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4. A comparative assessment of selected 
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Abstract
As the higher education landscape changes, factors related to student persistence 
in graduate programs are being examined by a growing number of research-
ers. Their investigations, however, can be problematic when: i) a considerable 
number of students have not completed the program at the time of data collec-
tion; ii) enrolment and completion figures are low; iii) a normal distribution of 
completion time is assumed; and iv) a detailed assessment of non-completion is 
required. A time-to-event approach in a Cox model, which uses enrolment time 
as censored for students who have not completed by the time of the study and 
makes no assumption about the distribution of completion time, solves the first 
three problems. A multinomial logistic, allowing for at least three outcomes of 
doctoral candidature, solves the fourth problem. This is illustrated by an analysis 
of administrative data for the 295 PhD students at Makerere University in the 
2000 to 2005 enrolment cohorts. The total elapsed time from first enrolment to 
submission of final thesis copy was adopted as a measure of completion time. The 
findings underscore the suitability of these approaches for the analysis of educa-
tion data with low enrolment and completion figures, a situation characteristic 
of doctoral studies in many African universities. 

Key words: Student success in graduate programs, completion and non-completion 
of doctoral studies, Makerere University.

Évaluation comparative de quelques méthodes de modélisation  
de la dynamique d’achèvement des programmes de troisième cycle

Résumé
Alors que le paysage de l’enseignement supérieur est en pleine évolution, un nombre 
croissant de chercheurs étudient les facteurs liés à la persévérance des étudiants 
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dans les programmes de troisième cycle. Ces recherches peuvent néanmoins être 
problématiques si : i) un nombre considérable d’étudiants n’a pas achevé le 
programme au moment de la collecte des données ; ii) les taux d’inscription et 
d’achèvement sont faibles ; iii) l’hypothèse de départ est celle d’une répartition 
normale du temps d’achèvement ; et iv) une évaluation détaillée des cas d’abandon 
s’impose. Les trois premiers problèmes peuvent être résolus à l’aide d’une approche 
de type temps-évènement selon le modèle de Cox reposant sur la date d’inscription 
censurée des étudiants n’ayant pas achevé le programme au moment de l’étude 
et n’émettant aucune hypothèse quant à la répartition du temps d’achèvement. 
Le quatrième problème peut être résolu grâce à une modélisation de type logit 
multinomial prévoyant au moins trois résultats possibles pour les candidatures 
doctorales. L’analyse des données administratives relatives aux 295 étudiants 
doctorants de l’Université Makerere figurant dans les cohortes des années 2000 à 
2005 en est une illustration. Le temps total écoulé entre la première inscription 
et la présentation de la copie finale de la thèse a été retenu pour mesurer le délai 
d’achèvement. Les résultats montrent que ces méthodes sont adaptées à l’analyse 
des données relatives à l’éducation lorsque les taux d’inscription et d’achèvement 
des études sont peu élevés, ce qui est une caractéristique des études doctorales 
dans nombre d’universités africaines.

Mots clés : Accès des étudiants aux programmes de troisième cycle, achèvement 
et abandon des études doctorales, Université Makerere.

1.0 INTRODUCTION 

Consensus is lacking about the statistical methods that should be used to 
determine factors associated with the length of time taken to complete a 
doctoral degree. Studies may not present adequate diagnostics to support 
the choice of method (univariate, bivariate or multivariate) or the results 
obtained. In a 2002 review, Osborne and Waters observed the lack of test-
ing of assumptions that underpin the methods on which researchers rely 
on when drawing conclusions. For a substantial number of results, conclu-
sions and assertions, no statistical rationale for the approaches used in the 
analyses is provided.

Owing to the skewed nature of completion time for doctoral studies, the 
median rather than the mean elapsed time has been adopted as a descriptive 
measure (Bourke, Holbrookand Lovat 2004; Wamala, Oonyu and Ocaya 
2011). Because the data are skewed, the assumed normality of the total time 
elapsed (completion time) in the OLS multiple linear regression adopted 
by Bourke et al (2004) could be unreasonable. By ignoring violation of 
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the distributional assumptions, application of a multiple regression to the 
data could distort associations and significance tests, thereby resulting in 
a Type I or Type II error (Osborne and Waters 2002). Cleves et al (2010) 
also demonstrate the skewed nature of time-to-event data, a perfect exam-
ple of which is completion time for graduate studies. They argue that the 
distribution of the variable is non-symmetric, and that linear regression is 
not robust to these violations. 

Another complication is that when a study of completion time is conducted, 
not all students who are enrolled have completed their degree. Ignoring the 
candidature status and total elapsed time of these individuals means loss of 
data in the analysis, and could distort the statistical significance of associa-
tions. Given the availability of methodologies that take censored data into 
account, evaluating the total elapsed time as a categorical outcome has been 
suggested (Wamala et al 2011). This makes it possible to model data with 
nominal outcome variables (Hosmer and Lemeshow 2000; Hilbe 2009). 
The question, however, is whether to model the outcome variable with 
two or more candidature outcomes. Although either approach could yield 
meaningful results, a number of factors associated with non-completion or 
completion time (for example, extended candidature) may not be examined. 

