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1.1 Background Of Thesis
The South African education system has in the past decade been a subject of robust scholarly debate and research interest. It has emerged in recent years that there exist some inconsistencies between the public secondary and tertiary education systems. The disparities are most evident as reported in most scholarly journal articles, conference proceedings and the emergence of the recent "#FeesMustFall" movement. The account of all these is given in the Literature Review, Section 1.2, of this proposal. The recent years saw the government policies, particularly those of the Department of Higher Education and Training being tested and interrogated by civil society, non-governmental organisations (NGOs), scholars, and researchers. This section of the thesis aims to introduce the subject matter by relating to the achievements and shortcomings that beget the higher education system. 
The founding thesis statement, that led to the topic, are tabled herein in the Problem (or thesis) Statement in Section 1.3, and the proposed statistical technique with the aim of using it to determine the survival or time of attrition using the Accelerated Failure Time with Generalized Gamma Frailty and Competing Risks. The Significance of the Thesis, Section 1.4, is presented to the reader and this is the core of this thesis' proposal. The Methodology selected, for its appropriateness for the nature of the thesis, is explicitly described and this relates to the research design, conceptual framework to be followed including statistical assumptions that are to be followed in the attainment of the Objectives of the Thesis, in Section 1.6, with the aim of responding to the emanating Research Questions in Section 1.7. The Time-frame of the proposed thesis is as presented in Section 1.14 of this proposal.
1.1.1 Time-Event Analysis

Several statistical methods have been found to aid higher education institutions (HEIs) in predicting possible attrition of students (at-risk students), to formulate interventions programmes, to better understand fundamental issues causing student attrition or dropouts and address them, as well as to ultimately increase the student retention and throughput rates. Several first-generation traditional statistical techniques (e.g., Ordinary Least Squares, Multiple Regression, and Discriminant Analysis) and second-generation techniques (e.g., Structural Equation Modelling and Partial Least Squares) have been, for many years, used to predict students’ attrition. These have also been used to identify factors or variables that correlate with the students' academic behaviour. The frequently used statistical methods were logistic regression (LR) (Scott et al., 2004; Zhang, Anderson, Ohland, and Thorndyke, 2004; Lin, Imbrie, and Reid, 2009), structural equation modeling (SEM) (Li, Swaminathan, and Tang, 2009; Lin et al., 2009) and discriminant analysis (DA) (Burtner, 2005). 

Theoretical models, designed and tested to predict students' persistence or withdrawal, have been valuable tools in the effort to aid with the implementation of retention interventionist programmes. Most of these early theories and models have attempted to explain and measure factors in the dropout process. The predictive capability of the earlier models was tested using logistic regression (LR) and structural equation modelling (SEM) to project throughput rates. These statistical techniques do not allow for the inclusion of the time factor, time-dependent covariates, censoring, truncation, heterogeneity and competing risks. This deficiency advocates for a high performance model which takes the aforemention attributes into account.

The nonlinearity of students' academic outcomes and paths makes it impossible for the temporal nature of tertiary education to be discounted. The implementation and appropriation of the survival analysis approach are necessitated by the complex and intricate academic path that students follow to analysing student outcomes (Singer and Willet, 1991; Arias Ortiz and Dehon, 2013). 
Many studies have been conducted on student persistence, undergraduate student retention or graduation and attrition focusing on student outcomes during college or university application of the Generalized Gamma in epidemiology ( e.g., Campbell and Fiske, 1959; Summerskill, 1962; Marsh, 1966; Marsh, 1966; Marks, 1967; Panos andand Astin, 1968; Bayer, 1968; Bayer, 1968; Feldman and Newcomb, 1969; Spady, 1970, 1971; Tinto, 1975, 1993, 2006; Montmarquette, Mahseredjian and Houle, 2001; Agodini and Deke, 2004; Scott and Kennedy, 2005; Terenzini and Pascarella, 1977; Bean, 1980; Ho Yu et al., 2010; Yu et al., 2010; Lindsey et al., 2010; Nandeshwar et al., 2011; Ortis and Dehon, 2011; Van der Haert et al., 2011; Lin, 2012; Lauría et al., 2012; Herzog, 2006; Yadav et al., 2012; Yadav and Pal, 2012; Kovacˇic´, 2012; Berger et al., 2012; Habley et al., 2012; Yadav and Pal, 2012; Murray, 2014; Cardak and Vecci; 2015; Neethling, 2015; Box-Steffensmeier et al., 2015; Raman and Venkatesan, 2012; Rooney, 2015; Fan Yang and Dunbar, 2017). 
However, many of these studies focus on the temporal aspects of student decision making, as a result assuming a single-risk model (this is not always appropriate as certain outcomes or events compete with several others) while other scholars and researchers alike focus on a general univariate predictive regression model. Single-risk survival models assuming event or outcome independence has been proved to be inappropriate as academic or educational outcomes are of highly complex nature, competing and interdependent (Desjardins et al, 2003, Desjardins et al, 1999). It is also interesting to note that assuming a continuous time-event model skews results given the fact that the exact timing of an individual student's dropout is often not known (Singer and Willett, 1993; Scott and Kennedy, 2005; Arias Ortiz and Dehon, 2011). 
The exact timing of events has been a key assumption of many of the previous studies focus.The need for and appropriateness of discrete-time survival analysis, as indicated by (Singer and Willet, 1991; Scott and Kennedy, 2005), this assumption has proven not be unrealistic. As researchers attempt to analyse the increasingly complex student academic history, these two issues have been widely documented. Research involving models predicting student persistence in higher education has failed to examine student experiences within the university context and climate, that is, institutional structure and student individual function. Furthermore, establishing theoretical understandings of the distinct relationships among social identity, sense of belonging, and sense of place may strengthen the grounding of predictive models for retention in higher education in the future. 
The model posits ethnicity, pre-university background, type of school a student as precipitating events or shocks (e.g., changes in tuition, poor academic results, residence) lead students to consider dropping out from the university. The purpose of this sections is to a background to the appropriateness of the application of the suggested survival models, that is, the Accelerated Failure Time with Generalised Gamma Frailty and Competing Risks, to be discussed further in the methodological section of the thesis the most reported retention model which includes variables or observations that are not only binary but also have a time factor, time-dependent covariates and are either censored or truncated. 

The Accelerated Failure Time with Generalized Gamma Frailty and Competing Risks model can include the frailty term, as well as take competing risks into account. Logistic regression (LR) and Discriminant Analysis (DA) are unable to take the time factor, time-dependent covariates and competing risks into consideration during the modelling process. This performance deficiency makes the Accelerated Failure Time (AFT) with Generalized Gamma Frailty and Competing Risks the competing option to the famous Cox (1992) regression in formulating, testing and evaluating a student retention-attrition model.
1.1.2 The South African Tertiary Education System
There is growing concern that South Africa's slow graduation rate has a negative impact on access into the higher education system and it is clogging up the tertiary system. In a report by Statistics South Africa (2016) it was found that the South African higher education system enrols close to 1,000,000 and admits that figure should actually be closer to 600,000 students. This implies that fewer new students can be admitted into the tertiary system when students continue not to complete their degrees in the prescribed three years but in four to six years instead. In essence, this is inefficient, and that the congestion in tertiary system contributes immensely to the high cost of education. According to (Scott et al., 2007; Ndebele et al., 2013), the 2000 cohort graduation rate for the South Africa's universities was 38% and had risen to 52% for the 2006 university cohort). 
The Higher Education Management Information System (HEMIS) was used to track the class of 2008 throughout South Africa's public universities, using each student's identity numbers, from 2009 to 2015.  After four years, the completion rate was just 36.9% after 4 years but rose to 58.1% after six years. The Council for Higher Education (CHE) found a 50% completion rate for degrees and diplomas of first-year students' throughput data for the 2007 cohort after 5 years of first enrolment. The throughput was 53% and 50% for the 2008 and 2009 cohorts, respectively. Graduation rates varied dramatically from university to university, with certain public universities traditionally accepting students with excellent matriculation marks (high APS score), while others admit a broader range of matriculants. In general, it has been found that matric performance was a strong indicator of degree completion. Throughput rates are not expected to improve given the current state of affairs in the public education system; both given the primary and tertiary system. The higher education system is faced with the greatest problem of university and college students' dropout. 
Students’ retention and success has been on the agenda of many institutions of higher learning across the world and has been a priority for decision makers in these institutions (Manik, 2015). Student retention is defined as the ability of higher education institutions (HEIs) to retain their students, basically, from their first year until they attain the degrees, which is during graduation. Student retention has received widespread attention from educational policymakers due to its substantial financial implication for the students, the university and society when they fail to complete their studies. The costs imposed on individual student and society when a student does not complete their degrees, both direct and indirect, are high. Students' debt remains even though they have not completed their degrees. The high student dropout rate was costing taxpayers approximately R4.5 billion over the period 2000-2005 as noted by Letseka and Maile (2008) from the National Treasury report. A university's inability to retain its students as a consequence of its failure to give them the necessary academic support affects its financial well-being, faculty or school reputation, and overall institutional. 
Institutions should be in a position to be able to accurately predict, support and retain students who are at risk of attrition. The institution must have a thorough understanding of the basis or possible reasons for students to attrite and devise an intervention programme aimed at retaining them. The studies have challenged the notion of student attrition by conceptualising and implementing student retention programmes. In an effort to alleviate or curb student attrition one has to look at the multifaceted nature of student retention or attrition as presented by numerous available theories that have been developed and integrated throughout the past century. These theories have noted and recorded a large array of observable and unobservable variables that have a potentially negative effect on the academic success of a student. This thesis is aiming to elucidate the relationships between these unobservable and observable factors with the probability of a student's graduation and attrition due to financial or academic exclusion.  According to (Branson et al., 2009), the monthly earnings between someone with only matric and a degree certificate have increased dramatically in 2007 from 182% to 241%.  
Failure to complete a degree diminishes a student's opportunities to entering lucrative positions in their career choice. Student's failure to complete his or her degree represent a notable opportunity cost as, to some extent, the student has inadvertently taken a place of other eligible students who may have persisted until they obtain their degrees.  The most direct effect of a student's failure to persist and obtain their degrees from the university's perspective is the loss of income in the form of tuition fees.  In addition, a student's failure to complete a degree by presents another dimension of lost revenue. This is due to the fact that the South African government subsidises each student in the higher education system and graduates alike (Department of Higher Education and Training (DHET), 2004). Swail (2004) notes that potential future income in form of donations is lost by institutions of higher education due to students having not completed their studies, as donations are more likely to come from graduates. This loss of revenue and potential future income is detrimental in the ability of the university to hire and retain academics of high-quality. 
Student attrition data is also a cause for concern and requires attention due to its impact on government planning, institutional operations and financing. The students who fail to complete their degree express an unrecouped loss to both government and the university in relation to the costs of admission, planning and running programs, and lost revenue in the form of refunded tuition and government block grants and financing, which is based on enrollment. The students who drop out from institutions of higher learning may be absorbing resources, in the form of financial support resources from block grants and NSFAS loans to the detriment of prospective students. The reputation of the university may be affected adversely by students withdrawing in large numbers. Low retention or graduation rate may be perceived, by both prospective students as well as the general public, to be a manifestation of the university's incapacity and incompetence to meet student needs, especially regarding their career of choice. 
The exodus of these highly-valued academics damages the reputation of both the faculty and university. Moreover, it will adversely impact on the interest of potential and existing students who may decide to transfer to other universities or send their applications elsewhere, further reducing potential future revenue streams for the university. The cost to society (or government) of students who attrite is considerable and worrying. Society only derives a partial benefit from student subsidy it had provided if a student fails to complete a degree, this represents an inefficient utilisation of taxpayers’ money. Non-completion, as well as the probable personal impact for students, have financial implications for both students, their families (in developing countries especially), for society and the country's economy through the loss of potential knowledge and skills. The government does not benefit from their investment in the student. Consequently, these students are more likely to rely on government services (such as welfare) benefits than graduates (Swail, 2004). 
On the other hand, graduates make more contributions in taxes (increasing the tax base) than nongraduates (Baum et al., 2013), increasing the nation’s social capital. Student retention should be a national priority, given both the substantial benefits from students graduating and the costs of failing to graduate. According to (Letseka and Maile, 2008), the DHET has commendably understood the significance of increasing graduation and throughput rates at South African public universities. In many countries students do, at some point of their college or university life, consider withdrawing from the higher education system. This can be attributed to a number of many factors, both cognitive and non-cognitive. Student retention and attrition rates have been a cause for concern for most higher education institutions around the world since the establishment of formal education. Decades and decades of research has indicated that higher education is intended to prompt progressive social changes and it is not the simply transference of information. The interrelatedness of university life experience, the discovery of self, and socialisation process, and dissemination of knowledge are some of the propositions that augment social changes. 

