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ABSTRACT

This study investigates the role of prior groundattpined in mathematics in predicting the academic
achievement of enrollees in Bachelor of Scienc@Adtuarial Science (BSAS). The investigation is
based on administrative records of 240 BSAS eresllt Makerere University, School of Statistics
and Planning in the 2007-2009 cohorts. Studentsidgating Cumulative Grade Point Average
(CGPA) was adopted as a measure of their acadenmieaement. Mathematics grade scores obtained
by the students in their Advanced level (A-leveEBezondary education were adopted as a measure of
competence in the discipline. Academic achievermex® modeled in the analysis by enrollees’
characteristics and their competence in mathemaigiag a robust regression. The results revealed
that students’ CGPA increases with their A-leveltheeatics scores. A similar pattern is observed
when the assessment is made using a combined egigbdre of enrollees adopted on admission to
the program. The findings confirm that 1) prior deanic qualifications predict enrollees’ academic
achievement and 2) competence in A-level mathesmatéclicts success in the program.
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INTRODUCTION

CL Ithough the actuarial profession is one of the sidelated to economics and finance (Hickman,
JZOOA{), the actuarial science program has beendintexd in many African universities and/or regions
only in the recent past. In the Eastern and CeAffratan region, the program was first introduced a
Makerere University, School of Statistics and Plagr{SSP), in 1972 as part of an undergraduateranodeading
to the award of a Bachelor of Science (BSc) degmeActuarial Sciences. In an arrangement sponsbgethe
United Nations Development Programme (UNDP), 18eatis who satisfactorily completed first-year stisdinder
other University study programs and had scored ggades in Mathematics and Statistics were admttetthe
program. After the stipulated two-year period ofthelor's studies, the graduates from the programe vl
immediately absorbed in the insurance industrychvhiat the time—mainly relied on hired actuariesrfrabroad.
The unstable political situation in the countryidgrthe 1970s made it impossible for the Universitycontinue
with the program; this was a result of the departfrcore teaching staff. However, the program weastroduced
in the School of Statistics and Planning (SSP)him academic year 2003/04 because of the growinglérfor
actuaries to work in the insurance industry, pemsiector, and other financial institutions. Unlikethe 1970s, the
program was offered as a three-year Bachelor @rgeiin Actuarial Science (BSAS) course. The olelgkctive
of the program was to “equip the graduates wittotécal and practical knowledge to enable themagply the
techniques of mathematics probability, statisting éinance to solve real business problems.” The &mas of
study in the program include: 1) understanding dassurance, banking, stock markets, pension sclteemeepts;
2) designing insurance and other actuarial prodaretsconducting further research; 3) conductingrfgial contract
analysis, valuation, and investment of funds; antedrning to offer advice and supervisory servicemsurance,
pensions, and other related fields involving uraiartinancial risks.
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A key challenge faced after the re-introductiorttaf program is the performance of enrollees asdasse
the basis of their academic achievement. The fadsilbecoming increasingly concerned regardinghtheklog of
students on the program. The competence of ensollegerms of their prior academic qualificatiossalso a
debatable issue. In particular, the inadequatergtiog of enrollees in mathematics is argued tchieentajor reason
for poor performance and delayed completion ofistith the program. In other words, the argumerguatcessful
performance of students who have excelled acadéynioathe past (e.g., Alfan & Othman, 2005; Bati€D02;
Duff, 2004; Kyoshaba, 2009; Wamala & Buyinza, 20%8amala, Omala, & Kakumba, 2012) is put to testaln
revision of admission requirements to the prograttoding the direct entry scheme, the departmen$tatistical
Methods and Actuarial Sciences of SSP suggesteédhimom score of Grade C in mathematics attainethat
Advanced Level (A-level) of secondary education dlly enrollees on the program. For diploma holdéhg
department suggests that a candidate must havenhtitematics as a major in the program. Evideniig, éntry
requirements indicate the relevance of enrolleesietence in mathematics as a predictor of suadesshpletion
of actuarial studies at the University. Howevemghaany studies have been conducted on this aspgcbvide an
understanding of this issue in the country—partidyl at Makerere University. Therefore, this studyestigates
the relevance of enrollees’ grounding in mathersaiticpredicting their academic achievement on ttognam. In
other words, this study provides an explanatiorargiggg whether the SSP is fulfilling its mandateaskisting
students to qualify as actuaries. The assessmeatiats for possible causes of variations in acadeiievement
of the students due to their characteristics afat pcademic qualifications.

