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The Effect of Using SPSS Program in Academic Achievement for
Engineering Statistics Subject for Industrial Engineering Students

Ibrahim Jawad Kadem.Prof .Dr  Prof .Dr. Jasim Mohammed Ali Al-

College of Administration and Tameemi
Economics College of Education for Girls -
- University of Diyala University of Diyala
iljawad77@yahoo.com jasimtimimi@yahoo.com
Abstract

The research aims to know the effect of using SPSS program in
academic achievement for Engineering Statistics subject for Industrial
Engineering students and for achieving this goal, the researcher put the
following zero hypotheses:

1-There is no statistically significant difference in average scores among
the academic achievement of the experimental group students who use
SPSS program in Engineering Statistics and among the control group
students who use the normal method.

2-There is no statistically significant difference in average scores among
the academic achievement of the experimental group students who use
SPSS program in Engineering Statistics and among the control group
students who use the normal method depending gender.

3-There is no statistically significant difference in average scores among
the academic achievement of the experimental group students who use
SPSS program in Engineering Statistics and among the control group
students who use the normal method according to the type of study.
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The researcher chose intentional sample from the research community
(University of Diyala-Faculty of Engineering) whose size (70) students
were distributed randomly to experimental and control groups, the
research tool were multiple choice test that was prepared by the
researcher, the current research take the following items: the definition of
the program and its importance in the data analysis and hypotheses tests,
variance analysis, factorial analysis and everything related to the
Engineering Statistics. After the completion the search experiment the
researcher earned the following results:

There are significant differences at the 0.05 level and in favor of the
experimental group and there are no statistically significant differences at
the 0.05 level between the two groups depending on gender as well
depending on the type of study, the researcher has used the style of
covariance analysis (Ancova) for the first hypothesis and use the style of
contrast duo accompanying analysis for the second and third hypothesis,
ETA square value (n2) was calculated to identify the size of the impact
caused by the independent variable (SPSS program) in the dependent
variable (academic achievement), and use the t-test to match the results. It
appears from the results of academic achievement that the use of
computer as therapeutic technology for mastering learning has
contributed to raising the level of student achievement. The researcher
also recommended that the colleges of education must work on
programming courses to make them easier for lectures to train on using
them and also works to provide and equip the Industrial Engineering
halls with modern computing devices and train students to use them in
order to develop their orientation towards the computer and its uses in
analyzing the data and extract the results using SPSS program.
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P oLEAY) e tluld
A ol Gaal) sl aatid s alall Gaal) 5 Glaall Baa @ 48yl aal ag
&5 2y SPSS aaliy alaaiuly JLelall Jiaill 3k e ajbus 23y Gauall gl Juadl
L lelall Qs e gale Jan ) il e gin (B cihlall debua salely Cadag Jaaes

: LAY @l bwala

(Asle Aday A3l A, ddaill ) Leelal A85aalls ¢ jlaa¥isale) : adyh aal (g
o) 25 SPSS zaliy alasiuly dpeatl) a5l diph Guda viey #ligyS J Wl Jaleas
e bl dales 525 0.91 el il Jalas

PR iy Cia) il

P WSl Je Glialdl Jeas sl Caadl Apa e o LY aay

b o b)) Joaatll Gilagy baugie 4 Adlas) AVY ) G wa Y -]
b Gy oudigll sbas¥) & SPSS malin  (gerdivn ) duyadll e ganall
CaalieV) danlall g geadtieg cpdll ddaylizal) de ganal)

(4) dsa
) LA bl Juaadl) 8 Aaglal) g Ay adl deganall (39 Al Ao
Descriptive Statistics

g3l sy Dependent Variable:

Std.

Deviation

14.425
12.635
14.726
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Levene's Test of Equality of Error Variances®

g3l liayiDependent Variable:

Tests the null hypothesis that the error variance of the dependent

Source

variable is equal across groups.

Sl + de sansliDesign: Intercept +

.a

Tests of Between—-Subjects Effects

g3l layiDependent Variable:

Type Il Sum

of Squares

Mean Square

Partial Eta
Squared

Corrected
Model

Intercept

Error
Total
Corrected

Total

3019.429°

7224.289
2409.845
559.072
11943.214
409463.000

14962.643

1509.714

7224.289

2409.845
559.072
178.257

202

377
.168
.045

a. R Squared = .202 (Adjusted R Squared = .178)

Estimates

g2l laayIDependent Variable:

95% Confidence Interval

Lower Bound

Upper Bound

64.698
76.435

73.708
85.445

a. Covariates appearing in the model are evaluated at the

= 61.66. Ll jlzaYifollowing values:
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dl) Juanil) & 5l Aalil) F dagdt Lilaay) AVall MA (e dpca ) (38a3
Al degaral) mllial gand) LAY & dajlal) 5 dpsadl dsganall
Aalall desanall Al (s oadigll slas¥) 8 SPSS madliy gsedii -2

cosindl b dalae V) ddplall () serdiing ()

(5) Jya
) JLER ol Juaadll b Aagliall g A pail) Ao gannall cp (3R Aol

Descriptive Statistics

gl ,aaYIDependent Variable:

Gl due sl Std. Deviation

Al Sl 15.275

&Ly 13.719
Total 14.425

Al <A 11.396
&by 13.488
Total 12.635

Total <Al 15.794
&y 13.834

Total 14.726

Levene's Test of Equality of

Error Variances®

=l sy iDependent Variable:

Tests the null hypothesis that the

error variance of the dependent

variable is equal across groups.
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Descriptive Statistics

gl laaYIDependent Variable:

Gl due sl Std. Deviation

ddaglaall <A 15.275
ALY 13.719
Total 14.425
dawyadll <A 11.396
&y 13.488
Total 12.635
Total <Al 15.794
KARY 13.834

odall + e el +  LaliDesign: Intercept +

il * de ganallt

dagl) die .1

2=l sy iDependent Variable:

95% Confidence

Interval

Lower Bound

64.462
76.378

a. Covariates appearing in the model are evaluated at the

following values: laay) &l = 61.66.
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Source

Tests of Between-Subjects Effects

g3l layIDependent Variable:

Type Il Sum

of Squares

df Mean Square

Sig.

Corrected
Model

Intercept

Corrected Total

a. R Squared = .226 (Adjusted R Squared = .178)

O Sl Laldll F 4l Lilas) Yo 359 ads DA (e duda il

3377.311°

7166.341

14962.643

844.328

7166.341

4.737

.002

|
(ol 420.822 1 420.822 2.361 129 ‘
is ganall 2467.705 1 2467.705 | 13.845 .000
adal) 2.100 1 2.100 .012 914 {
cuiall * degaadll | 354.079 1 354.079 1.987 163 ‘
Error 11585.331 65 178.236
Total 409463.000| 70 {

PR

dﬂL\e&

g.ubﬁ\ Jaaadil) gﬂ (&UY\& 9S3) )M\ oida g (i) Gapdadl
b ‘;ubﬂ\ Juasill Gilayy laugia é iflas) AVL o) 38 2 Y -3

Ayl gl b AakicY) Bl (g peaiig (pdl) Aailiall de panal
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(6) Jsa>
@) LA ) Jraadll 8 ddaglall g Ay el deganall (p (g Al A
dul) ggit lags

Descriptive Statistics

g3l sy iDependent Variable:

Std. Deviation

14.866

14.231
14.425
12.282
11.171

12.635
16.268
12.836
14.726

Levene's Test of Equality of Error Variances®

g2l layiDependent Variable:

Tests the null hypothesis that the error variance of the

dependent variable is equal across groups.

Auhall * deganall + Auall + de el + Lalla. Design: Intercept +
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Source

Tests of Between-Subjects Effects

g2l laayIDependent Variable:

Type Ill Sum

of Squares

Mean

df Square

Sig.

Corrected
Model

Intercept

Corrected
Total

3756.519°

7637.932

() 348.274

i gaaal) 2650.153

Ayl 466.401

Al * dsgaaal]l  262.041
Error 11206.124
Total 409463.000

14962.643

4 939.130

7637.932
1 348.274
1 2650.153
1 466.401
1 262.041
65 172.402
70

69

5.447

2.020
15.372
2.705

1.520

a. R Squared = .251 (Adjusted R Squared = .205)

g2l laayiDependent Variable:

Std. Error

.001

|
.160 ‘
.000
105 ‘
222 ‘

- .‘“.u

95% Confidence Interval

Lower

Bound

Upper Bound

64.443
77.135

73.617
86.100

a. Covariates appearing in the model are evaluated at the following

values: ,LoaYy|

Sl = 61.66.
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Giobal Cp JoWlly Aalidd) F daddl dplaa) AN 3999 SR (pe Al jdll (38a3 aac

aladin) By uhdll Juanil) & (o)) sisal) ¢ piicalall) dadal) £o5 ey 9 (upaill

i aad liald) BaYg i) JLAAY) 8 il ouiielt-test jLadl Glald)

Jiial) paiall JSY) aaa Glialdl BaYy L&l LEAY) jg0 ddma g8 geilidl)
Ak o b)) Joantll Gilage dasgie 4 Adlas] AVY 3 3 wa Y -]
b Gy oudigll elas) & SPSS malin  (eerdivn ) duadll de sandll
dpalie) dgplall o geadting cpdl)l daylial) de ganl)
T-Test
Group Statistics

Std. Std. Error

Deviation Mean

12.635 2.136
14.425 2.438

Independent Samples Test

Levene's Test for | t-test for Equality of Means
Equality of Variances
F Sig. df Sig. (2-
tailed)

Equal

variances . . .000

Jkadyy assumed

) Equal
variances not

assumed

b Gy b Juasdl) Glagy laagie 8 dflas) AN 3 3 aag Y-2
Al (s adigl slas¥) & SPSS ey (sesdivy opill duadl A sendl)
cosiall b Aalie ) Al o gedding (pdl) dayliall de sesal
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Group Statistics

Std. Std. Error

Deviation Mean
15.794 2.709
13.834 2.306

Independent Samples Test

Levene's Test for | t-test for Equality of Means

Equality of Variances

F Sig. Sig. (2-
tailed)

Equal variances
.705
assumed

@ al) laay)
. Equal variances
.706

not assumed

Al n bl deanil) Glay daugie b Adbas] ANS 3 38 dap Y3
Ayl gl b AoakieY) Rkl (g peadig (pdl) Aailiall de panal

Group Statistics
Std. Std. Error
Deviation Mean
16.268 2.674
12.836 2.234
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Independent Samples Test

Levene's Test for | t-test for Equality of Means

Equality of Variances
F Sig. Sig. (2-
tailed)

Equal
variances . . .390
assumed
@) JLEAY)
) Equal
variances not

assumed

Measures of Association

Eta
Squared

-

i * gand) Laay
B * Ll sy

.164

.000

:ilua gl

PVl Qlald)l g wlalitiady Cnlll il g

el U8 e Dl dpadedl) maball dacl 8 Lgma ollin colS W -]
OEY) (g5t o i Wy bl Clls Webe s 5 bl 03 dala (Y kit
SPSS zaliy Al (upys daalal)l dasd o Oliald) sy 13k Lpuhall <) jaall
- e luall gl Adlal waig ¢laa¥) sale b

iy ¢ Lun Auguls Heal QUK RS Geats s e Analall Jei of -2
A0kladinly SPSS maliy sai agilaladl duaidi Ly Ll Akl

sasladinl 3 Goad) 5eS o adiey Apeded Al SPSS aladd of Ly -2
Slo eyl il 8 Al oy Gaalall agE o) sy 131 ¢ 4 Aalal) iyl dlac
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Dbl e daalall desd o ¢ Apagdaill bl apeai;  SPSS gmaliy alasil
el o el e Gunyaill L g lie )