Despite attempts by universities, government, as well as donors to provide access to more students, responding to the spike in demand for higher education access by school leavers, the number of those students granted access do not complete their tertiary education as expected. This demonstrates that most of these students withdraw from the higher education system, usually in the first semester of their studies. This in effect generates potential financial problems for the higher education institution. Thesising these multidimensional and interconnected variable relationships would be instrumental in understanding why some students withdraw or stay. This could also have implication for the students' retention and prosperity as well as the higher education institutions. Generally, not every student enrolled at a higher education institution completes their thesis program initially enrolled for at the institution. There are numerous reasons why students attrite from the higher education institution. They do so, sometimes, voluntarily. This phenomenon, more often than not, affects the institution's financial plan. 
To be able to be well prepared for such eventualities, higher education institutions have need strategies and plans or programmes that are borne of scientific research findings. The literature of student retention in higher education is rich of the theoretical models and empirical studies that gained consideration among researchers and educators over the last four decades. Tinto (1993) suggests defining the functional relationship of an individual student in relation to the university collective as a crucial factor in building a predictive model, as opposed to just looking solely at how structural and organisational features shape the context and climate of a university. Perform-based accountability critics contend that retention in higher education institutions is negatively impacted by funding structures which undermine the mission of the higher education system. Instructors, administrators, researchers and policymakers have in recent years put their focus on the first and second year of university attrition, instead of the overall retention and graduation rates. Building an effective retention program is believed to be a challenging task for higher education institutions. 
Due to an aggressive progress in information technology and globalisation, academic and social integration are competing forces created by the shift from information-age, labour-intensive economies to a knowledge-based economy in retention efforts. Council of Higher Education (CHE) (2016) has noted that despite overall growth to increase access and the fundamental restructuring of the higher education system landscape, the throughput rates, as well as the graduation rates, have not improved significantly across the higher education system since 2001. Achieving a skewed increase in graduation rates, very high failure and dropout rates across the higher education system does not constitute social justice. The output of the higher education system does not meet South Africa's needs, as the system is tainted with low internal efficiency in failing to utilise the human and material resources, this is according to the CHE's (2013) task team report. The task team was established to thesis the undergraduate curriculum structure and its financial implications. Based on 2010 data, the CHE's 2013 report revealed the inefficient use of subsidy. The amount was more than a quarter of the total subsidy at R 1 116 000.00 that resulted in non-graduation of students. 
The widespread perception among tertiary institutions of the incessant extensive changes in the secondary education system curriculum is that the system exacerbates the already ailing system, one which struggles to prepare basic academic numeracy and literacy in learners. 
The disparity or incongruence between the ever increasing matriculation pass rate and the apparent lack or preparedness by learners is noted. The introduction of the extended programme was initiated with the sole aim to ameliorate the inconsistencies in curriculum between the secondary and tertiary systems.The higher education institutions responses to the proposal by curriculum structure change that seeks to address the under preparedness of learners entering the higher education have indicated their frustration and the widespread perception of the inability of the secondary schooling system to prepare its learners adequately for tertiary education. Extended programmes were designed to bridge the discontinuity gap between first-year higher education institution entrants' educational backgrounds and socioeconomic circumstances. The discontinuity from secondary to tertiary level has affected the students' intake by higher education institution even though these represent a fraction of those who have passed their matric. 
This discontinuity or articulation gap is multifaceted and encompasses socialisation, academic literacies and conceptual development. The world trend of the correlation between students' chances of success or graduation and their socioeconomic backgrounds is noted. Extended programmes have proved to be a successful feature in most of the universities, responding to the expansion of access to tertiary education in the country. They have allowed access to those who were otherwise not eligible to enrol at a higher education institution and contributed significantly to equity of access and outcomes. The national political climate has in recent years changed the tertiary educational climate in terms of higher education institutions funding and institutional structural changes, where methods of course delivery have since not seen any major change. The students' financial assistance in the National Student Financial Aid Scheme (NSFAS), sociocultural engagement, their programme and career choices and their individual pre-university social factors have been affected by these changes. 
These factors have dictated higher education institutional transformation in climate and culture. The recognition and acknowledgement of social groups in an institution of higher learning are crucial in the persistence of students and their academic achievement. Students’ dropout decisions are directly associated with their development of a sense of place and also correlated with their individual interactions with the higher education's institutional climate and culture.  Student persistence in higher education should be looked at with its concomitant integration in the institutional structure and internal and external factors interaction. The external forces cannot be altered by the higher education institutions but institutions can design effective freshman programs that attempt to create a congruent internal structure that aids students' adaptation and acknowledgement or realisation of a sense of place which would in effect directly affect the students' dropout decisions. 

Despite great inroads made by the tertiary education system in South Africa to improve access for marginalised groups in the country, (Scott 2012, Maphosa et al. 2014, Sosibo and Katiya 2015) argue that the success of these students has not been evident. This is echoed by Sisobo and Katiya’s (2015: 272) report on The Department of Higher Education and Training (DHET) which has noted that ‘improving student access, success and throughput rates is a very serious challenge…and must become a priority focus for national policy and for the institutions themselves’ (DHET 2014: 31). The DHET perceives student access to a tertiary education as a target to achieve and cannot be divorced from their success or graduation. Students' success is mooted by the DHET to be directly linked to improved student throughput and dropout rates across Higher Education Institutions (HEIs). ‘High access and disproportionately low output and throughput rates in South African HEIs at both undergraduate and postgraduate levels have been widely documented’ according to (Sosibo and Katiya, 2015: 271) and this also cited by several scholars (e.g. Fisher and Scott 2011; Wingfield 2011; Mabelebele and Parry 2012, CHE, 2010, Scott, 2012).

Scott (2012:26) warns that ‘unless there are decisive steps to improve success across the student body, African student attrition will increase disproportionately, defeating the objective of widening access. It must be chronicled the CHE has in the previous five years previously acknowledged that there are complexities involved in access, retention and throughput in HE in SA. It then undertook several studies related to the salient trends and challenges within higher education. In a similar vein, public HEIs have also been engaging in thesising and monitoring their own students’ success or lack thereof with studies on access, throughput, dropout and related discourses. A burgeoning literature has in recent years emerged in the South African context with specific interest on student access and their success. The key emphasis has been how to increase students' throughput rates and measures that may potentially address student dropout (REAP 2008; Prinsloo 2009, Heymann and Carolissen 2011; Horn et al. 2011; Ramrathan 2013; Bojuwoyo, 2014; Bokana and Tewari 2014, Sosibo and Katiya. 2015). 
South African HEIs have attempted in recent years to understand the challenges facing students and the institutions themselves by working towards not only students' access to the higher education system, but also retention and success (Ramrathan, 2013; Heymann and Carolissen, 2011; Bojuwoyo, 2014; Manik, 2014, 2015; Sosibo and Katiya, 2015). These papers have further attempted to respond to the phenomena by devising means and tools to achieve this success. Another particularly pressing issue in the higher education system is in the context of widening access for historically disadvantaged student groups, by easing student diversity in HEIs. This speaks to the student's societal integration and functioning.  Most institutions, unfortunately,, have not yet been able to translate what is known about student retention and attrition into tangible and functional programmes that may potentially lead to substantial student' personal and societal gains in student persistence and graduation. Though some have, many have not according to (Carey, 2005). 
The lack of an effective educational system for predicting the odds of future individual student withdrawal and lack of information about the potential negative factors that may influence student withdrawal has presented a challenge to many HEIs and government to be able manage student retention issues. Significant attention has been devoted to the higher education student dropout phenomenon worldwide. Inequities in education attainment between student groups have been addressed with little or no success since the advent of democracy. This has been largely a topic of interest in South Africa as attainment has been significantly skewed toward white students and students within the middle class and also linked to persistence of incomes and wealth through generations. According to the Organisation for Economic Co-operation and Development (OECD, 2013), South Africa experience some of the lowest graduation rates in the world, last measured at 15% nationally (Letseka and Maile, 2008). In addition, in South Africa, the low population share of tertiary students graduates at 6% of the adult population is significantly lower than other middle-income and developed economies (OECD, ibid). 
(Lam et al., 2013), suggest that the proportion of White students who have completed their degrees is significantly higher than that of African students. Relative to Indian and White students, Coloured students have had significantly higher dropout rates than graduation rates. Completion rates are equal to dropout rates for both degree types (3 and 4-year degrees) for African students. Students are more likely to drop out than they are to graduate after seven years of enrollment (CHE, 2011) for fields such as Law and Engineering. CHE (2011) thesis revealed that almost half, about 45% of the entire 2006 first time-entering cohort thesising towards a university-level qualification in South Africa had dropped out after seven years in the tertiary education system, with more than half, about 55% of the cohort graduating after the same period of time. Only a third of the cohort, about 33% had graduated on time
The growing concerns around the South Africa's quality of the education system persuade policy-makers to understand when student dropout, during their continued studies, is most likely to occur. This will assist policy-makers in the education sector to better tailor interventionist policies, potentially leading to improved educational outcomes for education retention and attainment in higher education. As a consequence, it is important to identify those factors which influence students’ decision to drop out or persist with their studies. From the university’s perspective, this is important in terms of resource allocation and infrastructure availability. The number of public universities in South Africa and students attending them is perpetually increasing while the amount of available funds to support institutions are not increasing fast enough (or continue to decrease) to students requiring financial aid. Improving the performance of both students in universities and the general higher education department should be deemed as a national priority for the betterment of the society. 
The large body empirical evidence in the scholarly literature suggests remedial action to the high student dropout and low throughput rates. It is hoped that this intervention will reduce student attrition rates and improve graduation rates at Higher Education Institutions (HEIs). Govender (2013) reported that fewer than five South Africans in 100, tracked from their first enrollment from Grade one of schooling, graduate from university. Heymann and Carolissen (2011) warn about the so called ‘historically disadvantaged students', who continue to be at risk of not completing their degrees or graduating timeously despite an increased effort to make funding ( such as NFSAS, Fundza Lushaka) available to financially support them. The problem, as reported by (Govender 2013) is particularly profound for these disadvantaged students as only 28% of students receiving financial support from NSFAS, finally, graduate. The implication here is that measures to financially support students are insufficient in propelling them to achieve success and that additional measures need to be institutionalized, factoring in the impact of educational history. It is evidentthat not only financial imperatives should be prioritized.
Dhunpath and Vithal (2012) posits that, inadvertently improving student retention also depends heavily on progressing from the narrative of ‘unprepared students’ as mentioned in the Rural Education Access Programme (REAP) (2008) report to ‘underprepared students' (who have learning deficiencies due to problem experienced in the feeder secondary system) to ‘underprepared institutions’ (well prepared to admit, teach and retain this group of students). The DHET is not immune to this form of ‘deficit’ articulation and allocating responsibility. Sosibo and Katiya (2015) noted that as articulated in (DHET 2012: 42), that ‘inadequate student preparedness for university education is probably the main factor contributing to low success rates’. Dhunpath and Vithal (2012) have boldly advocated that HEIs will have to continue or device programme that aims to assist these underprepared students to make a smooth and gentle transition into university. Interestingly, Woodley (2004) had long cautioned that there is danger in pathologising underprepared students when deliberating on their lack of success. Prinsloo (2009) points out that local research on student retention, throughput and dropout rate span a little over 10 years. 
Manik (2014) asserts that the South African discourses on student drop out have been predominantly about completion rates both insititutionally and nationally at the expense of deeper qualitative analysis of these phenomena.  Scott et al. (2007: 19) made the following observation: ‘The major racial disparities in completion rates in undergraduate programs, together with the particularly high attrition rates of Black students across the board, have the effect of negating much of the growth in Black access that has been achieved’. Institutions have the challenge to align access and success for all students from all racial groups and not just a single racial group, maintains Sosibo and Katiya (2015). There have been continuing discussion and debate with regards to drop out and first generation students' reasons for dropout and their first-year experience at tertiary institutions. Some quarters to be high (e.g., Sapa 2008; Beck 2011; Badat 2014 ) still consider dropout rates to be a little high with little to improve even after the Higher Education South Africa (HESA) student dropout thesis which revealed that a dropout rate of 35% is still recorded in some institutions. About 55% of all tertiary education students dropped out according to Badat (2014) report to the parliamentary committee. 
It is essential to, given these startling statistics on student dropout to comprehend how student dropout is conceptualized locally. Spady (1970) noted various definitions of student dropout and one the definitions could be that it implies any student leaving an institution at which they are registered or could refer only to those students who never complete a degree at any university. Spady (1970:68) alludes to the fact that the first definition is methodologically simpler than the second one ‘but it fails to provide a broad enough perspective on the actual rates of retention and attrition pertinent to the system of higher education as a whole’. Manik (2014:158) reported this significant difference in definitions as student dropout statistics at HEIs is mentioned with 'no distinction has drawn between students who have dropped out to transfer to another institution, short term drop out and re-entry at a later stage’. 
The implication that they withdrew from the tertiary education system when indeed they have not done so, but rather have transferred to another HEI or took a break from academics, present a quandary as it may be erroneously be recorded as a withdrawal from the system. The most pronounced dropout statistics in South Africa are found to be high amongst African students and segmented along economic status and race categories. Manik (2014) qualitative analysis of student dropout across UKZN, maintained that a large number of African students are still unable to escape the impoverishment they have underwent pre-1994. 
Beck (2011) revealed interesting trends in racial lines amongst accounting postgraduates at Nelson Mandela University (NMU) on dropout. Prinsloo (2009:18) maintained that the focal point regarding student retention in the higher education system is the consequence of any one of the following three levels: individual, institutional and supra-institutional. The thesis, unfortunately, disregarding possible interconnectivity between these three levels and student drop out may possibly be due to their interacrion as other studies have established (REAP 2008; Manik 2014).
Students success, retention and completion of their degrees, according to Tinto (1975, 1980 and 1993) are influenced by: their family (socioecomic status) and academic (schooling) background (pre-tertiary), individual aspirations, competences and skills. In their recent thesis, Lewin and Mawoyo (2014:10) suggested that the ‘factors influencing access and success at university are complex and multidimensional’ and are both social and academic. Social factors include the social context of learning, pre-tertiary education, race and gender of these students. Academic factors on the other hand include medium of instruction, teaching and assessment practices, pedagogigal issues, students' literacy, and curriculum structure. Although the value of tuition (fincances) was not factored in intially by Tinto (1982) as one of the reasons for students dropping out, he however did comment on the possibility that future models are expected to include it. 
Most of the South African literature have outlined and identified identical justifications to international literature on student drop out. According to Beck (2011), Manik (2014) and Van Zyl (2015), these reasons include the students’ underpreparedness for the higher education academic demands, financial burdens, hostile academic experiences, and plethora of individual student traits, inadequate of student into higher education culture (academia), students’ lack of devotednesss due to wrong degree choice. Recent comments from Van Zyl's (2015) thesis resonate with Manik's (2014) earlier findings (after student interviews) on students' academic and life problems (e.g., housing or residence, finance and food) as reasons for student dropout who. There is a host of complementary factors that influence student drop out, thus making student dropout far more complex to comprehend than it has been previously envisaged. As noted by MacFarlane (2013) and Manik (2014), HEIs are paying the price for the ever increasing numbers of disadvantaged and underpreapared students with poor matric results accessing the higher education system; these students are underprepared academically to become independent learners in a higher education (HE) environment culminating in their mass withdrawal. 
Drop out rate of first year students has been worrying and perplexing as their withdrawal is due to the nexus of multiple interrelated, interconnecting and complementary factors.  Van Zyl (2015:08) indicated that there is no panacea to disentangle first years’ problems. Preparedness of students was initially mooted in earlier studies as the main driver of student drop out, however (Scott et al. 2007; Prinsloo 2009 Bojuwoyo 2014) acknowledged that numerous factors, which do not all fall within the ambit of either the individual student or the institution they are enrolled at, were responsible. Bojuwoyo's (2014:286) thesis reported two mains reasons that cause stress experienced by first-year students, at five public HEIs in SA, to do with  ‘(a) lack of adequate financial support or poor budget to subsist, and that of (a) lack of information to assist in decision-making and early adjustment to the new environment of their universities …’. Four of these institutions were termed Hiistorically Disadvataged Institutions (HDIs). Bojuwoyo (2014), similar to reports that poverty is to a large extent one of the numerous difficulties that students face when entering the tertiary education system, for the first time, from the secindary system. 
The Rural Education Access Programme's (REAP 2008:6) thesis earlier reported that the ‘unpreparedness of students’ was renowned ‘but the unpreparedness of higher education institutions for these types of students is less taken into account’ by many scholars and instutions alike. Since 2008 the discourse, has changed from ‘unprepared’ to ‘underprepared’ suggesting the presence of inadequate preparation or readiness.The concepts of first generation students (FGSs) as well as of rurality ,according to REAP (2008), demonstrate the influences inhibiting students’ retention and succees in the higher education system. This means that students’ families cannot support them to advance their studies or assist with their integration due to the lack resources and educational capital, respectively. A good institution, according to Boyer (2001) is arguably the one which is able to retain its students even if it necessitates as much effort as it does at getting them to campus.  Prinsloo (2009) adopted the (REAP, 2008:11) assertion that ‘In order to be able to provide timeous and appropriate academic support, institutions need to be able to identify at-risk students at an early stage, to track and monitor their progress, and to evaluate the effectiveness of support systems and programmes offered’and also advocates two essential components in the provision of effective student academic support offered by HEIs, that is timing and appropriateness.
In a similar vein, the ‘early identification of at-risk students is at the heart of improving student success, especially for those who enter higher education with gaps in their knowledge’  , argues Sosibo and Katiya's (2015: 271) a thesis at one HEI in Westen Cape. But there are other aspects to improving the success of students and the CHE report (2010: 01) on access and throughput using three case studies (at the Universities of Pretoria, Witwatersrand and Western Cape) reported that whilst all the universities ‘share a common past’ in terms of their apartheid history, they had different contextual realities given their staff profiles, the location from which they draw their students, culture and access to resources. This means that discussions on access and success have to also be carved according to the uniqueness of each case thesis institution. However, there is arguably an expanse in the literature on student access and success in SA in the past few years, and studies clearly indicate that addressing student success is context specific and strategies have to be fashioned through the lens of each unique case thesis institution. 
Prinsloo (2009: 19) echoed Tinto’s (2002:3) ‘warning that research findings are context-specific and that what works in one context’ may not necessarily be of benefit in another. Evidence indicates that public universities, researchers and scholars are earnestly embarking on student success research and following it up with programmes that seek to address these context-specific (institution-specific) challenges. This leads to the ability of institutionalpolicy to be desined in manner that accommodates the majority of student cohort who are unable to complete their degress in the prescribed minimum duration. This also speaks to the persistence of underprepared students in possibly 'prepared' institutions. As noted by Workman (2011), the institution's reputation ultimately precedes it when a student choose where to thesis.
1.2 Literature Review
This section aims to review the available literature to justify the methodological selection (this includes variables and statistical techniques) and to further explain the student retention and attrition phenomenon by drawing from past research. Many other student retention studies have been conducted since then and theoretical model have been developed as a result. These theoretical models will be reviewed briefly in this thesis and they form the basis of statistical anaylsis and justify the choice of variables used in estimating survival models used in this thesis.

