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,\f ~'J.'PP.CT 

The statlstlc~l Metbndology of =~nkine and selecting 

procedures h~s been i nvestir.~ted . Some of the p r ocedur es 

considered are parametri c i n natur e while SOt;le others a r e 

no n-pa r ametric procedures . These rocedures ~ave t hen bee n 

appl i ed t o pr oblems con cerni n~ educational per fo r r:mnce of 

students at Addis Abab~ Univer s i ty. 

Some of the probl~ms cons i dered ~re the f ollowi ng: 

I . Compa r e s tudents academic perfor mance (wit h the S:lr.1e 

gr ade po i nt avera~e in the Eth iopi~n Sc hool Leav in~ 

Cer ti f i c'lte Exami na t ion (ESLCr:) and ther eby deter C'l ine 

the facultv/collep'e that corresponds to the best 

stude nts p~rforMance . 

II . Conpar e the academic per forr.11.nCe of three g roups of 

st udents admitted to tddis .\.hab.:~ J nlversity in 1975 E . C . 

Group 1 . Stud~nts who took ESLCr only in 197 E .C. 

Group 2: Students who took ESLer: in any onp year 

other t ha n 1974 E. C. 

Group 3: Students who took ESLCE i n t wo o r more 

years. 

I ll. De t e r mi ne which ESLCr is a bet t e r pred i ctor of s ucces s 

i n a co l lege/ f acul ty . 

The relev~nt primar y data collucted ! r om t he r ecords 

availab l e wj th the Reil'ist r ar r s Of fice at [Iddis Ababa 
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University h~ye beoD usud to ~i ve ~npirtcal solutiooE 

to the prcllems . The statistiC1-l 'lOSv'Ers to the rankin 

'1.nd sel ection ,roblcns a T ..: ;iV~:1 tn ~ucb '1 wc.y tha t the 

p r obabilIty of P' kIn~ :1 corr ect sul~ct ion (peS) is controlled. 

Based on the co~puted r esults, conclusions and important r e­

co~endations a r e made . 



CF.\PT,·R I 

IllTnomJC'T' ION 

1 .1 . General 

Ttere has b "J'en ffi=,rkec. r.nd stondy r, rowth in the 

literature on hieher ~duco.~ ion in rl;c~nt years. In­

d i viduals , Col l eGes fll'!:i Unive r siti:'s, educa t ional 

sYSt(.Q".8 I\ nd organizations, fou nd1.tions, an d fed",r~ 1 , 

'3 t ~t..:::. a nd local pol! tical unit s nre seeking u:swers 

to the vari ed and urgen t probleI:ls of h1[':he1' educ'lt i on 

in contemporary society . Such demand:; could pr oduce 

siv.niflcn nt r esearch and grc1.t theor~t ical for~ul i'tt lons. 

tou t :jl~1I 1 flcant l'esp. ' lrch in e ducation 1s r a r e . 

M~ny Stn.tisti c~l Problems donot f it naturally 

into the c l ass i cal mold of t eEt in~ hy~othesis o r e sti ­

mation, rut should inste~d b~ treated as mu lt iple 

dt;.cis ion probl €'ms . In thi s T b 0 r t n. study of sO;'lle 

R'\nklng .lnd Se l dct.ion Proc~dllres and the ir npplications 

to the Education~ l ( Academic) ~erformance of Students 

~t Addis AhQb , Unive rSity is carried out . 

In Ethiopia at pn.:sent, the r;r"l..dc point ave ra es 

(GfJl1 ) of t he Ethiopio.n School Lvnv i nr Ce rt lf l c1.tc 

Exnmin '\tio n (E . 3 . L.C. E .) a r e he in e used '\5 th1,,; child 

c r iteria f or a dmiss i on to univLr5iti~s and co lleg~s . 

HoweVe r the validity of plo.cinp- s tudents based on the ir 

GPll in the ESLCE alon e as pr,.;di c t o l' of acade mic s ucces s 

in th~ unive r sity has not b~en thoroughly st udi Ed . 



GP.'). 1n the ESLCE i s (':'\lcul~<: _d ""'!1 si;""f'ly looking into 

thd g:raci·ws o-r Enc:1 ish , ~ 1ather.l'ltlcs and "lnr ot her three 

best Rr'ld~ ... . 

I n this studv n statistical a n!llysis of the \"SLCE 

OPA , Yea r of ES LC EX"lmina t ion, and in di vidua l L~LC 

Examin~t ion ff r ades as nr ed i ctors of academic S UCCeSS in 

sever "!. l f'lculties nnd colleges of t.dd i s .\bnb'l Un iv~rsi tr 

has been ca r ri ed out . 'ihe academi c pe rfo r mance of 

s t udent s a t thei r undor g r aduat e stud i es hUB a l so been 

an 'llysed . 

The ma in objec tive of th i s pnper is t o in t r oduce 

t he idea of r anki ne nnd s l ec t ion ~roc~du res, a method­

olo~y whi ch many of our stut isticj~ns nr~ not awara of , 

a nd show it s app lications on find inG solut i ons t o 

pr oblems t hat T'lay not be answer ed by the class i c'l l st~ t­

i s tica l procedur e s . Since educat i on for the p ro f~ssicns 

involves achievement of ski l l s, ~cquisition of knowl e dge, 

d vcl opment of a t t i t udes, and ~yn t hesis of these into ~n 

in t egr 3. t ed per formance , schol~rs i n th i s f i ch! in col l a ­

bo r a tion wi t h stati s tic i ans t~nd to be conce rned with the 

des t gn of new t echniques and th o,;; t"sti nr of ol d ones . ~"I'e 

need new ~pproa c hes 0 r esenrch in ~ducation. 

The 1.na l ys i s i s based on t h.:: r:roup of s tudents who 

e n ter ed ).ddi s " habn Un i ve r s i ty i n 1 9 7 5 E.C.. St1ldents 

who dropped out befor e 197' F wer e disc:trded froo: 

thi s e np..lys i s . The:- nna l ys i s p r ovides some bas i s fo r 

es tim'lti nf' t. he uti l it y of 'FSLC ax"tmi natio n Rr'ldes :lnd 

(JPA i n the ESLCE fo r fo r co.s tinC unive r s i ty 1.ch i ~ve-

~en t nt Addis Ah'lbn Un i v~rsi t y . If thc~c aTd wor thwhile 



indicators o~ univf"'rsity achievement, then they might 

h0 ;J.:;ed to select "'r eshnan Candidate'" Tl1is is sinpl)-' 

an at t enpt to see how the year of .SLC exar.:linations, 

the results of indivldl1n.l sub,iects, "'nd r"A in the 

LSLCt alo ne or :l. comb in a tion of th.;!se p r edic t achieve­

me nt in .. particular collece/facultv of Addis ~babn 

Univer si t 7 · 

Institutions with s imil'!.r ~iC\s and with st udent 

bodies of comoc.rable nbility but wit h d i f f e rent value 

or i e ntations cannot r ertli ze their aims in t he sal'JC way . 

When appl:!.cations fo r admi ssion exceed adm i ss ion quot as , 

many universitiec have used n combinat ion of test ccor es 

nnd s~ccndary school GPA to deterr.line which apnlicnnt 

to select . Consid~ r.::ttion of scores ~nd grades toge the r 

predicts"! cand. idnt es college success better t ha. n e ithe r 

scor es or gr~des ~lone . Scor es ~nd rrndes ar e then 

combined in 0. forrrul'l th'lt provides the admissions 

off ice with :\ bnsis for est i r.:l::ttinr- th e lik t... lihood that 

thl: c a ndid!lte will succeec. in colleGe if he i s admitt­

ed . Fr om the over s upply of app l i cant s , those with 

the higher ch'lnces fo r success ·t r~ ~dmi t t ed . 

In Eth ionin nt pr esent , the condition of the gr~de 

r ecord keep ing systems ~onp' th~ ~any secondary schools 

1s thought to be of uneven quality. So sccond:tr school 

grades n~y b~ unrelinble 1n soma instances . Ru t the ECLC 

Exnmin:tticn certninly ~ust be r Gff 'lrd d as a mensur0 of 

secondary school achievemen t . Resea.r ch i s needed to l ~n rn , 

whether in.dividua l s ub,iect t(.:st ffr"!.1as "nd year of r:CLC~ 

b sidos r; PA in the ESLCE !'or0c~sts unive r sity success 



in .:l pflrticular f'1cult~ tctt(:r thlln do~s C"'1. 1n the E~LC:a; 

nlonl: . 

Tho c r itLrii' of University SUt.!cess, the stn.ndnrd 

against which different typES of Drea~lsFion va r iab l es 

nr e usod should be evnlu~tcd . Those r~sponslble fo r 

def i ning sel ec t i on policy naturally want to choose the 

best students, those who :lre l i kely 'to be bette r col lege 

students than those not se]cct~d . I n mos t cases the 

ear ned degr ee b~s been taken as the tru e measure of a 

college students success . 

The r e port '1.1so presents nn 'loalysis of the va l i dit y 

of thE: Et hiop i '1D School Leav i ne Cer tif i cate Exam i n'lt i ons . 

I n th i s st1ldy we havB used data from the Facult y of 

Science, Faculty of Technologv , Coll e\", of tocial Sciences, 

School of Pharm~cy, I nstit ute of Lnngu~~~ Studies, fac ul ty 

of Law and Faculty of Hedic i ne . 

1. 2 . P I:OBLEMS CONSIDERED IN THE NALY~IS 

Pr obl em I : Compare s t udent~ acndeI:1ic per forma nce 

(with t he samfo, gr ade point aver1.ge i n t he 

Ethiopian Schoo l Leav in g Cer tif i cate Exam ­

ln~tion and thor c by detL rmln~ thG racul t y/ 

Co l l...:gb that cor respon d~' to the best stude nt 's 

performa nce . 

Prob l em 11 : Comp~rG t he ~ca.dem i c perforo~nce of three 

rroups of st uden ts admitted to Addis Ababa 

• 
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Un Ive r sity in IP'!5 .C., nnnely , 

1) StuJ(,!ots Fho took Ethiopian School 

Lt::nvir(.!' Certl.!'!cnt .... Examin:!.tion cnly 

in 197" L . C. 

i1) Student~ who took the Ethio»in.n .'khool 

LC:lvi ny, CertlIi~:ltc- EX<:U"linntion in !loy 

onc ye~r other tb~n 1974 E . C, 

iii) Students who took the Ethiop i a n Scbool 

LI.':i!/,.vinr; Ce r t i ficate Exru"i nations in two 

or ~Iore Yl;:urs . 

Probl ",m III: Which r;thiopi ~n School Lcnvina Certificate 

EX.:lmin :l.tion IE; a be tt f:; r Predictor of 

Success in a Collog-e/J'acul ty? 

Problem IV: 

Problem V; 

Deti:.r:'line the ctezree of Co r relat i on betweec 

the Eth iopian ~chool Lc~vin r: Certif i cate 

Exnnino. tion ar'1"cs '1nd r,r:\des on t he snme 

subject takun in the un! versi q, 1.nd thereby 

deternine th& subject which h~s hi~heGt 

correlation ~nd ceed l~~st 1mnroveMe~t in 

tho Ethiopi~n Scbool Lenvi nr. Cert i ficgtc 

EX~ination. 

Comnnre v~rious r~cult1es/Collcgcs townrds 

f~mlll~ education f.nd d~ten:Ji n e tb e one 

\"1th tho highe:st prot!'.b1 lity of succee;s 

,:Jmon~ femnl(,s . 



Probh .... II' DetcrMin~ tt'.e [',ost populnr sut-j( ct or d\;;pnrt 

ment n.I:lOn"" brirht s tUl.kncs 1n ;\ p:l. r ticular 

Collt.:re/ Fnculty i Science n'1.culty. ::Jay . 

l"robl ... I::! 'II I ComOClr13 tt.l;: ac~::' ...... ic rcrfo r m:l.Occ of .... tudants 

at v~rious r~culties!.:'ol lcgcs who c ntl:: r ed 

the v'lrjous Facult le~/Collef:e~ t1it h the sl\rIe 

gr adl.' point n.v~r'\b\.7 in th", [thiopi"!.n Schoo l 

L~ nv.in f' CElrti ficnte Exnr'i nc.tion, to dl3t erm in~ 

a s ubset of f'lcul tics that con t a in s th<:l faculty 

that corresponds to he best student's pe rformance . 

Probl em VI II: To sel0ct '1 subs~'t of ?ncultiesjColl er.es thnt 

contains nIl "good" f'lcultics, 

Re3ultsjsolut j ons of t h~ce nroblems will definitcl y he lp 

us to r e vise the univer s ity :->dmis~ ion criteria and a l so to 

improve tut. Ethiopi~n School LO'lvinP.' Cer tificate Ex=uninations . 

~'oreove , we will be c.ble t o f rnIr1~ our policius t o ir.l rove 

tbe educnt ior. l eve l of i er.lal es . 

T .... ,e presen t r eport is divide d into four chnpt ors, lnclud­

inr: ch '\p t .. r I, an introduct ion . In ch:lptc r II the r.J.ethodoloffY 

of ranki~e ~~d selection problems i s introduced ~nd some suc h 

sel ection pr ocedures a r p. discussed as 'l r e relev~n~ to tne 

~roblems raised nbove in tbe p~ ¥ sent chapte r. These procedu r es 

:lre th~n ~pplied to t re dntn collected on Addis Abab~ University 

s tude nt s who were admitted in th~ underr; r adu:l t e pror;rll.l!' in 

1975 E. C. ~nd cornp lut~d the ir four years educ~tion in th is 

proGr~~ ~s scheduled in tbe academic yenr 1978 E .C .. 

