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ARSTIACY

Some multivariate statistical methols have been employed in this ’
study. In particulzar, the method of profite analysis have been used to ///1
compare the performance of studcnts who originated from Addis Absba with
that of the remaining students who originated from other parts of Ethiopia,
The data, four semester grade point averages (GPA's), collected from the
record office of the Faculty of Science of Addis Ababa University have
been used to test whether difference in origin resulted in any real
difference in performance between the two groups of students after the

first semestor of the freshman progeam.

The study is primarily based on “he studanis from the Department of
Statistics who were enrolled at the hegining of the 19¢1 /82 academic year
and gradiuated by the end of the 1984/85 acadenic year for various reasons.

Based on the cwpirical findinss some tontativs conclusions have been made.




1, INTRODUCTION

1.1 Objective of the Study

Sore studies (King and Xing, 1972; Meknnnen, 1987;
Habte, 1988) have been conducted at Addis Ababa University

to evalvate whether the Bthiorian Schonl Leaving Certifice

aﬁe Exarination (ESLCE) grade roint average (GPA) is a

good inﬂek“for scraeening candidates for admission, Other
studies included thosz on ranking of facultias/denartments
according to students' nexforrance and the selection of the
best performing faculty/dernartment {Mekonnen, 1987) and

on facters affecting academic »erformance of freshmen

{Habte, 1988),

These studdeg considered freshmen, in most cases, at
Addis Araba University, However, no follow-up study has
heen attemnted tn study the rettern or trend of students'

performance after the freshman year, : : I

Habte (1988) has discussed factors such as dormitory |
facility, FSLCE orade point average {(GPA) and student's
ragqion cf oriaqin in rslation to the rnerformance of freshe
men in the Faculty of Science. These factors may alseo
influence students' narformance during the remaining vears |
of the study proaram, In addition, there mav also exist
other fectors that may affect students' nrooress, These

factors may include, among others:



i} faillure to got first cholce
11} lack of stutent interest
1ii) derartmental inadecuacy relatina to staff and
facilities

iv} heavy semester work loads,

Due to the nossibly differino dearees of impact of
these and other factors, one ray expect a non-uniform
trend in the nerforwance of students in diffarent derarte-
ments ard from different reqions of oricin, The obhijective
of the rresent studv is to cornare the four~vear rerformas
ance of the 1985 degrae graduates of AAdis Ababa oricin
with thet of the remaining agraduates vho oriqginated from
other parts of the Country, The stuldy focussed on students
frgm the Derartment of Statistics of the Faculty of Science,

for wvarious reasons,

1.2 Problems and Limi;g;ions

The primary purnose of this studv was to carry cut a
rrofile analvsis on the CPA of students from Addis Ababa
and Other Recicons and to alsce aprly a multivariate recrege
sion aprroach to identify the factors which may possibly

affect stufents' rerformance after the freshman year,

The multivariate rearesseion arrroach was envisaced
with the anticiration that the comruting facility which

was exrected to be avallable to our denartment would




arrive ea exvecterd. Unfortunately, the facility has not
yet arrived, Besideg, all relevant rieces of information
exrected to have heen filled in by the students during
thelr ayrlication feor admission into the freshman proaram
were not there, Hencz2, the recregsion approach had to be
put aside. The nrofile analysis would also require
computinq surnort, but this recuirement could be kept

gmall.

Furthermore, uron sﬁbﬂiviéinq the study ndpulatinn,it
was found out that the maximur numher ~f araduates, ecunal
to 6, was chserved in the Devartment of Statistics for
Addis Bkhaba (Sec Tablz 2,2.1 kelow). However, the numbers
corresrending to Addis Ababa for the remalning Aepartments
were observed to be even smaller, Thus, this study is
primarily hased on th2 GPMA's cf 19 aracuates from the
Derartment of Statistics, of which 13 were from parts of

the Countrv other than Addis 2baha,

floreover, it is worthwhile mentionina the time const-
raint ercountered; because of some administrative nrohdems

data were not collectad on the sheduled time,




2. MATERIALS AND METHCDRS USED™ IN THE STUDY

2.1 Methods of Data Collection and Source

The subijects of the study were the 1985 Jdegree coradu=

ateg of the Department of Statistics of the Paculty of

i, 3
W)

Science of Addis Ababa University, ﬁ7ﬁf”“

The data (four semestar CPA's, one at the end of each
academic year, toqéghar with some backaround information
on each qraduafe) wera collected on a form prepared for
this purpose (See App2ndix’A) aided by the list of 25
graduates, who got the approval of the Faculty's Academic
Commi#sion and graduataed at the end of the 1984/85 academic
year, Unlike other bhatches, the araduation day wag.in
November 13885, after the rehalilitation campaign of
Gambella in what was then called Illubabor Administrative
Region, The list and files of oraduates' record were

obtained from the Faculty's record office.