: salaall

Sl lee dhae lewnydi Jgeal s leaalio 1 bzl (JalS o ¢ dyy sl -1
220143

Juant o ofall aalail agl Zandljiv aladind B¢ Galyy A Cdye o ol =2
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21999 2z 15¢ 5l
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Luadl e dpseane sl dppal) ASladll (8 daugial) dlssall Al g byl
21999 i Ayl A< Aas cdagund dralac

il Al daant 4 Gsulall Gyl oo aladll Cslud Gy ¢ g2a = 6
aals (V1 ¢ Sfale Al ¢ aleill 5 Cgulal) phatinl i aglaladly Lelial)
.21989¢ sayl

Luigl aaladl) (ommy apl se o) Ay alasiad il el ey Jaf caiglas — 7
Audigl) 4 Juanilly  wdigl) SEl) Glgise B lad) el Caall Ul
21998 (25226 ¢ Lpusaigh) aglall il ¢ Slaapll daala ¢ 2V

Al Juasd 4 c¥sail duain a8 Cgulall alasind e ge e ¢ ae — 8
¢ @bl Apsean ¢ fale Al ¢ Glualyll aladl agiudlay el Gol —Ap Al A4S
22001 ¢ Zighl ool ¢ Al A0S slary dasla

o smlally el bl ades Lalail aaf alazind e Sl ae aalyl Sl - 9
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¢l gulysall Jemagll £33 @8 pamall glegll pglagay glangal Rylley
Ragsaall alealodl 2,0l

sl e daaa Jal L2
pdail) Lia gl 9K o)) 5880
Basiall Ay d) chLay) Alga (Bpadll (e Iay) aslall dasly

amal bado@hotmail.com

s gadlal)

Jroaill Gali b zeadall aleill 2 35ad aladind 4llad e Capeill ) duhall Chiaa
WDle s Ja Ay alind Bald) Cuodiul 28 da il Glaelall Ll ol ol
Oo anhll Aie cngiy cadlall alall Juasilly Gupall 8 sesddl el aladial oy
3sas e 8 Auhall 2l culKy apmdll sl & daclal] askell daals 44l (105)
9ngs +liluall pren g alall Aydlall Juasts casall alaill 23 ga aladind G o6 Jali))
Zasad aladin) Alled e Auhyall Aue Ah Glla) dawgie G Aglaas) ANS Gl (358
il e COEAL A gl Claalal) Al gl ashall Juasill G 8 gedal) ol
Glls) bugie Gp ddlas) AL b Gopb eas bl oAbl due il Allal
G ) Jpanill $paii 8 medall alaill z3sad aladin) dglled sad Auall due o)l
oo Auball due ahdl allaly (el Jagall e DAL dagiall Clealall 3l
Clla) hsgie g ddlas) AV Gl 3508 2sms a0 5 WLl Glulyy el 5l
il 3ae COUA) ke s (aaddll e cue Al due o)
dagidall Cilaalall carall alaill :dalidal) ekl

The effectiveness of using the Blended learning model into the
development of academic achievement among open university
students

Summary:

The study aimed to identify the effectiveness of using the learning model,
which is Blended -in into the development of academic achievement
among open university students. The researcher used a questionnaire to
find out whether there is a relationship between the use of Blended -in
learning in teaching and the general achievement of students. The sample
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consisted of 105 students of the University of Creative Sciences in the
Emirate of Fujairah and the results of the study indicate a strong
correlation between the use of the Blended -in learning model and the
general avhievements of students in all courses. And the existence of
statistically significant differences between the average answers of the
sample of the study to the effectiveness of using the Blended -in learning
model into the development of academic achievement among Open
University students have different sex variables for the benefit of the
study sample members of the female students. The existence of
statistically significant differences between the average answers of the
sample of the study to the effectiveness of using the Blended -in learning
model into the development of academic achievement among open
university students vary according to the variable of scientific

qualification, And for the benefit of members of the study sample of the
level of learning of advanced studies. And the absence of statistically
significant differences between the average answers of the members of
the study sample according to the variable of specialization and the
variance of the duration of the study.
Keywords: Blended learning, Open Universities
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Statistical operations and their role in promoting the development of
the public-private sector partnership in Iraq
Hassan Hadi Manhel Aljlabi
PhD student at the Peoples’ Friendship University of Russia

Abstract

Statistics is one of the most important sciences used in various fields of
scientific research, as it is one of the most important means used in
policy-making and making sound decisions. The goal for the
administrator, leader, or decision-maker is not to make decisions, but the
most important goal is for these decisions to be sound and correct.
Statistics are defined as those who are interested in collecting digital data,
and then organizing, arranging and analyzing them, with the aim of
reaching specific results to clarify a phenomenon or situation, or as the
science that is concerned with the way in which data and information are
collected and converted into a numerical form, where they are collected.
The data is through it regularly, and with regard to the uses of statistics, it
is a lot of science It is used in medical sciences, sociology, economics,
industry, chemistry, sports, management, and many other fields.

The researcher reached a set of the following recommendations:

1- Establishing the broad outlines and the desired developmental goals of
the partnership process with the private sector, not only at the economic
level or improving the performance of public services, but in terms of its
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Impact on development in general, and the relationship of that partnership
with improving the appropriate statistical methods for it.

2- Establishing general statistical frameworks that define the role of each
partner in development in a way that ensures efficient coordination and
integration between all parties.

3- List the successful experiences in the statistical processes that other
countries have gone through when partnering with the private sector,
evaluate them, benefit from their positives, and avoid the negative
consequences resulting from them.

4- Reliance on national offices for statistical analysis with international
experience to process data.

5- Liberalizing, developing and preparing financial markets to attract
national and foreign savings, and employ them in various statistical fields
Key words: statistics, statistical operations, public sector.

it -

! dadla
mhaill bl way ey die delaioly slaaYl slaiayl e VA e LIS Sl
U8 e ppans O e UL pan (3 JY) opas (3 eleaal) aadinds Laglasilly
S bl mary 240 aggag ol (gl 8 agalaiin) 8 JiaD diee Calaal dlgal
Gl Al U8 elasy) o axs sleaialis ¢ Aldle diplay el e )Y asil
ik sl ¢ lle maay ¥ WS Glegall ig Wl Cusy dlaall aia oS
zaal G alell 3a ek 8 Sl ol W S ) ke Gl Gl 8 eV L)
DAY 8 Aliany) by calplail) Gula 8 eladell Jd (e alaial) Tays e Lile

alell i) (8 e ) el Caslulls Aapaall 285k o)lie b aglall o

Glalslly algally eVl ALl (alall S alad) o Uadll gie o) olsm clinal ¢Sayy
Abany) clpdsally @llully Clasbeal) b @il L 13) Qgllaall 4agll o gy ddagid)
Gilarall g Uad 8 Alelall Cilsnssall (S JEal) Jure Jnd ¢ Jsadilly 2831 (g Ay e
o Bigiall bl ) ol Gaulie IS5 Asal) als maes o Leilend s el
glad o ualall (S5 LS ¢ ddhrall lginnhas @halidl o2 8 Sl dlpad) a5l
Gl e lelalialy Laladll Glawsall o adiaall Glalia) Guali Lalail) Cleadl)
oo Ay dlaie Gleglaay Slly Ji55 s (A dupaall QY Cpandalls dpandeal)
Aplas o colS Lo lia aplie AalY Lukadtll o LS ¢ egilly (graall agaiisis OlSul
LB (gpaall Auhyas apliall o2 Jie ol Clagia o Qlily a5 5)5 pally o)l
Aila) elys e A salall

-48-



2021/9/15, SN ssdf | (el slaad)

oooooooooooooooooooooooooooooooooooooooooooooooooooo

ol Cppilan Y/ Ao

Clily il s J9 dpaitll lubid) any (gseiil) Jaadill bl 331 )
e Bsaall Gl ol Jal e ledsalis Ly laca pe Arilas) Chlises Clagleas
Sy o puspall Jadadll Jalpe apen 20 Aaglie o Japhadil) o Gaailal) (a5 Jayladl)
cslhall aagll e daball o3 s (5

led) S Al Al saee Y1 (e sl Aflanyl ) dasin) ol Cogpnall (has
danall Lo adad) agh i) Lladlly JSLad) (e S0 dauliall Jolall Joagll 3
Byladilly delually de )3l adeilly

e o 5 BV i) 4l 8 e slany) ale duaal ol sl e Les
Ganl gl Alail) o5k g Aylail aieal ) ABLRYL Gulail) auiase 4llats Lalell 4nllid
elsl cdia) e cilind)l dauls adadiuly elbaad Guaall slad¥) @l &y «
bl ol JAl (Sl (g il Gy dafa A ) Jseasll diw 8 skl
Aiia¥l )y sylaill g Ui a8 L Aaadall Cigadly cluball 88 Wlle aosis dglas)
lblee paen 8 Jlaal) 38 8 Alalall bl dulis ausyl Alianl i) alasinly
lellee Ay dpale Gl o Aadadl Akl Lahhi 3 (e leiSar JS8 it
palall Wy & palai®y) adiag ale Sy ¢ AlEiaa) Lhhlea] Jaladll o)y 4y)laall
23a) agindyy A e Alany) bl e dpalaiV) cluldl oy 8 1S kel
GSlgin¥) BEYls el Jaal) lelaslS ALaBYL skl Al b wualsd) o
cilexally wlud) Sl Zanldll 28Y15 el o liall Y15 duaslalls a1 5)laally
Gl Clelaaly clanaly chléauly @yl Al celasyly bmall Calls,
ggally Al il Lan s dlalal)

rp baadld Loaledy) Ciillagl @ J oY) Giagall

lie gl padasialy oalslall @lis oadild o) alall L) sliaa) e ey
Aalai®Y) o) W & bl Masly elall AU Akl Lay ey WS
Gaaall 3ol 33l e laal) @l 6 cpnlally il Jaay @lll say daulidls dae Laially
DA e oSay saaie Caillag cliany) alaly ¢ dplailly skl e jud) dal
Oas ¢ Agsatill Jaladdl aunys audagl 4 pually dalgdl ililly @lal) e iSl adlanl
b Lo caillagll o3

