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A B S T R ACT 

The purpose of the study was to assess the influence 
of ESLCE GPA and some lelected factors_on first year 
Science Students' academic performance. The data analyzed 

. came from a random sample of one hundred and fifty students 
enr-olled in the Faculty of Science (AAU) as freshmen in 
1987/88. Regression methods were used to analy-ze the data. 
The influence of 15 variables on J:'reshman University 
performance of Science students was examined. A t.'ransform 
of the first-semester Freshman GPA appeared to have a 
str-ong linear· relationship with identical transform of 
ESLCE GPA. This finding contradicts the findings of 
other r-esearchers in this area to-date. ·The performance 
of students from Addis Ababa and those from Other Regions 
appeared· to show a difference. It also seemed that 
dormitory facilities had a positive effect on student 
performance. On account of the str·ong resationship 
between the transfor·med variables of ESLCE GPA and 
first semester GPA, the effect of t heremaining 13 ._ .'. 
other explanatory variables appeared to be very small. 



A CKHOIVLEDGE!.Ui)NT 

ABSTRACT 

CHAPTER 

TABLE 01' CONTP,NTS··· .. ~----. ---" - -.~~~ 

I INTRODUCTION 

1.1 STATEMENT OF THE PROBLEM 

1.2 PURPOSE OF THE STUDY 

1.3' LIMITATIONS AND PROBLEMS 

II RELATED RESEARCH IN AAU 

III PROCEDURES AND METHODS 

3.1 PHOCEDUHES 

3.1.1 The Sample 

( ( ( , , ( , 

Page 

ii 

1 

1 
2 

3 

5 

1 1 
11 

11 

3.1.2 Variables included in the study 11 

3.1.3 Data Collection and Sources ·14 

3.2 METHODS OF DATA ANALYSIS 14 

IV HESULTS A11]) ANALYSES 0]' DATil 

4.1 INFLUENCE OF THE SELECTED FACTORS 

4.2 THE HELilTIOH BETWEEN ESLCE GPA AND 

FIHST SEMESTEH GPiI 

4.3 HEGIONAL BACKGHOUND Al\1]) DOHlrIITOHY 

FACILITY 

16 

16 

24 

25 

V DISCUSSION, CONCLUSION AND HECONIMENDATION 38 

HEFEHEJITCES 

APpmmrx 

A Schedule for Student l?ile Sampling in the 

Faculty of Science 

B Original Data 

C Diagnostic Statistics and plots: Full Model 

D Diagnostic Statistics and plots: Model in (1a) 

E Diagnostic Statistics and plots: Model in (2a) 

F Diagnostic Statistics and plots: Model in (3) 

G Diagnostic Statistics and plots: Model in ( 4 ) 

40 

42 

44 

47 
54 
58 
62 

67 



IHTRODUCTION 
~-.,.,- ~~~~.~--~--~--- ~-.---. 

1.1 STATm.1ENT OF THE PROBLEM / 

'l'he r'esults of the Ethiopian School Leaving Certifi-· 

cate Examinations (ESI,CE) have been the main criteria for 

placing students into one of the higher education insti­

tutions in Ethiopia. Tl1is is because they 8r'e presumed to 

be the best predictors of academic success. Eventhough 

there is no detailed recent study on the predictive ability 

of ESLCE, some preliminary studies (lIsmerom et aI., 1984; 

King, 1969; King and King, 1972.; Lalcew, 1972; Mekonnen, 

1987; Tifelaku, 1975; Mittman, 1972; Tracy, 1965; Yusuf et 

aI., 1984) made at Addis Ababa University (AW) showed 

only a small correlation betWeEn the ESLCE Grade Point 

Average (GPA) and University performance. 'In these studies, 

University performance was measured by first semester GPA, 

first year- Cmnulative GPA or- the four-year Cmnulative GP1I. 

This small correlation appears to suggest that the varia­

tion, in University performance, explained by the ESLCE 

r-esults is very small and other factors may be responsible. 

In other words, the efficiency of the results of ESLCE in 

identifying students vlith the potential to succeed in 

University appeared questionable., 

As in most developing countries the quality of 

education in Ethiopia varies among different schools.and 

possibly also among different administrative regions. 

This vaxiation is reflected in differences in the pr>oportion 

of students from the various regional schools Who pass the 

ESLCE,which is required for entry into anyone of the 

higher education institutions. jv!ore specifically, the 

proportion of high school stUdents admitted to these 

institutions fr-om the ,Addis Ababa region is large compared 

to that fx-om each of the administrative regions. This 

might be due to a higher concentration of educational 

resources in Addis Ababa which presm,18b1y enables the 

students to have a better preparation for the ESLCE. 
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C!ontrary to .t-b:,8" AfJ"'llCY"Om e-G ... 3.~., (~98'1 > :found th.')·i~ 

th8 students fro{a ';'hs o"i:hsx- re[;~LOnf:' .GCSl1l. ·':0 :"=tuc'J "-ji'.bstter 

-:.:hcln -~~hc-: r;'liudGn:l;f; f:.'-orn ihc .A(iJ.:~_f )\1),?,1;3 :(2gi')L..- S:h3:.:r 

f:ll1d:i..n/.?)L \'Je:c'~ b:J.~'C(-I. on ;:~ 8·.~r,l):>; 0 th"-:z::;: __ f:;-',:oupr' of ;-;t-~).d(;r~·~:r~ 

ieken from 8 pop~lati~r 01 ~-i~8,~"ysDr stu1€nt2 fOJ: ~j.~­

COl1HGcu.-':ivc ye8.Y.'f! (1 :)'78, .8 l1 ) c, ;_2h(~ g~.:Ot:_J.J8 v!:::rc:~ P:f;3.:_~_"J_rGs··! 

( ~~l\U·€llJ·~, ~'11'1~ ':~.-.. '. ~"jl; .. l-.' I~J _ ~_~ .• LI 

, ? 7 r
' Rna <_." ).: 0nc:. 

finp.: CUlnuiE't::_Vt~ 8-2A ::)110""."(: 2,,'15>€' ~lh8y :;ompa;:8D. ·~he ESLCJ!J 

G]?.l\ 3no. -:jh( ... :::-:'i::·s-;· ::'€m~E:te~':" G?;\ b':u--'Gc:. or. rJF~[U1rJ~ ·?-Ga.:nc.2rd 

deviatio~Q0 and. the ~.~P.Gf)~~· co::.r(j}.a-:;~_on ·J'.)E:ff~_cien·'; fcx- -';hc 

~;:hr B€ gJ:'·ou.pn <, :~.~lcl.epcnlt3nt~;..y f) HOWe-reT: "i; he dHta V'er r.) not 

excuninq(~ by pos}ing -':hr: -~h::.'~~G .g:COllPr: -:soge-'-l:e:': CJ..nd/o:,~· 

-~:1C P€:-:-form8,nc~ '):[ -J.Y!:;_\.:,(;:~'r~::_-'·'y ·i"tu('lr:l1"~B· CPh~. -::ypr .0ncJ. 

::"oc~.tior:" '):f:' ·':hs f' D 8.)n;1u::-'y- 0';.h·):):~_ a .. ·;·';-·~nJ.crl., <:h- \y;?~ ")f 

study flo'· a 8~r:( n(;.[t.~-_'T :--r;h')ol < '~yp~:=; of: aC.m~~sf{iop (~.:'f,gUJ_;J~':·t 

priva-':8 0:( 

studGntf', pGrfOr111EllY1E', ::.Y'. -;h(' :'h:GSDJn,,ll'l yE-r 0 U0WGV'-,J:, 

litt:G iB known a')cl.r'~ <jh: 'v"'.y· in 'Nr-,-i~h "~h~~S8 f!n.C. ')"~bJ3:: 

:f:'acto~c8 mRY P:l:Csc~" ':"hE p8J:f')~m.:~,n~c.; of U":1ivGIS:~.··~Y s~:ud(-::ni.;H.~ 

'1.,2 IJUETOSE OJ? ~f~HB 8C~\"CnY 
~ 

r"-~ fell!, :'1(' study has ~)Gen. ')s2:"-x:i-ed ru-~: -;0 ·3B·SSSS ·~~lr: 

sffGc·!: o~:~ grl,:J~!; Ci:i?i'\ ,,:,n(~~ o··~hf-3::·:" :~'8r;-C()rS OX\ -';i1F: 1)srf0:;:-mar10f:' 

of P.reSh.lHa.n l)C::":;r:"J'·-' i)-~;ud~.ni·s., ~10:': '<-hiE' :C'-3t~;::"jO:n? ~~_~;. W9.8 fCl1.::1( 

infoxm2.t:~_,,..(: -";0 lJ.n.dr;r-';f"k-::; .l. qi:l,H~'.~: ~_:"0, ')~~d8::·. ·':0 ~.ook in"Go 
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2. examine factors that may possibly affcct Frcshman 

performance at thc Faculty of Science and thereby 
to establish facto:(s that appear to be. i.rnpo-ci:8:nt 

detcrmin.ants of fiyst···year pccformnllce. 

It is expected that the final result of the study wU1 
serve as a first step for designing a much more detailed 
investigAtion of tlK factors affecting students' UniveHlity 

performance. It could also help to stimulate further 
research on the subject. In addition, it may 81so suggest 
possible recommeldCl.tions that ll1SY lead to the inclusion of 

some additional factors in the admisGion criteria in order 
to enable the selection of students with a better chance 
of success. It may, in addition, have 8.dministrBtive and 

budgetary implications, This may be, in turn, helpful in 
reCl.ucing w8.stage of manpower reSOUl:ces and in enahling a 
reduction in the attrition rate. 

1. 3 LIMITA'.I'IOl~S Arm PROBLEMS 

Since an objective of this study was to assess the 

effect of some selected factors on first-year Science 
students' performance, it W8S originally plmmed to collect 

information on more factors than those actuall.\' included 
in this study. FO.l: example, information was required on . 
level of parental educat ion, number of times'the stildent i .. 

sat for ESLCE, the number of secondary schools attended, 
the student's physical status'and his or her socio-economic 

background. However, the Registrar's office of AAU At 

Sidist Kilo could not cooperate in supplying the required 

information.+Instead we could have access.only to the 
Records' Office of the Faculty of Science. For this reason, 

our scope ViaS limited to eX81nining those factors for which 
infonnAtion Vias avai1nble in the students' files nt the 
Faculty's Hecords' Office and our Freshm8n Programme. 

This studY,was also hampered by the inavailability of 
suitable software that can be used for analyzing our data. 
Despite the crudeness of the available software, the 

Systems Design and Data Processing Center (SDDPC) at 



1) 

Sidist Kilo could not. provide eV8n its hm.lble Computer 
output quickly 8nough, For instance, on Olle occasion 
we had to wait for at least two weeks to get the results 
of n single two-variable regression through the origin 
which was found, at Qny r-ate, to be incorrect, Hence, 
after wasting considerable time and effort at SDDPC, 
alt8rnative arrQngements had to be made in May with 
an institution, in tovtn, which had better and more 
efficient computing fc:cilities, Qnd, of course, the 
good will to help stUdents, 



CHAPTER II 
.~~-~--~.-~--~. 

REI,ATED m~SE!llWH In Al\U _. ~ .. ~-~~-~-~"-~-~ -~-~~. -"'---'<.---".-~ 

"esearoilers hElve suooesDively attempted to fi.nd out 
whether the ESLCE :cesultlCl, represe'lted by the GPA, oan be 

oonsidered as the best prediotor of academic suooess in 
III1U,lIn one of these studies, Korten and Bayorek (1964) 
oonoluded that the ESLCE has almost no validity in predio­
ting suocess in the College of Business. 'J'hey reoommended, 

however, that their findings should be ohoked against the 
experienoe of the other faoulties, 

Tracy (1965), initiated by the Registror's Offioe, 
made a study wllich covered several f8culties and oolleges 

of the UniverSity. He claims to have found a statistically 
significant relation (r=, 36) between the overall ESI,CE GP!\ 

and first--year Cumulative GPII for· 302 freshmen who entered 
Haile Sellassie I Univer'sHy (HSIU) in SeptoJllber, 1963. 

Tracy's (1965) study also appeared to show that the 
correlations between the incJ.ividlw.l ESLCE and FreshnlElll 
subject grades were lower than the overall correlation 

(FOT instance; English (r=,20), i'liathematics (r=.3i». 
These seemed to indicate to him that the predictive 

value of the 1<iSLCE sul:jscts is very low, and he, there­
fore, suggested an improvement in the content of the 

subject-matter examinations. 

Tracy (1965) concluded that the JESLCE Gl'A predicted 
University per:,'ormanoe only moderately and variably in 

the faoulties and oolleges. He, therefore, opted for 
additions.l oriteria, such as a-ptHude tests and olass 
ranlcings, to be used in order" to l:rcrengthen existing 

admission ,·cr· i teria. 

Tracy's (1965) study was updated by King (1969) 
using the SB.!ae proced.ure and method of analysis. King! s 
(1969) study was based on Freshmen admittecl into the. 