Later on, we sorted out the araduates balonaing to
othey batches, drop-out cases and dismissed students ine
order to have CGPR's with identical semester work loads,
the same instructions and comrlete set of GPA‘s, Finally,
we came up with a total of 12 araduates in this Department;

This was recarded as a generation sarnle.




teristica of the Tata

ie chjective of this Section is to show the general
racteristics of the graduates cominag from cach origin
ad to point out the vnogsible implication of these characs

teristics on the analytical results, -3

Rackaground information was collected on sex, adge, -
marital status, origin, tvpre of study at the”iaéfrhigh
school, FSLCE. GPA, and status of admission to the Faculty;
this was all obtained from the graduvates’ apéiicéﬁion forms
filled in upon their =nrollewent, This was done o as to
get'some understanding of the extent of the heterogeneity

of the study arouns. BRased or this information, the follow-

ing characterizations were nade,

Table 2.2.1 presents the break-down of the number of
Science qraduates of 1985 fror 2ddis Ababa and the remaininco
reglons of the Country, c¢lassified by departments. OCne will
observe in Table 2,2,1 that the largest numhaers of graduates
wexe from Physics and Riology, consistine of 39 and 38
graduates, rvespectively, and the smallest weré from CGeoloay
and Statigtics, each having 19 qradvuates, The larqgest
number of araduates from Addis Ababa region were in ftatie-
stics and the smallest in Bilolooy. However, the proportions
belonaing to the realons under each department are different

in magnitude. The closest provortions belong to the Departe

S

eV



Table 2.2.1: Crafuates of 1835 rocordina to Reaion of Oriain
an PRenariment

Source

Region Rioloov Chem. CGeol, Math, Phvs., Stat, Total
Addis Ababa 1 5 3 4 5 6 24
Other Regions 36 22 15 21 34 13 141
Not Spacified ‘1 o 1 1 - Q = 3

Total 38 28 19 25 39 19 168

ment of Statisgtics., Taking into consideration the profile
analysis of interest (with p = 4) and these differing con-~
stituent proportions we elected to carrv out the analysis

for the oraduates from the Department of Statistics,., Thus,

the descrintive analvsgs refer to this Department,

Takle 2.2,?7 shows the ace, upon enrollement., of oradu-
ates from Statistics. Most of thew wera at the aces of 18
and 19, 'and the least numbers were at the ac=28 of 17 and
20, Moreover, there were two araduates who did not specify
their ace, upon enroll ment, cone from each raglon. There
are differences at the ages 18, 19 and 20 hetwean the two
regions, but the extent of youthfulness of the two grouos
anpearg to be'about the sawme so that ace is not expected

to show any differential effect in the two aroups.




Table 2,2.2: Roe Digstributior upon Inrollemant in

Statistics
Pae 2Adis ALaba Other Reciong Total
17 1 1 ' 2
18 3 2 5
19 1 7 8
20 = 2 2
Mo specification 1 1 2
T¢ctal 6 : 13 19

Takle 2.2.3 presants the sex distribution of nraduates.
As shown irn this Tabls, most of the araduates were male in
both recions and ther2 were only two female qraduates, one
from each reaion, DNgain there is a similarly oriented

imbalance in the numh2r of wales in both oroups,

Table 2.2,3: Sex Distribution of Craduates of Statistics

Sex rddis Abhaba Other Reaions Total -
Male 5 12 17
Female 1 1 2
Total 6 13 19

Takle 2.2.4 presants the Adistribution of ESLCE crade
point average, upon eunrollemert. Rs shown in this Table,

the maximum ohserved GPA is 3.2 (all frowm Addis Ababa) and




the minimam 3is 2.2 (a gradvate outside nddis Ababa =nreolled
as a quota student). The hichest frequency corresponds to
the GPA 2.8 (three from Addis Ahaba and four from gther
Reclions) and the least are at the GPA's 2,2 and 3,0 (all
from other reaions). All graduates from Addis Ababa had
grades above 2.4 and those from Other Recions had bhelow 3.2,
There was no srecification for a araduate outside Rddis
Ababa, There is also one ¢graduate who has b=aen enrolled as
a private avnlicant from Addis Ahaba. Moreover, qgraduates
from Addis Ababa had a higher mean GP2 than those from
Other Rcalons (the cradvate with no sracification 6f oriain

was not considered for mean calculation).

Tabhle 2.2.4: ESLCE Crade Foiprt lverace Distribution of‘
Statistics CGraduates

ESLCE GPA Addis Ababa Other Reaions Total
2.2 - 1 1
2.4 - 2 2
2.6 1 4 5
2.8 3 4 7
3.0 - 1 1
3.2 2_ - 2
No specification - . 1 1
Total 6 13 1@

Mean 2.90 2,63 =




In adcdition, the marital status uron enrollement was
predominantlv sinecle in both recions with the axcention of
one married student {outsids 7FAdis Phaba) and the "no sveci-

fication" for a araduate (outside Addis Ababha), Regardina

the type of studv at the last hichschool, rost of the
graduates were from academic science in both regions, three
graduates outside Addis Ababa were from adgriculture stream
and no specification was obtained for four araduvates (one
from Addis Pbaba and three from Other Reaions). Eventhouah
no information was obtained, it is theoretically known that
a dormitory facility ig provided to any studant from outside
Addis Ababa but hot to one from Addis Ahaba. |