-49-



2021/9/15, SN ssdf | (el slaad)

oooooooooooooooooooooooooooooooooooooooooooooooooooo

ol Cppilan Y/ Ao

. (aall) ) didig.1

o3 Clyski e Lkl Cajay Slaal) desll Gl o geaall S 2l diglg e
Aol oda (e slany) alal Jlasy) Jeal) 4Dl ol sl ¢ Lgld s b dayagl)
138 358 Cilagy ¢ Gl (e Aapaill Ciall 8 L Ul Les Lasfs DA (e Cijes
S paall gl dle al il e slaa) de Lo cipe Al Al ) L)
DU asall Tzl a5 i)y Alamal) Aalaal) jalodall al clalaedl)

dald Cilaal deadd )die bl il s (e ALk 558 L) e dadas cilly sl
bl skl e @lld aa Lae daalall Cilaall oda ) A Adagll Cjeanly ¢ Aally
b Jie e 558 b Aflas) cilplailly Ul jsels AL ) 5ol slasy) ol
Gl A5jlie pe Ao Y Jlayll 220 Ajee 8 e LEY] jeas didhs Cipanil 28 L o glal)
Craadin) L ¢ g pall bl Jas) 8 ae by Lee Lo 8 Afiee Alsal) 8 3pase o8 Loy
Tl g vie Tadpe dlld & Jia Jlsed e Al o) Lo aaa3 8 dadasl) o3
Lehllly aplaall Clalaill cdje aal el culs s o dlddly spalall 4yl
oA Ly Ay A5)la0 g B ApLai8Y) ylsall jean (appl Allaa) il §)pa (8 e lialls
GAY) Jsall 8 deasa

ol Al S Apesll Lol Ve aen 8 8lad dud g o3l ) i) of e
¢ elom lalanill llee a3 o1 L s Lanls aall Aayday olad LKuWDISH il dga yuas
s ddee o Ble ¢ Aebiall S Ayl o el ddhe el aldl) e cals
Gl e el W s dadagl) o3 Cmpal Jy o all ads oLID )
Aol dpaiilly ashadsl) bl axdy slaly cV el S 6 dbiadill il sladlls
bl Jalaty lalady) a8 dglaa) il o sainy cgld DA e S
OIS Aidagll s3a kit ok Gl e 3aly - Ll lias ciburiall g B
Bpall jeanll Aidas 2 ol Cus ¢ U8 e Basage OS5 Al Baaa Gaibie Sl 4l e
V) aag el Jr Gmd ol sl S el daall I S e
Agaiy Al il Lianly Aaaslall 3lanll lads e lianls Alalal) sl dald lelias)
il Ll 8 oululs (grgpm o8 WAl ey JR Clelaaly clalsall s liasl
D

bbbl aan Adulig 2

Calide e bl pead Slaayl ) W aady ¢ Jlaayl dedl il A
O g gl die ddls sk 358 ) Siey dga L Addasll o3a ¢ Ly ) jalshall

-50-



2021/9/15, SN ssdf | (el slaad)

oooooooooooooooooooooooooooooooooooooooooooooooooooo

ol Cppilan Y/ Ao

oo lenaal Aahgl) o3 adiudy (3ilially Gl pes ale 4l Gulal o alall 48 Cajey
Lkl e Glaglaally ¢ led ol dalsally salshall e clibull 85 5)5 0 Pla
el e 13l L chall Slasly bl padlatuly Jiads Al oSey umy Gl aunge
Jyeanll ) s s3] 438y ye diplas Gl pan (A gesunge s oale e sl
led bl Satly il slud) b hacae @y IS Bate Al e L2 e Gilia e
Sl g esnge gale cuglul ail Lo 13 pumia GuSally Clsall Agale e Lol
Biaie e dale diphy skl e @l o Jseanll el ool Sl pes b
o S Aas o bl a3 s R Bida 30 ) sl buled Haiaa dlly i<y
A (e adipe (g e 3¢ )

Lol Cun g Ly Baad) G (e 5yokiia Al Lol V) Aliany) dddagl) o2 a8 iy
a3 Al Ll s ) bl pes (8 Raddall Gyl Gualy 3als pual (g il
Bslae Ao Aplae o b of Algall 58 yaatd dpatiil) jallall e bl aas Al
bl pan Balee citial s ¢ lgie Bana Aaesi gl o il Bl 3 L)
A bl ddee Clalial Al elsl caline allall e Glall B3 A
Sl elaa) Lli ) elys o)lady oo lia Ll (e 4y panl) 4ol dakad) aii]
coaldll el gl e elld S el s

Al aalll axy daal) agslaly Cpaall ojldal b JlasY) sl gl bl ce e
33 6l 090 Age gnge 3y Adlaal lajabias (e ULl pen s apeat] dpalsl)

palh adinal dfiee Ao Cinn @dly o il Q) e Gl pes Guglul adingg
cdald Flan) ) &y ey Candl)

rlaglaall Slod) Juladl) didig 3

gl Days cliaay) alal adagll okl 3 Gpulel Jsad ddads & Aadagll o e
Silag DA e bl slaas) e (b 5jpana ddlan) Adeall CulS o] 2 kil
ealal) Ly 3 Becfy Glld o andl ) i Ailan) dilead) Cinaal LA aany 2l
o gLl OIS o Lady .+ pladl lagl) skl ai PR e Sl e sas e ey
pens )l Sl o) Cus 388y e Aaadauy Basame Adply dap aldl) s
Glaall 3oy shal Gulil 48€ 20 A diba) adinad) jaldh Gailad e el
- oalshll (e

San 230 580 s il cdinldl e Ngws raal L) il bl sy
e Balall by JISAT elae) ) Coagd Anale Aiphays dasall alohll ailad

-51-



2021/9/15, SN ssdf | (el slaad)

oooooooooooooooooooooooooooooooooooooooooooooooooooo

ol Cppilan Y/ Ao

Laladl lalaiVy CliMally (ailaddl nand days Jen lae lgie dalial clibdl Dla
sl Gailadll ¢l Al e ganall (any ) IS o Laiil paasy 3jaUall

g Aplay sallll Jdad Jlae (& 2y ol Slany) daall ey & slul) 1
ose oalshall HEaN aal e anills WSl 8 ) e sa Sl S8 A
)l

raliball Sl Julasll ddulag 4

oAbkl pailiad dulpy A Slasyl Jead) Goslul 1) Al dilz) aan dadagl) oda
Al (B coels AV aslell (BL G AlSas Dsaals 38 alall cilae] GueS Apuld Ayl
ORle 4S8 L gl i€l alal) aladtial 8 Bl shaill dadia dais CulSy jde aolull
Al slal)

fpale ddphay Aglasy) cbdsally Gulial alainl o Gl (A cslal) 13 aiag
Byainnal) A8l Gland Wjray paibiadl) Bal oty Glial) ali 8 dals due sngay
Gl Gilagleall Jilad 8 oS gl 2a2ilY dagiy o Lesdl Wla el aaY
chhall Ay liedae Lol Lulul mlosi 28301 (e lle dayn e il

P gl pay Al 5

pSad Al chpaiall e HESH dgagg S palaall Wla V¥ lae calide 3 JSLD a3 )
pand dosuas SUE, hsidl s3a G Al Gl sixiy JSLE) o3a AS)a
S el ool e cilS Las Taiad ST alal) Canl dlee Cilea Aigylay Lgiy L)
i) 238 aa Jaleill Ailee Janeil dilaall Aayylal) e Can)

O Gus ¢ @l od gualy G e dasl) sl (8 Slas) Jeall Cslad iays
PR PP . RN X YA ) GO R0 SO VO PN U R PSP A
Aabia) alslall el s Sat Sl clpaial)

o iy Qs Aol page AN T ) Wbl Congd (g il aaay Aiidagy
by (g Leolad Caaldl 4y 2y Loy oysealy Lo (Slhaie (e Ba2as (g b puy Pla
ale s W aey Slaal) slulls . danl) aunge QKGN Ja ddeay bl g
S el gidl o gl sl S elpw WY Tagd (gl ans ikl
. dizal)

aal Ahall pmge 3AlE ol e palil gl sl G B sl iy
daia e Sl pailadll yoats JSLE dallee (Gyb daped 8 deddiusd) Calluy!
Al ae Ll aps ) aal Gilagie aaa 8 55l clyriall (aylall L bl (ias,

-52-



2021/9/15, SN ssdf | (el slaad)

oooooooooooooooooooooooooooooooooooooooooooooooooooo

ol Cppilan Y/ Ao

Ay by s Wi dpsall f Llgall Jelgall 5 cild (i fidy 43l <l pariall 238 aaf
el aaa o anwsall Y1 1 aledl slady) Jale 580 da s aaas

L) ApabaiY) JSLiad) aal Cany wie bl sl gy die galia®Y) Gl of LS
Dl A e @lldy oy ) Jals Al o3¢ sadaal) iyl iy o Jslag
e )l Al aidan 8 il Ay gl a8 e Gty 8 sh ¢ aliYl;
sl oda g e 8 N Chariall e aal) e 855K Gl say Call<al) Al
Ahally il aage Byalall iy cp Aaliall G i Y 8

G Slyspally hlEe¥) Ge vl YAkl ol P e (Slas) daall iy
lgina pae gl Lgina (e Sl LLasY Taeds gl s die Ly SLE ) Gy
VI G A8 shl) bl V) (amy puag die o) sl Qi o) abeagY) ol o L) ind
Aot Jliae Guphay lguSe cuding d3aal) a1 Y s Glyaiall e el Jie (& galans
Cibariall daaaly HE Asal aliie i aay Gl o Gand addes Judl) 14 ali)
Ailsa) ey lpriall oda (& il el AplSa) Jlaa) axe ae 3l A e
L 8 Ailany) culylailly cpilsal Hlasid

S8 Ayl Yl Gl ay e Ghidl Sai of G W dde diay
Alaay) @bl e Glal i@l e (iige Cplalaic pe salall e clyzidll

: dgilaal) cLady) ddky .6

Lold dgine cluhyal )l Slasly bl Gadaiul 45l dadasll Al dadasl) o3
DS 52 a3 Uy mgpill o3 dana L) aay V) i VT Comy Ba3me (s 8 gy e
dad Glajy b (B Gagdll eda Aaia Hlid) 4] Cuaiad Al Adlas) alyylall
s zyamal) Ut o s oy Al

b A cral (S Al Gl e 8 pagill sl of Lilas) cig el
bl il e aaalls Wajalsds et oSy L) cluhallé | Aleall ciluyall Jlas
s LAY G Alal) o3a 8 il il LS Leuld S Loae lanans Gunay gt i
sl el 13 digag salall 8 el ddee dijliey 5Kl Claaliadl DA (e
bt & Lo G A SR sa aae Aadle o Ghapll Jod W ()5S0 Ao suiasall
¢ palall Glhiie Glle iy el adly e 4l S Ly clalial fdly o
hany) ¥l s DA ey alsd (Sayy Lilas) lama Gl iy,
Adgd axey padll Gy e amd Apasa CUA) Cosg 13 W o G all cilylasy
e il dxdgy S Lo g Y Al claaliall N lama e Laajd osS) el 4y