• 
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Tht.: rel~7nn t rin t r< nna l vsis fo""m~ tt~( co r- te nt5 of ch'lpt_ r 

I I I. i n c h !ptllr IV V'd r i\' .... :'.. cric! s unr.m r y o f the pr cls£:nt 

wor k and r. l so gjve th t! rccor!ID . nc'r. t1ons . 
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r IIAf''i'E'l II 

!ETt 700S urrn IN THE S';UDY 

Z .I. INTRODUCTH~rr 

In thjs chn t e r Wt! Intrcduce the me thodology of 

renk l ~g rnd scl~ction problems ~nd study soma of tbe 

'lval1abh .. r a nkin e o.nd s elect ion proce dures. These: 

procedures will t h~n b~ usad to the da t ~ collected on 

the students of Addis Abab1J. University, wh i ch shall 

f o r m parts of ch~pter II I . 

Ro.nJ:ing nnd s e l ec t i on procedur es aI'€: modern stat ­

istical techniques for comparinr two or more popula tions . 

Thi;;se select ion procedures nr e dcsib"ned specific1.11y to 

identify the 'rest' singl~ population, or the best sut­

set of populco.tions, or some subs~ t tba t cont!l.ins the 

bf?Rt populat ion, or the li. ye. V'e will assune tbat thE:: 

popul~tions nr e not ~ll tbe sam~ ~nd can be ordered in 

somE: me~ni nr;fl1 l wn.y . 

I'\.o):in,.. nnd selection procedures nnswer questionr 

th~t ~re rnised in mnny investications but seldom 

3.Dswerud by th t; more tra.d i tlODll m<:thods of an!llysis . 

I::lfnct the stntistical ~nswer to r~nl:ln ('l' and sE. l ect l on 

problems must be Gi ve n in such n way th~t the probnbili­

ty of a correct selection i s controlled. Befor we Gt;t 

into specific rankine nnd sel~ct ion procedures w~ b~ve 

lnclu1~d a brief discussion of th classica l proc~durcs . 

This 1s because the c lass l c~l procedures for comparing 



!< r"pulf'tions ~r,J f ncil!"r to f"Iost per '" ns ~cq' 1 1.1 Ilt l:d 

with j l t.r.lcn t ~ry st~t.ir;t i c"l V"v"'hods nnd thtA. oroc..;-dures 

"!or' b'l.s(u on thc:: srur.e 'dud ot d"'.t:'l, i t ", il l L· p<.)Gsit l e 

for us 0 po i nt nut t he si""l i l:!.Ti i lJs n~rl/or d if f rences 

bc. t woi;Gn t he t't':O tynes of roc""dures (tec'1niout:ls ). 

Ir t he t r'uae - "'ork of test in-- hypotbt3s i r; I the class-

tenl procedur e ~ t t crrpt s to deterr." ine ·.vb<:::th >3 r k po.rn-

r;.et-.;. r s nIl h:lVe n c onmO:1 vclue . Each o f the p"'r"n t CTS 

repreSG nt s tho s ane tYDt) o f descrintj on , n t t ributl; or 

resoonsc f o r all populat i ons, but t he populati~ns m~y 

di ffvr . Fo r cx::unpl e , if '!}'e w~nt to cOr.lp<:.re t he '\c'l.demic 

Pdrformnn~o of st ude nt s at k diffE:! r cnt Coll eties/ F~cul t i es , 

'l:ld if re rfo r mal'}ce is r;)..! ... su!'~":l b " ~ome pa r meter 8.; f o r 
J 

t .; . t h Col l er.e/Fncul ty, t!le cl~ss i ca l "" r(lC~ ur o· p~rr1it s 

us tc dec i de n.b('u t t he f"' l l wine nu ll hypothesis, scme-

tini..'s c~ l led the hOM0?,'enei t y hynothes i s . 

The l~t ern nt ivo hYi1ct hes i s is t h:l.t the 0 v '\lues '\r G 

unenunl fo r ath.':1.st enG p~ iL" rf ('(' 11 r;es / F '\cul t i es . 

If n t est o f homo'!~!D';i. ty i s thl' d t.:E: lrc d (.-00.1 of no 

inV€Eti(·n.t i o n ('11' f'xpe r irn ... nt, "' l ternntl vc m thods cf 

st~tis t ic~ l ~n ~ l ys i s ~re ~ot n~edeu . However , th~ re 

~r~ m:l.ny pr ~ cticnl si t u ~t i0ns in whi ch other ki nds o f 

I n for .... :l.t i o n o r o the r £;,oll is n r a ("If i nterest . • (j ~' exwpl e. 

m.:.pp"so tt!:\t t he: n ull hypothesis o f h"'mo':ene i tj is 

"(:j~cted. The I nves ti!;'l t cr l:1:\y W"l. n 
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:1) to d~t~rnine ·.yhich p'"'f'ulnt i "'r;s di"!:fcr !"r("l~ v'bieb 

othldrc, Ilnd t wb~t dir(:ctien' 'IT 

b) t o s '" w'"'ich ropul'\tinn(~) C:!!l be "'('Insidcrej 'b(:st I 

i n SUItb wvll-dt>fincJ sonse o~ i;he tt~rm best , 

~fetbo<i.3 .. of ""'ul ti Ie cOI."parisor_" m:::.y !,rovi de i nfo rn'lt­

i on t h".t 'lre !'...!lev:'1nt for bot h case~, but 'lS f!l.r 'lS C:lS-..: 

( b) i s co!)sid-arad l' 'lnki :1G nnd sele:ct ion p r ('cedllr es a r :; 

mol' .;: 'lppr ...;p r ic.tl:;. . On e must not tt:ke th..:. '\bovc to I:w:\.n 

th~ t ra nking and select i on nr0c~d~res a r e s imply addi tion­

a l an swer t~ the :' r obl em of what tc ~b next when t ho:.: nu l l 

hypothesi s Jf hr.mopeneity i s rt.j("~cted . '.Vhene ve r 1. n i nvest­

j[;ator wn.nts tc sel ect t h E:' one hi...s t populat i o n, s".y , a 

test of hc~o~en2i ty of nIl k po~u l '\tions j s not pert i n~nt 

to the p r im:t. ry r:roblc-rn rf tho 1nv<.stir-ator . 

ilow ;,Ie wolll l i s t down SOClC !llllor:.[ Glany d i ff e r e nt (1"..Jflls 

of r r:. nk i ni n.od selec t i on pr ncc:vu r ",s nnd th.:n d i scuss th,: 

t wo o.pprcnck:s (.f r1.nkin,: a nd s\.::lectinn bdfo r e we get 

in to specifi~ proccdu!'(~s of r a nkinE:' ~Dd st.. l cctlon whi ch 

an; appl i ed to our r>rablt:l!ls . 

2 . 2. POSS I BLE C.o"LS OF il.\NUliG AND ~ELECTIO 

1 . So l t;"cting the one best nopulntloc 

2 . Se l ec ti nr a l':"l. ndom numbe t" of p0pula.tions s uc h 

t hat all p,pu l nt1nns he tt e r th~n n control 

popu lat1.~n .:'Ir n standa r d arc i nclude d in tbe 

selcct~d subs~t , 

3 . S.?h.: ct10 tbt;i t ~os t f'o pul .,t i ons for t .:: 2, 
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5. 

6 . 
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e) in en ord er ed m~nner 

b) 1n an unord~rcd ~~nnar 

Sell:;)ctin~ a r1.Ddom numbor of pcpulntl(\ns, 

say r, th~t includ(; s tbe t best popul :ttions. 

Select1r.g i\ fix ed number o f populations, say 

r, tha.t i ncludes the t best populations. 

Order1n~; r.. ll the k populations from bes t t o 

worst ( or vice ve rsa ) . 

7 . Ordering a fixed size s ubse t of the populations 

from best t o wor st (or vice versn) . 

In literature selection pr ocedures a r e availabl~ 

to provld~ solutions t o the problems o f achieving these 

and many othe r r ouls. The availabl~ procedur es nre bo th 

f o r the parametr i c as w~l l as for the non-pa rame tric 

fam ilie s r f probability distributi ons . However we shall 

study only some of t~a8e . 

2.3 . INDIFFE~"NCE ZONE APPROACl! 

I n the pr obl em of selecting the best of k popul :.t-

i ons, n nctura l rule is t o selec~ the population corres -

pondi n~ t~ the lnr;est (or ro.t times even the smallest) 

sampl e value of an npprooriata st t ist ic. It is best 

t o start our discussion wlth a simple instance of the 

applic~tion of the so- cal l ed indlr terenc~ zo n~ anproacb 

t o tbe r c bl cm of rnnkin~ and se l ec tion . 

C0nsidcr indepe nde nt observntions Xij from e~ch 

of k popul~t ions with cdf's GIX-91 ) II - 1, 2 , . . . • , 
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j z ,? , . .. n ) , Th~ exp~r im~nter wishes to s~lcct the 

'best' pcrulation nssocintcc! wj J~ t'.Ie lar test nnr a-

meter ei , F r tbis purpose , w~ C~O?S~ nn Rnpr orriate 

nnd use the r.~t ural se l ection ru lu th~ t selects he 

populati on correspr:mdlnl' t o the lar ["est y 1 a s the est . 

It is f or this problef'I'J, tbat Becbbotur (I DS") wh ile 

dealin~ with nn r~nl dist ributions, introducec the in-

difference zone app roach in which v'e de t e r mi ne t he 

sample s ize n , prior to the expe rim~nt . t o control th~ 

pr obabili ty of n correct selection (peS) 

pes = f~ -= K-l l;> 

' n I I 
i=l 

Where °/1/ < e/ 2/ ~ . , . ,:::0/10./ ~i' e the or der ed v:llue s of 

the 01 s . Any se l ection of the population that l oads 

to achi evinr! the p'onl i s cnl l ed :: cor r ec t selection , 

In controlli c.p' th~ pes WG neerl tr sp..::ci fy a pr ofer-

ence zone where tbe l ar pcs t two \')~rameters 0/
k

/ nnd 

G/ k_ 1 j a r e apart , 

According t o Bechhof e r we have the followinc: 

Assune that two constants P* (! <p* 
k 

nre spectfied by the experiment~r , 

<1) a nd 0* (o*> o ) 

What is then nee1ed 

is n statistic!!.l procedure tor e.chivvi nc: the following: 

t!'oal. 
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Gonl: S.;!lect .. popul at i n and :\ss~rt tbat i t 1s 

th·, sst wi th the r:.Hl r~n tc,,€. tt. .. t 

Her e n( i ) i s the popul:l.tion wi th pn rarn~ t ~r v& luc 6/ 1/ , 1 = 1 , 

2, . " . k . 6* 1s t c be t ho u,.,. ht of as '1n iDc.l:V~erence o r 

toler a nce const-:-nt wit h the understandi ne thnt t he expcr i -

me nter i s i ndifferent as to the se lcc t 10~ if 0
j

¥_1 / lies 

within 6
0 

o f G/ k / , 

~he subset 0PZ o f t he rar~~~trlc space, n , o f , 
vector s @ = ( 01' . .. • Ok ) coos i st lnr of those 0 vec t o r s 

wi t h e I lt/ - 0 / k- i l > 6* is r eferre d to 1.S t he p r e f e r e nce 

zo ne, and its ~omplement hein~ the i nd i fference zone . 

The c o nstant p* r afltJc t s the p r o bab il l ty r'uaran tce t he 

e x periment e r dem.<tnds . Ee wculd lik e to be !ltleast 

lOOP*% s ur e havi nr- sel ected ( the best r:Jpulat i c n) 

correctly wheneve··~ 0 l ies in tbe ore:ter ance zone . A 

s e l ec tion p r oceuerc achieves tbe abovt' f :11 i f a nd o n1 

only if 

In f P (IT(k) is s~lec ted) ) o . 

0<0 pZ 

(~ . 1.? ) 

By r e plnc in::: t oe true par a:1etc ric co nfiruration with tbe 

correspo ndi ng s lipp~b~ coniipuration (Gi ll C G/21 

• - O/k_ l /' 9 / k , " B/ ~_l / +6 ) def ln~d by i t s s.co.d 

best population, under snme assUf1pt 1ons :1 n t ho sta ti s tics, 

o ne can ohta i n t~e in~qu~li ty 

pes ~ [: Fk-1 ( y + 60 ) dF(y ) ( ~ , 3 , 3) 
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Ia ,\] 1 the :tbovu uxpl'ln'lt! ')ns ('I np Must not thin)r 

thltt 0!1r .1':""' 1 is t o estirn h~ the v\lue of e /!;/' n( r t o 

mRk~ n decision ~bout the v~lu Our n.im is 

only t o s~lcct the population whnsb e va Iu ~ is eaual 

to e/k / , rencv nn error cnn OCCur nly if tht: 5el .. .;­

tion 1s Dot cor r ect , Tht. C0untarr,:oart of the power .... f 

n t ee: in Co classical test of a ny null hypothesis is 

the prcbnhility of makinr' a c:-orr(.ct S lectio n when 

e/ k/ >6/ r_1/, and this prob~bility provides an ind i ca­

tio n (t tbe per formance of th~ ranki n~ and selectic n 

pr oce.1'.lra f o r the particular mo.j(; 1 nssumed nnd t he 

samplB s i z e used , 

. 4 . SUBSET SELECi' ION ,\PPRO~CIi 

Tht:re is an alt ~rno.tivl~ " .. pproach also a va ilabl e- in 

the lit (. rature . This is tho so c!llie d subset seluction 

:tppr0ach vi Gurtn (195(, 1965 ) . In this nnpron.ch, VG 

select n. r a ndom number of po,;)ul'l.ticns so as to r uar ntee 

that the seh:ctcf' subsu t cont l::. 1ns thu best popu lntio n( s) 

with oreassif'ncd hir;h prQ'>nb i l ity . 'fort:ov<::r, in this 

appr or'.ch thc?l'e is no indlffa r e!lc u zone invo lved and t '1~ 

select i O:1 rules :"lre applicabl e on th ~ ~ ntll'\"' parQ!l'1utric 

spnce , I:l crse we rest rict to thd C:lse of sinri e best 

populati0 n, the ~oa l with this ~npr0nch is: 

GOll l: 70 select n s uhsut, ,.., r th~ ~ ivl,;'n k nopulnt-

i ons , th~t cont 'li ns tho:;! bus t popuintinn 

with prob'lbilit!' n0t l e sf; than ~ r r eassi-

• r:ned numbe r P 
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In OJ 1er to ilcbieve the coa l , we detf~'mlne t he vl.lues 

of so~ r ensonable statist i c for t he indepe nde nt snmples 

and the popul'ltions which correspond t o the obs(~rvcd stat­

istics bavine: values 'nenr' the I nrr"'€;['t (or at times smallest) 

stntistic a r e then included in tr~ sleet e d subse t . Such 

procedures are Gl ve n in sections 2 . 9 a nd .~ . 1 0 wher e i n we 

specifically dea l with normal populat i ons . 

