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ABSTRACT 

This study attempts to assess the predictive validity of some selected variables on student s 

past experience, identification, parental economic and educational backgrounds and co llege 

facilities. It investigates the most dominant predictors of the first year fi rst semester average 

score of students at Kotebe College of Teacher Educat ion. Subjects of the study consist o f 

102 randomly selected freshman students from the Natural and Social Science students who 

were admitted to the college in the year 1998/99 . Preliminary analysis is carried out 

through Chi-square tests and correlation analysis. The combined effect of the variables is 

analyzed using stepwise regression analysis. The results show that high school overall 

average score, age, sex, ESLCE mathematics grade, region high school attended and 

mother' s education are significant predictors of first year first semester average score. 

Implications are discussed and suggestions are given. 
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CHA PTE R I 

Introduction 

1.1 Background of the Study 

Education can be considered as an important social objective of any society. The role it 

plays and its possible contribution to the intellectual growth and development of the 

society have become points of common concern in both deve loped and deve loping 

countries (Harbison and Hanushck, 1992). The quality of educati onal system of any 

country may reflect the progress attempts that are made in social, economic and political 

aspects by that country. 

The major problem of most developing countries like Ethiopia is a scarcity of qualifi ed. 

certified and college and/or university trained people. Establi shing co llege and/or 

university training may be taken as one of the so lutions in tackling lhe problem. The 

common approach to the maximization of training is, however, to carefully screen students 

for admission to college and/or uni versity. and to admit only those who are most li kely to 

complete their studies (King and King. t 972). 

I.n Ethiopia the Ethiopian School Leaving Certificate Examination (ESLCE) is used as thc 

selection criterion of students for admjssion into institutes of higher education . In the P:JSl. 

many research works (Melaku (1975); Mckonnen (1987); Marhatibcb ( \993): AsmerOIll . et 

al (1989) and King and King (1972» eva luated the predictive power of the ESLCE along 

with some selected variables. However, they came oul with conOicti ng conclusions which 

may suggest that further research works would be required to assess the predic tive power 



of the ESLCE. And also so far no attempt has been made on factors aITecting academic 

perfonnance of students at Kotebc College of Teacher Education (KCTE). Therefore. it 

seems reasonable, at this level, that if some other selected variables other than the ESLCE 

are examined and the influence that they might have on the academic performance of 

students at college level are investigated. 

1.2 Objective of the Study 

The overall aim of the study is to investigate the most imponant predictors of the academic 

perfonnance of freshman students at Kotebe College of Teacher Educat ion. 

More specifically. the study attempts: 

• to compare the performance of the students between or among the different categories 

formed on the basis of the explanatory variables. 

• to identify the degree of relationships among the variables under investigation. 

• to se lect thosc(at least two) variables which have the most powerful inOucnce on the 

academic perfonnance of the students. 

• to provide necessary suggestions and recommendations. 

1.3 Desired Outcome 

The desired outcome is to provide necessary empirical ev idence regarding those 1110st 

powerful variables selected as predictors of academic pcrfOnllance. thereby enabling policy 

makers to give an alternative thought of selection criterion of students for admission illlo 

institutes of higher education. It is expected lhat the suggestions and recommendat ions 

given in thi s study will mot ivate researchers to further findings of' slIch problems. 
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1.4 Organization of the Study 

Chapter II deals wi th review of related literature. Summaries of works cited in the past 

either in or outside of Ethiopia on academic performance or achie\'ements of students arc 

described . 

In Chapter 111 methods and procedures of sampling and data co llection arc presented . The 

variables to be included in the study with thei r codi ng and des ignations. and methods of 

data analysis are also described in this Chapter. 

In Chapter IV the influence of each explanatory variable on the academic performance will 

be examined through chi-square tests. The combined efTect of the ex planatory variables on 

the academic performance will be investigated using stepwise multiple regression anal ys is 

in this Chapter. 

Finally. some valuable suggestions, recommendations and their implica tions will be g ive n 

in Chapter V. Results are also discussed. 
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CHAPTER II 

Literature Review 

Various studjes have been made and conclusions were reached by dirrcrcnt scholars in the 

past regarding the predictors of academic success. Survey of avai lable litcmlllTC indicated 

that factors like school leaving examinations, educational background. Scholastic Aptitude 

Test (SAT). gender, student study behaviors are predictors of success in colleges andlor 

universi ties. 

King and King ( 1972) have shown that proficiency in English language sk ill s and aptitude 

tests were the best predictors of university grades by examining language backgrounds. 

educational backgrounds, and scores on a variety of achievement and aptitude lests of 12 13 

freshman students admitted to Haile Sellasie I University (now Addis Ababa Universi ty) in 

the academic year 1968/ 1969 through correlation analysis. 

Melaku ( 1975) investigated the relationship between Ethiopian School Leaving Certi fi cate 

Examination (E LeE) and freshman first semester perrormance or 308 academically 

dismissed students of the 1973174 batch o f Haile Sellassie I Un iversi ty (IISIU) based 011 

six selected variables: ESLCE Amharic, ESLCE Engli sh. E LeE Mathematics. ESLCE 

composite scores (Amharic, Engli sh and Mathematics). ES LCE average scores and 

university first semester Grade Point Average (GI)A). I-Ie has shown that the ESLCE 

average scores as well as the scores in Amharic or English or Mathematics wcre not 

predictors of univers ity performance of the dismissed students. 

Mekonnen ( 1987), in hi s project on ranking and selection procedures and the ir application 

to the educational perfo rmance of students at Addis Ababa Uni versity (AAU). has shown 
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that the grade point average in ESLCE cannot stand alone as the so le selection crilC'rion 

for admission of students to the University. He has also shown that those slUdcnts who 

took ESLCE only once have better performance than those who took more than once. and 

ESLCE Mathematics grade is the best predictor of success in the Faculty or Scicnce. 

The influence ofGPA ofESLCE and some selected factors on first year first selllester GI>A 

of science students admitted to AAU in the academic year \987/88 was assessed by I-Iabte 

( \988). Through regression analysis he examined the effects of finecn selected variables 

on freshman students' academic performance, and he concluded that a log transform of fi rst 

semester freshman GPA and a similar transfonn of the ESLCE GPA havc a strong linear 

relationship. Moreover, he has shown that donnitory facili ty has positive impact on the 

performance of the students. 

Asmerom, et al (1989) conducted a study on 293 dropout and withdrawal students from the 

various faculties and colleges of AAU and College of Agriculture (now called Alemaya 

Agricultural Universi ty) to estimate the number of dropouts and withdrawals. nnd also to 

identify the causes. Their findings indicated that students with good performance in thc 

ESLCE tend to have good perfonnance in the first year first semester. The study revealed 

that students admitted to the Faculties of Science, Medicine. Technology and College o f 

Agriculture seem to perfonn poorly as compared to those admitted to Ihe College of Social 

Science. They also showed that ESLCE mathematics result is not a prediclor of sllccess in 

lhe first year first semester mathematics. It was also shown that ESLCE Engli sh result 

predicts success in first year first semester Engl ish in the Faculty of Social Scicnc~ bUI not 

in the Faculty of Natural Science. 
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A slepwise multiple regression analysis was employed to examine the relationship of 

students study behaviors and academic achievement by Whilhite ( 1990). J Ie used a sample 

of 184 students enrolled in an introductory Psychology COurse. He found that scores on a 

se lf assessment measure of memory ability (everyday memory questionnaire) were the best 

predictors of final course grades, fo llowed by SCores on a locus of comral measure and 

scores on self-concept of Academic Ability Test. 

The influence of some selected factors on the academic performance of studen ts at AA U 

was examined by Fentaw (1991). He used Wilks' stepwise variable se lection procedure and 

selected eleven and nine best variables which affect the academic perfomlance of students 

in the Faculty of Social Science and Facuhy of Science. respectively. Moreover. Ihrough 

profi le analysis he came to the conclusion Ihal students from different lypes of schools 

have simi lar trend of academic achievement. 

Bouillon and Doran (1992) compared the pcrfonnance of female and male students at Iowa 

State University in Accounting Principles I and II using multiple rcgression techniques to 

assess the incremental explanatory effects of gender. They investigated Ihal Ill.de students 

significantly outpcrfonned female students in Accounting Principles I. Moreover. the 

performance of the two groups was not found to be significantly different in Accounting 

Principles II. By controlling some variables they also showed that the performance of male 

students is slightly better than that offernale students in Accounting Princip les II. 

Marhatibeb (1993) carried OUI a study to find out the relationship among seven selected 

variables: ESLCE OPA, ESLCE English grade. ESLCE Mathematics grade. freshman !irst 

semester OPA, Cumulative GPA at graduation or dismissal. first year first semester 

Engli sh grade and first year first semester Mathematics grade with regard to regular 
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diploma students who either graduated 0 d· t· d h . de· r Iscan lI1UC 1 Clf Si ll Y lor iIcadcllllC reasons 

from Bahir Dar Teachers Co llege in the academic years 1987/88 to 1991 /92. lie confirmed 

that grades scored in the College are consistent whereas the ESLCE variables have weak 

relations either among themselves or with the scores earned in the College by maki ng lise 

of corre lation analysis. 

As cited in the work of Laekemariam (1994) the pre-co llege exami nation score 

(administrated right after registration) is the best predictor of first year first semester 

college performance of students of Wando Genet Coll ege o f Forestry (WGCF) in the 

1992/93 and 1993/94 academic years. He has also shown that the high school achievements 

considered in grades II and 12 is the second best predictor of co llege performance and that 

ESLCE GPA has poor predictive power of freshman first semester GPA. 

The extent to which a student 's mathematics background determines performance in 

Mic ro _ and Macro-economics courses was examined by Petrowsky (1994). The subjects 

of hi s study were 156 students of Economic Principles classes. Thei r high schoo l 

educational backgrounds in mathematics, scores on mathematics placement examinat ions 

and co ll ege mathematics scores were subjected to the analysis of variance against studellls 

final term averages in Micro- and Macro- economics courses. I-Ie found that there is no 

re lationship between the high school mathematics background and the final ave rages in 

economics courses. 

A study based on SAT, average grade earned in hi gh school. and 32 pcrsollu li ty variables 

was made by Wolfe and Johnson (1995) to identify the best predictors o f GPA. Their 

study was based on a sample of 20 1 Psychology students at the State Unive rsity o f Ne\\ 

York. Results from the Forward Multiple Regression Analysis revealed that average grade 
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earned in the high school, self-control and SAT arc the best predictors ofG PA accountinlI 

for 19%,9% and 5% of the variance in GPA, respectively. 

The study by Fantu. et al (1996) that was based on a sample of 256 randomly selcctcd 

freshman students admitted to different faculties of AAU and Alcmaya Agricultural 

University in the academic year 1991 /92 revealed that the SAT <Ind high school academic 

rank have statistically significant effects on freshman GPA. 

Through multiple regreSSion analysis, Harrison (1996) has shown thai years of 

perfonnance experience is the only statistically significant predictor of grades in a music 

theory course for 279 nonmusic major students at California St<ltc University. This 

variable accounted for 10% of the variation in music theory grades. However. the variables 

on measures of musical aptitude test and sex did hardly predictmllsic theory grades. 

From the reviews of related literature cited above, factors on educational backgrounds of 

students, SAT and student study behaviors have greater impacts on academic performance 

of the students at colleges andlor universities in and outside of Ethiopia. Ilowevcr. so far 

no attempt has been made in this area on students <Idmitted to KOlebc College of Teacher 

Education (KCTE). Thus, the present study tries to investigate some potential factors 

affecting academic perfonnance of students at KCTE. 
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CHAPTER III 

Methods and Procedures 

In this Chapter methods and procedures of sampli ng and data collection arc discussed. The 

variables to be included in the study are described. Variable coding and dcsigmllion. and 

meLhods of data analysis are also entertained. 

3.1 The Sample 

All freshman degree students admitted to Kotebe College of Teacher Education (KCTE) in 

the academic year 1998/99 constituted the sampled population. Two groups of students 

were considered: Natural Science students and Social Science students. In this study a 

random sample of s ize 102 was used. The sample size is decided by mak ing usc of the 

general principle cited in Draper and Smith (1981. p. 417). That is. we think there should 

be about ten complete sets of observations for each potential variable to be included in the 

model; for instance, if it is believed that the final practical predictive model should have 

four x-variables plus a constant, then there should be at least rorty sets of obse rvations 

(n = 40). Using the stratified sampling procedures simple random samples of sizes 61 and 

41 were obtained from the Science and Social Science groups. respectivel y. 

