

C2T - (26

€28 - (26 I

L ]

€28 - 27 I

»

T
-1.5 -5.0 -2.5

25 5.0

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

P-Value
0.003
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Or
+ c30 3 c32 C33 C34 | C35 C36 c37 C38 | C39
1 9 1
2 12 1 Qk.il IF‘.esponse data are in one column for all factor levels
skim
3 14 1 whaole
Response: I C30
4 11 1
Method A Factor: Cci
5 13 1 Method B
I3 10 2 Khalal
Tamr
T 2
8 2
9 2
10 10 2
1 12 3 Ca5
12 14 3 28 Comparisons. .. | Graphs...
13 1 3
14 13 3 Select | Storage... |
15 1 3
16 g 4 Help |
17 8 4
18 1 4
19 7 4
20 8 4

v Assume equal variances

Confidence level:

Type of confidence interval: v

Help |

I 35 (for table of means and interval plot)

Cancel

Error rate for mmparisnns:l E

Comparison procedures assuming equal variances
[V Tukey

™ Eisher
[ Dunnett

Control group level: IC?_S

[~ HsuMCB

Best: ILargest mean is best

Results
V¥ Interval plot for differences of means

[¥ Grouping information
il Tests

Help |
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One-way ANOVA: C30 versus C31

’ Iu@glmultaneomgﬂa!s E=n -EI-B
Method .
Tukey Simultaneous 95% Cls
i Differences of Means for C30
Null hypothesis All means are equal .
BLlternative hypothe3is At least one mean 13 different 2.1- . ;i
Significance level o= 0.05 |
3.1 ' —& y
Equal wariances were assumed for the znalysis. i
4.1 = {1
1
i
Factor Information 3.2 E I . |
Factor Lewvels Values 4.2 ' ‘i |
cat 1012 34 !
4.3 | o i
75 50 25 0.0 25 50

Bknalysis of Variance

Source DF Adj 35 Adj M3 F-Value P-Value
c31 3 54,95 18.317 7.04 0.003
Error 16 41.60 2.600

Total 19 96.55

Tukey Simultaneous 95% Cls

(One-way ANOVA by Excel)

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

Analysis Tools ]

11
Anova: Two-Factor With Replication
Anova: Two-Factor Without Replication 7
Correlation 4]
Covariance
Descriptive Statistics
Exponential Smoothing
F-Test Two-Sample for Variances
Fourier Analysis
Histogram

Input

smszpssl ‘Input Range

Columns (@) :Grouped By

rloalsi Rows ()
Labels in first row [

pha

Output options

FRz :0utput Range Gl
:Mew Worksheet Bly ()
Mew Workbook (@)
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12
14
11
13
11

4] 12
9 14
9 1
10 13

|
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Anova: Single Factor

SUMMARY
Groups Count Sum Average Vanance

Column 1 5 59 11.8 37

Column 2 5 44 88 27

Column 3 5 61 12.2 1.7

Column 4 5 43 8.6 2.3
I

ANOVA

Source of Vanation 58 ar MS F FP-value F et
Between Groups 5495 3 18.31667 7.044872 0.003113 3.238872
Within Groups 416 16 26

Total 06.55 19
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8)

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 -+ 2 5 -+ 5 1 2
) 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.

(Linear regression by Minitab)

&=
+ C34 C35 C1 Q1 Responses;
C3  skim
Ld y C4  whole v
1 7] 125 ca
6 115 C9  Method A
2 Eﬁ E]ETTdB Continuous predictors:
6 130 2 P
3 C13  Tamr )([
4 4 160 Cls
c17
5 2 219 C1a
c20
] 3 130 71
7 4 190 E%g Categorical predictors:
8 3 163 C26
c27
L] 1 260 28
C30
10 2 260 oy
n C34 x
- €35y
< Model. .. Cptions. .. | Coding... | Stepwize... |
ERl | 73 |1 Graphs... | Results. .. | Storage... |
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Regression Analysis: y versus x

Model Summary

5 B-3g R-sg(adj) ER-sgipred)

14,2465 93.68% 92.69% 90.16%
Coefficients

Term Coef SE Coef T-Value P-Value
Constant 291.6 11.4 25.51 0.000
X -27.590 2.54 -10.89 0.000

Begression Equaticn

¥y = 291.6 - 27.90 x

(Linear regression by Excel)

VIF

1.00

Analysis Toals

Exponential Smoothing
F-Test Two-Sample for Variances

Fourier Analysis
Histogram
Moving Average

Random Mumber Generation
Rank and Percentile

Regression

Sampling

t-Test: Paired Two Sample for Means

8 gssugssnll |
& msteRsil |

Constantis Zero [

%[os |

Residual Plots [

| | :Mew Worksheet Ply ()

Line Fit Plots [ Standardized Residuals [

Normal Probability Plots [

Input
JInput Y Range

JInput ¥ Range

Labelz
:Confidence Level [

QOutput options

:Qutput Range D

Mew Workboak (@)
Residuals
Residuals [_|

Mormal Probability

-40-

125
15
130
160
219
150
190
163
260
260
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SUMMARY QUTPUT

Regression Statistics

Multiple R 0.967871585
R Square 0.936775406
Adjusted R Square 0928872332
Standard Error 14.24652913

Observations 10
ANOVA
ar 55 MS F Significance F

Regression 1 24057.89126 24057.89 118533 4.48427E-06
Residual 8 1623.708738 202.9636
Total 9 25681.6

Coefficients  Standard Error tStat | FPvalve  lower 35%  Upper85%  Lower 85.0% Upper 85.0%
Intercept 2916019417 11.43289905 2550551 5.98E-09 265.2376293 317.9662542 265.2376293 317.9662542
X -27.90291262 2562889198 -10.8873 448E-06 -33.81204571 -21.99287953  -33.81294571  -21.99287953
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Q1)

For a sample of 10 fruits from thirteen-year-old acidless orange tress, the fruit shape
(determined as adiameter divided by height ) wae measured [ Shaheen and Hamouda (1984b)]:
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.