This section will elucidate on theoretical theories and studies that were conducted with the aim of understanding the intricacies of student persistence or retention and how to possibly overcome student attrition. Student retention factors, the testing and estimating of predictive models are explained in detail herein. It has been the aim of many scholars and researchers alike to comprehend the complexity of reasons that prompt student dropout or affecting graduation rates. Their primary objective has been to identify the type of variables and data that influence student retention; as well as specific statistical techniques and appropriateness for various types of data has been identified. This section aims to review recent schorlaly works and reports by different researchers, institutions and organisations on related subject matter at the crux of the discussion herein. 
1.2.1 Major Student Retention Theories
Grounded in the classical theories of socialization, these models provided the basic conceptual frameworks for predicting retention in higher education and a starting place for developing effective first-year programs. The dropout process has been defined as a longitudinal process including individual expectations, motivational traits, academic and social systems. External factors, for example expectations of the university experience, encouragement from friends and family and friends, commitment, financial support, were identied from a further development of the Spady-Tinto model, which reinforced these notions as crucial factors in improving student retention. Holistic approaches to undergraduate retention that include all members of the campus community carried over from the late 1990s into the early 2000s when literature stressed cross-departmental institutional responsibility for student retention via wide-range programming. 

According to literature, students are very likely to succeed at an institution that actively involves them in their academic activities, hold high expectations as well as student interactions with faculty, staff, advisors, peers, administrators.These interactions are expected to have a directl influenceon  undergraduate students' sense of belonging, navigation through campus culture, retention and graduation. This section of the proposal aims to introduce the reader to the major student retention theories which have been the basis of most student retention studies. These have been modified through time to respond to particular research questions of different studies and theses. The section gives an account of the initiation of retention theories and their founding framework. Different statistical methods have been employed to examine the validity and discrimination of the founding constructs of these theories over the past four decades.

Regarding the factors that are mostly linked or reported as causing students to voluntary leave their thesis programs before graduation, it is worth mentioning that these factors were investigated and discussed differentially in the student retention models. The classification of the theoretical models of the constructs or variables of student attrition depends on the type and theoretical background of the models. For example, the student attrition factors of the psychological models relate to the attributes of the students themselves, whereas sociological models consider the impact of social and institutional factors. The most-cited models reviewed in the available literature of student retention theoretical models. These theoretical models are the Spady's  (1970, 1971) Undergraduate Dropout Process Model ,Tinto's ( 1975, 1993), Institutional Departure Model, Bean's (1980, 1982),  Student Attrition Model, Pascarella's (1980) Student-Faculty Informal Contact Model, Astin’s Student Involvement Model (1984), the Non-traditional Student Attrition Model (Bean and Metzner, 1985) and  Cabrera et al.'s (1993) Student Retention Integrated Model. These models are presented herein briefly.
1.2.1.1 The Undergraduate Dropout Process Model (Spady, 1970, 1971)

Spady's (1970, 1971) “Dropouts from Higher Education: An Interdisciplinary Review and "Synthesis and Dropouts from Higher Education: Toward an Empirical Model” were his pioneering works that took into account the influence of student-institution correlatives. Spady revised William's (1970, 1971) Undergraduate Dropout Process Model that has since become the basis of most recent advances in the student retention field of research. This model was the first retention model to link Durkheim’s Suicide Theory concept of social integration to the process of student attrition. This idea has gone on to be widely adopted in student retention studies and models, including the most cited and tested model of Tinto (Berger et al., 2012; Durkheim, 1951; Tinto, 1975, 1993). 

The quality of the student-institution interaction has been extensively  used to explain the dropout process as a consequence of the exposure of students’ traits to the expectations, influences and demands of their institutions including but not limited to degree programs (or courses), faculty (both administrators and academic staff), and peers. A student's decision to dropout is based on intellectual development and credits acquired (at the end of the semester or academic year) in the academic system (this speak to institutional commitment to the individual student) and normative congruence and friendship support in the social system (this suggests friendliness of staff, both academic and support as well as friendship with fellow students). The statistical analysis of Spady's (1971) thesis variables informed the modification of the initial theoretical model.
1.2.1.2 The Institutional Departure Model (Tinto, 1975, 1993)

Tinto's (1975) popular Student Integration Model or Institution Departure Model was based mainly on Spady’s (1970, 1971) theoretical perspectives on the undergraduate student drop out process which was chiefly the interaction between the students and the academic and social systems of their institutions. To take the social integration of students into institutions societies, Tinto (1993) adopted Van Gennep's (1960) views on the rites of passage in tribal societies. Van Gennep (1960) (as cited in Tinto, 1993) argued that this rite of pasage was marked by separation (leaving their previous societies, with their set of values and behaviour), transition (process of disassociating from old community and before acquiring new values, norms and behaviour) and incorporation (successful navigation through the separation and transition stages and integrating into the new university community). In addition, students' persistence throughor departure from the university is a manifestation of their success or failure in manouvering through these three stages as outlined earlier. 
As consequence, Tinto’s (1993) Model of Institutional Departure consists of two university systems: academic (measure by students' academic achievement or grades and intellectual development) and social (measured by the students' ability to interact easily with peers and faculty). The model suggests goals and commitments that students have as they enter university for the first time, with their family and educational background, abilities and skills they possess is their precuursors. The model further suggests that the students' goals and commitments are continously modified by their experiences and have bearing on their decision to persist or attrite (Tinto, 1975, 1993). The main modification suggested to the model by Tinto is the the student’s external commitments, for example family (some students are first generation students and some married with children) and job (some taking up part-time work to ficance their studies) commitments, which affect both their initial and subsequent level of their goals and commitments.

Tinto’s (1975, 1993) Model of Institutional Departure has, over the last four decades, been subjected to extensive testing, examination of constructs, testing of hypotheses and has been cited, critiqued and validated in many studies in many different university systems and environments(e.g., Pascarella and Terenzini, 1979, 1980, 1983, 1991, 1995; Terenzini, Lorang, and Pascarella, 1981; Pascarella, Duby, and Iverson, 1983; Cabrera et al., 1992; Cabrera et al., 1993; Braxton, Shaw, and Johnson, 1997; Berger and Braxton, 1998; Braxton and Lien, 2000; Brunsden, Davies, Shevlin, and Bracken, 2000; Caison, 2007; Elkins, Braxton, and James, 2000; Liu and Liu, 2000; Mannan, 2001; McCubbin, 2003; Sandiford and Jackson, 2003; Barnett, 2006; Longwell-Grice and Longwell-Grice, 2007). 
1.2.1.3 The Student Attrition Model (Bean, 1980, 1982)

Despite Bean’s (1980:156) assertion that the theoretical foundation of his model was “consistent with the work done on Tinto’s model”; the study criticised the implementation of the views of Durkheim’s (1951) Suicide Theory in student attrition models. He argued the lack of absence of evidence of the association between the students' suicidal behaviour and the dropout process. Moreover, Bean (1980) suggested that Spady and Tinto's models and many other retention studies before were presented as simple correlations between students' demographic characteristic variables and attrition and their institutions but failed to provide any analytical commentary on their reasons for withdrawal. Instead, Bean (ibid) argued that student drop out process in higher education institutions (HEIs) is analogous to employee turnover process (Price, 1977) in work organisations. He further suggested that employees and students are believed to leave for comparative reasons. Moreover, his model shared the presumption that students' fulfillment and their subsequent persistence are similar to employee satisfaction. He argued that they are influenced directly by institutional and organisational determinants.
Bean (ibid) adapted the process employee turnover to the higher education context by replacing the “pay” variable with four educational indicators specific to an educational setting: student's grade point acerage (GPA), institutional quality, development, and practical value. Therefore, Bean's (1980) Student Attrition Model has the following categories of variables: dropout as an outcome or criterion variable, the organisational determinants, institutional commitment and satistifaction as mediating variables, and the background variables (demographic characteristics). Bean's (1982) second review of Spady’s (1970, 1971) and Tinto’s (1975) student attrition models and incorporated importance of intentions in influencing behaviour from Fishbein and Ajzen's (1975) study, Pascarella's (1980)  Student-Faculty Informal Contact Model and Bean's (1980) Student Attrition Model.
The model was synthesised for the sole puporse to built a general attrition model that could be modified to identify the determinants of students’ intentions to withdraw, which is, according to Bean (1982), is the main predictor of student attrition. Bean (ibid) further categorised the variables into the following four main categories: background, attitudinal, environmental, organisational, and outcome variables. Bean (1982) recommended the inclusion of the variables in student attrition modelling studies from the aforementioned categories or to alternatively adjust the model for a specific purpose by appending or eliminating variables within these categories.
1.2.1.4 The Student-Faculty Informal Contact Model (Pascarella, 1980)

Pascarella assumed, based on Spady’s (1970, 1971) and Tinto’s (1975) theoretical models, that students’ informal or more casual interaction (social system) with faculty could increase institutional commitment (academic system) while consequently minimising their risk of withdrawal. This assumption was supported by the findings of his studies with hhis colleague (Pascarella and Terenzini, 1977, 1979, 1980; Terenzini and Pascarella, 1977, 1978). Pascarella (1980) also noted the lack of evidence from literature to support the direct influence on student persistence by student-faculty informal contact. Pascarella (1980) constructed the based on this argument. In addition to the above assumptions, the Student-Faculty Informal Contact Model also relied on the views of Sanford (1967) and Gaff and Wilson (1971) on the educational benefit and value of student-faculty non-class interactions, and Newcomb (1962) and Wallace's (1967) concept of socialising organisations in academic institutions. 

