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AESTRACT

The statistical methodology of ranking and selecting
procedures has been investigated. Some of the procedures
considered are parametric in nature while some others are
non-parametric procedures. These procedures have then been
applied to problems concerning educational performance of
students at Addis Ababa University.

Some of the problems considered are the following:

I. Compare students academic performance (with the same
grade point average in the Ethiopian School Leaving
Certificate Examination (ESLCE) and thereby determine
the faculty/collere that corresponds to the best

students performance.

II. Compare the academic performance of three groups of

students admitted to Addis Ababa University in 1975 E.C.

Group 1: Students who took ESLCE only in 1974 E,C.

Group 2: Students who took ESLCE in any one year
other than 1974 E.C.

Group 3: Students who took ESLCE in two or more

years.

III. Determine which ESLCE is a better predictor of success

in a college/faculty.

The relevant primary data collected {rom the records

available with the Registrar's Office at Addis Ababa
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University have been used to give empirical solutions

to the prchlems. The statistical answers to the ranking

and selection problems are piven in such a way that the
probability of making a correct selection (PCS) is controlled.

Based on the computed results, conclusions and important re-

commendations are made.




CEAPTER I

INTRODUCTTION

1.1, General

There has bden marked and steady growth in the
literature on higher education in recent years. In-
dividuzls, Colleges and Universitics, educational
systems and organizations, foundations, and federal,
state, and local political units are seeking answers
to the varied and urgent problems of higher education
in contemporary society. Such demands could produce
significant research and grent theoretical formulations,
but significant research in education is rare,.

Many Statistical Problems donot fit naturally
into the classical mold of testipng hynothesis or esti-
mation, but should instesd be treated as multiple
decision problems. In this rerort a study of some
Ranking and Selection Procedures and their applications
to the Educational (Academic) Performance of Students
at Addis Ababa University is carried out.

In Ethiopia at prcesent, the grade point averages
(GPLA) of the Ethiopian Schocl Leaving Certificate
Exzamination (E.S.L.C,E.) are being used ns the chief
criteria for admission to universities and colleges.
However the validity of placing students based on their
GPA in the ESLCE alone as predictor of academic success

in the university has not been thoroughly studied.
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GPA in the ESLCE is calculntad by sirply looking into
the grades of English, Mathematics and any other three
best grades.

In this studv a statistical analysis of the TSLCE
GPA, Year of ESLC Examination, and individual ESLC
Examination grades as predictors of academic success in
several faculties and colleges of Addis Ababa University
has been carried out. The academic performance of
students at their undergraduate studies has also been
analysed. I

The main objective of this paper is to introduce
the idea of ranking and selection procedures, a method-
ology which many of our statisticians arec not aware of,
and show its applications on finding solutions to
problems that may not be answered by the classical staot-
istical procedures. Since education for the professicns
involves achicvement of skills, acaquisition of knowledge,
development of attitudes, and synthesis of these into an
integrated performance, scholars in this field in colla-
boration with statisticians tend to be concerned with the
design of new techniques and the testing of old ones. Ve
need new approaches to research in education.

The analysis is based on the group of students who
entered Addis Ababa University in 1975 E.C,. Students
who dropped out before 1970 F were discarded from
this analysis, The analysis provides some basis for
estimating the utility of FSLC examination grades and
GPA in the ESLCE for forcasting university achisve-

ment at Addis Ababa University. If these are worthwhile



indicators o~ university achievement, then thev might
be used to select Treshman Candidates. This is simply
an attempt to see how the vear of ELSLC examinations,
the results of individual subjiects, and CPA in the
ESLCE alone or a combination of these predict achieve-
ment in ~ particular college/facultv of Addis Ababa
University.

Institutions with similar aims and with student
bodies of compzrable ability but with different value
orientations cannot renlize their =ims in the same way.
When applications for admission exceed admission quotas,
many universities have used a combination of test scores
and secendary school GPA to determine which apnlicant
to select. Consideration of scores and grades together
rredicts = candidates college success better than either
Scores or grades alone. Ecores and prades are then
combined in a formula that provides the admissions
office with a basis for estimating the likelihood that
the candidate will succeed in college if he is admitt-
ed. Trom the over supply of applicants, those with
the higher chances for success are admitted.

In Ethiopia at present, the condition of the grade
record keeping systems among the manvy secondary schools
is thought to be of uneven quality. So secondary school
grades mny be unreliable in some instances. BRut the ESLC
Examination certninly must be regarded as a measure of
secondary school achievement. Research is needed to learn,
whether individual subject test grades nnd year of ESLCE

besides GPA in the ESLCE forecasts university success



in a particular faculty better than does CPA in the ESLCE
alone.

The criteriz of University Success, the standnrd
against which different types of preadmission variables
are used should be evalunted. Those resnonsible for
defining selection policy naturally want to choose the
best students, those who are likely to be better college
students than those not selected. In most cases the
earned degree hss been taken as the true measure of a
college students success.

The report nlso presents an analysis of the validity
of the Ethiopian School Leaving Certificate Examinations,
In this study we have used data from the Faculty of
Science, Faculty of Technologv, Collere of Social Sciences,
School of Pharmacy, Institute of Language Studies, Faculty

of Law and Faculty of Medicine.

1.2. PROBLEMS CONSIDERED IN THE ANALYCIS

Problem I: Compare studentse academic performance
(with the same grade point average in the
Ethiopian School Leaving Certificate Exam-
ination and thereby determine the Paculty/
College that corresponds to the best student's
performance,

Problem II: Compare the academic performance of three

groups of students admitted to Addis Ababa



Problem IIT:

Problem V:

1r.

Problem IV

University in 1675 E.C., namely,
i) Students who took Ethiopian School
Leavirg Certificate Examination cnly

in 19?" L'.C.

ii) Students who took the Ethionian School
Leaving Certificate Examination in any

onc year other than 1974 E.C.

1ii) Students who took the Ethiopian School

Leaving Certificate Examinations in two

or more vyears.

Vhich Ethiopian School Leaving Certificate
Examination is a better Predictor of

Success in a College/Faculty?

Determine the degree of Correlation between
the Ethiopian School Leaving Certificate
Examination grades and grades on the same
subject taken in the university and thereby
determine the subjiect which has highest
correlation and need least imnrovement in
the Ethiopinn School Leaving Certificate

Examination.

Compare various Faculties/Colleges towards
female education rnd determine the one
with the highest probability of success

among females,



Problem VI:

Problcem VII:

Problem VIII:

Determine the most popular subject or depert
ment among hright students in a2 particular

College/ Faculty, in Science Paculty, say.

Compare the academic performance of studeats

at various PMaculties/Colleges who entered

the various Faculties/Colleges with the same
grade point average in the Ethiopian School
Leaving Certificate Examination, to determine

a subset of faculties that contains the faculty

that corresponds to the best student's performance.

To select a subset of Faculties/Colleges that

contains all "good" faculties.

Results/solutions of thzce nroblems will definitely help

us to revise the university a2dmission criteria and also to

improve the Ethiopian School Lezaving Certificate Examinations,

Moreover, we will be =z2ble to frame our policies to improve

the education level of females,

The present report is divided into four chapters, includ-

ing chapter I, an introduction. 1In chapter II the methodology

of rankiang and selection problems is introduced and some such

selection procedures are discussed as are relevant to the

rroblems raised above in the present chapter. These procedures

are then applied to the data collected on Addis Ababa University

students who were admitted in the undergraduate program in

1975 E.C. and completed their four years education in this

programme as scheduled in the academic year 1978 E.C..
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CHAPTER II

METHODS USED IN THE STUDY

INTRODUCTICN

In this chapter we introduce the methodology of
ranking and selection problems and study some of the
available ranking and selection procedures. These
procedures will then be used to the data collected on
the students of Addis Ababa University, which shall
form parts of chapter III.

Ranking and selection procedures are modern stat-
istical techniques for comparing two or more vopulations.
These selection procedures are designed specifically to
identify the 'best' single population, or the best sub-
set of populations, or some subset that contains the
best pcpulation, or the like, Ve will assume that the
populations are not all the same and can be ordered in
some meaninegful way.