-53-



oooooooooooooooooooooooooooooooooooooooooooooooooooo

ol Cppilan Y/ Ao

bl (& ag dl) laal i laiy ¢ lld b Tge o Ay alolll il opds
oy Gl ae Alead) el o) dain Cluldlly Clel @l daad DA (e dplea)
Aapd Apral e Lad Ll papaill ay Casa Ally (g dll LAY dplanl) Gkl
S Dl el Jad (Sa S B e Gl 4 Ly ojpeat Lo dalal) g3l il
OSad JB (e 4o 5l 3 Ly Cle LAl (g gpsm (308 353 2o () deasil) 5 136 Leuad)
(e S5t die 43 mganse (bl sgan b lagmia Allall oda 3 (il ()5S Aoplail) (o
Loy daleal) Ciplaall luld (g (((gsine ) Riiny s (38 s ) Jeasill s iy
s Al o3 i sl Al DA e OIS else AUl Cuiia ol 5)peai
.ol ) Akl (b

o dalll o i 13 oSy URY) e dinaa axe iny Gl by of s i Y
Oaodll 138 Jo A ) dalal) il )y ailald ) Asdlsll aslaalie DA (e any Jagiy
s Al amy i b AR el Al 5al) ol slay) U ls o Y WS
Biaall e leafs pagdl el (3 DY) e s b Allaa) (S Y s Wil
Aajlial axy g il o2a Uil

DERY) Gl dedasal) clplaally oplslly dsbasy) @lslly Glll LWy o) LS
adall e QlAll laals dagdul) il padlatul (850 das ) aeley Slasy)
bl W85 JSLie (e el Jad 4l

;i padALL) Adlig .7

i bl (pll Ales b mamg seds gl JSlan) Jeadl sl adagl) skl o)
Lk Jlae e Bapaa Slplas aladily clplailly @yhall (& sk skl 1 daalias
Gl asa G gl ¢ saiadd) Bpalaall slall sl e paall LI sl
4 guinga Apyhay i) Gadlainl (85Ul (e ddle dajo o Slaa) ) 4 ol
Ay i) Gadatiul 8 dpbdl gylall e slaeV) dagm s of (S elbdl (e sam
ainy Ally Agalal) cluhall clelV) 3ol (e jualeall Ly 8 dglaay) dylall Ciau
bl Aty (g il o3 Aaa e By Baaae g o LS

s el Mas) dadag .8

+ e daall dallia dlee ) Slasly gin Al el b dels 3aala dpdde Al ol ¢
N gl lglalag eeY) el elldy Algad) Aledly Gl adull a1 da3 o e
Jal Bl e asall sgag JB 6 e (& daliall ity alslall e il
b ey Loy Glaa) Gislul) o V) g cnlial) dpd) 303 dygmaas JSLAA)

-54-



oooooooooooooooooooooooooooooooooooooooooooooooooooo

ol Cppilan Y/ Ao

O am Lasady adic 506 aalu 8 & 5yghite Gilean) clplaiy cuild e 43k
G A bl Ma) 8 ol e Slile Lpead oaly)ll adsilly iV LaaY) dgyla i
Juall Wogas die Uad g dallad) 480

ae muals il sagecs Slanyl deadl ulul a chlal) il daday Capal A
Chal s Aala g IS (e Cipnyg pghy jealaall Ly b o Las)

t ) sl d8dg 9

VN sl Aaky claayl Ao 8 Akl slud) cldadily Caillay aal (e
Aphsll o Pla ey« paiaall (8 Akl Glpxie e paell Gligally (ailaslly
G Ennas W ale oladl ) Jeagill oSay Slaayl diailly a3yl aladiul
sl S Gl aaay sl Jie o Leopall 8 aSam Al il Jiil
Ay pe ) sl Jaall sl L) Al saaaad) cl el O lleay

Aliie 558l jalghall Cilyria (g Bl mpdagiys difiually (ala Y I (8 sl
aldl (ass Al el s Vo) bl S VoY) deggie 4 sl of e .
By )Sie 5yalls dgag e ST S GLISY) S V) ol e 058 G sl adlg
sl P o spallall agas oSt L 5l 6, Gl Cun ddaada (50 Eaganl)
paaty ) Jaady Gl et (8 Shasy) deall Goslad Galsis Caldlly
s Salll agh 5l e gl a8 0 il adlatialy sl adly Gl
palall e cdlally Lyl e Oy pe bl aen Gld 2ay Yslas 2050 (g
ol o dana Hlialy il aiase

D alal) i) d8dg.10

slaly Lale Lglud W _dany Wil dimpe bl HUaY) 3 slian) alal aagll jgladl) o)
Cailla gl 3ah L Lo 13 . lens o Alase il olsms daladl ciluhall Coslad aads L
addes . alal) ol 2t b e Clgladd Ll el laliaagd alaiall Lasif 8 35,
el Ayl wllagly aie e Js¥) 4l leay L) AeallS Slaal) Jeall 4
csalnll Gl Ak i ymd AY) angll W elaay)

¢ Agalall ) Aol anuhy 3 caillagl)l o dabuall edgd aladinl A ulall el
O e g LS ¢ alal) il ()l s by Jaball 038 e gy oy o g
o S aSats o lene Jabey ) clpaid) Do gy 4ty Aaglad Gl LY aey
b A Gally Glejll (g uaic

-55-



2021/9/15, SN ssdf | (el slaad)

oooooooooooooooooooooooooooooooooooooooooooooooooooo

ol Cppilan Y/ Ao

aendy Sl ggmge HUA) (e Adbaal) adillay PIA (e slanll ple (b dale ddiayy
L) bl Masly gl Gadtaiad Taly Wylaly ams il g ge Leldads cilogledl)
L) 138 (8 Ak Adlaly calad) il Gyl 331 e 05S OY pelea

waldlly alad) g Uaill alaidy) dpailll 8 dilaal) cililand) a0 AGY Caaal)

) Al dpalady) cleUadll ol o asi Y Ghall 58 dpaaly danl) jla
aaluall Lelalis 3hall 3 Sal 5 giall Tmplall Clg il e o pnsall lagai b aiis
Slo ading Y 5 Al 4l clanyls el deliall G dalul)l DL < b
AP Al plial) alagl 5 Lghiagy ol 0 clidly alslall Jlatl A1 aladin) 44yl
Slplaill gpena piiny 4 disaley ey sbas) of WS Lo alshall Gl s Galall
Ay Ly Al g Qi gy g gen o) a3 ) Daalall 35kl
o Gaaall gyl sl cnad) Jana gl aseilly el e Al gl
Joasiall Al i pe DUl JilaSy ayes e (o adiad Al d8lasl) @kl )
LA ol 331 xS BN lell s bl Jase salall dually L)
iy Loy A chhilly Hhlaall Gl g0 KA Ja b gl ) Ll
dnaal elany) iy cdaulud) LB e Qliall Caay 8 Cilasenes CllSS a Leale
b Ul ras dlee ) s A0 danily daulaally SLaiBY s 3)3Y) iV lae 8 (558
Uasal) lilall aani Y l3yslad s Salsall jeany Joaad o uai® o) (palial) 028
W Al paliall daaldll Blaill (s Jafially @lan Al @bl Masly ellas
BV e lany) Bl)l (a0 zsuas seday Aoy Auleal) gie alln

Ll Callals Aglian) clilyd) o S 508 ()50 digad (Ko Y adad) Jagdasil] o
sk Do @l Cus lgie vty ) il Gilidens @liy o IS 5y el Cam
050 adaall goaiill Jasasill & €&l daal Hpaill Sy VY Clelianyly Taasill o
(Jyadlly Adsisally 482l (e Alle dnja o ddlas) Gliines Glasliay Slly A5
Bua day (gsalill Lphadill (g5l Cpuieall lgy (el did e Y Gl GaaS oy S
degiia HplE g Ayl dudl slaa) dpae e (mi WS L Jlasy) el (e
sl Gluial lulad o 2 Al ddhaan 40l alel 3l dpa Al e
celany) 85eaY leaniy LaasSall sl a lonany A8al) clsinlly Lalal) 4y gasil

-56-



2021/9/15, SN ssdf | (el slaad)

oooooooooooooooooooooooooooooooooooooooooooooooooooo

ol Cppilan Y/ Ao

Aol ial) Ladil) gad Jaadilly Alaa¥) o) ABe ¢ G daal)
a2 aaiaa) 3l JE e Lgalasinlg Ledsling Ailasy) claglealls plaia¥l 3jaa ¢
odgd Lo gy AV eVsa on Slaa)) esll i) e 5 daaa sl 4l
Lyj Al Aygall Al gy alaia¥) 138 o LS ¢ syl 25350 <3 Aad e il lian)
Ji e clslan) e alial) cllally ¢ Slasy) eglly clelasy) Ll )yl on
pedll (o da b adina (8 Gfialilly DA (g330a 4 satill Slubnd) cand)s Gulaladl)
DBl L) Adlany) bl s Adees Cleliaa) o3 Al Gadsll Yl
=5 dla S L3l ¢ Slas) el e A adinall ol Lyl lagp 8K
Clebianyl o3a oy lia ()5 ol Ailan) Ciloglaal) Zadl @iy aghy (Slas)

(LY e

G SED aa et o W (Sa Y clebiaaly adadill oy skl A PA
Ao o ((Dleliaa) ) dibaa) Gilydiney Glaglaay Dbl S35 553 ail (55a0 Jaylads
WD g5 GhhY) i ge oY Al @iy Sy Jpedlly Addisally B e dlle
o Ghan) ol e saus Any (gl Tadadl (g5l Gpiead)

eanhys bl syl A cplaitial) (e pmad) g Slasy) ol Ciaia 35a Balks
& bl M) e dplul) Lolulail L ()6 a8 il gdiey 4y sanill cilulud)
N o) pab Al s GlEall Al el e Tpalai@Y |y e Laa) Ll
clbly e eVl & 0o g ¢ dgsthd)l Gl ) Jeall lgle a1
3 ¢ gl o il g e Ly 8 @l o asite ((lelian) ) Glaglaay
Lbadill sjeal o Cplpasad) Ga Juai¥) Canay 4Dl A sl ) sdpe candl oK
O ((Ailas) 33eaY) ) Adlasy) chigally SV 2l Gng den e SLAN ailas
pud dagis Ulal o) Lol 3 Cinall (ghay 85 IS IS5 4alaal 5l g)al dga
slagial) ol Y Jaasll Jandadill el & Galalad) U (e Ailany) chlildl aladiiud
i AV i) el e Y1 (50 Lilas) chbgal (me aladiul 2y
gaasall & g of oSa S cyiall Gl Ailany) asladly (ullul) Lals ) Al
Jis Al BV 4 dadil) e Clgsedll G L) A8 Fle o & Lghddl) ag
& dsasll (& deldl sall Al dalialls 385l ddlan) Cludzally Gleslaalls SUL
aaadl e dgeladl Calaaly)

-57-



oooooooooooooooooooooooooooooooooooooooooooooooooooo

ol Cppilan Y/ Ao

P Aalai®y) cluhall b Ailaa¥) cullad) Ao ld 1 agll) i)

Guiad el o oSy Al Adselall Alisgl) Al o A Slany) Cslul) Alasi) ey
s e el Auhall (e 2l Cangll OIS elsu 2T olys (e Bsaall CilaaYl
Aadgie ol A0l dme A6 Auha S dala@Y) S delaal) jaldall oaey J dise
el il Jelall aagg