This paper assesses several techniques methods for investigating the com-
pletion and non-completion dynamics of doctoral studies. Variation in the 
results generated is also examined. 

2.0 DATA AND METHODS

The assessment is based on administrative data for the 295 doctoral students 
registered across all academic units and/or disciplines at Makerere University 
in the enrolment cohorts from 2000 to 2005. The total elapsed time from 
first enrolment to submission of a final thesis or dissertation copy, after a 
VIVA or public defense, was adopted as the measure of completion time. 
The enrolment time for students who had not graduated when the time 
the study was conducted was estimated by the time of data collection—
November 2010. 

First, an OLS Multiple Linear Regression (MLR) was used to estimate 
completion time dynamics. Completion time will be positive (
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3.0 RESULTS 

The individuals examined in this study were full-time students at Makerere 
University. They were predominantly Ugandan (94.2%), registered in thesis-
based studies (81.4%), male (76.6%), and married (90.9%). The majority 
(63.9%) had earned their bachelor’s and/or master’s degrees at Makerere 
University. Their median age when they began doctoral studies was 37 years 
(ranging from 24 to 61). Close to two-thirds (63%) were in the 2003 to 
2005 enrolment cohorts.

Table 1 presents results of analysis using the methodologies assessed in this 
study. 



Journal statistique africain, numéro 15, août 201262

Robert Wamala, Joseph C. Oonyu and Bruno Ocaya  

Table 1: Completion and non-completion estimates of doctoral 
studies, by methodological approach 

Variable Coxa MLRb Binomial Multinomial 

Completionc Completiond Enrollede

Age

41 or older† … … … … …

31 to 40 0.69** -8.93 1.26* 1.35** 0.15

30 or younger 1.38** -12.57* 2.04** 2.02* -0.01

Doctoral registration

Research† … … … … …

Coursework and research -0.36 -1.70 -0.43 -0.40 0.05

Year of enrolment 

2000 to 2002† … … … … …

2003 to 2005 -0.66** -12.52** -0.54 -0.75 -0.33

Marital status

Single† … … … … …

Married … 0.41 -0.37 -0.55 -0.20

Prior schooling 

Makerere University† … … … … …

International university … -1.22 -0.19 -0.20 -0.01

Nationality 

Ugandan† … … … … …

Non-Ugandan 1.06** -8.87 1.63* 1.48* -0.30

Sex

Male† … … … … …

Female -0.37 3.33 -0.37 -0.24 0.18

Financial assistance 

No assistance† … … … … …

Assistance held -0.05 4.64 0.03 0.87 1.21**

Broad field of study

Science … … … … …

Arts -0.67** 6.09 -0.69 -1.03* -0.62*

Note: † represents reference category; ** p < 0.01, * p < 0.05; … not applicable
a Cox regression of completion time (N = 218); the variables considered satisfied a selec-
tion criterion – all predictors with probability value less than 0.25 in the Log-rank test at 
the bivariate stage. 
b OLS Multiple Linear Regression with assumed normality of completion time (N = 89)
c Likelihood of completion, five years after initial enrolment (N = 284)
d Likelihood of completion rather than withdrawal, five years after initial enrolment (N = 284)
e Likelihood of extended candidature rather than withdrawal, five years after initial enrol-
ment (N =284)
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3.1 Regression diagnostics

Without verifying that the data meet the assumptions underlying the 
methodology adopted, the results may be misleading. Thus, the following 
diagnostics were performed for the various approaches presented in Table 1.

In a recent study employing a Cox-proportional hazard model to examine 
completion time dynamics for doctoral studies at Makerere University, 
Wamala et al. (2011) presented four diagnostic tests: the global and detailed 
proportionality assumption, the overall model fit evaluated using Cox-
Snell residual (Cox and Snell 1968), specification errors link function and 
disproportionate effect of outliers and influential cases (Collet 2003). The 
assumptions for the Cox methodology were satisfied. 

In an analysis using a Multinomial Logistic Regression (MNR) model with 
“withdrawal” as the base category, Wamala et al. (2011) performed the 
following diagnostic tests: sample size requirements of MLR (Hosmer and 
Lemeshow 2000), goodness-of-fit based on Pearson and Deviance Statistics, 
classification accuracy of model, as well as effects of outliers and influential 
cases using standardized residuals and Cook’s distance. The assumptions of 
the MNR were satisfied. 