UniverSity in 1967. He found a moderate relation (r=.47) 
between the ]<iSLCE GPfl and the first-year" Un:L versity 
Cumulative GPA for 528 freshmen. The correlation for 86 
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So:lenoe slcuden1Js was c ~O , ~fl() 1'l~~9~ q,~~\ weI'! :ro~~(\- ~9-
~~~di6t U~i ~Q;r~ity ]\rql1mOl+" Pe);}~x~anQe 'qf~;lr,l.Y VI~l1. < 
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both for- the entire University and ror the separate 

faculties, I-Ie suggested that the 1967 ESLC e:caminations 

were better than those in 1963 since his correlations were 

consisiGntly ond slightly higllsr than tl108c xepoxtcd. by 

Tracy (1965), 

J\nalY70ing the three required subjects 8.'0 that time, 

King (1969) found the correlation for the ];;nglish ,:sr·ad.es 

(r·=.39) to be about the same s.s the overa.ll correlation 

and tlle BSLC]; grade in English,. the,\, claimed, would serve 

Vlell in predicting stuclents' performance,. The Usthcmatics 

grades correlated moderately (r=,35) While the ];;SLCE grade 

in Amharic lacked predictive relationship with University 

perforro1811Ce (r=,03), The above relations for tllC 86 

Science students Vlere: Amhsric (r=> 'i6), English (r=.43), 

Mathematics (r=.42), 

In studying 417 freshmen admitted in 1968-70 with 

an ESLCE GPA of 2,00, Mittman (-1971) inferred that a 

higher GPf. is nccessar.'l for success in the Ur'.i ver si.ty, 

According to him, the student ,1ith 2,00 £'iSLCE GPfI is a 

'Ipoor QcademiG risk," 

Another YBsearch report nhich bears onc~niversity 

admission is one by Langmuir (1971) 0 He rcco[runcncled that 

proficiency in Amhnric should not ve regm:ded as a 

prerequisite to genernl studies in the same sense as 

secondEu;y school lI1e.thematicG is a prerequisite for 

entering the Science streams. 

In another- stud.y, King aml I,ing (1972) have found 

Amha.ric to have the lowest relntionship with University 

performance (r=.177) when comp/wed with ESLCE GP1! and the 

English gr·s.de. They exomined language end educational 

backgrounds, and scores on Q variety of Bchievement and 

aptitude tests for their relation to the first semester 

performance of HSIU freshrilGn. They based their study on 

1,213 stUdents Vl110 ey,tered as freshmen in Sept€fabey) 

1968. The BSLC],] GPA showed the .highest corre12,tion with 

first semcst er GPA (r=, ~ 52). 'fhe se00nd highest correle­

-Cion to first semester GP1, caw: frOEI the ESLCE English 

grade (r=.420), 
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between the ESLCE grnde in I'lathGmatics £Ind the first 

sGlnester GP1\ to be r=, 297, American standard tests and 

tests dGVGlopGd for Ethiopian studGnts showed sim11prly 

10vl--to··rnoucrate relations 'J'his appe[uG to have lJuggeGted 

to t'lem that tlleGe te8ts VILlI not i'll1)rove tile; existing 

admission oriterion. NeverthleBS, they seem to h2ve 

suggsstGd that the siraul taneous use of the ilrneri ,an and 

expsrililsntal tests with ESLCIE vlould iElprove prediction 

of University performance, This. of course, is not 

understandable, 

In another study, mittms.n (1972) consid3:C"od 2,117 

freshmen cover ing four yeers, ·1961··61j) TIL C " Hc claimG to 

have found that EE1LGJ exa.minatio.ns in Amharic, English snd 

Mathematics do not inf.,lucnce fiYGt··yee.r GPA significsnt1y. 

In his doctoral theGis, Lakew (1972) concluded that 

AmhsJ:ic had a lower correlation (ro;. 23) . wi th fr·eslrrnan 

University performanoe than Bnglish (r=·38)" 

Melcku (1975) studied the relationship between BSLCE 

resu1 ts und Uni versi ty perfor;no.ncs of only dismissed 

otudents, Thc availablc population for this study wao 

308 dismissed student s from the ]!'resblllan Prog:r.mmnB 8t 

the end of the first semBster of the ·j97;-·7~ academic 

year, BSLCE GPA and thB ESLCE grades tn the three 

required subjects showed weak relations with University 

GPA, The correlations were : Amhoric (Y'''' •. 00), Bnglish 

(r=,06), Mathematics (r=,05), ESLCE GP.~ (r=.10), 

Accordingly,. Melaku concluded thnt neither the ESLCg 

GPA nor the grnc1.es in I\mhario, iJnglLsh or Ji!atheInattos 

affected UDiversity performance of dismtsGed stu0ents, 

Another resB8rch report whtch disCUSSCG some 

problems rclevant to the prBsent research is that by 

ilsmerom et al n (1984)" This study ViRS port of Q study 

repo:r.ted by Ymmf at aL (1984), Gponsored by the 

COlmnission for' Higher Education (CHE), the latter wos. a 

study whtch dealt with problems of attrition and drop­

outs in 1rwtitutions of highGr 1eorning in Ethiopi[,., 



One of the main 'Gs.okn of \flrnGrO~l e-c aL' s (1984) 

study was to find out ~t~hGt!16r.thc ESLCD j.B CI good 
inst~(umGn .. i; for- screening v!culd· .. b~ i5UCCGfJsful C8J1didl:ltC8 

at hi.gbcx inf.:rtitut:LOl1~i of lS2Y:;lillg in }~tbiop:Ln ~ 1: A s~=:unplG 

of 500 i:f'ailurcc·(l elong vd,"t"h. 250 :lx-c;gulnx·n and ::excGption81:: 

[~tudEnts Vl88 c1:C[lVlil f:('om E. popula+ion of fi:c-ITt'''YG0T BtudE',n-:;[~ 

0 ,,--"'1-' si ," conconcu+l' Vl' 'T~~r r, (19'18.·.oJ) 'PI", "f-"-"] l)~~r<" ",'~J'-0 "-" __ __ ..f,. /-.J'_.tO <~\:;(J .•. , ,(:;,~(> ...t...~\..; ~~ __ • __ ..LG.::J V\':'.'J 

defined us those students who :lcft their facultir-:a fcr 

acadei1d.c .T-8d80ns ... ~Phc i;YG8ulo:c B1-- and ;;Gxceptionnls\1 wexc 

student8 who successfully complGted '~hGir Rtudies with 

a final CVJilLl.lativG GP.l\ in thG rC1j.lgG~ 2..,00-2.,75$ 8nd 8bOVG 

2.75, respectively. The stu~y included six faculties. 

The m&thod of analysis employc~ was comparison of the 

ESLeE results with firs·~·-ye8r fiyst semester rcsults based 
on the ,ganrple mean, s-ca',daYa. cl.eviatj_on nne1_ Itnear 

correlation cOGfficient;, ~eh(; ;~xegu1ar3H 8.nd. i1(.;xcsptionel.s\"; 

WGY.G uscd as °coni:r-ol groupsll in thG compo.rison,'\ 

They yeported ·the xela·tion betweOll ESLCE and first·-· 
SGll1cHteY' FX--Gshmnn GP.A in ';:he Ilfeilnres n g:coup W8.S 

[iignii'icani: $ bv:t .negot i VG (I j'{OVJGVGY ~ 110 .r 88. SOl1 W88 gi VGn 

fox" the rJigntfican'i;ly negative rela-eton. 

rnhey "1 C'O ~Ol-lC-l ud"" -'-h~'" """:'ud"~tc< "Fi th 11'; uh "'SLC~ .l.. . U.~_>J lJ. __ . '--'"v. ,".'~ \1 1:;:1 '" .<... •. '--1. 1--' ~; __ • -'-t . .") ~ ..L1 

GPi\ (Lr.., on tllG i3.'iGYi3.ge close ':;0 3,00) Viould no't ho,ve 

a pr'oblern in succBGding with thE. 8tlJIlG or bc:lJtG): gro.c1e,,'·l 

This suggeS"CGd to 'cllsm -::h3.·;; ~ltl.le 1!;S1C:-~ had idGn-cii'ied 

indivic1unls in thG ':cegulo.Y! G.ncl i E:XCGp-(::i.ol18.1 1 g:conps 

who can SllCCGssfully complEte thGi:r' s-cudJ_GSo n 

_AslileIom lOt ,'lIn (1984) 81so examined tho relations 

bstW€Sll the E3JJCE and i'ir.3"f: 88GSStf:T .r-'3,c3ults 117. f18thG~~ 

matics 811d English in the facul~:j_eA of Social Science, 
N€ttuX'nl Sc:Lenc8 and fJ1cchnology,.. :r1he 3SiJGIn ancl fir. st 

aGmeatGI' gr8.des in Mathematics '!Jere reported to be 

siGnificantly and positively related except for the 

"rel';ulayl1 and "excGptio:mls" in '~:h8 Fc).cul ties of WI?tuyal 

Sctence and Technology, These results were totren to msan 

that gS]~C I\Iath_c~n3.·t:Lcs cGnnot SE::C'IG to prGdici; PUCC(~B[j in 

fi:rGt se',lCsts): MathemQl:icn in syeos where tho tcaching 

Of MO-G11Glfiatl' cs ." R ~1)Y-"1''''l''-ly , .. }"'I ~-r-'l rtl 'ld -,. 0. 1:1..:J 1. •. -, i-'c'-- cL L_ ",O_,.-C·,l" 1" [lE.; "onC_"U0_Eu_ 



thBt~ j.n ardGr t9 succGed~ students in the iDcul·~iGS of 

NB,tul'al SciGncG 8tHJ. fj1Gchnology YGquirco i1 jj):Lnirnum of "B" 
grade j.n ESLC ~~·thcm8tics while tllOSC who e~~er_th€ 

};'o.cv.lty of So,::i.t,.:i: ~.L:;ic.n.8c need. only n ·le ll (·;~{uC:(.t) ~l:ll(~:,y 

i'V.L-t!16Y C01';,,JGC"LuJ:cc1. ·;:hnt th~} :eS:LC ~~!'[J-;;hG:;H1t:Lc~5 :ccquixC,HGn·c 

cloGS not F:1CeDl to fit n:i.·:':h ·t:L1(3 -f;h€orGticD1IY~'·oxi(;lrG(.:;d 

liI8.thsnla-cicH COU~(S,~ offe:rrGc1 :i.n the JPo.culty of ScicncG.{> 

Accordingly~ ttLSY suggest ~h8t~ j.f tho ESLC Mathsmstics 

is to bR useful in ~G\Gcting SUCCGssful ~a~didgtcs fox 
the SciGDCGsriit has to bs oriEnte~ towards ·~hGS2 ficldfl 

01'- snpn:u.:t.tn 2x[unino.tionn hcv£ tr) be sct A 

ASQerom 61· ol~ (138~) have Dlso COllSidcYGd the 

X'ogions v"hers -t.; he:: stuc1.GYJ."i; [j took t he ES:;--Jr;I~!l ~~h€ 1"-Ggionfj 

considered were Addis .~h8b8 ~gGin8t ·th0 other regions put 

together~ ThCSG YGDults appear ·to nhow that 8·tl1~Grrts frODl 

.l\ddis Abnba harJ. u high GYltJ:-anc8 GJ?A compEu:o(J. to -~:hc 

students fxom ·tile otlleT reeions whils this was the 

opposite for -:; he Iird semester m'p, " HGnce, s-cudEnts from 

the other regions seemed to Rllccecd bettGr in higher 

educution than those from the hddis .fth8ba region" ThGY 

ment:Lo118cl the fo12,owj.11r; tflrGe factOYfl th3't ;n:'cght 'be 

responsible for the poor performance of ths ~ddiB Ababa 

f{tUd.C.!.1t8~ 

(:i.) oVGr·"confidcncG due ':; 0 ha v~ng lli.r;h ES1CJ~ G?.I1 

(ii~ lack of boarding facilities, ane 

(111) ·the highor pot€nt~Q~. for SUCCG8S of ~h(~ 

studentp from ~hG o·ths~ tGgions~ 

Mekonnen (1987) studied the educational perfOYmAnC~ 

of ';;1'18 g:roup of StU0,G:2-;S vlho cDtel'eC, ;,1\U :'en 1975 Z,O. , 

where s·tudeutr who dYoppe~. Oll~ bGfoYG ~57G EoC~ WGYG 

Gxcludcd o He found corrElations of ~29 ond ~63 ~ct~GGn 

the foux-yuu Cumulctivc GPit anr), '':ltC, :881,01\ subjGd grGcJes 

in Eng~ish snd I12-thcrllQt:Lcc fox :3cisncc fJ"Guc1Gn-cs onlyt) HG 

also f0und. -i;h8 ltSLC:r:; grads in F[D'j;hGr{latic,r-~ to bf} thG bcs'c 

predictor of success j_TI Facl11ty of Scj.encc~ 

f.-lGkoDnnn ('1987) G:~80 cxo.mil1cC. tbe xclo,tionr:.l bS"C\'Jcen 

tho BSIIO:8 SUbj(3C'~; /:?;x8oes end th(, ~~ixst·-Y(::8..I" Univc.retty 

subj GO·;; gr'c~d.G S t) lvo):' insi:o.ncE, h(~ :1:: oU.1J.(l. cox-:~·c:lt}"tions of 
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.)'1 and for English and NBthGmQtic8~ respccti~Glyo 

Considering students who took ES1CE only.in 1974E,C., 

the above correlations were found to be .47 and .49 • 

The findings in thece studies hove not alwo.ys becn 

in agreement and the use of the correlation coefficient 
as a measure of relationships does not appear to hove 
been validated; indeed, it has been used (sere: T:cacy, 1965) 
even wilen the :celationship was presumed to bre: non-·linear. 

ThG conclusions regarding ESLCE's uscfulftsss have not bGGTI 

very positive and ,Y(3"[ VJG see tllllt 1t is still in U8E.. 

Hence, We will invE.stigate this r-c18.tionship once again, 

moYe carefully; the scope of the investigation is ratllcr 
limited on account of various inslilrllOuntable constxaint:;J, 

t 11s most ssr-ious being t hat of the inavale.bili ty of any 
form of suitable computing f[wility in thE' Department of 
Statistics. 



CHilPTER III 

PROCEDUHES MfD I!lE'rnODS 
~'-.. ~--~~-~.-~-~.~~ .~-~-. -~-~,-~~~~~--~----~ >--" 

:;. 'J PROCrmURES 

3.1.1 The: Sample 

The otudy was based on regular- degree students 

admitted to tllG Faoulty of Soienoe (f.AU) aD freohmen 

for the 1987/8D aoademio yeor, .iI total of 825 fresh-

men were used as the study population, Foreign students 

wdre not inoluded, and so were students who had dropped 

out before the end of the firat semester. Thcse 825 

individualo represented approximately 96 perccnt of all 

the regular degree students regiGtsrcd in the f!FCshman 

year. For purposes of t his study, a simple r-anc1.om sample 

of 150 student s was drmvn from thE availeblc population, 

'rhe sample size Vias arrived at using the gCnEoral rulE 

(Draper o.nd Smith, 1981: P.417) of taking about ten complete 

sets of observations for each potential variable to be in­

cludEd in _ t he model. In t his study, there were sixteen suoh 

variableo. 

3.1.2 Variables included in the study 

Our basic intErest was to examine the influence of _ 

ESLCE results and other selected faotors on Freshmun Scie": 

noe students' performance. The results' in tile first semester 

examinations were used to measure Fr-eshman performance, 

and, therefore, used as the response variable (Y). The 

factors thut n12y affect students' performancs constituted 

the explanutory variabl<;s (XiS). 11 mUllbcr of them Viere 

oategorical varioblcs; othccs Viere continuous."flll in all, 

16 explanstory variables were considered in relation to 

Freshma:tJ:;~;i performance, All vfuiablcs are described below. 

Baokg:cound varia'llfles 

x 
1 

v 
-"-2 

--
= 

Sex ( ='1, if male, 0 ot hcrwi Ge) 

Age upon admission 
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X3 = Marital status (=1, if single, 0 otherwise) 
X

4 
., School type (=>1, if government, 0 otherwise) 

:Cocation of the secondary school attended 

Type 

ESLCE 

X5 = 1, if in Addis Ababa, 0 otherwise 
X6 = 1, if in Asmara 0 otherVlise 
X7 ., Aoademic baokground (=1, if aoademio science, 

o other·wise) 
Xa = The time in years between his/her first ESLCE 

and admission to the Faoulty. 

of admission 

X12 
., 1 t if regular, 0 otherwise 

ilE13 
., 1 , if private, 0 otherwise 

Results 

The ESLC examinations are tests prepared. and 
administered arulUally in a variety of subjeots. They 
are based on the Ministry of Education seconda:ry sohool 
curriculum, and are usually taken by students in their 
final year of secondary sohool. In addition to their 
use as a oriterion for AAU aillaissions, ESLCE results 
ar'e considered in admissions to other training programmes 
suoh as the Teaohers' Training Institutions (TTl). 

Students are required to take the ESLC examinations 
in English and Mathematios, and in order to apply to a 
programme in one of the higher education institutions 
they.must sit for at least three other examinations and 
pass. ThE\Yr-eceive letter grades, A, B, C, D, F, in the 
subjeots they entered. The numerioal.equivalents of, the. 
letter grades are: A=4.0, B=J.O, C=2.0, D=1.0 and F=O,O. 
The grades of five subjects - English, Mathematios and ':.'." , 
three other subjeots in Vlhich the student obtained. 
bette~ grades - are averaged to give the ESLCE GPA. 

In this study three ESLCE results were considered: 
X9 = ESLCE GPA 
X10 = ESLCE English grade 
Xii" ESLCE Mathematics grade 
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Campus Variables 

X14 - Dormitory faoility ("'1, if dormitory :i.s 
provi.ded, 0 ot herwi se) 

:':: X15 '" Freshman str·eam of study (.,1, if Physioal 
Soienoe, 0 other·wise) 

X16 = Teaohers' level of eduoation. 

In X16 , the teaohers' level of eduoation refers to 
the average years.of eduoation of teachers after the 
Bachelor's degree. For eaoh Fresrnaan seotion, it is 
obtained by multiplying the number of oredit hours of 
eaoh oourse by the numerioal equivalent of the 
instructor's level of education, and dividing the sum 
for all oourses by the total number of credit hours. 
We have assigned weights of 0, 2, and 5.for Bachelor's, 
Master's and Ph.D degrees, respectively. 

University Performance 

Students at AAU reoeive a letter grade A, B, C, D 
or F, in each.oourse taken and oompleted at the end of 
eaoh semester. Coyrse grades are averaged into a semsster 
GPA whioh oan vary from a value of O.O,.indioating 
failur~ in all oourses, to a value of 4.0, representing 
an A in eaoh oourse. 

As freshmen, the students in our sample took 
required oour-ses in English, Mathematios, Philosophy 
and ChemistrY. Beyond this basio requirement they took 