Glaalslly algally eVl Ll (alall §f aladl o Undll Lgie o) olsu clinadl (Sayy
Abany) Clydsally Cllully Glaslea) L @il L 13) Qgllaall 4ag)l e ey da il
aos Adaall Gleadll Slawgal Sy JB Jua ey ¢ Jgedlly 28 e dnpn e
el oo BAsd) ULl ) i) e JS8 3 als mes o lole
plaill ¢ Uad o (pailill (S 5 LS ¢ ddlpad) Leinpday Shliall 28 8 QIS el
Apaall ChHlY s spdall (e Lgilaliindg dadedll Glussall (o paiaall Glalial i
O WS ¢ esilly (graadl agaiisis OISl (e A8835 Aliaia Cilaslaay by jisi s S
Glagie go by g s pually aitind Ayl o culS dpeliva ajliie alEY Lasasl
Maslin) ehy e Aselddl Apla@Yl geaall Auhny apliall sda Jie ol
Clily il s J9 dpaiill Glubid) any (gseiil) Jasadsll bl 321 )
O Bsaall Y1 gl Jal e ledpadis ey Glava ae ddlias) Cilidtes Slagleas
Sllly Lo puspall Jaladll Jalye aren 20 daglie (o aadill e Gaailall Sy adadl
csthall ansll e daball oda jau (4

led) S Al Al 5aee Y1 (e aal Aflanyl bl Aot ol Cagpaall (has
daall LlaiS adinall agd Al Gladlly JSLE (0 55ST Apulial) Jolall Jea gl 4
Bylailly delually de )3l adeilly

e of 5V LY 8 e la) 4l 8 e slan) ale Al o mal G e
Gaal ) Al 00085 A ylal asanl ) 2Bl Galail) aia g 4dlyplats Apalell 4nilad
elsl dia) e clind) dauly adadiuly elasd Guaall sla¥) ey ey «
Gl ol Jl) el (e aal Cuagy e bl ) Jpeasl) Jun 6 ekl
Aia¥) oy sylaill g Us é Aalell Cupadly bl J$ 4 Wle axdig dglaayl
leblee pan 8 dlaall 138 8 Alelal) cliinal) Lyl an)) Ailian) ¥ aladiuly
lollee Ay dpale Gl o Aadldl Aylail) Lahlhi SA5) (e LeiSay S8 daba
ralaall Ly & o gpabai@V) ading ale S dalifial) Wllead Jaladdl auys 4)lall
23a aginhy A e Alany) ) e AalaiBV) cluldl oy 8 1S Talae

-58-



oooooooooooooooooooooooooooooooooooooooooooooooooooo

ol Cppilan Y/ Ao

Rl plailly asdl) Jiall clslanlS ALaBYL sulagll Al @3 pulsadl (e
Gy cilandlly ol et Gl BN e bl eliall gLl Al
Al sl clelanly chaadl, by dally disidl Slslanly L

Al e laaY

Lalil) A Lilaa) clleall A8 bl Cigal) 1 Gualdd) Eaal)

Cangd L @lldy ma aladind dagl JSUy Aglasy) slasd) Gilagd e el Gllia
Oftia llia Gl ¢ ledana (e SEI Ahal) il ol il (ailiad dagday alasiuy)
Shadl Clagl 5 (Cllal) bl slandl clag Lag iilasy) Shadl clagl (e
Ghial Bl Glagl muagd L Gl g padasad) @l jahs Gljaall
- Lo 3 saa) 3agal) Al Jilad 8 deddil
(Control Charts for Variable) <jyaiall §auad) cilag!

Jie geitall 525al) Lpala (ald 4lSa) s b 525l s Cilagl (e il 138 a0didg
Clag e gl Bae dllin ¢ 1y A 5 plhall day 5 eSSl ol Jskl
Doty lete ALl £ 1Y) e s clriall Byl
(X" =R Chart) (saally hugiall dag!

( Upper control limit ) dglasy) syhuwdl eV aall (o Jasgiall dagl o)sS5
iy, (Lower control limit ) dslasy) sylasdl 31 aally (UCL)  Tleaial cuiiy
Gy \gluial Say sdlly (Central control limit CL ) 3S,all lady (LCL) flaial
: 1 a1 ey ateal

UCL =X~ + A, R™
LCL = X~ — A, R™

CL =X = =1 X

n

:L'j Sua

(Subgroup) 4 pusall Gliall 232 @ N

D T . ) S el . ox-
X = ) Aol (e cmyy saalsl Aill laaliadl Jaee @ X

(32l Al & Claaliall dae ) Aall aaa o adiag Sl 2 A2

-50-



2021/9/15., G Sa) | (il Sl) AT oooovevereeeeevereresseerererarsssesessssans il Cpilan ¥l dlaa

R = 221”5 ) (e cavnss cilisall claaliad ciladl lavgie s R

n
A eV aleall o lgolatial S (535 2ag Sols el aa e €5 Al gadl dagl U
.2)

UCLg = D,R
LCLR= D3 R_
CLR = R_

B

: Qi GITEN
o (n) Al B claaliall 2 e addiad <Bllae D3, Dy
(X" — 0 Chart) g laall Gi)aiyls Jaugiall 4a !

Qi Sles hpbe Adaadl (b5 0580 Lovie (gilmall Cabadyly Javsgiall dagl pasies
igasesSll 0sSlnd) G ) o LB B (plnadl Cahady) dagl axdins Jial
s an el o e Ll ((lonall Cabadyly Janigiall dagl (8) Janisial A )5
LAY Y alaall Ty Conny (53850 2n g

UCL=X= + A, 0~
LCL=X"— A, 0~

noo—
=1 X
CL=X ===
n
G RUTN
Y(x—x)2 . - . o .
o= rrae :4y¥\4bhAHCpe?maig(S@ﬁna)gggxd\gQFuy\dyg e}
o = %i=10 . AY) Aabadl (3 crenys (N) Sliall gylaad) Cilasy) agia : 07
o :
coN Al 8 dlalial e S 2 K
b ol LS glmall CahatY) dagll Jasall dgas Gl
UCL= B4 o
LCL = B3 o
CL = o~

-

A(N) Al aaa e Legiad adiad b By « By

-60-



oooooooooooooooooooooooooooooooooooooooooooooooooooo

ol Cppilan Y/ Ao

Normal Distribution Curve  suhll a5l dada

OS5 ¢ Bpaiunall lldinl) Glayysill Jid Al Glisiadl e dae g Cigpze s LS
Normal Curve Gaussian ) (sl anhll el Jsie 0 e &L
el Calill (s alay) e 3asall Jaua Jlae 3 4eladinl acluy 3 (Distribution
“sagall b cilag OIS e Ll JlSaly - L)

cosill leal) Jasgl) Jsa Jildia inte ail axi rpdall aygill inie JS& Ay
Y oaall e cpasie Tlel Lo ) ol ey saaly Al aly anpall JS8 31hy
Slo i) A e lages hiad 13y emal) 138 ae Laldy of 050 e Ueid Lt
Cand ) aiall ot dalioddl andy 43 Jilall e day dgenll 134 ols 81 sad)
50% sl ad S Aalies G ola LAY e Lagie S Gty Lla ol
Lpully luall Jassll ad o) Blall s ooz sl @t L) daludl o
- Agslutia O35S eamdall aysill Jlgially

: Ciluagilly Aalald)
YV il Al Jlae 8 (alall g i) e daalill €Al Guiatl 48 o Lee gy
AShAY s3a A (e Lgiiiad Csllaal) Calaadl Zuely A aps Blage lld 25 oy
idee Fla) b aed O Leld 0o ) Claagl) e dea Gl 13 GBS (8 oS
tilany) Gllaall DA e palall ¢ Uil ae 4)500

cpalall ¢ Uil aa ASHaN dulee (e Byapall dysatill Calaa¥ )y dcayall Lagladll auag )
Ay 35350 Eun e 0S1s cAalall hleadll Il auat S ol sl o Laid gl
o g Lulid) Aileaa¥) 3yl Gty ASHAN Gl Al cale JSG dyanil e

5ol ey Loy Lpatill 8 @lpd OS50 adad ) Ailaay) Aalall HLY) gy —Y
Laas GLLY) G JelSillg o)

Al die gAY Jsall Lals Al Aglany) cllesd) 3 daalil) pladll jeas Y
e dealil) Sl 8 cgtinlag] (e Baliu s Leaysiiy paladl ¢ Uadll aa

L bl dadlaad Al oall cihald) iy ShaaV) Jilaall k) Col€all e alaey) ¢
b leidagiy Aaialls Ayl gl LAl Cdal Leingty layshay Al Glandy) i —o
e siiall lanl) ¥ lae

-61-



oooooooooooooooooooooooooooooooooooooooooooooooooooo

ol Cppilan Y/ Ao

Apnsally Ayl LYY slae) amy V) Galdll g Uadll ) alall g Uadl) cpe JEY) a2e —1
a5 ls aclaill 3anl AUl dslanyl sieal) oL IS GASLAN oda ety APl
e aS1lly o lasd eV GulallS cialally 3o WS e dle Haiy SBY) el 53l
Gani (Sl adinally daasSall Bigal) s (o 4338 Adlan) AylE) dashia s =7
Lkl Jpay eis ddga o galdll gl Al G sagieall CBEVL NN

(Al A e Opgthad) ey (sl Guikalsall

: Jdbéuﬂ\
GLL cb@&“ &}ﬁﬂ J;ﬂ\ Jb ‘g443ﬂb gégag‘gbgnQﬂ cJAL Q*N JA;\ —1
YV

Jare e sylapdl cilyriall sasie ju lagl (368" ¢(2011) ¢ Sl 2aad (Jida =2
Clulall aple 48 ¢ yiivale dlu ¢ duasall e )l o)l dll lanls e o Gl
c@hadl cdiasall drala (bl

e sl Hlaudl alasiul' ((20060) «gisd ae gl 5 Saiall ae Ol s 3
(1)222 ¢(19) alaall calally dyy5il) Alae "Ggipdall luhall 3 djpall A1l

5 mmine 2l gyl dansi Cie gl Hhaull ((1992) cliiul . gl g2 4
L3DaD edlany g pSual) il AIS ¢ J5Y) Aaghall ¢ ubie (358 ¢ Sl

sl s dae ¢ plaas¥l dolas I Jaaal ((1987) casane a8la ¢gsl V=5
@hall ¢ Jiasall dnala ¢ illy delikall

e ) Baga Al alaY) Al S dagd (36 ((1996) calls Ly bl =6
chal) (Jaa gall Aaala calai@¥ g 3 )oY K ¢ privale Al (3K

dxall c@hall dysean alall Jlan¥) malipdl JGllly uly Jole) e T
2002 ¢dilas¥) Ergadly cyysill o all

o Al A e gl sl Jaai¥) dag ¢ (2013)¢ sbac aeal Skl -8
Aaals (Dlnalylly Glaslall asle 408 ¢ (Jle aphs Al ¢ " (isals Ciiad Jare L)
caba) ¢ Jaa gl

o) Jlas (8 dalasiuly oyill apsdilly (WLl :(1999) das ol ae -9
- oY) cglee ¢ ills Aeblall Bl ¢ Al

= Lelinka s 4wl cbasll agall v ((2007) camal) anna ¢ Fsdue —10
coall capslly Sl Glawal) s ¢ ds¥) Aagdall ieadlls dalisy) <Y sl

-62-



2021/9/15., G Sa) | (il Sl) AT oooovevereeeeevereresseerererarsssesessssans il Cpilan ¥l dlaa

il de and i 22 sgase il dlee Ll g gl Glle JWS -11

Naay Fby ) )y ((SPSS) galin aladinly Lpmgne cliplsi 4lasy) c)lsay!
2012 « As¥) Zaudall ((65)

12- Behrman, R.E. & Kliegman, R.M., (1998), 'Nelson Essentials Of

Pediatrics', W.B. Saunders Company, U.S.A.

