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AlJ3'i',{I\C'f 

Some mul tivadate statistical PJctho'!3 lp,'Ie boon employed in this 

study. In particul(;l:, the method of pr:Jfite analysis have been used to /' 

compare tho performance of studonts \jllo originated from Addis Ababa with 

that of the remaining students who originated from other parts of Ethiopia. 

The data, four semester grade point aV6rages (GPA's), collected from the 

record office of the Faculty of Science of Addis Ababa University have 

been used to test lihether difference in origin resulted in any real 

difference in performance between the two groups of students after the 

The stl',dy is primaril)" based 0'1 ',he s'~udGn'\:s from the Department of 

Statistics who were e;,rolled ,',t the begining of the 1911.'82 academic year 

and graduated by the end of the 1084/85 acadntic year for various reasons. 

Based on tile cliipedcal findin, .. , s:)mG ~:::;,tdUH" conclusions have been made. 



1.1 Object.tv0 of. the Study 

SOn'e studies (King and Rin'l, 19721 r'eknnn(~n, 1987; 

Habte, 1968) have been con1ucted at Addis Ababa University 

to evaluate whether the Ethiorian School Leavinq Certific­

ate Exarrination (EBLCE) grade roint averaqe (GPA) is a 

good inilex .. :""or screening candidates for aclmi9sion. Other 

studies incluo9<'l thosa on rankinct of facultills/denartmentll 

accordinq to studentll' nerforll'ance and the se1ecticlU of the 

best performinq faculty/det:'artwent (r'~ekonnen, 1987) and 

on faotcrs aFfectinq aca~emic ~erformnnce of freshmen 

(Habte, 19BIl). 

These studies consinered freshwen, in ro~6t caSeS, at 

Addis lIraha University. Ho, ... ever, no follow-up stll<'1y has 

been attemDted to stu1y the r~ttern or trend of stuo~nts' 

performance after the freslunan year. 

Ratte (1988) has (liscUSSE'd factors such as dormitory 

faoi11 ty, ESLCE rrrade point a\Terllqe (GP/\) ani student I s 

region cf oriqin in r·a1ation to the "erformance of fresh­

men in the Faculty of Science. These factors may also 

influence stunents I n3rformance nurinq the r(~maininq years 

of the Stu0Y nroqram. In afooit!on, there may also exist 

other fectors that may affect stlH'lentR I nroqress. These 

factors may include, amonq others: 



1) fail nne 1;0 qc,t first choice 

if) lack of stll{l.ent lnten:st 

iii) derartmental inade«uac'.' relatinn to staff and 

facilities 

iv) heavy semester work loads. 

DuE' to the nossib::.y differincr de!"lrees of. imnact of 

these and other factors, one I'"ay flxpect a non-uniforll' 

trend in the nerformance of students in diff~rent derart­

ments and froM different reqi0nS of oricrin. The objective 

of the rresent study is t-.) COl"nflre the four-vear r.erform ... 

ance of the 1985 (jecrr~e 'JraCluates of ]\(l01.s Ababa ori0in 

\>1'ith that of the remaininq qradu1"ltes ~7ho oriqinated from 

other pC'rts of the Country. ~he stwly focussed on students 

from th0 Department of Statlstics of the Faculty of Sci~nce, 

for vi'lrious re1"lO"'ns. 

1. 2 P:ccb lems ·'lEd 1,i mi.j:.0!:~ 

The primary !,urn:)se of thio stUdy \qflO to carry cut a 

profile analysts on the Gl?A of st;uoents from Addis Ababa 

an~ Other Renions and to also apnly a multivqriate renres­

sion aprroach to ioentify the factors 1"hich may possibly 

affect stur'ents' nerfJrmance aft!'!r the freshman year. 

The multivariat!'! reqression 8pnroach W1S envisacred 

"lith the anticiDatl.on that the coml"'lltinn facility 111M ch 

was eX1:'€'cten to he i'lV"Iilabl(~ to our denartment 1tlOllld 
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~rrive Nol eXfX)ctefJ. UnfortuD<'Itely, the faci li ty has not 

yet arrived. Resires, all relevant ~ieces of information 

8xr·ectec1 to have been £i11e(1 j n hy the stuclents durin" 

their arplication for admission into the freshman rroqraw 

",ere not there. Henc3, the rc!"ression arproach hac to be 

put asice. The nrc-file analysis woulCl also requl.re 

computinq sunnort, but this reouirement coulr1 be kept 

small. 

Furtherronre, uron subr'11viciNT the .'ltufly nOf'ulatinn,it 

was founr out that the maximuTI' nUI11r.er f)f qraduates, cC'ual 

to 6, WClfI observed in the O(TartMent of Statistics for 

corresrcnl'inq to lldcJis 1\baba for the rema.inin" i'erartments 

,~ere observeA to be even smaller. Thus, this study is 

I)rimtlrilv hasen on th3 GPA.'s cf 19 nri\CUi\tHS from the '. . 

Derartl1\E'nt of Stat! sties, of ~Ihich 13 Nere from parts of 

the Country other than1\d,Us '·baha. 

jnoreover, it is worth"Jhi1e mentioninq the time C0ns t-

raint erocountered, because of some administrative pr0l:hlews 

(lata were not col1ecten on the sheculeo time. 



2. l'A'l'r.JUALS 1I.ND f,'gTH(,DS USBI' IN TKE STUDY 

2.1 ~~.ethods of Data Collection and Source 

The subjects of the study were the 1985 degree ~radu~ 

ates of the Department of Statistics of the Faculty of 

Science of Addi~ Ababa University. 

The cata (four semester rPA's, one at the end 

academic year, toqether with some backqround information 

on each qraduatel were collected on a form prepared for 

this purpose (See J\pp,mdiX:A) aided by the list of 25 

graduates, who got the approval of the Faculty's Academic 

Commission and graduated at the ond of the 1984/85 academic 

year. Unlike other hatches, the qradua1:ion <'lay 'l'las· in 

November 1985, after the rehatilitation campaign of 

Gambella in \-Ihat "las then called Illubabor Administrative 

Region. The list and ftles of ctri'louates' record were 

obtained from the :Paculty' s r(lcord office. 

Later on, we sorted out the qraduates belonqing to 

other batches, drop-out cases and dismissec students in-

order to have GP~'s \"i-th identical seJYlester '>lork loads, 

the same instructions and comr1ete set of GP~'s. Finally, 

we came up with a total of 19 qraduates in this Department. 

This was reqarded as _'I goneration si1Jmle. 
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.tp.risticB of thG D<ltfl 

Ie objective of thj.s section ii'! to shOl~ b'1'3 general 

,cacteristics of the graduat.es coP'dna from each oriain 

,,1d to point out the ~oss:cble implication of these charac~ 

teristics on the analytical results. 