Q2)

The phosphorus content was measured for independent samples of skim and whole
Whole:94.95 9515 94.85 94.55 9455 9340 95.05 9435 94.70 94.90
Skim: 9125 .80 9150 91.65 QLIS 90.25 91.90 9125 9165 910D

Assuming normal populations with equal variances

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

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

Q3)

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 Mo Pass Row Totals
Males 12 3 15
Females 13 2 15
Column Totals | 25 5 30

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 Program | Program 2 Program 3 Program 4
| 9 10 12 9
2 12 6 14 8
3 14 9 11 11
4 11 9 13 T
5 13 10 11 8
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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 -+ 2 5 + 5 1 2

¥ 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.
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Q1) to use the T- test, we need to make sure that the population follows a normal

distribution | i -

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.

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

1) The first method:

"@ “Untitled1 [DataSet0] - IBM SPSS Statistics Data Editon s .

File  Edit

View  Data

Transform

Analyze

Direct Marketing

Graphs

Utilities  Add-ons

Window

Help

SHE e

10 : FruitShape 976

oo = || ;| w|n =

allallall==alf=
| &||m)|=]a|e

16
17
18
19
20
21
22
23

FruitShape

1.07
1.08
1.08
1.0
1.06
1.02
1.04
1.05
1.05

98

var

Reports
Descriptive Statistics
Tables
Compare Means
General Linear Model
Generalized Linear Models
Mixed Models
Correlate
Regression
Loglinear
Meural Networks
Classify
Dimension Reduction
Scale
Monparametric Tests
Forecasting
Survival
Multiple Response
Missing Value Analysis...
Multiple Imputation
Complex Samples
% Simulation...
Quality Control
ROC Curve

* ¥ ¥ ¥F ¥F F¥F OF¥F OF¥F Y Y VY V¥ VWV F F¥ V¥V VYT

B % B

&, R

QMeans...

E One-Sample T Test...

Independent-Samples T Test
Paired-Samples T Test...

One-Way ANOVA...
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t-\ One-Sample T Test

TestVariable(s)

ﬁ FruitShape

Test Value: D

t-\ One-Sample T Test: Options
Options...

=

Wissing Values

(O Excude cases listwse

Boolsfrap... Confidence Interval Percentage: % |

@ Exclude £ases analysis by analysis

Continue

% T-Test
[DataSet]
One-Sample Statistics
Std. Error
M Mean | Std. Deviation Mean
FruitShape 10 | 1.0465 03103 00881
One-Sample Test
TestValue=10
0% Confidence Interval of the
Mean Diffarence
t df Sig. (Mailed) | Difference Lower Upper
FruitShape | 106.632 | 000 1 04650 1.0285 1.0645
\
f
C.I for the mean
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2) The second method:

*Untitled1 [DataSet0] - 18M SPSS Statistics Data Editor,

File  Edit View Data Transform  Analyze

Direct Marketing

Graphs  Utilittes  Add-ons

Wir

Reports

Descriptive Statistics
Tables

Compare Means

General Linear Model

Generalized Linear Models

Mixed Models
Correlate
Regression
Loglinear

Meural Networks
Classify

Dimension Reduction
Scale
MNonparametric Tests
Forecasting

Survival

Multiple Response

3] Missing Value Analysis. ..

Multiple Imputation

Complex Samples

% Simulation...

Quality Control

ROC Curve...

R
" | [ Frequencies...
" | [ Descriptives...
' A Explore...

' BH Crosstabs...
: TURF Analysis
N [Z] Ratio. .

P L.

y |EHa-0Plots...
N

N

N

N

N

N

N

N

N

N

FSH&® e
|28 : Fruitshape |
| FruitShape " var "
1 1.07
2 1.08
3 1.08
4 1.05
b 1.06
6 1.02
T 1.04
8 1.08
9 1.05
10 .98
1
12
13
14
15
16
17
18
19
20
21
22
23

@ Explore

Dependent List:

Statistics...

‘f’ FruitShape

It helps in the
calculation of the
confidence interval
and find the
statistical measures

Factor List

Bootstrap [ 4

!EEI%

Label Cases by:

Display
’7@: Both @ Statistics © Plots

-
@ %Iore: Statistics

~

[ Descriptives

Confidence Interval for Mean: % |

7] M-estimators
] Qutliers
] Percentiles

|Cunﬁnue| Cancel He_lg -

| OK I Paste Reset || Cancel He_l.g L
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Explore | Pg _|1_

'
Dependent List: @ - @Explure: Plots u

?:m1 Q & Fshape i rBoxplot rDescriptive

&4 grouping @ ® Factor levels together Stem-and-leaf
Factor List W © Dependents together | | [] Histogram
Q : © Mone

|| ¥ Normality plots with tests

Label Cases by: 2
Q -/{pread vs Level with Levene Test———————

Display ] @ None
Power estimati
{@ Both O Stafistics © Plots / IR

@ Transformed Power: [Natural log i |

m W M M M ||| | @Untransformed
—

Helps in the normality test

-48 -




328 stat

* Explore
Case Processing Summary
Cases
Yalid Missing Total
M Percent M Percent M Percent
FruitShape 10 50.0% 10 50.0% 20 100.0%
Descriptives
Statistic Std. Error
FruitShape  Mean 1.0465 009g1
80% Confidence Interval Lower Bound 1.0285
far Mean Upper Bound 10646 :|> C.I for the mean
5% Trimmed Mean 1.0483
Median 1.0515
Variance .0Mm
Std. Deviation 03103
Minimum 43
Maximum 1.08
Range 1
Interquartile Range 04
Skewness -1.313 6ar
Kurtosis 2276 1.334
Tests of Normality
Kolmogaorov-Smirnoy® Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
FruitShape 164 10 /2[][]‘ 807 10 2160

* This is a lower bound of the true signifitance.

a. Lilliefors Significance Correction

So, we except Hy: the population follows a normal distribution

As P —value > .1
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Q2) 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 ||| GGG
I -

Hy: the two populations follow a normal distribution
Vs
Hy:the two populations do 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.

*To make sure no more..............