13- Jackson,J.E.,(1956),”Qua|ity Control Methods for Two Related

Variables', Industrial Quality Control,Vol.12,No.7,pp.4-8.

14- Mandel , B.J., (1969) , 'The Regression Control Chart', Journal of

Quality Technology 1, pp, 1-9.

15- Mandel , B.J., (1967), "Statistical Programs Of The United States

Post Office Department’, Industrial Quality Control,Vol.23, No.11, pp ,

535-538.

16— Navidi, W., (2006), "Statistics for Engineers and Scientists’, MC.

Graw Hill New York.

-63-



oooooooooooooooooooooooooooooooooooooooooooooooooooo

ol Cppilan Y/ Ao

algall Rmgq gyl SiZMA-6 (ulipag dpz Il Aslagall Jlazgal

alpall Rgbams syllana (g 34 aqshall lleall
** pal a5 land * Span Changy Gilia .o |

munaf yousif@yahoo.com

saliiaa)

& dasill [l dilas) 3108 sl WA cilagl Jlaiad ) Eaad) 138 Caagy
A& oluall Lpial illana (o ianal (deslal) )Aaladly A1l olaall Auilly Cagaal) 22e
2015-2014 alsed Zie ol 5 dadivnyll Jilans Laay 3l b

zhaduls lle Clallaall o hal ay dalally Aol oluall gylapa) culagd Ay o 3
Jexi Lagyl dyaas (pfidanall DI 3l A5jlie 5 (e Aaslad) slaall dpilly Cagaal) e
sl Ay PA e Legiiliag (Six— Sigma)cslul Gyb oo @AY Ga Juzidl
gl Galies aldll gl B35y dallaall 3eUS Lali o ddaadll 4 5<8 S
sl 2l

Aase 8 ) il cojlal 3 dase Lyt e dlane Ayliadl bl cujlal a6,
ey Y (fihaaall (g sisal) SIS o) Lo (gl Led IS Al Ao pe d3)la0 (g5iusa g
Sz Lo 1385 daiiall sliall Basa (ggime (A DS Lall lileys Ggllaall 325l (5
Ssen Jaadl ey kit Lea sl (gie Lot W dall il olay) sl e Ll
can) Gilallae Jlexindy Juamdl Ciladd i e Zidia
OenS DU goll ZlaaY) ¢ A sl sylanad) ol dgal) Gulie dabivd) il
(COD) il (pan€ V1 585, PH g ynell oY) BODS

s Aala aLaBY g 33V LK — slas) ad ¥
dsny Aaels — Sl ol BIS #

-64-



ol Cppilan Y/ Ao

oooooooooooooooooooooooooooooooooooooooooooooooooooo

Using Quality Control and 6-Sigma To Determine The Quality of
The Treated Wastewater Discharged From Some Water Purification
Plants
Prof. Ph.D. Munaf Yousif Hmood*  Asmaa Najim Al-deen**

ABSTRACT

In this paper we use one of the quality control measures for studying
the input and output water for two water treatment stations in IRAQ and
then we use Six-Sigma for the output water after made treatment to build
a final conclusions for the best station.

The results refers to a second level for both of these stations and Albo-
Etha station is better than Al-Rustumea station, although both of them are
suffered shortages in produced water quality and this will negatively
affect human life and living organisms including pollution levels which
require work in efforts to provide better services and use of newer
processors.

Keywords: Six-Sigma, Quality Control, Biochemical Oxygen Demand
(BOD?5), PH, Chimical Oxygen demaind (COD)

*Dept., of Statistics, College of Administration and Economics-
University of Baghdad
** College of Ebn Al-Haithim for Science -University of Baghdad
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ABSTRACT

In this paper, we suggest using the multivariate wavelet analysis in higher
dimensional space (Symlet, Daubechies' least-asymmetric wavelets) with
soft thresholding to de-noise of the data (Shrinkage) before use it in the
Discriminant Analysis to obtain more accurate and reliable results by
comparing it with the Discriminant analysis used on data before de-noise.
And to know the effect of de-noise from data (proposed method) on
Discriminant analysis results by simulating random data with normal
distribution repeated 1000 times for different combinations of number of
variables and sample sizes and real data represent leukemia patients
taken from the Nanakele Hospital in Erbil. We analyzed the data
depending on MATLAB Language and statistics program (SPSS). One of
the most important conclusions reached by the researcher that use
proposed method led to the separation between the two groups better than
before de-noise (classical method) and this mean that data were classified
for proposed method better than classical method.

Keywords: Discriminant analysis, Classification, multivariate wavelet,
Shrinkage, Minimax, soft thresholding, Symlet Wavelets and de-noise.


mailto:taha.ali@su.edu.krd
mailto:nazeera.kareem@su.ed.krd
mailto:Awaz.shahab82@yahoo.com

Journal of Statisticians Union (JASU)........cccevuivevievieiniiann V05.N03.15/9/2021

Rmmria slagga glungals @appaill Jeagll alilegll Reilan g Jelis
(@lat gshs za K12las) axlgiall

T Araly calai@yly 51 A0S plaay) and gaul) Ao Cpua ada ) giSal) MUY
taha.ali@su.edu.krd ¢ ghall «lims oS astd) < Jusf ¢ ol
Aaaly calay)g 5)Y) S (o laal) and (S (Badea Byl ) gAY do Lwal) MY
nazeera.kareem@su.ed.krd ¢ ghal) « iy o8 auld) < Jusf ccpall 3a
a8 sl Ol g3 el g A0S () pdd cana il ST uptal)
awaz.shahab8@gmail.com  g)al) ¢ ;liuaeS

1 gadlall

el 6 i) sansie Cilagsall Jlad alain) o dinlll =) ¢ Caad) 138 8
Jli] dae W) A giall ol pe L JBY) Gils Claysa a5 (Symlet) alay) saaia
2 e Joanll ghuaill Jilaill 3 galadind Ji (oasell panill) clilal) Ailis
iallee J8 bl e st (el Jadaill ae Leilie DA (e Zlsiges 4 S
Julail) il e (Aagiall aplall) culsbll dglia s Jolis 5508 2 jealy L 4ilia uall
ile ganal 330 (1000) 0)))<5 a3 (3l5 canda a5 Ll bl 31SLaw aladin) & (ghuail)
Do (oape Ji i Cilily aladind @ (g cilial) alaals cilpsiall 2xe (g Adlise
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Aojlie Jmdl IS e sana o el ) @l Al s il 35kl 3 US s gl
Ll a5 lild) o ey 13y (Apadinl) Adyhll) bl Alia g dalles (8 ae
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1: Introduction:

Multivariate wavelet denoising methodology is used to extract data of
distinct characteristics, which are modeled further incorporating the
multivariate framework. De-noising becomes a necessary step prior to
analysis data. Multivariate wavelet shrinkage methods are particularly
well suited for such de-noising works because they can yield a dispersed
representation of the data. There are several reasons why multivariate
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wavelet shrinkage can be used for parameter estimation. (Stankovic et al.,
2013), The main reasons are that wavelet shrinkage estimators are
Minimax for a wide range of loss functions and for general function
classes, practical and fast, adaptable to spatial and frequency in
homogeneities, readily extendable to multivariate, applicable to various
other problems such as density estimation and inverse problems. And
which can be used to treat noise in the data.

On the other hand, Discriminant analysis is used to description of group
separation in the dependent variable, in which linear functions of the
variables (Discriminant functions) are used to describe or elucidate the
differences between two or more groups in the dependent variable. The
aims of descriptive Discriminant analysis include identifying the relative
contribution of the p independent variables to separation of the groups in
the dependent variable and finding the optimal plane on which the points
can be projected to best illustrate the configuration of the groups. This
analysis is also used to allocation (or prediction) of observations to
groups in the dependent variable, in which linear or quadratic functions of
the variables (classification functions) are employed to assign an
individual sampling unit to one of the groups. The measured values in the
observation vector for an individual or object are evaluated by the
classification functions to find the group to which the individual most
likely belongs.

2: Methodology:

This section introduces some concepts about multivariate wavelet (MW)
and Discriminant Analysis:

2.1: Multivariate Wavelet Denoising (MWD):

Recently research interests have focused on using the wavelet de-noising
techniques in the univariate case, but fewer attentions on the de-noising
of multivariate data. The basic procedures of (MWD) method is as
follows: (Kaijian et al., 2012)

1- The data into different scales using MW transform. The coefficients
would include approximation coefficients as well as horizontal and
vertical directions.

2- For approximation and direction coefficients at each direction, the
threshold is chosen specifically at different scales for different directions
and the MW coefficients are processed by either suppression or
shrinkage.

3- Using the de-noised MW coefficients and the scale chosen, the
processed wavelet coefficients are reconstructed into the consolidated de-
noised data using MW synthesis.



Journal of Statisticians Union (JASU)........cccevuivevievieiniiann V05.N03.15/9/2021

MWD problems deal with models of the form:
X, =A+g - (@)
Where the observation X is p-dimensional, A is the deterministic signal to
be recovered, and e is a spatially correlated noise signal. This kind of
model is well suited for situations for which such additive, spatially
correlated noise is realistic. In the multivariate setting, given the
multivariate variables X, the de-noising algorithm assumes that it consists
of both deterministic data D and undesirable noises @ . Applying the MW
analysis, (Ahrabian et al., 2015), this relationship is defined as in (2).
O=vX=vD+vw - (2)
Where v is an N xN orthonormal matrix, o is the N dimensional vector
of MW transform coefficients o, :1=0,---,N -1.

The soft thresholding is example of shrinkage rules. After you have
determined your threshold, you have to decide how to apply that
threshold to your data. The simplest scheme is hard thresholding. Let T
denote the threshold and x your data. The soft thresholding is

X—T; X>T
r(x)=<0 ; [X|=T - (3)

X+T; X<-T
Minimax threshold is one of the commonly used thresholds; the minimax
threshold is defined as threshold 5 which minimizes the Amount (Kaijian
etal., 2012):
: R;(0)
nf Sgp{n‘1+min(¢92,l)} @)
Where R,(0)=E(1,(0)-8)*, O~N(82)
On the other hand it will be explained wavelets used in the search, as
follows:
Symlet Wavelets are also known as Daubechies' least-asymmetric
wavelets. The symlets are more symmetric than the Extremal phase
wavelets (Aminghafaria et al., 2006). N is the number of vanishing
moments. These filters are also referred to in the literature by the number
of filter taps, which is 2N. And this wavelet is characterized by properties
near symmetric, orthogonal and biorthogonal.
Decompose data using multivariate discrete wavelet transformation
(MDWT), choose MW and number of decomposition levels and compute
MDWT =W.X - (5)
Perform thresholding in the wavelet domain. (Matz et al., 2009), Shrink
coefficients by thresholding (hard or soft) and symbolizes it x, and
reconstruct the data from thresholded DWT coefficients, using the
following formula:
K =W™.X - (6)
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2.2: Discriminant Analysis:

The objective of the discriminatory analysis is to obtain a model to
predict a one qualitative variable from one or more independent
variable(s). The dependent variable consists of two groups or
classifications, like, normal versus abnormal blood pressure, non
defaulting loan versus defaulting, patient versus not sick (for a particular
disease) etc. Discriminant analysis depends on equation as linear
combination of the independent variables which is discriminatory the best
separation between groups in the dependent variable. This equation
(linear combination) is known as the Discriminant function. The weights
assigned to each independent variable are corrected for the inter-
correlations among all the variables. The weights are Discriminant
coefficients, (Anderson, 2003).