either a Biology or Physics oourse, as required by the 
stream-life soienoe or physioal scienoe - in whioh they 
were enrolled. 

For purposes of this study three measures of Freshman 
Universi ty per'formance were considered: 

Y = First Semester GPll 

Y1 ., Freshman English (FINn 101A) Grade 
Y2 = Preliminary Mathematics (Math 100) Grade. 
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3.1.3 Data Collection and Sources 

The data used in this study mainly came from 
students' files kept in the office of tho Coordinator 
for the :~lr-eshman Programme. Dato on the explunntory 
variables were collected for all students in the sample 
at the beginning of the ;:s econd semester oft!;lJ.e academic 
year 1987/88. A schedule was prepar-ed for extracting the 
requir-ed infcrmation from the students' files. A sample 
of this schedule and the sample data are given in the 
Appendix, 

Sources of the data were the office of the 
Coordinator of Science Fresrnnan Prcgramme, the office ~f 
the Dean of Students and the departments in the Faculty. 

3.2 METHODS OF DATA ANALYSIS 

The influence of the selected factors on Freshman 
Science Students' perfonnance was examined by means of 
regression methods. Dummy variables were used in assessing 
the effects of categor-ica1 varinbles such as regional 
background and dormitory facility. The re1a:l;ion between 
all potential variables and the first semester GPA was 
first invGstigat6d. This was followed by 0 consideration .. : 

of ESLCE GPA alone. In general~, the steps followed in 
our data anal.>rsis we:re the following: 

i. Examining the scatter- plot of the response 
variable against each of the explanatory variables. 

ii. Formulating a general model that relates the 
response variable to the explanatory variables. 

iii. Fitting the model. 
iv. Examining the adequacy of the fitted model and 

checlcing the validity of the assumptions of the 
assmned model. 

v. Making inference based on the fitted model. 

A lack of fit in the linear model was examined 
using pure error whenever repeat observations were availa­
ble. Scatter -Plots of the standardized residuals against 
the predicted values or against each of the explanatory 
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variables were studied. They were used in deteoting 
heterogeneity of error variance, nonlinearity of the model, 
outliers and other inadequacies of the hypothesized model. 

The normal probability (p-p) plot helped in cheoldng 
the assumption of the normality of the error terms. 

Diagnostio statistios - studentized residuals, 
Mahalanobis distance l Cook's distance and outlier tests -
Vlere also used to provide information about influential 
cases, outliers and the validity of the model assumptions, 

Based on the results of the diagnostic procedures 
used remedies suited to the symptoms were applied ... Then 
the results obtained wer'e assessed repeating the procedure 
stated above, After getting an acceptable model, the over"_ 
all,impo:rtanoG of' ths exphmatory variables was dotermined. 

The detai16d theory that justifies these methJJds is 
found in Belsley. Kuh and WeI soh (1980), Chatterjee end 
Prioe (1977), Cook and V/eisberg (1982), Draper ana Smith 
(1981), Seber (1977) and TIeisberg (1900)!, 



RESULTS AND ANflLJ§E~ OF DATA 

~.1 HWLUElWE 01' THE SELEC'rr<:D FACTORS 

Table 4.1 presonts tho moans and standard deviations 
of the 18 variables considered in the analysis (since only 
two private students were included in our sample, the 
durmny variable X13 Vias not examined). The mean of the 
ESLCE results was above a "B" aVGragG, OXCGpt for 
Mathematics which Vias 2.33. HOVlevGr, the mean of the first 
semester GPfl's was 1.91, or slightly below a "en aVGrgge, 
The menn of the Froshman English and Preliminary Mathematics 
grades VlGre 2.13 and 1.99, respectively. 

Table 4.1 : Means ans Standard Deviations of the 

Var~bles ( n " 150 ). 

Variable Mean Std Dev 

Xi .933 .250 
X2 18.873 2.332 
X 3 .953 .212 
X4 .953 .212 

X5 .420 .495 
X6 .093 .292 
X7 .893 .310 
Xa .200 1.074 
X 9 3.252 .256 
X10 3.080 •. 499 

Xii 2.327 .755 
X12 .960 .197 
X14 .680 .468 

X15 .947 .225 
X16 1.584 .347 
y 1.906 .645 
Y1 2.133 .682 
Y2 1.987 .733 
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..- ," 

In Table LI.·J the mew, co:creflpondin{"; to Guch dummy variable 

is "tllG pI"OpOl"tiol1 of StU(IGl1tS in the cn"tcgory whcYG -the 
c1ummy va:dable hew a veIl's of vnity. :B'or instance, the 

mean of X1 , which is .93, was the proportion of male :. 

students in our sample. 

. ~ i". • • 

Table 4.2 shows a further u:coskc1ovlll of tlle!first 

sewester performance of the students in our sample, 16 

pe:ccent of tho students received GPA I fl below 1. 50, while 

32 percent recei.ved GPA'e ranging from 1.50 to 1.99. 

Only 52 pe);'c(mt of the Htuc1ents :receiVHl above 2.00. 
Note that these r'eHults do not include i:he.results 

obtainec1 i.n the IISupplf,m0ntal eXQr,linai:ions." 

GPA's ,No. of Students Proportion Mean GPA SD 

Below. 1 .50 

1.50 -1.99 
Above 2.00 

24 
48 
78 

.16 

.32 

.52 

.85 
1.75 
2.33 

.47 

.12 

.43 

Table 4.3 is the Hample correlation ffletrix fo.' all 

voxiables 8.nd SbOViS the int,)rrGloi:ions of all 18 variablss. 

OnG may note tlmt tllCre IU€ lelatively few la.rge correla­

tions. '1'he gSLCJ:i) GPA appe8red to have Home correlation 

with the other ESLCE results nnd with Freshman Science . 

per·forms.ncG. The ESLCg EXl[,lhlh SeenlH to be mi.ldly corrG­

lated with both first SeTfleHter GPA and Freshlllall:.Ellc;lish, 

while ESLCE MatheJn8tics.Hhows Home relati.on with 

Px-eliminary I'·!IathoJllutics. It is also particularly woy·thwhilc ';: 

to note ·the high cor·rclntion between X5 and X14 , vlhGre 

X14 rGpr08Gnts Dormitory facility 8.nc1 X5 is the Region 

variable. 
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Table 4.3: The Sample Correlation Matrix 

\rariable v 

"'>'1 X
2 ~ X4 ~ X6 ~ Xs ~ X10 X11 X12 X14 X15 

~ 1.000 

X2 .158 1.000 
~ .194 -.230 1.000 
X4 -.059 .070 -.049 1.000 

~ -.097 -.215 -.004 -.196 1.000 

~ -.006 -.042 -.038 .071 -.273 1.000 

~ -.092 -.149 .026 -.076 -.100 .037 1.000 

Xe .050 .648 -.283 .041 -.083 ~.060 .024 1.000 

~ .159 -.002 -.004 ,.020 .038 .024 -.065 -.028 1.000 
X,0 .151 .165 .036 -.028 -.110 -.006 -.075 .083 .4921.000 

.045 -.034 -.198 -.072 .259 .013 -.223 .043 .570 .108 1.000 ](11 
X12 -.055 -.567 .277 -.045 .036 .065 .040 -.820 .042 -.036 -.~7 1.000 
X14 -.183 .122 -.016 .255 -.806 .220 .180 .061 -.129 .024 -.215 .0061.000 

-.063 .064 -.053 .229 .082 .076 -.082 .044 .095 -.021 .142 -.048 -.036 1.000 

X16 

X'5 
X,6 -.028 -.116 .008 .017 .063 -.210 .078 -.009 .031 -.008 .061 .050 .022 .161 1.000 

y 

Y .153 -.010 .052 .129 -.026 .106 -.087 -.024 .337 .202 .144 -.014 -.055 .242 .0141.000 

Y1 

.170 -.036 .136 -.282 .052 .072 .195 .000 .167 .284 -.046 -.010 -.118 -.041 -.050 .528 1.000 

., 
·2 

Y, 

Y2 .068 -.080 .083 .212 .016 .037 -.125 -.107 .325 .150 .190 .089 -.032 .239 .121 .835 .286 1.000 
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Table 4.4 shows the rcsult of fitting n lincar 
regrcssion model with all 15 cxplanatory variables. 
The plot of the standardizcd residuals versus fitted 
valuGs of Y (Fig. 1) and ESLCE results (Figures 2, 3, 4), 
as well as otllGr plots of the stnnd2rdized rC8:1.d.uals 
versus the. cxplanaloty vnriablcs (sec jlppendix C), look 
acccpto.blc. But observation 92 has a large xesiduGI and 
may be suspected as nn outlier. From an examination of 
the raw data, it appears that this particular individual 
se6ms to havG performed very poorly in tile Univcrsity as 
compared to other ind1viduB.ls with similar charo.ctcrstics 
(His ESLCE and first semEster GPA's wcre 3.8 and 0.22 
respEctively). It was eXGmined using on outlier test 
(Weisberg, 1980.: P.115). The test statistio gaVE a value 
of t92 = -3.970. Entering Table D in Weisberg (1980: PP. 
264-267) with P=16 and n=150, Vie find the orit ioal value 
for a test size of 0.05 to be 3.68. Sinoe /t92/ eXCEeded 

Table 4.4: Estin):'1ted Rc:grcEJon __ Co('J'ficient~.Jol: 
:~he ]uJL ]~C!..~(;l 

-~-~~~. ~.---~.--.~.~. ~-.. ~-~---~~~~~. ~.--~-.~. ~---.~-

Variable 

-.00158 
· .09440 
-.10176 

.07265 
· .60141 
~.10812 

-.37775 
.24968 
.17792 

· .23711 
.,..06575 
-.02351 
· .77405 
-.03559 
-.08572 
.79901 

SE :B 

.15303 

.26268 

.21209 
,12205 
.23772 
.17768 
.45047 
.23411 
.18590 
.25633 
.09405 
.03082 
.29371 
.09022 
.20176 

1,12742 

Beta 

.,.,852E-·03 
· .03096 
-.07381 

.05613 
· .21011 
-.05190 
-.11510 

,09684 
,08047 

· .07776 
-.07695 
-.08499 

,30754 
-.05926 
-.06579 

T 

-.010 

-.480 
.595 

2.530 
-.609 
-.839 
1.067 

.957 
.• 925 
-.699 
-.763 
2.635 
-.394 
-.425 
-.709 

Sig T 

.9918 

.7199 

.6321 

.5527 

.0126 

.5439 

.4032 

.2881 

.3402 

.3566 

.4857 

.4469 

.0094 

.6939 

.6716 

.4797 

.~. , 
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this value, thin oVclcrvation V,',~s consirl.cy<~:d nD nn outlier. 

However, since V92 ,92 = .130 nnd D92 = .1329 are.not very 
large (that is, they arc much smaller tl1an 2P/n=.213 and 

F. 5(16,134)=.958, respectively), tbis observation has only 
a minor effect on estimates of the regression parameters. 
Hencet we will procceed with-out dGlGting it. (Here V .. is 
the i h diagonal element of the "hst matrix" (s8e coo~l and 

Vie1.sberg, 1982: P.11) and Di is the Cook's distance (sec 
Vieisberg, 1980: P.108». 

Inspection of the other diagonstic statistics (see 
Appendix C) does not display any unusual ~eatuIes. The 
normal probability plot (Fig. 5) does not show a strong 
departure from nornwlity of the error terms, 1111 the dia­
gonal elements of the inverse of the correlation matrix , 
of the explanatory vnriables, known as Vo.riance Inflatio­
nary Factors (VIF), were found to be between 1 and 10, 
This suggests that multicollinearity is not a serious 
problem in our estimation (see Draper and Smith, 1981: 
P.4·16). However, the fitted model cannot be con.cJid!§red 
as a satisfactory model for analysing the data, since a 
problem of heteroscedusticity appears to exist. Henco,. 
the analysis leading to Tablo 4,4 is capable of refine­
ment; the information in Table ~.3 and 4.4 will bc useful 
in a step-by-step modelling procedure. 

Table ':1:.3 rcvco.ls that X9 appears to be the vQriablc 
most highly correlated with Y. Further, we also seG that 
X5 and X14 Dre evcn morc highly corrclatec1, therby 
probably Qccounting for the rather mG8.ninglcss signs, and 
small magnitudes, of the estimatE:s of thc coefficients of 
X5 and X14 in Tflble 4.'1, con-cra:cy to that cxpected on 
c ormnon scnse grounds. Hence, VIC will st art the modcl 
building proccss with X9 ; X5 and X14 will be considersd 
lnttey. 
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4.2 Th~) Relution between ESI,Clj; GPA mlil ]':Lt',rh Semest~r GPA 

P:com ~::D.blo 4 ~.3 :l:~ In a~)(Hl 'l;hu't; }~~'([tCB G:~Jj\ hod. the 
h:Lgiloat: OQz';,'olo.t:ton W:l th fiX'st SGLiOlJ'l'OX" ClPlq 1'h;i.fi ooY'reJ.u·, 

tion VIEW .337. cellO iJcutteJ~ plot of ·thom) 'cViO GJ?A' tJ is given 
in FiG. 6. 9!o.bl0 4.5 presents '~he analysis of vn:t:1EU10G 

to.-::':;.o fax' thl" TOr;TOtlsioll of Y or Xq • xt onn. btl soen 'that 

t hero exist s u s:lgn:i.f:lount laok of' f:I:1; O!'",2. 728 , p,: 0025) • 

InspAo>r.ion of 'hha plot of t.he IJtunda.rdi~()d :r.onid'.l.u1.s agu~..l1sJ~ 

'G he predioted values and ~ :tl1<lioa'God. the posfJ5.blc o"istonoo 
of outliors und rooonf1.:cmod ttl(' violut:ton of. tho (1scJumpt:ton 

of homosoec1ustioi'by. Loe tX'nnsf.oX'm£l.t5~on 011 'Gho yt s [!.ave '.;he 

/Jano J.'OBlut 0 illS the cl"ude OXlC. ~~!leflO :Lndioo'~iorw 0l\Ct30 st tho 

use of WeiGhted Leust SquaY'oB (VfI,S) aftor un o:x:u:Jinotion of 

tho status of the suspeot,cel. outliers. Th:i.s will he dono in 

the fol10wine Seotion. 

STANDARDIZED SCATTERPLOT 
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Source Dr ss 118 Sig F 

Regresaion 1 7.064 7" OB4 - 19.016 
Residual 148 51}.981 .371 

Lack of fit 5 4.787 .957 2,728 P L ,025 

PuYe er1:or 143 50.194 ,351 

4.3 REGIONAL BACKGROmID MID DORMITORY FACILITY 

Here regional background_refers to the region where 
a student has taken his ESLCE, An answer Vias sought for 
the following question: Does the r-elation between ESLCE 
GPJ, and first semester GPA depend on j:egional backgr-ound? 
The tViO groups of interest were the students from the 
Addis Ababa region and those from all other regions put 
together, Table 4.6 shoVis the ESLCE ·GPA and Univcysity 
performance (Y) of the two regions. 

T8ble I}. 6: ESL_()E agd Fi]:st Semester results of 
t he two. regions.. 

First 
ESLCE GPA SemGster GPJ, Cor-rGlation 

Region No o nean SD Mean SD rX Y 
- 9 

-.~-~- .. ~-~=-~~ 

Addis Ababa 63 3.263 .268 1.887 .625 .356 
Other regions 87 3.243 .249 1.920 .6103 .327 

-
~~-~---

Total 150 3.252 .256 1.906 .643 .337 

The means of the two GPA's do not appear to be diffGrent 
for the two regions, Mon:over, tlle correlations arc also 
qui te similar B.nd it rn<'J' VIGIl be that t hG relationship 
betWeen Y and X9 show the same behaviour. But this will be 
more thoroughly investig8tecl in this section, 

TablGs 4,7 and I} ,8 prooent the MTOVA tables of the 
regressions of Y on X9 , separately for thG two xegions. 
These arc based on the following models: 
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YA/i " B10 .~ B19X9 + U1 

YOH - BOO + B09X9 + U2 

(n 
(2) 

Vl!161:e (1) xepresents Addis J\boba R€gton and. (2) Tepxescnts 

Other Regions. It can be seen from TablerJ 1;.7 and 4.8 that 

there ExtStS Q stgniftcont lack of fit. Therefore, it is 

necessoTY to examine the ;:residuals in order to find out 

the couse of tthe lack of fit. 

When examining the residual plot from regn:ssion for 

Addis Ab01)a Region (Fig. 7). observation 40 wus found to 

huve the lorgest residuul, -3.11. The value of the outlier 

test stutistic (Vle1sberg, 1980: P. 115), t 40 "'.3.400, 

pr-ovides evidence that tllis case is 3n outli(T. The plot 

of the standardized rcsiduals vexsus X9 also gQve the SElme 

information. It Vias foundl that the individual reprcsented 

by obsc:c·vuU.on 40 Via..'] admit-Ged with an ESLer; GI'l, of 3.2 

but his first semester GPA vms 0.0. This was considered 

abnormal and it Vias, therefore, deleted. 

Tab!.e 4.7: ~nOVA Ta=~ for }~e_gr:ss:on_of !~ 

fldelis Ababu Region, 

Source DF SS F Sig F 
. . 

--.-~~.~~~. ~-~~-~-~.~~=--~---~~'--'"'~.~ .. ~.-~--.~ 
Regression 1 3.075 3.075 8.857 
Residual 61 21.180 .347 

JJack of fit 4 3.696 .92L1 3.013 PL . • 025 

Pure orror 57 17.484 .307 
-.~~ .. -.~-~--. --.~--~ . ~------. --~. ---

Teble 4.8: A HOV11 Table for ~egre~::.::.n of Y~~nx9> 

QtllG l' It. G g i 0 llE! 

Sour·co DF SS MS F Sig F 

Regression 1 4.046 4.046 10.203 
Residue} 85 33.703 .397 

Leclc of fit, 5 6,897 '1.379 4, 117 P L .005 

Pure error 80 26.806 0335 
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Similarly, the plot of the standardized residuals 

vcrSUA the fit-ted values fronl ttlc rcgrc8sj.on of Y on X9 

for the OtlKr Regions (Fig. 8) View examined, Observation 

92 'lias found to have the; largest re;,'lidual and the outlier 

test statistio (WeisbGrg, 1980: P.115) gav~ a value, 

t92 = -3.886, whioh indioated that this oase was also an 