According to Pascarella (1980), the quality of the informal student-faculty non-classroom interaction is influenced by a variety of factors including: initial student differences (characteristics of their families and home environments, students’ personalities, prior schooling achievement and experiences, abilities, educational and professional aspirations) and institutional factors (faculty culture ,classroom experiences, size of the institution and peer-culture involvement). Pascarella (ibid) asserts that the most positive influence on student retention comes from interactions.

1.2.1.5 The Non-Traditional Undergraduate Student Attrition Model (Bean and Metzner, 1985)

Bean and Metzner (1985) Non-traditional Undergraduate Student Attrition Model focuses on the non-traditional undergraduate commuter students who seem to be impacted by principally by environmental factors which include family commitments and other responsibilities other than academic. Bean and Metzner (ibid) argue that social integration has a minimal influence on the non-traditional students within the academic institution. Bean and Metzner (ibid) argued that there was a necessity to describe the attrition process of non-traditional students from a contrasting theoretical perspective. Bean and Metzner's (1985) Non-traditional Undergraduate Student Attrition Model was built to fill this gap in literature of student retention studies. The Non-traditional Undergraduate Student Attrition Model was partially derived especially from Bean's (1982) Student Attrition Model among other previous traditional student attrition models and bevahioural theories (e.g., Lewin, 1935; Fishbein and Ajzen, 1975; Locke, 1976; Bentler and Speckart, 1981). 

The model postulated that non-traditional students experience an environmental pressure that includes more interaction with external environmental factors and less interaction with the members or activities of the environments of their academic institutions. Firstly, the model hypothesises that students' lower academic performance influence their chances of withdrawal.Secondly, students’ psychological outcomes have a bearing on their intention to leave than academic variables. Thirdly, student persistence is expected to be influenced by their secondary school achievements and educational goals, among the background and defining variables. Finally, according to the model, environmental variables such as family responsibilities, outside encouragement, working hours, finance, and opportunity to transfer directly affect student attrition. Thus, Bean and Metzner's (1985) model gives prominence to external factors than to student social integration within the academic institution. The basis of of the conceptual framework of this model is background, academic performance, intent to leave, and most importantly, environmental variables.
1.2.1.6 The Student Involvement Theory (Astin, 1984)

The following model was partially derived from Astin’s (1975) college dropouts' thesis of which postulated that students' learning behaviour and their personal or intellectual development are related to their involvement in the academic institutions in which they are registered.  Astin (1984:307) defined the Student Involvement Theory as“the quantity and quality of the physical and psychological energy that students invest in the college experience”. This theory does not only focus on enhancing the development of students and their learning environment in the higher education system, it also has implications for the retention phenomenon. Astin (1984) refers to student retention as the reflection of student involvement. The rate of students' persistence is as a result of their involvement in their institutions. Most of the reasons provided by student leavers is a lack of involvement, and these provided support for the conceptualisation of the Student Involvement Theory, argues Astin (ibid).
1.2.1.7 The Student Retention Integrated Model (Cabrera, Nora, and Castaneda, 1993)

Cabrera et al. (1993) Integrated Model of Student Retention is based on the integrative framework based on Cabrera et al.'s (1992) thesis recommendations which proposed merging variables from Tinto (1975) and Bean (1982) models. The initial analysis excluded and did not validate some variables from Tinto (1975) and Bean (1982) models and similar constructs from these two models were merged. Accordingly, the “academic integration” and “institutional commitments” (Tinto, 1975) were merged with the “courses” and “institutional fit and quality” constructs of Bean (1982) theoretical model, respectively. Moreover, GPA (an indicator of academic intrgration) from Tinto's model was included as a separate construct in the Student Retention Integrated Model. Finally, “financial attitudes” and “encouragement from friends and family” Bean (1982) have been found to significantly impact on student's academic integration, institutional commitments and persistence decision and was added to this model as a result.

Cabrera et al.’s (1993) thesis findings suggested that the Student Retention Integrated Model provided a better comprehension and explanation of the attrition process. Moreover, analysis of the model confirmed that social or environmental variables had a complex role in the retention process than was previously perceived by Tinto (1975. This argument supports Beans' (1982) claim of the significance of these factors.Cabrera et al. (1993), proposed that institutions of higher learning might need consider the variables that encourage student persistence and address their initial decision of students to withdraw when designing student retention programs and strategies. Continuous monitoring of these retention programs by research units in HEIs is adviced and encouraged.
1.2.1.8 Theory Elaboration of Tinto’s Institutional Departure Model (Berger and Braxton, 1998)

Some models are a result of integrated models where two theoretical models are merged. In contrast Berger and Braxton (1998) revised Tinto's (1993) Student Integration Model through “theory elaboration” to fill the gap of models focusing on a specific, limited or insufficient theoretical contexts or settings. Berger and Braxton (1998:104) defined it as “the application of new concepts borrowed from other theoretical perspectives to explain the focal phenomena”. Berger and Braxton (1998) maintain that, although Tinto’s model had been empirically examined, tested and validated in many studies, of the thirteen assumptions only five were robustly supported. According to Berger and Braxton (ibid) two of Tinto's model assumptions formed by social integration lacked explanation. Their arguments about Tinto's (1993) model advanced their explanations through theory elaboration
Meanwhile, Berger and Braxton (ibid) excluded certain variables that lacked support (e.g. academic integration, intial goals and commitments) and adjusted the model by adding several other variables to explain social integration. The statistical analysis of Berger and Braxton's (ibid) thesis supported the action of theory elaboration made to Tinto’s (1993) model.  The thesis further suggested model modification by adding organisational attribute variables (participating in decision making, fairness in policy, instituional communication and rule enforcement) as possible indicators of social integration. Moreover, the key revelation of the thesis suggested that organisational traits were not limited to social intergation and indirectly influenced students' premeditation to drop out.
1.2.1.9 Swail’s (1995) Student Retention Framework 
The numerous student retention inter-related variables make student retentionmodels complex. Chacon, Spicer and Valbuena (2012) suggest that student retention is impacted by a set of student and institution related factors that have been studied extensively (Although Tinto's (1993) model is most popular used to explain student retention it failed to include other significant factors that impact student drop out such as academic performance, finances, difficult personal adjustment and lack of encouragement from family or immediate societal background (De Witz, Woolsey and Walsh 2009). Swail (1995) formualted a model which is regarded as a comprehensive framework and included five components, that is, recruitment and admissions, student services,financial aid, academic services and curriculum and instruction. Swail (ibid) argues that these departments are most fundamental in most higher education institutions. Swail (1995) stresses that researcher and scholars alike should make it their business to understand components that make up the framework. He suggests a collaboration of institutional departments in toward alleviating student drop out and work toward improving student retention. 

1.2.1.10 Limitations of the Student Retention Theories

Student retention studies and the theoretical models that have been test and examined over time have their limitations and shortcomings. According to Jeffreys (2012), generalisability is one such limitation due to the differing profiles from institution to institution (Pascarella, 1980; Boston and Ice, 2011). Berger (2012) suggests it could to be the university-specific nature of retention hence, every setting has unique student profile with different characteristics and circumstances (Chapman and Pascarella, 1983; Cabrera et al., 1993; McInnis and James, 2004; Caison, 2007). 

According to Bean and Metzner (1985), as well as Braxton and Lee (2005) retention studies have been higly critisized for primarily focusing on the traditional students in traditional (of average social background and age group) academic institutions (mostly four-year). Only a handful of the retention studies focused on the non-traditional students, part-time or older students including minority groups (Bean and Metzner, 1985). Jones (2008) regards the use of quantitative research techniques as a limitation of earlier and subsequent student retention studies. As consequence, the students' experiences in their off-campus communities, social and academic systems of their institutions, might have been inadequately explored.

Bean (1982) argued that ther overbudant descriptive student retention studies are only useful if their aim is to determine what kind of student is leaving rather than why is the student leaving.  Bean and Metzner (1985) noted although Tinto's (1975, 1993) models were not conceived to thesis non-traditional students, many retention studies relied heavily on their assumptions. These models (Tinto's models) excluded the organisational factors from their framework. Moreover, Tinto (1982) cautioned that student retention models’ failed to distinguish between students withdrawing completely.

1.2.2 Student Retention and Attrition Studies

Before 1970 the focus of many studies, that attempted to investigate the student attrition phenomenon, was principally on the individual student attributes instead of their immediate interaction with university environments (Campbell andand Fiske, 1959; Summerskill, 1962; Marsh, 1966; Marks, 1967; Panos andand Astin, 1968; Bayer, 1968; Feldman and Newcomb, 1969). Many of these studies (Spady, 1970, 1971; Tinto, 1993, 2006; Berger et al., 2012; Habley et al., 2012) explained students' attrition in terms of only their character traits, frailties and propensity. As Spady (1970:64) noted, these studies were devoid of “theoretical and empirical coherence … conceptual clarity, methodological rigor, complexity of design, breadth, and analytic sophistication … definite theoretical basis” and further made an assertion that there was anabsence of what he labelled an “analytical-explanatory category” is “unfortunate and glaring”. 
Moreover, Berger et al. (2012:18) noted that most of these studies “had been grounded in psychology rather than sociology”. However, Berger (2012) suggests that William's (1971) "Dropouts from Higher Education: An interdisciplinary Review and Synthesis" was the first sociological model of student retention. Attempts have been made to conceptualise retention frameworks that embraced the concept of the student-institution relationship (Marsh, 1966; Bayer, 1968; Panos and Astin, 1968; Feldman and Newcomb, 1969; Spady, 1970, 1971; Terenzini and Pascarella, 1977; Tinto, 1975; Bean, 1980). Quinn (2013) suggests that an all-encompassing way to retention is indispensable or fundamental and should acknowledge a the following six factors, namely: individual and learning factors, socio-cultural policy or programmes, degree programmes structure, government educational policy, institutional structure), lead to student drop out and their inevitable inter-relationships are of interest. 
According to (Habley et al., 2012); the term to used to describe students' decision to persist in a university was introduced in the 1970's and it incorporated the doctrine that institutions had a shared obligation in inducing students' resolution to drop out. That term is "retention". Ogude, Kilfoil and Du Plessis (2012) explored an institutional model developed by Steering Committee for Student Success using a developmental research paradigm (Richey and Klein 2005) and a systems theory as applied to management (Charlton and Andras 2003), in response to the high withdrawal or attrition rates at South African higher education institutions (HEIs), for improving student retention and consequently student success at the University of Pretoria (UP). According to Ogude et al.'s (2012) study these at-risk students receive comprehensive financial, academic and psychosocial support. These include include high impact practises, for example, academic advising, supplemental instruction; peer mentoring, tutoring; and psychological counselling. 

Ogude (ibid) stresses the flexibility of the model to foster institutional leadership and stakeholder collaboration as the key factors that could possibly impact on faculty priorities and institutional strategic intent: in ensuring student success and overall improvement of graduation rates. First-years experiences and their persistence to the nextyear of their studies requires engagement from the institutions; their faculties and support departments with the students in order to improve retention and completion rates through intervention programmes. Thus, it is imperative for faculties to focus on high impact modules that present difficulties to the large numbers of diverse students and inadvertently impact negatively on their progression to the next semester or academic year. 
Retention rates of up to 15% have been observed where an academic support programme, with focus on thesis skills and peer instruction, have been implemenent with the aim to reduce student attrition (Pocock, 2012). Moeketsi and Mgutshini (2014) recommended the Assisted Passage to Success (APTS) student support programme to assist and equip underprepared students with skills necessary for higher institution learning. The programme aims at first time university entrants who may require guidance and support to to overcome the challenges they ought to face in a university environment. They also highlight that access into higher education system must be simultaneously supplemented by the provision of adequate and appropriate student support. The significance of several factors other than the academic (external factors) was also stressed by the study. The growing interest in instutional commitment to the student and effect of social factors are deemed imperative too (Hausman, Schofield, and Woods, 2007; Hausmann et al., 2009; Campbell and Mislevy, 2009; Meeuwisse, Severiens, and Born, 2010; Morrow and Ackerman, 2012). 
However some scholar posit positive first year experience as being more fundamental than academic and social integration (Pascarella and Terenzini, 1977, 1979; Bean, 1980; Upcraft and Gardener, 1989; Murtaugh, Burns, and Schuster, 1999). Several studies (e.g., Pascarella, Terenzini, and Wolfle, 1986; Upcraft and Gardner, 1989; Tinto and Goodsell, 1993a, 1993b; Tinto and Russo, 1994) have noted the use of first-year students retention predictive models by numerous institutions with the aim of developing successsful and innovative programs; namely orientation programs, learning communities and coordinated studies programs. Contemporary conceptual modelling for prediction of student retention is based on the theoretical framework of student retention theories discussed in the following section; Section 1.71 of this thesis proposal as well a new paradigm for considering student social integration as a cornerstone of student retention in HEIs. 
To provide early identification of first-year students at risk, Glynn, Sauer, and Miller (2002) developed a logistic regression model along with a description of the institutional student retention program which was designed to enhance first-year students' persistence. The identification is accomplished literally as early as a couple of weeks after first-years orientation. Luna (2000) (as cited in Thammasiri et al., 2014) used classification and regression trees (CART), discriminant analysis, and logistic regression to determine variables which can provide some information about student retention and their academic outcomes after three semesters. Scott et al. (2004) (also cited in Thammasiri et al., 2014) demonstrated the utility of multiple linear regression in determining psychosocial predictors of first-year student retention and academic achievement. The thesis recommended consideration of other psychosocial factors (the discussion of which are beyond the scope of this thesis) predictors of first-year retention in future research. Schreiner (2009) research employed logistic regression analysis and used actual enrollment to determine the link between student retention to their satisfaction, asserting the widespread belief of an existence a positive relationship between these concepts.  
Garton et al. (2002) built predictive models using step-wise discriminant analysis, with a linear combination of the several variable (that is, student's experience, learning style, American College Testing (ACT) score, high school class rank (measure of how a student's performance compares to others' in a class) and his or her high school core grade point average (GPA)) to determine students' academic performance and retention predictors and likelihood of persistence at an Agricultural College, at the University of Missouri. Their study revealed that GPA as the best predictor of academic performance for first-year students. However, these traditional admission criteria used for university admission has been found to have little or no value in predicting students’ retention at the Agricultural College. Recently, studies used machine learning and data mining techniques (e.g., Ho Yu et al., 2010; Yu et al., 2010; Lin, 2012; Nandeshwar et al., 2011) various classifiers like, OneR, ADTrees, C4.5, Bayesian networks, Naive Bayes (Zhang and Oussen, 2010) and radial bias networks ( e.g., Lauría et al., 2012), decision trees, neural networks, support vector machine (SVM) algorithm (e.g., Herzog, 2006; Yadav et al., 2012; Yadav and Pal, 2012; Kovacˇic´, 2012), Multivariate adaptive regression splines (Yu et al., 2010) , Percent classifier, histogram classifier, (e.g., Lindsey et al., 2010), and Iterative Dichotomiser 3 (ID3) (e.g., Yadav and Pal, 2012).