Remark 2 . 4 . 1 . The following po i nts clearly brin~ out the 

dif fe r e nce between the above t wo approaches to 

t he ranking & sel ection probl~ms . 

Indiffe r ence Zone Approach Subse t Se l ection Appro~ch 

1 . The parame tr ic space is divided 1. No inclf f c r ence zone is 

into two p~rts. namely, the brouabt to benr nn~ th~ 

prefe r~ ncc zone & the indi ff e r - PCS i s con t r olled over tb~ 

ence zon~ . The PCS is c0Dtroll- entire par ame tric space . 

ed on l y on th~ pr efer ence zone 

and eXI'erime:J.t0r rcmain s 1n-

differ~nt to Delcc tion on the 

other ZOD"" . 

2 . The sam()l~ si.~e is deter mined 

prior to expe rimentation so as 

to cont r ol the pes . 

3 . Numbe r o f populat ion s to be 

selecte d is n constant a nd is 

known in ~dvanc~ . 

2. ODe wor}rs with the d:\tn 

~lrendy col l ec t e d a nd the 

PCS 1s infact controll ed 

by the size of the selcct~d 

subset . 

3 . Tbe Dunbe r of populations 

which one would actually 

sulect is a random variable . 
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• On~ claiMS to b~v~ seltctc~ • On sulects not onl:r t b 
the bLSt oo~ul~tlon{g). 

t st but ~lso ~ll thos 

po}ul"tiocs ..... hich S~e:"l to to; 

'nl,; " r' th ... · be~t. 

The l~ast f~vourall v Can- 5. The Ip~st favourable C~D-
tl~ur~tion com~G out to be 

11 'u T:1tion is 

\Je 5h"11 n(;.'JI:t discuss some s;')ecific rnnkinr :lnd salce ion 

p r oced ures which would t hcn be u£ect to the data on stu~e Dt s 

p ·:> r fo r mance of t.ddls Abnba Un! ve r st ty. Scm of ho p r ocedur es 
( V·­

n r e, normal distributions "' o d While usio;, theSE: to ou r d:lta, 

in Ch1pt.e r III, we have 'lssumed the GPt to be DamnII), d1s-

tributnd . This assur.mtlon of nOTD"'!l.litv seems r easonable In 

view of t~e followlnr. facts: 

i) Uost I ns t ruct .(lr s tu· .... ':l'ra.l1 nf? ~tude n tr; on 

the bnsis of norm~l distribution. 

11) Since the sn~ole siz~s us~d nr lnrre it is 

renson:tb l e t o ,\SSUlTl-= normality by tho cent r !].l 

limit theorem. 

iii) In independen t studie s ot the distribution ot 

GPA's fo r pr ev l oult} years it has been found th .... t 

the OPA's nr c ~rproxlm'\ t ely no r mnlly distributed. 

SELECTI:1G THE BEeT A'IONG 11OR'ML JlI:;TRIBUT I O:lS WITH A COHllO. 

VARL'.NCE 

In this s ction we shnll first study tbe s~lectton ro-
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cl.:'lure for cl;.)Iactin .... t he sinr-Ie h.?lst 'lorfl'llli nopu l~tlon. 

the one bllvlct: th0 lnr vcs t cene, nnd then providu estic'ltlis 

(hoth point 'lr. .. in t e r val estirn"!t~s) for th.: t rue PCS . 

2 . :; . 1 . SEL.SCTINC TOlE POPUVTION 111TH TIT Lt.qGEST "E,\II: 

Hf.;re wo com, ide r thu enSfJ o f k po"Oulntions 

wher e the underlyln~ c har acter istic 1n n
t 

has norm~ l 
., 

distribution N( f\. 0«.0 ), i = 1 , 2 , . . . , k. The cocmon 

vari n~c€ 0
2 may be e ithe r known o r unknown. t 

e < / 1/ = 0 / Z/ ~ . . . ~ 9/kl denot e the o rde r ed e values . 

The best popu l .::. tio ll !!lay b def ined to be the one;: 

associated with tho I n1' est menno el k! ' In casl,;. t iJer c 

i s n ti e ~ong some 0-valuus fo r the l~rf.Qst, 0 r e of 

th~m i s arb i tr:uily InhellG·j '15 tho larrest . Let 

(.!. <p*< l) be; both specified by t hE;: 
k 

exper imenter in ad vance. The C0~ 1 js: 

Goal 1: To se l ect the s:!.nrle b~st ~orul!'t 100 such 

thn~ t he probnbl11ty of correct se l ec tion 

is at l cast p * (~ <po <1 ) whe neve r G/"1- 9/k_1/ 

> 6* 

The r.o~l 01 viously c., '1not be :,.chieved b y selcct-

in!=" .one of ~h t' populat i o ns TJcra ly '\t r3r.d m. 'ii do 

nee~ t he obsv r v .... tions f r ol'T) e'\cb of thv k popul ..... tioos . 

L t X
il

, X
i

.3 ' , . .• X
in 

de notE the n ob~e rvn tions from 

popul ~tion n
i

, i=1 ,2, ... ,k , ~nct let ~ll tho ok olse r va-
1 n 

t 1-:m s t~ independently c r '\ .. Let 'i "" - EY.ij d~Dote n j "'1 
the snople Menn of the obscrv~tlons froD ~i' 1-1,2, ... ,k 
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l e t < .. . < - - J~ nf} t th corr sfond lnrr 

c r 1crl!d values. fcc hl' ,t ... rn ?rOCQd'JTt; 1s h !I)llc"inr-

T\ult;! r : Sulect th~ oopul ntion t h'l l co rrvspon,!s 

to tbe lar '~st s~~pl~ ~~~n X/ k/ 'lS tbr 

best popul 'l tinn. 

The pro~nbl1ity of a correc t 6~ l uct ton usln~ Rule 

Fl' Is easily seon t o ~o 

1< -1 
lf 
i=I 

¢ (x ... ( 2 . 5 .1) 

Where ¢ is he stnnJard norm~l cdf . Obviously this 

PCS depends on the parcmetric confir-uration ( G
1

, . .. a
k

) 

tbroUFh e/k/-o/ i /, 1=1, _ .. K-l nnd is rnonoton~ increas­

In~ functio n of ccch o f S/k/-O/i/,l - 1 ,2, .. . k- l. 