outlier. The othe;r diagnostio statistios (V92 ,92 = .070,­

D92 " .485) also suggested the observation to be 111fluen­

t1al. Observation 56 'lies also a suspeot. The individual 

represented by this observation Vias the only one to have 

an ESLeE GPA of 2.6 in our sample. 

Reoently a "speoial" admission oraterion for those. 

who oomplrded the NO.tional Military Servioe Was adopted. 

They were admitted into a degree programme with an ESLeE 

GPlI of 2.0 and above, and into a diploma programme with 

an ESLCE GPA of 1.5 and above. Th" entranoe requirements 

for yegulay· and pyi vate; student s in 19[)7/88 _ were ESLeE 

GPlI's of at least 3.0 and. 3.~, rsspeotively. Some students , 
from tlle fly·my were also admitted with ESLCE GPA of 3.2 

whioh is lower than the offioial requirement for the 

private stUdents, Sinoe our intcr'est Vias in oomporing the 

students' performanoe, under normal 'O!,1:drtiitions, in the 

two r'egions, it was found reasonable to delete observation 

56. The next step Was to attend to the violation of the. 

assumption of homosoedast ioi ty. 

As a yemedy, Vleighted least squares (WLS), instead 

of the ordinary least squares (OLS) used before, was 

suggested by the data. The weights were estimated by the 

r-coipr'ooals of the var-innoes of the Y-volues at enoh 

value of X9 • 

The oomputeT program at SDDPC doesn't have provision 

for VILS. The problem oonnidcyed hcrc Vins handled by using 

OLS after resoaling the dsta. Henoe, if 81 reprcsemts the 

standard devintion of Y-valuBs at a value of X9 in .hddis­

Ababa, and So tl1o.t for Other- Hegions, then the following 

models were fitted: 
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A 
+ B.'I (J ( ,,,? ) 

, u'l 
( '1£1) 

( 2a) 

v/h€Xe (1a) rEpresents Addis Ababa Region (Ail) and (20.) 

rEpresents OthEr Regions (on). The estimated weight for 

the squm:ed deviation of Y from its regression is given 

by Wi C 1/Si2, i=O,1. 

In order to apply WLS to both groups, ,the few l11.unber 

of observations at X9 C 4.0 (one for the.Addis Ababa and 

two for tlle Other REgions) and at X9 C 3.8 (two for the 

ot her REgions) could not give n,liable est imatGs of variancG, 

if at all. The corrEsponding Y-VOlUES at X9 C 4.0 in both 

cases and at X9 = 3.8 in the OthEr REgions VierE, therefore, 

excluc1.Gd from the study. Toble,4.9 presents the WEights 

used in applyinc; WLS. Tables 4.10 ond 4.11 give the I'/LS 

regression rBsults. 

Examil1otion of the rEsidual plots, diagnostic 

statistics, and norInol probability plots (see Appendioes 

D,'E) showed no indioation of seriouB violations in the 

modEl a8sumptionB required for thG applioation of OLS 

on (1a) and (2£1). 

"~ ___ A.~LHe£ion ~u. _-2..ther~l1.e..~ions_ ~~P"-ool..?d _ 

_ ~9_ n S,1.cW 1 . __ n~. ~. ~~O ...;,_W.:;O~_~J_l~,--S,::;p,-. Vip 

3.0 22 .57117 3.065 27 .63652 2.468 49 .60820 2.703 

3.2 18 .27072 13.645 27 .50393 3.938 45 .42723 5.479 

3.4 8 .77857 1.650 22 .49826 4.028 30 

3.6 9 .33377 8.976 5 ,36410 7.543 14 

3.8 4 .58187 2.954 IJ 

.58115 2.961 

.34418 8.442 

.58187 2.954 
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Variable J3 l' 

.38776 ,8171[1 .20289 .475 

,45228 .24953 .77502 1,813 

0: '" 1.07203 R2 '" .95568 DF '" 59 

Source DF 
Rsgr-ession 2 
Rssidual' 59 

Analysis of Vm iance 
~-"" -*.------'-"~~.~, .. ~-..~. 

.~--
SS ~_~~~~~_.~,.l"-_. 

1461.96915 730.98457 636.052 
67.8058B 1.14925 

Table 4.11: llsg,ression through the" origLn: ~9ther Regions 

Variable 

-1.53444 .97B85 -.75773 -1.56B 

1 .06694 ,29928 1 .72326 3.565 

DF '" 79 
ilnalysis of Varial~ 

Sou:cce DF SS raS F 
- '_~'~-__ ~..o-~~~~ 

Regression 2 1149.66732 574.83366 584.672 
Residuo.1 79 77.67062 .9B317 

The models in (1a) and (28) :cepres(mt separate 
regression relationship for the two regions, each with 
distinct r-egression coefficients. If there Viere no 
differential effect attributable to the regional 
background of students, thG data could be poolGd 
and thG singlG regression modsl 

Y' 1 
(S' ) '" RO(er ) 

p 0p 
(3) 
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could be fitted. HGre Sp represents the pbbilidd standard 
deviation of Y-valuGB at a value of X9 • This model would 
be appropriate to desoribe the entire data if in (1a) 
and (2a) 

(i) cor-responding :ccgreGBion coefficients arlO thG anmG, 
(ii) thG vari(mces of the Y-valuoB at corrGBponding 

valuos of X9 are Gqual in both gr·oupB. 

Comparison of the reBidllC'1 variances with the F-tGst 
is not valid, but the rGsidual variances, 1.149 with 59 
dGgreGs of freedom and 0.983 with 79 degrees of freedom, 
appear to be similar. The variancGB at each value of X9 
in each group (seG Table 4.9) VlGrG not very much diffGrent 
excGpt at X9 = 3.2 . It waB not, therefore, too unreason­
able to asswnG the equality of the conditional variances 
of Y for thG two regions. This asaumption will then give 
riBe to the model in (3) above When taken together with , 
the equality of corresponding coefficiGnts in the 
regression for the two rdgionB. We Vlill find O1.it, in dUG 
course, whctllGr thls.aBaW'lption iB supported during a re­
analYBiB of thG/data. 

Out intGrest is to examinG thG hypothesiB that there 
is only one regression rGlating F,SLCE GPA to University 
per·formanco for the two groups. 'J'hat is, we want to tGst 
the null hypotheBis: 

H01 : B10 = BOO ' B19 = B09 

against the alternative that there are differences in the 
regrossions for the two r'cgions. The dWIllny variables 
approach (ChatterjeE; and Price, 1977; Gujarsti, 1970Q and 
1970b) was used in performing t);l0 analysis. The following 
model involving tho dummy variable, X5 ' was considered: 

The model given in (4) is equivalent to the models in 
(1a.) and (20) Gxoept for thG pooled weiglr~. The null 
hypothesis of intcrGst can now be restoted os: 

H02 : B5 ~ B59 ~ 0 • 
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Procceding wit 11 t hc clIlolyd.iJ oJ t he datu, -t ho rcgre- . 

B8ion reBul-tB for-.illodelB in (3) ond (4), r-eBpcctivdy, are_ 

given in TablcD 4.12 and 4,13 • '1'he YGsidunl plotD, diagno~ 

stic Dtatis-tios, and normal probability plots (sec Appcndi­

OGS F, G) did not indicate sGrious model violations in both 

oaSGs. 1\ formal tGst of H02 is not -pOfwible using standard 

rGgrGssion thGor-y. HOWE-VeT, the valuc[i of cstimatGs in the 

two 1ll0dGls appear to _ BuggGSt thut Q oormnon regrGfJfJion may 

not bG inappropriate. 

Table 4.12: ,!\egrcssion throug,hthc grj_gj.n: Model in 02 

Vur-iablGs 

RGgr·Gss~ 

Residual 

SE B Beta T 

-,24971 .631/12 -.12630 -.395 

.65865 .19230 1.09386 3.425 

a = 1.02713 DF = 140 

2 2189.30980 1094.65490 1037.59f: 
140 147.69910 1.05499 
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.. " .. ,-.-.,-,,~.---.-,---- •. ,--.'-"" ..• -.-.~~'----'-~~"~::------.----~~.~--~ .. - ... ~-.'~~~ 
}i Variable SID 15 Dda 

"-'---"--~~~~---...~~--~~ .............. -,-",~~~ .. -.~~ .. ~.~.~-~~~---.~''''-''-~' -~. - -""~.= 

~ 1 
-'1.46519 097676 -.74106 ~s ) -1.500 

p 

Xg 
1.04560 .30035 1.73650 3.481 (-s.::) 

p 

X 
( 5) 1.89479 1.28807 .64352 1. 471 Bp 

X5,X9 -.60703 .39257 -.68480 -1.546 (-~) 
P 

0=1.02138 DF = 138 

.JillalJ:sis of Variance 

Source DF SS .MS ,F 

Regression 4 2193.04459 548.26115 525.54718 
Residual 138 143.96431 1.04322 
--=---~ 

Another question raised in this study was the effect 

of dormitory facilities (X14 ) on the relation. between 

University performance (Y) und E8LCE GPiI (X
9

), All students 

from the Other Regions were provided with dormitory 

facilities while only a few stUdents (24 percent) got 

this priviledge from the Addis Ababa Region. Examination 

of the separ-ate regressions of Y on X9 for the Addis ],baba 

students with and without dormitory facilities may provide 

an amlVler to the above question under cor-tain conditions. 

The heterogeneity of variance was already r-emoved 

from the regression of Y on X9 for the Addis Ababa Region, 

Furthermore, the estimates of conditional vor-iance of Y at 

each value of X9 in each group (that is, stUdents with 

ana. without clormitory facilities) were not found to be 

very much different. Therefore, the same 81 as in Table 

11.9 for the Addis Ababa Region wos us cd in the WLS analysis 
.. .. t ~ ,""'" . . . 
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using the sGparate regressions for tho two gr·oups: 

y 1 X9 U11 ( 5) tS
11DP 

_ .. - ]3110(;3
1

) + B119 (S'j) + (~~) 
>J1 

Y 1 X9 U 

~S1 ?vm = BnIO(S ) + Bn 19 (s;-) + (-1£) (6) 
, 1 S1 

wh6re (5) reprofJents Vii th dormitory facilities (DF) and 

(6) represents without dormitory facilities (rm). The 

results of.fitting the above models are given in Tables 

4.1~ and 4.15. 

The dUlmny variable X
14 

Vias defined to talce the 

value of 1 for each student provided with dor'mi tory 

facilities and the value of 0 for each.fJtudent who was 

not provided with dormitory facilities. Table 4.16 gives 

the results of fittillg the model: 

y 
(8 )AA 

1 

(7) 

Table !). 14: Regression throuRh the origin:.Model in ( 5). 

Variable B SE B Beta T 

1 1.46857 1.45576 .81630 1.009 8 1 

Xg 
.08721 .42471 .16615 9 205 S; 

°il = .91357 R2 = .96459 DF = 12 

An.l2J]lsis of Variance 

Source DF SS MS F 

Regression 2 272.80260 136. ~0130 163.432 

Residual 12 10.01526 .83~61 
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Variable B SE B Beta T 

-.56339 .88091 -.29178 -.640 

.76877 .27568 1.27226 2.789 

DF = 45 

Analysis of Variance 

_1!.£urce DF S~S ____ ~~~M~S~~~~~F __ _ 

Regression 2 1402.78764 701.39382 582.771 
Residual 45 54.15968 1.20355 

Table 4.16: !i£g,ression thr:22£)1 the origin:J~oq.e_l in (1.2. 

Variable Beta T 
o •. 

-.56339 .85201 -.29536 -.661 

.76877 ,26663 1.30548 2.883 

2.03195 1.89335 .45538 1.073 

-.68157 .56073 -.52357 -1.216 

o = 1.06107 R2 = .96311 DF = 57 

Analysis _CJf Variance 

~CJur~~ . .;;.D;.:;F,--~~:::.S:;:.S~_~~~~JflS . F 

Regression 4 1675.59024 418.89756 372.06361 
Residual 57 64.17494 1.12588 
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Our objective is to .·.:find out if: 

H03 : B14 - B914 '" ° 
is suppo:bted by the data. 

Tables 4.14 and 4.15, and hence 4.16, givc a rather 

strange result which does not accord with common sense. 

The result s reflect the non-random nature of the dor·mi tory 

facility allocation, giving rise to sub.,.samples for the 

Addis Ababo. Region which are not r'andom. 1111 examination 

of tlw sub-samplE,';!'clGarly beays this out so that it is 

not possible to arr·ive at a useful conclusion regarding 

the effect of dormitory facilities f:rom thin particulQr 

[\llalysis. However, We have necn that X5 and X
14 

'show a 

strong negative correlation. Hcnce, Tables 4.10, 4.11, 

4.12 and 4.13 also partially reflect the influence of :. 

X14 on student performance and this appears to be 
positive, 
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A fuller interpretation of our rGsults is limited 
somewhat by the procGdures we used in our- analysis. lifter 
deleting some unusuul obser-vations and transforming the 
data, we arrived at a position where standard parame·tric 
theory could not be used. The weights for the WLS proce": 
dure were not known emd we had to uoe estin12teo bewed on 
the data. In such a case, the statistical tests would not 
be exact (see Chatterjee and Price, 1977: PP.105-14). 
In speite of thiS, our analysio points to oome interesting 
c oncl usi ons : 

(i) A transform of First Semester GPA appel:\Y's to 
huve a str-ong linGar relationship with an 
identical transform of ESLCE GPA. This result 
is borne out in Tables 4.10, 4.11, 4.12 and 
4.13. Our- findings contradict the findings 
of other researchers in this area to-dote. 

(:.i,) (-if) The First .SGmestGr per.formancG of Science 
students from Addis llbaba and those from 
Other Regions appoars to.show a difference, 
as reflected in Tables 4.10, 4.11, 4.12 
and 4.13. 

(iii) There is indirect evidence in Tables 4.10, 
'.11,4.12 and 4.13 regarding the pooitive 
effect of dormitory facilities on otudent 
performance. 

(iv) The 13 other explunatory variables appear to 
huve u vey.'y small effect, given X9 , X

5
(X14 ) 

are already in the model. 

These fir.dings endorse the view that the ESLC 
examinations are useful, that dormitory facilitioo may, 
indeed, make 0 difference and that there appeoro to exist 
a distinct pattern in the performance of Science :B'reshmen 
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from AdCiii3 Ababa whsn compared to thoDs from all other 
regions. On nccount of the f1trollg rclation0hi.p bctvlscn 
the tranDformed variables, as reflsctsd in Tnblcs 4,10, 
4,'11. 4.12 and 1).1], the effcct of the remaining 13 
othcr Gxplanatory variablci3 appears to bs very small; 
resources at hand did not allow any further study 
involving thei3e or the remaining two response variables. 

Thsse findings cannot bc token as conclusive evidence 
that gives a otrong support to ESLCE to validate ito 
traditional role, but the indications arc that it io a USG­

ful inotrument, Indeed, no statistical method can provide 
a certain verdict, Similarly, the pooitive sffect of 
dormitory facilities is also indicated and it also accords 
with common SGnse, 

The study involved only thG Faculty of Science, on 
Q limited scale, on account of administrative and other 
const:n:\int s, Hence, our' study findings should be taken as 
a ~irst step and they relate only td our Faculty's Fresh­
men of 1987/88, On the other hand, since ESLCE,is of 
concern to the entire Univsrsity, a University-wide study 
will be in order. This has not been possible in this 
rssearch for reasons already given. 
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APPENDIX A 

DEPAHTMENT OF STATISTICS 

§.s:_~<.32 ul£ • .! or ,..''It,,lldGn·~: Fil e . SO!ll£li~~ in~~t hG. 
Faculty of SciencG 

1. Sample Number ______ ~_ 

2. Student's I.D. No. 
3. Sex: Male Female ___ _ 

4. Age ~_~ __ 

5. Marital Status: Single _. _ Married 

6, Last secondary school attended: 

6.1 Name of the School 

Other 

6.2 Location: Town Administrative Region __ _ 

6.3 Attendance Year .~~~ 
6.4 Type of the School: Government 

rAission 

Public 

Other 
--~~-----------

6.5 Type of study in the school: 

Academic science 

Academic art 

Commercial 

Home Economics 

Agriculture 

Technic/Pr·oductivG Technology 
OthGr ~~~ ____ ~ __ ~~~ ____ ___ 

7. ESLCE results: 
7.1 ESLCE GPA _~ __ _ 

7.2 ESLCE GradG in English ~ ______ ~ 

Mathematics _____ ~ 

8. Status of Admission: Regular _. ~_~_ 
Private ~ ___ ~ 

Quota ~~~~ __ _ 
Special __ ~ ___ _ 

9. VIas the student provided wi til dormitory facility? 

Yes No 
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10. Student's choice 
Stream: Physical 

of stream in Fn::shman jl'rogramme: 
Science 

Life Science 

Section: 
11. Average years of education of teachers after 

Bachelor's degree 
12. Student's Universit~ 

12.1 First Semester 
12.2 Subject Grades: 

FlEn 101 

performance: in the Freshman 
GPA 

Moth 100 _~~_~_ 

year: 
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Appendix Il: Oriflinal Data. 

SER X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16 Y Y1 Y2 
~~~******$**$.$*$**$.~******************¥*.*.**.****$***.*+*******~**.$$ •• $ 