Background information ~las collecteo on sex, acre, 
. ' 

marital status, origin, type of study at the las1 hiah 

.. ", 

"-

school, r:SLCE. GPA, and status of adrnis,sion ~~ ~e FacultYI 

this was all obtained from the graduates' app.lica'tion forms 
( 

filled in upon their ?nrollement. ~his was done so as to 

get some understanding of the extent of the heterogeneity 

of thl", study qroups. Based on this l.nformation, the follm'-

in9 characterizations ~Iere mace. 

Table 2.2.1 presents the break-dOlm of the number cif 

Science graduates of 1985 frop' ldcUs Ababa and the remain ina 

regions of the Country, classified by departments. ('ne \,Iill 

observe in Table 2.2.1 that the largest numhers of graduates 

were from Physics and Biology, consistina of 39 and 38 

graduates, respectively, and the smallest were from Geology 

and Statistics, each having 19 graduates. T~e largest 

number of Graduat.es from Addis lIbaba reqion \~ere in f;ltati-

stics and the SMallest in Bioloay. Howwer, the proportions 

bc1on~ing to the reqions under each depart.went are different 

in maqni tude. Tho closf)st proDort.ions be10nrr to the Depart-

_/\. 
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Table 2.2.1: Graduates of ISS!) rccor<'linrr to Reqion of Oriqin 

ani' De\'lartmRllt. 

Source 
Reqion Biolo(1'.' Chern. Geol. ~ath. Phvs. , Stat. Total 

1\ddis J\haba 1 5 3 4 5 6 24 

Other Regions 36 22 15 21 34 13 141 

Not Sp.."lci fied 1 1 1 3 

T 0 t a 1 38 28 19 25 39 19 168 

ment of Statistics. Taking iIltO consideration the J?rofi le 

analysis of interest (\~ith p = 4) and these differin<;1 con­

sti tuent proportions 'fie elected to Cal'Y.'Y out the analysis 

for the qraduates fro,"" the Depart.J'lent 0<' Statistics. Thus, 

the descriptive analysas refer to thiR Department. 

'.1:'al'>le 2.2.2 shows the arrE', Ul)On enrollement, of rrrac1u­

ates frolY' fitatj,stics. f.iost of thew -Iere at the aaes of 18 

and 19,' and the least. num.bers ,'mre at t.he ac:''3s of 17 and 

20. !-Iorcover, there 'flere two araduates \'lho di<.'l, not specify. 

their a0e, upon enroll mel1t, one from each region. There 

are differences at the ages 18, 19 and 20 hetl~een the two 

regions, hut the extent of: youthfulness of the two grou?s 

appears to be about tho same so that ane is not expected 

to shml any differential effect in the tyl0 erraups. 
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'J.'ahle 2.2.;'>: l\ne Distribut).cr upon F.nrollern'lnt in 

statistics 

lae 

17 

18 

19 

20 

No specification 

1 

3 

1 

1 

6 

ot.her Peaions Total 

1 2 

2 5 

7 8 

2 2 

1 2 

13 19 

Tarle 2.2.3 presants the sex distrihution of graduates. 

As shown in this Tabl~, most: of thE) araduates \·mre male in 

both reoions and ther'3 ~Iere only tvo fel"ale 'lranua.tes, one 

from each reaion. Aqain there is a similarly oriented 

imbalance in the ntll"h3r of males in both arol1ps. 

Table 2.2.3: Sex Distribution of Graduates of Statistics 

Sex 

Hale 

Female 

Tot a 1 

Addis Ababa 

5 

1 

6 

other Peqions 

12 

1 

13 

Total 

17 

2 

19 

Tat.Ie ?. 2.4 pres3nts thG <'listribution of ESJ.CE grade 

point average, upon enrollemel't. lis shown in this Table, 

the maximum ohserved GPA is 3.2 (all from Aniis Ababa) and 
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the minimuPl is 2.2 (a (ll':aduate outside l\ndi.s )'~baba 8nrolled 

as a quota student). The hi,'hcst frequency corresponcs to 

tJl.e GPA 2.8 (three from A.dc:1is lIbaba and four from ether 

Regions) and the le3st are at the GPA's 2.2 and 3.0 (all 

from other regionn). All ~;rac:1uates froJ!l 71.<'1di'3 Ababa had 

grades above 2.4 and those from Other Re~ions had below 3.2. 

There ~'las no specification for a qradnate outside A.dois 

Ababa. ",here is also one 9raCluate ~lho has been enrolled as 

a private I'loolicant from Addi!' Ahaha. "oreover, graduates 

from AdClis Abi'lba had a hl0her mean GP)I, than those from 

other Rerrions (the Cfraduab? with no snr!cification of oriqin 

"las not considered for mean calcllli'ltion) • 

Table 2.2.4: ESJ,CE Grade Poil't lweri'l«f) Distribution of. 

Sti'ltistics Graduates 
-----~.-.-------------------

ESI,CE c'PA 

2.2 

2.4 

2.6 

2.8 

3.0 

3.2 

No speci fication 

Tot a 1 

Mea n 

IIddi S i.\ baoa 

1 

3 

2 

6 

2.90 

Other Pe«ions 

1 

2 

4 

4 

1 

1 

13 

2.63 

Total 

1 

,2 

5 

7 

1 

2 

1 

19 



- 9 -

In adi'i tioll, the ma.ri tal status upon enroll(lm8nt v,as 

predorninant.lv sip010. in both rpedons 1·lit.h the 8xcnptlon of 

one J1'arried student (outsi,"c' I'i','is l'hahn) arv1 t.he "no s»Cci-

fication {I for a Qra0uate (outf'ide 7\ddis Ababa). Regarilina 

the type of stU0V at the, last hiahschool, most of th,~ 

graduates Here froIl' academic sc.i.ence in both regions, three 

graduates outs.i.de Anilis A.baba \1(~re from aqriculture stream 

and no specification was obtained for four qraduates (one 

from Addis l'baba and three :Erom Other Recrioml). Eventhonqh 

no information was obtained, it is theoretically 'known that 

a dormitory f'aciU.t.y is proviiled to any stu(hnt froro outside 

Ao.dis ,ll.-1>aha but not to one froIl' l\il.cis N~aba. 

\>lhereas acre, sex ano mi'.ri tal status may not have any 

serious affect on stu'lent perforrnlUc8, it is expected that 

ESLCE GF,l.\ and dormitory faciU tv may a f'f'oct post-fr2shman 

GPA; thE' effect of F.S'LCE GPA is ol(oected to he posltive, 

sugqestinq a hiqhar nroflle for }\il.dis l\haha, but the absonce 

of a clormitory facilty, on the othar h1'mCl, Inav S~CM a oopressinq 

effect. The opposite \'li11 bE"! truo for the MrforIl'ance of 

students who COlT'e from areas outside 7I.ddis Ahaba. ry'he net 

effect, in both cases, r:r:ey be to create a situation \"herehy 

positive and neaative effects have a tendC-!ncv ,':0 nC-!utralize 

each other. 