Wwhereas aae, sexX and marital status mav not have any
serious coffect on stulent performance, it is expected that
BESLCE GFA and dormitory facility may affect most=£frashman
GPA; the effect of FSLCE GPA is ex¥nacted to he positive,
suagesting a higher vorofile for Addis RAbaba, hut the absonce
of a dormitory facilty, on the other hand, mav show a depressineg
effect, The orrosite will be true for the marformance of
students who core from areas outside Addis Ahaba. The net

effect, in both cases, may be to create a situation wherehy

positive and necative effects have a tendency to neutralize
each other,

Furthermore, fallure to cet first choica is 2upected

to have no effect on the performance of students in the
Department of Statistics, because every studant is assioned
to this Nepartmwent according to hils or her first choice.
However, lack of studant interest, éepértmnntal inadequacy
relating to staff and facilities and heavv samester work
loads mav affect studants® performance hut they are exnected
to show no differential effect on the two arouns.
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2,3 Methods of Data hnalysis

2.,3.1 Pssessrent of “Multivariate yormalitvy

The agsumetion of wmwltivariate normality underlies
much of the standard "classical™ multivariate statistical
methodoloqy} Thus 1in real life avplication of this
methodoloay, the first step that must be taken bafore
going into analysis is the asséssment of data for any
serious violation of the underlying assumption, This
agsumption is thus, a basis for the methods of analysis

described in Scctions 2.3,2, 2,3.3 and 2.3,4,

There are various methods sucgested by Aifferent
authors (See Cnanadesikan, 1977) which have been in use
so far for this purnose, For its simplicity and ease of
intervpretation we used the chi-gcuare plot method described

in Johnson and Wichern (1932).,

This method of judging the joint normality of a data

set is based on the squared generalized distances d% alven
by
Q% = (=) e (X.=F), $=1,2,4v0,n
B ] : 7
.th

whera Xj are column vactors of P megasurements on the i
element or individual, % is a column vector of P mears
computed from treatmant tétals and S ig the sample ccvari-
ance matrix, The nrocedure to construct a chi-square

plot is as follows:

i) Comouvte and ordey the scuared distances in an
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2
(1)

2
ascending crder as  d fﬁi?).ﬁ"'f ﬂ(n)’

- .ﬁ;'
T - - ) . 2 . R ) 2 e
1i} Comnute the values of x; (mﬁm), vhare kﬁ(mﬁg)l&

ke
thoe 100 (lﬁé) narcantile of the chi-sauare digtri-

bution with P degracs of froedom, and finally,

j=%
1ii) plot the pairs (& xg(lﬁi)).

(3) °
The resultina plot shouléd resemble a straight line
through the oricein, if multivariate normality holds, Any
systematic curved pattern sugoests lack of normality and
any point to the right of the line indicate large dist-

ance or an outlier that noeds further attention,

2.3.2 p2ssessment of Equality of Covariance Matyices

The generalized Bartlett test for the equality cof k
covariance matrices, given in Morrison (1976) , is used for

this purnose.
The hvypothesis

I e = = =
Loo 21 E?_.... Ek

of the equality of the covarlance matrices of k p=diren-
sional rultinormal ropulations can be tested against the
alternative of ceneral positive definite matrices by a
modified oeneralized likelihocd-ratio statistic, Let

Sy be the unbiased estimate of Zibaseé on f, degroes of

freedon, where fi==niml for the usual case of a random




- 12 =

; th
gsample ¢f n, observation vactcrs from the i h nepulation,
1 AR £

When I, is true

is the pooled estimatz2 of the common covariance matrix,

The test statistic is

5 sl - 3 £, in|s,|
M= (5 £.) Ini{8f - £ £, 1In|8
i=1 " 4=1 ! it
and if the scale factor
el_g _o2ptaapel K1 1
- ST R=D ", >.F. &
i=1"i £
i 1

is intreduced the quantity ¥D™1 is apnroximately distri-
buted as a chi-souare variate with dearees of freador
L(k-1) p(ﬁ+l) as the fi bheccomes larae, 72 decision rule
with level of significance o is: Reiject H, if

x? >x§(%(k—1)n(p+l)), whare xi(%(k—l)p(p+l)) is the

100 (1-a) percentile point of the y?~distribution with

%{k=1)p(p+l) deareces »f froecdem,

2.3.,1 The Method of Testing the Fouality of Two Mean Vectors

This is a multivariate aralog of the test on differ-
ence between two means, Suppore one draws indenendent
random samples cof sizes ny and n, from pn=variate normal

nonulations M(ul, r) and N(u?,z), raspectively,

e




- i3 -

From cata o the civen garhles, one may cornmute the

followvirg samnle rmean vactors:

11 12
%, 299
r = L . -‘ -
Xl : and X2= .
X Xan

and samrle covariance matricas Sy and 8, and the pooled

sample covariance matrix S where

8y = covariance watrix obtained from sample 1,
S, = covariance watrix ohtained from samnle 2,
and S = pooled covariance matrix = -
nl+n2ﬂ2

To test the wvariatz hynothesis "t ulf*u? against the
alternative hyrothesis Hls yl.#uq , an arpronriate tesgt

statiétié T2 (rronosed by Hotellina, 1931) is aiven bv

n, n o = “l,= =
TS cveimetciens = ' —
T o= TN (Xl X2) S (Xl XZ) (1)

When the hyrothesis, Hog is true, the statistic

n;-l- n, = =l 2
_ — P (2)

1ty =2

P =

is distributed as the F=digiribution with degrees of free-

dom 1 and n.+n, - P-1, 2 decision rule with level of

1 "2
significance « is: Reject B, if F>F (p, nytn, - p-1},




wherae Fa(h, n1+n?°~nml) ig the 100(l-a) rercentile point
of tha P distribution with decrees of freadom r and
n1+112e=hnl.