Ranking and selection procedures answer questions
that are raised in many investigations but seldom
answered by the more traditional methods of analysis.
Infact the statistical answer to rankine and sclection
problems must be given in such a way that the probabili-
ty of a correct selection is controlled. Beforec we get
into specific ranking and selection procedures we have
included a brief discussion of the classical procedures.

This is because the classical procedures for comparing




k pepulations are familiar to most persons acquainted
with slementary statistic2l rethods and thes. procedures
are based on the same kind of data, it will be possitle
for us to point out the similaritivcs and/or differences
between the two types of procedures (techniques).

Ir the frame-work of testing hypeothesis, the class-
ical procedure attempts tc determine whether X para-
meters all have a common value. Each of the parameters
represents the same type of descripticn, attribute cor
response for all populations, but the populations may
differ. TFor example, if we want tc compare the academic
performance of students at k different Colleges/Foculties,

nd if performance is measured by some parameter Bj for

L
th College/Faculty, the classical »rocedurs pernmits

tha 'j
us te decide abcut the following null hypothesis, some-

times called the homogeneity hynothesis.

1=%=- .. =%

The laternative hypothesis is that the 0 values are
uneoqual for atleast one pair of Collepes/Faculties,

If a test of homosencity is the desired goal of an
investigation or experiment, =lternative methods cof
statistical analysis are not needed. However, there
are many practical situations in which other kinds of
information or other roals are of interest. For example,
suppose that the null hypothesis of homogeneity is

rejected. The investigatcr may want:




2) to determine which perulations differ from which
others, and in what directicn: or
b) to sec which population(s) can be considered 'best'

in sore well-defined sense ol the term best.

Methods of rultiple comparisons may provide informat-
ion that are relevant for both cases, but as far as case
(b) is considerazd ranking and selection nrocedures are
more approprizte. One must not take the above to mean
thzt ranking and selection procedures are simply addition-
al answer tc the rroblem of what +o d2 next when the null
hypothesis of homogeneity is rejected. Yhenever an invest-
igator wants tc select the one bést population, say, a
test of homogeneity of all k populations is not pertinent
to the primary problem of the investigator,

How we will list down some among many different gonls
0f ranking and selection procedures and then discuss the
two approaches of rankine and sélection before we get
into specific procedurcs of ranking and selection which

are applied to our nroblems.

POSS1BLE GOALS OF RANKING AND SELECTION

1. Selecting the one best nopulaticn

“. Selecting 2 random number of populations such
that all populations better than a control
populaticn or a standard are included in the

selected subset.

3. Belecting the t best populations for t »2,



2) in an ordered manner

b) in an unordered manner

4. Selecting a random number of pcpulations,
say r, that includes the t best populations.

5. Selecting a fixed number of populations, say
r, that includes the t best populations.

6. Ordering 211 the k populations from best to
worst (or vice versa).

7. Ordering a fixed size subset of the populations

from best to worst (or vice versa).

In literature selection procedures are available
to provide solutions to the problems of achieving these
and many other roals. The available procedures are both
for the parametric as well as for the non-parametric
families of probability distributions. However we shall

study conly some of these,

INDIFFERENCE ZONE APPROACKH

In the problem of selecting the best of k populat-
ions, a natural rule is to select the population corres-
ponding to the largest (or at times even the smallest)
sample value of an appropriate statistic. It is best
to start our discussion with a simple instance of the
application of the so-called indifference zone approach
to the prchblem of ranking and selection.

Consider independent observations xij from each

of k populations with cdf's G(X—ei) (= 3,8, .8
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J=1,2,...0). The experimenter wishes to sclect the
'best' population associnted with the largest para-
meter Fi. For this purpose, we chonse an appropnriate
statistiec fi= ?(Xil, Xi?,.., xin) with cdf Fn (y—Gi)
and use the natural selection rule that selects the
population corresponding to the larpest Yi as the best.
It is for this probliem, that Bechhofer (19254) while
dealing with normal distributions, introduced the in-
difference zone approach in which we determine the
sample size n, prior to the experiment, to control the

probability of a correct selection (PCS)

PCS = e B '
M 9 - R S ©,5/) dF (V) 2.3.1)

Where 0

I A

"‘EO/k/ are the ordered values of

/117 = %2
the @i S. Any selection of the population that leads
to achieving the coal ig called 2 correct selection,
In controlling the PCS we need tc specify a prefer-

eénce zone where the largest twe narameters @/k/ and

G/k—l/ are apart.
According to Bechhofer we have the fellowing :

Assume that two constants p* (} <P* <1) and 6% (§%*>0)
k L -

are specified by the experimenter. What is then needed
is a statistical procedure for achicving the fcllowing

g£oal.
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Goal: Select = population and assert that it is
the best with the cuarantee thot

P(m, )y is selected) >P* whenever 0, =0, .. ¢*

lere H(i) is the population with parameter value 0/1/,1 = 1,
<55 ieid 1 5* is t¢ be thought cf as an indifference or
tolerance constant with the understanding that the experi-
menter is indifferent as to the selection if 9/k-1/ lies

*
within § of © v
/k/

The subset sz'

vectors O = (91, s by ek) consisting of those © vectors

of the parametric space, 2, of

- *
whEn e/k/ 0/k~1/ > ¢ 1is referred to as the preference

zone, and its complement being the indifference zone.
The constant P¥* reflects the probability ruarantce the
experimenter demands. He weuld like to be atleast
100P*% sure having selected (the best population)
correctly whenever € lies in the preference zone. A
selection proceudre achieves the above goal if and only
only if

Inf P (I is selected) » P¥ (R385 2)

(k)
Ceq_.,
Pa

By replacing tae true parameteric configpuration with the

corresponding slipprge confipuration (9/1/ = 0/2,

*
v =0 = 0 +6 1 i Y
[k-1)" Blk; Jk-1/ ) defined by its second
best population, under some assumptions on the statistics,
one can obtain the inequality

pcs > f7 Fk=1 (y + §*) dr(y) (2.3.3)



iy
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In all the above explanations one must not think

that our pgonrl is to estimate the value of © nor to

/k/’
make a decision about the valuc of Q/“/' Our aim is
only to select the population whose € valuz is equal
to G/k/. fence an error can occur only if the selec-
tion is not correct. The counterpart of the power of
A test in a classical test of any null hypothesis is
the prcobability of making a eorrect selection when
@/k/ >@/k_1/, and this probability provides an indica-
tion c? the performance of the rankine and selection

procedure for the particular modecl assumed and the

sample size used,

SUBSET SELECTION APPROACK

There is an alternative approach also available in
the literature. This is the so called subset selection
approach of Gupta (1956, 1865). 1In this anproach, we
select a2 random number of povulations so as to uarantee
that the selected subsct contains the best population(s)
with preassigned hirh probability. Moreover, in this
approach there is no indifference zone involved and the
selection rules are applicable on the entire parametric
Space. In case we restrict to the case of single hest

populaticon, the poal with this approach is:

Goal: To select a subsct, of the riven k populat-
ions, that contnins the bhest population
with probabilitv not less than a2 preassi-

x>
fned number P (lk <DP*<1).

’




In order to achieve the proal, we determine the values
of some reasonable statistic for the independent samples
and the populations which correspond tc the observed stat-
istics having values 'near' the larrest (or at times smallest
statistic are then included in the selected subset. Such
procedures are given in sections 2.2 and 2.10 where in we

specifically deal with normal populstions,

Remark 2.4.1. The following points clearly bring out the
difference between the above two approaches to

the ranking & selection problems.

Indifference Zone Approach Subset Selection Approach

The parametric space is divided 1. Nc indifference zone is

into two parts, namely, the brought to bear and the
nreference zone & the indiffer- PCS is controlled over the
ence zong¢, The PCS is controll- entire parametric space.

ed only on the preference zone
and experimenter remains in-
different to selection on the

other zone,

The sample size is determined 2. One works with the datsa
prior to experimentation so as already collected and the
to control the PCS, PCSE is infact controlled

by the size of the selected

subset.
Number of populations to be 3. The number of populations
selected is a constant and is which one would actually

known in adwvance. sclect is a random variable.




One claims to hawve selected 4. One selects not only the
the best population(s). best but also all those
populations which seem to by

'near' the best.