Furtherl'lore, failure to aet first choic'o3 is 'lxppcted 

to have no effect on the performance of studr.mts In the> 

Departn"?nt of Statistics, b8causo everv stuihnt is assianeil 

to this OepnrtlTlcnt according to his or. her first choice. 

However, lack of student interest, depilrtP1f'lltal inadeC'{uaC'1 

relflting to staff anc. facilitips and heavv S'lmester work 

loads mo." affect 8tucbnts' nerfOrlTlilnCe but they nre expected 

to shO\'/ no differenti'11 effect on the blo <lroups. 
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2.3 Hethon.s of Datfl '\nalYei,s. 

~.3.1 l'ssf2ssment of V,ultivarlatp. Normalitv 
---~~~=-=~ 

'rh.c assunmtj.on of multivariatG norroaU.t.v underlies 

much of the standarn "classical" multivariate statistical 

m~lthodology. Thus in r.<'Ja1 life application of ·thiB 

methodoloC!y, the first ste,)) t.rat must. he taken b"fore 

going into analysis is the aSf'essment of (lata for any 

serious violation of the underlyinq assumption, This 

assumption is thus, a basis for the methods of analysis 

described in l1ections 2.3.2, .7..3.3 and 2.3.4. 

There are varioll'l mathoc1s sU<Tqested hy different 

authors (<;8e r.nananesikan, 1977) ~,hich have been in use 

so far for this purnose. ~or its simplicity and ease of 

interoretatl.on ~'e use1 'che chi-(3cmare plot method described 

in Johnson and Wichern (1932). 

This method of jU0.9inQ the joint normality of a data 

set is based on the squared genor.alized c1istances c1~ qiven 

by 

(l~ = (X .-X) '1'-1 (X ,-X), ;",1,2, ••• ,n 
J J . 1 

I r X are colu n ~ct r f n ~ t on the 1,th W 1e '" 'j . , ro v, o.s 0 "mea9ur,~mAn s 

element or individuill, X is i'l column vector r)f P mears 

computec from treatment totals and 11 is tho sample ccvari-

ance matrix. The nrocedure to construct a chi-square 

plot is as follO\~s: 

1) Compute and ordol: the sC1uare(1 cUstances in an 



ti) 

iii) 

ascendinq order as (\2 ,,2 
'(1) '::"(2) < • • • < 

,~ 
n (11) • 

i-" i~l< Ccmnuto the valurc,s oj' x 2 (~2), 1,h()re X (-' -'lis 
f' n '0 n 

tpe lOr) (j-J.;;) n,)rcentile of thn chi-sCllwre ('lj.stri­
n 

Dution t'1i th P 08gr,","" of fr()edom, ana finally, 

plot the pairs (d (j) , 

The resultinq pl~t should rese~ble a straight line 

throuqh the orioin, if. mUltivariate normality holds. Any 

systematic curvet'! pat.tern sllC!C!ests lack of normality and 

any j)oint to the right of the lino indicate> large dist-

ance or an outlier that hoods further ilttention. 

2.3.2 pssessl'1ent, of Bquali ty of ('ovariancA '1atrices 

The qenerl\lized '3artlett tes t for the e1uali ty of k 

covariance l"atricC's, given 1.n I,'orrison (1976), is used for 

this purpose. 

The hypothesis 

of the equ'llity of the covariance matrices of k p-dirren-

sional Jl'ultinormal populations can be tested against the 

altern3tive of oenoral positive definite ~atrices by a 

modifiec1 C!eneralized likelihood-ratio statistic. Let 

8 i be tpp unbiased estimat(~ of Lihl'lsec on fi degnJes of 

freedom, where f. = n. -1 for thE' usual case ()f a random 
~ ~ 
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8ampL~ cf n i observAtion V<-~Gt(rs from the i th ncpulatJ.on. 

r,-lhen flo is true' 

is the pooled estJ.mFlta of the common covarii'lnce fl1Rtrix. 

The test statistic is 

k 
p .. ( E f.) 

i=l J. 

and if the sCRle fact~r 

k 
lnlsl - E fi lnlsil 

i=l 

1 ?P/.·+·3P 1 k 1 1 
1)- = 1 - _ .-. . - {1: - - - } 

() (P+l) (k-iJ . -If. k f 
].-. J. ~ i 

iiH 

-1 is intrC'duced the quantity fIJI) is ap)'lroximate1y distri-

buted as a chi-sCluAre varlLlt~) ,'lith ceqre("!s 0f frc<"ldorr· 

~(k~l) r(p+l) as the) f1 becomes lar.qo. "necisJ.on rule 

\'Iith levp.l of significancfJ Cl is: Reiect H(1 if 

X2 > X~ (~(k-l) P (1"+1) ), ~lh,')rG X~ (I-, (k-l) P (1"+1» is the 

100 (l~ctl percentile p0int c·f the x2-Clistribution "lith 

2 • 3 • 1 'Jhe !>'ethcd. of. Testing tho Fguali ty of ~010 f-'ean -vectors 

This is a multivariate analog of the test on 8.iff.er-

encG beb/een hm means. SunpoF'e one draws indeDcndent 

random sawpleR of sizes n l and n 2 from n-variate normal 

t)()DuIations N(\lI' E) and N(\1 2 ,1:), resrectively. 

;; 

I 
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x·'" .2 

" , 1? 

~nd samr1e covariancc matricBs 8 1 ana 8 2 and the poo1eo 

s.3.nlp1e cOvariance matrix S \~lwre 

HI = covariance? nV1tri X obtainen fro'l\ sample 1, 

52 = covariance Il''ltrix oht<lincn from 9arno1e 2, 
(n1-1)Sl +(~-1)82 

and S = nooled covariance roatrix = 
n1 +n2 -2 

'ro test the l'-vari<lta hy!,othc9is Ho: \11("- \12 against the 

alternative hynothcsis HI g ]11 f \12 ' an a1")"lronriate test 
•...• ' 2 

stat~s'Gc T (nronofll?d by Hott"llina, 1931) i'1 given bv 

Whcn the hYl'othesis, '1
0

' is true, the statistic 

H:.:~ n2 - p.,.l 
F = - T:> 

(1) 

(2) 

is distributed as the F-clistribution l'1i th oeqrees of free-

dom I:' and n l + n 2 - 'P-1. A. decision rule vTith level of 

significance ct is: Reject H if F > F (P. n 1+ n 2 - p-1) , 
Oct· 



where! F (1', 11
1

+ n 2 - 1'-1) is tllG 100 (1-,,) DGrc(mtil'3 roint 
(j .• 

of the J' distrihlli:inn ld.t·h (},wrc8s of' f~'ecdn"1 y, 8.11(1 

The test in the next section I'rov:lde a more detailed 

analysis. 

Thp detliileo the')ry of profile analvsis is foune' in 

Harriso!' (1976) anc1 ,Tc)hnson i'mel T/'ichern (198~). 