3.2 Procedures of Data Collection and Sources of Data 

Three sources of data were used: the students, the instructors and stlldents' personal files. 

Data on high school academic achievements were obtained rrom students ' personal files 

ava ilable in the Record Office of the College. That is. scores in Eng li sh. scores in 

Mathematics and average scores for grades 9 - 12 were obtained from the transcript of each 

student in his/her file . Results based on ESLCE pcrfomlance like the ESL 'E grade point 
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average, ESLCE Engli sh grade and ESLCE Mathematics grade were al so obtaint:d from 

the students' personal files. 

Students pursuing the degree programme were regi stered for six courses in the SCllll.!stcr. 

That is, Natural Science students were registered for Mathematics, English. I'hysics. 

Chemistry, Biology and Physical Education and Social Science students were registered lor 

Mathematics, English, Geography, Philosophy, Psychology and Physical Education. Ra w 

scores achieved by the students on each course were cott ecled from the respective 

instructors of the courses at the end of the semester. 

A questionnaire fonn on identification variables, economic and educat ional backgrounds of 

the parents, college facilities and some other selected variables was prepared and 

di stributed to the sample students (0 = 102). They were requested to fill in and return the 

completed questionnaire within three days. Surprisingly atl students handed in the 

completed questionnaire form on time. However, almost all the students \vere not willing 

to indicate their ethnic group. Thus, this variable was len out from the study. For the 

remaining variables in the questionnaire fonn, expected answers were provided by the 

students. The detailed infonnation about the questionnaire is given in Appendix L 

3.3 Variables Included in the Study 

!-low variables are speci fied and how accurately they are measured influence the 

interpretation of resu lts. Therefore, definitions or specifications andlor designations of the 

variables are given below. 

A method of dummy coding is used for variables having two levels. thai is. 0 - I coding is 

employed as indicated in Draper and Smith (198 1). 
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XtII = sex ( = I if male; 0 iffcmaJc) 

Sex of students can be considered as one of the explanatory variables. TIli s is due to !.he 

belief that boys and girls in developing countries like Ethiopia arc given dilTerent 

expectations in the society. These expectations may influence their moti vations. and 

therefo re, they may deve lop di.fferent kinds of skill s and abilities. 

X02 = age up on admission (in complete years). 

XOJ = place high school was attended (= I if Addis Ababa; 0 ifnot) 

The educational environment of schools in Addis Ababa is relatively different from schools 

in the other regions due to the concentration of experienced teachers and that provision of 

school fac ilities are relatively better. 

x,. = school type (= I if government; 0 if not) 

To some extent prior perfonnance of students tend to be related to their co ll ege 

performance . For the purpose of this study three variab les on high school achievement nrc 

considered . These are 

~, = high school English score (an average of scores in English for grades 9 - 12) 

Xoci = high school mathematics score (an average of scores in mathematics fo r gmdcs 

9 - 12), and 

Xo, = high school overall average score (3 weighted average of average scores for gmdes 9. 

10, II and 12). Weight refers to the number of courses Ih .. t lhe student had taken 

in each grade level. 
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The ESLCE is a school leaving examination that has been put into use for many years. 

Ever since it has always been administered by the Ministry of Education. It has been used 

as a selection criterion for admission of students into higher education and teacher tra in ing 

institutions. Therefore, results of ESLCE may tend to inlluence college success. So the 

following ESLCE variables are considered in the study . 

"os = ESLCE English grade (numerical substitutes 4. 3, 2, I and 0 for letter grades A. B. 

C, D and F, respectively) 

Xw = ESLCE Mathematics grade (numerical substitutes 4. 3, 2. I and 0 for leiter grades A. 

B, C, D and F, respectively) 

X lO = ESLCE OPA (an average of grades in fi ve subjects: Mathematics. Engli sh and three 

other subjects on which the students had re lat ively better results). 

The levels of mother's education and father' s education contribute positivc\y or negatively 

or even may have no significance on the academic pe rformance of their chi ld/chi ld ren. 

Therefore, 

X II = education of the father (=1 if literate; 0 otherwise). and 

X 12 - education of the mother (= 1 ifHlcrate; 0 otherwise) 

are considered as addi tional explanatory vari ables. 

X 13 = economic status of the parents ( = I if monthl y income ~ 201 Birr/month : 0 if 

monthly income < 20 1 Birr/month). 

The economic status of the parents to some extent. relates to acadl'lllic perfonnance or the 

students. With regard to thi s, students were requested to identify the categories in lo which 
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Iheir parents average monthly income in Bi rr fa ll s. Two c<ltcgories were formed : thosc 

whose parents average monthly income was below the urban poverty linl.' \\ hich was Birr 

20 1 per month for a family of five persons (MOPED, 1992: 20) and Ihose wi th avc rage 

monthly income equal to or above thi s poverty line. 

One intervention that has widespread endorsement. although as much as conceptua l 

reasons as for solid empirical ones, is the provision of tex tbooks (Harb ison and I-Ianushck. 

1992) and wrinen materials. The relationship of textbooks to studcnts' performance is 

found to be important. The availability of written materials or textbooks may have impaci 

on students' performance. The provision of dormi tory with necessary facili tics providcs 

the creation of good educational environment for the studen ts. Students who were provided 

with textbooks (written materials) and dormitory with necessary facilit ies arc expected 10 

perform better, and improved faci lities are systematica lly benefic ial to students' learni ng. 

So, the next two variables are on the provision of textbooks and do mlitory. 

X 14 = textbook (= I if provided for at least one course: 0 if not provided fo r all courses.) 

X 13 = dormitory (= 1 if provided with necessary fac ilit ies; 0 if not provided wilh necessary 

fac ilities). 

Regardless of how it would be measured, the degree of frustration caused by fear or 

academic di smissal due to lack of confidence, the competiti ve nature of the co ll ege life and 

the li ke may inHuence the academic pcrfoOllancc of students. Responses of studcnts on 

whether or not they have been frustrated by fear of academic di smiss:l l arc collectcd. The 

variable with regard to this is described below. 

X 16 = frustration caused by fear of academic dismissal 

(= 1 if frustrated; 0 otherwise) 
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And finall y the two categories of students were coded as 

X 11 = group type (= I if atural Science; 0 if Social Science) 

Academic quality can be defined as performance on Grade Po illl A vcrage or avemge of 

raw scores achieved by lhe students. The criterion(rcsponse) variable is the performance of 

freshman students in the first semester. Here by perfo rmance we me'lIl the we ightcd 

average of raw scores that were achieved by the students in the examinations of the courses 

they were registered for. Weight refers to the credit number of the course. 

The criterion (response) variable is designated by y and it IS first ycar IIrst semester 

average score (semester grade point average). 

3.4 Methods Employed for Data Analysis 

The utili7..ation of different methods of data analysis provides extra infomlati on about thc 

cons istency and re liability of any specific findings. So. in thi s st udy. to sec the general 

feature of lhe data on each variable, descripti ve statisti cs like the mean. standard deviation 

and coefficient of vari ation of each variab le werc calculmed. The ch i-squ,lre tests were also 

performed in the preliminary analysis. The investigation of the relationships of the 

ex planatory variables either among themselves or with the critcrion variable W;:IS performed 

using correlat ion analys is. 

The combined efTect of the explanatory variables on the response variable was exam ined 

using multip le regress ion analysis. A regression cquation was lilted lor all obser\'ation~ 

and a stepwise regress ion analysis was employed to dctenninc the best prcdictors of the 

response vari able . 
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Residual analysis was performed to check the validation of the mode l assumptions. Plots of 

residuals against predicted values and normal probability plot were examined. These 

procedures are di scussed in detai l in Montgomery and Peck (1992). Weisberg ( 1985). Cook 

and Weisberg (1982). 
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----------............. 
CHAPTER IV 

Res ults and Data Analysis 

4.1 The Preliminary Ana lysis 

The variables under investigation were analyzed with SPSSfPC+ stati stics packages. Non-

parametric tests(chi-square tests) were carried out to check i f there is a diffe rence in 

academic perfonnance between or among the categories that we re formed for each 

explanatory variable. 

4.1.1 Chi-Square Tests 

Group Type and Academic Performance 

To test the hypothesis that the two groups (natural science and social science students) arc 

homogeneous with regard to academic perfo rmance, students we re categorized into three 

groups (be low satisfactory, satisfactory and above sntisfactory). That is. students with 

average scores (y) below 60 were categorized into the below sat isfactory group: those wi th 

average scores (y) greater or equal 60 but less than 80 were categorized in to the 

sat isfactory group while those with average scores (y) greater than or cqual to 80 were 

categorized into the above sati sfactory group. Table 4.1.1 shows the distribut ion of 

students in the three academic performance groups. 

Table 4.1.1 Group type and academic performance 

Academic Perfommnce 

Group Type Below Abovc 

Sati sfactory Sati sfactory Sat isfactory 

Natural Science 29 24 8 

Social Science 31 9 I 
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The chi - square test (x
2 

= 8.744, df = 2,« < 0.05) indicates that the two groups arl! not 

identical with respect to academic perfonnance. Therefore. the elTec t of each variable on 

academic perfonnance is investigated for social sc ience. na tural science and combined 

students hereafter. 

Sex of Students and Academic Perfo rmance 

The data were subjected to chi-square test to check whether or not the sex of the students is 

signi ficantly related to academic performance. Tab le 4.1.2 shows the di stribution of 

students according to their sex and the three academic performance groups (below 

satisfactory, satisfactory and above satisfactory). The chi-square tests (Xl = 2.792. df = 2 

fo r natural science and x2 = 1.837, df = 2 for social science and x2 = 1.611. dr = 2 for 

combined at 0.05 level) indicate that there is no significant diffe rence between male and 

female students fo r the three groups. 

Table 4.1.2 Sex and academic performance 

Academic Natural Science Social Science Combined 
Performance 

Male Female Male Female Male Female 
Below Sati sfactory 21 8 20 II 41 19 
Satisfactory 18 6 5 14 23 10 
Above Satisfactory 8 0 0 1 8 1 

Total 47 14 25 16 72 30 

Age and Academic Performance 

To test whether or not there is a significant difference in acadcmic performance with regard 

to age of the students, two age groups were fo rmed. Studen ts with age less than 19 years 

(coded as " I") were categorized as group I and all others (coded as "0") werc categorized 

as group II . Table 4.1.3 shows the di stribution of students in the two groups wi th regard to 

the academic performance groups. The chi-square tests (x! = 0.289. df = 2 for natural 

2 f 2 'or social science and Xl = 1.283 df :: 2 for combined at science; x = 2.668, d = 1< 
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Ct = 0.05 level of significance) reveal that there is no signifi cant difference between the 

two age groups with regard to the th ree academic performance groups. 

Table 4. 1.3 Age and Academic Performance 

Natural Science Social Science Combined 

Academic I 0 
Performance 

I 0 I 0 

Below Satisfactory 10 19 8 23 18 42 
Sati sfactory 10 14 3 6 13 20 
Above Satisfactory 3 5 I 0 4 5 

Total 23 38 12 29 35 67 

Place high school was attended and Academic Performance 

As ind icated in the variable description student 's reg ion was categorized as Add is Ababa 

(coded as "I") and non-Addis Ababa (code as "0"). The di stribution of students acco rd ing 

to these categories and the academic performance groups for the combined. soc ial science 

and natural science students is given in Table 4.1.4. 

Table 4.1.4 Place high school attended and academic performance 

Natural Science Social Science Combined 

Academic I 0 I 0 I 0 
Perfo rmance 
Below Satisfactory 3 26 7 24 10 50 
Sati sfacto ry 12 12 3 6 15 18 
Above Satisfactory 2 6 I 0 " 6 > 

Total 17 44 I I 30 28 74 

The chi-square tests (x2 = 10.3 11 , df =2 for natural science and x! = 3.206. df = 2 fo r 

social science and x2 = 9.031 , df = 2 for combined at Ct = 0.05 level o f significance) 

indicate that there is a significant difference between students from Addis Abab;1 and 

students from the other regions for the natural science group and the combined gro llI'. but 
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there is no significant di ffe rence for the soc ial science group with regard to the academic 

performance. 