Jata Editor

Analyze Direct Marketing Graphs L
» 5L =EEE M

“ariable grouping var
94.95 Whaole
9515 Whole
9485 Whole
94 55 Whole
9455 Whaole
93.40 Whole
9505 Whole
94.35 Whaole
94 70 Whole
9490 Whole
91.25 Skim
91.80 Skim
91.50 Skim
91.65 Skim
91.15 Skim
90.25 Skim
91.90 Skim
91.25 Skim
91.65 Skim
91.00 Skim
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atistics Data Editor e —

sform Analyze Direct Marketing Graphs

Utilities  Add-ons Winde

- - Reports

| Descriptive Statistics
Tables

10001 Compare Means

General Linear Model

Generalized Linear Models

Mixed Models

Correlate

Regression

Loglinear

Meural Networks

Classify

Dimension Reduction

Scale

Monparametric Tests

Forecasting

Survival

Multiple Response
Missing Value Analysis...

Multiple Imputation

Complex Samples

3

v ¥ vF v v v v v v v v v v v wvwT

Frequencies...
Descriptives...
B, Explore._.

[E5 @-Q Plots...

TURF Analysis
Ratio...

B simulation...
Quality Contral
ROC Curve...

It helps in the
calculation of the
confidence interval
and find statistical
measures for each
sample

@ Explore

Dependent List:

f FruitShape f Variable

& VARDOOD1

Factor List:

@4 Urouping

Label Cases by

Display
(@ Both © Statistics O Plots

| r@ Explore: Staii?? ﬂ ]

[ Descriptives

Confidence Interval for Mean: % P

[T M-estimators
[T Outiiers
[ Percentiles

(contrue | cancel || Help | :
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r Explore | x|

Dependent List: @ = Explore: Plots

& FritShape & Variable 1

&) VARD0001 Q rBoxplot Descriptive
@ © Factor levels together | | ] Stem-and-leaf
Factor List © Dependents togather [7] Histagram
@ & grouping W [ H

|| [ Normality plots with tests

Label Cases by 1
| | rSpreadvs Level with Levene Test
Display / © None
Power estimation
{@ Both © Statistics © Plots 1 e
© Transformed Power: [Natural log i

WWMMW || | © Untransformed

Helps in the normality test
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b Explore
grouping
Case Processing Summary
Cases
“Valid Missing Total
grouping I\l FPercent & Percent M Percent
Variahle  Skim 10 100.0% i} 0.0% 10 100.0%
Whaole 10 100.0% 1] 0.0% 10 100.0%
Descriptives
grauping Statistic Std. Error
Variable Skim Mean 91.3400 15272
99% Confidence Interval Lower Bound | 90.8437 C.I for the mean
for Mean Upper Bound | 91.8363 for the skim
5% Trimmed Mean G91.3604
Median 91.3750
Variance 233
Std. Deviation 48203
Minimum 90.25
Maximum 91.90
Range 1.65
Interquartile Range a7
Skewness -1.241 68T
Kurtosis 2.035 1.334
Whole  Mean 94.6450 15807
99% Confidence Interval Laower Bound 941281
for Mean Upper Bound 951618
5% Trimmed Mean 94.6861
Median 947750
‘ariance 263
i ~ R — e e T - S— =
Range 1.65
Interquartile Range ar
Skewness -1.241 .BGaT
Kurtosis 2035 1.334
wwhole  Mean 94.6450 15907
99% Confidence Interval Lower Bound 941281
e p—— for Mean UpperBound | as1s19 } C.I for the mean
activate 5% Trimmed Mean 94 BEG1
Median 94.7750 for the WhOIe
“ariance 253
Std. Deviation 50302
Minimum 93.40
Maximum a515
Range 1.75
Interquartile Ranage 47
Skewness -1.864 687
Kurtosis 4.241 1.334
Tests of Normality
Kolmogorov-Smirnow® Shapiro-Wilk
grauping Statistic df Sia. Statistic ar Sig.
Variable  Skirm 147 10 200" .02 10 232
whaole 225 10 163 223 10 A28

*. This is a lower bound of the true significance
a. Lilliefors Significance Correction

As P — value > .01 for both populations.

So, we except Hy: the two populations follow a normal distribution
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Now, the goal of the question:

a) Ho: Uwhote — Mskim =0 Vs Hi: Uwnote — Uskim > 0 at a =.01

and

b) 90% Confidence interval of pynote — Uskim

5 Data B O

Analyze  Direct Marketing

Graphs

Utilities ~ Add-ons

window

Help

Reports

|| Descriptive Statistics

Tables
Compare Means
General Linear Model
Generalized Linear Models
Mixed Models
Correlate
Regression
Loglinear
Meural Metworks
Classify
Dimension Reduction
Scale
Monparametric Tests
Forecasting
Survival
Multiple Response

Missing Value Analysis...
Multiple Imputation
Complex Samples

% Simulation...

Quality Control

ROC Curve..

3

> v ¥ ¥ W T W F¥F ¥ OF¥F F¥F OF¥F OF¥F V¥V W VU v

mMeans...

One-Way ANOVA.

One-Sample T Test...
Independent-Samples T Test
] Paired-Samples T Test..

@ Independent-Samples T Test

Test Variable(s):

g@ FruitShape
& VARDDOO

& Variable

Grouping Variable:
grouping(? ?)

Define Groups...

OK Faste | Reset || Cancel He_lg

-54-

p I
@ Define Groups

Group 1:
Group 2:




328 stat

g
Independent-Samples T Test

Lgtons. | |

TestVariable(s):
1| | ¢ Fritshape & Variable
& VARDD0O1
: v
Grouping Variable:

||grouping(‘WhoIe' "Skim’) | -

Define Groups...

L0k J pase || Reset | cance [ i | _

@ Independent-Samples T Test

3

Test Variable(s):

& Frutshape
& VARODOO1

& Variable

Grouplng Variable:
Y G

ESENEIEINTY

4
| @ Independent-Samples T Test: Options

=1

Confdence IntervalPercentage: (93 [t

rMissing Value
@ Exclude cases analysis by analysis
© Exclude cases listwise

(conne | cance || |

e ————
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This for test
s o2 _ 2 . A2 2
HO- Owhole = Oskim Vs Hl' Owhole s Oskim

As P —value > .01 .S0, we except H,. However, it is given in question.