The least favourable con- 9. The least favourable con-
figuration comes out to be firuration is

the slippage confipuration 9;1 R A =°¥},

3 /

1 Vi ol e

We shrll next discuss Some specific ranking and selection
brocedures which would then be used to the data on studants
performance of Addis Ababa University. Some of the procedures
nréfhurmnl distributions and while using these to our data,
in chapter I1II, we have assumed the GpP2 to be normally dis-

tributed. This assumntion of normality seems reasonable in

view of the following facts:

i) Most Iastruct .ors arc trading students on
the basis of normal distribution.

ii) Since the sample sizes used are larre it is
reasonable to assume normality by the central
limit theorem,

iii) Inm independent studies of the distribution of
GPA's for previous vears it has been found that

the GPA's are approximately normally distributed,

SELECTING THE BEST AMONG NORMAL DISTRIBUTIONS WITH A COMMON

VARIANCE

In this section we shall first study the selection pro-
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cedure for selectine the single best normal population,
the one having the largest mear, and then provide estimates

(both point and interval estimates) for the true PCS.

2.5.1, SELECTINC TUE POPULATION WITH THE LARGEST MEAN:

Here we censider the case of k pepulations

where the underlying characteristic in NI, has normol

i
distribution u(ei, 02), i=1,2,...,k. The common

variance 02 may be either known or unknown. Let

e/l/ E 912/ € «xn € e,k/ denote the ordered © values.

The best pooulation may be defined to be the one

associated with the largest meun,elk/. In case there

is a tie among some @-values for the largest, ore of

them is arbitrarily labelled as the largest. Let

6% >0 nne P* (§ <p*<1) be both specified by the

experimenter in advance. The goal is:

Coal 1: To select the single best nopulation such
that the probability cf correct selection

ie atleast P* (é <P*¥ <1) whenever Gfk{'efk-ll

> §%

The goal obviously cannot be achieved by select-
ing one of the populations merely at random. We do
nee? the observations from each of the k populations.
Let X

e & denote the n observations from

i1t Xyz i

population Hi' i=1,2,...,k, and let all the nk observa-
n

tions be independently drawn, Let Xi = % Exij denote
=]

the sample mean of the observations from ﬂi. 5 ON Py
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and let ?,1/ < /2f €eans i/k/ denote the corresponding

ordered values. TRechhofers procedure is the followine:

Rule PI: Select the vopulation that corresponds
to the largest sample mean i/k/ as the

best population.

The probability of a correct selection using Rule

Rl, is easily seen to he

pCS = J° %ZT o (x + /0(0,, -0, )/6)d8(X) (2.5.1)
i=1

Where ¢ is the standard normal cdf. Obviously this

PCS depends on the parsmetric confiruration (61,...9k)

through G/k/"efi/' i=1,...E-1 and is monotone increas-

inz function of each of efk/—0,11,1-1,2,...,k—1.

So, the PCS attains its least value on the nreference

zone when e,k/-o/i/ = §* 4=1,2...k-1, that is, when

]
i et ) T el A

tae so0 called least favourable confiruration, Hence,

the configuration © is ©

3

satisfies, for all eenﬂ A
PCS >I ¢ (x+r)d¢(x) (2.6.2)

where 1={§§*. In case ois known, the rirht hand

side is eguated to p. and thereby we ‘etermine n (for
given 6% and p*). Such 2 choice of the common sample
size n will ensure (in view of 2.5,3)that the probability
requirement (2.5.1) is satisfied. 3Some such values are

given in Table A-1 in the Appendix. Table A-1 infact

zives us a value of v for specified o" apd known k.
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This in turn, usinc n-(%})‘, woul! rive the value of

the required common sample size n.

Remark 2.5.1:

Remark 2.,5.2.

Remark 2.5.3:

Various tables, except Table C-1, in
the Appendix are taken from Gibbons,
Olkin and Sobel (1977), Table C-1 is
taken from kim (1986), .Theae tables
have been include! to make this report

self contained.

An approximate sclution for the selec-
tion nrcblem with uneaqual sample sizes
n;, i=1,2,...,k can be obtained by
computing a certain generalized average
sample size, denotad by nc,by the square

mean-root formula, given by

and use n, in place of n in order to
determine the least PCS that can be

puaranteed,

A more realistic problem will be for
the case of common unknown o, However,
there doesnot exist a fixed sample size
nrocedure base’ on indifference zone
approach to achieve Goal 1 and also

to have infimum of the PCS independent

of unknown o. One way out is to consider




2 modified poal and use some other approach
(for example, subset selection approach).
Another way out in cese o is unknown is to
@xploit the consistency of the sample variance
\\\\\ and use, for large total sample size, the
pooled sample variance as if it is the popula-
tion variance. This will reduce the nrobier to
the case of known variance. This is what has
beer done in Chapter III, sections 5.1, 3.2.

2.5.2. ESTIMATING THE TRUE PROBABIILITY OF A CORRECT SELECTION

Let us assume that the sample size is common but
its value was not determined by & preassigned pair
(s* , P*), as the investipator micht have been unable
to specify these numbers. In such a case also the
selzction rule R1 is defined and we wish to estimate
the PCS attained by this nrocedure. This true pro-
bability of correct selection depends on the true

n € . =0 -
configuration © of population means Let GJ %/ e/J/'

J=1,2,...,k-1. BSo we can estimate 6J bty using the

ordered sample means, i.e, by

A -

Sy Xyx/%137 3=1,2,... .61 (2.5.4)

If (o t 8./n
we dencte rj L 4 n , then the estinates of rJ are

rjaalli s 3 ® L A e ras =l (R.5.5.)
o
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Wa use the values of Ti for estimating the true PCS

.

rriven by (2.5.1). We first provide a lower bound P,

-

and an uprer bound nU for the actual probability of
correct selection. Then (nI, Py’ is an interval esti-
mate of the actual PCS. The point estimate PE of the
actual PCS is alsc obtained and this will obviously

lie in the interval (pL, pU).

To determine Py, We compute TJ and consider each

~

TJ separately to find the corresponding probability

nj of a correct selection between the jth and kth

ordered populations, for each j=1,2,...,k-1. Then

_k-1
pL—T—T pj (2.5.8)
J=1
DJ for each j can be found by interpolating in table

Cad

A-2 in Appendix with k=2 for the corresponding rj.

PL can also be determined from

i=1

kere n, = ¢
wher pJ

T

To determine Py We first compute

and then Py is the entry in Tablec A-2 (with the
orizinal value of k) that corresponds to have value

T. Finally to find pp the first step is to partition

the k-1 values of 1 into nonoverlaping subgroups or
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clusters that are arnroximately of eoual siz

Supponse we decide to form m clusters. Let T. b

the arithmetic mean of tvalues in the ‘:th

b .th - .
Then the j° cluster pives rise to a probability

cluster,

value P,. The value of n, is the entry in Tabhle
j .

o

A-<, that corresponds to the values of fj and kj
Then Py is given by ;

Do= = N,

2 i 5 s 2.5.8)

J=1
It may be noted that in the above procedure no

statement about the probability of coverare of the
true PCS is miven. 8o possibly the above interval
capnot be interpretted as a confidence interval for
the true PCS. /A hetter procedure is due to Kim(19286),
who has provided one sided lower confidence bound

for the true PCS. According to him, with 100(1 -=)%

confidence.