School Types and Academic Performance 

On the basis of types of schools where high school was attended students were categorized 

into two. Those who attended their high school education at government schools (code as 

" I ") and non-government schools (coded as "0") fonn the two categories. 11,e distri bution 

of students in these school types with regard to the three academic performance groups is 

presented in Table 4.1. 5. The chi-square tests (X l = 2.219. df = 2 for natural science; 

x
2 = 6.082, df = 2 for social science and Xl = 0.585, df = 2 for combined at a = 0.05 level of 

significance) reveal that there is no significant difference in performance between the two 

school types for natural science students and the combined group while there is a 

signi ficant diffe rence in perfonnance between the two school types for social sc ience 

students. 

Table 4.1.5 School Types and Academic Perfommnce 

Natural Social Combined 
Science Science 

Academic Perfonnance I 0 I 0 I 0 
Below Satisfactory 24 5 27 4 51 9 
Satisfactory 23 I 6 

, 29 4 > 
Above Satisfactory 7 I 0 I 7 2 

Total 54 7 33 8 87 15 

High School English Score and Academic Performance 

With regard to high school English score students were put into three ca tegories. These are 

I. Below Satisfactory (those with Engl ish score less than 60) 

2. Satisfactory (those with English score greH ter or equal to 60 bUlless than 80) 

3. Above Satisfactory (those with Engli sh score greater or equal to 80) 
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The categorized data were subjected to the chi·square tests against the academic 

pe rfo rmance groups fo r natural science, social sc ience and the combined students. The 

analysis (x
2 

= 23.434, df = 4 for natural science; Xl = 6. 141 . df = 4 for soc ial science and 

x
2 

= 28.037, df = 4 for the combined at a = 0.05 level of significance) reveals that there is a 

significant difference in performance among the three categories for the natura l sciencc and 

the combined students. But there is no stati sticall y significant difference in perfo rmance 

alllong the categories for the soc ial science students. The distribution of students in the 

th ree categories with regard to the academic perfomlance groups for the natural sc ience. 

social science and combined students is given in Table 4. 1.6. 

Table 4.1.6 High School English Score and Academic Performance 

Natural Social Combined 
Academic Science Science 

Perfonnance 
I 2 3 I 2 3 I 2 3 

Below Satisfactory 10 14 5 8 18 5 18 32 10 
Sat isfactory I 10 13 0 9 0 I 19 13 
Above Satisfactory 0 0 8 0 I 0 0 I 8 

Total II 24 26 8 28 5 19 -0 ,- 31 

High School Mathematics Score and Academic Performance 

Students were categorized as below satisfactory (1), sati sfactory (2) and above s,lIi sfactory 

(3) groups as in the case of English score given above. Table 4.1.7 shows the distribution 

o f students in these categories for natural science. social sc ience and combined student s. 

The chi-square tests (Xl= 31.727, df = 4 fo r natura l sc ience. x2 = 6.796. df = 4 for social 

sc ience and x2 = 50. 173, df = 4 fo r combined sllIclents at a = 0.05 level of sign ificance). 

The categorized groups were sign ilicant ly different for natural science and combined 

students in performance while there is no signi fi cant difl'crcnce in pcrfonnance ror soc ial 

sc ience students. 
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Table 4. 1.7 High School Mathemat ics Score and Academ ic 
perfonnance 

Natural Social Combined 
Academic Science Science 

Performance 

I 2 , 
I 2 , 

I 2 3 J J 

Below Satisfactory 12 15 2 8 18 5 20 " 7 JJ 

Satisfactory I II 12 0 9 0 I 20 12 
Above Satisfactory 0 0 8 0 I 0 0 I 8 

Total II 26 22 8 28 5 21 54 27 

High Scbool Overall Average Score and Academic Performance 

Students were categorized as below satisfactory (1), satisfactory (2) and above satisfactory 

(3) groups on the basis of overall average score that they rece ived in high school. That is. 

students with overall average scores less than 60, greater or equal to 60 but less than 80. 

and greater or equal to 80 were categorized into below satis factory, satisfactory. and above 

satisfactory groups, respectively. Table 4.1.8 shows the distri but ion o f students in high 

school overall average score and college academic performance. The chi -square tests 

(Xl = 39.945, df = 4 for natural science; Xl = 23.806, df = 4 fo r soc ial science and 

x2 = 6 1.06, df = 4 for combined at a = .05Ievcl) show that there is a significant difTercncc 

in performance between the three categories. 

Table 4.1.8 High School overall average Score and Academic Performance 

Natural Social Combined 

Academic Science Science 

Performance 
I 2 3 I 2 3 I 2 3 

Below Sati sfactory 15 14 0 9 21 I 24 35 I 

Sat isfactory 2 17 5 0 9 0 2 26 5 

Above Sati sfactory 0 I 7 0 0 I 0 I 8 

Total 17 32 12 9 30 2 26 62 14 
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ES LCE English G rades and Academic Performance 

ESLCE English grade was used to categori ze students in to th ree groups. That is. those wi th 

A grade were put in group 1; those wi th B grade in group 2 and all others in group 3. 

These three groups were subjected to chi-square tests against the three academic 

performance groups for natural science, social science and combined students. separatel y. 

The analysis ( X2 = 1.843, df = 4; Xl = 5.083, df = 4 and X2 = 5.600. df = 4 for soc ial 

science, natural sc ience and combined students at a = 0.05 level o f significance. 

respectively) reveals that there is no significant di fference in performance among the three 

categories for each group. Table 4.1.9 shows the distribut ion of students in the three 

categories with regard to their academic performance. 

Tab le 40 1.9 Engli sh ESLCE Grade and Academic Perfonnance 

Natural Social Combined 
Academic Science Science 

Performance 

I 2 3 I 2 3 I 2 , 
> 

Below Satisfac tory 18 10 I 22 8 I 40 18 2 
Sat isfactory 17 7 0 5 4 0 22 II 0 
Above Sati sfactory 8 0 0 I 0 0 9 0 0 

Total 43 17 I 28 12 I 71 29 2 

ESLCE Mathematics Grade and Academic Performance 

Those students with grade A or B, C, and D or F were categorized into gro ups 1. 2. and 3. 

respective ly. The chi-square tests (Xl = 19.907, df = 4 for natural science: Xl = 5.20 1. 

df = 4 fo r social science and x2 = 36.212, df = 4 for combi ned at a = 0.05 level of' 

sign ificance) show that there is a signifi cant difTerencc in pcrfonnance among the groups 

fo r natural science and combined students. But there is no s ignifi cant di ffe rence in 

performance among the groups fo r social science slUdents. Table 4 . 1. 10 shows the 

do °b ° f d t on these groups with regard to the academic perfo rmance. Istn lItlon 0 stu en s I 
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Table 4.1. 10 ESLCE Mathematics Grades and Academic Pcrfonnancc 

Natural Social Combined 
Academic Science Science 

Performance 
I 2 

, 
I 2 , 

I 2 
, 

> > > 
Below Satisfactory 0 21 8 6 24 I 0 27 " » 
Satisfactory 5 16 

, 
5 4 0 5 21 7 > 

Above Satisfactory 5 3 0 0 I 0 5 3 I 
Total 10 40 II II 29 I 10 51 41 

ESLeE GPA and Academic Performance 

Students were grouped into three on the basis of their ES LCE GPA. 

Group 1: those with GPA ;;::: 3.8 

Group 2: those with OPA = 3.4 or 3.6 

Group 3: those with GPA ~ 3.2 

Table 4.1. 11 shows the di stribution of students in these three groups along with the 

academic performance groups. The chi·square tests (x2 = 36. 176. df = 4 for natural 

science; x2 = 41.22, df = 4 for social sc ience and x2 = 57.507. df = 4 for combined at 

u = 0.05 level of significance) show that there is a signi ficant difference in performance 

among the three groups. 

Table 4.1 .11 ESLCE GPA and Academic Perfomlancc 

Natural Social Combined 

Academic Science Science 

Performance 
I 2 3 I 2 

, I 2 
, 

> > 

Below Sat isfactory 0 17 12 0 13 18 0 30 30 

Satisfactory 10 12 2 0 
, 6 10 15 8 > 

Above Sat isfactory 8 0 0 I 0 0 9 0 0 

Total 18 29 14 I 16 24 19 45 38 

23 



F~llh er's Education and Academic Performance 

Students were categorized into two groups according to the ir fathers' ed llc~lIi on . Those 

students whose fathers are literate were in group I and those wi th ill iterate fathers arc in 

group 2. The di stribution of students in these groups is given in Table 4. 1. 12. The 

chi-square tests (x2 = 0.068, df = 2 fo r natural science; x2 = 0.804. df = 2 for soc ial sc ience 

and Xl = 0.003, df = 2 for combined at a = 0.05) show lhal lhcre is no significant diflcrence 

in perfonnance between the two groups. 

Table 4. 1.12 Father's Education and Academic Performance 

Natural Social Combined 
Academic Pcrfonnancc Science Science 

1 2 1 2 1 2 
Below Sati sfactory 16 13 17 14 '" 27 >J 

Satisfactory 13 11 5 4 18 15 
Above Satisfactory 4 4 1 0 5 4 

Total 33 28 23 18 56 46 

Mother 's Education and Academic Performance 

Table 4.1. 13 presents the di stribution of students accordi ng to thei r mother' s educational 

bac kground (literate coded as " I" and illi terate coded as "0" ). The chi-square tests 

(X2= 0.685, df = 2 fo r natural science; Xl = 1. 120. df = 2 for social sc ience nnd x2 = 1.273. 

df = 2 for combined at a = 0.05 level) show that there is no sign ificant difference in 

perfonnance between the two groups. 

Table 4. 1.13 Mother' s Educat ion and Academic Performance 

Natural Social Combined 

Academic Performance Science Science 

1 0 1 0 1 0 

Below Satisfactory 14 15 16 15 30 30 

Satisfactory 11 13 4 5 15 18 
3 1 0 6 

, 
Above Satisfactory 5 > 

Total 30 31 21 20 51 51 
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P~lrcnts Economic Status and Academic Perform:tn cc 

Table 4 .1. 14 presents the distributi on o f studcnts according thei r parents' monthl y income. 

The chi ~square tests (Xl = 11 .92. df = 2 fo r natural science: xl: = 1.375. df = 1 for soc ial 

science and X2 = 12.303, df = 2 for combined at a :::: 0.05 level) show that there is a 

significant di fTe rence in perfonnance between the two groups fo r natural science and 

combined students and that there is no significant difTe rence in pcrfonnance between the 

two gro ups for social science students. 

Table 4. 1. 14 Parents Monthl y Income and Academic Perfo rmance 

Natural Sc ience Soc ial Combined 
Academic Performance Sc ience 

1 0 1 0 1 0 
Below Satisfactory 15 14 19 12 34 26 
Sat isfactory 21 , 7 2 28 5 > 
Above Sati sfactory 8 0 1 0 9 0 

Total 44 17 27 14 71 31 

Textbooks a nd Academic Perfo rmance 

Table 4 .1.15 presents the distribution of students according to whether they were provided 

wi th tex tbooks or not. The chi·square tests (X l = 1.248. dl' =< 2 for natural science: 

Xl = 1.791 , df= 2 for social sc ience and Xl = 0.47 1. df =< 2 fo r combined <It 0.05 level ) sho\\ 

that there is no significant difference in performance between the two categories (those 

who were provided coded as "I " and those who were not provided coded as "0"), 

'I' b1 4 1 15 Textbooks and Acadcmic Il crfo fll13nce a e .. 

Natural Scicnce Social Sc ience 

Acadcmic Pcrfomlancc 
1 0 1 0 

l3elow Sat is factory 15 14 11 20 
15 

, 6 Sati sfactory 9 > 

Above Sat isfactory 3 5 1 0 

Total 27 34 15 26 
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Dormitory facility and Academic I)erformanec 

Table 4. 1.16 presents the di stri bution of students according to whcther or not they were 

rrovidcd with dormitory faci lities. The chi-square tests ( Xl = 0.163. df =- 2 fo r natural 

science; x2 = 1.120, df = 2 for social science and Xl = 0.252. df = 2 for combined at 0.05 

level of significance) reveal that there is no significam difference in pcrfomw.nce be twecn 

those who were provided with dormitory facilities and those who were not provided. 

Table 4. 1. 16 Dormitory Facility and Academic Performance 

Natu ral Science Soc ial Combined 
Academic Science 

Performance 1 0 1 0 1 0 
I3elow Sat isfactory 13 16 15 16 28 '? >-
Satisfactory 12 12 5 4 17 16 
Above Satisfactory 4 4 0 1 4 5 

Total 29 32 20 21 49 53 

Fear of Academic Dismissal and Academic Per form ance 

Table 4.1.17 presents the distribution of students according to whether a student was 

frustrated by fear of academic dismissal or not. The chi-square tests (x2 = 3.979. df = 2 for 

natural science; x2 = t .823, df = 2 fo r social sc ience and x! = 3. 11 3. df = 2 for combined 

at a = 0.05 level of significance) reveal that there is no significan t difference in 

performance between the two groups. 