# T.Test
Group Statistics
Std. Erar
grouping ! Mean | Std. Deviation Nean
Variable  Whole 10 | 94.6450 50302 15907
Skim 10 | §1.3400 48293 15212

Independent Samples Test
Levene's Test for Equality of
Variances testfor Equality of Means
55% Confidence Interval of the
Mzan Std. Error Dfference
F Sig. t if Sig. (tailed) | Difference Difference Lower Upper
Variable  Equalvariances /
assumed 009 624 | 14.988 18 /{100 330500 22051 267027 393073
Equal variances not
assumed 14.988 W 000 3.30500 22051 267014 / 3930985

/

0/2=0butast =14.988 >0 so P —value = P(T1g>t) =0
then we reject Hy: tynote — Uskim = 0.

99% C.I for Hwhote — HUskim
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03)

H,: the gender of the students is indep. of a Pass or No Pass test grade

Vs

H,:the gender of the students is not indep. of a Pass or No Pass test grade

Count PassOrMNot Gender war
1.00 1.00 1.00
2.00 1.00 1.00
3.00 1.00 1.00
400 1.00 1.00
5.00 1.00 1.00
5_00 1.00 1.00
¥.00 1.00 1.00
g.00 1.00 1.00
9S00 1.00 1.00

10.00 1.00 1.00
11.00 1.00 1.00
1200 1.00 1.00
1300 2.00 1.00
1400 2.00 1.00
1500 2.00 1.00
1600 1.00 2.00
17.00 1.00 2.00
15.00 1.00 2.00
1900 1.00 2.00
20.00 1.00 2.00
21_00 1.00 2.00
2200 1.00 2.00
23.00 1.00 2.00
2400 1.00 2.00
2500 1.00 2.00
26.00 1.00 2.00
27_00 1.00 2.00
258.00 1.00 2.00
29.00 2.00 2.00
30.00 200 2_00
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SPSS Statistics Data fditor—
Transform  Analyze  DirectMarketing  Graphs  Ulilities  Add-ons Wi
e A Reports » =
Descriptive Statistics 3 Frequencies.. B
Tables ¢ Descriptives... -
VAR0D001 Compare Means 3 A, Explore._ i
General Linear Model 4
= BH Crosstabs...
Generalized Linear Models »
TURF Analysis
Mixed Models 4
Ratio...
Correlate 3 zate
] Pl
e T y |EAP-PPiots..
Laglinear » | a-QPits..
Meural Networks 4 10
) 8.00
Classify 3
9.00
Dimension Reduction 3
g I \ 10.00
cale
- 11.00
i 3
Monparametric Tests 12.00
i ’
Forecasting 13.00
Survival 4 14.00
Multiple Response 4 15.00
[ Missing Value Analysis... 16.00
Multiple Imputation 2 17.00
Complex Samples 3 18.00
2, simulation.. 19.00
Quality Contral 3 20.00
ROC Curve... 21.00
22.00
2300
3.00 1.00 1.00
Q Crosstabs ‘ Y ‘
d A’
Row(s): | R Crosstabs: Statistcs [
& FruitShape & Gender - e,
& VARO00D1 1| [WiChi-square i[] Correlations
ﬁva”ab‘e w | _NUHIHIdi Or\jHldi
arouping Column(s): 1
& VARO000 _ﬁ Pastsz)rNol | [] Contingency coefficient| | [C] Gamma
& count " stle. | || ] Phiand Cramers v [] Somers'd
e | [[] Lambda [] Kendall's tau-b
Layer 1 of 1 || ] Uncertainty coefficient | | [7] Kendalls tau-c
HEL ek 1| ~Nominal by Interval T Kappa
| DEa [ Risk
- 1 7] McNemar

[ Display clustered bar charts
[] Suppress tables

. Display layer variables in table layers

i 2400 100
25.00 1.00

200
200
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0 Cochran's and Mantel-Haenszel statistics

odds ratio equals: q
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300 1.00 1.00
1 B Crosstabs |i| I
Row(s). E Crosstabs: Cell Display M |
ﬁ \i:s[?;;g‘le m Q& e | tatisics...| rCount rz-test 1
& Variable [ Obsenved [| Compare column proporiions i
@4 grouping Column(s}: @ B Adjust pvalues (Bonferroni method)| |
& VsR00003 & PassOMol ' / .
& count m m |
Lessthan 5

Layer 1 0f1 W )
rPercentages rResidual -
Previous Next [] Row ['] Unstandardized R
[] Column I Standardized S
- [] Total I Adjusted standardized 1
rMNoninteger Weightt |
I Display lajervariables intable lajers @® Round cell counts  © Round case weights |
(7] Display clustered bar charts © Truncate cell counts © Truncate case weights 3
[] Suppress tables © No adiustments 3
(o) o o s = |

| 2400 10 200 I I ﬁ:

25.00 1.00 2.00
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% Crosstabs

Case Processing Summary

Cases
Valid Missing Total
M Percent M Percent M Percent
Gender * PassOriot 30 100.0% 0 0.0% 30 100.0%

Gender * PassOrNot Crosstabulation

PassOriot
1.00 2.00 Total
Gender  1.00 Count 12 3 15
Expected Count 12.5 24 16.0
200  Count 13 2 15
Expected Count 125 25 150
Total Count 25 5 30
Expected Count 250 5.0

Chi-Square Tests

The Chi-Square statistic

df =2-Dx*(2-1)

| &Symp. Sig. | ExdctSig. (- | Exact Sig. (1-
Yalue df (2-sid sided) sided)
Pearson Chi-Square 240°
Continuity Corraction® 000
Likelihood Ratio 24
Fisher's Exact Test 1.000 400
N ofValid Cases a0

a. 2 cells (50.0%) have expected count less tha/s. The minimum expected countis 2.50.

h. Computed only for a 2x2 table

P —value > (a = .05) so we except H,

-60 -
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As we can see that
2 cells have
expected count less
than 5 because
these 2 cells
contain less than 5
observations. So
the solution is will
be Merge cells
until we get the
expectation greater
than 5 but here it is
not possible, so
take a larger
sample.
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Q4) 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 ||| GGG
I i

Hy: the four populations follow a normal distribution

Vs

Hy:the four populations do not follow a normal distribution

14 MumberCfTask TypesOfProgram war
900 00
1200 _00
14 00 _0o
11.00 00
13.00 oo
10_00 _0o
5.00 00
S 00 Malal
900 oo
1000 _o0o
1200 Malal
14_00 _00
11_00 oo
13.00 oo
11_00 _00
9.00 _0o
8.00 00
11_00 oo
F_0o _0o
8.00 00

EBhbbhbEWWWWwUwMNRNNNLS S

. .