DATA AND METHODS

The investigations are based on administrative rdscof enrollees for BSAS at Makerere University's
School of Statistics and Planning (SSP) in the 2Q009 cohorts. The 2007, 2008, and 2009 enrollrehorts
comprised a total of 71, 92, and 77 students, miedy. These enrollment figures represent stusleviito were
confirmed on the program based on their first yegrstration records.

The graduating CGPA, after the three-year stipdigteriod of candidature, was adopted as a measure o
enrollees’ academic achievement. Further, the coetbiveighted score of enrollees on admission tgtbgram
was adopted as a measure of their prior acadenatfigations. The score is based on education onés or
performance of enrollees in their A-level and Oeadlinlevel (O-level) stages of secondary educafidre A-level
weights are obtained by multiplying each subjeeidgrpoint by the relevant weighting factor and agdhem up
for all the subjects taken and passed. Accordinght 2013/2014 Ministry of Education and Sports B3)
weighting criteria for the five public universitié#s Uganda (UNEB, 2012), all subjects studied at Axlevel are
grouped into four categories and weighted in thioieng manner: 1) mathematics—the essential sutbjex
assigned a weight of three; 2) performance in tbst of two from among relevant subjects (eithemeaacs,
entrepreneurship, geography, or physics) carriegight of two; 3) desirable subjects—general paget best of
one from among chemistry, biology, and computegrszé—are assigned a weight of one; and 4) all cthigiects
are assigned a weight of 0.5. For O-level gradissindtions 1 and 2 carry a weight of 0.3 whiledite 3—6 carry
0.2, “Passes” 7 and 8 carry 0.1, and a “Failureties a weight of 0.0. The combined weight of adidate is
obtained by adding the O-level and A-level weigfitse best candidate for the program is the one thighhighest
combined weight. In this study, the candidatur¢ustaf the students is assessed on the basis obittommes—
either a student has gained their Bachelor's debyethe time of the evaluation (January 2013) dr. ho other
words, graduating from the program by the timehef ¢valuation is adopted as a measure of completion

The analysis was performed in three stages:
1. The academic achievement (CGPA) of enrollees aeit ttharacteristics (gender, nationality, year of

enrollment, private—government sponsorship type, @mor academic qualifications) are presentedgisin
summary statistics and frequency distributiongpeetively.

2. An assessment of candidature status (whether @rdtuths completed studies) by enrollment cohort is
made using cross-tabular analysis and associdtivastigated using the Pearson Chi-square Test.

3. The academic achievement of enrollees was modélbe anultivariate analysis by:
A. First, enrollees’ combined weighted score and thukiaracteristics using a Multiple Linear

Regression (MLR). The appropriateness of usingMh&® was investigated on the basis of the
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assumptions of normality of residuals, homoscedd#gtias well as outliers and influential cases.

B. Second, enrollees’ A-level score in mathematicstheit characteristics using a robust regression.
Employing a robust regression, adopted in the skostege of the multivariate analysis, was due
to violation of the assumptions of MLR. In this eathe MLR may not be an appropriate approach
for obtaining estimates; this is because the datiate some of the fundamental assumptions of
MLR—outliers, non-normality, influential points, dfor missing data, etc. (Ho & Naugher, 2000).
In other words, robust regression is able to cojib ar detect outlying observations in both the
dependent and explanatory variables (Berk, 1990keBi & Dodge, 1993; Alma, 2011).
Otherwise, the estimates and/or results found uslbh& could be misleading if the data do not
satisfy some of the regression assumptions of a@ @bdel.

During the second and third stages of the analgsisociations between the variables were establliahe
the 5% (p < 0.05) and 1% (p < 0.01) levels of digance, unless stated otherwise. The followingieagresents
results of the analysis conducted in this study.