Table 4.1.17 Fear of Academic Dismissal and Academic Performance 

Natura l Science Social Science Combined 

Academic 
I>erformance 1 0 1 0 1 0 

17 12 15 16 ' ? 28 Below Satisfactory >-
, 6 12 21 Sati sfaclory 9 15 > 
1 0 

, 6 Above Salisfactory 2 6 > 

Total 28 " 19 22 47 55 » 
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4. 1.2 Descriptive Measures 

The means standard deviations and em· f .. . 
• oe Jelen! 0 van at Ions of the varlablc.:s arc presented 

in Table 4. 1.18. 

Table 4.1. 18 Means, standard deviations and coeffic ient of variations 

Standard Coefficient of 
Variable Mean Deviation Variation 

x" 0.7 1 0.46 0.65 

x" 19.05 1.21 0.06 

X OJ 0.27 0.49 1.81 
x", 0.85 0.36 0.42 

x" 72.67 12. 14 0. 18 

x", 66.83 14.13 0.2 1 

x" 67.30 10.46 0.16 

x" 3.66 0.52 0.14 

x" 2.70 0.64 0.24 

x" 3.45 0.25 0.07 

x" 0.55 0.50 0.91 

x" 0.52 0.50 0.96 

x" 0.70 0.46 0.66 

x" 0.4 1 0.49 1.20 

x" 0.48 0.50 1.04 

x" 0.46 0.50 1.09 

x" 0.60 0.49 0.82 

Y 54.56 19.05 0.35 

As it can be secn from the Table notable variations arc observed within the variables X
01 

(p lace high school attended), XII (mother's education). XI? (father' s cducmion). X
l4 

(textbooks), X IS (donni tory facility) and Xl6 (fcar of academic dismissal), These variations 

are clearl y observable when the comparison is made between variables in terms of their 

coefficient of variations. 
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The mean co rresponding to each dummy variable represents th~ proportion of cases in th~ 

category where the variable attains a value one. For instance. the Illcan of the variable x 01 

(Sex), is 0.7 1 which means that about 71 % of the students arc Illale and the rest .:tre fCnl.:tle . 

The same argument can be extended to the remaining dummy vari.:tbles. 

4.1.3 Intercorrelations Among the Variables 

Bivariate corre lation coefficients fo r the variables under investi gation arc presented in 

Table 4.1.19. Some coefficients are statistically significant at 0.01 level of signi licancc 

and these significant correlation coefficients are indicated with asteri sk (* ). 
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4.2 Regression Analysis 

Stepwise regression analysis was performed to select the mosl important factors affecting 

the academic performance of the students. That is. lhe data were subjected to the stepwise 

regress ion anal ysis and then the best pred ictors of the first year first semester average score 

were selected. The contribution of each of these se lected predictors to the <JVCiJgc score 

was also determined . 

Examination of the scatter plots and normal probabi li ty plot of residuals were made to 

detect departures from normality, outli ers, non-constant variance. and the wrong functional 

form. Moreover, partial regression plots were al so examined since they arc an casy way of 

identifying the extent of departures from linearity, non-constan t variance and thc ex istence 

of outliers. 

4.2.1 Theoretical Basis of the Analysis 

To describe the relationship between the response variable and the explanatory variables 

using multiple regression model we denote the response variable by y and the explanatory 

variables by Xl' Xl' ... , XI:' The true functional relati onship between y and X l ' x ~ .... Xl is 

unknown, but the multiple linear regression model is an adequate approximation 

(Montgomery and Peck, 1992). This model is given as 

y = PO+ P1Xl+ P2X2+··· + p"x ,,+e, 

where E is the random error term. Pp j = 0, I. .... k arc the unknO\\11 parameters (ca lled 

the regression coefficients) thaI need to be estimated. Po is the int!.!recpt and each 

n J' = I ? k measures the expected change in y per lInit chang!.! in xJ \\ hen all x,. i :x j 
I~J ' , - , ... . 

arc kept constant. 
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----------............ 

The method of least squares is the usua l method used to cstimJlc these unknown 

parameters. In est imating the parameters us ing the method the following assumpt ions have 

to be made. 

i) the expectation o f the error term (e) is a zero vcctor. i.c .. 

E(E) ~ (0,0, ... , 0)' 

ii) vaT (Ej) = dl > O. i = 1, 2, ... , n (constant variance) 

iii) the errors are not correlated 

The assumption ofnorrnality of the errors is required 10 make inferences. but not necessary 

fo r the least· squares filt ing of the regression model. 

The distribution of the error term has important implications for the estimation and 

interpretat ion of the effects of the vari ables in the model. The statistical properties of the 

estimated regression model depend upon the distri but ion of the error term. 

Suppose Yi denote the jth observed response. i = I. 2 .. . . , nand X'J denote the jth level of the 

f h ex planatory variable. Then the above model can also be written as 

Then the least squares estimators of the unknown coefficients can Ix: obtained by 

mini mizing " ? 
S("" " ) - '<' E - with respect to Il, . " , . .. .. Il,. The estimators arc p" p" ... ,p, - L- ; 1"'" 

i = I 

denoted by Po ,p I , ... ,p k. Differentiating SCPo. Pl' .... ~~) wi th respect to PI' j ': O. I. 2 . 

... • k g ives k + I equati ons called normal equatio ns. The solutions of these k -.t I 

equat ions are the least squares estimators. 
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4.2.2 Va riable Selection and Model Buildi ng 

This study involves seventeen ex planatory variables XOi ' ~l' .... XI) and a response variable. 

The objective of the study is to determine (select) the mosl important subset o f these 

seventeen exp lanatory variables and the corresponding "best-fitting" regression model for 

descri bing the re lationship between y and the x' s. 

For the purpose of selecting this best regressIOn equation difTerent Iypes of stati stical 

procedures (the all - possible regression, backward elimination. forward selection and 

stepwise regression proced ures) arc usually suggested by difTerent statisticians. Allhough 

none of the procedures generally guarantees lhal the best subset regression model o f an y 

size will be identified (Montgomery and Peck. 1992). in th is study the stepwise regression 

procedure was employed to se lect the "best" least squares fi l. That is. the variables under 

study were subjected to the stepwise regression analysis. Actuall y since the number of 

ex planatory variables is large it is tedious to use the all-possible regression procedure. 

However, the variab les X6 (high school Mathematics score) and x l O (ESLCE G PA) were not 

entered into the equation. Thi s is done because the least squares fit (model) can be 

serio usly affected due to the inclusion of the correlated variables (Cook and Weisbe rg. 

1985). Muhieollinearity is said 10 ex ist in the data when two or more explanatory variables 

are highly correlated. As it was presented in Table 4. 1.19 the variables XO(> and Xm arc 

highly intercorrelated. Moreover, each of these is highl y correlated with X07 (high school 

ovcralJ avcrage) and also wi th Xo9 (ESLCE mathematics grade). The stati sti c:ll literature 

suggests that a small condi ti on number. say less than 100. indicates multi co llinearity is not 

severe. All the seventeen vari ables were entered into the regress ion equation to check i f 

the variables satisfy thi s condi tion. But collinearity diagnosti cs results indicated that there 

is a moderate mu ltcoll incarity since the condition number is equal to 125.444. Discnrding 
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X06 and refitting the regression equation for the rcmaining sixteen variables ga, c ri sc to 

condition number equal to 120.47. Again xlO which entered the equation lastly was 

di scarded and the model was refitted for the remaining fifteen variables. RI.!SllitS indicated 

that there is no severe problem with multico ll inearity in using the data SCI based on these 

fineen variables since now the condition number (94.80 1) is less than 100. Before 

discarding the two variables scalter plots(sce Figure 4.2.9 - 4.2.11 ) of X IO versus X
07

• X(l6 

versus xos. and X06 versus xlO were examined. The plots showed strong linear dependence 

between X IO and Xo6. xloand "07. and ~ and xos' 

The results of the stepwise regression analysis are presented in Table 4.2. 1 and Table 4.2.2. 

Under the assumptions of the model, the test for significancc of regress ion is presentcd in 

Table 4.2. 1. It is used to test if there is a linear association between the response variable 

and any of the explanatory variables. From the Table the test stati stic F is cquai to 49.597. 

Entering the percentage points of the F-distribution with 6 and 95 degrees of freedom at a 

0.01 level of significance we find the critical value to be 3.027. Thereforc. as 

49.597 > 3.027 at least one of the explanatory vari ables XOI_ X02_ X01 ' Xo1': and Xl2 

contributes significantly to the model. That is, there is a linear rel ati onship between the 

response (y) and at least one of these explanatory variables. Moreover, the tests ror thl.! 

s ignificance of any indi vidual regression coefficients_ PJ' arc presented in Table 4.2.2. 

rrom the percentage points of the t·distri bution_ to on. ~s = 1.988. But from the Table the 

magnitude of the statistic T for each variable is larger than thi s critical va luc. Thus. each of 

these six variables contributes significantly to the model given that the others arc in the 

model at 0.05 leve l of significance. 
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Table 4.2.1 Summary Output 

Regression Statistics 

Multiple R ~ 0.871 

R square ~ 0.758 

Adj usted R' ~ 0.743 

Standard Error - 9.662 

ANOVA 

Source 

Regress ion 

Res idual 

Total 

df 

6 

95 

101 

ss 
27782.186 

8869.174 

36651.36 

MS 

4630.364 

93.360 

Table 4.2.5 Results of Stepwise Regression Analysis 

Step Variable p SE P Bela T SignT 

x" 1. 169 0.098 0.642 11.972 0.0000 

2 "" -4.561 0.859 -0.289 -5.3 11 0.0000 

3 x" 5.590 1.612 0.188 3.468 0.0008 

4 x" 10.787 2.291 0.254 4.708 0.0000 

5 x" 7.809 2.335 0.234 3.344 0.0012 

6 x" -6. 122 1.946 -0.161 -3. 145 0.0022 

intercept 42 .425 18.129 2.340 0.0214 

4.2.3 Residual Analysis 

F 

49.597 

R' F 

0.542 118.19 

0.634 85 .572 

0.669 66.1 10 

0.704 57.592 

0.733 52.660 

0.758 49.59 7 

To use the model for predicti on further ann lyses regarding model <lde'luacy arc required. 

Examination of standard summary stati stics such as the t or F st:.lti sti cs o r Rl known as 

global model properties (Montgomery and Peck. 1992) cannot be used to detect dC..'pnrturcs 

from model assumptions. Therefore, it is a usual practice that afier litting the model thl.! 

nex t step is to check for model adequacy. Checking model adequacy is equi\;lIen t to 

checking if the model assumptions arc valid. 111at is. checki ng for the validation of the 
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assumptions of linearity, homogeneity of vari ance. nOnllality and independence of errors. 

This can be carried out through residual analysis. 

The normal probability plot of residuals is an excellen t way of evaluating the normality 

assumption. The nonnal probabi lity plot of standardi zed residua ls is presented in Figure 

4.2. 1. As it can be seen from the Figure there is no appmcllt departurc from normality 

assumption as the plot approximate a diagonal straight line. Therefore. it seems reasonable 

to say the assumption that the eITors are normall y distri buted is valid . 

The plot of residuals versus the predicted values of the response variab le is presented in 

Figure 4.2.2. It supports that the assumptions of lineari ty and constant variance look 

acceptable since the plots lie within a hori zontal band. 

To examine the presence of outliers in the data set an outl ier test was performed. The test 

stat istic is the externally studentized residual (ca lled deleted studenti zed residlwl in SPSS). 