1 1 18 1 0 1 0 1 0 3.4 3 3 1 0 0 1 1.3 .50 1 0 
2 1 19 1 1 0 0 1 0 3.4 3 3 1 0 1 1 2.0 2.67 2 4 
3 1 29 1 1 0 0 1 0 3.4 4 2 1 0 1 1 1.32.172 2 
4 1 ",6 0 1 1 0 1 3 3.4 3 3 0 1 0 1 1.3 1.78 2 2 
5 1 18 1 1 0 1 1 0 3.4 3 3 1 0 1 1 1.3 2.83 2 3 
6 1 17 1 1 1 0 1 0 3.0 3 2 1 0 1 1 2.0 .78 2 2 
7 1 18 1 1 0 0 1 0 3.2 3 1 1 0 1 0 1.7 1.172 1 
8 1 20 1 1 0 0 1 0 3.2 3 2 1 0 1 1 1.7 2.00 2 2 
9 1 20 1 1 0 1 1 0 3.0 3 2 1 0 1 1 1.3 1.83 2 2 

10 1 19 1 1 1 00 1 0 3.0 3 2 1 0 0 1 1.3 2.00 2 2 
11 1 18 1 0 1 0 1 0 3.0 3 2 1 0 0 0 1.3 1.72 4 2 
12 1 18 1 1 0 0 1 0 3.0 3 2 1 0 1 1 1.3 2.00 2 2 
13 1 18 11 1 0 0 1 0 3.2 3 2 1 0 1 0 1.3 .39 1 0 
14 1 21 1 1 1 0 0 0 3.6 4 3 1 0 0 1 1.3 1.83 2 2 
15 1 19 1 1 0 0 1 0 3.0 3 2 1 0 1 1 1.3 2.78 2 3 
16 1 16 1 1 0 1 1 0 3.2 3 2 1 0 1 1 1.3 1.78 2 2 
17 1 19 1 1 0 0 1 0 3.0 3 1 1 0 1 0 1.3 1.39 2 1 
18 1 18 1 1 0 0 1 0 3.4 4 2 1 0 1 1 2.4 1.94 4 2 
19 1 18 1 1 1 0 1 0 3.2 3 2 1 0 0 1 1.3 2.22 2 2 
20 1 33 0 1 0 0 1 8 3.2 4 3 0 0 1 1 1.7 2.06 2 2 
21 1 21 1 1 1 0 0 0 3.4 3 2 1 0 0 1 1.73. 172 4 
22 1 18 1 1 1 0 1 0 3.0 3 2 1 0 1 1 1.3 2.78 3 2 
23 1 19 1 1 0 0 1 0 3.0 3 2 1 0 1 1 2.4 1.67 2 2 
24 1 20 1 1 0 0 1 0 3.2 4 . 1 1 C 1 1 1.3 2.00 2 2 
25 1 18 1 1 0 0 1 0 3.2 3 1 1 0 1 1 1.3 2.22 2 3 
26 1 18 1 1 1 0 1 0 3.2 3 2 1 0 0 1 2.0 1.83 2 2 
27 1 18 1 1 0 1 1 0 3.0 3 2 1 0 1 1 1.3 2.00 2 2 
28 1 19 1 0 0 0 1 0 3.4 3 3 1 0 1 1 .2.0 1.44 2 2 
29 1 18 1 1 1 0 1 0 3.6 3 3 1 0 0 1 2.0 1.89 2 2 
30 1 18 1 1 0 0 1 0 3.8 4 3 1 0 1 1 1.3 2.94 2 4 
3 1 1 20 1 1 0 0 1 0 3.0 3 2 1 0 1 1 2.0 2.00 2 2 
32 1 18 1 1 0 0 1 0 3.2 3 2 1 0 1 1 2.0 1.61 2 2 
33 1 19 1 1 1 0 1 0 3.0 3 3 1 0 1 1 2.0 .56 2 1 
34 1 20 1 1 0 0 1 0 3.4 4 2 1 0 1 0 1.3 .83 1 2 
35 1 17 1 1 1 0 1 0 3.2 3 4 1 0 0 1 1.7 1.67 2 2 
36 1 17 1 1 1 0 1 0 3.8 3 4 1 0 0 1 2.0 3.50 3 4 
37 1 21 1 1 0 1 1 0 3.8 4 3 1 0 1 1 1.3 1.00 2 1 
38 1 18 1 0 1 0 1 0 3.2 3 3 1 0 0 1 1.3 2.33 4 2 
39 1 18 1 1 0 0 1 0 3.2 3 1 1 0 1 1 1.32.172 2 
40 0 16 0 1 1 0 1 0 3.2 2 4 1 0 1 1 2.0 0.00 0 0 
41 1 19 1 1 0 1 1 0 3.2 3 3 1 0 1 1 1.3 2.22 2 2 
42 1 1& 1 1 1 0 1 0 3.0 2 2 1 0 0 1 2.4 2.172 2 
43 1 19 1 1 0 0 1 0 3.6 4 3 1 0 1 1 2.0 2.61 3 2 
44 1 19 1 1 0 0 0 0 3.0 2 1 1 0 1 1 2.0 1.50 1 2 
45 1 17 1 0 1 0 1 0 3.2 4 2 1 0 0 1 1.3 1.94 4 1 
46 1 20 1 1 0 u 1 0 3.4 3 2 1 0 1 1 1.3 2.06 2 2 
47 1 23 1 1 0 0 1 4 3.2 4 2 0 0 1 1 1.3 1.56 3 1 
48 1 18 1 1 1 0 1 0 3.8 4 3 1 0 0 1 1.3 3.33 3 4 
49 1 19 1 1 0 0 1 0 3.2 3 3 1 0 1 1 1.3 2.06 2 2 
50 0 17 1 1 1 0 1 0 3.4 3 3 1 0 1 1 2.0 1.61 2 2 
51 1 18 1 1 1 0 1 0 3.2 3 3 1 0 0 1 1.3 1.83 2 2 
52 1 18 1 1 0 0 1 0 3.6 3 3 1 0 1 1 1.3 1.83 2 2 
53 1 19 1 0 1 0 1 0 3.2 3 2 1 0 0 1 2.4 1.28 2 . 1 
54 1 17 1', 1 0 0 1 0 3.2 3 2 1 0 1 0 1.3 2.00 2 2 
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55 1 17 1 1 1 0 1 0 3.0 2 4 1 0 1 1 2.0 2.44 2 3 
56 1 22 11 1 0 0 0 2 2.6 2 2 0 0 1 1 1.3 2.44 2 2 
57 0 18 1 1 0 0 1 0 3.4 3 2 1 0 1 1 1.3 1.94 2 2 
58 1 18 1 1 1 0 1 0 4.0 4 4 1 0 0 1 2.0 3.28 2 3 
59 1 17 1 1 1 0 1 0 3. lf 3 2 1 0 0 1 1.3 1.1772 1 
60 0 18 1 1 0 0 1 0 3.0 3 2 1 0 1 1 1.3 .39 1 1 
61 1 19 1 1 0 0 1 0 3.0 2 2 1 0 1 1 1.3 1.94 2 2 
62 1 18 1 1 0 1 1 0 3.0 3 2 1 0 1 1 1.3 1.83 2 2 
63 1 18 1 11 0 0 1 0 3.0 " 1 1 0 1 1 1.3 2.00 2 2 
64 1 18 1 1 0 1 1 0 4.0 4 Ii 1 0 1 1 1.3 3.61 4 3 
65 0 17 1 11' 1 0 1 0 3.0 3 2 1 0 1 1 1.7 1.78 2 2 
66 1 16 1 1 1 0 1 0 3.0 3 2 1 0 1 1 1.3 2.00 2 2 
67 1 21 1 1 1 0 0 0 3.0 3 3 1 0 0 1 1.3 2.06 2 2 
68 1 18 1 1 0 0 1 0 3.2 3 2 1 0 1 1 1.7 2.00 2 2 
69 1 20 1 1 0 0 1 0 3.4 3 2 1 0 1 1 2.0 1.67 2 2 
70 1 17 1 1 0 0 1 0 3.6 3 3 1 0 1 1 1.3 2.06 2 2 
71 1 19 1 1 1 0 0 0 3.2 3 3 1 0 0 1 1.3 2.00 2 2 
72 1 21 1 1 0 1 0 0 3.2 3 2 1 0 1 1 1.3 2.22 2 2 
73 0 18 1 1 0 1 1 0 3.0 2 2 1 0 1 1 1.3 1.78 2 2 
74 1 20 0 1 0 0 1 0 3.0 3 2 1 0 1 1 1.3 2.00 2 2 
75 1 18 1 1 1 0 1 0 3.0 3 2 1 0 0 1 2.0 2.11 4 2 
76 1 18 1 1 1 0 1 0 3.0 2 2 1 0 0 1 2.0 1.61 2 2 
77 1 18 0 1 0 1 1 0 3.2 3 3 1 0 1 1 1.7 2.00 2 2 
78 1 20 1 1 0 0 1 0 3.2 3 2 1 0 1 1 1.3 2.00 2 2 
79 1 16 1 1 0 0 1 0 3.2 4 2 1 0 1 1 2.0 2.00 2 2 
80 1 20 1 1 1 0 0 0 3.6 4 4 1. 0 0 1 1.3 1.78 2 2 
81 1 18 1 1 0 0 0 0 3.2 3 3 1 0 1 1 2.0 1.83 2 2 
82 1 19 1 1 0 0 1 0 3.2 3 2 1 0 1 1 2.0 1.78 2 2 
83 1 17 1 1 0 0 1 0 4.0 4 4 1 0 1 1 2.0 3.67 4 4 
84 1 17 1 1 0 0 1 0 3.2 3 2 1 000 1 1 2.0 1.61 2 2 
85 1 28 1 1 0 0 1 9 3.2 3 2 0 0 1 1 1.7 1.56 2 1 
86 1 21 1 1 0 0 1 0 3.4 4 2 1 0 1 1 2.0 2.00 2 2 
87 1 19 (1, 1 1 () 01 0 3.2 3 1 1 0 0 1 1.3 1.61 2 2 
88 1 19 0 1 1 0 0 0 3.8 3 4 1 0 0 1 1.7 2.44 2 2 
89 1 28 1 1 0 0 1 0 3.2 3 1 1 0 1 1 1.3 1.56 3 1 
90 1 18 1 1 1 0 1 0 3.6 3 3 1 0 0 1 1.3 1.44 2 2 
9 1 1 21 1 1 0 1 1 0 3.0 2 2 1 0 1 1 1.3 2.00 2 2 
92 1 22 1 1 0 0 0 0 3.8 4 4 1 0 1 1 1.7 .22 0 1 
93 1 18 1 1 1 0 1 0 3.8 4 tl 1 0 0 1 1.3 2.39 3 2 
94 1 18 1 1 0 0 1 0 3.4 3 3 1 0 1 1 1.3 1.78 2 2 
95 1 20 1 1 0 0 1 0 3.4 3 2 1 0 1 1 2.0 2.67 2 3 
96 1 21 1 1 0 0 1 0 3.2 3 2 1 0 1 1 1.3 2.00 2 2 
97 1 17 1 1 0 0 1 0 3.0 3 2 1 0 1 1 2.0 1.78 2 2 
98 1 18 1 1 0 0 1 0 3. lf 3 2 1 0 1 1 2.0 2.00 2 2 
99 0 17 0 1 0 0 1 0 3.0 3:> 2 1 0 1 1 1.3 2.00 2 2 