Profi Ie analysis, ill g()neral, rertains to situations 

~]here a h"ltt<~ry of I' treatments (tests, questions, lind so 

forth) 1:1:e adrninistergd to blC' or [!lorc qrollnq of su.bjects. 

Since our primary int3rest is to c0ns:lder hI') groups tole 

restrict the t'liscllssion to the l'1othoel to he 1)sed under this 

situaticn. 

Th2 fol10Hln(J tlo]') ClSs1Jmr,tions llnClorly t1:18 model for 

i) Tre res)"onqes are r1escd.Der bv a n-c1imsnsional 

multivariate normal ranc10m variable X. 

ii) Beth ropula'-ions have a COJl\Jl\an I thouah unkno\'i11, 

c('variance matrix E, 

In addition, all r0sn~nS0S must bn exnressed in similar 

uni ts inorder to ci'lrry out a comnlet.e nrafile analysis, 

otherl~is0. it ~Iill be meaninqless to test fl03 (given below). 

To emrloy this m~tho(l of analysis I'/e roi'fht orc1inarily 

rose the question of \1hether the i'0nullition mean vectors 

are the same. In nrofi 10 analysis, the question of oC'TUali ty 

of mean vectors is c1ivic1e,:'1 into r:sver·.'l s"'~~cific ,:;()ssihili­

ties. I·et 
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t'i; the l"can vectors from Y)onulatinns 1 and ;~ p r2S-

groups or nopl1laU.cns. The profiles can also be 

('lstimated usinq the sam::Je p'eans so that then they 

are referefl to as sample ,..,rofiles (S8~' Ji'iq. 3.2 below 

for illustration). 

In terl"s of the population profile", \.,e can 

formulate th0. qu,}sti''l'l of equality in a stagewise 

fashion. 

a) /Ire the r,rofilp8 ),c.rallel? 

b) Assuroin'1 the p:cf:U.es are "arallel, are the ?ro-

files coincic1.ent. ':r i're thev at the same level? 

To!qui valon tl" g Is "iT 0}.1-11 
"'02 0 li"?i' i=1,2 v ••• "P 

c.cc8::t:able? 

c) Assmninn the Drofiles are narallel, are the nonula-

tion l"ean responses the same? 

accen"i::ablo? 

1) Parall0.lism of Profiles 

This re:\',?rs t,o the hynoth0sis in stane (a). 
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'f..'J(!.~;~ re C is the CCJn t. ~(';)8 t: i11i1trt y. 

-1' I 0 0 0 0 

0 -1 1 U .. 0 0 
C' 

U 
(P-l) XP ~ • • • • • 

• • • , 
0 0 0 0 ••. ' '1 

FC'r indepenoent samples of sizes n 1 and n2 from 

the blO popu1atlons, th(3 null hYDothesis can be testeo 

by conE,tructincr the t.rans:':c)rrned observations. 

exJ. :i , -. = 1,2,,,.,nl J 

ano 
C'(?, ~ 

.. 1,2,'>~"rn2 , .! -

r:::1e.::e havo sam?l;:~ fr8Bl,) vect0rs c;.rl and ex"" p 
~, 

resr,~ctiv(~ly, and ectimRt.C'rs of c{)vrlriant::8 P."atrices, 

('C' C' .,.-, , :re:'T,)ct.i "e 1y, '!There S is th~l 00-

bie.sed est.ilnator of E, 'chp C01"1l'on covi'lriance mat.ril<. 

Sincr~ the two S(~tg of trnns"ormo0. ons8rvat.ions 

h8:1)'8' (P-l) dimensional norr:;al distrihution.s \vi t.h weans 

ell
1 

ane C,t 2' respecti v~'}ly, anri cornroon covarlance 

matrix I.. .. C·, 'Cne S'CdCl.dO.C :COL" testinq H 1 is the two 
'1 .. 

sample T2 coronute0. fro))' the (1'-1) differences of the 

successive rr-ean responsos: 

(3) 

(4 ) 
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frecdoIT' (1)-1.) and (n1·}n;) .. P) I1nn ):".211"'ct. \:,1 i1t, the ('( 

lEvel if the obs8rv8'] F exceeds the ciri tJ.CDJ, value 

Fc; (P-l, n l +n 2-p), I<1h",n) Pet (11-1, n
l

+n 2-P) is the 

100 (1-«) percentile ;xd.nt of the F-distribu+:ion with 

H) Equ'aUty of J"GveJ.[!....:·~,.coinddent Profiles 

'rh:,s refers to the hyr>othesis in St"l<;18 (':l). If 

the hynothesis of ::>:'.1:'0.11el pr.ofilAs, Bo1' is tenable, 

vie ",ay b'lst I102' tlw hYr0theflis of coincic1ent profi les. 

Un(ler Eo1 ' the nr.of:LJ,es v,j 11 be cnlncickmt :.mly i1: 

the total heirrhts \111':'1112+ • .,+\111'= 1'111 aml 

~21+\122+ ••• +jJ2D~1'\12 iH'P equaL 'l'herefore, Ho2 can 

be ",ri tten in ];.atrix notation 118: 

wLere I' = (1, ••• ,1) j,B tlce P-comnonent vector \'11 th 

u\'!.i ty in each 'Josi'cion. 'rhis hynothesis is t,ested b" 

COIl'Putin('f the usual tl>Jo-sample t-s~atistjc iron' Hle 

SIl"'S of the ohservat,i')ns on all ,c'esponsos in ,?ach 

SaIl'plinC! unit, qlven by: 

(5 ) 

If If ? j,s truo, th~, statistic, has tho t~{~istribll-, 0_ 

tien with n l +n 2-2 ('k,rr;:""C'({ of freo<1om 01:' it,s square has 



the P-·distr.1hut.i.on with 1 and n l +n,,-2 aecrrees of 
<. 

0;; the null hypothesis apnlv. 

iii) ~.::r~ali ty 9f ~r,ean Pesponses 

This refers to the hypothesis in stal1e (C). The 

hypothesis that all J:'esponse means are equal, EoV 

can be tf~sted as followf). As in the prec80ing test, 

we roust require thai: the parallelism hvuothesis, HoI' 

is accentable. If i~. is not, the test "!lust be carrieCl 

out sEmaratfo;ly for t,h'"" b'o orouns. lJndGr the assurop4! 

tio!) of narallel r~8an "rofnng, tl)", hYl')othesis is: 

X 
1.lJ: 

Xl + 
n

2 
X;:> ~ n +n- n

l
+n 2 J. 2 

(6 ) 

::n10 froln it the si!lgle~sample T2 statistic: 

(7) 