If errors are nonnall y di stributed, then thi s test stat istic wi ll be distributed as sllldelll' s t-

di stribution with n - k - I degree of freedom. where k is the num ber of ex planatory 

variables included in the model (Weisberg, 1985). The construct ion of the test stat isti c is 

also given in Weisberg ( 1985), and it is suggested that testing the case wi th the largest 

va lue of thi s test statistic (in magnitude) to be an out lier is in rea lity amounts 10 performing 

n signi ficance tests one for each of 11 cases. The de leted studcntiz~d r~s id ua ls \\ere 

presented in Append ix II. From the Appendix the largest value (in magnitude) is 2.254 

corresponding to case 52. But we have n = 102. and k = 6. Thus. the test stati stic has 95 

degrees of freedom. As indicated in Weisberg ( 1985. p.116) choosing Ihe crit ical \alu~ to 

be the (a) 100% point of t wi ll give a significance level of no more lhan 11(::) :: a· 
n • 

Usi ng th is fac t and entering Table E in Weisberg (1985) with k = 6 and n = 102. \\t: find 
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the crit ical value at a =: 0.05 to be 3.60. Then as 2.254 is less tlmn 3.60 case 52 is nOI an 

outlier and thus so do the other cases. 

The partial regression plots of y _ v _ ")( _ X 
" {J J' ''112- ''113, {J7. ' and xll do not show any apparent 

dev iation from the assumption of linearity. These partial regression plots arc presented in 

Figures 4.2.3 - 4.2.8. 

Plot of residuals versus ESLCE OPA (categori zed) was also examined to check the 

assumption that the errors are not correlated . From the plot no any apparent trend was 

observed. Therefore, the assumption that the errors are uncorrelated is not violmed. The 

pia l is presented in Figure 4.2,12. The assumption of independence of errors fo llows from 

the normality assumption and the assumption that the errors arc not correl ated. 

4.2.4 Inlluence Diagnostics 

The influence of a subset of the data set on the fi tted regression model was examincd since 

predictions may depend on the influenti al subset of data than on the IlHuority of dma 

(Montgomery and Peck, 1992) and this subset may ha ve a serious impac t on model 

properties. As it can be seen from Appendix II the leverage ",ll ues arc all small enough 

indicating that there is no extremel y remote point in the data set. We may also lise a rOllgh 

guide line given in Montgomery and Peck (1992). which says a le"emge val ue larger than 

2p/n corresponds to a potent ially influential point. where p is the num ber o r regression 

coefficients in the model. But 2p/n is given to be 0. 137 and nil Icverage values as 

indicated in Appendix II are smaller than thi s valuc. Therefore. no extre mely remotl' point 

is observed in the data set and thus the parumetcr estimates, predi cted va lues. and sum mary 

stati stics are not much affected by the observations in the data SCI in genera l. 
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Cook ' s distance measure, 0 " was also examined to see thc innuence o r the itlro 

observation on the least squares estimate (the regression coefficient P). As it is descri bed 

in Montgomery and Peck (1992) Di is made up of a component that reneets how well the 

model fits the illl observation y; and a componelll that measures how far that po int is rrom 

the rest of the data. It was suggested that observations with large 0 ,. preferably 0 , > 1. may 

have significant influence on the least squares estimates. However. for each observation in 

the data set, D; < 1 suggesting that the ith observation alone may 110 t have signj li eant 

influence on the least squares estimates. 

In add ition to Cook' s distance measure the diagnostics OFBETASj.I j I , 2 .... , k were 

also examined to see the influence of each observat ion on the regression coe tlicicn ts. 

Using the suggestion given by Belsley, Kuh, and Welsch (1980) the absolute value o l"lhis 

statistic has to be compared with 2/ J;" and if it is larger than 2/ j;; . thcn the 

corresponding observation is the most influential in relation to thc others. Since n = 102 

we have 2/.r;, = 0.198. Comparing this result with I DFBETASJ.,I which was given in 

strong influences on the regression coefficients in relation to the others. 

The innuence of the ith observation on the predicted valuc was examined through th~ 

statistic DFFITS;, i = 1, 2, ... , n. Belsley. Kuh. and Welsch (1980) suggest a convcnient 

size.adjusted cutoff point so as to suspect the jth observat ion as influential. This eut·on~ 

would be 2Jpjn . where p is the number of regression coeffi cien ts in the mode l. Us inl:; 

thi s cut.off point (2~ = 0.524) and comparing it with the I DEFlTS,1 \\hi eh was 

, d h , 9" 1' ",14",1 6" ,18",20", '4" , 6'_", 69", given in Appendix II we may conc u c t at t l C . oJ 

and 751h observat ions are the most innucntial observations in relat ion to the others. 
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Another stati stic which provides info rmation regarding the overall precision o f estimation 

is the COVRATIO j • i = 1, 2, ... , n. Belsley. Kuh. and Welsch (1980) suggest that if 

I COVRA TIO; - I I > 3p/n, then the j th observati on would be considcred as influtntial. For 

n = 102, and p = 7, observations with COVERATIO, > I + 3p/n =- 1.206 or 

COVRA TIO; < 1 - 3p/n = 0.794 should be considered influential. Therefore. th t! 61h
• 17th

. 

52'h and 71 1l! observations are the most influential observations. They influence the overall 

prec ision of estimation in relation to others. 

For more information on influence di agnostics, sec Montgomery and Peck ( 1992). Bclsley. 

Kuh. and Welsch (1980). Weisberg (1985) and Cook and Weisberg ( 1982). 

4.2.5 Multicollinearity 

Collinearity diagnost ics were carried out to sec if there is multi coll inearity problem in the 

data set or if there is linear dependence among Ihe explanatory variables incl uded in the 

model. Table 4.2.6 presents the variance inflation factors (V IF) of the vari ab les in the 

model. 

Table 4.2.6 Variance Inflation Factor 

Variable VIF 

"01 1.237 

"0, 1.1 59 

Xo; 1.142 

"0, 1.1 27 

x" 1.157 

x" 1.033 

. . d ' M t olnery and Pcck ( 1992) vari ance inflation factors large r than 10 As I t IS suggeste In on g 

. I . blcms due 10 the presence of multicollincarity. Imp y seri ous pro 
Ilo\\e\'c r. as it can be 
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seen In Table 4.2.6 all vari ance infl ation factors arc less than 10 suggesting that the 

problem of multico ll inearity is not seri ous. Another way of checking lhe existence of 

5Cvere multi collinearity is to use the condition number as described in sect ion .. 4.1 .2. The 

condition number for the filted mode l is 59.399. which supports the fac t that there is no 

severe multicollinearity. 
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CHAPTER V 

Discussion, Conclusion and Recommendation 

In thi s Chapter some important points of the study arc discussed: conclus ions and thcir 

implicati ons are forwarded by way of summari zing the results. 

The variables Xo2(Age). x03(Place high school was attended). ~s(high school Eng lish 

average sore), Xo6(high school mathematics average score), x{l7(high school overall average 

score), Xoo(ESLCE mathemat ics grade), x,oCESLCE GilA) and xlJ(cconomic status of tbe 

parents) were found to be significantly correlated with the criterion variable (y) at 0.01 

leve l of s ignificance. Some of the explanatory variables were also s ignificanti \' 

intercorrelated at 0.01 level of significance. Note that the " .. riab/cs :'<os . . . . 7 and X IO were 

high ly intercorrelated. These high intercorrelations may indicate thc existence of 

mult icol linearity. To maximize prediction, however. the problcm of multicollinearity (SCt' 

Sect ion 4.2.2) has been minimized or stati st ically contro lled. The finding thaI the ES LCE 

GPA was highly correlated wi lh the criterion variable (y) contradicts the tindings of 

Marhatibeb (1993), who reported thai ESLCE variablcs ha ve weak relations with the scores 

earned in the college. The types of the subjects considered in the two findings IlHI} 

contribute to these conflicting results. The findings of Marh'Hibcb (1993) were basl!d on 

diploma students while the present find ings arc based on degree sllIdents. The batcht's of 

the students may also contri bute for this. 

Results from the stepwise regression analysis(see Tnble 4.2.2) indicated that thl! \ ~Iri abk 

X07 (high school overall average) alone accounted for about 54% of the v3riatioll in ) 

(average score). The variables age, ES LCE MathclllUlics grade. place high school \\ a5 

attended, sex, and 1110ther' s education. however. accounted for 9.5%. 3.5%. 3.5%. JOo. and 
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2.5% or the vari ation in the first year first semester average score (y). respectively. 

In the present study, although not all potential variables Illay be considered. it was found 

out that the high school average score. age upon admission. ESLCE ~'l athematics grade. 

place high school was attended, sex and mother's education as predictors of first year fi rst 

semester average score. The results of stepwise multiple regression analysis indica ted that 

the high school average score is the fi rst best predictor of this average score earned in the 

College. This finding is consistent with the findings of Wolfe and Johnson ( \995). who 

reported that the average grade earned in the high school is the fi rst best predictor of GPA. 

It is also in tune with the findings of Laekemariam ( 1994) and Fantu. ct aL ( 1996). who 

reported that the high school records of students have signifi cant contribution to the 

freshman first semester OPA. 

Age of student upon admission is the second best predictor of lirst year first semester 

average score which is consistent with the findings of High (1996). who investi gated agc ;:ls 

a good predictor of the performance of the student. and Mathcwos ( \995). who reported 

that age significantly afTects the achievements of students when subjected to chi-square 

test. 

Contrary to the findings of Harrison (1996) the results of stepwisc mult ip le n:grcssioll 

analysis in the present study suggest that the variable sex has a statisti ca ll y signilic;:uH 

e ffect on the first year first semester average score. The present find ing sUPI}Qrts the 

findings of Mathewos (1995), who concluded that sex has a stati sti call y signilicant eITect 

on the achievements of students when subject to chi-square lest and al so the larg"'st 

inOucnce in discriminating between high and low acadcmic achie\'ement groups throug.h 

di scriminant analysis. 
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As in the study of Mekonnen (1987), the ESLCE mathematics grade docs significantl y 

predict fi rst year first semester average score indicating that good perfo rmancc in ESLCE 

mathematics grades tend to imply good performance in the Ilrst year first semestcr. That is. 

it appears to do the explanatory work and to account for statistically signilicant port ion of 

first year first semester average score variance. 

When the variable place high school was attended is examined in the role of a predic tor. it 

accounted for a significant share of the first year Ilrst semester average score variance. 

Analysis of the results in the present study also suggests that the educational level of the 

mother, no matter how it is defined or measured. together with the abovc predic tors 

maximizes prediction and it also accounted for a significant port ion of the first year first 

semester average score variance indicating that variation in mothers education may lead to 

varying performance of the students. 

The findings that sex, age, place high school was ancndcd, high school ovcrall averagc. 

ESLCE mathematics grade and mother's education arc best predictors of first year first 

semester average score support the potential useful ness of these variablcs in predic ting 

academic performance. 

So the major findings of the study are given below: 

• No significant difTerence in performance was found to be observed among or 

between the different categories of the variables sex. age, school type. ES LC E 

English grade, father ' s education. Illother· s education, textbook. dormitory facility. 

fear of academic di smissal and group type tak ing all the students together. 

• Significant difTerenee in perfommnee appears between students coming rrolll 

i) Addis Ababa and outside of Addis Ababa 
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• 

i i) Parents whose monthly income is greater or equal to 20 I Birr and those with 

less than 20 I Birr, 

And among 

iii) different categories of the vari ables ESLCE mathematics gmdc. ESLCE GPA. and 

vari ables on high school achievcments. 

Significant correlations (at p < 0.0 1) arc observed betwcen the criterion variable y 

and the variables age upon admiss ion(x02) , region high schoo l was allcndcd (x
O

) ' 

high school mathemati cs average scorc(xO(i), high schoo l English average 

score(Xos). high school overall average score(Xo7), ES LCE mathematics gmde(. ). 

ESLCE GPA(x 1o) . and parent 's economic status(xlJ). 

• Some explanatory variables were found to be intcrcorrclated . Thc highest 

correla tion is observed between hi gh school Engl ish and Mathematics average 

scores (r = 0.7483). The second largest correlation was 0.705 1. which is a bivariate 

correlation between high school mathematics average score and ESLCE GPA. Thl' 

lowest is observed between high school overall average Score and age upo n 

admission (0.002 1). The high schoo l achievement variables were found to be hi ghl y 

(signifi cantly) intercorrelatcd and highly correlated with the ESLCE variables. 

The above conclusions are reached based on results from the chi·S(ltJare tests. The 

conclusions given be low are drawn from the results of the stcpwise regression ana l ~ sis. 

• X07 (high schoo l overaJl average score) . (sex). " 1 (age upon admission). . j 

(ESLCE mathematics grade). X03 (reg ions hi gh school \\lIS att ended) nnd X I~ 

(mother' s education) do significantl y pred ict fi rst year fi rsl semester avc rage score . 

One important point worth mentioning here is that all thc varia bles entered illl o Ihe 
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• 

variables entered into the equati on are found to be significam predic tors of the first 

year first semester average score. 