RESULTS

The results relate to 240 BSAS students of Makddeigersity, School of Statistics and Planning (5$®
the 2007-2009 enrollment cohorts. The enrollees chigracterized as predominantly Ugandan by naiignal
(87.9%), males (67.1%), and on a private sponsprstiieme (90.0%); no major variations were notet vagard
to their year of enroliment on the program—32.1%ofollees were in the 2009 cohort, 38.3% in 20@d|e the
remainder were in the 2007 cohort.

Candidature Status of the Enrollees
The candidature status of enrollees was determisad) a binary outcome—whether a student completed
the bachelor’'s degree by January 2013. Table kptes distribution of enrollees by their candidatstatus at the

time of the evaluation.

Table 1: Distribution of the Candidature Status ofEnrollees by Cohort

Enrollment Cohort N Candidature Status (%)
Not Completed Bachelor's Degree Completed Bachel@Degree
2007 71 47.9 52.1
2008 92 51.1 48.9
2009 77 58.4 41.6
v? =17, p=0.413

Note: Assessment is based on all BSAS enrollegstezed in the period 2007-2009.

It is evident from Table 1 that there are no sigaifit variations in the candidature status of stigléy
enrollment cohort (p > 0.05). In other words, thegortion of students who completed their BSAS degtoes not
vary significantly by enrollment cohorts. As a neatof fact, the results in Table 1 point to a cdasible number of
enrollees in the program staying longer than thpaksited three-year period.

Academic Achievement of Enrollees

Table 2 presents the summary statistics of the eawad achievement (CGPA) of enrollees. The
investigations were conducted on 114 students waduated from the Bachelor’'s program by January201

Table 2: Summary Statistics of the Academic Achiement of Enrollees

Enrollment Cohort N Min. Max. Median
2007 37 2.67 4.56 3.45
2008 45 2.52 4.16 3.21
2009 32 2.73 4.33 3.26
Total 114 2.52 4.56 3.28

Note: The graduating CGPA is adopted as a meadwaeademic achievement.
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According to Table 2, the median CGPA of the graesids 3.28 (range of 2.53-4.56). There are ho majo
variations in estimates by enroliment cohort. Thedian figure implies a “lower second” class of degpbtained
by a considerable number of graduates on the prograe findings indicate low academic achievemémtotuaries
regardless of their enroliment cohort.

Predictors of Academic Achievement of Enrollees

The predictors of the academic achievement of thiellees were assessed using two models—Models |
and Il. In Model I, academic achievement was reggdsby enrollees’ characteristics (gender, natignal
enrollment cohort) and their combined weighted scadopted upon admission to the program. In Model |
academic achievement was regressed by enrolleagaaeristics and grade scores attained in Mathesnat the
A-level. The analysis in both models is conducteddetermine the net-impact of the variables on ecac
achievement. The functional format of enrolleesmbined weighted scores and grade scores in matlemnat
variables that are continuous in nature, was débeusing Multivariable Fractional Polynomials (R

Regression Diagnostics

The diagnostic assessment of the academic achiewd@E&PA) of the graduates on the variables adopted
in the investigations for Models | and Il using Mbfelded the following results:

1. Analysis in Model |

A. The homoscedasticity assumption was assessed udimg Cook-Weisberg test
(x*=289,p=0.0892 and was found to be supportegh¥ 0.05). In other words, an
insignificant result 0 > 0.05) indicated a lack of heteroskedasticity.

B. The assumption of the normality of residuals wasetd using the Smirnov-Kolmogorov test and
was found to be supportegh¢& 0.05).
C. In an assessment of the existence of outliers anohfbuential points, conducted using

standardized residuals, no values were found tio legcess of 3.5 or —3.5 (absolute values of the
residuals were less than 3.5); thus, no outlierewbeserved in the data.