S,. the pes n tt a tns it s lO~5t v31u~ o n the or&ference 

zcn~ whe n e/k / - 6/ i / • 6·, 1~' ,7 ... k- l , that is, whon 

,h~ confi r.uration ~ ls e/ I / m .. . -e/k_I /- 0 / k/- 6' , 

~~~ EO called l ens t fnvour~blc conft~uratlon . nonc~. 

PC3 satisfies, f o r all 9EO.
1
l,' 

pes >/
m ~k-l(x+t)d~ ( h) _.m 

( - . wth.re T'" n6 . 
o , 

( ?' . S . ?) 

side 1s oqunt ed t o p a Dd lh~ roby W~ ~ crcinL n (tor 

r ive n 6· and p.) . Such ~ c ho ico at the cor~n s~nlo 

size n will ~nsure (in vl~w of ' . 5 13 )tb~t th~ ~ robnbl11t y 

r t;q'Jirement ( 2 . 5.1) is satisfied. Son such v'lluos nru 

i v""n in T1.l>h. 1\-1 in the f;pp-.: ndlx. T:'l}\lf~ '-1 In 'llct 

• :1ves us n v~lu~ of T tor sp~c lfl ~~ c and kaown k. 
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This in t urn, usin'" 0:11: (F) 4, wou l ' -tV\! th ",.,lu. of 

tb~ r~qu1r~( COMmOn s~~nl~ siz n. 

R~f.1~rk 2 . ~. 1 : Vnri l')Us ta.t l _s, E·xcept j blCt C-l, 1:1 

tht: Anpl.nJix ':1:" tc.k r:n lr()~ Gibbons, 

Olkin ~n1 ~ol<l (1977), T,b l < C- l is 

t nkcn from ki~ (19&6 ) . These t ~blcs 

have bee n inclu~~; t o mnke this r eport 

self co nt ain!.:.:"! . 

Rema.rY '1 . 5 . 2 . An approximate s o lution for tho.; sul(:c-

t i on nrcble~ with uneoual s~mpl ~ sizes 

n i , i~1, 2 , .. . , k cnn he obt~in ed hy 

conputing 3. certain r,":HhJrr:t}l?e' average 

sarnpl t-° size , jenot .1 by "o,by tht; square 

mean-roo t raT eU}"':.. iven by 

n = o 

k 
L lii i 2 
i.::l 

k 
(2.3 . 3) 

nnJ usc no in '11.1ce of " in ord<:r to 

deternine the len~t PC~ that can bL 

~ uar '\ntecl ' . 

Rcmar~ 2 . 5 . 3: ~ more r ealistic prob l en will oe fo r 

th case 0: c',en· n unkn(\wn a . How~vcr . 

the r e doesnot v is n fix ed srum~lo size 

~rocedure b~se~ on indiffe r ence zone 

approach to achieve C~al 1 and a l so 

to h~ve infi~um of the PCS independent 

of unknown o. O:"e way out is to conside r 
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'l 7·odified roal and u~e ev."'"le other o.:,)pronch 

(f0r exarn:ile. subset sel .~tion nrpronch) . 

• ~Do tl1er way out in ct'.~e a is unknm'm 1[; to 

exploit t e consistency of tbe sampl v:lriance 

and use, fo r Inr[~e tot o.l samp l e size, the 

pooled sam Ie variance ~s if it 1s the pooula-

tion variance . This will reduce the ~roble~ to 

tbe case of kno wn variat!CG . ':'h i s i s what h~s 

beer' done in Chanter II I , sections ').1, 3 . 2 . 

3 . 5 . 2 . EST !'~AT ING THE TRUE pqOBJ.BP ITY OF i\ COR-RICeT SE eTlON 

Let us assume that the sa.m!)le size i s CO!l1rlcn but 

its value was not deterMined by ~~ p r eassic:o:ncd pClir 

(6* , p*) , as the investirator ~i,-bt have beet' unable 

to SDecify these nuobers. In such a case also the 

sel~ction rule fl l 10 defined nn..! we wisb to est im:lte 

the pes att~ined by this nroc~dure. This true ,ro-

bability of correct selection dc~ends on the true 

confivuration ~ of population m~ans . LlJt 6j~a/!~/ -a/ j /, 

j=l ,~, .. . ,k-l . So we can estiM'lte 6 j ly using the 

o rdered sample means, i.e, Y 

6 = X -X _ 0 -1 j Ik l Ijl j-1,., . .. ,k (2 . 5 . " ) 

If we C6 ncte T
J
. 6.tn 

= --1-..­
a 

• then t he estioD.tes o! T
j 

are 

j = 1,2, • .• ,k-1 (? . ~.5.) 
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101',J US L thl va lues o f T. for \~stimnti n" the tru' pes 
.1 

[~ivc. by ( ' , 5 .1) . ',1e first rovich: a lowe r boun '~ r 

1nd :In upr'cr bound p f o r th(, actual rrobnbility of 
U 

correct se l~c tion . Then (°1 I pu ) is an interva l ES i-

mnte of the nc tue l pes. Th~ pO i nt estimnte P
E 

of tbe 

act u'l l PCS i s also obtained '1..nti th is will obv i o usly 

li c in t he interval (PL' PU)' 

• 
"'0 determi ne PL' we 

• 
compute 'j and cons i de r eac h 

T. sepa :itely to fin d tbe eo rres o ndlnP.' prob~bil1ty 
J 

P j of a cor r ec t selection be tween the j th and kth 

orde~ed populations , fo r e~ch j=l , 2, . . . . k-l. Then 

k-l 
PL=Y-Y P j ( 2 . 5 . 6) 

j =l 
OJ f '":l r aach j can be f ound by i;}terpolntinr. in table 

j\-2 in f..np~ndix wi th k=2 f o r t he correspondin:; T j' 

PL c~n e l so be de te r~ined from 

k- l 
PL-l 1 ¢ 

1=1 

wh~re p. ::: 4> 
J 

To determine PU' we f irst compute 

T = .J.:j =::.!1,.,... 
k-l 

(2 . 5 .7) 

and then Pu is the entry in Tabl ~ A-2 (with the 

ori ~l n ~l value of k) th~t corresponds to have vnlue 

T. F in~lly t o f ind PE the first step I s to partition 

the k-l v ~lues of T tnto nono verlapin c sub~roups o r 
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clustars that nre n r~roxi~t~ l y o f ~ou~l s iz . 

SUJ.ii,nSe we decide t o fern m cl usters. 
• 

th& arithmetic mean of T V~l U ~5 1n the 

Let T
j 

b~ 

th .i clus t~r. 

Then the j th cluster r:ives ris(; t o n probability 

V:l!ue P
j

. 

z\ - !;. that 

The value 

corresponds 

of Yl j is the e n try In Table 

to t he v~.lues of T
j 

I\n d k
j

. 

Tten PE 1s Given by 

n = . E ( 2 . 5 . 8) 

It may be noted that in the above procedure no 

statement a bo ut the probability of cover~~e of the 

true pes i s rr iven . So possibly the above int c r v 1 

c ann ..... t be interpret ted rts e confide nce interval f or 

the true pes . 1. hatter procedure i s due to Kim(1986). 

who has provided one sided l owe r confi dence bound 

f or th~ t rue pes . Accor dinc t o him, wi h 100( 1 -~)' 

confidence . 

pes ~ r: ~k-~ (x+ l? h ( f1(r./k/ -X/<_t? /~cr )~ (x) 

( ?5 . 9) 

wher l6' the fUnctio n h(t) satisfies 

~(b(t) -t)+O( -h(t) - t)-· (2.5.10) 

a nd lies between t-Zoc / 7 and t-7· oc f Ol t ~ 7.oc/2' thtlt 1s 

t-Z«/2 <h(t) <t- Zoc ' for t ~ Zoc/2 (2 . ~ .11) 

wh Z d t th·• Upr" r .qu-ntile at s t endnrd nomnl e r e '« eno os ..... u .... 

- -d i stribution . Usi ng values of n, a, x/ k_1/ nnd X/ k/ • 

fir s t ot.tain 
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nnd uutCJl"<:1in h(t~ frqn 't1lJlc C- l C'~rr ''Y.ndlo to 

lhl' ri .t.t' ba.nd 81t'l: of ("'t . .... 8' CAD th n b . /0 ' e .. 

obtained tr~ ta h •. -_ wI h T.~ h(') . ta Illu 

15 Inf1ct tho,) lCO (l - a:)q Io\' "r conttd DC h<.tb:J:l fe r 

the; t rue res . 

:"I(':i.,n rk 2 . fI . ! : In case t hl, 8 Mlrh: s t ~ EI ar unequAl. 

r...:f!l~rk 2 . 5 . 5: 

w je t~rMln nv Tnv~ ~ l~ slzu Do 

us10r (2 . 5.1). F8tlm~tln t h r uv 

nes en n now be c :"'r r16d 'Jt xt\ctly AI' 

'<t" f o r e c "c~pt thn.t t b av T fLP .Ampla 

sl~G no is suhs tltut 

c~lcu l nt lon8 . 

''Or n lD a ny 

Thd 'llove salce ion r ule 81 h • I n U8 

t el r r oyidc a ROl u ti('ln to p rotl l • I an 1 

us! ....... d(\ tn. on fltud· nts t fudl. boL 

rl 

II 

Univ Tai )' , This b3.8 .. en ,Io n In • etion 

, I tor r r obl M I ,nd 1 c t iClQ 3.2 fM 

- , 1 t,:r.1 II. \pn. r t. f r t~ solu ion to • 
tho se l ec t 10 oroblcm , I. 11100'" roint 

"n'"! in ttJ r v11 estlmnt • cr t~ t r'J 

PCC hnv .. • n l s('l t o r our 

• 1 

• r:. S[LtC7 IPG THE TR ,..""!fl:.:'T 

L \RGr.ST CORREL..T I O. 

POPL .... ~T I OU C.t~F 

1t dtU r nt 



nC"fTl'\l :'lcrulations. Lvt (Y v ) (X) "0 " t l "1 • ... • '. ,_ u.. V'-

ri'\t v .... riabl<:B whErr )'1' ..• " k d Oq e r,on6u rl~ent3 or. 

t thi# 

ov~r~ ll 6ffec t of ~ll th£S3 

uenet€; the cor r I ntion c~£t:flc l~nts ~nd C/l/.~ ... ~PI / 

t h-d corrbopond lne o r rte r (;d. v~lm .. s, then th ~8t "'or,u lnt-

10:1 m"y be> ~ efin·} c.l t o b .: t he o r u 1.S 0rcl!" t e d with "/~/' 

the I nr~est p vnl ue . ~hnt is, W~ wi sh t ( sul~ct t h , 

rO·Jul'.t i 0 n tbat has the higbest cor re:t otiOD with thb' 

ov~ral l e ffect . So the ~nal 1s : 

Gorl ~: To s e l ect t ~e 51n.;10 bpst ..... opu laticJ'l 

such that thi; i ,r cb:tbility nf :1 cor r ect 

• selecti on i s et l \;;;'\st p whenever t bE: 

• 
dist:'l.ncu Ch::!"lSur· .. P/ k/- P/"_ 1 /~6 . 

1'('1 a chi e ve t ~ is (""oal ":c t irEt o.'>od to take " s"_-:lp l e 

of s ize n o n the (k+l) dlc~nsi~Dnl r1.nJo~ vn r i~hle 

( 1'"1' y2. · ·· . YI .• X) n nd th('D C"'l:mut, tho snoplo c rr",la t­

i o n coeffici e n t r j fpr th jth population usin - tb~ 0 

puire~ obser vations on ( 7
j

, X), i, e . 

-
r j = E(Xi- X) (Yij-Y j ) 

(2 . 6 . 1) 

wbLrt-.' ( Yil' " .• '1ik , Xi) denotes the ith ohsl n·1.tlo:'l 00 

(yl' .. 2 . · .. • yk.X) 'lod i. y. !t::no t es he r~spt!ctiv (> S"'''1plo 

me'.lDS f e r th~ x-o hse rvati ,o s 'lnd tor thO ObSLTV'lti c ns 

frcm thG j h populntion. jel,: • ...• k. Tho 3bov k ~~~rle 

cor r ... l!lllon coeff icj ' .. mts lre tLti n o r {!oTed '\8 
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':,'h(' 3u lect lon r ule is (5,,' 1;: ''':10(1I'': ns l.t 01. 1177): 

Rul e R2 · sleet the po ...,uln t iC'n h:t t COTT ""S"''-; :1.ds 

t~ thil lar "est san 1 ' corrl:lnt 1 ~ coctri-

c1en L r;kl ns the b~st oorulntlr n . 

Dlnce ~he determin~tion n f thE cx~ct lcnst !avour ~tl~ 

c rmfitu r ation is dif f icult in tbl:; ;:>roblcm w_ bo.vc not 

included it . 

In order to de t~rmlne t he l enst p obabillty of 

corr(..ct selection th n.t can b e r"uo. r nntced we procel 1 

:13 f e llows . Usi nr common sam l e sjze n nnd thE: pre 

• sp~clficd va lue of 6 I we det ermin e T
t 

f r OD the r9lat-

i vc. T t =/n6"' . 11th this v-:lue ·f T
t 

a nd Imown value: 0 

k lle enter tahle ;\- 2 and rie term ine p* . This value of 

• P 1s tllen thE" least pes t~at cnn be euarant ~ed . This 

procedur e R2 has been us",·j to hoodle p r oblens III arid 

IV d ~ ~ll n r with the dat~ obtained for st udents ot hddis 

.V_ aha University nnd the solutlor. is pTovidej in s€ction 

3 . 3 . for r r obler.:l I I I and section 3 . ' . to r probl ~m IV . 

'1 . 7. 3"~LEe~INC T!1S Dl iE Bt ST PO-::lULIt.TIO, F'Oq BINO!I: I L ( OR 

BERNOULLI ) DJSTRI OUTIONS 

In th is section we consider the problem at select-

i.n l tIle one best nonul a tion out ot k ropulat i ODS where 

€ac! l .;;,lE:men t in each ropu::'ation is c l assified ioto t:xact­

ly one of t~o mut ually ~xclusive ( nonov~ rlaD in ) nnd 

c x ha.uGti v£ cate,ories, such as male a nd [,,.·rnale . 

Lt!t n l' . .. , nJ.: be it "opula tlons whe r e tbe undc r­

ly i~p charact~risti c in fi1 hus bi nomial distrl~u ion 
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t'I (11 i , "1 i ) , i el, .. . , K; whe r o r deno t es tt-e p rotabl 11ty 
,1 

f f tl j t h 1 o s uccess o r 1e po~u nt i on . 

Le:t i') / l /~ " ' ~ P/k/ denot:: i;h~ o r der pd ')- valul;s . 

The bE;s t popul ~ t i on m":.y he e fi nec! t o bE: t he onlJ assoc­

i nt ed with p/ k / , the l arrest ry r obabi l it y of s ucces s . 
• 1 • 

Le t ..... ( k <r <1 ) and 0*( 0<0*<1 ) b", pr e- speci f i ed cons t-

a nts . ~ha fO?1 is : 

Goa l S 1'::') s e l ect the s i nr l e t'lE;s t populat ion s uch t h.'l t 

the pes is 'tt l east 0* whenever P / k r P j1:_1 / ?"0 · 

Since t he parame t e rs o f in t e r est a r c t he probab 1 l i t l~s 

of s uccess in e ach ponulat i on, i t i s na t ural t c b~se 

ou r dec.is i c n on the rropor tion of s uccesses i n each 

s ample ,. 

LE; t Y j denot e the pr oport i o n o f successes observed 

i n t h·, J.t b s ample 'nd - et X < <X ~ n ~ ~ / 1/- ' " - / k/ denote the corres -

pon1inc:: o r cer tJd values . Thu rul e 13 i s nr oposed by Sohel 

a nd Huyett (1 £57) : 

Rul e R3 Sel ect the l nr Gest s al!lpl e pr oportion and nssc r 
--, 

t hat the popu l nt i on thnt pr oduced tha t s~pl~ 

i = t he best . 

The EenDr a l i zed l e as t favouraul~ confiruration in t he 