Xo.i (school type), "<J} (high school English average score). . (ESLCE English 

grade), XII (father's education). Xu (parent ' s economic sWtus). XIS (dormitory 

fac il ity), X l4 (text book), X l6 (fear of academic performance) and X I 7 (group type) do 

not predict the first year fi rst semester average score as they are removed from the 

equation by the stepwise procedure. 

These conclusions can be considered as valid since as indicated in the residual analysis the 

basic assumptions of model hold. As the sample size is adequate and the construct ion of 

the categories is based on common grounds, the drawn conclus ions arc justi fiable. 

At last, it can be recommended that policy makers should think about an alternati ve 

admiss ion criterion of students into institutions of higher learning. As discussed above a 

large portion of the variation in the first year first semester average score is explained by 

high school overall average score. l3ased on thi s ground the inclusion of th\! high scbool 

overall average score as a second thought in the selection of students for admission inl0 

institutes of higher learn ing may make the admission criteri on morc sound. 1I0\\ l.!vc r. 

fu rther research will be required before pUlling this recollllllendation into pract ic\! and \0 

solve the conflicting findings of the present study with the previous ones. 
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Appendix I 

A Study of Some Selected Factors Affecting Academic Performance ofStudcllIS al KOIcbc 

College of Teacher Education. 

A quest ionnaire foml to be filled by the co llege students 

A. Identification 

I. ID. No. 

2. Sect ion 

, 
Group type: Natural Science D ,. 

Social Science D 
4. Sex 

5. Age (in complete years) 

6. Region high school was attended 

7. High school type 

D Government D Non-government 

8. Ethnic group 

B. Parental educational and economic background 

9. Father' s education illiterate 

literate 

10. Mother' s education illiterate 

literate 

\ 1. Parents' average monthly income in Birr 

D 
D 
D 
D 

o greater or equal to 20 I 

o less than 20 I 
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C. Physical Environment of the coll ege 

12. Have YOli been provided wi th at least one tcxtbook or wri tten material 

(handout) fo r the course YO li were reg istered for? 

D Yes D No 

13. Have you been provided wi th dormitory wi th necessary facili ties? 

D Yes D No 

14. After you joined the college have YOll OrtCIl been frustrated by (car of academic 

dismissal? Yes D No D 
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Appendix ii 

No pred res zres sres sdres cook lev cov 
1 90.05379 -10 .35379 -1.07157 -1.12471 -1 .12630 0.01837 0.08246 1.08009 
2 51 .16864 6.23136 0.64492 0.65610 0.65412 0.00215 0.02401 1.07970 
3 37.00231 9.64769 0.99849 1.02454 1.02481 0.00793 0.04040 1.04897 
4 47 .54597 -0.39597 -0.04098 -0.04181 -0 .04159 0.00001 0.02939 1.12067 
5 59.61508 11 .58492 1.19898 1.25069 1.25446 0.01969 0.07118 1.04321 
6 57.08292 20 .31708 2.10272 2.13257 2.17399 0.01858 0.01800 0.78574 
7 66 .35738 19.84262 2.05362 2.09936 2.13847 0.02836 0.03330 0.80703 
8 67 .38285 5.11715 0.52960 0.55747 0.55544 0.00480 0.08768 1.1661 4 
9 91 .50797 -13 .65797 · 1.41353 ·1 .50899 -1 .51935 0.04542 0.11271 1.03556 

10 70.88867 4.41133 0.45655 0.47903 0.47708 0 ,0033 1 0.08185 1.16565 
11 61.48798 15.71202 1.62612 1.69377 1.71086 0.03481 0.06848 0.94266 
12 72.15792 2.14208 0.22170 0.22741 0.22627 0.00039 0.03981 1.12880 
13 60.65686 -1 .35686 -0.14043 -0.14490 -0 .14415 0.000 19 0.05092 1.14473 
14 102.56098 -10 .46098 -1 .08266 -1 .14796 -1 .14990 0.02339 0.10072 1.09792 
15 50.42500 2.27500 0.23545 0.24078 0.23958 0.00038 0.03393 1.12134 
16 74 .34576 -19 .54576 -2 .02289 -2.10368 -2.14310 0.05151 0 .06553 0.83399 
17 96.33489 -3.73489 -0.38654 -0.41 340 -0 .41158 0.00351 0.11589 1.21628 
18 57.06665 14.18335 1.46791 1.52793 1.53889 0.02783 0.06722 0.98025 
19 60.42314 4.92686 0.50991 0.52606 0.52405 0.00255 0.05068 1.12305 
20 37.45348 16.39652 1.69696 1.76286 1.78296 0.0351 5 0.06356 0.92077 
21 38.73986 -0.63986 -0.06622 -0.06927 -0.06891 0.00006 0.07629 1.17792 
22 74.53761 2.81239 0.29107 0.30053 0.29909 0.00085 0.05217 1.14042 
23 45.16315 1.38685 0.14353 0.14608 0.14533 0.00011 0.02479 1.11373 
24 62.62097 6.22903 0.64467 0.65447 0.65249 0.00187 0.01990 1.07530 
25 76 .99168 0.45832 0.04743 0.04918 0.04892 0.00003 0.05978 1.15722 
26 84.93132 3.71868 0.38487 0.39911 0.39734 0.00172 0.06031 1.144 56 
27 64 .03671 -1.23671 -0.12799 -0.131 85 -0. 13117 0.00015 0.04791 1.141 38 
28 59 .29104 7.65896 0.79267 0.82330 0.82189 0.00763 0.06322 1. 10493 
29 62 .21255 4.33745 0.44891 0.46557 0.46364 0 .00234 0.06049 1.13994 
30 60.66403 9.08597 0.94035 0.97978 0.97957 0.01174 0.06905 1.08885 
31 57.71908 6.13092 0.63452 0.65964 0.65767 0.00502 0.06492 1.12704 
32 62.24819 1.65181 0.17095 0.17811 0.17720 0.00039 0.06891 1.16617 
33 38.21653 9.88347 1.02289 1.04881 1.04937 0.00807 0.03901 1.04352 
34 37.68720 -1.63720 -0.16944 -0.17595 -0.17505 0.00035 0.06281 1.15856 
35 80.61435 0.53565 0.05544 0.05787 0.05757 0.00004 0.07267 1. 17339 
36 76.22551 7.87449 0.81497 0.85605 0.85483 0.01082 0.08386 1.12548 
37 60.52061 4.27939 0.44290 0.45221 0.45031 0.00124 0.03096 1. 10584 
38 93.80644 -2.50644 -0.25940 -0.27455 -0.2732 1 0.00129 009750 1. 19964 
39 52 .33445 0.01555 0.00161 0.00168 0.00168 0.00000 0.07691 1.17913 

40 41 .81668 11 .78332 1.21952 1.24889 1.25263 0.01086 0.D3668 1.00581 

41 57.84310 -16.99310 -1.75870 -1.81328 -1 .83576 0.02961 0.04949 0 .89461 

42 38.96642 11 .98358 1.24024 1.26777 1.27189 0.01031 0.033 15 0.99854 

43 66 .18179 1.01821 0.10538 0.10987 0.10930 0 .00015 0.07034 1 16968 

44 71 .80734 3.39266 0.35112 0.36000 0.35835 000095 0.03892 1 12128 

45 42.30664 -12.20664 -1.26333 -1 .291 49 - 1.296 11 0.01074 0.03333 099420 

46 44 .45886 -17.55886 -1.81726 -1 .85051 -1.87485 0.01807 0.0258 1 086360 

47 44 .38761 -12.98761 -1.3441 5 -1 .37324 -1.37976 0.01178 003211 097681 

48 28.11779 -11 .11779 -1.15064 -1 .1841 9 -1. 18673 0.01185 0.04606 1 02784 

49 36.78542 -8.88542 -0.91960 -0 .96773 -0.96740 0.01437 0.08720 1 11267 

50 34.78598 -11 .23598 -1 .16287 -1.20765 - 1.21060 0.01635 006298 1 04221 

51 26.54451 -3.94451 -0.40824 -0 .42902 -0.42717 0.00275 0 08475 1 17330 

52 46 .91293 -20.96293 -2.16956 -2 .20718 -2.25409 0.02434 002399 0 77 102 

56 



Appendix ii 

No. pred res zres sres sdres cook lev cov 
53 24.82004 -2 .37004 -0.24529 -0.26044 -0 .25916 0,00123 0.10316 t .20797 
54 43.71298 -20.56298 -2 .12817 -2 .20451 -2 .25121 0.05070 0.05825 0.80010 
55 34.28887 -1 4.23887 -1.47365 -1.52380 -1 .53463 0.02296 0.05493 0.96829 
56 51.35988 -6.30988 -0.65304 -0.66740 -0.66544 0.00283 0.03217 1.08837 
57 71.98322 -1.28322 -0 .13281 -0 .13728 -0.13657 0.00018 0,05428 1. 14902 
58 60.82558 -4.82558 -0 .49942 -0 .50923 -0.50724 0.001 47 0.02834 1.09837 
59 88.1 4841 -4.04841 -0.41899 -0 .44263 -0.44075 0.00325 0,094 15 1.18458 
60 50.37090 -7.97090 -0.82495 -0.85328 -0.85205 0.00727 0 .05550 1.09172 
61 40.20404 -7.30404 -0.75593 -0.78308 -0.781 47 0.00640 0 .05832 1.10439 
62 51.01619 -17 .96619 -1 .85941 -1 .97534 -2 .00656 0.07167 0.1041 3 0.90615 
63 46.50050 -6.45050 -0.66760 -0.6981 1 -0 .69622 0.00651 0.07571 1.13594 
64 56.90421 10.54579 1.091 44 1.13682 1.13860 0.01567 0.06845 1.06149 
65 46.00057 -7.70057 -0.79697 -0.81563 -0 .8 141 8 0.00450 0,03543 1.07377 
66 37.28566 -9.23566 -0.95585 -0.99576 -0.99571 0.01208 0.06875 1.08594 
67 43.65398 8.29602 0.85860 0.90376 0.90288 0.01260 0.08763 1.12316 
68 57.26478 2.63522 0.27273 0.27889 0.27753 0.00051 0.03386 1.1196 1 
69 63. 12122 15.92878 1.64855 1.71741 1.73550 0.03593 0.06877 0.93720 
70 54.16857 -4 .01857 -0.41590 -0.43246 -0.43060 0.00217 0.06531 1.14839 
71 81.93889 4.61 111 0.47723 0.51315 0.51115 0.00588 0.12529 1.2211 4 
72 56.19364 -8.04364 -0.83248 -0.84508 -0 .84380 0.00311 0.01979 1.05264 
73 45.21905 8.98095 0.92949 0.96621 0.96586 0.01075 0.06476 1.08593 
74 50.49717 5.40283 0.55917 0.57929 0.57726 0.00351 0.05848 1.12753 
75 41.36952 19.43048 2.01096 2.09816 2.13719 0.05572 0.07158 0.84100 
76 35.59999 -6 .74999 -0.69859 -0.71752 -0 .71568 0.00404 0.04227 1.09364 
77 58.54712 9.30288 0.96280 0.98789 0.98776 0.00736 0.04034 1.05468 
78 41.91358 -0.51358 -0.05315 -0 .05502 -0.05473 0.00003 0 .05700 1. 15372 
79 48.52366 -6 .07366 -0.62859 -0 .6511 6 -0 .64917 0.0044 3 0.05829 1.11996 
80 53.64524 3.10476 0.32133 0.33094 0.32938 0.00095 0.04744 1.13310 
81 83.22715 -4 .42715 -0.45819 -0 .47636 -0.4744 2 0.00262 0 .06504 1.14468 
82 45.70276 -2.65276 -0.27455 -0.28642 -0.28503 0.00104 0.07138 1. 16497 
83 27.77033 3.82967 0.39635 0.41053 0.40873 0 .00175 0.05808 1.14104 

84 35.94744 1.70256 0.17621 0 .18035 0.17943 0.00022 0.03567 1.12549 
85 38.67459 8.92541 0.92374 0.96313 0.96275 0.01154 0.07032 1.09297 
86 54.76912 11 .58088 1.19857 1.2401 4 1.24371 0 .01551 0.05613 1.02842 