PCS > f© o (x+v2 h(/A(Z )/ /20)dd(x)

Boe] 2 8 . "X px-y
£2.5.9)

wherc the function h(t) satisfies

¢(h(t)-t)+d(=h(t)-t)=« (2.5.10)
anc lies between t‘7m/0 and t—““ for t > 21/?, that is
t-2 _,, <h(t) <t-Z_, for t > Zm/a {2.5.11)
x /% © - &
where 7 _denotes the upner mquwntilc of standard normal
distribution. Using values of /k 1/ and X T

first obtain







normal nocpulations. Let (",?1),...,(X,?kj be k biva-
riate variables where Yl“" ?k denote measurements op
the k differert ponulations, and X is measure of the
ovarall effect of a2ll these » nulations. If o,.p
dencte the correlation coefficients and V/1;:,,_fp/a/
the corresponding ordered values, then the bhest populat-
ion may be defined to be the one associnted with O/k/'
the largest p value. That is, we wish to select the
povaletion that has the highest correlation with the
overall effect. So the roal is:

(2]

Goal 2: To select the sincie best ropulation
such that the probability of a correct
»
selection is atleast p whenever the

distance measur= °/k/‘°/b-1{36

Yo achieve this moal we first need to take a sample
of size n on the (k+1) dimensional random variable
(?1, b I S Yk,X) and then compute the sample correlat-
ion coefficient rj for the jth population usins the n

paired observations on (?J.X), - [

-

- ?. -
th
’?il""’yik’xi) denotes the i obscervation on
(Y,,9,,...,Y,,X) and ¥, ¥, denotes the respective sample
means for the x-observatinons and for the observations

from the jth population, j=1,2,...,k. The above k sample

correlation coefficients are then ordered as T €...%
L il




The selection rule is (see Cibbons et al. 1977):

Rule Pgt szlect the population that corresovonds
tc the larvest sample correlation coeffi-
clent r!u/ as the best porulation.
Since the determination of the exact least favourable
configuration is difficult in this problem we have not
included it,.
In order tc determine the least probability of

correct selection that can be puaranteed we nroceed

2
L]

fcllows. Using common sample size n and the pre

*
2cificd value of § , we determine Te from the relat-

ion Tt=Jﬁﬁ*. With this value of T, and known value o

ys)

k we enter table A-2 and determine p*. This value of
p* is then the least PCS that can be guaranteed. This
procedure E? has been usad to handle problems III and
IV dealing with the data obtained for students of Addis

dLaba University and the solution is provided in section

3.3. for problem III and section 3.!. for problem 1V,

SELECTINC THE ONE BEST POPULATION FOR BINOMIAL (OR

SERNOULLI) DISTRIBUTIONS

In this section we consider the problem of select-
ingy the one best nonulation out of k populations where
each slement in each population is classified into exact-
1y one of two mutually exclusive (nonoverlapping) and
exhaustive caterories, such as male and female.

Let Fl' <.+, Iy be k populations where the under-

lying characteristic in ﬁi nns binomial distribution




- 96 =

h(ﬂi,wi), i=1,...,k; where ry denotes the probability

of success for the Jth penulation.

Let B g SN E P/ dencte the ordered p-values,
The best population may be defined to be the one assoc-
iated with p/k/, the larpest »nrobability of success.

* LS
Let p (% <p <1) and 6*(o0<8*<1) be pre-specified const-

ants. The goal is:

Goal 5 To select the single hest population such that

=
P2t

Since the parameters of interest are the probabilities

the PCS is atleast p* whenever p/k/

of success in cach ponulation, it is natural tc hase
our decisicn on the proportion of successes in each
sample,

Let fj denote the proportion of successes observed

. _ JER v

ponding ordered values. The rule Rg is proposed by Sobel
and fluyett (1957):

Rule R Select the largest sample propertion and assert

—

3

that the population that produced that sample
iz the best.
The pencralized least favourable configuration in the

binomial case for all k and n is D/Ifsple""'pfk—lf

and = +8%. The PCS under this generalized least
P i/ Prx-1/"°

favourable confipuration depends not only on the value of

§* hut misc on the value of p/k/. A theoretical invest-

ization has shown that the least favourakle confirurat-

ion for practical purposes, and particularly for large
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sample sizes, is given by the einrle coaficuration:
?/1/:"‘2“/3—1/ = 0.5—%i and p/k,=0.5*%t

In sectiorn 2.5, the above selecticr rule has been used
to provide an answer to problew 7, using the data on
the students of Addis Ababa University. Tor specified
values ~f p* and &%, the smallest common sample size

n required t2 meet the p* condition is determined from
figurz D-1 given in the appendiz. Such a choice of n
would autcmatically ruarantee that the probability

requircment is met.

SELECTINC THE ONE POPULATION WITH THE LARGEST

q*® QuaNTILE:

Let 0,, N,,...,NI, be k norulations with associated

k
i rution f ions o P a

distributicon functions Fl’ Fpseeas Ty and let qu denote

the q""' quantile of the cdf ¥y, wherc q (0o<l) is

rre-specified. The bestness is defined interms of the

q cuantiies, Let the ordered E's be denoted by

th
and lct the population having £ as the o~ quantile

a
/k/
be defines to be the best population. Let F;j/ denote

the cdf of the population having Eq/./ o tHe
ek

quantile, for j=1,2,...,k. Let 4% be a specified
positive gquantity such that d*< min (q,1-q).

Look at the points q-d¥ and gq+d* on the ordinate, and

the corresponding quantiles Eq“d* and Eq+dt on the

abcissn for the distribution ¥ . Let I denote SEh
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interval with these two quantilcs s end points. The

distance measure d between F/k/ and othar distributions
T;i/""’P/k“lf is then defined to be
d:min(.‘jlk,dzk, i ,d&_l 11‘:)

where dik=min|F/k/(X)-?/i/(x)] denotes the distance
Xel
between T/k/ and F/i/’ 121,32, ..o K=, L&t p*(% <p*<1) be

prespecified,
The Geoal is:

Goal 4: To select the one population with the largest
uth aquantile such that the PCS is atleast p*

whenever 4 > d%,

irorder to achieve this goal we start by first difin-
ing a sample quantile of arbitrary order q, which we denote
by 7q+ If @ (n+l) is an integer, then the sample guantile

C ‘1 = - et Y "{ A - .
of order q is defined as the order st .tim*dc Ja(n+1)/ X/r/
If @ (n+l) is not an inteper, the sample quantile lics
between two order statistics, X/r/ an:t X/r+1/, where r is

the largest integer containel in ¢(h+1), and then

| ISR

Rt L 9DT | Ky,

-
Pq=j r+l-q(n+1)

In cur problem we have k ropulations. Assuming that
each population the sample

population are dencted by Klj""'xnj'

R e
for j=1,2,...,k. The n observations within the j  sample

We have n observations from

d2ta from the jOR

are crdered as X e , and the sample estimate
/1/j- -"/n/

of the B quantile for the j%h ponulation, denoted by

‘-—.
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¥aj® 18
qu=x/r/j if qa(n+l) is an integer for r=a(n+1),(2.8.1)
. = 1
=] »4+1 -+ i
and yq‘j-—|‘4 k1 a.(n'l)_,, X,r,; l_q(nﬂ)—r | X/r+1/1if a(n+1)
is not on integer (2.8,2.)

Let Ya/1/ €. ie8 yq/k/be the ordered yqj‘s. The selecticn

rule B,, proposed by Sobel (1978), is

i
K3

Rule ® Assert that the populaticn that gives
rise to the largest sample cuantile,

v is the best population.
S/k/

For specified values of d* and p* sucirthat N<d*< min
(q,1.q9) &nd % <p¥<1l, the smallest common sample size n
required to meet the n*-condition is them determined from
table B-2 given in the Appendix. Such a2 choice of n would
acutomatically guarantee that the probahility requirement
is met., The rule 34 has been applied to the data on the

students of Addis Ababa University to provide a solution

to problem VI. This is done in secticn 3.6.

emark 2.2.1. In practice one may face the problem of “ies
This problem is handled =as fcllows: within
the jth sample if two cor more observations

are equal to X, , or X ps1/? then y s 18

still uniquely defined. If there are ties

for first place between samples, i.e., among

the y_.'s, j=1,...k, then we will be content
‘qJ Ll »

t- select one of the contenders by some

random mechanism and assert that it has the
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largest pooulation guantile,

Remark 2.8.2. If the sample sizecs 4re unequal, say th
: , BAa he
o th
sample from the j° nopulation is of size

n., the sample estimate v :

J 'qj 1s computed

from (2.8.1.) and (2.8.2.) with n replacsd

by nj, for each j=1,...k.