100 1 18 1 1 1 0 1 0 3.0 3 3 1 0 0 1 1.7 1.83 2 2 
101 1 20 1 1 0 0 1 0 3.0 2 2 1 0 1 1 1.3 .33 2 0 

102 1 17 1 1 0 0 1 0 3.4 3 2 1 0 1 1 2.0 2.50 2 3 
103 1 17 1 1 0 1 1 0 3.4 3 2 1 0 1 1 1.7 2.00 2 2 
104 1 21 1 1 0 0 1 0 3.4 3 2 1 0 1 1 1.3 1.67 2 2 
105 1 18 1 1 0 0 1 0 3.0 3 2 1 0 1 1 1.7 .39 1 0 
106 1 18 1 1 0 0 0 0 3.6 4 3 1 0 1 1 1.3 2.00 2 ? 
107 1 18 1 1 0 0 1 1 3.0 3 2 1 0 1 1 1.3 2.00 2 2 
108 1 17 1 1 0 0 1 0 3.4 2 3 1 0 1 1 1.3 2.11 2 3 
109 1 18 1 1 1 0 1 0 3.2 3 2 1 0 d 01 1.3 1.78 2 2 
110 1 17 1 1 0 1 1 0 3.4 4 1 1 0 1 1 1.3 2.56 4 2 
111 1 19 1 1 0 0 1 0 3.2 3 2 1 0 1 1 2.0 2.22 2 2 



46 

112 0 19 1 1 1 0 1 0 3.0 3 2 1 0 1 1 2.0 1.83 2 3 
113 0 17 1 1 1 0 1 0 3.0 3 1 1 0 1 1 1.3 2.22 2 2 
114 1 18 1 1 1 0 1 0 3.2 3 2 1 0 0 1 1.3 1.94 3 2 
115 1 18 1 1 1 0 0 0 3.4 4 3 1 0 0 1 2.0 2.22 2 3 
116 1 18 1 1 0 0 1 0 3.0 3 2 1 0 1 1 1.3 .39 1 0 
117 1 19 1 1 1 0 1 1 3.6 2 3 1 0 0 1 1.7 1.44 2 2 
118 1 19 1 1 0 0 1 0 3.2 3 2 1 0 1 1 2.42.172 2 
119 1 18 1 1 1 0 0 0 3.2 3 3 1 0 0 1 1.3 2.06 2 2 
120 1 20 1 1 1 0 1 0 3.2 3 2 1 0 1 1 1.3 1.78 2 2 
121 1 18 1 1 0 0 1 0 3.0 4 1 1 0 1 1 2.0 2.06 3 2 
122 1 17 1 1 1 0 1 0 3.6 3 3 1 0 1 1 1.3 1.67 2 2 
123 0 18 1 1:11 0 1 0 3.0 3 2 1 0 1 1 2.0 1.83 2 2 
124 1 21 1 1 1 0 0 0 3.0 3 2 1 0 0 1 1.3 1.83 1 2 
125 1 19 1 1 0 0 1 0 3.4 3 2 1 0 1 1 2.0 2.22- 2 2 
126 1 20 1 1 0 0 1 0 3.0 3 2 1 0 1 1 1.3 2.00 2 2 
127 1 18 1 1 0 0 1 0 3.4 3 3 1 0 1 1 1.3 2.44 3 2 
128 1 18 1 1 1 0 1 0 3.0 3 2 1 0 0 1 2.4 2.17 2 2 
129 1 21 1 1 0 0 1 0 3.0 3 2 1 0 1 1 1.3 1.44 2 2 
130 1 20 1 1 0 0 0 0 3.2 3 3 1 0 1 1 1.3 3.50 2 4 
131 1 16 1 1 1 0 1 0 3.4 3 2 1 0 0 1 1.3 1.78 2 2 
132 1 20 1 1 0 0 1 0 3.0 3 1 1 0 1 1 1.7 2.17 3 2 
133 1 18 1 0 1 0 1 0 3.2 3 3 1 0 0 0 1.3 1.50 4 1 
134 1 19 1 1 1 0 1 0 3.2 2 3 1 0 0 1 1.3 2.28 2 2 
135 1 17 1 1 1 0 1 0 3.2 3 2 1 0 1 1 2.0 1.61 2 2 
136 1 18 1 1 0 0 1 0 3.0 3 2 1 0 1 0 1.3 1.00 2 1 
137 1 17 1 11 1 0 1 0 3.2 3 1 1 0 0 1 2.0 1.83 2 2 
138 1 18 1 1 1 0 1 0 3.4 3 2 1 0 0 1 1.7 2.06 2 2 
139 1 19 1 1 1 0 1 0 3.2 3 2 1 0 0 1 1.3 1.78 2 2 
140 1 19 1 1 1 0 1 0 3.0 3 2 1 0 0 1 2.0 1.39 2 2 
141 1 20 1 1 0 0 1 0 3.6 4 2 1 0 1 1 2.0 2.61 3 3 
142 1 21 1 1 1 0 1 1 3.6 3 4 1 0 1 1 1.7 2.00 2 2 
143 1 18 1 1 0 0 1 0 3.4 3 3 1 0 1 1 2.0 2.22 2 2 
144 1 16 1 1 1 0 1 0 3.0 3 3 1 0 0 1 2.0 .44 0 1 
145 1 17 1 1 1 0 1 0 3.6 3 3 1 0 0 1 1.3 2.39 3 2 
146 1 19 1 1 1 0 1 0 3.0 3 2 1 0 0 1 1.3 1.89 2 2 
147 1 19 1 1 0 0 1 0 3.4 3 2 1 0 1 1 1.7 3.06 3 2 
148 1 20 1 1 1 0 1 1 3.6'3 3 0 1 0 1 1.7 2.30 2 2 
149 1 18 1 1 1 0 1 0 3.0 3 1 1 0 0 1 1.32.173 2 
150 1 20 1 1 0 0 1 0 3.0 3 2 1 0 1 1 1.3 .94 3 1 , 
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SEQNUil.1 Y ..-:?R::D *Res!O *S'<ES!il *SORESIG *MAHAL *COCK 1..; 