1IBM SPSS Statistics Processor is ready
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Analyze Direct Marketing Graphs Utilities Add-ons wWindc
Reports > |S====
Drescriptive Statistics > [ Frequencies ...
Tables e Descriptives...
= i«
Compare Means » 8 Explore... ass
Seneral Linear Model »>
- @ Crosstabs...
Seneralized Linear Models »>
) TURF Analysis
Mixed Models > 7
Correlate » SR
Regression »
Loglinear - B o-0 Plots
Meural Metworks » ;’::
Classify » .
9.00
Dimension Reduction » 10.00
Scale » 11700
Monparametric Tests » 12_00
Forecasting » 13_00
Survival > 14.00
Multiple Response » 15.00
EZ] missing value Analysis. . 16 00
Multiple Imputation " A7.00
Complex Samples L3 18.00
% Simulation... 19.00
Cwality Control [ 20.00
ROC Curve... 21.00
= = 22.00
23.00
J0.00 200
. 6.00 1.00 1.00 =V
@ Explore Explore: Plots ﬂ
ist: _— e Baoxplots Descriptive
Dependent List: Statistics. P p
&5 VARDOOOA & NumberOfTask 1| | @ Eactor levels together
& Variable . © Dependents together Histogram
éa N -
grouping
&> VARDOOD3 Factor List: o

f Count

& PassOrhot

&5 Gender

& VARDOOD2
& VARDOOD4

& TypesOfProgram

Label Cases by

{Display

@ Both © Statistics © Plots

1| | © Transformed P
1| | © Untransformed

(ontnue]_cancet || e |

22.00

1.00 2.00

[/ Warmality plots with tests

7 @ Mone

© Power estimation

Spread vs Level with Levene Test

. [Natural log -

Helps in the normality test
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= Explore

[DataSetl] E:\328\7 pjait\Untitledl.sav

TypesOfProgram
Case Processing Summary
Cases
“alid Missing Total
TypesOfProgram ] Percent ] Percent ] Fercent
MumberofTask  1.00 5 100.0% 1] 0.0% 5 100.0%
2.00 5 100.0% 1] 0.0% 5 100.0%
3.00 5 100.0% 1] 0.0% g 100.0%
4.00 5 100.0% 0 0.0% 5 100.0%
Descriptives
TypesOfProgram Statistic Std. Error
MumberOfTask 1.00 Mean 11.8000 86023
95% Confidence Interval Lower Bound 94116
for Mean UpperBound | 141884
5% Trimmed Mean 11.8333
Median 12.0000
“ariance 3.700
Std. Deviation 1.92354
Minimum 9.00
Maximum 14.00
Range 5.00
Interquartile Range 3.50
Skewness -.590 913
Kurtosis -.022 2.000
2.00 Mean 8.8000 73485
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Z.00 Mean 8.8000 .F3485

95% Confidence Interval Lower Bound 6.7597

far Mean Upper Bound | 10.8403

5% Trimmed Mean 8.8889

Median S.0000

“Wariance 2.700

Std. Deviation 1.64317

Minimum G.00

Maximum 10.00

Range 4.00

Interquartile Range 2.80

Skewness -1.736 913

Kurtosis 3.251 2.000
3.00 Mean 12.2000 58310

95% Confidence Interval Lower Bound 10.5811

for Mean Upper Bound 13.8184

5% Trimmed Mean 121667

Median 12.0000

Wariance 1.700

Std. Deviation 1.30384

Minimum 11.00

Maximum 14.00

Range 3.00

Interquartile Range 2.50

Skewness 541 913

Kurtosis -1.488 2.000
4.00 Mean 8.6000 B7823

95% Confidence Interval Lower Bound 67169

for Mean Upper Bound 10.4231

5% Trimmed Mean 8.5556

Median g.0000

wariance 2.300

Std. Deviation 1.51658

Minimum 7.00

Maximum 11.00

Range 4.00

Interquartile Ranoge 2.50

MiI=unAn (= WININLN)

“ariance 2.300

Std. Deviation 1.51658

Minimum ¥.0o

Maximum 11.00

Range 4.00

Intergquartile Ranaes 2.50

Skewness 1.118 813

Kurtosis 1.456 2.000

Tests of Normality
Kolmogorow-Smirnow? Shapiro-Wilk
TypesOfProgram Statistic df Sig. Statistic of Sig
MumberOfTask 1.00 41 5 200 aTa 5 928

2.00 .348 5 047 FTa 5 054
3.00 221 5 z2o0” a0z 5 | — 421
4.00 254 5 200" 914 ___—5 | 492

* This is a lower bound ofthe true significance.

a. Lilliefors Significance Correction

p—

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

So, we except Hy: the four populations follow a normal distribution
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3) Homogeneity of Variance (to get a test of the assumption of homogeneity of
variance) i.e.