SELECTINC 4 SUBSET CONTAINING TEE BEST POPULATION

HORMALMEANS CAS

&3

In this section we consider the fFoal of selectiny a
subset of random sige that contains the bost of k normal
populations having common known variancs. The hestness
is arain defined in terms of population means and the

best population is the one havin larzest mean,

Let F1,...,HL be k normal porulations having means
8y,.+.,8, 2and common known varisnce n2 Let @ <...%<6
1 L__ - .. - . A o+ - /1/"09 - Ilff

denote the ordered 6's. The roal is:

Goal 57 To select a subset of random size that

contains the population with the largest

mean 6 ,,
[/

We have a correct selection in case the selected

Subset happens to include the best population. For

<p*<11 and usins the available

-

4 nre-assigned p* (
o
observations, we need to have 2 selection rule that

achievea the above Goal with probability not less than

P*. Let ¥,.,....X._ denote the observations from the

in
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th ] '\ Btk
i“" pepulation and let Ki “«enote their mean, i=] .2,...k.
Li:t x - < v - -

/i/ ""'EX/k/ be the ordered samnle means. We use

the fcllowing selection rule of Gputa (1965) (see, Gibbons

et al. (1977)

Rule R5 For any fixed i (1<i<k), include Hi in
the selected subset if

Xy 2K)pymdo
/n

Her= ¢>0 is to be chosen so as to meet the probability

(2.9.1)

requirement. For known k and preassigned p*, the fchoice
£ 4 is infact the entry t iz Table A-1. In case the
cormon variance is unknown and we have large samples,

we use the pocled estimate of the common unknown vari-
ance instead of the true variance. This is done keeping
inview the consistency of the sample variance.

The above procedure is used to the data on students
of 4dcis Ababa University to provide an empirical solut-
ion to the selection problem VII and this is done in
section 3.7.

SELECTING A SUBSET CONTAINING ALL 'GOOD'POPULATIONS:

CASE CF NORMAL POPULATIONS

In this section we corsider the problem of select-
inr 2 random sized subset thet contains all good pop-
ulations; where a populatior is defined to be mood if
it is 'near' the best population. The number of good

Populations is also unkncwn.
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Let Tfl, S ,ﬂk be k normal populations with means
91*"”9k respectively and with common known variance
L2 ]
c“. Let 8/1/ < ...<...<8/k/ dencote the ordered 8-values,

A ropulaticn I, is defined to be a good population if
eizefk/-g’ where €>0 is pre-specified by the experimenter.
Any population having 91<9/k/"e is labelled as a 'bad'

population. The goal is:

Geal 6: To select a random sized subset of the
given nopulaticns such that the selecte?
subset includes all the pood populations
with probability nct less than a preassi-

gned number n¥,
Let Xil""’xi

Hi,i=i,...,k, an?d let these k random samples be independent-

ly drawn. Let X € R
4 f1f = 2

& be a ranZom sample available from

denotc the ordered sample meazns., The selection rule of
Lam (1286) is used to achieve the above goal. The rule
is

Rule R, For any i(1gigk), include Ny in the

- - )
selected subset if Xi > X/k/-s—q7:

Here g=q(k,p*) is the p*-quantile of the range distribut-
ion of k stondard normal randem variables.

In view of Theorem 1 of Lam( 1988), with the above
selection rule we will make a correct selection with pro-
bability not less than p*. Even the infimum of the pro-
bability of a correct selecticn may still be higher than

P*,
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The tabulated values of q are svailable in liter-
ature. In place of q one may use q(k,v,p*), the p*-
quantile of the studentized range distribution om k
trentments with v== degrees of frecdom (sce for example,
Pearson and Hartley (1970). This is what has been done
in our case, because the sample sizes are large.

The above rrocedure isused on the cdata on Addis
Ababa University students' to provide a sclution to
prohlem VIII a2nd this is explicitly done in section
3.8,
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CHAPTER III

EMPIRICAL SOLUTIONS TO VARIOUS SELECTION PROBLEMS

In this chapter, we make use of various selection
rules, as introduced in the preceeding chapter, to data
on the students of Addis Ababa University and thereby
provide answers to various academic problems formulated

in chapter 1.

3.1, PROBLEM I AND ITS EMPIRICAL SOLUTION

Ve wish to compare the performance of students
in the various faculties of Addis Ababa University
with the same GPA in the ESLCE and thereby determine
the faculty that corresponds to the best students
performance.

Inorder to find 2 solution to this problem, we
have applied the procedurc and/or rule R, of s¢lecting
the best normal pepulation with the largest population
mean. This has been discussed in sub-section 2.5:31. ol
the preceding chanter.

The following results have been observed for the
date. on students who took their fourth year under-

cradunte examination in 1978 E.C.
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MEANS AND STANDARD DEVIATTONS OF CUMMULATIVE GPA(CGPA)

Sample size Mean of CCPA Standard

College /Faculty EBJB. ffil v B3
1. Lancuapge studies 26 2.37 0.24
2. Law 12 2,48 0.31
3. Medicine 26 2.64 0.31
4, Pharmacy 25 2.29 0.28
5. Science 81 2.41 0.30
6. Social Science 101 2.48 0.30
7. Technology 33 2,50 0.32

The selection rule R1 dictates that the population corres-

ponding to the largest sample mean, i.e¢, the population with

label 2 he asserted to be the best population. This implies

that amonr the students who joined Addis Ababa University

with the same grade point average in the ESLCE, the students

of the faculty of Medicine have performed better than the

students at other faculties or colleges. Since the total

sample size an=304 is large, we can get reasonably good

P
approximate solutions by estimating o2 by 8° given hy

Q

L}

n-%

1 2
L{n.-1)8,
(ny=1J8,

26.258 _ () o884108,

For our data this becomes S8° ~ 297

from which we get S=0.2973395

2verage sample size from the square mean root formula gi

1

Since the sample sizes are unequal, we must find, the

ven

% (2.5.3.);

n_=38.540291.



Ve need n to make probability statments about the
shove selecticn procedure. Eere we are comparing k=7
faculties/colleges and have decided about the 'best' faculty/
collese interms of the students performance. We will now
determine the infimum of the probabkility of correct select-
jon (PCS). Let the prespecified value of 6% be 0.10. In
order to get the infimum of the PCS from tables we first

determine Tc:

-
- ___(5 /nl_l_

s

= 2,0878769

Therefore from table A-2 the least protability of correct

selection that can be guaranteed is 0.759.

ESTIMATION OF TES TRUE PCS: If we assume that we have no

idea about the value of &*, we have by (2.5.4) of section

2.5. that

> =% = .
3 = Bpziapype

This resulted in 51=O.354 6'=0.97,53“0-23,54=0-19: 65’0°16'

=1,2,3,4,5,6

2
86=0.14, and from (2.5.5.) the Ty velues are found to be
1,=7.308, 1,=5.537, 14=4.802, 1,73,967, 15=3.341, 1¢=2.923.

© find p, we use table A-2 and each of the above T, values,

this gives p =i p,=1 pg=0.9997 p,=0.9978 pg=0.001 pg=0.9796.

Therefore by (2.5.6), py=0.9€8.

F=IT 4
Inorder to compute Py we need to compute 1=;.4

R

6
Ye¢ have T=4.665 and this inturn gives pU Wi

(5} ]

An intcrval estimate of the true PCS is them

D.QBREPCS§0.997

...Illll-::;_______ L
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To determine the ppint estimate PE We use the clustering

procedure by choosing the three clusters shown below:

Elﬂﬁﬁﬁf_i Cluster size Cluster mean ?J
(7.308, 5.637) 2 6.4795 g
(4.802, 3.967) 2 4.3845 0.92979
(8.341, 2.923) 2 oH92 0.982

The overall point estimate using (2.5.8) is then PE=0.9799.
Using Kim's (1986) procedure discussed in sub-section
2.5.2., let us now obtain a 20 percent lower confidence inter-

val for thetrue PCS. So ==.1 and we have
t=/nO(X/7/-Xf6f)//25?2.067.

From tables of standard normal distribution we have upper

«/2 quantile to be Z ,.=1.645. This mives t-Z, , =2.067-

.05
-1.645 =.422, Using this value of t-2¢/2 and linear inter-
polation in Table C-1, gives h(t)=0.7717 and /3h(t)=1.09.
Entering table A-1 with t=1.02 and using linear interpolat-
ion, we see that the lower bound tc the true PCS, with 90

bercent confidence, is 0.444.

Remark 3.1.1: 1In our case, although the actual value of
the common variance was unknown, yet we
have taken the pooled sample varianceé as
if it is the known population variance
(exploiting the consistency of sample
variance). The degrees of freedom of
the sample variance are 296, which is
large enough for the sample variance to

be fairly clcse to the actual population

B
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variance with na high prohability,

In case, the samnle sizes are small, we cannot
exploit consistency of sample variance and we also
know that there doesnot exist a gixed sample size
procedure based on indifference zone approach whose
infimum of the PCS is independent of the unknown o.
However, in such a case, thc lower confidence interval
bound for the true PCS (that depends on o as well) can

be determined.