The Discriminant equation:

Y =B+ B X+ By X+ A By X+ e (7)

Where Y is a qualitative variable formed by the linear combination as
dependent variable, X, X,, ..., X, are the p independent variables, 4,

B Byr ..., B, are the weights (Discriminant coefficients) and ¢ is the

error term (Krieng, 2012). The aim Discriminant analysis is to test if the
classification of groups in a variable Y depends on at least one of the
independent variables. In terms of hypothesis, it can be written as:

H,:B8 =0, for i =1, 2 .. p Versus H,:s =0 for at least one i.

Assumptions:
1. The variablesX,, X,, ..., X, are linearity independent of each other

(there is no multi-collinearity).

2. Twice the number of independent variables does not exceed the
sample size.

3. Groups are mutually exclusive and group sizes are not much
different.

4. The variance-covariance matrices of the independent variables are
homogeneous within each group of the dependent variable.

5. Residuals (error term) are randomly distributed.

6. The variables of independent follow a multivariate normal
distribution, for purposes of significance testing.

There are several purposes for Discriminant analysis:

1. To investigate differences among groups of dependent variable.

2. To determine the most parsimonious way to distinguish among
groups.

3. To discard variables which are little related to distinguish the group
from another.
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4. To classify cases into groups.

5. To test theory by observing whether cases are classified as predicted.
Some basic concepts of Discriminant analysis:

Linear Discriminant function:

The number of computed functions equals the number of groups in
dependent variable minus one. This means that two groups have one
function, while three groups have two functions, and so on. Each
Discriminant function is a dimension which differentiates a case into
groups in the dependent variable based on its values on the independent
variables. The linear discrimination function can be based on a random
sample as follows (Afifi et al., 2012):

Y =B+ B X+ By Xyt B X, - (8)

The Discriminant function coefficients estimated (4,,4,,....5,) are

partial coefficients that reflect the unique contribution of each
independent variable to the classification of the groups in the dependent
variable. We then wish to find the vector 4 that maximizes the square

standardized and we get it from the following formula:
B=s,1(X,-X,) - (9)
Wheres | represent the pooled variance matrix, X, and X,are mean

vectors of the independent variables for the first and second groups,
respectively.

Group Centroid:

Group Centroid represents the mean Discriminant scores for each group
in the dependent variable for the Discriminant function. The Centroid is a
one-dimensional space, one center for each group (Durvaux and
Standaert, 2016). By connecting the Centroid a canonical plot can be
formed depicting a Discriminant function space and has cut off-point
which separate the two groups with the aim of classifying a specific item
into the group to which it belongs, which is based on the following
formula:

cP.=1/2(X, - X,) S (X, - X,) - (@0)

Eigen value:

Eigen value is a ratio between the explained and unexplained variation of
the model. For a good model the Eigen value must be greater than one.
The bigger the Eigen value, the stronger is the discriminating ability of
the function. It can be computed as follows:

i S
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Where SSH(z) and SSE(z) are the between and within sums of squares for

z which represent Discriminant scores for each group in the dependent
variable.

Canonical correlation:

The canonical correlation is a measure of the association between the
groups in the dependent variable and the Discriminant function. A high
value implies a high level of association between the two and vice-versa
(Caglietal., 2017).

Walk's Lambda:

The Walk's Lambda (A) is used to test the significance (importance) of
the Discriminant function. Mathematically, it is unexplained variation or
one minus the explained variation, and the value ranges from zero to one.
When the value lambda for a function is small, the function is significant
(unlike the F-statistics in linear regression). It can be computed as follows
(Rencher, 2002):

E|
T E+H| - @)

The (pxp) matrix H has a between sum of squares on the diagonal for
each of the p independent variables. Off-diagonal elements are analogous
sums of products for each pair of variables. Assuming there are no multi-
collinearity in the independent variables, the (pxp) matrix E has a within
sum of squares (error) for each independent variable on the diagonal, with
analogous sums of products off-diagonal.

Classification matrix:

The classification matrix is a cross tabulation of the observed and
predicted memberships. (Rencher, 2002), the values in the diagonal must
be high and the values off the diagonal must be close to zero for a good
prediction. The results can be conveniently displayed in a classification
table or confusion matrix.

The group-1 contains n, observations, n,,are correctly classified into

group-1, andnj,are misclassified into group-2, wheren =n,+n,.
Similarly, the group-2 contains n, observations, n,,are correctly classified
into group-2, and n,,are misclassified into group-1, where n, =n,, +n,,,
thus

Apparent error rate = Mz * Mt - (13)
n,+n,

Similarly, we can compute
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‘g . n,+n
Apparent correct classification rate = ﬁ - (14)
1 2

Box's M:
The Box's M tests the assumption of homogeneity of variance-covariance
matrices in the groups. A big Box's M indicated by a small p-value
indicates do not provide of this assumption. However, when the sample
size is big, Box’s M is usually large. The natural logarithm of the
variance-covariance matrices for the groups is compared. Box's M value
for two groups can be computed as follows:
B ‘51‘(%1)/2 _‘52‘(%*1)/2

M

15
D (1) /2 ( )

i=1

s
pl
Where S, is the variance-covariance matrix of the ith group.

2.3: Proposed Method:

The proposed method relies on de-noise of the data for all the
independent variables together by using MW before performing
discriminate analysis. De-noise of data depending on multivariate Symlet
wavelet and get the MDWT then involve the thresholding and estimation
levels it using Minimax method to obtain a modified multivariate
(MMDWT), and taking its inverse as in formula (6), we get on de-noise
data (IMMDW) which will be thex, where %=[%, &, --- %,] and by

compensating in the formula (8) we get the following:

\A(W = BOW +,31W)‘(l +B2W)22 +---+BPW>A(p (16)

The Discriminant function coefficients estimated 4,,,, A,,..., 5, are partial
coefficients that reflect the unique contribution of each independent

variable after de-noise to the classification of the groups in the dependent
variable. We then wish to find the vector éw that maximizes the square

standardized and we get it from the following formula:
éw :S;Ilw(zlw_ZZW) (17)

Where s, represent the pooled variance matrix %, X,, and X,,are mean

vectors of the independent variables after de-noise for the first and second
groups, respectively. The following diagram shows the proposed method:
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Minimax threshold

MDWT B MMDWT

Symlet wavelet

Data
All independent variables

IMMDWT

l

De-noise data

Discriminant analysis for data before de-noise Discriminant analysis for data after de-noise

The comparative

Diagram (1): Proposed method to de-noise of data with discriminate
analysis

3. Simulation Study:

In this section, a comprehensive simulation study was conducted to
evaluate the performance of the proposed method (depending on
diagram-1), which denoted by Prop., and to compare its performance with
classical method (Class.) in selection the separation between the two
groups (or classification), the independent variables (p = 3, 4 and 5) for
sample size ( n = 30 and 50) are generated by x=p+T'z, where T
represents Cholesky factorization matrix for variance covariance matrix
> (for different selected values) and z are multivariate standard normal
random numbers, x values are generated for group-1 (y = 0) and for
group-2 (y = 1) in which g = u, and =, #%,, , MATLAB and SPSS were
used in data analysis and the original and de-noise data for the first

9-
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simulation experiment (3-variables for two groups) were illustrated in the
following figure:

Figure (1): The original (red line) and de-noise data (blue line)
The main results for Discriminant analysis of the first simulation
experiment were summarized in the following table:

-10-
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Table (1): The main results for Discriminant analysis of the first
simulation experiment

No. of independent variables
3 4 )
Sample size 30 | 30 | 30 |
Method Class. | Prop. | Class. | Prop. | Class. | Prop. | Class. | Prop. | Class. | Prop. | Class. | Prop.
No. of Sig. variables I S U I I I I R B A S
Sig. model-F 13895 20028 | 2495 3334|3225 3474|3361 8604|2905 3922|6834 119.04
Std. Error of the Estimate | 0392 0324 | 0383 0357 | 028 0278|0284 0239|0274 0245|0240 0.190
P 0427 0609 | 0438 0310 | 0.701 0.716 | 0.693 0.784] 0.729 0.784 | 0.784 0.864
Eigen value for function | 0.744 1535 [ 0780 1.042 | 2345 2506|2257 3.613| 2690 3631|3633 6332
Canonical Comelation | 0.633  0.778 | 0.662 0714 | 0.837 0846|0832 0885|0854 0.885| 0.886 0929
Wilks' Lambda 0373 0391 {0362 0490 | 0299 0284 {0307 0216] 0271 0216( 0216 0.136

Boxs M 1643 4305|1755 15040( B0 1317(3427 3867|8173 M35| 1408 12607
Clsificstion Reslts- | 817 933 | 30 860 | 900 933 | %50 970|917 97| 970 990
Origindl %

Classification Results- | 800 900 | 820 840 | 900 933|950 960|900 933|950 980
Cross-validated-%

Table (1) shows that the proposed method is better than the classical
method of the first simulation experiment, for a combination of these
different values of p and n the generated data is repeated 1000 times and
calculate the average of Classification results- Original-% and Cross-
validated-% as in the following table:
Table (2): Average of Classification results- Original-% and Cross-
validated-%

No. of Method Average Average
variables Classification Classification
Results- Results- Cross-
Original-% validated-%
78.60 76.34
86.26 83.66
83.00 81.60
86.80 85.80
91.66 91.34
95.66 94.34
94.40 93.20
97.20 96.60
96.34 95.34
08.66 96.66
96.80 95.80
97.60 97.40
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Table (2) shows that the average Classification Results- Original-% and
Classification Results- Cross-validated-% for proposed method is better
than the classical method (for different values of p and n) from generating
and repeating data for 1000 times.

4: Application of real data:

The proposed and classical method will be used based on the
proposed diagram (1) and the comparison of their efficiency by applying
on sample of leukemia patients taken from the Nanakeli Hospital in Erbil.
Leukemia is a type of cancer that occurs in tissues responsible for the
production of blood cells, including bone marrow and lymphatic system.
This type of cancer usually begins in white blood cells. The study sample
included two groups where the group-1 consisted of 24 patients with
leukemia, the group-2 consisted of 24 patients with non-leukemia patient,
which represents the dependent variable (leukemia=0 and non-
leukemia=1).The independent variables: Age represents the age of the
patient, and Mch represents the Mean corpuscular hemoglobin, Mcv
represents the Mean corpuscular volume and Esr represents the
Erythrocyte sedimentation rate test. The noise of the data (4-independent
variables) will be reduced based on the MW with the soft threshold and
estimation levels it using minimax method.