Data on students or learners in general may be time-dependent, and quite often, time itself can be viewed as a key variable in an investigation. For example, time can be regarded at the start of an event or the termination of an event. Survival analysis was in the past decades dominated by Kaplan and Meier's (1958)  nonparametric product-limit approach (also known as the Kaplan-Meier method) and the famous Cox's (1972)  semiparametric proportional hazards model (also termed the Cox regression). Due to their lack of flexibility and the nature of the data, parametric methods (Brown, 1982), are rarely employed to real life datasets. Bean (1985), Kerby (2007) and Pascarella and Terenzini (1991) quantitative analysis results of retention models indicate both positive and negative significant correlation grade performance and student retention. Correlations among intellectual development (Spady, 1970), academic and social integration (Tinto, 1975), institutional commitment (Pascarella and Terenzini, 1977, 1979; Spady, 1970; Tinto, 1975) and according to Bean (1985), as well as financial factors with grade point average (GPA) being a common predictor.
Fan Yang and Dunbar (2017) used used Begg and Gray's (1984) two–stage approach to estimate the Competing Risks Hazard model (CRHM). Firstly, the logistic regression was estimated and thena multinomial logit model was applied on data from the National Education Longitudinal Study (NELS: 88/2000). The study proposed the application of competing risks hazard model with discrete time to study the contributions of student's family background, school characteristics, vocational education, and student's academic ability, and to determine the probabilities of students' dropout or graduation from high school. The logistic regression results revealed that race or ethnicity, number of siblings, annual family income, language other than English, mathematics test score, and ever held back (lacking academic readiness for the next grade and recommendations made to repeat the grade to build on those lacking academic abilities as the most significant predictors of student drop out. 
Parental marital status and mathematics test score were found to be significant predictors of graduation. The ever held back variable had a little impact, as compared to other predictors, to graduation. Except language other than English, numbers of siblings and annual family income, other predicators such as race or ethnicity, ever held back, and mathematics test score were found to have a higher impact on student drop out. The proposed two-stage method has the flexibility to allow the researcher to select predictors or indicators for differents events of the study and is capable of dealing with censored observation. The proposed model used by (Fan Yang and Dunbar, ibid) is able to deal with variable selection and censoring drawbacks. The study further used three missing data techniques, that is, mean imputation, dummy variable adjustment and multiple imputations to overcome the disease of missing data point which is very common occurrence in educational research and can easily complicate the model selection process. 
Missing dat should be handled cautiously as it can lead to to biasness of parameters and erronous inferences.To compare the adequacy or goodness-of-fit of the three impuation methods, the researchers applied Somer's D. The competing risks approach was applied to University of KwaZulu-Natal (UKZN) available student database from 2004 to 2012 and comprised only of data of students registered for a degree (Murray, 2014). The study revealed that residence-based accomodation and financial aid were found to help students who will eventually graduate to do so quicker in terms of the number of credit points that they have to repeat. However, both factors also caused student who were at-risk of academicexcludsion be in the system longer and delay graduation.
Graduation and dropout treatment as competing risks has been previously done in student retention studies (Agodini and Deke, 2004; Ortis and Dehon, 2011; Van der Haert et al., 2011; Cardak & Vecci; 2015). In order to evaluate determinants of student dropout and graduation, Neethling (2015) used discrete-time methods for survival analysis with competing risks to dtermine the outcomes for students registered for 3-year and 4-year degrees at a large South African university. The study found that students enrolled for 4-year degrees graduate at relatively lower rates than individuls registered for 3-year degrees. Moreover, Commerce and Humanities students are likely to be retained and complete their degrees than Science and Engineering students. Having failed at least one course during the first year of registration does not impact on the duration of studies for those who eventually graduate, but does significantly impact on those who are academically excluded from university. Interestingly, the study highlighted that students with alternative source of funding than financial aid are found to graduate at much higher rate. In contrast, based on academic exclusion, students on financial aid drop out much quicker. Finally, students who are not residence-based graduate at higher rates relative to students who are residence-based.
Box-Steffensmeier et al. (2015), using survival analysis methods that accounted for unobserved heterogeneity (frailty) and censoring (as well as across cohorts and disciplines heterogeneity), tracked 2,218 assistant professors' time to promotion to associate and fill professor hired since 1990 at nineteen U.S. universities from their time of hire to their time of departure. The aim was to examine gender group differences at departure time and promotion. The results found that was no significant statistically differences, in faculty retention, between genders. However, men are more likely to be granted tenure than women. Raman and Venkatesan (2012) study attempted to explore the survival experience of breast cancer patients using accelerated failure time model (an important alternative to Cox-proportional hazard model) with and without frailty and prognostic variables in response to the treatment survival were identified. The Accelerated failure time model with frailty performed better than model without frailty. The study further revealed that the accelerated failure time with Gamma frailty model accounts for more heterogeneity in Weibull distribution compared with other nested Gamma models. In addition, the lognormal model better fits Accelerated failure time without frailty.

Rooney (2015), used survival analysis to investigate factors that impact on graduation and dropping out (due to academic exclusion) of 11 959 students (registered for a degree) in the faculties of Commerce, Engineering and Built Environment and Science at the University of Cape Town. According to the findings of the study, there are large differences between difference groups of students in graduation and dropping out (due to academic exclusion) rates. Academic exclusion was found to be significant among male students who attended poorly resourced schools, achieved low (APS score) school grades, non English-speaking, and on financial aid. On the contrary, being female, proficiency in English (English as home language), white, good high (APS score) school grades, attended an independent (private) or Quintile 5 school and ineligibility for financial aid increased the likelihood of a student to complete their degree., 
Further findings indicate that, the Science (with majors ranging from mathematics and computer science to archaeology and genetics) and Engineering and Built Environment (EBE) faculties, relative to the Commerce faculty, academically exclude a significant proportion of students performing poorly in the first and second years. The academic exclusion rates increase sharply in the Commerce Faculty in the third and subsequent years with relatively low exclusion rates in the first two years. The coefficients on the female variable suggest that females are between 1.62 and 1.95 more likely to graduate than to be academically excluded compared to males. The coefficient on the female variable is greatest on the overall sample (1.95). Looking at the different sub-samples, the superior performance of females is greatest in the EBE faculty (1.79), while it is smallest in the Business Science (1.63) and BCom (1.62) programmes.

The research into individual factors affecting graduation has produced a diverse set of results. Academic variables (First-year GPA, High school GPA and High School Mathematics) consistently show that they are positively related to the probability of graduation, although there are large differences in magnitude. Smith (2012) outlines two reasons which explain the divergence in results. Firstly, the studies are from different countries - primarily from the US and the UK. The educational system in these two countries countries is markedly different to that of South Africa (Smith, 2012). The content, difficulty and testing methods, especially in high school, all affect the preparedness of high school students in coping with the academic demands of university and consequentially, their chances of graduating. 
Secondly, different methodologies are used in these studies (Smith, 2012). Rooney (2015) noted that the utility of linear or logistic regression (e.g., Radcliffe, Huesman Jr, and Kellogg, 2006a, b) framework in the large majority of studies is misappropriated since both are unsuitable for modeling the graduation probability. Multivariate regression analysis makes assumptions that are often unrealistic when dealing with ‘real-world’ data. For example, in multivariate regression analysis, all variables are assumed to be normally distributed (Wooldridge, 2009). It is highly unlikely, especially with regards to demographic (e.g. Race) or environmental (e.g. School) variables, that this assumption will be met when considering the selective nature of universities. Thus, it would not be useful to list all of the specific reasons for student withdrawal as reported in the literature due to the number of these that are likely to be irrelevant and inapplicable to other situations. However, among all of the variables of student attrition, the quality of the student’s institutional experience and the level of his or her integration into the academic and social system of the academic institution were the most influential variables as reported by the major student retention models (Castaneda, Nora, and Hengstler, 1992; Cabrera et al., 1993; Spady, 1970, 1971; Tinto, 1975, 1993). 
There are some deficits known of the Kaplan-Meier and the Cox approach. First, Kaplan-Meier as well as Cox estimates of the survivor function can be calculated only at those time points when actually at least one thesis subject experiences the terminating event. Between such time points, the survivor function is indeterminate. Moreover, these estimates of the survivor function are highly serially correlated; therefore, the resulting step functions often display an undulating appearance moving away from and back toward the general trend. Second, because of the pointwise nature of the survivor function there is no easy way to calculate the hazard function: functions defined only at discrete time points cannot be differentiated with respect to time in an easy way. 

1.2.3 Summary

This section began with a discussion of the different theoretical frameworks in higher education and then turned to individual factors which have been shown to influence the probability of graduating from university. Tinto’s 1975 student integration model was the first model to attempt to provide a holistic view of student behaviour at university. While the model was imperfect, it provided the foundation and impetus for further research in this area. Later models, such as those by by Bean and Metzner (1985) and Cabrera et al. (1992), provided a more a realistic assessment of the factors influencing student behaviour by incorporating variables such as utility, finances and family responsibilities. However, all of these models are based on behaviors exhibited by students in first-world countries. As noted earlier, none of these models account for the group of ‘aspirational’ students at South African universities, and therefore caution must be exercised when applying these models to the South African university experience. 
Logistic regression, while not having as many assumptions as multivariate analysis, assumes that students who have not yet graduated or been academically excluded, but are still thesising, will never do so. This would underestimate the probability of graduation and academic exclusion occurring, and lead to biased estimates. This is why the survival analysis statistical technique, outlined in the next chapter, was chosen. This paper presented an extensive and analytical review of the major conceptual and theoretical models and empirical studies in the student retention field over the last four decades. It was preceded by a brief historical background of the establishment and development of such research field. As mentioned above, concerns about low student retention dated back to the 1600s. However, systematic studies did not until the early 1970s. In general, the early pioneer works of student retention were influenced by three major theories and conceptual models. These are the suicide theory (Durkheim, 1951) from the field of sociology, the theoretical views of the rites of passage in tribal societies (Van Gennep, 1960) from the field of social anthropology and the concept of labour turnover from the field of human resources (Price, 1977). 

Moreover, later studies of student retention were interpreted according to different theoretical perspectives including physiological, psychological, sociological, cultural, organisational, environmental, interactional and economic views. Moreover, the focus of the student retention theoretical models was not on the specific reasons that students withdraw from their thesis programs, but rather on why some students react to these specific factors by withdrawing. This is because these factors, while constituting challenges, are not necessarily the actual causes of withdrawal. For example, a student having academic difficulties might persist if successfully integrated into the college environment and vice versa (Tinto, 1975, 1993). Another example is student transfer, which can be attributed to many different variables, such as students’ levels of educational goals and academic abilities, lack of academic and/or social integration and financial issues. The factors involved in student transfer are far from straightforward. 