\</h€re S is the unl'iw3ed estimator of E, the common 

covariance matrix. \"Jhen ,r 03 is true, the quantity 

... n l +n 2-p 2 

'" (n
J
+n

2
-'-) (0-1) T (8) 

has the F-distribntion \dth deorees of freeCloll' p-l 

ana n 1 +n 2-n, and \'le reject Ho3 l1sina the same rule as 

nnOflL' t1 01' 
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£'lg., :3" lcq 1\ (;l1J,~S(1UiH:e plot of.th€> <)l:den,<'\ c1fJu<u'NI 
d J ~ t(;n\CG_13 VE~\·-t.:~l1S Ull~ (:h:l "'f4Hllit_rB peXG0:trclle 
p()lrlt~ f()~( A(JIJt~~ l\b<:?bn 

. , 



·i-f 

. \.~} l?,~ ':11 ~ ~~\~ 

·f19.~· 3 ... JbJ ,A (~,h ~.~"Hql1"~:'C:~~' plot (Jt "f.bo t;Yt<k::t8d squared 
di~~t('_\n0.(.'8 Vt;,«~!.·nH -d\(~- c:h:~~' 'Sr)nare pOr-(;elltile 
p(JJnt.~J to:r Othor He(~i1on 
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i.n Pi.g, 

:" 

\{ 

Flg", 3 f) 10: A chi ''''"$,f}U8·ce plot of, the o:(r{e:r:e.(:l squ.f.u:0d 
dif,·L·1nces V(:'!Y"fn1S thf'; chl·'~8(~Ual~8 percen.tile 
poJntB foX' th(~ oOhlb1.:tH:~d s;aroplE! 
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3.2 Test for Equality of Covariance Hatrieeq 

'J'he samples of n
l 

'" 6 (from ]\(lClis /Ihaha) and n 2 = 13 

(f.rom Other Reqions) qave the saM"le covariance nlatriees 

8
1 

(for J\dcis /I.baba) an'~ 8 2 (for Other llerrl.ons), respec­

tively, and the 11001ed sample covariance matr.ix S (given 

1n A):)I)endix c;). "'hese mfd:rice8 have the following deter-

minants;' 

1 '\1 
-5 - 2.9271 XlO , 

1 S2 1 '" 3. /1381 X10- 5 , 

and 1 s 1 -5 reR)"cctJ_ ve ly. = 9.5289 XlO 

-1 
Usj nq the formulae for f'" anrl D qi vp.n in Section 

2.3.2 \ve qet 

t~ - J.8.1345 

'rhus, MD- 1 '" x 2 '" 12.30, \'1i'<:h 10 derrree~ of "=reRdorn. 'Phis 

il1cicates that the data do not 8hm. evidenc0 (p> O.:l5) for 

any difference between the covarianc0 matrices for th0 hlo 

groups. 



3.3 'l'est for the fqualJ:L t.y of "can u'lctor~ of the t.wo ('roups 

~.'he met.ho(l of test.in'.'r the equali tv of t''1O n'eO.n vectors 

discussed in Section 2.3.3 ':Jill nO"1 he armlied on the (lat.a. 

<rhe samples qave the mean vectors, 

2.54 2.70 

2.77 2.78 
Xl = 2.49 and X2 = 2.50 

.. 

2.82 2.76 

and h",nce, 
-0.16 

-0. Cl 

-0.01 

0.06 

The inverse of the poolc0 camrle covariance matrix S (aiven 
in Appendiy C) hecomes 

17.8803 -16.-1731 13.0225 -1l.3179 

0-1 -16.4731 23.%42 -l'J.77fl5 13.5980 

" " 13.0225 -19.7785 32.2503 -2£). !5099 

-11.3079 13.5980 -24.5099 23.9180 

Therefore, 

Thus, the use of equations (1) an(l (2) of Section 2.3.3 <:'live 

T2 '" 3.1393 and F = 0.65. This value of F qives no suf£!-

cient evidence for any difference (p>O. 25), for lj and 14 

degrees of freedon, he\:':18en the t\QO popu1atlon mean vectors. 
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mean V8jl:ors, qivc)) ill section 3.3, are I··lotted as 

sampi~--p'ro fj les i.n Yi-q. :1. /. 1\: app,-,a rs dlilt the 

[<':tq. 3.2: 

lvJ.d~~, 

OOVlK 

,~boJc'\J, 

~,~r,\"t 011 ~ 
(j 

S.lrnnle Frnfi leB fCIi- th0. r.r()(]\)( t-e~::; 1-'(om the 

Dep~rtmcnt of stiitisl-i(~s-



oX'aC\uates 011t8i('8 iVldis JIllaba llCVl lar".".!" (.;):'1"!l (on 

t.he averaqe) as corr,:?<ued t.o that of the S'raduat:eR froB1 

AoClis lIhaba at t.he 8110 of first year, second s",mester 

and the converse is true at the end of fourth year, 

second semester. But. Q.t. the two intermediate seWlsters 

thE' ili fferences ar(~ not maanificient. (In );'i",. 3.2 

S(~[(lesters 2, 4, 6 ano. 13 represent. the second semesters 

in each year.) 

Now let us COllsir18X' the three tests eUscussed in 

Section 2.3.4 st.S? by steT). In test.ina the hypotheses 

"18 need Xl' X? and ()l1~X2) (liven in Section 3.3, ana 

fl, t.he ~ooled samp).(~ covariance r~atri'{, given in , 

A:opendix c(> t"'OX"90ver p the contrast l!1ntrix to he used 

in our case is thp. 3 ;, 4 JJlC).trix: 

-1 J. 0 0 

C .- 0 ~l 1 0 

0 0 ~l 1 

i) 1'",st for Parallel:Ls11' 
.>, 

0.0968 ~O.0015 -0.0497 

'esc' = -0.0015 0.J.647 0.0094 

,,0.0497 0, ')091\ 0.0685 
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16.5373 -O.518A 12.072f; 

(CSC,)-l -- 6.1470 -1.2142 

12.0n~; -1..?142 21.5506 

ano 

15.5373 -17.0757 l?.6109 -12.9725 

C'(CSC,)-lC = -17.0757 23.7611 -19.9921 13.3067 

12.6109 -19.9921 32.1660 -24.7848 

-12.0725 13.3067 -21.7318 23.5506 

Thus, usin9 equation (3) of Section 2.3.4, 2 _ 
T .. - 3.0420. 

A9ain, usina equation «I) of Section 2.1.4" F"'O. 89. 