2. Analysis in Model 11
A. The homoscedasticity =~ assumption assessed using tRmok-Weisberg  test
(x? = 763,p=0.005) was violated p< 0.05). In other words, a significant result indicates
heteroskedasticity.
B. The assumption of the normality of residuals wasetd using the Smirnov-Kolmogorov test and
was found to be supportegh¢& 0.05).
C. In an assessment of the existence of outliers anohfbuential points, conducted using

standardized residuals, no values were found tio legcess of 3.5 or —3.5 (absolute values of the
residuals were less than 3.5); thus, no outlierewbeserved in the data.

In light of the support for the basic assumptiohd,R was adopted in Model |—the approach was
considered ideal in providing an explanation fog firedictors of the academic achievement of eraslia the
BSAS program. However, a robust regression was tadom Model Il to correct for the violation of the
homoscedasticity assumption. Particularly, a rolbregression with Huber/White/Sandwich variance-ciavee
estimators was adopted in the multivariate analgEislodel Il. Table 3 presents regression estimat#ained by
the analysis using MLR and robust regression; #feee a summary of the findings is presented.
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Table 3: Regression Estimates of Academic Achievemt by Enrollees’ Characteristics

Characteristics MODEL | ? MODEL Il °

Coef. Std. Err p-value Coef. Std. Err p-value
Gender
Femalé ) ) ) . . .
Male 0.021 0.071 0.765 -0.007 0.072 0.916
Nationality
Non-Ugandar ] . . . . .
Ugandan -0.159 0.102 0.123 -0.123 0.126 0.331
Year of Enroliment
2007 . . . . . .
2008 -0.148 0.081 0.072 -0.114 0.085 0.187
2009 -0.278 0.092 0.003 -0.198 0.103 0.058
Prior Qualifications
WT ¢ 0.034 0.005 0.000 . . .
MTH ¢ . . . 0.155 0.042 0.000
Cons. 3.619 0.112 0.000 3.583 0.129 0.000

Note: Regression estimates; where Coef. - Coefftsiand Std. Err — standard Error

"Represents the reference categories that wereeatiopt
2Estimates are obtained using MLR, where F = 1(b%60.001, Adj. R-square = 0.3199

PEstimates are obtained using a robust regressioereanr = 3.8, p < 0.001, R-square = 0.2189
¢ Represents the combined weighted scores adoptextimission; functional form is obtained using mutiable fractional

polynomial

4 Represents mathematics scores obtained at theeh-ldae functional form of the variable is obtainesing multivariable

fractional polynomial

To this end, regression results in Model | reveghificant variations in the academic achievemeit o
enrollees by only two variables—weighted score antblment cohort. These results can be summarizetie

following manner:

1. The association between the enrollees’ combinedhtedl score and academic achievement was linear (se
Figure 1); the student’s graduating CGPA increasith their weighted score adopted upon admission to

the program.

2. Enrollees in the 2009 cohort had lower graduatingP@ compared to those in the 2007 cohort. No
significant variation was noted in CGPA among dees in the 2008 cohort compared to those in 2007.
3. In other words, the graduating CGPA is not expldibg gender and nationality of enrollees (p > 0.05)

For Model 11, significant variations in academidaement were noted only for enrollees’ perforneaimc
mathematics. These results can be summarized foltbeing manner:

1. The association between enrollees’ scores in maitiesrand academic achievement was linear (seed-igu
2); the student’s graduating CGPA increased withirtimathematics score obtained at the A-level of
secondary education.

2. Similarly, the graduating CGPA is not explaineddgnder and nationality of students in the program (

0.05)
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Fractional Polynomial (1),
adjusted for covariates
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Figure 1: Relationship Between Enrollees’ Weighted Score An@lheir Graduating CGPA
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Figure 2: Relationship Between Enrollees’ Mathematics Scorerd Their Graduating CGPA
DISCUSSION