bin.:>mia l case fo r all k and n is iJ / l (::'P / 2/=' .. =P /k- li 

The pes under t hi s (tene r a l i zed l eas t 

fa vournb l e conf i r urntion de~ends no t o nl y on t he va lue o f 

0· ~ut n lso on t he vnlu of p/ k /· h theo r e tica l 1nves t-

i p.a tlon hn~ s hown that the l~~st fnvournbl e cODfir ura t­

ion fo r pract i cnl ryurooses , nnd particularl y fo r l ar~E 
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sami' l~ sizes, is r; ivo n by the siT. r la cO!lfi " uT:ltion: 

In sectior. 3 .5 , the above s e: l ect i o r! rul e has be e n used 

to r r n vide an a nswe r to pro bIer.' V, lls ior: the dn t:l on 

the s t udents of Add i s Ababa University. Jor spec i fied 

values .-. f p* nnd 6*, th .z. smal l est c -::: mmO!l s:ufliJ! e size 

n r e Qu ire:. d t ·.:.: 1.!vet the p* condit:i.on is detCrr.li!led fro,.., 

£irur:; D- I t: i ve n in t he appendix . Cuch n choi ce of n 

would a utomatically [:ua r nnt ee tha t the . r obability 

2 . S . SELEC':i.' XUC 'THE arm POPULll.T IO!l WITH '!'HE LARGEST 

q t h QUP,NTlLE: 

L e t TI l ' n2 , · · · ,ITk be k ')cr 'ul'1t i ons with associ!l. ted 

distributton fUnctionG F l , l"2 ' ... • ? k ::'..ud l e t f; q j denote 

the qt b qun.nti l e of the cdf Fj' wher .... Q (O::q~l) i s 

;~ !'e- sr~cifi ed . Th0 best n~ss is df:!-t: ined i ntcTliIs of the 

q th I.: :.l":.:::t iIc s , Let t he ord~re ·i ( . s he denoted by 

t; < •.. < 
1/" , - -

" I 

d 1 c "S the oth quantile an .:.. t t he popul:1tion havin ::", "0 ... 
/ k! 

be defin0c t o b~ the U€s t populat i on. Le t '/j/ denote 

the c d ! of tbe population having ~q 
! j! 

th 
~s the q 

qua til f j 1 2 I Le t d* be a specif i ed n e , oX' "., , . . . , ( . 

Posit i ve qu~ntity s uch th~t d*< min (q,l -q) . 

Look "it t h() ~o int s q-d* and q+d* on the ordinntc , 

the corre s ponct inp'. o .. unntilcs I,;. a nd t; d* on the q-j¥ q + 

:>.nd 

abciss~. :f o r the dist r ibut ion F/t /' Let I d~note t he 
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int0:-v~1 with t he s e two 'J,U:"\'llti l es as e nd point s . The 

di stftnc<: r.eas ur€ d hetwee n I'/kj and ot h'::! r d i s tr i butions 

~/1/" " ' ~/k-l/ is t h~n defined t o be 

wher e: dik =m in [F/k;<x >-F/i/x> / cl~ no t e5 the .jistance 
XE I 

an d F , . / ' 
,1 1=1 , 2 ,. " , k -I . 

, 
Let p*(ft <p*<l ) t . 

pr es;,ecif i Ad . 

The Goal i s : 

;].on1 -1 : To select the OD e popu lnt i o n ""'it h t he l !:. r G'es t 

t h t · 1 . h t h Q qU!l. n ~ e 3ucn t at e PCS i s ~t l e,').st p* 

wh eneve r d > d* . 

Ir..crder t o achi e ve t h is C:1).:l.1 we sta r t t.y fir s t if i n-

i nc a sP:..'!lplo quanti l e of arb it !'~ry or de r q, which ..... e -:l enote 

by Yq , I f q (n+1 ) i s a n integer , t he n t he f.i nr.lr l c qua nti l e 

at or d6r q i s def ined as the c rde r st .t i .. ~. 1c '~ / q ( n+1}/=X/ rl 

If q ( n+i ) i ~ not e n i nt erer , tne snmpl c quan ti l e l1~s 

between t wo o r der s t at i st i G3, X/ r / .:In -I X/ r+1 / , wher e r i s 

t he largest i n t e:~er cont a i ne "l in q Ih+l) , and then 

10 c ur prot~ l e[]'! we have k ropul fl tions . ~s'3 umi nf" t ha t 

W0 ha~"e n e.bs e r vnt i o ns fro'll each popul a tio n tile s empl e 

~lat~ f r om t he .i th p opulatio n :1. r e denot ed by X1jJ · · · ,XnJ , 

f 1 the j th sat::lpl e Or j=l, 2 , ... ,k . The n " bse rvat i o ns wi t h n 

a r e c r der ed as X/ l / . ~" ' ~X/n/ . ' 
n f th o t h . J h .h 
.J ..; q qua ntl.le f o r t . e J 

and t he samnl e est i mate 

onul ation, denoted ty 
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Yoj' is 

Yqj~X/r /j if q(D +l) is 

aDd Y ·~I~+1-q (D +1) -j XI I + 
q J 4 r . . J 

i s no t an inte)!Gr 

a n inte~er for r =a(n+l) , ( 2. 8 .1) 

., 
\. Q( n+1)-r j X/ r+1 /j if 0( n+1) 

P . 8 . 2 .) 

Let Yn / 1 / 2" ' ~ Yq/k/ b€ t he or de r ed Yqj' s . The selection 

ru l e R,I I !)rcpos ec. by Sob e l (1.9 76 ) , is 
• 

Rule R4 Asse r t that the populatinn that ~ives 

r i se t o the largest s ampl e qur.ntil e , 

y i s the best . opu l atio n. 
C. /kl 

For specified val ue s of d* and p* such t h~t 0<(\*< mi n 

1 - <T' * <1 k • the ssalle st c~moon sample s i ze n 

required to r.:teet the p* - condition i s t 'Jen de t e r mined from 

table 13- 2 g iven i n the :~ppcndi x . Such 9. choic0 of n w('uld 

'!u t or.m tically ~uaraDt ce t hat t he l) !' ':,be.~ \ j.l i t y r e qui r ement 

is met . The r u le R4 has been anpl i -ad t ,_\ t he 1at a on t he 

stude nts of Addi s Ababa Univer si t y to provide a s olut i fJD 

to pr nh l em VI . Thl.s is done in sect i c n 3 . 6 . 

ne~ark 2 . 3 .1 . In p rac tice one may f ace the pr oblem of ~ies 

This p r nblen i s handled. '1S f ollows : wi t hin 

the j th samp l e i f two o r J:lor e obse rva tions 

a r e e qua l to X
/ rl 

or XIT+1/ , tben YQj is 

stil l unique l y defin€c. If the r e a r e t i es 

f o r first pl a c e betwoe!l sr.mnlas . i . e . • acon~ 

the y . ' s , j =l, ... k . t hen we wi ll be conte nt 
qJ 

t o se l ect one of t he c onte nder s by SOr.lC 

r c. ndom l!'.e chanism a nd assert tha t i t bas t he 
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lr.rrrest pooul ~t ioo q u~nt l 1c . 

Rem~rk 2 . 8 . 2 . I f t he sampl e s i z(s cr~ unc~ua l, SRy tb 

s amp l e from t he .i tb o""plllat i on is of 9 z~ 
n., the s~ple estim~t~ y 

J qj i6 compu t d 

from ( 2 . 8 . 1 . ) a nd ( ?S . ? ) with n r~pl ~c~d 

by n j , fo r each j =l , .. . k . 

Z. 9 . SELECT ING A SUBSET CO, TA INING T .E BEST POPULATION 

nORMA LMEANS CASE: 

I n t h i c s ect i on we c onside r t he f'oal of s~ l cc t1 n a 

subset o f randc~ size t ha t c~n t~ ins th~ b3St of k nor mal 

popula t ions t.avinG c orxnon k nown ve.ri.!U'~c_ . The hes to..:ss 

1s ;wa i n def i ned in terms o f Dopul nt i vn oeans I! nd thi; 

bes t popul:ttion i s the o ne havi ::., l a. r -est Menn. 

Le t nl , ... , fi!; be; k norma l pcr!Jl~tions hnvl nr. .,e'1.ns 

91 , .. . , 9
k 

c.n k . 2 common nown va r u : nce a . Lo t B / l /~ ' . . ~B /k/ 

de no t e t he or der od 9 1 s . The r;3nl is: 

Goal 5 : To sel ec t a s ubset ~f rand 0M size 

contain s the poftulr.. t ion v· j th thlJ lnr ""I3S 

o(>an e / i ~ / 

17e hc.vc; !I. cor r e ct selection i n casu t'1c se l (:ct c! 

Subset h~ppcns t o inc lude the bes t porul ation . fo r 

a ., r e-assif: ed p* ( ~ <!J* <1) and USiD'~ h~ ~v"ilabl e 
2" 

ohse r vat i ons, we nee1 t o have <l select i on r u l e that 

ach i e ve. t he '\bOVB Goal with nrob~t"1 lit' not ll!sS tb'lD 

P* . Let Xil , ... ,X
i n 

deno t e the ot.~ervnttons f ro~ tha 



ith pcpulation o.nd let Xi jenote the ir mf>':lO, 1*1,2, .. . k. 

Le t X/"I < X-, - . .. S /k/ be th~ ord~red sao~l~ ~Qans. W", use 
th~ f c llowinl-' select i on .... u'_e of Gout'. ( '9 

v u ~ . 65) ( Ge~, Gibbons 

et ~l. (1977) 

Rule R5 For a ny fixed i (l~i~k), i ncl ude fit in 

the se l e cted subset if 

(2 . 9 . 1) 

HGr~ ~ >O is t n be chosen so as t o meet the prob~b il ity 

requirement . For !mown k and preassigned p •• the ~hoi ce 

f > is in fact the entry T in Tab l e A- 1 . Iii case the 

C""'P~=OLl variance is unknown and we have large SAmples , 

\\'.3 use the poe-led est i r.::atB of the COr.n:lon unkncwn vari -

anc~ instead of the t rue var iance . This is done k~erinr 

i:lvi ... ;-w the consistency of the sample varian ce . 

~'h'3 abovE- pr ocedure i s used to the datn on s tudQnts 

of il.tic.is i\bn.hn Uni vers i ty to provide an cmpiricn.l solut­

ior. t o the s e l ect i on proble~ VII a nd this i s done in 

sect i on 3. 7. 

2 .1 0 . SELECTING A SUBSET CONTAINING ALL ' GOOD ' POPULl:TIONS: 

C.;SE 0>' NORMAL POPULATI ONS 

In this section we cor..sider the probl em 01 select ­

in . ~ a random sized s ubset t he. ": con t~in5 a l l 'tood ;)OP­

ul ~ t i0n5; where a populat i on is def i ned t o be ~OO~ if 

i t io:; 'near' the b e st pODclation. The nwnber ~f r,ood 

populations is a l so unknowD . 
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Let ITt' ··· . nk be k no r-..ila~ po ulations v'ith m .;:;E!DS 

61"" , 13 k rl.specttv '31y and wi t h cornon known vari ance 

0'2 Le t 6/ 1 / S ... ~ .. . ~ 6/ kl dcnot~ tbe o r dc r t:tl 6-vB.lues. 

tJ. l)opul at i <' fi t i s r.ef i uelJ t :J be a ""ood popul r.tion if 

e i~e f!~ /-E. whe r e: £>0 is pre-specifi ed b)1 the eXpe ri'1l2nter . 

Any popu l ation havinp. St< 9 jk('E is l abel led a s a ' hed' 

popul at i on . The Eonl is : 

Goal 6 : To selcct a random sized suhset of t he 

given r>onu l ~tiol1s such tha t t he selec tej 

subset in c l udes ~l l the cood popu l~ti Qns 

wi th pr obabi l ity net less than n pr eassi-

gned number ")* . 

Let jr i1 , ... 'Xin he a r anc:om sampl e availabl e from 

fl i,i=:i • . . . , k, i:n .... l et these k r~ndoI!l samp l es be i n"ej'€:n,!ent-

-
ly drawn . Let x/ 1/ ~ . . . 5.X/k/ 

denotG th,,: o r der ed sampl e mee.ns . The selec t i o n rule o f 

LaQ (19B6 ) i s used to acbiev~ t he above Goal . The r ul e 

is 

t1ule RS For any i{l~i~ .6 ), i nc lude TIi in the 

selected s ubsat if Xi ~ 

He re q =q( k , p*) is the p* - qunntile of th e r~nGe rt istr itut­

i o n of k st';l ndar d normn l r andom variab l es . 

In vie w of Theorem 1 .:> f Lar::::( 19R6 ), with the above 

selection rule we wil l m:tke n c orre ct s e l ection with -;'l r o ­

babili ty n Ol: less t ha n p*. Ev en t he in f i r-urn of the pr o ­

bab i li ty o f n corr ec t se!ect icn may still be hlnber than 

p • . 
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The tabulat~1 values of q a rc ev~ i l~b lc in I1ter­

atur,", . In pln.ce of q one may us e q(lf,V,p.), the fl .'­

quantile o f tb~ s t u:1cntl zed r anr;c distrH'ution on k 

t r e:\tme n ts with ',) =00 degrees of frecdo~ (s~e fo r e X:\r.lp l e, 

Pearson a nd Ha.rtley ( 1970»). This is what has been dono 

in our case, bec~use the sample sizes ~re l arge . 

The above r r ocedure i spsed on the data on AddIs 

.\baba University students I t o r ovide a selutio n to 

problem VII I and this is explicitly done in section 

3 . 8 . 
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CIIAP'rER I I I 

E)rP I?ICLL SOLUTIONS TO VARIOUS SELECTION PROBLI:l.lS 

In t his ch apt e r, we make use of var ious scl ec i on 

rules. as introduce d in the precee<.!lnr; chapter, t o d~tll 

on the students of Add i s Ababa Univer sity and thereby 

orcvi de a nswe r s to various acade~i c pr ob lems formulated 

in c har t e r 1, 

3 . 1. PROBLEII I AND ITS EIIP IRI CAL SOLUTIOII 

We wi s h to comryar e the performance of s tuden t s 

i n t he various facult i es of Add i s Abaha Unive rsity 

with t he s ame GPA in the ESLCE and ther eby det ermine 

the f aculty that corresponds to the best student s 

performance . 

Inorcter t o find t! solut ion to this pr oblem. we 

h~V6 {lppl i ed the nrocedurG n.nd/or rul e r. l o f s~lectinr. 

the best noranl Jcpul nt i on with the i~r~est !Cpul~tion 

ll"e 'lL , This has been Gi scussed in sub-section 2 . 5 . 1 . of 

t he prece dinG chaDter . 

The followinc r esults have ~cen obse rv~d for the 

d~t~ on students who t C0k their fourth yc~ r under-

f'r"l.Qurto e xaninatio n in 197 8 E.C . 
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I!EANS AND STANDI'.RD DEVIATIONS OF CUMMUL,TIVE GPA(CGPA) 