The tegt in the next =zection rrovide a more detailed

analysis.

2.3.4 Profile rpalysis

The detailed theory of rrofile analvsis is founc in

Morrisor (1976) anéd Johnson and Wichern (1982),

Prcfile analvsis, in general, rertains to situations
vhere a hattery of r treatwents (tests, questions, and so
forth) ene administer=d to twe or more grourns of subjects,
Since our vrimary intarest is to consider two groups we

restrict the discussiosn to the mothod 0 he uged under this

situatiocn,

Th2 following twn agssmgrtions underly thz model for

profile analyais:

i} The resronses are described by a n=-dimensional

multivariate normal random variahle X,

-

Beth rorulations have a common, thouch unknown,

|
[
el

covariance matrix £,

In addition, all resnonses must be expressed in similar
units inorder to carry out a comrlete nrofil=s analysis,
otherwise it will be meaningless to test Hna {given below) .

To emrloy this mathod of analvsis we might ordinarily
rose the aquestion of whether the rorulation mean vectors
are the same. In rrofile aralysis, the cquestion of eauality
of mean vectors is divided into scverol snecific wessibhili-
ties, Iet

].l‘l = (Ullr Ulgfu.;ulﬁ) end 9'2: (}1?1' uzzlo-”’uzp)




1.

o
el

the mean voctore from nonulations 1 and 3, reg-
¢

pactively., Rrokan=lins crarhs constructod fron these

means arce called nopuiation nrofiles for the twe

grouns or nopulaticns. The rtrofiles can alsc he

@atimated using the samnle means so that then they

are refered to as sawple nrofiles (8ee Fia, 3,2 below

for illustration).

In terms »f the popvlation nrofiles, we can

formulate the quastion of equality in a stagewise

fashion.

a)

b)

a)

nre the nrofiles parallel?
Equivalently: Is .g'?c:l B Mg T HyqeT Mgy .u2:l.==l 1=2,3, .0,
aceertable? |
Assumina the profiles are parallel, are the nro-
files coincident oxr ore thev at the same level?

=

Raguivalentlyv: Tg ¥ TlUgge 1=),%0000,P

Assumine the profiles are narallel, are the nonula-
tion mean responses the same?

! g I 5 4 = F oaee ™ = = e
Bauivalentlys Ts Hgas uy) =Hy, Hyp= pp® HapTeeeTHop

acceptable?

1) Parallelism of Profiles

This refers to the hynothesis in stacs (a).

I > WyYith s H .2 Cu, =
t can he written as Tol Cul Cu2




wiare O is the contrast watrix

0 '“'l 1 u * e 2 0 0

C(P‘-].)XP= ° c - ° . °
0 0 6 0 ...l 1|

For independent samnles of

n

iZes ny and 0, from
the two populations, the null hycothesis can be tested

by constructine the transormed observations .
i 3= 1!2r‘°‘fnl

K o
CKzﬁ s 0= l,a,,,qrnz

Taesa have samnle wasn vectors C§1 and C¥, ,
&

respactivelv, and estimators of covariance matrices,

1 ..t , .
w— 5C and L CSC', renpactively, where 9§ is the un-
bizgsed estimator of I, the comron covariancs matrix,

Since the two sets of tramgZormed ohsexvations
have' (P=1) dimensional normal. distributions with means
Cul and Ciy s respectivaly, and common covariance
matrix v.U°, the statisutle ror testing Hnl is the two
sample 'I.‘2 comnuted frow the (P-1) differences of the

successive mean responscs:

12 nln?' fﬁ- 7 LY | ant -1, = v
T = EI;w;« 1=K2) cT.{csc') t’.‘(}»{l—f_2 (3)
We refer __'nlfn?np 5

Gy T,-2 1) @)




to a table of th2 Pedistributlon with dagrecs of

freadom (P-1) and (n]+nqu) and raiect ﬁ_] at the o
A s [REN

level if the obhsarved P exceeds the ciritleal value

Fu(Pnl, nl+n2mP), whare Fu(D~1, n +n2uP) is the

1
100 (1=a) mercentile noint of the P-distribution with

decrees of freedom P=1 and nl+n?~P.

1i) FEguality of Levels - Coincident Profiles

This refers to the hynothesis in stace (b}, If
the hynothesis of »arallel nrofiles, Holp is tenable,
we may test Ho?' the byrothesis of coincident nrofiles.
Under Hol’ the nrofiles will te cnincident only 1€

s - Lehts + - = 1!
the total helaht Wit u124,.n+ulP 1 My and

Hnq Tlnates =11 o m €03 5
Hop oottty 1 ng AXe equal. Therefore, Hop Can

be written in matyiyx notation as:

where 1' = (i,...,1}) iz the P-comnonent vector with
unity in each nositipm. This hvnothesis is tested by
corputing the usual two-sample t—-shatistic frowm the
surs of the ohservations on all cesponsas in sach

gampling unit, agiven bys

LY (%, =i.)
Y LT81) (== 4
' np Ny

If W ., is true, tha statistic. has the t-distribu-

&

ticn with nl+n2m2 daeqgeang of freadom or its gruare has




the F-distribution with 1 and nl+nq~2 daorees of
’ :
freedom. "he uswval rvles for accentancse oxr raiaction

of the null hypothesls applv.