Investigating Multivariate Normality:
The independent variables will be tested whether they have a normal
multivariate distribution or not through the use of non parametric test
(Kolmogorov-Smirnov) and parametric test »* under the significance
level (1%) by using Easy Fit program. The test results for classical
method are summarized in the following table:

Table (3): Test of Normality

Variables Classical method Result
of study .S. Chi-Squared

Statistic Critical | Statistic p Critical
Value value | Value
Age 0.1496 0.2306 | 6.3667 | 0.2722 | 15.086 | Normal
0.0885 0.2306 | 2.0028 | 0.5718 | 11.345 | Normal
0.1046 0.2306 | 0.7299 | 0.6942 | 9.2103 | Normal
0.1336 0.2306 | 2.7132 | 0.4380 | 11.345 | Normal
Proposed method
0.0660 0.2306 | 1.0283 | 0.9055 | 13.277 | Normal
0.1275 0.2306 | 9.6350 | 0.0471 | 13.277 | Normal
0.1242 0.2306 | 1.5336 | 0.6746 | 11.345 | Normal
0.1454 0.2306 | 1.4551 |0.6927 | 11.345 | Normal

-12-
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Through a table (4) note that all study variables for classical and proposed
method have a normal distribution because p-values for both tests are less
than 1%.
To detect outlier values in the following study model:

Y = B, + B,(Age)+ B, (Mch)+ B,(Mcv) + B, (Esr) +&
The values of Mahalanobis Distance were calculated in table (1) and table
(11), (in appendix) for classical and proposed method respectively. For 4
degree of freedom and« =0.01, »* =13.28 there is one value Mahalanobis
Distance for proposed method greater than 13.28, so it is considered
outlier.

Multiple linear regression:
To test if the classification of groups in a variable Y depends on at least
one of the independent variables, we must to test significantly the impact
hypothesis, and estimate parameters of multiple linear regression with the
some criteria (for classical method) as in the following table:

Table (4): Multiple linear regression for classical method

Model Coefficients of t Sig. VIF F  Std. Error of
Regression the Estimate
(Constant 1.878 3.071 0.004 22.302 0.3013
)

Age -0.013  -3.937 0.000 1.005 _Sig. R?

Mch -0.017 -1.450 0.154 1.073 0.000 0.675
Mcv 0.001 0.147 0.884 1.075
Esr -0.016 -8.295 0.000 1.019

For classical method, the F-test is highly significant (p-value equal to
zero), thus we can assume that the model explains a significant amount of
the variance with the Rz = 0 .675, this means that the multiple linear
regression explains 67.5% of the variance in the data. Also, the "Std.
Error of the Estimate" is the standard deviation of the residuals and
measures the efficiency of the estimated model and whenever it's small it
indicates the efficiency of the estimated model and it is equal to 0.3013.
The information in the table above also allows us to check for multi-
collinearity, VIF less than 3 for all variables; this means that there is no
multi-collinearity problem. We can also see that only Age and Esr
variables have highly significant impact on the dependent variable
(because the p-values less than 0.01).

-13-
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Table (5): Multiple linear regression for proposed method

Model Coefficients of t Sig. VIF F  Std. Error of
Regression the Estimate
(Constant) 1.626 2.306 0.026 28.955 0.2749
Age -0.006 -1.568 0.124 1.247 Sig. R?
Mch -0.013 -0.871 0.389 1.135 0.000 0.729
Mcv 0.002 0.222 0.825 1.162
Esr -0.022 -8.851 0.000 1.225

For proposed method, the F-test is highly significant (p-value equal
to zero), thus we can assume that the model explains a significant amount
of the variance with the R? = 0 .729, this means that the multiple linear
regression explains 72.9% of the variance in the data and it's greater than
67.5% for classical method. Also the standard deviation of the residuals
equal to 0.2749 and it's less than 0.3013 for classical method, this means
that this model is better than before. VIF less than 3 for all variables; this
means that there is no multi-collinearity problem. We can also see that
only Esr variable has highly significant impact on the dependent variable
(because the p-values less than 0.01).

Tests of Equality of Group Means:
Table (6): Tests of Equality of Group Means

Classical method Proposed method
Wilks'
Lambda F

176 13.275
988 .558

Wilks' Lambda F

.886 5.939
978 1.040
997 153 994 .269 .606
453 55.529 292 111.597 .000

Test of equality of means (classical method), the p-value for Esr variable
is less than 0.01. Thus there is a significant difference in Esr between the
group-1 and 2, but there is no a significant difference in Age, Mch and
Mcv variables between the group-1 and 2.

For proposed method the p-values for both Age and Esr variables are less
than 0.01. Thus, there are a significant differences in Age and Esr
between the group-1 and 2, but there is no a significant difference in Mch
and Mcv variables between the group-1 and 2.

Sig.
.001
459

age
Mch
Mcv
Esr

14-
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Box's Test of Equality of Covariance Matrices:
Table (7): Log Determinants and Box's Test of Equality of
Covariance Matrices

Classical method
Ran

Proposed method

Group

k Log Determinant

Rank Log Determinant

Group-1 4 17.358
Group-2 4 15.175
Pooled within-groups 4 16.904

4 14.687
4 13.680
4 14.426

Test Results

Test Results

Box's M 29.320

11.138

F-Approx. 2.655

1.009

Sig. 003

0.433

For classical method note that p-value for Box’s M test is less than 0.01.
Thus, inequality of variance-covariance matrix can be assumed. But for
proposed method the p-value for Box’s M is greater than 0.01. Thus,
equality of variance-covariance matrix can be assumed. The log
determinant values are quite close for both classical and proposed
method. But all log determinants for proposed method less than
corresponding to them classical method.

Summary of Canonical Discriminant Functions:

Table (8): Eigen values and Wilks' Lambda

Classical method

Proposed method

Function

Canonical

Eigen value Correlation

Canonical

Eigen value Correlation

0.854
Chi-

0.821 2.694

Chi-

1 2.075

Test of Wilks'
Function(s) Lambda  square Wilks' Lambda square

1 325 49.420 .000 0.271 57.489 0.000

There are two groups (classical method). Therefore number of
function = 1. The Eigen value is 2.075 (>1). Canonical correlation,
r, =0.821(>0.35). Wilks' Lambda = 0.325, p-value = 0.000 (<0.01). Thus,
the Function 1 explains the variation well. For proposed method, the
Eigen value is 2.694(>1) and its greater than (2.075) for classical method.
Therefore, this function is the strongest and has a better discriminating
ability than the discriminate function of classical method. Canonical
correlation, r, = 0.854(> 0.35)and its greater than canonical correlation for

classical method. Wilks' Lambda = 0.271, p-value = 0.000(<0.01). Thus,

Sig.

Sig.
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the Function 1 explains the variation well and it's greater than explain the
variation for classical method.
The function:

Table (9): The function

Classical method Proposed method
Function Standardized Function Standardized
Coefficients Function Coefficients Function

Coefficients Coefficients

age 0.053 0.690 0.028 0.276

Mch 0.073 0.276 0.058 0.165

Mcv -0.004 -0.028 -0.008 -0.043

Esr 0.067 1.046 0.098 0.945

(Constant) -5.758 -4.959

Table (10) for classical and proposed method (respectively) show
the Correlation between Esr, age, Mch, Mcv and Y and have the models:

Y = -5.758 + 0.053(age) + 0.073(Mch) - 0.004(Mcv) + 0.067(Esr)

Y =-4.959 + 0.028(age) + 0.058(Mch) - 0.089(Mcv) + 0.198(Esr)
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Centroid Classification Statistics
Table (10): Centroid Classification Statistics

Classical method

Proposed method

Classification Function Group Group
Gl et Group-1 Group-2 Group-1 Group-2
age 0.515 0.367 0.684 0.594
Mch 1.595 1.390 1.894 1.707
Mcv 1.648 1.660 2.716 2.741
Esr 0.444 0.256 0.514 0.198
(Constant) -115.237 -98.999 -169.677 -153.741
Functions at Group Centroids Functions at Group Centroids
Group Function Group Function
Group-1 1.410 Group-1 1.607
| Group-2 -1.410 Group-2 -1.607 |

Classification Results

Classification Results

Predicted Group Predicted Group Membership
Membership
Group-1 | Group-2 Group-1 Group-2 | Total
Original Count 22 2 24 0 24
2 22 2 22 24
% 91.7 8.3 100 0 100
8.3 91.7 8.3 91.7 100

17-
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Cross-validated Count 20 4 24 0 24

For classical method, 91.7% of original grouped cases correctly
classified (8.3% incorrect), 85.4% of cross-validated grouped cases
correctly classified (14.6% incorrect) as in the table-1 (appendix).
Functions at Group Centroids between (-1. 41) and (1. 41), the mid point
Is zero. For proposed method, 95.85% of original grouped cases correctly
classified (4.15% incorrect), 91.65% of cross-validated grouped cases
correctly classified (8.35% incorrect) as in the table-Il (appendix).
Functions at Group Centroids between (-1.607) and (1.607), the mid
point is zero. The following figures shows:

Discriminant scores

S O T R ]

Figure (2): Discriminant Scores for classical method
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Discriminant scores
T T TS X T SR ST

1 1 1 1 1 1 1 1 1 1
1] 5 10 15 20 25 30 35 40 45 50 55
Observations

Figure (3): Discriminant Scores for proposed method
Discrimination function for proposed method, classified data is
better than classical method. The following figure shows:

6 T T T T T T T T

Blue star : for classical method
- +* Red star -for proposed method -

Discriminant scores

L S L S O SC S S Y

0 5 10 15 20 25 30 3 40 45 50
Observations

Figure (4): Discriminant Scores for data before and after de-noise
Figure (4) show that Discriminant Scores for proposed method are
more separate between the two groups from classical method.
5. Conclusion:
Depending on the simulation study and real data, we conclude the
following:
1. The use of multivariate wavelets in reducing the noise of data (de-
noise) and then estimate the discriminate function (proposed method) led
to the separation between the two groups better than before de-noise
(classical method).
2. According to the first conclusion, the simulation and real data were
classified for proposed method better than classical method.
3. For simulation study, there are significant differences in the no. of
variables between the group-1 and 2 of the proposed method equal to or
greater than classical method.
4, The variances, total and general variance of data for proposed
method are less than classical method, which leads to more accurate
estimates of the classification function and stronger tests.
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5. For real data, study variables have a multivariate normal
distribution for all data proposed and classical method.

6. For real data, there is one value Mahalanobis Distance for proposed
method can be considered outlier.

7. The discriminate function for real data of the proposed method
explains the variation well by 85.4% and it's greater than explain the
variation for classical method (82.16%).

6. Recommendations:

1. The researcher recommends the use of multivariate wavelet in the
treatment of noise data before estimating the discrimination function
(proposed method).

2. Use other types of wavelets and compare them to get the best
wavelet that treatments the noise of data.

3. Use of other threshold types and other methods for estimating the
threshold level with wavelets and comparing them after estimating the
discriminating function.
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