39 2.1700 1.9;93 .1702 .2832 .2672 6.9800 .C003 
40 .. OGGO 1.3450 -1.3460 -2.5.S1 -2.6529 39.2362 .1 557 
41 2.22CO 2.0227 .. 1973 .3410 .3399 12.6573 .COO? 
42 2.17,:::0 1.7209 .4':''f1 .7802 • 7790 14.C115 .OC43 
43 2.6100 202ZS'~ .3841 .65:J2 .6.:.88 6.9316 .CJ15 
(,.,(j> 1 .. 5000 1.3553 -.3553 -.6505 -.6491 27.0250 .0861 
45 1.9400 1.SJQ1 .. 1309 .2420 .2411 29.7483 .0010 
40 2.J6CD 2.C41': .01 e 2 .. 0305 .0304 4.1413 • ceoc 
,-
.. f 1 .. 56C·C 2.1245 -.5045 -1 .. 0615 -1.0()20 33.67J7 .C;~14 

48 3 .. 33·20 2.4210- .9030 1.5517 1.S~OO G.384~ .. C 11 3 
1.9 ~ .. Jt0';"; 1 .. 8,* 43 .21 52 .3633 .3622 6.1387 .C004 
50 1,,610,~ 1.7101 -.1001 -.1778 -.1772 19.eS43 .CJ03 
51 1 .. 63CC 1 .. 83'+: -.C543 -.0913 -.0;;>15 6.3.,74 .0000 
52 1 u33C~: 2.1779 -.347; -.5C76 -.5662 6.2622 .0011 
J~ 1 .. 23CO 1.6877 -.4077 -.7543 - .. 7531 29.,~964 .Cj93 
54 2" ~JCCJ '1.3561 .~':'30 1.1453 1.146 :, ~C.2236 .C136 
55 2 .. ...,k.CC 1.5113 .9222 1.6751 1.636~ ~3.~S16 .0351 
50 2~~~O2 1.7170 .. 7224 1.5330 1.5403 58.215~ .C969 
57 1 ,,~~ CO 1.5392 .1 DS3 .1 31 5 .1 609 23.2307 .COQ1.t 
S5 3 .. 2300 2 .. 5J9.::., .77Co 1 .. 335'~ 1 .. 3398 13.4467 .. 0 120 
59 1 1..,'~· .... .... ' u'" 2:.1234 -.958,+ -1.6173 -1.6276 6.118J .001:2 
6= .. 3~OG 1\.5295 -1.1395 -2.2507 -2.0753 23.151:.- .~S08 
61 1,,9400 1.6531 .. 2569 .4366 .4352 7.9585 .C(;06 
62 1 .. 5~·::j 1.9571 -.127i -.2139 -.2182 11.6';2(; .oe03 
63 2" ':>:00 1 .. 3~50 .1550 .2613 .260 .. 5.70Q2 .. ce02 
~.:r. 3,,·'100 2.6723 .9377 1.606'+ 1.6776 19.9-:;43 .G285 
65 1.7800 1.4667 • 31 33 • 551 9 .5505 17.7341 .C227 
66 2 .. :,0,JO 1. 7 405 .25 G 5 .4567 .4553 17.4956 .CC13 
'7 0, 2.(;6C<~ 1.7671 .. 292; .5102 .50 88 14.7443 .CD19 
63 2.0000 1.9'33 ... .D666 .1103 .. 1104 1.3599 .COOO 
~9 1.0700 2.C407 -.3707 -.6220 -.C'Z12. 4.671., .(;010 
70 2.06:0 2.2014 -.1414 -.23:;6 -.238, 7.3;51 .C002 
7' . , 2~OCJO 1.9689 .0311 .. 0533 .0)31 1C.706c .ccoc 
72 2.2200 2.1495 .0705 .1 261 .1 256 21.759J .0002 
7" . ) 1 .. 7 B GO 1.6345 .1452 .2710 .2707 32.524" .C013 
74 2.0000 1.6375 .3622 .670,+ .60'tO 29.~735 .0074 
75 2.1100 1.7942 .3150 .5342 .5328 6.6705 .CC10 
70 1 .6100 1.7215 -.1115 -.1'10 .. -.BQ7 9.357;) • C002 
77 2.0COG 1.9512 .0"8B .0923 • 091? 34.790;:' .CCO.2 
78 2.0COO 1.Bb70 .1130 .18'l6 .1579 2.:0652 .COO1 
79 Z .. OOCO 2.0526 -.C526 -.e905 -.0902 11.4075 • C (;-0 0 
80 1.7300 2.261" -.4819 -.8429 -.8419 15.8136 .0D56 

S:QNUM y *?'<=:J *RES!:) *SR~S:O *SDRESIi; *MAl"'IA:'" ",COCK 0 



."- "- ------- -

" '-+$ 

S:QNUM v *0l{=:: *R:SIO *SRES!0 *SDR:SID *MAHAL *COCI< 0 , 
81 1 .. 3300 1. G 7S3 -.1453 -.2527 -.2516 14.3519 .C005 

" 82 1.7300 1.9094 -.1294 -.2159 -.2151 2.7647 .oe01 
33 3 .. 67CO 2.5163 1.1532 2.CC4;] 2.0271 14.1251 .0283 
84 1 .. 61GO 1.9564 -.3454 -.56J1 -.578? 3.8065 .C007 
85 1.560Q 1.7537 -.1957 -.5074 -.5060 87.0662 .0238 
86 2"OCOO 2.C893 -.0390 -.152':' -.1518 7.4308 .ceo, 
,;> ., 
"",. 1.S10a 2.,8393 - .. 4293 - .. 7355 -.7343 B.2455 .0026 
88 2 "Lc.40f] 2.2726 • 1674 .3210 .3205 38.4139 ... CG23 
89 1 .. 5600 1.7046 -.,2046 -.3856 -.3843 34.1132 .C02~ 
9C ~ .. 4 <:. 00 2.193~ -.7539 -1.272(; -1.2749 5.9543 .CC;49 
91 ,~",::OOD 1 • 3140 .B60 .3<'50 .3269 17.9364 .001:) 
9-.~ .. 2:2012, 2.3530 -2.1330 -3.7077 -3.0698 13.4165 .132", 
~3 2 .. 390:] 2,.4214 -.0314 -.0536 - .. C53.:.. 9,3640 .COOO 
~4 1 .. 78C·J 2 .. C231 -.2431 -.,4':;87 -.4074 4.9545 .C004 , ~ .,., 2oG-,)70Q 2 .. 0407 .6293 1.(;569 1.CS74 4.6714 .CC28 
06 2 .. JGJ: 1.8635 .1365 .2 2,e 7 .2273 3.~93S .0001 
97 i ';''''' '"'\ , .... 

I .. , ::vv '1 11 301 ~ -.0210 -.0364 -.0363 5.2624 .C,~JO 

18 Z.OOG] 2.0877 -.0877 -.1 .. 71 -.1466 4.2027 .OOOG 
,~ ' , 2,.DCCO 1.458? .5413 1.8443 1.0447 39.3635 .0253 

100 "It ~, - ~, .... 
~ .. 0 ~",:..,' 1 .. 7,'39 .1011 .1730 .1724 9.9170 .0001 

1 C) i ,,33CdJ 1 .. 65;'5 -1. 3295 -2.2630 -2.2996 8.5233 • a 219 
102 2 .. 5CC'u 2 ,1 ., 1 2 .3388 .6539 .6525 5.1208 .0011 
103 ""\ ,"'''' "' .... .:: .. u \..J ,./-.; 2.23 9 0 -.2696 -.5013 -.5004 13.230" .0017 
1" u" 1 .. 67·JO 2.0183 -.3483 -.5360 -.5645 5.1536 .coo;; 
.. ,""l t:. 
,~- .. 3900 1. 778~ -1.3886 -2.3215 -2.3608 3.3497 ~ C 101 
100 2,.'JCOC 2.3587 -.3587 -.6286 -.6272 ',6.3824 .0033 
107 2.JCGG 1 .7436 .256 .. .4362 .430 ,~.356Q .C008 
108 2.'1100 1.974Q .1360 .2350 .2348 13.2239 .CG04 
109 1.7~OO 1.9501 -.1701 -.23"3 -.2:643 4.2i'7~ .ceoz 
110 2 .. 560C ,.1..237 .1313 .2346 .2338 21.3188 .CG06 
111 2 .. 2200 1.9094 .3100 .51 32 • 51 0.8 2.7,,47 .0004 
112 1.3300 1.4192 .4108 .7309 .7297 20.2949 .:GSo 
113 2 .. 2200 1. 5331 .~369 1.2348 1.2372 22.8$27 .CI5~ 

114 1.9:'00 1.9501 -.0101 -.0169 -.0165 4.297'1 .OOCD 
11 5 2.2200 2.2183 .1203E-0' .0021 .0021 15.9484 .CJOG 
116 .3900 1. 7792 -1.3892 -2.3328 -2.3727 4.6134 .0133 
117 1.44c)O 2.0616 -.6216 -1.0994 -1.10C3 13.7321 • C116 
11., 2.1700 1.9036 .2612 .4424 ., 441 Q 7.0188 .COO? 
119 2.060e 1.9924 .0676 .1162 .1158 11.31Q6 .oe01 
120 1.7800 1.3013 -.0213 -.0373 -.C371 16.1683 .0CiOC 
1 21 2.0600 1.9165 .1435 .247,. .2466 12.C401 .COO4 
122 1.6700 2.1157 -.4457 -.7830 -.7369 18.6587 .C~5~ 

S:': C NIJ rill V 1!'PR=D ,,:R;" c: T."\ *SRF-S!O *SuRESID *I>iAH~l .,o:C0CK D 



o 

ri 
~ ':~ 

" 

~ 

SEQNUM Y 
1Z~ 1.8300 
124 "r;, 1.8300 
125 ", 2.2200 
126 2.0,000 
127. 2.4400 
12~, 2.1700 
129 1.4400 
no 3.5000 
131 1.7800 
132 2.1700 
133 1.5COO 
13<J> 2.2800 
135 1.6100 
136 1.0000 
137 .3300 
138 .060e 
139 .7800 
14B 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 

SEQNUM 

1.,3900 
2 .. 6100 
2 .. 0GOC 
? ??CC - '" --
.,~4QO 

2 ~C~~ ~-,-~ 

1.3908 
3.0600 
2.30:0 
... .. 7:~ ,"", 
.::. .. 1 . ~ ...... 

.. 940G 
Y 

i;.O 

*PREO 'RESIO *SRE5!O *SORESID *M~HAL *COCK 0 
1.4427 .3873 .6859 .6846 19.1064 .0046 
1.8328 -.2843E-02 -.0049 -.0049 12.9647 .COOO 
2.0042 .1558 .2611 .2602 4.0529 .C001 
1.7322 .2678 .4493 .4430 4.3854 .0005 
2.0231 .4169 .7G09 .6996 4.9545 • CO 1 3 
1.7935 .3765 .6473 .6459 11.2525 .0023 
1.7087 -.2687 -.4524 -.4511 5.4239 .0006 
1.9294 1.5706 2.7110 2.7781 12.2985 .0450 
2.1519 -.3719 -.6310 -.6296 7.5613 .001 5 
1.7973 .3727 .6252 .6233 4.3466 '" C809 
1.0456 .4542 .8516 .8509 33.C400 .0134 
1.7882 .491 a .8434 .8425 10.5147 .C037 
1.a70i -.26 C 7 -.4541 -.4527 14.7151 .0015 
1.1778 -.1778 -.3163 -.3157 ZO.6170 .C011 
2.0352 -.2082 -.3576 -.3564 10.8922 .ClO07 
2.1042 -.C442 -.0743 -.0741 4.7248 .cooo 
1.9266 -.1466 -.21,59 -.21,51 4.4'J4~ • C001 
1.7706 -.38G6 -.6449 -.6435 7.1646 .0015 
2.2682 .31, 1 S .5797 .5783 7.4<.20 .0013 
1.9197 • C8G3 .1432 .1427 20.8014 .C002 
2.0220 .19 80 ,,3323 • 3312 4.4':'35 .0003 
1.775" -1.3354 -2.3033 -2.3415 12.0911 .831 9 
2.2175 .17 2: .2916 .2906 6.4095 .OCC3 
1.7717 .11 83 .1996 .1989 6.C626 • 0001 
2.0047 .9953 1.6611 1.6722 2.84<)9 .C046 
2.4634 - .1884 -.4121 -.4108 63.4605 .ooe1 
1.8610 .30; 0 .5255 .5241 8.2341 .C011 
1.7322 -.7922 -1.3292 -1.3330 4.385 .. .0041 

*?,::J *RESIO "SR::SD ~SOKESID *MAHAL *COCK ) 

Not,:l.+-~v.)S . ($~t. We .. s Q...::.>....'r ,. 1'10.0 Cco.. w.J klc-""""<q' i '\82. ) 

pRe!> 

Rbr]> 

Z. RE:Sfj) 

SR';'szi> 

S DR." $1];> 

MAI-'A'-

, 1'\ I~ V 1\ 

PRE~iLTEJ> (IOIT,,:» ""i.I!€.~ 

r< t: $ ( :> J A ... 5 

",A"'l>A'<'>, eE.l> RE S' l>~"'t.:S 

SitJi>EN1"iUd> Rt:Sil>~A'-S 

~)I:;r>LN""" if?> l>t:L-£T,,~Qt:::;'O"r'l (OUTl..1ER TcST $T"T/S.TI"',t.~) 

MArl;' I_AN'~8'S Disr",'\o<-E (M,) 

....... 1_, _ ,- (h,~ 
'S I t ... ~.l ..... e:. .1-> ... , 
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STANDARDIZED SCATTERPLOT 
ACROSS - x7 DOWN - *ZReSIO 
OUT ++-----t-----+-----+-----t-----t-----+. 