The results reveal that the proportion of enrolieethe various cohorts who had completed theidistiat
the time the evaluation was conducted is low. Tae that the estimates obtained for students invir@us
enrollment cohorts are below average indicatesrgel®dacklog of enrollees in the system. Evidenhg non-
completion of studies of a considerable numbeheé¢ students is associated with a heavy teachohgupervisory
workload on the faculty (Mugimu et al., 2009). ight of a 49% deficit in University staff (Asinj2012), the
argument of the heavy workload on the teaching lfadunctioning as a barrier to their scholarly gustivity
(Mugimu, Nakabugo, & Katunguka, 2007) is highly paged. As a matter of fact, many African univaesitare
characterized by expanding student enroliments;elvew there has not been a commensurate expamsitre i
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number of academic staff in many of these instingi (Tettey, 2010). Therefore, the low scholarlydarctivity of
faculty in many African institutions and/or couei (UNESCO, 2010; Yonge et al., 2005; Muula, 208fams et
al., 2010; Wamala & Ssembatya, 2013) is not sunyis

The overall median CGPA (3.28; range of 2.52—-4di@ained in the results confirms the suggestidowf
academic achievement of BSAS enrollees at the $didtatistics and Planning, Makerere Universitiie figure
indicates a “lower second” class of degree obtaimg@ considerable number of graduates in the progin an
assessment of the academic achievement of lawleesaht Makerere University (Wamala, 2013), a sinplattern
was noted with regard to enrollees’ academic aem@nt in their bachelor’'s program. In light of tbev academic
achievement of actuaries and law enrollees, thiesinfis raise questions on whether the pattermigue to such
enrollees or is applicable to all students in vasiacademic units at the University.

With regard to the academic achievement of enrs|ld®e results obtained in this study add to litesa
supporting the role of prior academic qualificaticof enrollees in predicting successful completibrsubsequent
academic endeavors. The consensus is that sudcpssiormance in prior studies is more likely amatgdents
who have excelled academically in the past (e.ffanA& Othman, 2005; Bariez, 2002; Duff, 2004; Khaba,
2009; Wamala & Buyinza, 2013; Wamala, Omala, & Kaka, 2012). In this study, enrollees’ prior academi
qualification is assessed by their weighted sceterdhined upon admission to the program. As staglier, the
weighted score indicates an enrollee’s competesnaa In undertaking studies at the University—tlestizandidate
for the program is the one with the highest comtimeighted score. The findings confirm the outcomie®-level
(UCE) and/or A-level (UACE) secondary educationnasasures of competence in undertaking undergraduate
studies at the University. In particular, the resuffirm the role of enrollees’ competence in neatlatics as a
predictor of success in the program (e.g., SoligdResearch Institute, 2012). In the results, & lggade score
obtained in A-level mathematics is associated Wwitfh academic achievement on the program. Unlik&eviere
University’s SSP that suggested a minimum gradeesobC in mathematics at the A-level of secondatycation,
entry requirements by the Solidarity Research tutgti(SRI) stipulate a grade score of A for allodiees to the
BSAS. In addition to the grade score in mathemathes SRI requirements provide a minimum weighteates for
enrollees to the program. However, adopting the ined weighted score as a sole measure of detergnini
admissions to the program may not yield similaroadion outcomes. Take an example of two hypothleticaents
X and Y who obtained the following grades in mathé&os, economics, and physics at the A-level obsdary
education: student X obtained E, A, and A in mathi&rs, economics, and physics, respectively; andestt Y
obtained A, D, and D in mathematics, economics, imgsics, respectively. On the basis of A-levelrespboth
students will have a total weight of 30; thus, bstem to have similar competence in undertakingptbgram,
assuming other factors are constant. However, enbtisis of grounding in mathematics, student Y @em
competent for the program—evidenced by the resfltthis study. To this end, this study suggestsptdg a
combination of the combined weighted and gradeescattained in mathematics (A-level) as an ideigdrgon for
assessing candidates suitable for admission terigram. Nevertheless, the argument of adopting bigdes in
mathematics as a measure of enhancing educatiotwmes in the program is highly supported.

CONCLUSION

In summary, the findings of this study confirm tHat prior academic qualifications of enrollees are
predictor of their academic achievement in the mogand 2) competence in mathematics at the A-lefel
secondary education is a predictor of success demiaking BSAS studies. To this end, it is highdggmmended
that there be an increase in the entry requirenrefdsed to grounding in mathematics as a meadueattancing
the academic achievement of enrollees on the pmogide approach is certainly argued to positivetpact the
quality of educational outcomes of the program.
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