PRCBLE}! II AND ITS EMPIRICAL SOLUTION

The problem is tocompare the academic performance
of the following three groups of students who were

admitted as Freshman in 1875 E.C.

Group 1: Students who took ESLCE only
in 1974 E.C.

Croup 2: Students who took ESLCE in any one year
other than 1974 E.C.

Group 3: Students who took ESLCE in two or more
years.

Fcr this problem alsc, we shall use the proccdure

RI jiscussed in section 2.5. of chapter II. The follow-

ing results have been observed.

WEANS AND STANDARD DEVIATIONS OF CGPA

Groun sample size Mean of CGPA Standard deviation

1 185 2,86 0.31

2 27 2.24 0.35

3 101 2.09 0.21
313
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from this we get the pocled sample variance tc be

D
9_1_ I(n.,-1)8% = 0.
" (ng ) § = 0.08154

This givee an estimate of the common standard deviation
to be

S=0, 2855521
The selection rule Rl dictates that the population
correspending to the largest mezn, i.e. group 1 be
asserted to be the bhest population. Since students
who took ESLCE only in 1974 E.C. produced a larger
mean we conclude that those students who took ESLCE
only in 1274 E.C. have performed better than both the
other groups of students. This means that students
who did come to the university directly from secondary :
schools are performing better than the others,

The average sample size o, by. B.5.3.) is n°=92;484241.
To determine the infimum of the PCS let us take 6%=0.10.

Incrder to get the infimum of the PCS we first determine

From table A-2 by interpolation, the least FCS that can be
ruarantced is ,984,

iet us now determine lower confidence interval for
the true PCS, To find the 100(1-=)% lower confidence
hound for the true PCS we use the method of Kim(198€),
We

which was discussed in secticn 2.5. of chapter IT.

have t:/ﬁ

X X e
X,,,~X /58 = 10.477. Let us choose €=.
o3/ "% 12}/
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= 0.
Qa 7 « , = AF =7 =
wo 4 /2 1.645 and t uocfz 8_832.

Since table C-1 contains values of ) for
t-Z=/2 < 1.5, we have approximated h(t) by t-Z_(using
=
the least upper bound in (2.5.11).

This gives Htl)-t-zgt
9.125 and v2 h(t)=13.0 approximately. We cnter table

A-Z2 with 1=13 and find that the 90 percent lower confidence
bound for the true PCS is 1.0, Infact, table A-2 gives
values of p* (lower confidence bound in this case) for

T upto 5.0. The value at 1=5 is 0.999. Since lower
confidence bound is increasing with t we have taken this

to be unity. So we can conclude that the true PCS is

unity with 90 percent confidence.

Remark 3.2.1: The lower confidence bound has come out
to be unity in view of the fact that not
only there is big difference between the
two largest sampls means, the variance
is small and the sample sizes are also
larce to make a correct selection with

very high probability.

PROBLEM III AND ITS EMPIRICAL SOLUTION

Here the problem is to determine which ESLC
Examinations are better predictors of success in a
particular college/faculty. Ve have restricted our
stuly, in this case, only to the Paculties of Science,
Sccinl Sciences and Technology. However, such a study

can be carried over in other faculties as well.
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To find a solution to this nroblem we apply the
procedure R, of selecting the population with the largest
corrzlation coefficient, which was discussed in section
2.¢, The correlations of grades of the individual ESIC
Examin=tions with cumulative GPA have been calculated.
The subject with the highest correlation with CGPA is
considersd as the subject that predicts success better

than the remaining subjects in that particular collere

or faculty.
The results observed are the following:

CORREZLATIONS OF ESLCE SUBJECT GRADES WITH UNIVERSITY CCPA

Collepe/Faculty Subject Correlation Coefficient

Science English £ =0.29
Mathematics r = 0,63
Biolcgsy r=20.28
Chemistry T =0.29
Physics r = 0.48
Histery r=0.11
Geography r=0.13
Economics r=0.17

Socinl Science English r = 0,47
Mathematics r=20.21
Nistory r=0.42
Geogranhy r=0.5
Economics r=0.31




= 4% -

Snllef“:e/FaCulty Subject Correlation Coefficient

Technology English ¥ =0.27
Mathematics r =0.,49
Chenmistry r =0.14
Physics r =0.49
History r =0.09
Geography r =0.03

The selection rule R2 dictates that the population corres-
ponding to the largest sample corrclation coefficient
shall be asserted as the best population.

Accordingly we can conclude that prade in mathe-
matics is a hetter predictor of success in the faculty
of science, gecgraphy in college of social sciences,
and physics and/or mathematics in the faculty of techmo-
logy. We want the probability of a correct selection of
the most useful predictor subject to be atleast p*=0.75
when the true differemce 8=p =P/ 1/ of correlation
coefficients satisfies §>8* =0.15 we enter table A-1 with
the values of ' and p* to obtain a guantity 7,. Then n
is found by substituting T, and the specified §* values

into the expression
2
n=Tg ) sx?

Sincez the value of k is diffecrent for different
faculties/colleres, the values of the common sample
sizes used over different faculties/colleges 18 different.

The sample sizes used are as given below.
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1. Scicnce 204
2. Social Science 152
3. Technclogy 172

. PROBLEM IV AND ITS SOLUTION

The problem is to determine how well the arades
in the various ESLC Examinations correlate with sub-
sequent college grades in the same subject and deter-
mine the subject that needs least improvement in the
ESLCE Ixamination. The table below shows the sample
correlation coefficients between the FSLCE grades and
the grades in the same subject taken in the university
at the Freshman level. Each correlation coefficient

is based on 620 observations.

CORRFLATION OF ESLCE GRADES WITH CORRESPONDING FIRST

YEAR UNIVERSITY SUBJECT GRADES

Year of Correlation

Subject College/Faculty  “fmipg  Coefficlent
English All any r =0.31
1974 E.C. r =0,47
Mathematics where taught any r =0.33
1674 r =0.49
Chemistry where taught any r =0.51
1971 r =0.54
Physics where taught any r =0.26
1974 r =0.29
- s =0, 1
History where taurht any r =0.3
1974 r =0.31




Year of C rrelation

bject College/Faculty .

Subject L - ESLCE  Coefficiont

Georrarhy where taught any r=0.34
1974 r=0.237

Econcmics where taught any r=0.19
1874 r=0.18

Biolury where taught any r'=0,27
1974 r=0,27

Thesc¢ correlations differ from faculty to faculty.
However, the abcve results are for the whole university,
without restricting to any ccllege/faculty as such.
The selestion rule R2 dictates that the ponulation
correzponding to the larzest samnlée correlation co-
efficient shnll he asserte? as the bhest population.

We therefore conclude that the Chemistry question

paper irn the ESLCE is a rjood measure of the level of
knowliadere of the students and so it needs least improve-
ment amemg various question papers.

Ve have used n=620 ~hservations to determine various

correlati-n coefficients. Lot us take the presnecified
value of &% to he §*=0.1. This gives t=v16"=2.439,
With 1=2.189 and k=8 we enter Table A-2 and using
interpolation we get :“-*=0.83£‘.. Thus the least PCS that
can bhe puaranteed is 0.832.

The need for an effort to improve the validity of

. : : s
these subject matter examinaticns, in most cases, 3

2 it ons
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shouli be computed each vear, sc that progress in
improving the examinations can be checked, A good
subjezct examination should not have a very low corre-
laticn coefficient, say not less than 0.50, when co-
rrelatced with grades in the same subject in college,
although this depends on how similar the collepe

subject matter is to the secondary school subject matter.

PROBLIN ¥V AND ITS SOLUTION

m

The problem is teo compare various faculties or
colleges towards female education and determine the
faculty/ccllege correspondinz to the largest propcrtion
of successful female students, successful as scheduled
in the four years of undergraduate program.

In order to provide an empirical solution to this
problem we have used procedure R, of sclecting the one
best population for binomial distributions, which was
discussed in section 2.7. of f&;e proceding chapter.