3 + + 
I I 
I I 

2 • • + 
I • r 
I • I 

1 + + 
r * r 
I • " I 

0 + • " + 
I " I 
I I 

-1 t • + 
I • I 
I I 

-2 + • + 
I • I 
I I 

-3 + ;. 

OUT + ---+-----+-----+-----+-----+-----++ 
-3 , -1 o 1 2 3 OUT 

STANDARDIZED SCATTERPLOT 
ACROSS - x8 DOWN - *ZRE~ID 

OUT .+-----t-----+-----t-----t-----+-----++ 
3 + + 

2 

1 

~ 

<J 

-1 

-2 

-3 
OUT 

I 1 

I I 
+ • 
I • 
I • 
+ 
r • 
I " + 1< 

I " 
I 1< 

+ • 
I • 
1 
+ • 
! • 
I 
+ 
+t-----+-----;.--- • 

• 

• 

• • 

.' 

l' 

I 
1 

• 

I 
+ 
r 

" + 
-----+-----+-----++ 

SYH60LS: 

7. 
14. 

" 29. 

SVI1BOLS: 

• 

1< 

f.~A X N 

7 • 
14. 
30. 

-3 -2 -1 G 1 2 3 OUT 
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STANDARDIZED SCATTERPLOT 
ACROSS - x14 ~OWN - *lRESID 
OUT ++-----+-----+-----+-----+-----+-----++ 

3 .. ... 
X I 
I I 

2 + • .. 
I • I 
r • • I 

1 .. .. 
I I 
I * I 

0 + * .. 
• * I " I • I 

-1 + + 
I • I 
I • I 

-2 + • • t 
I • I 
I I 

-3 .. .. 
OUT +t-----+-----+-----t-- +-----t-----++ 

SYMaOlS: 

• 

* 

;·\4X N 

6. 
1 2. 
24 • 

-3 -2 -1 0 1 2 3 OUT 

STANDARDIZED SCATTERPLOT 
ACROSS - x12 DOWN - *ZRESIO 
OUT ++-----+-----+-----+-----t-----+-----++ 

3 ... + 
I • I 
I I 

2 + + 
I 

• I 
1 + 

* I 

* I 
0 " + 

* I 

* I 
-1 • • + 

• I 
I • I 

-2 .. • + 
I • I 
I 1 

-3 + .. 
OUT ++-----t-----t----- • ---+-----+-~---++ 

-3 -2 -1 0 1 2 3 OUT 

SYMdOLS: 

• 
: 

* 

MAX N 

7. 
14. 
31. 



5.3 

STANDARDIZED SCATTERPLOT 
ACROSS - X15 DOWN - *lRfSID 
DUT +t-----t-----t-----t-----t-----t- ____ ++ 

3 + t 

r 
r 

2 • 

• 
1 

• 

o 
• 

-1 • 

• 

I 
t 

-3 + 
OUT .+-----+-----+-----

• 

• 

" • 
* 
* 
* 
• 

• 

I 
I 
y 

I 
r 
t 

I 
I 
+ 
I 
I 
+ 
I 
r 
+ 
I 
I 
+ __ 0+ _____ + _____ ++ 

SY/180LS: 

• 

1< 

HAX N 

7 , . 
14. 
30. 

-3 -2 -1 G 1 2 3 OUT 

STANDARDIZED SCATTERPlOT 
ACROSS - X16 DOWN - *lRESrO 
OUT t+-----t-----t-----+-----t _____ t _____ ++ 

3 t ... SY'IaOlS: I • I 
I I MAX N 2 t 

• ,-
I • • I 6. 
I • • I 1 2. 1 t • + 1< 24. I • • I 
I 1< • • • I 

0 t 1< • • • + 
I ':' • · I · I I -1 + • • + 
r • I 
I • • I -2 • + 
I • • I 
I I 

-3 + t 
OUT ft-----.-----t _____ • --t-----f-----+. -3 -2 -1 0 1 2 3 OUT 
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1:> I A C::.N e STI c S""T.~T'C-S ...... 1> 

"I':::~ 

.- 1 .. ~ ;; ': " 
1.;:.;" 

-1.~:::.·; 

..... _7;:, 

'< 

1 

1 

_ 1 

'~ -: 1 

-:f" ...... 

I : . 
• , 

.- - " 
'~ 7 

.. - --: 
"7 , 

) 

. " 

. -. 
" I ' 

-: 

" 

.: 1 
:: i 

c, 

1 

• 

• ::: ':''' - ,) - ... 
-1. 7 .,;"7;,: 

-.1743 
-1.S7S3 

• .:. 1 ., 1 
1 1 ';-+ 

- •• I 

~ i ,~ - i 

1 5 ,,-,~ ~ 
., : *, 1 -, .... ':" ..... ; 
1 .:.:...1-.. ." -' 
-. ::: 1 .., ...... 

--1 . . 
-:::: .. :l 7 , ~ .. ) 

:; ~ -:..-1 
~ . . 

.,...:... .;. 

" 1 .... - , -
1 ::1 

- -. 
:: ( ,. ',J 

':1"~ 
-1 0 .,1:) 
1.1:~7 

_1 

< 
"'t."')' 

• .:. 1 71 
.e,1:1 

.-
,~ .-; ~ 

71:: 
.. ; 

,i : 7 

.... 

... .. 
1 ..; 

c • 

... C-!~=.)!:. 
-1~~~1C 
-.1~7~ 

-1.?i~J 

.45~'; 

-1 .. ~''''' :) 

.A.C'~ 3 
1.~l)1 

1.6G7~ 
1 • ,~. ~-: ... 

.... .. - 1: ... I ...... 

.. .:.. ... .:; 1,.' 

-?11~7 

.. '." '" ........ --
::..::~72 
1 •. ?.,.::: 

I J :"_ -.. ..... ..; '" ,;;. 

-.?'1~.,~ 

-.~ :7; 
-.C1 C S -, .. 1 ::: .,. 
1 2 '-1 ... 

;;7::7 
.. '- -
.L..:~~ 

.. :' ": - ! 

."~c.1 

.. c: :- .~ 

.:.:-; .. 
-:.:.. 

::: ;, ~ 

.. :: . ~ .... 
-1 

.. . 
; 

1 :; _ ... 

.,- ? 
"":.(:):~ 

PLOTS ,M.clJ ;" fl(l,) 

'" .\~.:. .... ~:... 
.:355:": 
• ,5~:;J 

1.175 .... 
1.175~: 

1.173~ 
/,. . ; l' 7 
~a1':-::~ 

=:50 
1 • 17::: ... 
:.:. • 1 ::; /, ' .. 
~ .. 57:7 
1.17-) 
... ... ..... ~ 

~ . : " .. ..... 

:' .. 1 ." _ 
:: ... 1 :;; ~.;;. 

1.11 L' 
i -:,. ~ ~ 

3.1;".:-f 
.:: .... ::-' 

2.1'~"::~ 

• 1 Y ~ :: 
1.173:~ 

~-.: 

1.;75 ... 
1.17S,:' 
1.175_ 
-. i~:: 

1 ~ 1 7 : ~ 
1.17" 
.. ... : 7 
~ .1"; 
•• 1 C' 

~ 

1 

=7--:7 . , -
1 7 S ~ , . , 

1.1 n ~ 
'1 .1 7 c: 

... ; ~"l!;.:'" 

• C:-;:, C :\ 
.1:::·~1 
.ceQ1 
.,:2.4~ 

(' ~) 1 7 · .. 
:"" 1':":' · -.': 11 ~ 

• C :3 ~ 1 
.CCt.2 
-??~ 

.~- ,'~ 

-.'~~ 
.~~~~ 

1-' - ::- • ........ -
.. (" .3 7 S: .. , 
'-1'~~: 
• *, 
.SS5.:.. 

r" .;..; • I....... _ 
.1,':'25 
• 11 21 

.... -... , 
.. ' ... ..t _'-

.. C..:.::-C 
"".,7'" 

iii '". ) ~ 

• r 1 2':;' ,- -. ~ .. 
'- \,. -::. .:: 

.. ': c ':-:. 

.::': 1 7 
.. ',.,. .... ;: 7 

, ~ 
~ ." .... ~ ... 

r--:: ... 

, ..:'~::; 

• ~ 1 c 1 
..: 11 7 

'. , , . 

.. 11 ~ S . -
• -... ....... 7 

.... ;"."' . 
" ..... ' . .',;;. 

• ': 'J :- ::' 
~ c ,:.< "\ 
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Yo '" y /5, 

"91:) '1.9/5, 

... i" ~. 

-1 

1 • : 

-1 

-. 
~ 

. -, 

-

1 

.. -

7~ 
.. 

, 

< 

S~ 

DE LE '1"0> 

_ 1 

, 

-

-. ,. , -. 

07 

'1 

1 

1 ' , 
, 
" 
? /~, -, , 
1 

" 

: ... ! 

1 

-, 

RESIl>'I..IP-l.. 

~: .. ~ ) - ... 
, .... +, ..... '.) .~-:.. 

-1 ---, 
t1:~ 

-1 1,,-:';' 

-1 

" ~ .~:-. -, , 
'i ; ~ 

1 '.­. ~: 

~ . ~, .. 
_ ' .. J • 

1 7 ... '" 

':, :> ~ '3 
~ :; -::: , -

1 
! ~: 

~.:i 2: .... 
.~. S 1 7 

::'-:" ."'- ~ 

1~~11> . : 
i ;. ...... 

"I'( .'~. :: ~ 

(PR'G p, (,,"i'c; » 

*' ".\':::" ~ -
:: .. 1 ":':- :. 

• , .,.' _"' v 

:~.57:? 
'"; ., ....... 

.. I •• 

::. " 1 ;;. ~;,_ 
;:. .. ~7~7 
1 .. 1 7 ~ 
i .. 1 7 ~ 
'.115.: 

..... -: "j 

1~6", 
1 , -. 
.. ~~ 
~ 

; , 
1 17 r:. 

i. .. ~i~7 
1 .. f 7 -=::..: 
:....~7;7 
., "l7'-: , ' 

::;7'::7 

'1 .. 1 75 
.... , ::.. -.;:; L 

i"?: t:.s I !> iJ A L 
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.~~C1 
::. ;; : 

, -, .. ~ -- .. ' .... 
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.. '_ I I / 

f"' '., '.J ... : 

.':,'1 
:: C ,~ 7 
- .-,7 

C" :1 
.(::."53 

7 -.. _ _ "t 
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7. 

.. -' " !... ,;: 
.... ,-..",; 



$,lA,NOARDIlED SCATTERPLD' 
Atll.OSS - *PR~[l DOWN - *LRESID 
OUT ++~----+-----+-----+-----+-----+---- .. +? 

3 + 
t SYrE~Ol5! 

r 
i: 

2 ;-

I • 
I 

1 + 
I * 
I " 0 <- • " 
I " • 
I • 

-1 .. • 
r • 
! • • 

-2 .. · • 
r 
r 

-3 + 

• 
• 

• 

• 

. " . " 
: * 

• 

• 

! 
I 
;-

I 
I 
;- " r 
I 

• 
I , 
• 
;-

I 
r 
+ 
r 
I 
+ 

OUT .+-----.-----+-----+-----+-~---+-----+. 
-3 -2 -1 0 1 2 3 OUT 

'hANDAkD I ED SC A TTERPl OT 
ACROSS - A9U DCWN - ':R~;cv OUT ++ _____ + _____ + _____ + _____ + _____ t _____ ++ 

3 + .. 
1 
I • 

2 + 
I 
T 
.L 

1 .. 
I " . 
I • *. 

0 + • " I * • 
1 • 

"'I + 
.... 't."t-h 

0 

I • 
I • 0 

-2 .. 
I 
1 

• · • · 
· " 
0* 

: * 
• • 

0 

T 
I 
+ , 
4 

I 
+ 
I 
I 

• 
T , 
+ 
I 
1 
+ 
r . 
" 

-3 + + OUT t+-_---+ _____ t _____ + _____ + _____ + _____ t. 
-3 -2 -, 0 1 2 3 JUT 

i~A X N 

1 • 
? • 
6. 

)YM30L $: 

1'1 A X t>J 

2 " 

" c • 
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i\OiHAL PQJ3AoiLITY (O-p) PLOT 
STUJE~T~ZE0 RES!~U~~ 

1.JG t---------~-----~---+-------------------· 
1 

il 
a 
$ 

I 
I 
1 
I 

• .,5 + 

r , ... 
1 

t .50 + 
R 
V 

[; 

r 
T 

.1.5 + 
L 
I *** 

1>.** 
r 

***** 

•• 

• * 
*** 

** 

~ * 
*** r 

• • I ... + 

* ~ 

I 
• · , 
+ , 
• , 
L 

I 
I 
+ 

" i , 
· 

+*----~---+---------+--------·t---------+ iXPECT~D 
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