Hy: O_z?rogram 1= O_z?rogram 2= O-grogram 3= O-grogramél
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: Uprogram1 = Hprogram 2 = Hprogram3 = Hprogram 4
i.e. treatments are equally effective
Vs
H,: The means are not all equal

at a = .05
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5 Statistics Data

(o o) o (e e

sform Analyze Direct Marketing Graphs Litilities Add-ons Window Help
[— Reports » ]
] Descriptive Statistics 3 (1
Tables »
10001 Compare Means g L means .. Genc
General Linear Model » One-Sample T Test..
Generalized Linear Models » Independent-Samples T Test..
Mixed Models " B Paired-Samples T Test...
e " One-Way ANOVA
Reagression .3 -
Loglinear .3 6.00 1.00
Meural Metworks » 7.00 1.00
Classify » 8.00 1.00
Dimension Reduction > 1322 :EE
Scale " 11.00 1.00
Monparametric Tests » 12 00 1.00
Forecasting .3 13.00 200
Survival L 14.00 2.00
Multiple Response 2 15.00 200
[EZ] missing value Analysis... 16.00 1.00
Multiple Imputation 2 17.00 1.00
Complex Samples » 18.00 1.00
& simulation... 19.00 1.00
Quality Control > 20.00 1.00
ROC Curve... 21.00 1.00
. B 22.00 1.00
22 NN 4 NN
7.00 1.00 1.00 p 6.00 2.00 .
@ ——_ I 2 One-Way ANOVA: Options ﬂ
Dependent List: ]| [t
& Frutshape “ _&SNumheror;rask I [ Descriptive
@ VAR00001 | | [] Fixed and random effects
ﬁﬁ;&{l}l{)}l;m 1| | [¥,Homogeneity of variance test
& count I Brown-Forsythe
& PassOmiot | /] Welch
&) Gender b
& VARD0002 Factor: | |f [ Meansplot
&) VAR00004 x &% TypesOfProgram

Missing Values

@ Exclude cases analysis by analysis

© Exclude cases listwise

o ZU T-UU7 ZUT T
21.00 1.00 200
22.00 1.00 2.00
23.00 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.

95.05 Whole 7.00 1.00 1.00 . 6.00 200
i h
94.35 Whole §.00 1 \@ One-Way ANOVA: Post Hoc Multiple Comparisons . M
4 e [ [
@ One-Way ANOVA 1 rEqd Variances Assumed
Dependent List 1) M LSB HE L Waller-Duncan
& FUIENape A = T| Bonferroni [] Tuke
&b NumbsrOfTask 1 B Tukey
& VaR0OO : (M-
& Vaiae = o | [l sidak [ Tukey's-b 7] Dunngt
& VARDOO0: 2| Ischefe  [JDuncan :
& count Booistiap.. | || | CIRE-GWF  []HochbergsGT2 [Test
¢ PassOio il | TRecwa [ cabiel L 0 0
& Gender
& VAR0O002 Fador 14 .
& VAR00004 = & TiesOFrogram 1) rEoval Variances Not Assumed
100 | EITamhang's T2 [7] Dunnetts T3 [7] Gamas-Howell [ Dunnetfs C
|0 J| pase | Reset | cance | e | 1
L |
Significance level: .05

770 10 )

I | (continue | Cancel | Hep |

2300 1 \ -

2400 1.00 200 . . . .

Oneway

Test of Homogeneity of Variances

H 2

. — 2 — 2 —
0- Gprogram 1~ Uprogram 2 = Uprogram 3=

As P —value > .05 .S0, we except

2
O-pro gram 4

MumberOfTask
Levene
Statistic dft df2 Sig.
180 3 16 .90z
ANOVA =20—4
MumberOfTask
Sum of
Squares df 2an re F Sig. = 20 _ 1
Between Groups 54.950 3 18.317 7.045 ?ﬁ
Within Groups 441 600 16 »ﬂn//
Total 96.550 19

/

as P — value < .05 then we reject H: Hprogram1 = Hprogram2 = Hprogram3 = Hprogram 4-
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= Post Hoc Tests

Multiple Comparisons

DependentVariable: MNMumberOfTask
LSD
_Mean 95% Confidence Interval
Difference (-

() TypesOfProgram () TypesOfProgram J Std. Error Sig. Lower Bound lpper Bound

1.00 2.00 3.00000° 1.01980 010 8381 51619
3.00 -.40000 1.01980 .Foao -2.56189 1.7619
4.00 320000 1.01980 006 1.0381 53619

2.00 1.00 -3.00000 1.01980 010 -5.16148 -.8381
3.00 -3.40000° 1.01980 004 -5.5619 -1.2381
4.00 .20000 1.01980 847 -1.9619 23619

3.00 1.00 40000 1.01980 Foo -1.7619 268619
2.00 a.40000° 1.01980 004 1.2381 55619
4.00 3.60000° 1.01980 .0o3 1.4381 57619

4.00 1.00 -3.20000 1.01980 0oe -5.36148 -1.0381
2.00 -.20000 1.01980 .B4a7 -2.3619 1.9619
3.00 -3.60000° 1.01980 003 -5.7619 -1.4381

* The mean difference is significant atthe 0.05 level.

/

as P — value = .01 < .05, then we reject H,.

as P — value = .7 > .05, then we except H,.

as P — value = .006 < .05, then we reject H,.

as P — value = .004 < .05, then we reject H,.

as P — value = .847 > .05, then we except H,,.

as P — value =.003 < .05, then we reject H,.

1) Ho: Uprogram1 = Hprogramz VS HitUprogram1 # Uprogramz at @ = .05

2) Ho: Hprogram1 = Hprogram3s VS Hi: Uprogram1 # Uprograms at @ = .05

3) HO: .uprogram 1= .uprogram4 vs Hl: .uprogram 1 * ﬂprogramzl- at a =.05

4) HO: .uprogram 2 = .uprogram 3 US Hl: .uprogram 2 2 .uprogram 3 at a =.05

5) HO: .uprogram 2 = .uprogram4 vs Hl: .uprogram 2 2 Auprogramzl- at a =.05

6) HO: .uprogram3 = .uprogram4 vs Hl: .uprogram3 * Hprogramzl- at a =.05
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05)

Enter the age values into one variable and the corresponding sales price values into

another variable (see figure, below).

S_00
S_00
S_00
00
=2_00
S5_00
00
S5_00

100
=2_00

s =1y
125 00
11500
13000
15000
21900
15000
19000
165300
26000
26000
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a) Select Analyze ¢ Correlate ¢ Bivariate... (see figure, below).

orm Analyze Direct Marketing Graphs Utilities Add-ons

Repaorts

J

Descriptive Statistics
Tables

Pass Compare Means

ARODO04 | Mumbers:

General Linear Model
Generalized Linear Models
Mixed Models

Correlate

Bivariate...
Partial...

3] Distances...