111} Equality of Yean Pesponses

This refers to the hypothesis in stage (C). The
hypothesis that all response means are cgual, Ho3’
can be tested as follows., As in the precedlng test,
we must requlre that the parallelism hvyoothesls, Hol'
is accentable, IT£f it ig not, the test must ba carried
ont. separately for the two arovns, Under the assunns

tion of narallel wmean vrofiles, the hynothesis isg

.“035 ﬁ(ll1+l12) = 0

N

For its test, we covosute the arand mean vector

Ny

ool X (6)
nl+n2 2

=i
{3
>ai

+n2 i
and from it the single-szample T2 statistics
2 -F 1 -y 1 _1 7
T = (nl+n2)x cr{esc') “c¥ (7)

where S igs the uwnhiazed estimator of £, the common
covariance matrix, tThen H03 is true, the guantity

L S S o
© 7 ey n,=2) (=10

hag the F-distribution with deorees of frasdom p-1

and n1+n2un, and we reject Ho3 usina the same rule as

uwnaer o, .
ol
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3.2 Test for Equality of Covariance Matrices

The samples of n., =6 (from Addis Abaha) and n, =13

1
(from Other Regions) gave the samnle covariance matrices
Sl (for 2ddis nbhaba) and 82 {(for Other Recions), respec-
tively, and the pooled sample covariance matrix S (given
in Appaendix ). ™hese matrices have the following deter-

nminantss'

| o, = 2.9271 X107,
| s,1 = 3.4281 x1077 ¢
and | s | = 2.5289 X107 , respectively.

Uaing the formulae for ¥ and D“l glven in Section
2.,3.2 we get
M= 18,1345

-1

o
i

0.6782

Thug, MD—I = y2 = 12,30, with 10 deorees of €reedom. This

indicates that the data do not show evidence (p>0.25) for
any difference hetween the covariance matricas for the two

groups.




2,3 Test for the Fqualidty of Mean Vectors of the two Croups

The method of tegting the ecqualitv of two wean vectors
digcugsed 1in Section 2,.3,3 will now be arnlied on the data.

The sawples qave the mean vectors,

2.54 2,70
. 2.77 _ 2.78
%17 12,49 and X, = |5 50
_2.82_ | 2.76
and hence,
=0.16
(-}‘{1?7} - =0,01
" =0 ,01
0,06

The inverse of the poolad zamrle covariance matrix ¢ (alven
in Appendix C) becomes

e oy

17,8803 =16,4731 13,0225 -11.,3379

-1 ~16,4731 23,9542  ~19,7785 13,5980

7T 1 13,0225 =19,7785 32,2503  =24,%099
-11,3079 13,5980  ~-24,5000 23,9180 |

Therefore, R
(¥,=2,) "8 " (¥ ~¥,)= 0.7647

Thus, the use of edquations (1) and (2) of Section 2,3,3 alve
T2 = 3,1393 and 7 = 0,65, This value of 7 qives no suffi-
cient evidence for any difference (p>0.25), for 4 and 14

degrees of freedon, betwaen the two population mwean vectors.
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cgraduates outsida Nddis phaba had larcey Gp%s (on

the averaae) as corpared to that of the craduates from
addis Ababa at the =nd of first vyear, second sanester
and the converse is txwe at the end of fourth vear,
second semester. Put at the two intermediate gsemasters
the differences are not maonificient. (In Fig, 3.2
scmesters 2, 4, 6 and 8 represent the sacond semesters

in each vear.)

Mow let us conzifizr the three tests discugsed in
Section 2.3.4 steo by step, In testine the hypotheses
we need ¥, X, and (fluiz) oiven in Section 3,3, and
8, the nooled sampla covarlance matrig, glven in
aspendix C. Morsover, the contrast matrix to be used

in our case is the 3+ 4 matrix:

i) Test for Parallelism

Ty

T H w2
To test HOlo Cul Cuz, we comoute

=

‘' = (-0,0015 0,1647 0,0094

~Q,0497 (,.1004 0.0685

hees .




= 26 -

which oives

T 16.5373 -0.5384  12.0725 |
(csc)™! T | -0.5384  6.1470  -1.2342
12,0728 =1.2342  23.5506
and
| 15.5373 ~17.0757 12.6100 =12.9725 |
cr(csct)"le = |-17.0757 23,7611 -19.9921 13,3067

12,6108 ~19,992) 32,1660 =-24,7848

~12,0725 13,3067 -24.7348 23,5506

Using the vector (EEwiy), we cet
- = S DT
- ol ' - =
(Xl XQ) ' (csct) C(Xl XQ,) 00,7410

Thus, usinag eauation (3) of Section 2.3.4, T%==3.0420.

Agailn, using equation (4) of Section 2.3,4, ¥F=0,89,
Sirce this value of F ig too small as compared to any
Fedigtribution value for 3 and 15 dearezs of freedom
at: any common significance level, we conclude the
hypothesis of parallel profiles for the two groups is
tenable, 7This is not a surprising result given the
plot in Fic. 3.2, Thig aprears to suggest that the
trend in performance (on the averace) of all graduates
ie similar so that the origin of the graduates does

not seem to play a role.