Sil'ce this value of F 10 too small as compared to any 

F-cistribution value for 3 ann 15 neqrees of freedom 

at any common siqnificance level, vie conclud8 the 

hYFotheois of naral1el profiles for the two groups is 

tenable. ':Phis is not a 8urprisin~ result given th~ 

plot in Pi(J' 3. /.. ~'h:ts aprearo to suqgest that the 

tt"end in performance (on the averaae) of all graduates 

is similar GO that the" oriqin of the graduates does 

not soem to play a role. 



ii) '''ent for ('oincic\(:nt Profil?8 

1\8sunlinq th'l nro::'iles ar0 paralle 1, W~} t.est for 

1 '81 -- 2.3399 

and 

Thus, usin0 equation (5) of Sect.ion 2.3.4, we sret 

T2 = 0.0253 \·,hich has ·;:he J"-('.istrtbution ~lith land 

17 deqrees of fr'3edom. ]Iqain this valu,~ falls "hart 

of the theoretical j> values for the specif:tec1 aeqrees 

of freedom at any camPIon sirmificancn lqvel. Thus, 

we accept the hv,?othGBis of coincident nrofiles for 

thE' two groups. ~'hen):r:ore, '·10 conclude that tho bro 

groups show one an,~. tho saTre trend in p'n·formanee on 

the average. 

iii) Test for ErrualH.:y of ~e8ponse r·"eans 

i's8urrinq the par.allelif;!" hypothesis, the test of 

thE hypotheois of ,1gual reST'onsc 111can8, Ho3: C(1l1+v2)= 0, 

\'I'ill now be earriud out. 

l'.pnl.yinq 

lf2 , qiwm in 

equation (6) 

Reei;ion 3.3, 

¥ = ?.7(l 

2.50 

7..78 

of Section 2.3.4 on Xl ano 

"le cret 
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. -J ane Uf'd.nn the ~latr:Lx C' (es(") 'f' d.ven above, vIP Gflt. 

Then, usino equations (7) and (8) of Section 2.3.4, 

']'2 = 70.6686 ann. F='?O.78, respectively. ",~his value of 

F is a hi(1hly significant valu8 (0<0.(105) for 3 and 15 

decrrecs of "re00om. Thus, \'10 reject "01 and concl ucle 

that. all the means af''? not identical: that is, there 

is some trend in averaq-e nerforrnanc0 for both errouns. 

These di fferences could re due to the naturE! of 

courses offereel and nuroh0r of cre0i t hours tabcln bv 

the? Graduates at the resrective semesters (t:hey took 

16, 17, 20 an{1 19 cre<'llt hours at the s8cond S8westers 

of each year), among' others. 

3.1l .2 Profi les for Other Graouates of the Facul tv 

Attempts vmre also Tl'a0.8 to have some crude imnres-

sion of the s i tuatiollf~ ;.n the remainincr departments of 

the Faculty hy constructing saP.'.ple profiles frorr the 

collected GP7" s. The 8al"D1e profi les for the Depart-

monts of C'helT'istry, C-Boloc:ry, ~'athematics and Physics 

are depicted helow. '.l'akinq into account the treatment 

differences, t:1e GP1\' s of Clraduates from Chemistry 

minor.ing in Physics, frorr Geolocry minorinq in C'hewistry, 

fro!" Physics p'inoring in Ceoloqy and (.'PA' s of graduates 

who did not specify t:heir oriqin \'18re i'lnon1o because 



of thc~ absonce of [',(:{dis ~baha aradlJaten in sor~E: of 

theIf! or nrRSl)j'lCe of on ly on0- rtrac1uate in tbc·~ ot.~ern. 

!'oreover, the ('Pi< I e of qraduates from l1i01ogy Nero 

not considered due to thE' presrlnce 0-1' only 'one graduo,\ 

ate from Addis Ababa. 'J'rtlS, only t,he GPl\' s of the 

r..his purnose. In addition to the four semestE!r GPA's 

(one at tlw second S(,FIElster of each Velar) we also 

consicered the first yt"f'lr, first semost''3r GPP, il!orael' 

.,::" nave some ad<1i':iono.1 information. 

Table 3.1: Craduat.os ?roll' r.adis l'baba an<'l Other 

Penions Jwcorc'in<r to De»artJTt'mt and 

DepartJl1f~n t 

Chemistry 

Mathen'atics 

'?hysics 

~~in01.4 Fie 1 r. 
of. ~~tn0.y 

S"Et tlv~~mat:J Cg 

P0.ysi.cs 

Physics 

r·~a themC). tj. cs 

4 11 

3 13 

4 ?l 

5 2~) 

Fiq. 3.3 denicte the samnle T)rofiles of the qroups 

froro the Department of CheMistrY. Prop' this Eiqure, 

one can obs0rve tho.t. sorre profi 1e eli fference 31?pnars to 

exlst beh/eon tha two qrouns. Thf' qrac'uat.(~s from /I.adis 

hbaba SAAW to haw, b(~en perfor1l'.ina less than those froll' 

Other Peaions eXC8D·t in t.hird year. 
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st.uaents oriaina 'cilla from the tvlO rrrour';: the ';8 fr:·;p. Ac1diG 

Ababa and the others whlch caIre f.(otn o{h0r pat''cs of -ehe 

Country. HO':levor, the results obtainfd ill:e not in favoUl,' 

of the exist'mce of any significant dJ. 'ifereno8, 

The hy')otheses of parallf'lisrn 0< ~1XOfj, 19s i:n(J r.bat: ;)'; 

indicate that th0 p,.,rformance trnn(ls "1:2 similar for the 

b(o attributed to factors like students' ""o1'i3ono.1 Dx:obloJ11s, 

\'lh:i.ch hay vary from S'Jm8st0r t,:) s{~Il1ester I na1:nr'::1 of courS0~j 

and difference in (liddin9 amonrr instructors. 

ffhe profiles pre8ent(~r] in SG(;t.ton 1.4 r.;UgY~~Ht Lhtd: th("'l'~' 

are cifferent features in different ilFmartwentn fO): the t,·/O 

gr.ouJ)s under stud" 0 Such diffcrrmcen !1'ilV illTis,') due tu 

t:ion to courses, teaching staff, avi'\] lahi li tv of t,3i.1.::hh,Cj 

and reference materials and graoinq, 

I,astly, since the study pril1'arilv considered t.he 

<]raduat0s of the Denart:l1'ent of Stati.stics, tl-}',)S8 :EinClinq:; 

have to bp. considered as informative but not conclusive. 
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p'erforrnrtncn of Stud.r~nts ~t l\d~is }\l-:ahc1 Hni vorsi tv. II 
Jln /',8c, 'T'h?sis, [J."l'.pr.tr'ent of ~tatist,ics, Facultv 
of Scipnce, l"c:1cliG r.J~)?_};a t!n:i.vor.sitv. 