A student might transfer from his or her current institution to a better one because of his or her higher levels of educational goals and academic abilities. Conversely, another student might transfer to what seems a less strict institution because of his or her lower educational goals and academic abilities. In both scenarios, the direct withdrawal reasons reported by the non-persister students are the same, transfer; however, the motivations are contrastive. Finally, The paper concluded by shedding the light on some of the shortcomings and limitations of the student retention theories. These limitations were referred to the generalizability and the utilised research strategies. Moreover, many researchers criticised reliance of many of the earlier conceptual models on the descriptive non-theoretical methodological techniques

1.3 Background to the Research Problem
Analysts, in most cases, then usually build models using any of the predictive methods that are conventionally appropriate when the dependent variable is binary. Unfortunately, data is not always binary in nature. However, one question that arises is “Why previous classification and regression methods (e.g., Logistic Regression, Structural Modelling, Discriminant Analysis and Multinomial Logistic Regression (MLR), and Cluster Analysis (CA)) are not appropriate to use for the student retention problem?” Basically, survival analysis methods have proved to be successful in other applications such as healthcare (epidimiology) and biostatistics but have not been applied very frequently for the research problem. In the presence of censored data, the traditional methods such as linear regression or logistic regression typically fail because these methods cannot consider time-dependent observations with censoring, interval-censoring and truncation. Hence, in this study, a novel framework is proposed to use quantitative data (both pre-enrollment and semester-wise information) to address the student dropout problem issue. 
Some of the important factors, which affect student retention or graduation, are family background and better transition from the secondary to the tertiary education system. One of the major institutional concerns is the capacity and capability to predict potential student attrition. Predictive modelling or early warning systems capable of at-risk student could be very beneficial in improving student throughput rates. Predictive models could use data stored in institution databases and these could contain student’s demographical, residence and academic information, with an exception of socioeconomic status which is not captured with student information during the application process. Although first-year (freshmen) to second-year (sophomore) year or second-year (sophomore) to third-year (senior year) or final year for some degree programmes is an important and critical predictor or indicator of student academic outcomes towards their graduation. A complete cohort has to be considered in order to explain student graduation success instead of just the past three or four years alone. 
Universities serve as the gateway to the labour market for students who have completed their degrees and consequently an improved quality of life. Students sometimes leave the university without a degree or diploma. A paucity of research literature that examines student retention factors with multiple outcomes exists. First-year students' numbers have significantly increased in recent years and this has consequently resulted in huge volumes of educational data. Hundreds of thousands of students are admitted at public universities yearly but drop out after the first year of thesis. Monitoring and supporting at-risk students is a topic that needs careful consideration and requires a concerted effort at many universities. University academic staff wishes to encourage such students at-risk to complete their studies in the stipulated duration but it is challenging half the time to identify them earlier than they could attrite. It is imperative to identify the factors affecting student dropout as well as explore effective and efficient statistical approaches for predicting it with sufficiently high accuracy. Retention models usually predict whether a student drops out or does not drop out (a binary dependent variable). The problem statement should be able to respond to these problems: What is the problem? Who is suffering from the problem? Where is the problem? How to solve the problem? Why do you want to solve the problem? Is the problem current? Will the problem continue in the future if it is not solved? And whether this problem proves or disproves the existing knowledge?
The apparent low retention and high drop out rates. The susceptibility of some groups (e.g., gender, ethnicity, faculty and discipline) in comparison to the other(s) is of grave concern. The inability of certain statistical techniques to predict or model survival (student) data incorporating frailty (heterogeneity i.e. gender, ethnicity, faculty or discipline) and competing risks (graduation, transfer or attrition) forms the basis for this study. The education system is wealthy of disparities and deficiencies so far as transition into HEIs from secondary school quintile, ethinicity, faculty and discipline difference are concerned. The models formely used in student retention studies were devoid of capabilities to incorporate time, time-dependent covariates, competing risks, frailty, censoring and truncation. Some of the methods require assumption of the distribution followed by the data before commencing with the identification and estimation of the model. The overarching problem is the incapability of traditional methods to consider and incorporate, time, time-dependent covariates, interactions, censoring, truncation, frailty and competing Risks. 
1.4 Significance of the Thesis
This thesis is important for several reasons. Although research has examined factors and predictive models of student retention in higher education, most studies which have examined student retention in South African were mostly qualitative and descriptive in nature and failed to take heterogeneity and competing risks into consideration. The study proposes the application of the Accelerated Failure Time (AFT) model with Frailty and Competing Risks (CR) on student data also measuring Interactions and factors that may persist in student attrition. 
Secondly, this study will be beneficial to the South African government and society at large by increasing access or participation and retention of students in the higher education system, as well as to improve throughput rates.  The Ministry of Higher Education and Training make provision for funding students in higher education institutions in South Africa and in addition, NSFAS provides university students loans or bursaries. Nationally, higher education policy must be supported by policies to tackle wider socioeconomic and racial inequalities. 
It is anticipated to increase on a year-to-year basis and the severity to increase exponentially if no proper action is taken. Therefore, helping individual students to persist and complete their studies will improve the efficiency of the tertiary education system.
Thirdly, this study will be beneficial to the Department of Higher Education by providing empirical evidence concerning the student pre-university educational background; APS score validity, financial support, residence and ethnicity in predicting student retention. 
Fourth, this thesis may be potentially beneficial to staff and faculty at universities by providing them with an evidence about factors affecting student retention and thus assist them to develop student retention programmes that aim to prevent students from dropping out.  Finally, the studymay be beneficial to future students and faculty since it will provide evidence of the best predictors of student retention.
By examining the findings of this thesis, policymakers and instructors may update institutional strategy to improve and promote student completion rate at higher education institutions. This study will assist university administrators to predict the time at which students are expected to drop out, in essence predicting the probability of student retention or success (measured by graduation) and their dropout.
This research will consider student graduation as student success rather than completion of any transition year. 
This thesis also promotes the use of Accelerated Failure-Time Frailty (AFTF) and Competing Risks models. Therefore, it is crucial to describe associated variables from first-year through to student graduation. Through this process of predicting the probabilities associated with retention and attrition, institutions of higher learning can leverage hidden information from the complex data, to uncover variable associations, student movement patterns, and retention and dropout trends that may lead to improving academic processes. 
By so doing the predicted model will support institutional decision making, with more informed and evidence based information, in terms of infrastructure and resource in all levels, i.e. faculty managers and registrar at the tactical and strategic level, respectively. It consequently helps the academic and administrative staff at the operational level. A discrete time Accelerated Failure Time with Frailty and Competing Risks hazard model using the Generalized Gamma distribution for predicting the probability of dropping out could become powerful tools to identify students at risk of dropping out. These nested Generalized Gamma model's predictive accuracy and performance will be compared to the Log-logistiic Regression model.
1.5 Contribution of the Study
The current study will potentially contribute to the body literature of quantitative studies on student attrition and retention, that is, the area of survival analysis in general and Biostatistics in particular by re-contextualization of the applicability of survival analysis in student retention. The main contibutions of the study are: 
· Firstly, the introduction of novel thinking in the proposition of the formulation and application of the Accelerated Failure Time (AFT) model with Gamma Frailty and Competing Risks (CR) to student data. The study will test the performance of these models gainst the Cox Regression.
· Secondly, the study is expected to provide some insight on the application of the Accelerated Failure Time (AFT) model with Gamma Frailty and Competing Risks (CR) on student retention and drop out taking frailty and competing risks into consideration and consequently form the basis of future research.
· Thirdly, the current study has the potential for both empirical merit and implications for affecting educational policy by applying survival models, specifically the Accelerated Failure Time (AFT) model with Gamma Frailty and Competing Risks (CR) to student data in identification of factors affecting student attrition and retention.  
· Finally, this thesis will contribute to the body of research in the effectiveness of predictive survival modelling techniques applied in higher education data and also help HEIs better use of survival analysis techniques to inform student graduation intervention strategies. 
1.6 Purpose of the Thesis
The purpose of this thesis is to determine the performance of survival analysis models in identifying the factors affecting student retention at the Mafikeng Campus of the North West University. This study is guided by several pioneering student retention theories. These include: Spady's (1970, 1971) Undergraduate Dropout Process Model, Tinto’s (1973, 1975) Instituional Departure Model, sometimes referred to as Student Integration Theory, Pascarella's (1980) Student-Faculty Infromal Contact Model, Bean's (1980, 1982) Student Attrition Model, Bean and Metzner's (1985) Non-Traditional Undergraduate Student Attrition Model, Cabrera, Nora and Castaneda (1993) Student Retention Intergrated Model and Swail's (1995) Student Retention Framework. One of the current concerns for the university and its administration is the growth of the student population. That focus involves the ability of each student enrolled at the university to receive optimal educational opportunities and tools, leading to student graduation. An institution's quality is assessed by its national ranking that consists of some factors like students with best grades, scholarships, students who do not leave and students who graduate. The key to effectively understanding this complex balance between enrollment and graduation is in the application of survival models and procedures. 

Admissions personnel and management must be able to predict future criteria for a student who graduates or who do not graduate and be able to help students who will not graduate. Having such accurate predictions will greatly aid in the ability of the administration of a university to keep this positive balance between growth, quality, retention, and graduation.  Understanding student success behaviour is of essential focus for higher education institutions worldwide. Institutional managers are always interested in answers to certain questions: why do students not graduate? Why do students transfer to another university? Why do some students graduate before others? Why do some students take longer than other students to graduate? Who are the students at risk? Answers to these questions will help enrollment managers to take appropriate measures to improve enrollment and graduation rates, e.g. develop effective intervention programs. 
The purpose of this research thesis is to compare different predictive modelling procedures as predictive models of student graduation or dropout at the University. This research will build and compare the nested or family of the survival predictive modelling techniques within the Generalised Gamma Distribution with or without frailty and with competing risks. The comparison of these models and their predictive accuracy will be done using important student predictor variables of student retention, graduation or retention data. Each of these models will be optimised to fit the student retention data and then evaluated to determine the best predictive model. This research thesis will also find important characteristics of students who graduate versus students who do not graduate. 
Three progression or retention trajectories were targeted: ideal program retention (successful completion of the required courses sequentially in four or sixsemesters), continuous program retention (five or more semesters without stopouts), or interim retention (five or more semesters with one or more stopouts). The three types of attrition trajectories included: voluntary attrition (dropping out due to personal reasons), involuntary attrition (two failures and program dismissal or academic exclusion), and first semester failure attrition (attrition resulting from students failing the first semestercourses who either do not apply for readmission or who apply for readmission but are not readmitted). Early identification of variables that place students at-risk for attrition, academic failure, and/or delayed program completion will permit early lecturer-initiated interventions aimed at enhancing student outcomes. The purpose of this thesis is to look at student level and institutional factors that explain student success in public universities. 
By focusing on the number of extra credit points that it takes to reach a particular exit point, this paper introduces into the literature a new measure whose use will help to overcome some of the more obvious problems that can occur when one uses calendar time to measure the length of time that it takes to reach a particular exit point. The main purpose of this paper is to introduce into the literature new competing risks and frality based methodology which can then be used to compare the time that it takes to graduate with that of two types of exit: graduation and dropping out. This thesis is intended to not only find out whether a student drop out or not but also aims at estimating the semester of dropout using survival analysis model. There is not one single way to define student success in higher education; however the most common measure in the academic research domain is retention rate. Students may stay in school and graduate or they do not. 
With the recent increase in demand for graduate education and a concomitant relative decrease in the provision of financial resources from national government, student attrition has become one area of increasing concern for university administrators anxious to determine the nature and extent of student loss and to develop strategies to maximize graduation rates. Administrators are eager to learn why some students with ostensibly reasonable credentials fail to obtain their degrees - because they withdraw voluntarily, or they are asked to withdraw as a result of poor academic performance, or they fail to complete degree requirements within the time limits specified by university regulations, or they withdraw due financial constraints. 
By examining graduate student attrition, the present investigation is an attempt to respond to some of these important questions while simultaneously addressing the need for data on program effectiveness. Using Accelerated Failure Time model with Frailty and Competing Risks analysis to predict student retention, a number of variables can be identified which will allow university administrators to consider interventions to maximize completion rates in graduate programs. Thus, it is the study's aims to model the decision to withdraw by students drawing from student retention and persistence theories. The model will be used to identify potential shocks that force students to consider withdrawal from the higher education system. This study aims to reveal, after a comprehensive literature review, that the variables used in existing models were indeed culprits of high university students drop out.
1.7 Aims and Objectives
The aim of this study is two-fold: Fisrtly, the formulation and application of a predictive survival model and identification of factors affecting student retention and attrition rates at the Mafikeng Campus of the North West University. Secondly, the study will apply and check the predictive accuracy and extent of explained variation of the Accelerated Failure Time model with Generalized Gamma Frailty and Competing Risks. The objectives of the study are as follows:
· To estimate the Accelerated Failure Time model with or without frailty.
· To estimate the Accelerated Failure Time Model with Competing Risks.

· To estimate Cox Proportional Hazard model to test gender-discipline and gender-faculty interaction.

· To examine frailty in gender-cohort differences and interaction.
· To estimate Cumulative Incidence Function Competing Risks.
· To estimate the Kaplan-Meier (Product-Limit) survival curves across genders. 
· To identify contextual factors that affect student graduation and attrition. 
· To evaluate the model performance in terms of classification accuracy.

· To provide suggestions to the university of possible student retention strategies.

After completion of the thesis the results will be presented in a format that can be easily understood by all stakeholders, these include (e.g., students, academic and administrative staff, and policymakers) in order to formulate student retention intervention strategies and improve throughput rates across groups ( gender, ethnicities, faculties and disciplines)
1.8 Research Questions
This thesis is an attempt in answering the following questions: Depending on the answers to these questions the methods and approaches that can be adopted to increase the completion rate might be considered.

The following are the research questions will be adressed:
1. Which model(s) best predict student graduation and attrition?

2. What are possible effects of frailty to the estimated Accelerated Failure Time model?

3. What are the effects of the acceleration factor on Competing Risks?
4. What are the frailty effects on gender-cohort differences and interactions?
5. What contextual factors affect student graduation and attrition? 

6. What are the gender differences across the sample cohorts?

7. What are the gender-discipline and gender-faculty interactions?

8. What possible strategies can the university follow to lower student attrition and increase student retention/graduation?