In the binary logistic regression analysis, the following diagnostic tests were 
performed: specification errors, classification accuracy, and chi-square good-
ness-of-fit (Hosmer and Lemeshow 2000). Results of specification errors in 
Table 2 show that the model was well specified as predicted by the hat-statistic 
(p < 0.05); the hat-square statistic shows that no additional variables were 
significant (p > 0.05). In other words, results of the specification test show 
that the logit transformation is a correct functional form for the outcome 
variable. Figure 1, the Receiver Operating Characteristic (ROC) curve, shows 
that logistic regression has acceptable discriminatory power (AUC = 0.739). 
The Hosmer and Lemeshow Chi-square test shows that the model is a good 
fit 
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Figure 1: Receiver Operating Characteristic Curve following a 
logistic model in Table 1

Following the application of the OLS in a multiple linear regression, the 
normality assumption of residuals necessary for the validity of hypothesis tests 
was supported adopting the Shapiro-Wilk W test (W = 0.98, p = 0.308)). 
Similarly, results of the Breusch-Pagan/Cook-Weisberg test for homogeneity 
of variance of the residuals support the homoscedasticity assumption (x2 

= 1.87, p = 0.171 ). The results of the specification error of link function 
presented in Table 3 reveal that the model is not well specified as predicted 
by the hat statistic (p > 0.05). This could imply any of the following: i) the 
identity function is not a correct specification for the completion time of 
studies—the outcome variable; ii) the linear combination of the predictors 
is not sufficient; and iii) the identity function in MLR is not a linear com-
bination of the predictors—candidate, candidature and institutional factors. 
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Table 3: Specification error of link function

Model Coefficient Standard error p-value

Normal/Identity

_hat -0.717 2.140 0.738

_hatsq 0.014 0.017 0.423

Note: Results relate to the MLR model in Table 1

3.2 Summary 

In the results of a Cox regression that excluded candidates who recorded no 
load on their doctoral candidature (N = 69), significant associations with 
the hazard of completion emerged for age at commencement, nationality, 
broad discipline, and enrolment cohort (p < 0.05). Specifically, comple-
tion rates were higher for candidates at younger ages of commencement, 
international students, those in science disciplines, and in the 2000 to 2002 
enrolment cohorts. 

In a Multinomial Logistic Regression with “withdrawal” as the base cat-
egory, significant associations with the likelihood of completion, rather 
than withdrawal, five years after initial enrolment were noted for age at 
commencement, nationality, discipline, and financial assistance (p < 0.05). 
Doctoral completion was more likely among younger candidates, interna-
tional students, and those in science-related disciplines. The likelihood of 
extended candidature beyond five years, rather than withdrawal, was sig-
nificantly associated with the receipt of financial assistance and enrolment 
in science disciplines. 

In the results of an OLS Multiple Linear Regression with assumed normality 
of completion time, and modeled using doctoral candidates who had com-
pleted by the time of the study (N = 89), significant associations emerged 
with age at commencement and enrolment cohort (p < 0.05). Specifically, 
completion time was shorter for candidates who were younger than 30 when 
they began their studies and those in the 2000 to 2002 enrolment cohorts. 

4.0 DISCUSSION AND CONCLUSIONS

The various methodologies presented have implications for data requirements, 
precision, and the significance of associations. Time-to-event analysis and 
the binomial and multinomial logistic methodologies require both com-
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pletion and non-completion data, but the OLS linear regression requires 
only completion data. Consequently, a number of differences in statisti-
cally significant associations emerged between results based on methods 
that require data only on students who had completed a doctorate (N=89) 
and results based on methods that also require enrolment data (N = 195). 
Moreover, the statistical significance of the associations observed using 
methodologies with unsatisfied diagnostic tests is debatable. In particular, 
the OLS multiple linear regression pertains to only 89 of the 295 doctoral 
students who were enrolled across disciplines at Makerere from 2000 to 
2005. The low output of doctorates at the University (Mugimu et al 2009; 
Wamala et al 2011), and the low enrolment in doctoral studies are typical 
of the situation in many countries. 

Although normality and homoscedasticity assumptions of the OLS linear 
regression were supported in the diagnostic tests, the differences in data 
requirements compared with the Cox regression resulted in variations in 
the statistical significance of associations. Specifically, associations with 
discipline and nationality that were significant in the Cox regression were 
not significant when OLS linear regression was used. With regard to the 
superiority of Cox regression over OLS for analyzing survival data, Cleves 
et al. (2010) noted: “Survival analysis is concerned with nothing more than 
making a substitution for the normality assumption characterized by OLS 
with something more appropriate for the problem at hand.” Although 
OLS would be a reasonable model to use in some instances, it may not 
be appropriate for analyzing the dynamics of doctoral completion time in 
institutions with low enrolment and completion numbers, which is the case 
for many African universities. 

Analysis based on binary logistic regression reveals a number of associa-
tions, but compared with the Multinomial Logistic Regression, it provides 
a less detailed picture of the non-completion dynamics of doctoral studies. 
Modeling completion dynamics using a binary outcome (completed versus 
not completed) in a logistic regression ignores the influences of financial 
assistance and discipline area on extended candidature, which emerged in 
the analysis using the Multinomial Logistic Regression. That is, analyzing 
the likelihood of completion of doctoral studies using a binary outcome 
fails to account for potential predictors of extended candidature rather than 
withdrawal. 

The findings of the present study suggest that evaluating the completion 
dynamics of doctoral candidature with more than two outcomes is the 
preferable approach, because it offers the ability to discriminate between 