.—_.2'7._.

ii) ™est for Coincidunt Profiles

Agsuming tho oroflles arsa parallel, we test for

coincident nprofiles, HOQS l'ul = l'ug.

Using 1'=(1111), {ﬁ_-ﬁz) and §,wa get

1
1761 = 22,3399
and l'(xlmX ) = =0,12

Thus, usinc equation (5) of Section 2.3.4, we get

7% = 0.0253 which hae the F-distribution with 1 and
17 degrees of freedom., Acain this valua falls short
of the theoretical # valuves for the specifiad dearees
of freedom at any common sianificance lavel. Thus,
we accept the hvvothesis of coincident nrofiles for
the two crouns, Thervefore, we conclude that the two

groups show one and the same trend in nparformance on

the awverage,

iii) Test for Bquality 0f Response Means

rssurinag the parallelism hypothesis, the test of
the hypothesls of agual responsc means, Ho3gix“fhb)=(h

will now he carriaed out,

Prolying equation (6) of Section 2.3.4 on ¥, and

§? , alven in Section 3.3, we aat

2.55
¥ = 2,78
2.50




and usino the matrix C?(FSC‘)mlﬁ civen abova, we aget
Ret(Cse') TheF = 3,719,

Then, usino equationg (7) and (8) of Section 2,3.4,

T2 = 70,6686 and F=20,78, respectively., This value of
¥ is a hichly significant value (p<0.,005) for 3 and 15
degrees of freecdom. Thus, we reject Hos and conclude
that all the means ar= not identical; that 1s, there
ig some trend in average verformance for both aroums,
Thege diffarences could Fe due to the nature of
courses offered and number of credit hours taken by
the graduates at the resrective semesters (they took

16, 17, 20 and 12 credit hours at the second semesters

of each year), among others,

3.4.2 Profiles for Other Graduates of the Faculty

Attempts were algso rade to have some crude imores-
sion of the situations in the remainina departwents of
the Faculty hv constructing sample profiles from the
collected @P2's, The sarnle profiles for the Depart-
ments of Chermistry, Geoloov, Mathematics and Physics
are depicted helow,. Takinag into account the treatment
differences, the GPA'g of qraduates}from Chemistry
minoring in Physics, frow Ceoloay minoring in Chemistry,
from Physics rinoring in Ceology and CPA's of graduates

who did not speaify their oriqin were ignored hecause




of the ahsence of 2ddis rhaha oraduates in sorme of
them or nresence of only one araduate in the others,
j'oreover, the CPA'g of araduates from Blology were

not considere@ due to the presence of only one gradus
ate from Addis Abata, Thus, only the CPRA's of the
graduates presentad in Table 3,1 are considerad for
this purnose. In addition to the four semester CPA's
(one at the second goraster of each vear) we also
considered the first year, first semester 2B in ordern

+~ have some addi<ional information.

Takle 3,1: Craduates fror 2ddis Pbaba and Other

Panions Locording to Denartmant and

Minor Fileld of Studgv

Minor Fiald
of Study

Nepartment AdAdig Ababa Other Peglons
Chaemistry Matliematics 4 11
Geoloqy Physice 3 13
Mathemwatics Physics 4 21
Physics Mathewatics 5 2%

Fig. 3.3 devnicts the samnle nrofiles of the aroung
from the Department of Chemistrv. From this Fioure,
one can observe that gsowe nrofile difference appnars to
exist betwsmen tha two grouns., The agraduates from Addis

hhaba seem to have bean perforwina less than those from

Other Pecions excent in third vear.
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4, PISCUSSTON AFD CONCLUSTOM

Attempts were made to test vhether the suvigla fiactor
rasnlted in any real difference in nerformancs betwosn
students oricinating from the two arouri: thase fror Bddis
Abhaba and the others which care from other rarts of the
Country, However, the results obtaincd are not in favour

of the existiance of any sidgnificant divference,

The hywotheses of parallelism of nrofileg znd that ofF
coincident nrofiles are accewted, ™hesa resnlis dpucar Lc
indicate that the parformance trends awe similar for the
ﬁtatistics.qraduates from Addis aheha ~nd Othey Raclonw OF
tha Countwvy, Howaver, the bvrothesis of eaqual response
means is rejocted, This findinco gseems to suvgoest that thero
is an ovarall nerformancs traend recardlass of colgins,

L

The sucvgested flugeovation in avecacs marforwance might
b attributed to factors like students' nersonal ovchlems,

wihich way vary from samaster o semester, naturs ol courses

and atfference in giading amona instructors.

The nrofiles presented in Section 3,4 sucgogt that thers
are ¢ifferent features in different denartments for the Lo
groups under studv. Such diffcrences mav arrisa duz to
difference in hackgrouad, departmental difference in uola-

tion to courses, teaching staff, availabilitv of teaching

and reference waterials and crading.

Lastly, since the study primarily considered the
graduates of the Denartment_of Statistics, thase findinguy

have to be considerad as informative hut not conclusive,
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Appendix A:  Form for Data Collectiorn for Craduate Research

1. Wame of student I.0.Yo,
2. Sexz Male Ferale
3. Age when enrolled at the Faculty
4. Marital status: %Sirgle Married . Other
5, Last secondarvy school attendad .