Regression
Loglinear
Meural Metworks
Classify

Dimension Reduction

Scale
Monparametric Tests
Forecasting

Survival

¥ ¥ ¥ ¥y ¥ ¥ ¥ Y¥YI¥IY¥IY¥YIrYIIYIIIyrIyyryrw

Multiple Response
EZ] Missing Value Analysis
Multiple Imputation
Complex Samples »
B simulation...
Quality Contral »

ROC Curve...
T vy

1.00 2.00

Select “x” and “y” as the variables, select “Pearson” as the correlation coefficient, and
click “ “OK” (see the left figure, below).

. 11.00 1.00
-
| @ Bivariate Correlations - -

Variables:
| & Count Y & x
| &b PassOrhot &S
% Gender

&b VAROODOZ
1! | & varoo004
L &b MumberOfTask
&5 TypesOfProgram
& VAR0ODOOS

& VARODODDG =

r Correlation Coeflicients

[¥| Pearson [] Kendall's tau-b [| Spearman

r Test of Significance

@ Two-tailed © One-tailed

E [ Flag significant correlations
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= Correlations

Correlations
it i
X FPearson Correlation 1 -.QEEr
Sig. (2-tailed) 000
M 10 10
N Pearson Correlation -G8 1
Sig. (2-tailed) 000
M 10 10

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

The correlation coefficient is —0.9679 which we can see that the relationship between
x and y are —ve and strong.

b, c and d)

Since we eventually want to predict the price of 4-year-old Corvettes, enter the
number “4” in the “x” variable column of the data window after the last row. Enter a
“.” 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) (see

figure, below).

P —

at ™~
6_00 125_00
6_00 11500
&_00 130_00
400 150_00
200 21900
5_00 150_00
400 19000
5_00 16300
1.00 260_00
200 260_00
400
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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 2, and click “Continue”. Click “Save...”,
select “Unstandardized” predicted values and click “Continue”. Click “OK”.

n Analyze Drirect Marketing Graphs Litilities Add-ons Window Help
5 AN
Descriptive Statistics » a— =
Tables »
ass Compare Means > RROO0OD4 " MumberOfTask " TypesCOffFn
General Linear Model S 9.00
Generalized Linear Models » 12.00
Mixed Models > 14.00
Correlate > 11.00
Regression - [ Automatic Linear Modeling. ..
Loglinear » I:inear...
HELE TUELIERES L [ curve Estimation...
Classiy " Fartial Least Squares._ ..
Dimension Reduction »
Scale > A Binary Logistic...
Monparametric Tests o [ Multinomial Logistic...
Forecasting » B orginal...
Survival » B Probit...
Multiple Response » Eonlinear...
Missing WValue Analysis. . [ Weight Estimation...
Multiple Imputation 5l 2-Stage Least Squares_
Complex Samples > Optimal Scaling (CATREG). ..
B simulation.... B oo
Quality Control |3 - 5.00
ROC Curve
T v v
1.00 2.00
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[ Model fit

[ R squared change

[] Descriptives

[ Part and partial correlations

[] Collinearity diagnostics

3 standard deviations

(contnue{_cana J|_tep |

Linear Regression |£| Linear Regression: Statistics
Dependent ~Regression Coefficients—
& VAR00001 ~Block 1 of 1
& Variable @ i
&4 grouping Previous @ @ Level(%):
?W\RUUU% Independent(s): [ Covariance matrix
Count
&) PassOriat &) X rResiduals
% Gender E [ Durbin-Watson
VARDDOD2
[7] Casewise diagnostics
%:ﬁuiﬂ?enrg'rask e @ Qutliers outside:
¢ TypesOfPragram Selection Variable: @ A cases
& VARDD00S | || Rule..
&b VAR0D00G
&) X Case Labels:
WLS Weight:
1200 100 r ‘ 3 ' :
g Linear Regression: Save
14.00 1.00 @ i —
r linear Regression ‘ R rPredicted Value -;siduai
Unstandardized
Dependent @ [7] Standardized [ Standardized
& Fuitshaps &y El [] Adjusted [ Studentized
?:AF;U;UM rBlock 10f1 [7] S.E. of mean predictions [ Deleted
ariable
) ™ Ned | [7] Studentized deleted
& grouping Previous e @
&b VARDD003 Independent(s); rDistance rinfluence Statistics
# Court X E [] Mahalanobis I DfBeta(s)
& PascOrio (Bootsirzp. || | 7 coo [] Standardized DfEetas)
& Gender E 00K's andardized DfBsta(s
& VAR00D02 [] Leverage values [ DiFit
oh VARO0O04 Method Prediction Intervals [ standerdized DFFt
&5 NumberOfTask - B ;
[F] Mean [F] indiidual [ Coyariance ratio
& TypesOfProgram Selection Variable: - . =
& VARD0005 Rule.. Confidence Interval: 95 %
%EARUUUUS Case Labels: rCoefficient statistic
| [T Create coefficient statistics
WLS Weight @ Create anew dataset
Dataset name:
[ ]L ][ ][ ][ ] @ Write a new data file
File...

rExport model information to XML file

[ Include the covariance matrix

| JES
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= Regression

Model Summanﬂj

Adjusted R Std. Errar of
Maodel R R Square Square the Estimate
1 9657 937 929 14.24653
a. Predictars: (Constant), X
h. DependentVariable: Y
ANOVA®
Sum of
Madel Squares df Mean Square F Sig.
1 Regression 24057.891 1 24057.891 118,533 .ooo®
Residual 1623.709 ] 202.964
Total 25681.600
a. DependentVariahle:
b. Predictars: (Constant), X
Coefficients?
Standardized
Unstandardized Coefficients Coeflicients 95.0% Confidence Interval for B
Model B Std. Error Beta t Sig. Lower Bound Upper Bound
1 (Constant) 291.602 11.433 25508 .0oo 265.238 317.966
X -27.903 2.563 -.968 -10.887 000 -33.813 -21.993

a. DependentVariahle:

Y PRE_1
6.00 125.00 124.18447
6.00 115.00 124 18447
6.00 130.00 124 18447
4.00 160.00 179.99029
2.00 219.00 23579612
5.00 150.00 152.08738
4.00 190.00 179.99029
5.00 163.00 152 08738
1.00 260.00 263.69903
2.00 260.00 23579612
4.00 179.99029

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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Q1)
. (150
2 (30 ) T(18), In(14), log(17)

ii- P(2<X <4) when X ~ Poisson 3)
iii- Write R loop and the results to calculate

i 2
)= e ?, z=-3.1,-3.0,..-0.1,0,0.
\/ﬂ 1,0,0.1, ... 3.0,3.1.

iv- Write R code and the results to calculate:

<D(z)=].