3 nmpl e size . tea.n of C0PA Stand'1.rd 
Colle[!L: jr;:o.cul tt (n j ) -

( 1(j) dey (8 ) 
j 

l. La nt:;u'lp:e stu 1 GB 26 2 . 37 O.2t. 

2 . Law 12 . '-IE 0 .31 

3 . ~Iedicine 26 2.64 0 . 31 

l. Phr:. r m:lcy 25 2. 29 0 . 28 

5 . Science 81 2 . 41 0 . 30 

6. Soc ial Sc i e nce 101 2 . 48 0 . 30 

7 . Technolo6Y 33 2 . 50 0.32 

The selec t ion rule Rl dictat es t hnt the popula tion corres­

pondine to t he l argest samp l e mean , i. e, the populntion wi th 

l:l.be l 3 he asser t e d t o b the best popula.t i on . This impl i es 

that ar:lOnr- the stuG.ents who j oi ned Add i s Ababa Un 1 ver sity 

wi ttl the sar.:J. '~ r:ra j e point (lve r al"'e i n t he ESLeE , the students 

c f the faculty o f Medici ne have perform..:·j ~etter than the 

s tude nt s at other facult i es o r col l e?,es , Since he total 

sample s ize 

approx imate 

2 1 S = ­
n-k 

En .=304 is l arge , we can get r easonabl y good 
J 

solutions by estimat i n~ 0
2 by s2 Given hy 

For our da t a this becomes 
2 = 26 . ~58 = 

S 
o . 088,:1 08, 

29 7 

f rom which we get 3=0 . 29 73395 

Si nce the sample sizes are unequal, we mus t f i nd, the 

(l ver:tf,e sample size f rom the s quare mean root formula given 

by (2 . 5. 3.): 
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\,'e netd DC to make probabil ity s t atments 'trout the 

above select i on p r ocedure . Her e we ~re comparinG k=7 

facul ties/er llcees nnd have decided about the 'hest I f aculty / 

collc :";6 int ~rms (' f t he students pe rfo rmance . Wc will now 

determine the infimum of the probabi lity of correc t select -

i on (peS) . Let the prespecif i ed value o f 6* be 0. 10. In 

orde r to get t he inf imum of tbe pes fr om t a bles we fi r st 

de termine t c: 

6 -Iii ,= 0 = 2 . 08 78 76 9 
c - ' s 

Therefo r e frem t ab l e A-2 t he least rro~ability of correct 

selection that can be guar a nt eed i s 0 . 759 . 

ESTHJATIOn OF Tfil~ TnUE pes : I f we assume that we have no 

idea ~tout the va lue o f 6*, we hava by ( 2 . 5 . 4) of s e t i on 

2 . 5 . t ha t 

, ' ' 
62=0 . 27,5

3
=0.23 , 6.1=0.19, This r esu l t e d in °1=0 . ~ 5" 

, 
66=0 .1 .1 , and froM (2.5 . 5 .) the tj va lues a r c f ound to be 

~ l:::: 7 . 3C-3, ~ ?=5 . a37 , ~3= 4 . 802, ~ tl =3. 9671 ~5=3 . 3.11, ; 6.:2 . 923 . 
, 

To fi nd p. we use t abl e A- 2 and each of t h above t, v31u3S, 
J 

thi s lli yes r' l =1 P2=1 P3=O . 999 7 P.j=O. 9973 1'5=0.001 P6'O. 9796 . 

The r e f o r e oy (2 . 5 . 6), PL=0 . 968 . 

Te LT i Inor der t o compu te Pu we need t o compute ~ 
G 

We have T=J.663 r..nd this i nt urn r: i ves Pu =0 . 9971 . 

An intLrval estimat e of the t rue C3 is then 

0 . 968~PCS~0 . 997 
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To determina t he ppint estimate PE we use the cluster ing 

procedu r e by choos in~ tbe three cluster s s hown below: 

Clustcu Clus t e r size Cluster mean P
j 

(7.308, 5 . 637) 2 6. ·1725 1 

(4 . 802, 3 . 967) 2 4 .3815 0 . 9979 

(3. 341, 2 . 92 3) 2 3.1 32 0 . 982 

The over a ll point est i ma t e usi ng ( 2 . 5 . 8 ) is then PE~O .9799. 

Usinr Ki m' s (1986) procedure discussed in s ub-sec tion 

2 . 5 . 2 . • l et us now obtain a PO percent l ower confidence inter-

val fo r thotrue pes. So a:=.1 and we have 

From tables of s tandard normal d i s tribut i on we h~ve upper 

«/2 quantile to be Z. OS=1. 645 . This ~ ives t-Za;:/2 -2:06 7-

-1 . 645 = ·422 . Us ing this value o f t - 'lo:/ 2 a nd linear int r­

pol e. tie n in Ta ble C-l, g ive s !'J. ( t )=0 . 771 7 a nd ~h ( t )-1.09. 

Ente r ing tabl e A-l with f=1. 09 and using linear interpol at­

ion, we s ee that th e lowe r bound to the true pes, with 90 

percent confid e nce, is 0. 444 . 

Remark 3 . 1.1 : In our case . although the actunl value of 

t he common variance was unknown, yet we 

have t ake n the pool ed sampl e vari nnc as 

if it is the known popula tion vari ance 

(exploiting the consist ency of sample 

variance). The degr ees of f reedom of 

the sample variance a r e ~96, which is 

l ar ge enou~b f or the sampl e vnriance to 

be fairly clcs .::l to the ac tua l pCDulnticD 
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var i nnce "Nlth 1'\ high p rohnb1l1t y . 

In case , the sn~n l e s i zes a r e small, we c~nnot 

expl~i t co ns iste ncy of sampl e varlanc~ a nd we ni so 

kDQW that there doesnot exist ~ fixed sampl e s i ze 

prQc~dur .Q based o n indi ffereoce zone approach who sl;; 

in f ~mum o f the PCS i s independent of the unknown o . 

llowever , in s uch a case, the l ower confidence inter val 

bouno f or the true pes (that depends on a as well) can 

be determi ned . 

3 . 2 . PROBLE:~ ! I AND ITS EMP IRI CAL SOLUTION 

The prob l em i s t ocomrar e t he academi c pertor nee 

of 1;he fo llowing t hree g r oups of s t udent s who we r e 

admitt ed as Fr e s hma n i n 1975 B.C. 

Gr oup 1 : St udents who t ook ESLCE onl y 

in 1 9 74 E . C . 

Group 2: St uden t s who t ook ESLCE in any ODe year 

ot her than 1974 E .C. 

r oup 3: Students wbo t ook ESLCE i n t wo or mor b 

years . 

Fe r this pr obl em also . we shall use the proc~dur 

Rl jiscussed in section 2 .5 . of cbapt e r I I. Tbe follcw-

inr. resul t s have been obs er ved . 

Gr oup 

1 

2 

3 

~lliANS AND STANDARD DEVI ATI ONS OF CGPA 

Sampl e s i ze 

185 

27 

101 

31 3 

~ean of CGPA Standa rd devia tion 

2 . 86 0 . 31 

2 . 24 0 . 35 

2 . 09 0.21 
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fr~m this we r e t the poel ed s ample var i ance tc ~~ 
2 

S 2=~_ E(n. -1)Sj = 0 . 08151 
N. k J 

This eives a n estimate of the CommOD standard de vinti on 

t o be 

8 =0 . 2&55 521 

The se lec ti ~n rule Rl d i c t a t es that the popula ti on 

co rr~spond inF t o the l a r gest maan, i . e . gr oup 1 be 

ass e rt ed t o be t he best population . Since st uden ts 

who t ook ESLCE o nl y i n 1974 E . C . p r oduced a l a r ger 

me an we conc lude that those students who t ook ESLCE 

only in 197 1 E . C, hnve perfo rmed better than both the 

othe r groups of s t udents. This means that s tudents 

who d i d come to t he un iver s it y d irect l y from secondc. r y 

sc hools ar e performing bett er than the ot her s . 

The aver aee samnle s i ze no by , n . 5 . 1 . ) i s no""92J61~1. 

To d~termin e the i nf i mum of the pes l e t us take 0*:0. 10 . 

Inor 1er to Re t the infioum of t he pes we firs t de t e rQi oe 

t : c 

l =~*In = ~ . 3 674 53 c 0 
-S-

From t<ltlc 1\- 2 uy int e rpo l a tion, the l e£l.st res thnt C 'Ul be 

~U ~Tant ~ed is . 98 4 . 

Let us now de t ermine l ower conf i dence inter val t o r 

the true PCS . To fi nd the 100(1-~)' l owor conf idence 

hound f o r the true pes we use t he method of Kio ( 198f) , 

wh i c h w:!.s d iscussed in s ection 2 . 5 . of cbnptcr 11. 
We 

Let us choos e _= .1. 
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So Z a: /2= 1 . 61 5 a nd t-Z oc/ 2"",-'3 . 832 . 

Since t abl e C-l co::ttains value s o f ti 1 ) tor 

t - Zoc / 2 ~ 1 . 5 , we have npIlr oximated h(t) by t-Zor; (usinf" 

the l&~st uppe r boun d in ( 2 . 5 . 11) . This criv~s ~ll). t-Z • 
• 

9 .1 95 a nd 12 h(t)=13 . 0 app r oxi mately . We e nte r tahle 

A- 2 wi th r=13 a nd fin d tha t the 90 per cc;:nt l owe r confi .ience 

bo u nd f:)r the true PCS is 1.0 . Infact, tabl e A-2 f iv~s 

va lues of p* (l ower confidenc e bound i n this cnse ) tor 

T upto 5 . 0 . The val ue at r=5 is 0. 999. Since l ower 

confidence bound is inc r easine with t we have t aken t his 

to be un i ty . So we can conc lude thn t the true PCS is 

un ity with 90 pe rce nt confic!ence . 

Remark 3 . 2 .1 : The l ower confidence bound has come ou t 

to be unity i n vi ew of the fac tha t not 

o nly the r e is big differ ence be twe€n thv 

two l a r gest s amp l ,3 means, the va r i'lnce 

i s sQall a nd the sampl e s izes nr c a l so 

l arre t o make a correc t sel ec tion ifitb 

very hi" h pr obahility . 

3 . 3 . PROBLE'" II I AIID ITS EMPIRICAL SOLUTION 

Here the p r o blem i s t o jet e rrnine whi ch ESLC 

Examinations ~ re bette r pred i c t o rs o f s uccess 10 ~ 

pnr ticular colle~e/facul ty . ; ... bave r est r icted our 

the Faculties ot Science, stujy, in this case, onl y t o 

'.Iowover . such Q study SOCi a l Sc i ences n nd ·Teclmol~. 

c~o be carri ed over i n o the r f acul ties as we ll. 
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To fi nd a solutio n t o t .i:l ls :l!'obl em we ap'J l y tb" 

proc~jure R2 of se l e c t i ng t he pO:'ll l a tio D with the l a r !'" St 

corr : l ~t ion coe ffici e nt, which was di scussed in s~ct iOD 

2 . 6 . The c o r r e l at i o ns of ~rades o f t he indi vidual ES LC 

Exarr.i D~t ions with cumul a tive GPA. have been cal c ulated . 

The subj act wi t h the highes t corre lat i on with CGPA 1s 

cons jderec a s the s ub j ec t t hat pr edi c t s s uccess be t t e r 

t han the rema i ning s ubj e cts i n that parti cul ar college 

or f nculty . 

Th8 resu l ts ohser ved are t he fol l owing : 

CORRELATIONS OF ESLCE SUBJECT GRADES WITH UNI VERS I TY CCP~ 

Collepe jFac ulty Correl c t ion Coef f i c i eot 

o . ... ,Cl enC€ En S11ish r = 0 . 29 

Hathem$.ti cs r , 0 . 63 

Bi o l ogy r = 0. 28 

Chemis t r y r = 0 . 29 

Phys i cs r = 0. 18 

Hi story r = 0 . 11 

Geo~ :raphy r = 0.1 3 

Economi cs r , 0 . 17 

SOOi "1. 1 SCi e nce Engl i sh r = O. ' 7 

Mn.them:lt ics r = O. ?l 

Hi s t ory r = O. ~ 2 

Geor:r n."1t.y r = 0 . 50 

Economi cs r = 0 . 31 
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Col lc~e/Faculty .- Subjt.ct Correlati on C~- t tlclcnt 

Technn10';Y Ene-11sh r • 0.21 

~~atbematics r • O. :9 

Cheni str y r = 0 . 1 

Phys i cs r = O. ' 9 

~ i story r = 0.09 

Geor,raphy r = 0.03 

The select i o n rule R2 dictates that the popul nt ion cor res­

pondin~ t o the la r p:est sampl e corra lation coeffic i ent 

sha ll be ~sserted as the best population. 

Acc Qr din£"ly we can conc lude thnt - rade i n cm the-

maties is a t,etter p r ed i c t or of success in t he fnculty 

of schmce , F:eo~raphy in c011erre of s ocial sciences, 

and physics and /or IJa them?~t i cs in the fac ult y of techno­

l OGY . We want the pr obability of ~ cc rrect selection o f 

the most use ful pr edictor subj e c't to be a tleast p*=O.15 

whe n tbe true differ e nce 6=1' Ik/-P /k-l/ of correla t ion 

coefficie nts s a t i sfies 6>0* =0 .15 we enter table A-l with 

the values o f ' ~nd p* t o obta in a quant ity It · Th n D 

i s found t y subs tituti nr; 

into the expr ession 

, and th~ s~ecified 6* values 
t 

n=T~/ o *2 

Sinc8 the va lue of k is differ~nt f or differ ent 

facul t l es / cc lleS""es , the value s of the common s ample 

s izes used o ve r d i ffe r e nt facu l ti es / col l eGes is dif f erent. 

The sample sizes used a r e as given bel ow. 
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1 . Science 204 

2 . Soc i al Sc i e nce 152 

3 . Techno l ogy 172 

3 . 4 . PROBLEM IV AND ITS SOLUTION 

The pr obl em is t o de t e r mine how well the ~rad s 

in the vario us ESLC Examinations co rrela t e wit~l s ub-

sequent collGge grades in t he same subjec t and de t (: T-

mine the s ub j ect that ne"eds least i mproverr.ent i.n tbe 

ESLCE I:xamination . The tabl e bel ow shows tho sampl e 