87 44 .64385 -3.59385 -0 .37195 -0 .37982 -0.37810 0.00088 0.03121 1.11106 

88 50.91184 -2.111 84 -0.21856 -0 .22575 -0.22462 0 .00049 0.05288 1 14459 

89 57.03106 - 14.48106 -1 .49872 -1 .53234 -1 .54344 0.01522 0.03359 0.94483 

90 57.84283 -4.69283 -0.48569 -0.50411 -0.50212 0 .00281 0.06194 1 13857 

91 34 .00017 11.04983 1.14360 1.19253 1.19522 0 .01776 0.07057 1.05367 

92 56 .14491 5.40509 0.55940 0.56946 0.56742 0.00 168 0.02520 1 08956 

93 66.73048 2.11952 0.21936 0.22640 0.22527 0.00048 005146 1.14284 

94 37.56409 -0.86409 -0.08943 -0.09154 -0.09106 0.00006 0 .03575 1.1 2759 

95 55.07067 -6.77067 -0.70073 -0.75070 -0 .74897 0.01189 O. 11890 1 18554 

96 45.69648 15.80352 1.63559 1.69120 1.70818 0.02826 0.05488 0 92956 

97 54 .81384 -7 .66384 -0 .79317 -0 .81693 -0.81549 0.00580 0.04751 1.08736 

98 33 .731 11 -0.38111 -0.03944 -0 .04088 ·0.04067 0.00002 0.05943 1.1 5685 

99 47.923 11 -9.6231 1 -0.99595 - 1.03948 -1 .03992 0.01379 0.07220 1 08281 

100 43.02809 -8.37809 -0.86709 -0 .89483 -0 .89388 0.007 44 0 .05123 1 0809 1 

101 40.65153 3.49847 0.36208 0.37976 0.37805 0.00206 008118 1 17214 

102 37.40252 3.54748 0.36715 0.38243 0.38070 0.00178 0.06850 I 15585 
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Appendix ii 

No dff dfblnl dfbx01 dfbX03 dfbX07 dfbX09 dfbX12 dfbX02 
1 · 1.05244 2.29477 -0.15623 -0 .39806 -0.00976 -0.29069 -0." 433 -0.03607 
2 0.21807 0.38513 0.08591 -0.04085 -0.00458 0.06849 -0.12778 -0 .00953 
3 0.50997 1.74825 0.21774 ·0.08480 -0 .00727 -0 .19898 0.24625 -0.04627 
4 -0.01615 -0.03096 -0.00597 0.00208 0.00042 -0,00484 0.00797 0.00058 
5 1.02081 -1 .56138 0.28343 0.63577 -0.01208 0.15775 -0.29678 0.09723 
6 0.58098 -0.00668 0.20869 ·0 .30221 0.00391 0.07810 0.40086 ·0.02809 
7 0.89376 -3.71000 0.01976 -0 .25014 0.02055 0.16592 -0 .45697 0.12468 
8 0.55270 -0.59409 0.11937 0.24387 -0 .00637 0.18438 0.07380 0.02058 
9 ·1 .90692 -2.73314 -0 .45947 -0.63778 0.00228 -0.40300 0.45921 0.19816 

10 0.44511 -0.58126 0.09672 0.20279 -0.00397 0.15264 0.06097 0.01728 
11 1.33453 0.71960 0.49973 0.85331 -0.01992 0.16771 -0 .40179 -0 ,00221 
12 0.111 83 -0 .14521 0.011 48 -0 .04475 0.00339 -0.00212 0.03875 -0 .00373 
13 -0.08772 -0.40513 ·0.03267 0,01518 -0.00086 0.03464 0,02663 0.01893 
14 -1.29986 0.94476 -0.20085 -0 .36124 -0,01851 -0.22945 -0 .10106 0 ,05762 
15 0.10405 0.48064 0.04660 ·0 .02804 -0.00183 0,00882 0.04825 -0 .02144 
16 -1.59246 -3 .41546 -0.68874 -0 .96707 0.00888 -0 .07936 0.52946 0.17330 
17 -0.53693 -0.40072 -0.Q3073 0.11469 -0.00861 -0.07231 -0 .05139 0 .06039 
18 1.18356 1.33306 0.19205 -0.20111 -0 .01 597 0.47952 0.26115 -0.08486 
19 0.31720 1.47590 0.11899 -0.05468 0.00302 -0 .12535 -0.09651 -0 .06868 
20 1.29819 4.55094 0.42106 -0.12638 -0.03364 0.13683 0.38916 -0.15471 
21 -0.06028 -0 .05701 0.01353 -0.02695 0.00087 0.00584 0.01383 ·0.00176 
22 0.18581 -0 .64071 -0.00510 -0.04494 0.00511 0.01638 -0.06931 0.01752 
23 0.04970 0.07236 0.01990 -0.01 465 -0.00123 0.01068 0.02982 -0.001 58 
24 0.19069 0.07072 0.06166 -0.06697 0.00186 0.045 36 -0.13689 -0.01 100 
25 0.03428 -0.11041 -0.00123 -0.00782 0.00095 0.00232 -0.01155 0 .00285 
26 0.28038 -0.36936 0.08115 0.14260 0.00503 -0.00993 0.05243 -0.001 43 
27 -0.07574 -0.03408 0.03471 -0.03254 -0.00016 -0.00818 -0.01901 0.00253 
28 0.60334 0.66954 -0 .19408 0.26853 -0.00556 0.10534 -0.20377 -0.01726 
29 0.32795 0.32010 -0.11401 0.14675 -0.00195 0.05525 -0.11686 -0 .01003 
30 0.77783 -0.46051 -0.27478 0.24295 0.01037 -0.19911 0.16888 0.02286 
31 0.49509 2.51749 0.17277 -0.05361 -0.00587 0.02914 -0.13409 -0.11410 
32 0.14113 0.01290 -0.08106 -0 .06213 0.00238 0.00782 0.03069 -0.00620 
33 0.50726 2.09720 0.23335 -0.02881 -0.01029 -0.15502 -0.16306 -0.05025 
34 -0 .12818 -0 .45229 -0.041 87 0.01276 0.00332 -0.01352 -0.03877 0.01544 

35 0.04815 -0.13984 -0.0021 4 -0.01002 0.00131 0.00209 -0.01396 0.00334 

36 0.81377 -2.97836 -0.07470 -0.17838 0.01201 0.25586 0.12 185 0.0841 9 
37 0.18184 0 .86542 0.07908 -0.041 88 -0.00119 0.02509 -0.09291 -0 .04227 

38 -0.30127 0 .09714 -0.00559 0.05679 -0.00502 -0.06978 0.07758 0.01835 

39 0.00148 0.00232 -0.00063 -0.00055 0.00002 -0 .00038 0.00035 -0.00012 

40 0.57447 -0.92135 0.11019 -0.04053 -0.01 424 0.19298 -0.23230 0.08056 

41 -1 .07107 -0 .94489 0.44142 -0.48787 0.00758 -0 .14725 -0.27645 0.03258 
42 0.53790 -1 .21861 0.10550 -0.10356 -0 .01278 0.1434 1 0.26738 0.08556 

43 0.08872 0.12098 0.03623 0.05236 0.00010 -0 .02344 -0 .02411 -000426 

44 0.17376 -0 .22445 0.01857 -0.07037 0.00525 -0 .00297 0.061 48 -000588 

45 -0.55032 -2 .35291 -0 .26956 0.05404 0.00807 0.2065 1 0.20708 0.06276 
46 -0.64851 2.19722 -0 .12096 0.18638 0.00985 -0.17750 -0 37559 -0 12236 

47 -0.56813 1.15887 -0.10956 0.05694 0.01257 -0.20087 0.25942 -0 .08765 

48 -0.65784 -0.42218 -0.19876 0.06433 0.01316 0.17355 -0.29669 -004042 

49 -0.95448 3.94818 0.04261 0.02033 0 .00830 -0.21024 0. 18276 -0.21874 

50 -0 .88196 -1 .50232 0.43985 0.30083 0.01300 -0. 156 14 -025137 003501 

51 -0.41190 1.05065 0.21604 0.07763 0.00087 00 1213 0.07055 -007324 

52 -0 .73324 2.84466 -0.12686 0.2411 5 0.00709 -0 .19499 -0 44053 -01 4470 
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Appendix ii 

No. dll dfblnl dfbXOl dlbX03 dfbX07 dfbX09 dfbX12 dfbX02 
53 -0 .30182 1.02933 0.00498 0.010'4 0.00403 -0.05352 -0.06087 ·0 .06074 
54 -1 .50163 -2 .66761 0.83356 0.48563 0.01 487 -0 .33456 0.44 592 0 .07346 
55 -0.98552 3.82850 -0.03812 0.10490 0.01606 -0 .22835 -0 .3311 4 -022431 
56 -0.28055 -1 .30528 -0.12708 0.07987 0.00453 ·0 .02253 -0.13285 0.0595 1 
57 -0.08786 0.01072 0.03980 -0.03009 -0.001 12 -0.00516 -0.0 1842 0.00287 
58 -0.19135 -0.79170 -0,08133 0.07780 ·0.00070 -0.00241 ·0.09486 0.04628 
59 -0.46967 0.99155 0.02272 0 .11071 -0.00926 -0.10688 -0 .05725 -0.00741 
60 -0.55688 0.69461 0.40403 0 .21 051 -0.00240 -0. 12955 0.18172 -0.03699 
61 -0 ,53394 0.29956 0.34549 0.16497 0.00475 -0 . '4379 0. 15650 -0.03564 
62 -2 .31012 8.30520 0.11011 0.28882 ·0 .03307 0.35795 ·0 .44066 -0 .37648 
63 -0.60318 0.11243 -0.21342 -0.33888 0.006 15 0.12711 -0.14370 -0 .03255 
64 0.89529 1.30269 0.39267 0.51042 -0.00387 -0.26708 0.21989 -0 .03895 
65 -0 .36484 -1.07954 -0.14934 0 .09331 -0.00057 0.18051 -0 .18595 0.03823 
66 -0 .78735 -1 .48572 0.35775 0 .19754 0.01238 -0 .17196 0.19406 0.03204 
67 0.89558 -3.47713 -0.02795 -0 .10671 0.00908 -0 .14127 0.20869 0.17206 
68 0.12030 0.33296 0.04485 -0 .02642 0.001 86 -0 .05739 -0.05017 -0.01 441 
69 1.35840 2.02094 -0.36676 0.41566 0.01542 -0.39835 0.29418 -0.09573 
70 -0.32636 -0.82493 0.07341 -0.14451 0.001 17 0.06612 0.09375 0.02437 
71 0.72025 1.12451 -0.10600 0.09385 0.01152 -0,16515 0.07865 -0.07320 
72 -0.24532 -0.31786 -0.09690 0.06740 0.00224 -0.07510 0.16972 0.01311 
73 0.72361 -0.66040 -0.26958 0.30309 -0.01114 0.13745 0.162 55 0.06075 
74 0.39595 -0.02003 -0.14241 0.16392 0.00095 -0.09876 0.10707 0.01 465 
75 1.72154 -4.59454 -1.09772 -0.46021 -0.00275 0.42471 -0.43024 0.26073 
76 -0 .37077 -1 .26803 -0 .15588 0.05588 0.00597 0.13639 -0.17394 0 .03223 
77 0.49112 -0.57451 0.08247 -0 .10129 0.01136 -0.18738 -0.1821 3 0.02496 
78 -0.03677 -0.17901 -0.01501 0.00540 0.00036 0.01277 -0.01311 0 .00686 
79 -0.44383 -1 .22193 0.22424 0.16167 -0 .00389 0.10354 0.12015 0 .04597 
80 0.18854 1.02180 0.08197 -0 .02635 -0.00006 -0.07180 -0 .05766 -0 .04267 
81 -0.35816 -0.59247 -0 .14213 -0 .20372 -0.00170 -0.00478 0.12547 0 .04011 
82 -0 .23438 0.45359 0.08789 -0.08572 -0.00034 0.03883 -0.05450 -0.03011 
83 0.27889 0.86842 0.10038 -0.02073 -0.00625 -0.06872 0.10461 -0 .01793 
84 0.0811 1 0.00456 0.02558 -0.01474 -0.00077 -0.03062 0.04310 0.00583 
85 0.77738 -3.12657 -0.00009 -0.03703 0.00167 -0.08516 -0.15925 0 .18015 
86 0.81741 0.48353 -0 .53042 -0.39646 0.00833 0.08288 0.22448 -0 .04093 
87 -0.15371 -0.65396 -0 .07635 0.01901 0.00161 0 .06338 0.06199 0.01862 
88 -0.14122 -0.64663 -0 .05489 0.02936 -0.00028 0.05858 -0 .05098 0 .02849 
89 -0.65690 -1 .84422 -0 .24754 0.14390 -0.00989 0.31421 0.27515 0.07908 
90 -0.36272 1.16128 -0 .00612 0.05249 -0.00744 0.08503 0.09466 -0 .05241 
91 0.96571 -3.63298 0.01811 -0 .02576 -0.00283 -0.08803 -0.18979 0.22424 
92 0.19606 -0 .95427 0.01597 -0 .08076 0.00269 0.03429 0.10690 0.03629 
93 0.13833 0.181 94 0.02981 -0 .02930 0.00339 -0.05366 -0 .04393 -0 01225 
94 -0.04124 0.08271 -0.00804 0.00703 0.00103 -0 .01076 -0.01950 -000621 
95 -1 .00013 2.84082 -0.10889 -0.39165 -0 .00190 0.08893 0. 16298 -0 15378 
96 1.09285 -1.04039 -0.77489 -0.38883 -0.00213 0.281 18 -0 .34961 007491 
97 -0.46598 -2 .48200 -0.19927 0.06844 -0.00069 0.18018 0 .14360 o 10554 
98 -0 .02835 0.01866 0 .01777 0.01013 0.00032 -0.00627 -0.00846 -0 00202 
99 -0 .85961 1.74588 0.32667 -0 .3029 1 -0.00328 0 .14821 -0.19480 -0 10885 