1.9 Research Design and Methodology
This section of the proposal provides an overview of the research design and methodologies that researcher proposes to use in the thesis compilation. Furthermore, the chapter describes and justifies the data-collection methods used herein, the chosen thesis design, choice of the thesis cohort sample, investigated concepts, variables and constructs, the sampling technique (population, sample selection and planned sample size), the way of consent from relevant authorities who would have supplied the sample data, etc. The chapter will describe and justify the setting of the research, methodological choices, and statistical techniques for data processing and analysis to be used. It focuses on the setting of the research, subjects of the research, and data collection methods and instruments used be utilised. Furthermore, it describes and justifies the data-collection methods used, the thesis design was chosen, allocation conditions of the sample, investigated concepts and constructs, the sampling technique, recruitment of subjects, and the way of consent of the subject. 
Different methodologies have different, specific and unique methodological assumptions, and some are more relaxed to these assumptions demands than others. The quantitative approach will be used in this thesis. The use of this approach can be justified for a number of reasons. This strategy is selected for several reasons. First, it allows the findings to be confirmed, cross-validated, and corroborated within a single thesis. Second, this strategy resulted in a shorter data collection time compared to other mixed methods strategies, e.g. the sequential strategies (Creswell and Plano Clark, 2007). Third, because the target population of this thesis are South African students and mostly live in South Africa, it made sense to use this strategy in order to save travelling time and cost.  
We take into account the competing risk factor as well heterogeneity of the student populace (i.e. the type of school they matriculated from, their APS score and their ethnicity). We are going to develop survival analysis method: Accelerated Failure Time Frailty model and Survival Model with Competing risks and compare the result with other classification methods such as Cox regression, Accelerated Failure Time model without frailty, and with other Proportional Hazard Models where censored data are not considered. As different methodologies have different and specific statistical assumptions, and some are more relaxed, to these multivariate assumptions demands than others. Understanding the factors that impact on student drop out is complex journey for researchers and scholars even with the body of literature available at our disposal (Braxton et al., 1997).The rest of this section is structured as follows: Firstly, we highlight data description and sources variable or data type, sample determination and modelling methods to be employed in the analysis of student data. Parameter estimation methods, diagnostic and model selection criterion are highlighted briefly. The last section gives the section summary.

1.9.1 Data Source and Variables
A formal requisition for student and learner data will be sent to the relevant authorities at the North-West University (NWU) and the North-West Department of Education and Sports Development (NWDESD), respectively. The data is secondary in nature and such taken will be taken to make sure that data screening and coding is thoroughly done prior the analysis. The expected cohort sample is from the last five years, which is 2009-2016. To be included in the final sample, these students needed to have data available on the variables of interest in this thesis. Apart from data on academic standing at the end of each academic year, student records also contain data on student secondary school such as type of secondary school and results from the final matric examination (APS score). 
Some data on personal characteristics such as gender, age at first enrolment, residence and financial aid status are also known. Among the variables used in the analysis include controls for gender, race, faculty of first enrolment, degree type (3 or 4-year), first-year GPA (credits), financial aid status, residence status, number of course failed in the first year, home province and high school type. As the university does not collect socioeconomic information from applicants, information about applicants' parents educational background, occupational background or household income levels are neither routinely requested nor available. Gender is a binary variable with the reference group to be set to male. The race variable is comprised of a set of four binary variables. These include African/Black, Coloured, Indian and White. High school type is divided into public and private schools, with the public further subdivided into Quintile 1 through to 5. Applicants are not required to divulge family background information or any other personal background information, therefore socioecomic status variable is not available. This means information relating to applicants’ parents such as income, educational and occupational background. 

High school type is divided into public and private schools. Public schools are set as the base category. Within the public schooling system, schools are assigned a quintile indicating the poverty level of the school and its surrounds. Dummy variables are assigned for the five quintiles, with quintile 5 schools as the omitted category. Individuals for who one or more of these variables were not available may be excluded from the final dataset. Apart from data on academic standing at the end of each academic year (credits scored), student records also contain data on student secondary school such as type of secondary school and results from the final matric examination. Some data on personal characteristics such as gender, age at first enrolment, residence and financial aid status are also known.  Among the variables used in the analysis include controls for gender, race, matric score, faculty of first enrolment, degree type, first-year GPA, financial aid status, residence status, number of course failed in the first year, home province and high school type. 

As the university does not collect socioeconomic information from applicants, we do not have information about parental education or household income levels. Gender is a binary variable with the reference group set to male. The race variable is comprised of a set of four binary variables. These include African/Black, Coloured, Indian and White. For this thesis, the number of credits for the student’s first-year will be used to create a set of dummies to examine its effect on dropout and graduation. These dummies coincide with the subject’s class ranking as it is easier to measure the relative risks of dropout and graduation with dummy variables rather than using credits scored in first-year as a continuous variable. It is also hypothesised that GPA is non-linearly related to the probability of dropout, therefore a dummy variable specification allows for better testing of this scenario (Ishitani and DesJardins, 2002). Students’ whose GPA was between 0% and 49% is used as the reference category. To indicate a student’s home faculty we construct dummy variables for each of the faculties included in the thesis. The reference category is the Commerce faculty.
Sample Size Considerations 
The sample sizes are expected to quite large and acceptable for statistical techniques to be used in processing and analysing the data. It is implicitly assumed that the subjects of the thesis s are representative of a wider population of interest especially black students except those who matriculated from Quintile 4 and 5 schools to enable the study aims to be addressed. Another important requirement is to have data from an adequate number of subjects. Any estimate based on a small number of individuals will be less reliable than one based on a larger number, and when multivariate models are fitted to small datasets, the estimated impact of the covariates is too imprecise to give reliable answers. The use of variable selection procedures as described below is especially problematic with such data, and often leads to overoptimistic results. Finally, smaller data sets may not have sufficient power to detect a covariate that has a significant impact on survival. The power (and indeed in some cases validity) of a survival analysis is related to the number of events rather than the number of participants. 
Simulation work has suggested that at least 10 events need to be observed for each covariate considered, and anything less will lead to problems, for example, the regression coefficients become biased (Peduzzi et al, 1995; Bradburn, Clark, Love and Altman, 2003). For prospective studies, several books (e.g. Machin et al, 1998) and software packages (e.g. nQuery, power and precision) are available to assist the calculation of adequate sample sizes, and many general purpose statistical packages also perform such calculations. The final sample would include all students who enrolled for a three or four year degree and was a first time entering (FU) student. This is standard practice in South Africa when assessing students in the higher education sector. 
1.9.2 Methods
This section gives an overview of survival analysis modelling, its first emergence in the historical timeline of statistical techniques and analyses. It will further demonstrate the relevance in the application, development, adaptability of survival analysis and data type that can be used in survival analysis modelling, that is, the key requirements for the analysis of survival data. Furthermore, this section will briefly introduce the reader to survival models. These can be parametric, non-parametric and semi-parametric. Statistical tests that are used in comparing competing survival models will be introduced briefly. Common parametric techniques and their assumptions might not be justified due to the data being incomplete due to censoring or truncation. 
Students are followed from day of registration until they graduate, however some withdraw from the academic institution or the study comes to an end, which means they are censored. In this thesis proposal, the focus will be on parametric, non-parametric and semi parametric methods of survival analysis as discussed in the sections that follow hereunder. The concepts of survival or time-event analysis, censoring, truncation as well as an event will be highlighted. In addition, competing risks and frailties will be elaborated on.
1.9.3 Emergence and Relevance of Survival Analysis 

Survival analysis or time-event analysis, also known as event history or hazard modelling, is often used to estimate the timing of events or longitudinal outcomes. Originally used in medical research by biostatisticians (Cox, 1972), survival analysis has been extended to social science research including economics, political studies and education. Initially when applied to economics of education studies, individual outcomes (for example dropout or graduation) for students were investigated using ‘single-risk’ models.  Survival analysis deals with survival times of groups of individuals and enables qualitative identification and quantitative estimation of single or multiple predictive factors influencing and modulating survival times. Particularly in fields like oncology or chronic diseases medical literature employing this specialized bundle of statistical methods is abundant Time—the duration of a certain process or the timing of a specified event—plays a central role in many situations in medical research. Waiting time analysis (“survival analysis”) is a field of statistics providing the tools for solving the unique problems of such studies. 
In particular, waiting time analysis correctly handles the typical positively skewed distributions of waiting times as well as censored observations on thesis subjects for whom the target event does not occur before data collection ends. Survival Analysis is a collection of methods for the analysis of data that involve the time to occurrence of some event, and more generally, to multiple durations between occurrences of different events or a repeatable (recurrent) event. From their extensive use over decades in studies of survival times in clinical and health related studies and failures times in industrial engineering (e.g., reliability studies), these methods have evolved to special applications in several other fields, including demography (e.g., analyses of time intervals between successive child births), sociology (e.g., studies of recidivism, duration of marriages), and labor economics (e.g., analysis of spells of unemployment, duration of strikes). Books and monographs continue to be published in this area that attest to its rich methodology and versatility. 
For decades, non-parametric Kaplan-Meier analysis and semiparametric Cox regression despite some inherent limitations have dominated waiting time analysis in medical contexts, while parametric models, although in principle offering important theoretical advantages were scarcely applied in practice because of lacking flexibility. Survival models are constructed to measure the probability of transition between two outcomes (Douglas, 1998Many outcomes are mutually exclusive (non-overlapping) and should cover all states. In terms of this analysis, the outcomes are defined as drop out that is voluntary, drop out that is involuntary and graduation. Data using survival analysis techniques are separated into discrete and continuous-time data. 
Continuous time data requires that subjects are tracked very as often as possible, potentially on a daily basis. As suggested by Allison (1984), where time is measured in discrete units the use of discrete-time methods is more appropriate. Discrete time data usually includes education-type data as students are observed at most twice per year (at the end of each semester), but usually only once per year. It is thereforebetter to use discrete-time methods rather than continuous time methods. As one does not observe the exact timing of dropout or other academic experiences (other than graduation) it is best to use competing-risks discrete-time methods as one does not need to know the exact timing of events other than the event occurring.
1.9.4 Censoring and Truncation
This section explains the concepts of censoring and truncation of data and gives pratical examples of each concept.
Censoring
A common issue arising in survival analysis is that of censoring. Data is censored when the outcome of interest is not observed. Data may be right or left censored. Left censored data occurs when the starting point for individuals in the sample is not known. Right censored data is observed when the outcome or events of interest have not yet occurred for some individuals in the sample. In our case, individuals would be considered right censored; if they are still in the system and have not dropped out nor graduated from the university. Survival analysis methods take account of this type of data censorship, thus yielding unbiased results. The key to understanding competing outcomes is to understand the nature of the distribution of outcomes and in particular, the correlation between possible outcomes in this framework (Cleves et al, 2010). If the two potential outcomes are uncorrelated then standard survival analysis may be applied to the problem as future events are treated as censored data observations. However, dropping out from university is not uncorrelated with successfully completing academic studies as only one of the two events can take place first. As the outcomes of interest are correlated (even imperfectly), we proceed with the competing risks framework (discussed in later sections). 

Right censoring occurs when a subject leaves the study before an event occurs, or the study ends before the event has occurred. Left censoring is when the event of interest has already occurred before enrolment. This is very rarely encountered. Right censoring is when a subject is right censored if it is known that the event of interest occurs some time after the recorded follow-up period. Left censoring: a subject is left censored if it is known that the the event of interest occurs some time before the recorded follow-up period. Interval censoring: a subject is interval censored if it is known that the event of interest occurs between two times, but the exact time of failure is not known. 

Censoring will also occur if say a patient dies from causes unrelated to the endpoint under thesis, or withdraws from thesis for reasons not related to the endpoint. Such patients are lost to follow up. When there is a competing risk for the endpoint of death, it is important to ascertain whether death is due to the cause under thesis. Other forms of censoring are possible depending on the type of thesis. Generally, one records a number of covariates (e.g., age, gender, comorbidity, treatment assignment etc.) whose influence on the distribution of time is of interest. Due to the longitudinal feature of the data gathering process some covariates are time-invariant while others could be time-varying. The latter may arise from intermediate events that influence the distribution of time. Multi-state models provide a means of analysing data with multiple event times. Despite our best intention in recording all covariates relevant to a specific analysis, we might encounter heterogeneity in samples that cannot be explained by the observed covariates alone. 

Truncation

Some students will complete degrees in the minimum specified time, while others may take a few years longer to complete the same degree. Some students may take a break during their studies and return to complete their degrees at a later stage, commonly known as stopout. Other students might change degrees completely and possibly start from scratch, depending on how transferable subjects are between degrees. Some survival studies may contain truncated data. Left truncated data occur when individuals enter a study at a particular time-point and are followed from this entry time until the individual is censored or the event occurs. Right truncated data occur when only the individuals having experienced the event of interest are observable. 

Left truncation: a subject is left truncated if it enters the population at risk some stage after the start of the follow-up period. For example, in a study investigating the date of first Bovine Spongiform Encephalopathy (BSE) diagnosis on a group of farms, those farms that are established after the start of the study are said to be left truncated (the implication here is that there is no way the farm can experience the event of interest before the truncation date). ˆ Right truncation: a subject is right truncated if it leaves the population at risk some stage after the study start (and we know that there is no way the event of interest could have occurred after this date). For example, in a study investigating the date of first foot-and-mouth disease diagnosis on a group of farms, those farms that are pre-emptively culled as a result of control measures are right truncated on the date of culling

Truncation appears when a time to the event is only observed in a study if the time-to-event variable is greater or smaller than the truncation variable. Left truncation occurs if the failure time is only included in a sample if it is greater than the truncation time. These are also called delayed entries, and are those entries who have survived more thansome minimum allotted time. The Kaplan-Meier (1958) estimator of the survival function can naturally handle left truncated data by properly defining the risk set. The asymptotic properties of the left-truncated version of the Kaplan-Meier estimator have been studied by Woodroofe (1985), Keiding and Gill (1990) among others. The Kaplan-Meier (1958) estimator of the survival function can naturally handle left truncated data by properly defining the risk set. The asymptotic properties of the left-truncated version of the Kaplan-Meier estimator have been studied by Woodroofe (1985), Keiding and Gill (1990) among others.