!.1orrison, D,l", (1976). t~ultJvar.iat:e St"ltistical j"EYthods, 
Second Ecl! tion, McGr.c\,·/ Hi 11, Pm·, York, 



Ponti for Dnta Collection for rcraduate Research 
~--~~--~-~--~~~~~~~~-

1. Nume of student 
------"----~--------

2. Sex g l'alc Ferralo ---
3. 1\98 when enrolle.cl. a;: the, Faculty 

Ii. Vari tal status: '.'lingle 

5. Last- secondary 8c'1001 attenc'ed 
5. 1 NaIl'8 of school ____________________ _ 

5.2 Location: Town 

5.3 Tyr'E' of school attende<'l: 

r:ov."xnment " 

PtLblic 

!"ission 
Other __ _ 

5. LJ Type of Shldy in school: 

o ~ othen!ise) 

1\dl'1. 118'1ion 

Code 

1 

2 

3 

4 

(l = acaoemic science, 

l\canmnic science' __ _ )\cacemic Art __ Comrrercial 

Horn8 Bconoll'ics l'qriculture Techni0ue/ 

Proouctive T'3chnoloqy other ____________________ __ 

6. ESJ,(;F C"PlI 

7. Status of adrnissiong II.eoular Private' Quota 

8. Studen t's first c'1oio'" 

9. Fields of studv: 1'~ajor _________ _ 'linor 

10. Ntwrer of credit hrs. t:akpn each r,8J"PstCr. and ('.1'"1' 

Year Semester Cre'CIi"t h r:o • (oPA CGPA -
I 1: 

II 

II I 

'. II 

III I 

II 

Tota,l 

11. Dorrri tory facili t'! ~ l:'rovidp0 not provided 

12. Dat.e of araduation 



- 17 -

l\ppenc1ix B: Basic fl'l.ta 

(In all tah18s that: foLlJM, coluron homHnrr8 :>. ,i) ,6 ,3 arc~ 
th(~ secane serrAstor of J'r,:s11l"an, sophoP'orn, junior flno 
s8n.i.or years, rosj:'cctivrJly, ann 1 is the fir<3t semester 
of freshman'year) 

GPA of Stat:l!stica Craauatefl from Andis iibaba 

Serial c-'.' o xc e s t e r 

N\ll!1ber 2 i) 6 8 

1 2.41 3."4 2.75 2.68 

? 2.63 2.59 2.85 3.21 

3 2.63 2.24 2.10 2.84 
Lj 2.1)0 2.?4 2.10 :?.32 

5 2.38 2.88 2.00 2.00 

6 3 .19 :3 .41 3. l? 3.84 

GPl' of statistics Graduates TrOTI' Other Peaions 

Soria1 S e IT e s t e r 

Nu.rnher 2 <') 6 8 

1 2.63 2.fo5 2.15 2.68 

? 2.91 2.88 2.15 2.68 

3 2.11 2.41 2.15 2 .!i 3 
<') 3.06 3.06 2.95 2.84 

5 2.00 2.29 2.70 3.00 

6 2.81 /..82 3.f!0 3.16 

7 1. 81 2.18 2.15 2.3S> 

8 3.25 3.tjl 2.35 2.53 

9 
". 3.06 3.47 3.65 3.84 

10 2.38 ~~. 41 2.06 2.74 

11 3.19 ~! .('5 2.00 ~.Ll? 

12 2.94 :').2 <J 2.75 2.68 

13 2.63 ?.f5 2.15 2.39 



Gf1', of Chemistry Grar'lJatRs fron1 }l,00iA 1\bo.ba 
-

Serial S (-~ P1 0 s t 0- r 

iIlu~lb8r 1 ", ::1 ,1 (j 8 

1 2.00 2.06 2.32 ?. 4~ 2.67 

2 2.00 1.67 1. 89 2.42 2.20 

3 1. 83 1.89 2.11 2.4'1 2.05 

I) 1. 50 2.13 2.0(l 2. '13 2.37 

GPA of f:hernistrL..S!raduates from Other Regions 

s e m e fl t e r Serial 
,. -

Numb,'!r 1 2 1 () 8 

1 2.50 2044 3.21 3.0 'i 3.29 

2 L89 2.00 1. 95 1.81 2.06 

3 2.50 2.44 ;?,.oo 2.1)() 2.60 

Ij 2,50 2,,72 2.11 2.53 2.4(1 

5 2.0() 202?' 2.32 2.05 2.60 

() 1.61 2.17 2.nO 1. f)q 2.25 

7 2'; ;>? 1.7[1 1. 84 1.95 2.00 

8 ?61 2.50 :;.21 2.7'1 2.56 

9 2.06 1.89 ? • 3<) 2.1)1) 2.30 

10 2.22 1.89 2.11 2.21 3.12 

11 2.22 2.56 1. 79 1. '32 1.88 



~ 3~ ... 

GPJI of Geo1oqy Graduates froJ'"l Ac"Ms !\.ba.ba 

Serial S e n' f' s t e r 
~~.-, -------. 

Number 1 7. 1 6 B 

1 2.67 2.22 2.81 3.3'1 3.37 

2 2.22 L 78 2.00 2.47 3.31 

3 2.72 1.94 2.38 7..32 3 •. 06 

Cl' ,., of Geo1oQy GraduatE's f.rom ()ther Reqions 

Serial S e ro e s t e r 

Number_ 

1 2.2~ 2.50 2.43 :? • t!1 3.50 

2 2.3 11 2.50 2.13 2.2fi 2.88 

3 2.28 /,.17 2.57 2.79 3.51 

4 2.28 2.~8 2.H 2.18 2.61' 

5 2.n 1.83 2.38 1.13 1 3.:14 

6 2.39 2.67 :l.13 :l.o1 3.20 

7 2.22 2.28 1.95 1.37 2.14 

8 1.89 ?. 5 7 2.~7 3.50 2.89 

9 2.44 2.11 2.0<) 2.12 2.88 

10 2.28 2.4tl 2.10 2.41 3.80 

11 2.39 2.89 2.52 2.59 2.56 

12 2.39 2.61 2.10 1.32 1.95 

13 2.39 2./17 2.76 :?3,) 2 •. 87 



.. 40 .. 

eFA of Vathernatici3 f'racivates "rO)T, ~(l(lis ilhaDiJ. 

i;er:tal C' 
'0 8 rn "' s t e r 

~<~~~"~~=~~~ 

"t-!untber 1 ') 1 (i B " - .......... -,~~---=-

1 ? .11 ?.lB 1 • 7(; 2 .17 ~.g3 

2 2.28 1. 76 1.78 2.no ~1 0 4 3 

3 2.11 1.76 1.9~ 2.21) 3.06 

·1 2.06 ?15 1. 50 1. 31 2.00 

GPA of !·!ath8rra ti os Gra(1uates froTn other nAgions 

Serial 8 '" f1' e s t e r -
Number 1 " 1\ 6 fl " - ---

1 ?IlO 2.0ti 1. <)4 2.01) 2.93 

2 1. 911 1. '18 L (\,1 2.67 3.21 

3 7. • l.l 2. :~9 1.67 " fir ? t, .,-1 {, .. 55 

4 :>.61 2,.29 2,00 2.13'1 3.00 

5 2.fJ6 'J e ':{ 
, , 0 ~) ... 2~2? ~. ,17 3.35 

6 2.50 :: ... 20 2.1\1\ ~.OO 3.29 

'7 ? .1.1 2.1<') 2.!J9 2.11/ 3.35 

8 2.06 ~~o:~q 2.67 2.GC1 3.12 

9 2.n 2.2', 2,41\ 2.17 2.71 

11) 2.00 r ~~ e 12 2.33 2.60 3.117 

11 2.00 7..06 1.72 2.()() 2.19 

12 1.61 2006 2. :31 2.91 3.65 

13 2.01 1.88 2.22 2.20 2.53 

14 2.00 l.flB 1.83 7. • 3'1 3.21 

15 2.00 /..12 ;:> • 39 2.20 3.43 

15 2.3:1 2.29 2.A9 2.60 2.21 

17 2.22 l.an 2.17 ?I\'l 3.1n 

18 2.111 2.06 1. 78 2 ,4'? 2.50 

19 2.06 1 (} It -- .. - .. ?.19 2.40 3.30 

20 2.00 2.41 1. 72 1.67 2.tH 
:;>1 2. or, 2.00 2.11 1.67 3.14 



l 

2 

3 

L) 

5 

CPA 
Serial 

Number 

1 
., ,< 

3 

" 5 

f. 