12
! e 2dt, z =-3,-2,-1,0,1, 2, 3.
27

v- Write loop structure in R for generating 5 samples each of size 100
from Binomial (5,0.7) . Then calculate the mean, standard

deviation and coefTicient of variation for each sample.
Q2)
(a) Write the commends and results to calculate the following:

(i) P(-1.0<T <1.5), v=10,

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

—

15 N2 om® 1 \
\
(iii) [9 ]’ log,y(25), 28! N\, yabtez3 >
—K
(b) G_eneratc a random sample of size 12 from the exponential (3)

distribution and save it to A. Next, writean  |¢"
command to create the column B such that

B, = i 1 12

= 3, 4 >3 i=12,..12.
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Q3)

(2)Find k when P(X >k)=0.04, X ~F(12,10)
D \= PLR ek OW
, |-+ o =P (<KD

)

®)PB<X <7) when X — Poisson(3) /g

"
-—\
ket Dekatss)
1
’ 5=\ g1
({)J'x [1—x]4dx fm ‘—-Ei ’zJ £ =2 @¢ % ¢\
Q4)
198 3427
Tt 6 3 - T4 2 (4908
A5 24 el RR3Z
119 3462
(a) A*B
(b) Determinant of C
(c) Inverse of C

&) The following data are two independent random samples from two
independent populations 4 ~ (z, ,o%) and B ~ (y,,07), respectively.

A: 48 39 42 52 40 48 52 52 54 48
B: 50 48 42 40 43 48 50 46 38 38

Write R command and the results to

i- Test whether u, >y, .

ii- Construct 90% confidence interval of the difference u, — 4, -
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Q5)
(a) Write the comman:imulate the following:
log@0)= 5=
In(40) = Ko
401= A

o)

P(X >2.22), where X ~N (2,5)

=N

=

ey
l=f< X <2229

(b) Write the commands and results to find the determent of the matrix
and its inverse

S N 00 e
o oAk w o
L I S R
N o0 W W
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FF#Q1

##i
choose (150, 30)
gamma (18)

log(l4)slog(ld,base=exp (1))
log (17 ,base=10) ;s 1ogl0 (17)

##id

ppois (4, lambda=3) -ppois (2, lankda=3)
F#idid

Z <- geg(-3.1,3.1,by=.1)

z

for(i in =) {
a=dnorm(i, mean = 0, =d = 1}
cat(i,™ ",a,"\n")
}
$or
for(i in =) {
a=dnorm(i, mean = 0, =d = 1}
print(c(i,a))
}

FFvi
Z =—- Zeqg(-3,3,bv=1)
z
for(i in =) {
b=pnorm(i, mean = 0, =d = 1)
cat(i,”™ ",b,"\n")
}
$or
for(i in =) {
b=pnorm(i, mean = 0, =d = 1)
print(c(i,b))

}

#3v
generating <- =seq(l,5,by=1)
generating
generating <- o(1,2,3,4,5)
generating

for({i in generating) {
c=rbinom (100, =ize=5, prob=.7)
d <- mean(c)
e «<—- =d(c)
f <- e/d
cat ("sample:",c, " ", "mean=",d4," ","=d=",e," ", "cv=",£,"\n")
}
#or
for({i in generating) {
c=rbinom(n=100, size=5, prob=.7)
d <- mean(c)
e <- =2d(c)
f <- e/d
print(c(c,d,e,f))
}
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#H#Q2
$##ai
pt(l.5,df=10)-pt (-1,df=10)

##aii
k=gt (.025, df=12)
k

##aiii
choose (15, 9)
log(25,base=10);1ogl0 (25)
factorial (28)

ik
B <- rexp(ld, rate=3)
B
for(i in &) {
if (i«<=3) print(l) else print(2)
}
$or
B <- wector (mode = "numeric")
j <-0
for(i in &) {
i <— j+1
if{(i<=3) EBE[J]=l1 el=se E[j]=2
H
B

FEEQ3

%2
k=gf (1-.04, dfi=12, d4f2=10)
k

%#%c
f «- function(x) { (x"5)%((1-x)"4) }
i integrate (£, lower=0,upper=1) fvalue

=
A
1

#or
f <- function(zx) { dbeta(x, =shapel=6, shape2=53) * (betal(&,53)) }
i «<— integrate (f, lower=0,upper=1) Svalues

a <- cfl,6,3,-1,5,2,7,4)
<— matrix(a,nrow = 2, ncol =4,byrow=7T)

B
by
b <- c(l,9,8,7,4,2,5,1,5,1,1,89)

B <- matrix(b,nrow = 4, ncol =3, ,byrow=T)
B

c

C

C

<- c(3,4,2,7,4,9,0,6,3,8,3,2,3,4,6,2)
<— matrix(c,nrow = 4, ncol =4, ,byrow=7T)

##b
det (C)

$3c

solwve (C)
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$#d

L <- c(48,39,42,52,40,48,52,52,54,48)
L
B <- c(50,48,42,40,43,48,50,46,38,38)
B

for

folsbo il b ad gl alaadl 2=l pdd ply jLaadl Lozl pioale jlosl pd pSLTidl dade 8 pa3edl paliladl sleadel Jud
data <- read.csv("data.csv",header=T, sep=";")
data
L <- datash
L
B ¢- datasB
B

#3di
t.test (4,B,alternative = "greater", paired = FALSE, var.equal = T,conf.level = 0.95)

Fidii
t.test (B,4,alternative = "two.sided", paired = FALSE, var.equal = T,conf.level = 0.350)

TS
l-pnorm({2.22, mean = 2, =d = sgrt(5)

+ See Appendix -3-
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