S.lf Name of school

5,2 Location: Town Adm, Reqion

5.3 Tyne of school attended:

Code
Covarnmant - 1
rublic 2
Misgion - 3
Othar 4

5.4 Typ2 of study in school: (1 =academic science,

0 = otharwise)

hcademic gseisnce Acacdemic Art Comrrercial

Home EBconomics - bariculture

Productive Tzachnology other

Technicue/

6, ESLCE CPR
7. 3tatus of admigsion: Recocular ____ Private  Quota
8, 8tudent's first cholce
9, Fields of study: Maijor Yinor
10, Wuwber of credit hrs. taken each serester and GFA
Year Sewnester " Credit hrs., CPA " CGPA
¥ T T T
IT
iT I
. IT
ITXY T
11 .
" Total

11. Dorwitorv facility: Irovided
12, ©Date of araduation

not. provided
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Appendix B: Baslc DPata

{(In all tables that follow, colurmn headinos 2,4.6,3 are
the second semaster of frasbhmrman, sophorore, unior and
senlor vears, respachtively, and 1 is the firet sewester
of freshman' year)

GPA of Statistics Craduates from Addis Ababa

Serial Serester
Number 2 4 6 8
1 2,41 3,24 2,75 2,68
2 2,63 2,59 2.85 3.21
3 2,63 2,24 2,10 2.84
4 2.00 2.24 2,10 2,32
2.38 2.88 2,00 2,00
3.19 3.41 3.12 3.84

CP? of Statistics Graduates frorm Other Paclonsg

Sarial Saresgster
" NMumber 2 4 6 B
1 2.63 2,65 2.45 2.68
y; 2.9 2,88 2.15 2.68
3 2.44 2,41 2.15 2.53
4 3.06 3,06 2.95 2.84
5 2,00 2,29 2,70 3,00
6 2.81 2,82 3.00 3,16
7 1.81 2,18 2,15 2,39
8 3.25 3,41 2,35 2,53
g 3.06 3447 3,65 3.84
10 2,38 2e41 2.06 2.74
11 3.19 2,65 2.00 2.42
12 2.94 2,29 2,175 2,68
13 2.63 2,€5 2,15 2439




GrR of Chemistry Graduates from Addis Aboba

S emeaes teaer

Serial

_Number 1 A 4 6 8
1 2.00 2406 2,32 .2f42 2.67
2 2.00 1.67 1,89 2,42 2,20
3 1.83 1.8¢ 2.11 2.47 2,05
A 1.50 2.13 2.00 2.43 2.37

GFA of Chemistry Graduatass from Other Regions

Semes ter

Serial
Number 1 2 A 0 8
1 2.50 2,44 3.21 3,05 3.29
2 1.82 2,00 1.9% 1,84 2,06
3 2.50 2.44 2,00 2.00 2,60
! 2.50 2,72 2,11 2.53 2,40
5 2,06 2,22 2.32 2,05 2.60
6 1.61 2,17 2.00 1.89 2.25
7 2722 1,78 1.84 1.95 2,00
8 7.61 2,50 2.21 2,79 2,56
9 2.06 1.8¢ 2.39 2,00 2.30
10 2.22 1.89 2.11 2.21 3,12
11 2.22 2.56 1.79 1.82 1,88




Lad

A

CPP of Geoloay Graduates from Addis Ahsba

Serial ZTemester

Number 1 2 A 6 3
L 2.67 2,22 2,81 3.3 3.37
2 2,22 1,78 2.00 2,47 3.31
3 2,72 1,94 2.38 2.32 3.06

CPA of Ceoloay Graduates from Nther Regions

Serial Semester
Number
1 2,22 2.50 2.43 2.41 3.50
2 2,39 2,50 2,42 2.26 2.88
3 2,293 2417 2,57 2,79 3.54
4 2,28 2,28 2.14 2,43 2,60
5 2,22 1.43 2,38 1.81 3.24
6 2.39 2,67 2.43 2,94 3.20
7 2,22 2,28 1.95 1.37 2,44
8 1.89 2.57 2,57 3.59 2,89
g 2,44 2,11 2.09 2,42 2.28
10 2,28 2,44 2,10 2.41 3,80
11 2.39 2.8¢9 2,52 2.59 2,56
12 2,39 2,601 2.10 1.32 1.95
13 2.39 2,47 2,76 2.35 2,87
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CrA of Mathematics Craduvates from Pddis 2bhabha

Serial Semes ter

 Mumber 1 2 A G 9
1 2.11 2.18 1.76 2.17 2.3
2 2,28 1.7¢6 1.78 2,00 2,43
3 2.11 1.76 1.94 2.29 .06
4