correl ation coefficient s between the FSLCE grades and 

the (.rrades in the sallle subject taken in the universit y 

at t he Freshman l evel . Each corre l ation coef f i cient 

is based on 620 observations . 

CORRIL,\TION OF ESLCE GRADES \lI TH COllR5Spm:OItlC- fIHST 

YEAR UN I VE RSITY SUBJECT GRADES 

CC\ r r clat Lo n 
Coeffic ient Subject CollCfCfFacu1 t y 

English dll any r =0 .31 

1974 E.C. r ""0.1 7 

Mflthemr!t ics where taught any r -0 .33 

1974 r -0 . . 1!) 

Chemistry whe r e taught any r -0 . 51 

19L r "'0 .5: 

Phys i cs wher e t?.ueht any r _0.211 

197 r -0.29 

History where taw,;ht any r "'0.31 

197'f r -0.3 



Sub j8Ct Col l(me/}~acu l ty 
Year of C r r e l 'lUnD - -

ERLCF rn-.'ff it'1 . rt 

where t aU!~ht any r :.::O . ~ .. 

197·1 r =O . 37 

Econcmic3 whe r e t a uGht any r '=O . 19 

19 74 p =O . lS 

whe r e t ::lUght any r '=O, ~7 

1974 t "0 , 27 

TheS0 cor rel at ions d i ff e r from faculty t o f aculty . 

However , t!le a bcve r esu l t !'; a r t1 for t he who l e un i vo..! rsity , 

wi thout r a s t rict :! llg to a ny ec l l cge /fa cul t y as such . 

The sE) l e'.!tion r ule R2 di c t a t es t bat t he pOf/ul a tion 

corr~JB;,.:)[!d i n r: t o the l ar~;est sai'lljle correlation co-

effi ci'~nt s'1n.11 he asserte-! ').s the b~st porulat i on . 

We tttGr~f('ro c Gnclude th E'. t thE:! Chemi stry quest inn 

par'-'~ it t h f.: E~3LCE i s a r:ood M~aSUr(> of t he l eve l at 

kncwleC:::'E o f the s t ude nts an 'l S0 it needs l eas t imnrov~-

m~nt pr'r.g v~ :r ious ques tion ;-?~ers . 

Vie nave u sed n=G20 .... hse r 'lations to dctermio\;; v'\r 1~u3 

corr01at i -/n coeff ici~nts . Lt:t us ta l{ c t he pr es· ·eei!! .., ;! 

,ath T'-"'2. -139 a nd k=8 we e n t ar '!'nt-le A- 2 a nd usic!'1' 

i ntE;;r~_clc.t ion we ~et :--*=0 . 83Z . Thus the l <.; :,st pes tb~t 

can t.,::· fJuar~ nteed i s 0 . 832 . 

The need f o r a n e ffort t o im~rove the validity ot 

these subject mut t e r €'xami na ticns , i n mnst C'lses, is 

obvi ~us . We fcol t ha t these s utject matt er eorre~atlons 
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sh~u 11 be comput e d e ach vear, s o t hn t p ro~r8Ss in 

impr ovinr.· the ex nmi n:l. tions can to,:; ch~c l,:ed . I~ C':oo~ 

subj::::ct exami na tion s hould nu t have. a ve r y 1 ow corr .. -

l a t iern cueff i cie nt, say not less t hn.n 0 . 50 , whe n cn .. 

rrp l &.t.Jd with grade s i n the SUl'le. subj ec t in col l t .... e . 

al t hou3h t his de pends on how s i !D.il :'l. r the colleCu 

s ub ject matte r i s to th E: seconc~ry scbl'o l subjec t r.'1""tt e r. 

3 . 5 . PROBLEM V AND ITS SOLUTION 

ThG i::o r obl em i s t o cornt··ar e v'lrious fac ul ties or 

colleges tuwar ds f emal ~ educat i on a nd det~rmine !he 

f acul ty / col I e ge corre srond i n;:r t o t he l aTe-cst :~ro"'crt1on 

o f successf u l f emale s tudent s, s uccessf ul as scb~cul ec! 

i n the f our years of undc l'gr acu1'I.tc pr orrrun . 

I n "-,r Jer t o p r o v ide nn empirica l sol ut i on t ,~ thlG 

pr(lb~~em we ha ve u sed p r oc edure R3 o f s c: l ectlnr t bl;! 0 ~ 

bes t ;Jopu l 1.tiotl f or b i nomia l distr ibut i ons, which l''I.S 

d i scussed in s e ct i on 2 . 7 . o f t 'le rroc cd iD 'S ch ,\pt t r . , 
The :followin r>: r a s ul t s ha ve l;€; ... H:1 obser ved : 

~_ RTXON OF SUCCESSFUL FE!(.ALE STUDENTS 9Y COLLEGE/fl,CULTY 

Collej{e j Facul t y 

l. Languaeo s t ud i es 

? . Law 

3 . Medi c i n-= 

4 . Fh'\ r ma cy 

5 . Science 

6 . Social Scie nce s 

7 . Techno l OI-y 

Obse r ved Pr opor tion of Succes sts 

O. P6 

0 . 50 

0 . 61 

O. P,6 

0 . 2·' 

0 . 27 

0 .80 
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:\ccorct iu.~ t ) r ule i:!3 we assert th"'t the l'lO"'u l !ltioo 

that produ{'.Gc the l arcest pr oport i o n Fl f f.'m'le - - succcss~s 

is the be ~t porulat i o n . As we can s~e fro~ th above 

r €:s;;. l ts the p r c;:0rti \1 ns of f emales in the Institute of 

Lancu:tge StudiC1S and Schoo l of Phar macy hapf'~ned t o be 

the sme we theref o r e choo s e one of t hoc randomly nnd 

conclude th~t one of thGm i s t he ~ost tow~rJs f emal e 

educntion. If we prespeci fy P"' ''''O. 75 a n·] 0*= . 5 tb en 

n is found frCLIl FiGure D-l i n t he Appendix . The Fi r, ure 

has been t ~s:en f r om Gi boons , 01l{ i n and Sohel (197 7). 

The v:'\lue o f D. as de t e r mi ned us i nFl' thi s f i p:ure bas 

he en use(!. This va lue i s infac t 0=25 . 

3 . G. PROBLE!! VI ,':.:l;) ITS EI.l!'IRIChL SOLUTIOi' 

In this sect i o n we sha ll rrcv i~2 an em~ir1cQl 

solution t o the p r oblem o f de t e rmini ::l'3 the most porula r 

subj cct/de:~ 'lrtmellt alilonp; s tudents .i n tho Faculty of 

SC ience . Siac e the problem i s thnt of choos ing the 

Tlopul:tr nrea or f i e: l d of 5 tudy, we r!efinc the best 

a r en. to be t !::e v Ile for wh i c h t he median GPA on t he 

first ye ar ~x~il!ntion is hi eher than thnt for allY 

o ther are3.S . 'fie a r e r es tric t ine t o the cOlilOarisons 

in te r ms of m&j ian a nd no t any o t h&r quantilo mer e l y 

for wnnt of tt.~l es . For tbis we will f ? llow t he pr o-

d 2 8 Her e we have cornnr ed ce urI; discussed in section . . 

the s ix de;w.rtmen t s of the facult y of sc i e nce , i. e , k,.6 . 

Le t the s ")ec1fiec! valu;:;,s o f ")* .... nd ~. be n* =D. 7~ .:to • • 
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d*=O . 20 . The size of the sam!)l e we should take .from 

each lenartment i s n=23 . Th· h b 
.. 1.S a s ce n r ead from 

table B- 1 . The res ults observe d are as p, iven balow . 

'ClDIAN GPA OF STUDENTS BY DEPARTMEtlT 

Department Med i an GPA 

Bi o l o CY 2.00 

Chemistry 2 . 22 

Gao lo(!"y 1. 83 

Mathemat ics 2 . 00 

Phys ics 2 . 22 

St a t i s t ics 2.-1 2 

As we ca n see from the a bove table , Departme nt of 

Statist ics happened t o be t he c ne with t he lar r,est 

m0d ian GPii . So vie ass e r t with pr obabil ity atl east 0 . 75 

that t he De r.artment of Stati stics is most popular amone 

t he s t u 1ents in the Facul ty o f Science . 

3 . 7 . PROBLEM V} r MiD I TS EI'P IRI C,l L SOLUTI ON 

now we shall c ompare the academi c per for r.la nce o f 

students D.t var i ous fac ul ties of Addis Ababa Un i ve r sity. 

a nd ame ng t hose who e nt e red th~ va ri ous colleces/ fllculties 

with t he same GPA i n the ESLCE, t o se l ec t the subset 

tha t conta ins the facu l ty /co1 l e6e co r r espondinr to the 

bes t students perfo r manc e . We have applied tho method 

(procedure) d iscussed i n section 2 . 9 . Since the r ule ?S 

works on l y fo r equal sampl e sizes a nd liter ature, a t 

least l ':lca lly, is not avai l abl e f or unequal s::u:lple siz~s 

We have uSBd equal snnple siza . The r esul ts observed nr c! 
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as ~i ven bel ow . 

t"EANS AND STANDARD DFVIATIONS OF CGPA 

Col le,"'e LFacul t ~ Sam~ le s ize Hep. n of CGPA § tandn rd 
1c vi!ltion 

1. Ln l'l guaRe St udies 30 2 . 35 0 .27 

2 . L1?'.w 30 2 . ~5 0 . 33 

3. Med icine 30 2 . 65 0 . 36 

4 . Pharmacy 30 2 . 30 0 . 30 

5 . Science 30 2 . 39 0 . 33 

6 . Snci a l Sc i e nc e s 30 2 . 50 0 .33 

7. Technol o gy 30 2.5 J 0 . 35 

From tat-Ie A-l , wi th k=7 a nd p*=0 . 95 , we obt ain T
t
=3. 2117 

and t;is value o f T t i s in f a c t t he value o f d t o t:e 

used in r u le R5 . Us i ng t he va lues of d=3 , 2·J17 , 5=0 , 329 

i n place o f 0 a nd n=30 we [<:6t do=0 .1 9235 . So the sel ec t-
Tn 

i on rule RS becomes: 

CU b R . 
L~ -~ '5' I nc l ude fI i 0 =1 , 2 , ' , . k) i n t he se l ec t ed 

subse t if Xi~X 17 rO . 19235 

Thu3 the subset i nc ludes t hose f,opul ntions with sampl~ 

means smaller t han X/ 7 /=2 . 65 by atmos t S~-O . 1 9235 , 

that i s , with samp l e mean not l ess t han 2 , 5765. Thi s 

implies that the seh:c ted subset cons i s t s of t he pol!uht­

i o ns that correspond to t he sam~le means X/7/=2 . 65, 

X- _ ... 1':" d X- 2 50 HeDce v,o conc lude with pr "' bn 
16/-"~' an 15/ = " -

ility ~\t l east 95 per cent t ha t the Gr oup cons i s ting ot 

tha faculties o f Medicine, Tec!moloc;y a nd Social Sci ences 

cont2.1ns the best faculty i i1 ter ms of s tuden 5 
er t ormance. 
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S PROBLE:l VI II A!lD ITS EMP I RICAL SOLUTIO." 3 . . 

In this section we deal wit h t he pr oblem ot se lect­

iol"l' a subset that i ncludes al l faculti'E:s/cnl1eG'es with 

, p:ood' students perfor mance . We shall apil l y the me t hod 

of se l ect ing n. subse t tha t c ontai ns all ' ~OOC! ' Popul:ttions 

as discussed in section 2.1 0 . ?. nd use the r e su lts obtai ne 

in sect i o n 3.7. 

Let the !) re~·sepc i fied va lue s of p* a nd E be p*"'0 . 95 !lod 

E=O . lO. From Section 3 . 7 i t i s known that k=7, n::30 . 

The degrees o f f reedom of the s arnr l e var i ance ur e 

u=k( n-l )=203. So we may t ake the sa."!Ip l e variance 52 

? 
as if it l.S t he known population var i ance IJ~ . From 

tabl es we get q=1 . 17 . 

Accordine t o rule Re the population with sampl e 

- a menn >X - E -0-
- /k/ Iii 

'ill be i nc luded in the sel ec t ed 

subset . Here E+'12-= 0 . 1·,\ 7 . So the i th popul at i on will 

Iii 
be included in the selecte .:' subs e t if Xi ~X/krO . H7 :: 2.503. 

So we selec t the popu l at i ons t hat correspon,; to 1./6;",2.65 

nn.t X /6/=2 . 54. to be i nc l ude "! i n the selected subs et. 

Thus we conc l u ~ e , with pr obabili ty a tleest 0 . 95 , that 

the facult ies of Med ic i ne and Techno l ogy a re t he two 

'ljoo:i' f acult ies , i nt e rms o f s tu :.1ents perfor ma nce . 
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CHAPTER IV 

c o n CLUSIONS AND RECOMMENDATIONS 

We h ~ve 'llre a 4y trie d to e xpr ess s ome of our opin i ons 

anJ tent at i ve conc lusio ns about the r esults f ound in the 

study . We wou l d 1 i ke to sura them ur now . 

The ::;;r :t.:.e point ave r ae e in t he Ethi ooian School LenviuC" 

Cer tificate Exa mi natio n, wh il e it ma y be somewha t use ful 

as prec!ictor o f aca demi c s uccess .in a tleasl: some units of 

t he u nive r s ity, is har dly vali1 enough t o s t and alone aG 

t he s a l e c ri ter i c n for a dmi ss i ons t o the University. A1Ji tiOD-

a 1 cr i t e r i .9. , s u c h as the o nes has e::: on r; rades of inrlivi lual 

subj ect t ests, ye a r o f the Ethi op i an School Leavi np, Certifica t e 

Examinat i oi. a nd t he use of Sec0nd n.ry Sc hool rankin~ , must l.e 

develope::!. I t has h e e n s hown i n sec t ion 3. 2 . that s tudents 

who t ook ESLCE only i n 197 1 E . C. oer formed bette r than bo b 

the 9 thc r c r ')up s o f s tude nts, n~llely, t hos e who t ook ESLCE 

i n any o r. ~ year o t he r tha n 197·1 E. C. a nd those who t ook 

ESLCE i n two o r mor e ye ars . Thi s s he ws t he i mportance of 

,. s shown whi ch ESLCE year of ESLCE . As l o in sect i on 3 . 3. it 

i s a better ,:-- rec! ictor o f success in a pa rticular Co11eCl9/ 

F 1 . " . the "e" t pr eJ i ct or ac u ty . Fo r e xampl e, mathematlcs .;€ lng I ' S 

f d i n m'l t ht'Clnt i cS o success 1n t he Facult y of Scien c~ , the i ra.es 

i n addition t o the min imum r rnde po i n t ave r :J. ,:e r e'1uire:l oust 

be l ooke d in t o t o p l ace stude nt s in the fneul t y of s c i ence 