100 -0.54463 -0 .32847 0.35746 0.20640 -0 .00438 0.10785 0. 15998 -000771 

101 0.35017 1.38595 -0.09940 -0.10663 -0.00032 -0 .07923 008698 -005557 
102 0.30140 0.56861 -0.13752 -0.07602 -0.00471 0.06589 -007458 -0 0 123 1 
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Append ix iii 

No. y X01 X02 X03 X04 XOS X06 X07 XOS X09 X1Q Xll X12 X13 X14 X15 X16 X17 
1 79 .7 1 19 1 1 76 .5 88.0 85.1 4 4 4.0 1 1 1 0 a 0 
2 57.4 1 19 a 1 73.4 71 .5 60 .6 4 3 3.6 1 0 1 1 1 
3 46.7 19 0 1 63.4 60 .1 58.5 4 2 3.4 0 1 0 0 0 
4 47.2 1 19 0 1 83.B 82.0 57.5 3 3 3.2 1 0 0 0 0 1 
5 71.2 1 20 1 1 85.4 87.4 62.5 4 3 3.6 a 0 0 0 1 0 
6 77.4 1 19 0 1 78 .0 83.3 70.9 3 3 3,6 1 1 0 0 0 
7 86.2 1 20 0 1 93 .5 82.5 77.5 4 3 3.8 0 0 0 1 0 
8 72 .5 1 19 1 1 69 .964.1 65 .7 3 4 3,8 1 0 0 0 1 
9 77 .9 1 17 1 1 85.3 85.3 73 .3 4 4 4.0 1 0 1 0 

10 75.3 1 19 1 74.5 85.0 68 .7 3 4 3.8 0 1 1 0 1 1 
11 77.2 1 19 1 76.8 80.5 60 .2 3 3 3.6 1 0 0 1 1 
12 74.3 1 19 0 1 85.090.8 83.B 4 3 3.8 0 1 0 a 1 
13 59.3 1 18 0 1 97 .0 88 ,8 69.6 4 2 3.6 1 0 0 0 
14 92 .1 1 18 1 1 94.097.3 91.9 4 4 4.0 0 1 1 0 a 1 
15 52.7 1 18 0 1 73.567.5 61.3 4 3 3.6 1 1 0 0 0 
16 54.8 1 18 1 1 66,5 56.0 67 .3 4 3 3.4 0 0 0 0 1 
17 92.6 17 0 1 94.3 98.0 91.9 4 4 4.0 1 1 1 1 0 1 
18 71.3 18 0 87 .9 82.9 62 .2 4 4 3.2 1 1 1 0 0 1 
19 65. 4 1 18 0 86.4 85.8 69 .4 4 2 3.6 0 0 1 0 1 
20 53.9 1 18 0 1 72 .5 76 .5 50.2 4 3 3.6 0 1 1 0 0 0 
21 38.1 0 19 1 0 64.666.1 52.2 4 2 3.2 1 0 1 1 1 
22 77 .4 1 20 0 85.5 73 .0 84.5 4 3 3.8 0 0 0 1 1 0 1 
23 46.6 1 19 0 63 .7 68 .9 60 .7 3 3 3.4 1 1 0 0 0 1 
24 68.9 1 19 0 59.3 66 .8 70.4 3 3 3.6 0 0 1 0 1 1 
25 77.5 1 20 0 94.5 88.5 86.6 4 3 3.8 0 0 1 0 0 1 
26 88.7 1 19 1 86.0 87.5 85.5 4 3 3.8 1 1 0 1 0 
27 62.8 0 18 1 82.081 .8 70.4 4 3 3.8 1 1 1 0 0 0 
28 67.0 0 18 66.567.8 61 .1 4 3 3.2 0 0 1 1 1 1 1 
29 66 .6 0 18 67 .6 77.5 63.6 3 3 3.6 1 0 1 0 0 0 
30 69.8 0 19 1 84.0 59.8 76.2 4 2 3.6 1 1 1 0 0 0 1 
31 63.9 1 17 0 84.0 82.0 58.4 3 3 3.8 0 0 1 1 
32 63.9 0 18 0 1 82 .8 73 .3 78 .1 4 3 3.6 1 1 1 0 0 1 1 
33 48.1 1 19 0 1 76 .1 67.6 54.3 4 2 3.4 0 0 0 0 1 0 
34 36.1 1 18 0 1 75.3 68 .3 50.4 4 3 3.4 1 1 0 0 
35 81 .2 1 20 0 1 91 .691 .1 89.7 4 3 3.8 0 0 0 0 
36 84.1 1 20 0 0 86.8 87.1 86.4 4 4 4.0 0 1 1 1 0 1 
37 64.8 1 18 0 67.8 71 .8 64.7 3 3 3.4 1 0 0 0 1 0 
38 91 .3 1 18 0 89.8 93 .0 88.4 4 4 4.0 1 0 0 0 1 1 
39 52.4 0 18 0 0 82.9 66 .9 74.4 4 2 3.4 0 1 1 0 0 
40 53.6 1 20 0 0 78.3 74.1 56.5 4 3 3.6 0 0 0 1 1 
41 40.9 0 18 1 89.5 66 .5 65 .1 4 3 3.2 1 1 1 0 0 
42 51 .0 20 0 62.1 71 .8 59.3 2 3 3.2 0 1 0 0 
43 67 .2 1 19 1 1 90 .3 78 .0 69.0 4 2 3.6 1 0 1 1 1 
44 75.2 1 19 0 1 78.4 75.4 83.5 4 3 3.4 0 1 , 0 , 0 
45 30.1 190058.446.357.8323.210010 
46 26.9 1 20 0 62 .0 53.0 64.0 4 3 3.4 0 a 0 1 1 
47 31.4 1 20 a 74.360.0 58.7 3 3 3.6 1 a 0 0 0 
48 17.0 20 0 56.351 .3 54.8 4 2 3.2 0 1 1 a 
49 27 .9 1 22 0 57.1 54.4 60.0 3 3 3.2 1 0 0 1 1 0 
50 23 .6 a 18 0 1 53.4 43.6 54.6 4 3 3.2 0 1 0 0 
51 22 .6 a 21 0 0 44.4 56.4 58.8 4 2 3.6 0 1 0 0 
52 26 .0 20 0 63 .0 60.0 66.1 3 3 3.4 1 0 0 0 
53 22 .5 1 22 0 55.9 52.1 55.0 4 3 3.2 0 0 
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Appendix iii 

No. y X01 X02 X03 X04 X05 X06 X07 X08 X09 X10 Xll 
54 23 .2 0 18 0 1 57.5 51 .0 57.0 3 3 3.2 1 
55 20.1 1 21 0 57.3 57.0 59.2 3 3 3.6 1 
56 45.1 1 18 0 1 52.8 50.4 62 .1 3 3 3.2 0 
57 70.7 0 18 1 0 86.0 75 .3 77.2 4 3 3.8 
58 56.0 1 18 0 1 80.0 76 .8 70.2 3 3 3.2 0 
59 84.1 1 19 0 1 96.0 93.3 92 .7 4 4 4.0 
60 42.4 0 19 0 1 75.4 67 .1 66 .6 4 3 3.6 
61 32.9 0 19 0 55.8 53.8 57.9 3 3 3.4 
62 33.1 1 22 0 90.0 72.3 82.2 3 2 3.4 
63 40.1 1 20 82.450.9 61 .3 4 2 3.4 
64 67.5 1 19 1 66.861 .0 66 .3 4 2 3.4 
65 38.3 1 19 0 71.5 54.9 66 .2 4 2 3.4 

1 

1 
o 
o 

o 
1 

66 28.1 0 18 0 1 56.9 52.0 51.5 2 3 3.2 1 
67 52.0 1 22 0 1 81 .8 59.8 75 .9 4 2 3.4 0 
68 59.9 1 19 0 1 61.9 59.5 70 .6 3 2 3.2 
69 79.1 0 18 1 0 63 .0 56.3 74.4 4 2 3.2 

1 
o 

70 50.2 0 18 1 1 66 .3 47.0 61 .5 4 2 3.2 1 
71 86.6 0 17 1 0 72 .0 68 .0 86.6 4 2 3.8 1 

o 72 48.2 1 19 0 1 56.4 55.8 64 .9 3 3 3.4 
73 54.2 0 19 1 0 58.0 51.4 58.2 4 3 3.6 1 

o 74 55.9 
75 60.8 
76 28.9 
77 67.9 
78 41.4 
79 42.5 
80 56.8 
81 78 .8 
82 43 .1 
83 31.6 
84 37.7 
85 47 .6 
86 66 .4 
87 41 .1 
88 48.8 
89 42 .6 
90 53.2 
91 45 .1 
92 61 .6 
93 68 .9 
94 36.7 
95 48 .3 
96 61.5 
97 47 .2 
98 33.4 
99 38.3 

100 34.7 
101 44 .2 
102 41.0 

o 19 
o 20 
1 19 
1 20 
1 18 
o 18 
1 18 
1 18 
o 20 
1 19 
1 20 
1 22 
o 18 

19 
18 
19 
21 
22 
20 
19 

1 20 
1 22 
o 19 
1 18 
o 19 
o 20 
o 19 
o 17 
o 18 

1 0 67 .5 60 .3 67 .5 4 2 3.2 
o 1 65 .3 54.0 62 .8 3 3 3.2 1 
o 53.4 48 .6 57.3 4 2 3.2 
o 1 62 .3 72 .5 75 .6 3 2 3.2 
o 1 65.3 63 .6 58.8 4 2 3.2 
o 73 .0 72.5 65 .9 4 2 3.2 

o 
o 
1 
o 

o 1 79 .0 79 .3 63 .6 4 2 3.4 1 

1 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
1 
o 
o 
o 
1 
o 
o 
o 

o 75.0 74 .6 74 .9 3 3 3.4 
60 .3 47.5 67 .3 4 2 3.2 

1 73 .1 56.0 50.6 3 2 3.2 
1 51 .6 46.6 61 .5 4 2 3.4 
1 71 .1 63.0 66.4 4 2 3.2 
o 61 .070.5 71 .7 4 3 3.2 
1 59.4 50.6 59.8 3 2 3.2 
1 70.5 51 .5 66 .5 4 2 3.2 
1 57.8 63 .0 70.4 3 2 3.4 
a 81 .3 71 .5 78 .9 4 2 3.4 

70.8 48 .3 62 .4 4 2 3.4 
1 79.4 72 .4 74.0 3 3 3.2 
1 79.0 77 .6 78 .7 4 2 3.4 

69.4 51.4 58.1 3 3 3.2 
70 .8 56.1 71.2 4 2 3.4 

1 
o 
1 
o 

1 
o 
1 
o 
1 
o 

1 
o 

1 71 .3 51 .3 62.6 4 3 3.2 0 
1 86.1 50.1 64.6 4 2 3.4 
1 57.9 47.4 57.6 3 3 3.2 
o 78.0 52.0 69 .2 4 2 3.2 

72.3 46 .9 65 .1 4 2 3.2 
1 65 .8 54.3 60.5 4 2 3.2 
1 65 .2 54.3 51 .6 4 3 3.2 
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