2.06 2.35 1.50 1.33 2.00

GPA of Matheratics Craduates from Other Regions

Serial femester
Number 1 2 A i ' 3
1 2.00 2,06 1.94 2,00 2.93
2 1.94 1.98 1.04 2.67 3.21
3 2,11 2,29 1.67 2.05 2,565
4 2,61 2.29 2.00 2.69 3,00
5 2,06 r,53 2,22 2,47 3,35
6 2.50 120 2,44 2,00 3,29
7 2,11 2,18 2.89 2,60 3.35
3 2.06 2,29 2.67 2,60 3,12
o 2,22 2,23 2.44 2.47 2,71
19 2,00 72,12 2.33 2,69 3,47
11 2,00 2,06 1,72 2.00 2,10
12 1.61 2,086 2.33 2,94 3,65
13 2,61 1.98 2,22 2,29 2,53
14 2,00 1.8% 1.83 2.39 3,21
15 2,00 2ol 2,39 2,20 3,43
1% 2,33 2,29 2.89 2,60 2.21
17 2.22 . L.88 2.17 2.4n 3,18
18 2,61 2,06 1.78 2,42 2,50
19 2.06 1,94 2.39 2.40 3,30
20 2.00 2.41 1.72 1.67 2.81
21 2.06 2,00 2.11 1.67 2.14
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CPA of Physics Craduates from Addie Ababha

Serial farester
_Mumpheay 1 s ! 5 B
1 2.67 IR 2.32 2,00 2,00
2 2.67 3,05 3.67 3,53 3,13
3 2,22 2,41 1,94 2.4 2,82
4 2.67 2,24 2.04 2.53 2.38
5 2,11 2,06 1,67 1.0 2,60
CPA of Physics Graduates from Other Raglons
Serial Semes tar
Number 1 hz 4 I3 o
1 1,83 2,12 2.28 2.41 2,00
2 2.67 2,00 2,22 2.82 2,00
3 2.22 2,45 2,80 2.25 2.07
4 2.17 3.52 1.72 2.19 2,
) 2.00 2,18 2.2% 3.09 2,54
3 2,722 S d.22 2,71 1.81
7 2.00 W17 2.83 2.63 3.15
8 3.39 3,045 2,32 3.05 2,69
g 1.83 1,434 210 2.81 3,00
10 1.83 3,138 1.4813 2.57 3,00
11 1.61 2,28 2,00 2.75 2 .89
12 1.67 2,65 1,72 2,33 3,00
13 2.00 2,00 2. 30 2.53 2,54
14 2.28 2,04 2.67 3,19 2.63
15 1.89 el 2.086 2.47 2.81
146 1.56 2,35 2,22 2,11 2.46
17 1.61 1,588 2.06 1.683 2,00
13 2.17 2,44 1.83 1.54 1,34
19 2,06 2,323 2.17 2.79 2.46
20 2.67 3.24 3,39 3.75 3.55
21 1.83 2,06 1.83 2,37 2,10
22 2,248 72,65 2,39 2.4 2.63
23 2.00 2,04 1.61 2.00 2.81
24 1.383 2,2¢ 1.61 2.59 2,46
25 2,22 %435 2.44 2.1 3.38




aprendiy C: Semple covarlance matvices, thelr inverses
and the noole gamnla covariance ratyix for

statigtios,

|0,1546 f.111° 0.1324 n,2238
o 0.1119 0,2473 0.1640 7.1362
"1 0.1324 0,1640 0.2277 N,.2671
10,2239 n,1362 0,2671 10,4270
| 89.6887 ~44,6010 69,3138 ~76.1538
g1, |~44.6010 32,0386 -47,2912 42,7428
1 ! 69,3038 <47.2812  86.7092 -75,4975
le76,1538 42,7428  <75.4975 75,8657
[ -
n,1992 N IETY n,0592 n,nN3aza
P 0.1577 B, 1700 n,1216 nN,0741
T T 0,0592 0,121¢ 0,2263 n,1742
10,0224 AUANASH | N.1772 0,1588
T 22,6480 =25.3858 10,7676  ~4,5066
=1 _ [=25,3654  8,6274 ~20_,2805 39,8647
B R i0.7676  -20,2308 34,5712 =30,6574
| -4.5966 ©,8647  =30.6574 36,2625
-~ -
50;1861 U,12172 n.0807 n.0887
¢ 0,144 0,.1001 0,.1341 1.,0924
00807 n,1341 0.2338 0,201%
0.08687 0.0924 0.2015 0.2377

where Sl i5 for Addis Ababa

8

S 1is the puoled samnle covariance matrix,

N 18 for Other Reoions
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tonendix D:  Ordered sqguared distances ané chi=sguare

rercentile points

Tor bhddis Abaha

i ) x? (=)
1 2,25 0,94
2 2,79 1.92
3 3,51 2.38
4 3.68 4,93
5 3.69 5.39
¢ 4,0€ 8,36

For Other PReaions

B d%j) X?(;ﬁ?))
1 0.32 0.60
2 0,86 1.18
3 £.%4 1.59
4 2.58 2,03
5 2,84 2.47
6 3.44 2,92
7 3.,9¢ 3.36

4,15 3,98

4,35 4,61
10 5,15 5.24
11 5.20 6,31
12 6,21 7.54

13 7.97 17,26
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For the Combhined Sample

i=%

2

. S| ] 2

1 ‘G *a G
) 0,48 n.49
2 0.79 0,91
3 0.81 1.24
4 2,1€ 1,54
5 2.38 1.84
6 2,40 2,15
7 2,46 2.45
8 2.82 2.76
9 2,52 3.06
10 3,84 3,36
11 3,87 3.79
12 3,90 4,21
13 4,38 4.64
14 4,5¢ 5.07
15 5,31 5.60
16 5,82 6.44
17 6,12 7.27
18 6.34 8.50
19 0,06 11,04