or a mod ifi~d way o f calcul nt1n~ [ r ade r o i nt 3vernr es mus t 

be develope :1 suc h a s f t be sutj ect (s) 
t wi ce eo unt inR t he Grades 0 
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that best pr edi cts success in the facul ty and then take 

t he average . The present pract ice 1s to calcul at e gr ade 

po i nt ave r a g e by s imp ly lookinG into the r r ades of English, 

Ma t hematics and a ny othe r t hree best gr ades . This occasion­

al l y l eads t o unde s irable admissions in various faculties. 

For exampl e , a s tudent with his ind ividual subj ect erades 

A in Amhari c I A i n EDf, lish, A in Fr e nch, A. in History anc! 

F in Mathe ma tics may get admitted t o the Faculty of Science 

wi th a hig h GPA (inf a ce with GPA 3.2 ). Such a s tude nt might 

have got l ow Gr ades in various science subjects like THc~ogy, 

Phys i cs J Chemi stry, or even worse, he might no t have eve 

taken these: s c i ence s ubjects in his ESLCE . Such a student 

will infact be s ooner t han later dismissed due to poor 

academi c pe rfo r mance . But if he :is pl acec to some o ther 

facul t y he mi ght b e s ucce ssful. 

I n sect i o n 3 . 4 . the cor re lations of ESLCE gr ades with 

corresponding first year Univer sity s ubject r rades ar e deter­

minerl. The one s with hie-h correlation coefficient must be 

taken as good measure of the leve l o f knowledge of the 

students a nG. the sub jects with l ow corre l at i on coeff icients 

need an imp r o vement a t the ESLCE l e ve l. For examol e, the 

Chemistry questio n paper in the ESLCE needs least impr o
vD

-

me t So the validity of the n amonr vario us question ~apers . 

EthiOPian Schoo l Leavin~ Certif i cate Examinations must be 

j t examinatioD. 
strenr. th c ne1 by improving the individua l sub ec 
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In sect i on 3 .1 . it is s hown t hat ther e is a rtiffer ence 

between the perfo rmance of students, wit h the same GPA, o f 

differe nt faculties . Thus, allowances must be made fo r e iU 

er enc es among the faculties and colleges of the University, 

both as to the r e l iance plac~on the f, rade point ave r aGe 

in the Ethiop i an Schoo l Leaving Certificate Examination as 

admission crite ria, and as to the standard required for 

admi ss i on t o e ach particular college or faculty. 

Some a d justment s hou l d be r.lade f or the Ethiopian School 

Leavin r> Ce rtificate Bxamin nt i on r:r a1es acquired in two or 

more different years, since it i s c l ear froi.l the analysis 

of section 3 . 2 . that these gr ades a r e not comparahle t o 

those obtained in a singl e year. Ther e it is shown that 

students who teok ESLCE in two or mor e years had performed 

les s than those wbo t ook ESLCE in a s ingl e year . 

The c omp a riso n o f theperformance o f female s tudent s at 

various faculties was carri ed out in sect i on 3 .5. It was 

only based o n (JDe characteristic, namely the probability o f 

success . To l ook fo r more gene r al aspects would l ead t o a 

multivariat e situation . Mo r eover , a t some faculties it was 

f ound that the p ropor tion of successful females is very l ew 

as compared t o the others, the pr oportion of s uccessful 

f 1 S · e and . 27 in the ema es heing .24 in th e Facult y of ,C l ene 

C 11 ld b due t o some o the r 
o eGe of Sccial Sciences . This cou~. ~e 

r easo ns . F:>r exarr.ple, some have heen mis laced 
students might . 

in Cll· ff e r e t f It· du e to poor se l ection c ri terion . n a cu l es 

, . 
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The se r ecommendations for br oadening and impr ovin:-
> 

the unive r s ity se l ection c r t t e r ia a nd changing the admiss­

i on s t 3.odar d must be i nt e r pr e t ed as a n attempt t o upgrade 

the st a ndar ds o f the unive rsity . It i s hoped t hat t hroueh 

be t ter sel ectio n tec hniques we can a dmit students who ar e 

mor e abl e than some that we have now, but who have been 

ex.cluded by the poor se l ection t e chniques used heretofore. 

A fi xed standar d hase d o n a var i able , inaccurate and 

onl y s emi-val i d measurinr inst r ument should be avoide d. The 

best ho pe f o r upho l d in G a nd improvi ng the s tandards of the 

un i ve r s i ty in our admiss i on i s t o deve l op new and mo r e valid 

c r i t e r ia ( may be di fferent c ri t e ri p" f or different faculties) 

fo r choosing the bes t candidates , 

Pl aceme n t in the differ e nt department s of the university 

must a l so be tlased on the student I s s tre nz th in ind1vlc.u'l i 

subj ect s. Al locatinr st udents t o vari ous depa rtments based 

on the ir GPA a l o ne mu s t be a vo i ded . t~ost students with 

hi r,he r GFl-\ , who are r- ive n the ir f irst choice, ar e choosio r" 

a r eas by mere l y l oo k in£,: i nto the j ob (;oppor tunitieS nod 

fu tur e p r os pects but not by l ooking into t heir ta l ents . 

GoO{! ori e nt a t ion i s nee de d to avo id t his pr obl em. The 

Authorities c o nce rned must no t just f ollow stude nts pr e-

f . t l e nt s .,s well . e r e nces . They shoul d look f o r the1r a -
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Table A. 1 
Values o f reor ) for fixed P (or p' ) 

• P (or P ) 
K . 7"fJ .200 • 2"fJ ·222 ·990 · 99~ 
2 0 . 9539 1 . 8124 2 . 7718 3. 2900 3. 2CJ()O 4. 3702 
3 1 . 433 2 . 2302 2.7101 3.1284 3. 6173 4. 6450 
4 1 . 6822 2 . 4516 2.9162 3. 2220 3.7970 4. 7987 
5 1 . 8463 2 . 5997 3.·0552 3. 4532 3.9196 4. CJ()48 

6 1 . 9674 2 . 7100 3. 1591 3. 5517 4.0121 4. 9855 
7 2 . 0626 2 . 7972 3. 2417 3. 6303 4. 0860 5. 050" 
8 2 . 1407 2 . 8691 3. 3099 3. 6953 4. 1475 5. 1 
9 2 . 2067 2 .9301 3. 3679 3. 7":fJ7 4. 1999 5. 1511 

10 2 . 2637 2 .9829 3.4182 3. 7989 4. 2456 5. 1916 
15 2 . 4678 3. 1734 3.6004 3.9738 4. 4121 5. 3407 
20 2 . 6009 3. 2986 3. 7207 4. 0899 4. 5230 5. 9 
25 2 . 6987 3. 3911 3.8099 4.1761 4. 6057 5. 5161 
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Table A. 2 

Values of P (or P ' ) for fixed .' (or ,) 

K 0.0 0 . 2 0 . 4 0 . 6 0 . 8 1. 0 1. 2 1.4 1.6 1.82 .0 2.2 2." 

2 . 500 . 556 . 611 . 664 . 714 .760. 802 . 839 .871 .898.921 .940 .955 
3 . 333 . 391 . 452 . . 513 . 574 . 634.690 .742 .789 .830.866 .896 .921 
4 .250 . 304 . 363 . 425 . 488 . 552 . 614 . 674 . 729 .779 .823 .861 .893 
5 . 200 . 250 .305 . 365 . 429 . 494.559 . 622 .682 .738.788 .832 .869 

6.1167 . 212 . 264 . 322 . 384 . 449 . 516 . 581 .645 .704.758 .807 .8US 
7 . 143 .185 . 234 . 289 . 350 . 414. 481 . 548 . 61 3 .676 .733 .785 .830 
8 .125 . 164 . 210 . 263 .322 .385. 452 · . 520 .587 .651 .71 1 .766 .814 
9 .111 .148 .191 . 242 .299 . 361.427 .495 . 563 .629 .691 . 7US .799 

10 .100 . 134 . 176 .224 . 280 . 341 . 406 . 474 . 543 . . 610 .674 .732 . • 785 
15 . . 067 . 093 . 126 . 167 . 215 . 271 . 332 . 398 . 467 .537.606 .671 .731 
20 .050 . 072 . 100 . 135 . 178 . 228.286 . 349 . 417 .488. 558 .626 .691 
25 .040 . . 058 . 083 . 114 . 153 . 200 . 254 . 315 . 381 . • 451. 522 . 592.659 
50 .020 •. Q42 . 064 . 086 .108 . 130 . 172 . . 223 . 282 .347 .416 .488 . 560 

Table A.2 (Continued) 

~ 

K 2. 6 2. 8 3. 0 3. 2 3.4 3. 6 3. 8 4.0 4. 2 4.4 4.6 4.8 5.0 

23 ' .' 994571 . 976 . 983 .988 . 992 . 995 . 996 . 998 . 999 . 999998 . 999999 ;~~ .~ 
. 957 · . 969 . 978 . 985 . 990 . 993.996 . 997 ' 997 ' 998 :99 :999 

4 . 919 .940 . 956 . 969 . 978 . 985 .990. 993 ' §§~ ' 90 ' 998 999 .999 
5 .900 . 925 . 945 .961 . 972 . 981 . 987 . 992 • . .' . 

6
7 

. 8883 . 912 . 935 . <; 53 . 967 . 977 . 985· 990 . C
9
,9
9
3
2 

. 9
99
' 65 . ~~~ .~~ :~ 

8 • 69 . 900 . 926 . 946 . 962 . 974 . 982 . 988 • ' 994 ' 996 ' 998 .999 
9 .855 . 890 . 918 .940 . 957 . 970 . 980 . 986 . . 991 ' 994 ' 996 ' 99 .999 

.843 . 880 . 910 . 934 . 953 . 967 . 977.985 .990· • . 

~~ ' 7831 . 870 .902 . 928 .948 . 964 . 975.983 ' 9988~ ' 99990
3 ' §~ ·rJ :~ 

20 . 85 .832 . 871 . 904 . 930 . 950 . 965. 976 ' 980 '987 :992 :995 .99? 
25 . ~50 . 802 . 847 . 884 . 915 .938 . 957.970 ' 976 ' 984 990 .994 .996 
50 : 6~6 :m J~~ : ~~~ :§~; :~~~ : §~6 : ~~S : 961 : 974 :983 . 969 .993 

-~~~~~~~-----
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Table B. 1 
K,6 

p' 
d' . 750 . 900 . 950 . 975 . 990 

05 387 733 997 1259 1607 
10 97 183 249 313 401 
15 43 81 109 139 177 
20 23 45 61 77 99 



- 57_ 

'rahle C .. 1 

Values of h . (t)for a = 10 

t - t'~'i v) 

v . 05 . 10 . 15 . 20 . 25 . 30 . 35 . 40 . 45 . 50 

5 . 224 . 318 . 392 . 455 . 512 . 564 ;G13 .660 .704 .747 
6 . 228 . 324 . 400 . 464 . 522 . 576 . 626 . 674 .720 .765 
7 . 231 .329 . 40 5 . 471 . 530 . 584 . 636 . 685 . 732 .777 
8 . 233 . 332 . 409 .475 . 535 . 591 . 643 .693 .740 .787 
9 . 235 . 334 . 412 .479 .540 . 596 . 648 . 699 .747 .79" 

10 . 236 . 336 . 415 .482 . 543 . 599 . 653 .704 . 753 . 800 
11 . 237 . 338 . 41 7 .485 . 546 . 603 . 656 . 708 . 757 .805 
12 . 238 . 339 . 418 . 487 . 548 . 605 .659 . 711 . 761 .809 
13 . 239 · 340 . 420 . 488 . 550 . 608 . 662 .714 . 764 .813 
14 . 240 .341 . 421 . 490 . 552 . 610 . 664 . 716 .767 . 316 

15 . 240 . 342 . 422 . 491 . 553 . 611 . 666 . 718 .769 .818 
16 . 241 . 343 . 423 . 492 . 555 . 613 . 668 . 720 . 771 .820 
17 . 241 .343 . 424 . 493 . 556 . 614 . 669 .722 .773 .823 
18 . 242 . 344 . 424 .494 . 557 . 615 . 670 . 723 . 774 .82" 
19 . 242 . 3"5 . 425 .495 . 558 . 616 . 671 . 725 . 776 .826 

20 . 242 · 345 . 426 . 495 . 558 . 617 . 673 . 726 . 7~~ .827 
30 . 244 . 348 . 429 . 500 . 563 . 623 . 679 . 733 .7 .837 
50 . 246 . 351 . 433 . 504 .569 . 629 . 686 . 741 .794 . 8"6 

120 . 247 .352 . 1J-35- . 506 . 571 . 632 . 689 . 744 . ~~ .851 

• 248 .354 . 436 . 508 . 574 . 635 .693 . 748 . .856 
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Table C.'1 

Values of h ,,(t) for "'= ,. 10 

v . 60 .70 . 80 . 90 1 . 0 1.1 1 . 2 1. 3 1 . 4 1. 5 

5 .830 
6 . 8 50 
7 .865 
8 .876 
9 . 885 

10 .892 
11 . 898 
12 . 90 3 
13 .907 
14 . 911 

15 • S14 
16 . 917 
17 . 91 9 
18 . 921 
19 . 923 

20 . 925 
30 . 936 
60 . ,)48 

120 . 954 
.959 

. 908 . 984 1.058 1 . 13'1 1 . 202 1 . 272 1. 342 1 . 410 1. 479 

.9321 . 011 1.0891 . 165 1 . 240 1 . 3141 . 3871 . 460 1. 532 

.9491 . 031 1 . 111 1 . 190 1.2681.3451.4211 . 4971 . 572 

. 9621 . 046 1 . 128 1 . 209 1.2891.3691.4481.5261 . 604 

. 9721.0581 . 1421.225 1.3071 . 3881.4691 . 549 1. 629 

. 981 1.0681.1531.237 1 . 3211 . 4041 . 4861 . 568 1. 650 

. 9881.0761.1621 . 248 1 .333 1 . 4171.5011 . 584 1. 667 

. 9941 . 0831.1 701 . 257 1 . 3431 . 4281 .5131 . 5981 . 682 

.9991.0881 . 1771 . 264 1 .3511 . 4381 . 5241 . 6091 . 69" 
1 . 0031 . 0931 . 1831 . 271 1 . 3591.4461 . 533 1 •619 1. 705 

1 . 0071 . 0981 . 1881 . 277 1 . 3651 . 453 1. 5411 .6281 . 715 
1 . 0101.1021 . 1921 .192 1 . 3711.460 1.548 1 . 636 1 .724 
1.0131 . 1051 . 1961 . 286 1 . 3761 . 4651 . 554 1 . 643 1.731 
1 . 0151 . 1081.2001 . 290 1.3811 . 4701.560 1. 649 ' .738 
1 . 0181.11 1 1.2031 . 294 1 . 3851.4751.5651 . 6551 .74J. 

1 . 0201.1131 . 2061 . 297 1 .388 1 . 479 1 . 5701 •660 1. 750 
1.0 331 . 1291.2241 . 319 1 . 413 1 .506 1 . 600 1 . 693 1. 786 
1 . 0471 . 1461 . 243 1 .340 1 . 4371.5341 . 6311 . 7271 .824 
1 054 1 154 1 253 1 352 1 . 450 1.549 1 ,647 1. 745 1•843 

• • • . ' 1 . 463 1 . 5631 . 6631 . 7631 .863 
1 . 061 1 . 162 1.263 1 . 363 
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