The followings results have been observed:

PROPCRTION OF SUCCESSFUL FEMALE STUDENTS BY COLLEGE / PACULTY

Colleze/Faculty Obhserved Propertion of Successes
1. Languags studies 0.86
2. Law 0.50
3. Medicine 0.61
4. Pharmacy 0.86
5. Seiencs 0.24
6. Scci 0.27

soclial Sciences

1% Technolory 0.80
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According to rule H. we o
: g We assert that the population

that produced the largest nroportion of female successes
is the best population. 4As we can see from the above
results the proportions of females in the Institute of
Languaze Studies and School of Pharmacy happened to be
the same we therefore choose one of them randomly and
conclude that one of them is the best towards female
education. If we prespecify p*=0.75 and §*=.15 then

n is found from Figure D-1 in the Appendix. The Figure
has been taken from Giboons, Olkin and Sobel (1977).

The value of n, as determined using this figure has

been usecd. This wvalue is infact a=25.

PROBLEM VI AND ITS EMPIRICAL SOLUTIOH

In this section we shall provide an empirical
so.lution to the problem of determinins the most porular
subjcct/derartment among students in the Faculty of
Science. Since the problem is that of choosing the
popular area or field of study, we define the best
area to be the one for which the median GPA on the
first ycar examination is higher than that for any
other areas. We are restricting to the comparisons
in terms of median and not any other quantile merely

for want of tables. For this we will follow the pro=

cedurc discussed in section 2.8. Here we have compared

the six departments of the faculty of science, i.e, k=6.

Let the snecified values of n* and ".*.be p*=0.75 and
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d*=0.20. The size of the sample we should take from
each department is n=23. This has been read from

tablep- 1. The results observed are as given below

MEDIAN GPA OF STUDENTS RY DEPARTMENT

Department Median GPA
Biclogy 2,00
Chemistry 2.22
Geclogy 1.83
Mathematics 2.00
Physics 2.22
Statistics 2.42

A

HS We C

0

n see from the above table, Department of
Statistics happened to be the one with the largest
median GPA. So we assert with probability atleast 0.75
that the Derartment of Statistics is most popular among
the students in the Faculty of Science.

PROBLEM VIY AND ITS EMPIRICAL SCLUTION

flow we shall compare the academic performance of
students at various faculties of Addis Ababa University,
and amcng those whe entered the various colleges/faculties
with the same CPA in the ESLCE, to select the subset

that contains the faculty/college corresponding to the

best students performance. We have applied the method

8 : A : e R
(procedure) discussed in section 2.9. Since the rule Rg

works cnly for ecual sample sizes and literature, at

: es
least locally, is not available for unequal sample siz

are
we have used equal sample size. The results observed



as ziven below,.

MEANS AND STANDARD DEVIATIONS OF CGPA

College/Faculty Sample size Mean of CGPA Standard
deviation
e —
1. Language Studies 30 2.35 0.27
2. Law 30 2.45 0.33
3. Medicine 30 2,65 0.358
4. Pharmacy 30 2,30 0.30
5. Science 30 2.39 0.33
6. Social Sciences 30 2.50 0.33

7. Technclogy 30 2.54 0.35

From table A-1, with k=7 and p*=0.95, we obtain T,=3.2417
and this value of Ty is infact the value of d to ke

used in rule Rz. Using the values of d=3.2417, $=0.329

in place cf o and n=30 we get %g=0.19235. So the select-
n

ion rule R. becomes:

Rule RS: Include Hi(i=1,2,...k) in the selected

if X.>X,. .~0.10888
subset if Xile?/ 0.1923

Thus the subset includes those populations with sample

means smaller than X,.,=2.85 by atmost %ﬁ"_-0.19235.
n

17/

that is, with samplc mean not less than 2.45765. This
implies that the selected subset consists of the populat-

lons that correspond to the sample means xl7/=2.65.

}—:/G/zz-f"f' and 5_1/.3/=2.50. Hence we conclude with probab-
ility stleast 95 percent that the group consisting of

ces
tha faculties of Medicine, Technology and Social Scien

: rmance.
contains the best faculty in terms of students perfo
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PROBLE! VIII AND ITS EMPIRICAL SOLUTION

In this section we deal with the problem of select-
inr a subset that includes all facultiss/cnllegaa with
'good' students performance. We shall apply the method
of selecting a subset that contains all 'sood’ populations
ns discussed in section 2,10. and use the results obtained
in section 3.7.

Let the pre-sepcified values of p* and € be p*=0.95 and
€=0.10. From Section 3.7 it is known that k=7, n=30.
The degrees of frecedom of the samrle variance are
v=k(n-1)=203. 8o we may take the sample variance S

as if it is the known population variance 02. From
tables we get 4=4.17.

According to rule RG the population with sample

mean >X ) - ~a% will be included in the selected
/5
subset. Here e+co = 0,147. So the R nopulation will

/1 el _
be included in the selectel subset if Xi ink,-0.147-2.503-

So we select the populations that correspond to §,8/=2.65
an. E/Gf?.s-:; to be included in the selected subset.
Thus we conclu'le, with probability atleast 0.95 , that
the faculties of Medicine and Technology are the two

800" faculties, interms of students performance.



CHAPTER IV

CONCLUSIONS AND RECOMMENDATIONS

-

We have already tried to express some of our opinions
an! tentative conclusions about the results found in the
study. We would like to sum them up now.

The sraZe point average in the Ethiopian School Leaving
Certificate Examination, while it may be somewhat useful
as predictor cof academic success in atleast some units of
the university, is hardly valid enourh to stand alone as
the sole criterion for admissions to the University. Addition-
al criteria, such as the ones bhased on grades of individual
subject tests, year of the Ethiopian School Leaving Certificate
Examination and the use of Secondary School ranking, must be
developed. It has heen shown in section 3.2. that students
who took ESLCE only in 1974 E.C. performed better than both
the other groups of students, namely, those who took ESLCE
in any cne year other than 1974 E.C. and those who took
ESLCE in two or more years. This shows the importance of

year of GSLCE. Aslo in section 3.3. it is shown which ESLCE

1s a better rredictor of success in a particular Colleze/

Faculty. wor example, mathematics being the hest predictor

0f success in the Faculty of Science, the grades in mathematics

in addition to the minimum prade point average required must

be looked intoc to place students in the faculty of science

point averares must

OF a modified way of calculating grade
ject(s)

b
be developed such as twice counting the grades of ThETSE
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that best predicts success in the faculty and then take

the average. The present practice is to calculate grade
point average by simply looking into the grades of English,
Mathematics and any other three best grades. This occasion-
ally leads to undesirable admissions in various faculties.
For example, 2 student with his individual subject zrades

A in Amharic, A in English, A in French, A in History and

F in Mathematics may get acdmitted to the Faculty of Science
with 2 high CGPA (inface with GPA 3.2). Such a student might
have got low prades in various science subjects like Bic’ogy,
Physics, Chemistry, or even worse, he might not have eve
taken these science subjects in his ESLCE. Such a student
will infact he sconer than later dismissed due to poor
academic performance. But if he is placed to some other
faculty he might be successful.

In section 3.4. the correlations of ESLCE grades with
corresponding first vear University subject grades are deter-
mined. The ones with high correlation coefficient must be
taken as good measure of the level of knowledge of the
Students anc the subjects with low correlation coefficients
need an improvement at the ESLCE level. For examnle, the

Chemistry question paper in the ESLCE pneeds least improves

f the
ment among various question napers. 859 the validity ©

i t te
Ethiopian School Leavins Certificate Examinations mus

ation.
Strengthened by improving the individual subject examin
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In section 3.1. it is shown that there is a difference

hetween the performance of students, with the same GPA, of
different faculties. Thus, allowances must be made for diff
erences among the faculties and colleges of the University,
hoth as to the reliance placejon the grade point average

in the Ethicpian School Leaving Certificate Examination as
admission criteria, and as to the standard required for
admission to each particular college or faculty.

Some adjustment should be made for the Ethiopian School
Leaving Certificate Examination grades acquired in two or
more different years, since it is clear from the analysis
of section 3.2. that these grades are not comparable to
those obtained in a single year. There it is shown that
students who took ESLCE in two or more years had performed
less than those who took ESLCE in a single year.