7 

8 

9 

J.O 

11 

12 

13 
l:i 
1 " .) 

16 

17 
Hl 
19 

20 

1.1 

?2 

23 

2/.>; 

::;S 

of 

1 2 1 " ". 
" _.J~~~_~ __ ~_~"~~_~_~ _____ '_ 

2.67 :~~~/~7 2 . .3J 2.0" 2.00 

2.67 ... n··-
~~ .. " ,) 3.67 3.53 3 .. ]3 

2.22 2,t11 1" 9,1 2 .. ,1,1 ;).32 

2.67 7.. 2'~ 2 .. 0/~ 7. .51 2.38 

2.11 2.06 1. 67 1. 91) 2.60 

Phvsics Graduates from Other R0q:tOhs 

S e rr e s t e r ----.-
1 r, 4 (, 8 " 

1.83 2.J.2- 2,28 ?n Z.('O 

2.67 2.00 7..2? 2.82 3.00 

2.22 201>".; 2.SQ 2.26 2.07 

2.17 .::; 0 5:~ 1.72 2.1'1 2.25 

2.00 2.18 2.28 3.(1) 2 .. 5tl 

2.?2 ;; .. f:.t; :~ .. 22 2.71 l .. Bl 

2.00 ::; .l~~ 2.01 2. (, 3 3.15 

3.3'1 3.0n 2. :13 3.05 2.69 

1.83 1. ;]\-; /',10 2.31 J.OO 

1. 83 J.l,J L6J 2,,5;') ~L~nO 

1061 2~~9 2.00 2.75 /..69 

1.67 ;~. 65 1.72 2 .. 3f3 \ 3 0 00 

2.0f) ~:~ .. {)r 2.3<1 2.53 2 .. 54 
7..28 :~ .. ~/1 2.67 3.l'l 2.63 
1. 89 ~'~ot17 2.06 2.17 2.81 
1.56 2,,35 2.22 2.11 2. ~ 6 

1. 61 1.GB 2.06 1. (,8 2.00 

?.17 ?o(~~ 1. 03 1.% 1.84 
7..0(, 7..33 ~.17 /..79 2.46 
2.67 3 .. 211 3.39 :1.75 3.55 

1.93 2 .. 06 1.83 2.37 2.19 
2.2B 2,65 2.:l() 2.47 2.63 
2.00 :>'.11 1. 61 2 • f'\f) 2.81 
1.83 /. .:F' 1.61 ?'.5'l /.atJ.6 
2.22 .-, ")r-: 

/., . - ;.) 2.14 ?'.4'1 3.38 



)l~prendix C: Sa\l1Y'le c::ovoxia.nce r1a~Tice"', their. inverses 

anc1 i::he t)oolel:1 sal~J!!l·;~ covarianr:A matrix for 

1-
0 1546 O. 1119 0.1324 , '''';J " 
0.1119 0,2473 0,1640 1,1362 

'1 = 0.1124 0,1640 0.2277 'l,2671 
0.2239 0,1362 0,2671 0,4270 

!-~ 

I 89.6887 -44,6010 69,1'138 
-76 'l"'~ -1 j-4 4 .6010 32.039(' -<17,,2')12 12.7428 

S = 1 ' 69.3038 -(\7,?B12 !l6. "fl<) /. -7S .4975 
1-76,15,8 42.7fJ2? ,·75. ,'97'; 7S,8657 
L. 

O,l'!9/. (),J.577 o .O:)Y;:! , ""'~ 8 2 
0,1577 l)o17ge 0.1.<16 'l.r741 

~ 

0,,0592 Ool?,lf O,23f3 0,1742 
.0. 0324 . ,,'~ ';- :~l o .1'ji2 0.1588 

22,(;48" ~25,365g 1n.'/676 _1'5966~ -1 -25,.lGSfl ':8,617/\ -20.2RnS <).8647 
8

2 = 10,7676 ~·2n , ;! flO ~ 3~,5'll.;:O -30.6574 
-4.5%G 9 o H(;47 -30 ,657·~ 36,2625 

I- .- " ( , {j.J...'~·12 0<:_0807 1,0887 O.ldoJ. 

s 0.144:'; 0.1'1<)) o.un '),09?fJ - 'LOr07 0.13'1] 0.2338 9,201,) 
0,fla87 0.0924 0.2015 0./.377 

where 8 1 
is fO.L" Addis Araba 

c .. ) 2 is for Other Feqi ons 

S is the poo1e(l san-!nle covarianr::e Il'atr.iy. 



- lj3 -

l'~ppen<'l.ix D: Order.0d squared eli stances ;me chi-souilre 

porcenti 10 points 

For i\dCli s flbilhil 

:i ~2 
C (j) x2 (\/'i» 

] 2.25 0.94 

? 2.79 1. '12 

3 3.51 ? • 18 

4 3.68 4.03 

5 3.69 5.19 

(. II. Of fl. 36 

For other Reedons 

i 
2 x2 (i-1» d ( .) J -1 Tl 

1 o • 32 0.60 

? 0.8(, 1.15 

3 C.94. 1.59 

4 2.58 7. ,"13 

5 2.8~ 7. .17 

6 3. Llit 2.92 

7 3.9? 3.36 

(\ 4.15 3. ')9 

9 4.35 4.61 

10 5.15 S. :H( 

11 5.:W 6.11 

1:> 6.21 ., • 5/1 

13 7.97 1'1.26 



- 44 -

Por th", Com),j m,r1 f1amr1e 
------,----

1 O.t.\8 0.49 

2 O.7"! O.Ql 

3 0.81 1.24 

4 2.If 1.54 

5 2.38 1.64 

6 2.4(1 2.15 

7 2.46 2.45 

8 2.82 2.76 

9 :'l.5:? 3.06 

10 3.84 3.36 

11 3.87 ~.79 

17 3.90 4.21 

13 4.38 4.64 

1-1 I} .S( ') .07 

15 '>.31 5.60 

16 5.82 6.04 

17 6.12 7.27 

18 (;.34 8.50 

1<) 9.06 11.01\ 