The comparison of theperformance of female students at
various faculties was carried out in section 3.5. It was
only based on one characteristic, namely the probability of
success. To lock for more general aspects would lead to &
multivariate situation. Moreover, at some faculties it was

found that the proportion of successful females 1S VETy low

as compared tc the others, the proportion of successful

females being.24 in the Faculty of Science and .27 in the

other
College of Sccial Sciences. This could be due to SOME

; »n misplaced
réasons. For cwample, some students might have heen mMiSP

' i aatd ion.
in different faculties due to poor selection criter



= 88 -

These recommendations for broadening and improving
the university selection criteria and changing the admise-
ion standard must be interpreted as an attempt to upgrade
the standards of the university., It is hoped that through
better selection techniques we can admit students who are
more able than some that we have now, but who have been

excluded by the poor selection technioues used heretofore.

A fixed standard based on a variable, inaccurate and
only semi-valid measuring instrument should be avoided. The
best hope for uvholding and improving the standards of the
university in our admission is to develop new and more valid
criteria (may be different criteria for different faculties)
for chocsing the best candidates,

Placement in the different departments of the university
must alsoc be based on the student's strength in individual
Subjects. Allocating students to various departments based
on their GPA alone must be avoided. Most students with
higher GFA, who are given their first choice, are choosing
areas by merely looking into the job cpportunities and
future prospects but not by looking into their talents.

Good orientation is needed to avoid this problem. The
Authorities concerned must not just follow students pre-

ferences, They should loock for their talents 2s well.
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Table A.1

Values of r(or ) for fixed P (or P‘)

P (or Pf)
K % K - 900 « 950 « 975 .990 2999
2 0.9539 1.8124 2.7718 2,2900 3,2900  4,3702
% 1.433% 2.2302 2.7101 21284 2,6173  4,6450
4 1.6822 2.4516 2.9162 3.2220  3.7970 4,7987
5 1.846% 2.5997 3.0552 3.45%2 3.9196  4.9048
€ 1.9674 2.7100 %.1591 3.5517 4,0121  4.9855
Vi 2.0626 2.7972 z,2417 %,6303 4,0860 5.0504
8 2.1407 2.8691 3,3099 3.695% 4.,1475 5,1046
9 2.2067 2.93%01 3. 35679 347507 4,1999 5.1511
10 2.26% 2.9829 3,4182 3.7989 4,2456  5.1916
15 2.46?3 3.1734 %, 6004 %.9738 4,4121  5.3407
20 2.6009 %,2986 32,7207  4.0899  4.5230 S-Mgﬂ?
25 2.6987 3,391 3,8099 4,1761 4,6057 531
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Table A, 2

Values of P (or P* ) for fixed * (or )

0.0 0.2

0.6

0.8

1.0 1.2

’ieq' ’5-6

1.8 2.0

2.2 2.4

L] 556
« 391
« 504
2250

«212
.185
o164
.148

o134
-093
072

-+058

020 042

- 664

A e

425
365

o 522
«289
0263
o242

- 224
167
-135
14
.086

.74
L] 574
(-] 488
. 429

384
«350
g
-299

9280
0245
« 1S
«153
0408

7604802
2634,690
«552.614
494,559

449,516
o 414,481
0 585,452
« 361,427

« 341,406
s 271 o 532
.228.286
«200.25%
«150.172

-+ 920

seeal

839
» 742
674
622

871
-789
° ?29
682

« 581
. 548 613
987
.495 ° 563
A4
- 398
- 549
<315

467
417

. 282

o E45.

D43

1381,

.898.921
820,866

- 7?9- 823
»73%8.788

.704.758
«676.733
«651.711
.629.691

.610.674
537,606
.488.558
451,522
< 347,416

.«626.

«940 .955
.896 .921
861 893
832 .869

.807 .848
785 .8%0
766 . .814
<748 799

«732..785
- 67‘I .731

6
«592 659
488 560

Table A.2 (Continued)
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3.4 3.6

€
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e 912
»900
«890
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«935
e 926
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871
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<756
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0969
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<946
- 940
- 934

«928
- 904
-.884
-867
.809

° 992
L) 985
L] 978
e 972

- 967
=962
-957
«953

a948
9950
-915
- 901
-853

2992
«990
2985
. 981

.977-
<974
.970
.967

. 964
950
.928
891

+996.998
+99%.9%6
2990992
.987.992

.985.9%0
.982.988
.980.986.
«977.985

999
<997
996
995

593
-992
<IN
.99

.980
.976
.96

989
984

2999 <999 .

<999
998
.998

98¢
«997

998
.997
«9°

96
-995
.9%
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-993
«990
L] 987
.984
974
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.9% %8
0996‘ 998
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:32% -989
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Table C. 1

Values of h,(t)for a = 10

t = tys(v)

05 10 15 220 25 30 35 & SHUEES S

224 318 ,392 455 512 .564 G13 660 704 747
c228 o324 JUO0 U464 522 .576 626 674 720 765

231 .329 405 471 .530 .584 .636 .685 732 <777
255 «332 409 475 2535 591 643 693 740 .787
0235 334 U412 479 540 .596 648 .699 747 794

0236 336 JU15 U482 543 .599 .653 704 755 600
237 .338 417 485 .546 .603 .656 .708 757 <805
<238 .339 418 487 548 .605 .659 .711 .761 <809
0220 J3UO 420 U488 550 608 662 714 764 813
0240 aaz't',l -424 3490 n552 0610 066’4 0?16 0767 '5‘16

240 342 422 491 553 611 666 -718 +769 <618
241 343 (423 492 o555 613 668 .720 <771 -ggﬂ
241 343 424 493 .556 614 669 .722 773 -822
242 JB4L 424 494 557 615 o670 «723 «T7% <280
242 345 425 495 558 .616 671 «725 o776 -

242 LBUS 426 U495 .558 617 673 726 <777 <827
Joul .248 429 588 .?2; 623 .679 733 -753 'gzg
.gae 2351 433 504 .562 ,ggg .ggg gﬂ ’;33 e
247 352 4357,506 .57 784 . *e

-248 %?,4 .4?555 .208 “504 1635 .693 748 802 .86




Values
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Table C.1
of h,(t) for a=¢ 10

t - ta‘.e(v)

T 60 <70 - <80  J90¢ 1.0 1¢1 142 1.3 1.4 1.5
5 .830 .908 o984 1.058 1.131 1,202 1.272 1.342 1.410 1.479
6 850 932 1.011 1.089 1.165 1.240 1.314 1,387 1.460 1.532
7 .865 949 1.031 1.111 1,190 1.268 1.345 1.421 1.497 1.572
8 .876  .962 1.046 1.128 1.209 1.289 1.369 1.448 1.526 1.604
9 885 .972 1.058 1.142 1.225 1.307 1.388 1.469 1.549 1.629

10 4892  .981 1.068 1.153 1.237 1.321 1.404 1.486 1.568 1.630

11 .898 .988 1,076 1.162 1.248 1.333 1.417 1.501 1.584 1.667

12 .90%  .994 1,083 1.170 1.257 1.343 1.428 1.513 1.598 1.68¢

1% .909  .999 1,088 1.177 1.264 1.351 1.438 1.524 1.609 1.694

14 2911 1.003 1.093 1.183 1.271 1.359 1.446 1.533 1.619 1.705

15 014  1.007 1,098 1,188 1.277 1.365 1.453 1.541 1.628 1.715

16 «917 1,010 1.102 1.192 1.192 1.371 1.460 1.548 1.636 1.724

17 .919 1.013 1.105 1,196 1.286 1.376 1.465 1.554 1,643 1.7

18 .921 1.015 1.108 1.200 1.290 1.381 1.470 1.560 1.649 1.?32

19 .923 1.018 1.111 1.203 1.294 1.385 1.475 1.565 1.655 1.7

20 925 1.020 1.113 1.206 1.297 1.388 1.479 1570 1.660 1.7%0

30 .96 1.03% 1.129 1.224 1.319 1.413 1.506 1.600 1.693 f:-ggﬁ

128 JOU8  1.047 1.146 1,243 4.543 jligg 1%23 j}-gﬁ; 135; b
954 1,054 1.154 1.253% 1.35 . . . . »
2959 4,024 4.422 17583 1.363 1.463 1.563 1,663 1763 1.863
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