1.9.5 Competing Risks 
In most instances there are usually only two possible outcomes, e.g. employed and unemployed, smoking and non-smoking, etc. In certain situations more than two outcomes are possible. Standard ‘single-risk’ models do not take into account the potential interdependence between competing outcomes (for example, dropout, stop out and graduation). A method known as ‘competing-risks’, is preferred when there are more than two possible outcomes (Singer and Willett, 1993). The competing risks methodology that has been developed in the statistical literature is ideally suited for modelling a decision-making process where we have a set of underlying but possibly different socio-demographic forces pulling a student towards one or other particular outcome. 
Competing-risk models are preferred to single-risk models when multiple outcomes are possible. Although the latter may still be used it will result in misspecification due to correlation between events (DesJardins, Ahlburg and McCall, 2002). As we are interested in multiple competing outcomes or risks, a competing-risks model to evaluate the hazard for events simultaneously is appropriate (Allison, 1984; Scott and Kennedy, 2005). One key advantage of this method is that we can not only investigate whether individuals are likely to drop out but also when they are most likely to do so. Some type of models also allow for the relative risk of different groups over time to event to be established, again an advantage over more static methods. Given a medical setting, for example, one may be concerned with identifying potential factors that affect the length of time that it takes for someone to die from one of a mutually exclusive set of possible causes; for example, death from a stroke, death from cancer or death from a liver-related disease. The occurrence of one type of death will obviously prevent any one of the other events from occurring. Environmental and genetic factors may, however, be pushing the individual towards one or more possible causes of death. 
By incorporating this information into one’s analysis, one is separating a competing risks problem from that of a more typical survival analysis based problem in which the focus rests solely on a primary cause of death with the other potential causes of death (and their effect on the primary cause) not being explicitly modelled (as potential competitors for the final outcome on an individual) in the model-building process. Although the language and application of the competing risks idea was originally developed for applications in the health, medical and actuarial sciences, some applications have appeared in the social science literature. These applications include that of De Graaf (2006) and Kalmijn (2007) used the idea to thesis what happens to couples after they have divorced – whether they stay single, remarry or enter into a cohabiting relationship can be viewed as being determined by a set of socioeconomic forces that are competing amongst each other for the final outcome of that individual. 
Diermeier and Stevenson (1999) used the competing risks theory to determine how long a government tenure will last and whether this end point will result in a reshuffling of ministers in the cabinet or the calling of a new election. Gordon (2002) used the theory to determine how long a criminal investigation will last, noting that the end point in this investigation may result in a decision to prosecute or to abandon the case. Researchers in labour markets have used the theory to determine how long people stay in their jobs – noting that one could leave a particular job because of a promotion or demotion within that organisation, a dismissal or even a retirement date being reached. Social scientists thesising international conflicts have used the theory to determine how long a conflict will last, particularly for determining whether the conflict will end in a negotiated peace process, a conquest or a stalemate.
1.9.6 Frailty
Unobserved heterogeneity is likely in observational studies. Frailty models and finite-mixture models can be very informative in this regard. The objectives in a survival analysis may include estimation of one or more of these statistics at specified covariate profiles and quantifying the influence of treatments or demographics on survivalHowever, an initial analysis would typically employ nonparametric methods to estimate the survival function and summary statistics, and a comparison across several groups or sub-populations.When performing large multicenter clinical trials, a lot of attention is paid to the standardization of the treatment procedures across the participating sites. Country-specific regulation, experience with the disease, experience with the treatment under investigation among other factors may introduce heterogeneity between the participating centers and may add noise to the estimation of the treatment effect. Moreover, Ha et al. (2012) noted that such heterogeneity may alter the interpretation and reporting of the treatment effect. 

According to Duchateau et al. (2002), heterogeneity decreases the power to detect treatment differences, but on the other hand, more heterogeneous trials lead to more general conclusions as they are based on a wider patient population. Legrand et al. (2006) suggested that if the differences in outcome exist between centers, it is important to find out what factors have caused the heterogeneity as it might serve to improve the quality of patient care. These factors include both patient-specific factors and center-specific factors. A natural framework for estimating the unexplained variability is through a frailty model. Frailty models were introduced by Vaupel et al. (1979) as a generalization of the Cox’s proportional hazards model allowing for random effects as a result of unobserved heterogeneity of each individual or group. In this model, the unobserved frailty shared by individual members in a cluster acts multiplicatively as a factor on the hazard function and is typically modelled parametrically (Li et al., 2007; Ha and Gilbert, 2010; Legrand et al., 2006; Govindarajulu et al., 2009). 

Several frailty distributions amongst them the lognormal and the power variance function family comprising of gamma, compound Poisson, inverse Gaussian and positive stable distributions have been studied by different authors. However, some of these distributions are not used in practice due to software limitations. Moreover, there is lack of sound estimation procedures for more complex frailty models. Duchateau and Janssen (2008) noted that the choice of the frailty distribution is crucial to obtain correct estimates of the dependence structure but the researcher often has no prior information with which to choose among the distributions. 

Furthermore, due to the latent nature of the frailty term, it can be difficult to determine an appropriate frailty distribution for a particular data set. Thus, misspecification of this unobserved covariate can occur, leading to biased estimates, reduced efficiency of the model estimates hence misleading conclusions (Li et al., 2007; Moreno, 2008). It is therefore useful in practice to examine to what extent misspecification of the frailty distribution affects the validity of the regression coefficients and heterogeneity parameter estimates (Li et al., 2007). Frailty models are important for analyzing survival time data and have been studied by many researchers; for example, Klein (1992), Hougaard (1986), Clayton (1978) and Gorfine et al. (2006). 
In Hougaard (1986) a positive stable family is assumed for the frailty variable and the marginal survival time is assumed to have an exponential or Weibull distribution or be unspecified. Various hazard functions, including Cox’s regression model, have been generalized by assuming a gamma frailty variable with mean equal to 1 and variance η, see Nielsen et al. (1992) and Klein (1992). They utilize the Expectation-Maximization algorithm for estimation of parametric and nonparametric accumulated hazard function and regression coefficients. Further, Gorfine et al. (2006) proposed a different approach for estimation in non-parametric frailty survival models, which is applicable for any parametric model with finite mean on the frailty variable. Although, different models have been assumed for the multiplicative frailty variable, (Gorfine et al., 2006; Hougaard, 1984; Hougaard, 1986), one of the most frequently used distributions is the gamma distribution, because of its tractable or flexible properties (Klein, 1992; Nielsen et al., 1992; Vaupel et al., 1979). 
For example Martinussen et al. (2011) used gamma frailty in the Aalen additive model, and Zeng et al. (2009) studied transformation models with gamma frailty for multivariate survival analysis, in which no frailt is also allowed. In addition, Abbring and Van Den Berg (2007) establish the fact that conditional frailty among survivors is always gamma distributed if and only if the frailty distribution is regularly varying at zero. In this paper, we consider Cox’s regression model (Cox, 1972) with a multiplicative frailty factor on which no specific model is imposed, as biased estimators might be obtained if the frailty model is misspecified (Abbring and Van Den Berg, 2007; Hougaard, 1984). The thesis proposes the application of the Accelerated Failure Time model with or without frailty and competing risks using the Generalised Gamma distributiob to model student attrition and graduation. 
1.9.7 Modelling Survival Data 
This section gives an overview survival models or distributions that are going to be used in the attempt to obtain a closely fitting model to the survival data. It will also looks at each model specifications, estimation and selection. Survival analysis is used in several ways: To describe the survival times of members of a group using Life tables, Kaplan-Meier curves, Survival function, and  Hazard function. To compare the survival times of two or more groups, the Log-rank test is employed.To describe the effect of categorical or quantitative variables on survival, Cox proportional hazards regression, Parametric survival models, Survival trees, or Survival random forests is used. Some the methods used in survival analysis are the following: (a) Univariate Survival Model, (b) Hazard Model, (c)Cox Regression Model(d)Kaplan-Meier, (e)Cumulative Incidence Function, (f)Fine-Gray (1999), (g )Subdistribution Hazards Model, (h)Klein-Andersen Model (2005), (i)Cause-Specific Hazard Ratio, (j)Cause-Specific Hazard Regression, (k)Stratified Cox PH model, (l)Cumulative incidence competing risk (CICR). The choice of the distribution, method of analysis (parametric, semiparametric and nonparametric), and method of estimation are dependent on the type of data to be used for analysis. 
1.9.7.1 Parametric Modelling
If we model the survival time process in a regression model and assume that a distribution applies to the error structure, we call this parametric survival analysis
Proportional Hazard (PH) Models 
Various parametric models exist since decades; these classical parametric models differ from each other because of different assumptions regarding the probability distribution function underlying the observed waiting times. The simplest classical parametric model is the exponential model assuming a hazard function which is held constant over time (Reibnegger, 2012). The Weibull model and the Gompertz model have a hazard function either monotonically rising or monotonically falling over time. More complex models, such as the lognormal, the log-logistic and the generalized Gamma model, allow greater flexibility in modeling hazard functions exhibiting turning points: the hazard, e.g., may be rising at earlier times and, after going through a maximum at a specified time, falling thereafter. Detailed descriptions of these models are available (Cleves et al., 2008). In theory, classical parametric models overcome the deficiencies of the Kaplan-Meier and the Cox methods. They provide smooth, analytic estimates for the hazard and survivor functions, and they are able to include, like the Cox model, any combination of predictor variables. 

They allow easy computation of any type of output, for example, time-dependent survivor or hazard functions as well as time-dependent difference functions and hazard ratios, and they provide the possibility to calculate standard estimation errors and confidence intervals for all these interesting quantities. Clearly, the greatly increased number of possible modeling options requires methods for model selection; the Akaike information criterion AIC (Akaike, 1974) is a useful tool for that purpose. An alternative to the AIC is the Bayes information criterion BIC (Schwarz, 1978). The use of a survival analysis approach to investigating predictive validity overcomes many of the challenges associated with traditional statistical approaches such as correlations and regression analyses. Most importantly it allows for the incorporating of censored data which would typically be omitted from an analysis. 

Parametric PH models are a class of models similar in concept and interpretation to the Cox (PH) model (Bradburn, 2003). The key difference between the two is that the hazard is assumed to follow a specific statistical distribution when a fully parametric PH model is fitted to the data, whereas the Cox model enforces no such constraint. Other than this, the two model types are equivalent. Hazard ratios have the same interpretation, whether derived from a Cox or a fully parametric regression model, and the proportionality of hazards is still assumed. A number of different parametric PH models may be derived by choosing different hazard functions. There is a direct link between the survival and hazard, and the choice of hazard distribution determines that of the survival. In fact, the models commonly applied, such as the Exponential, Weibull or Gompertz models, take their names from the distribution that the survival times are assumed to follow, but the most distinguishing features between them are in the hazard function. 
Examples of survival and hazard functions derived from some of these parametric models were presented in the previous paper (Clark et al, 2003). Figure 1 shows increasing and decreasing Weibull hazard functions, as well as two groups with the latter that are proportional to each other. The main drawback of parametric models is the need to specify the distribution that most appropriately mirrors that of the actual survival times. This is an important requirement that needs to be verified and an appropriate distribution may be difficult to identify. Where a suitable distribution can be found, however, the parametric model is more informative than the Cox model. It is straightforward to derive the hazard function and to obtain predicted survival times when using a parametric model, which is not the case in the Cox framework (the use of such quantities is discussed in the next section). 
Additionally, the appropriate use of these models offers the advantage of being slightly more efficient; they yield more precise estimates (i.e. smaller standard errors). The results from the Cox or parametric PH models may be compared directly, as the model types are merely different approaches to assessing the same quantity. For either method to be valid: (a) the covariate effect needs to be at least approximately constant throughout the duration of the study, and (b) the proportionality assumption must hold. 

Accelerated Failure Time (AFT) Models
Although the hazard ratio, the measure of association that arises from this model, is prevalent in survival analyses, it is by no means the only measure that researchers may choose to compute and report. Indeed, depending on the context, the hazard ratio suffers in relation to the interpretability (or lack thereof) of the hazard function (Wei, 1992; Hern´an, 2010; Uno et al., 2015). Beyond the Cox model, the most prominent regression framework for censored survival data is the accelerated failure time (AFT) model (Buckley and James, 1979; Koul et al., 1981). By placing emphasis away from the hazard function, the AFT model gives researchers the opportunity to consider the impact that covariates have on the survival time directly (e.g., Collett, 2003, Chapter 6). First, when conducting studies of time-to-event outcomes among the elderly, age or years (duration) is arguably the most relevant time scale (Kom et al., 1997; Lamarca et al., 1998). 
In the statistical literature, settings where observation of a non-terminal event of interest is subject to a terminal event, are referred to as semi-competing risks (Fine et al., 2001). If handled inappropriately, each of these phenomena has the potential to bias results in any given analysis (Odell et al., 1992; Joly et al., 2002). While analysts have many options for handling these phenomena, to the best of our knowledge few papers have considered them simultaneously and most of these have been in the context of the Cox model for the hazard function; In regard to AFT models for semi-competing risks data, while a number of relevant papers have been published (Ding et al., 2009; Ghosh et al., 2012; Armero et al., 2016; Jiang and Haneuse, 2016) and they do not accommodate left-truncation or interval-censoring. 
When the survival times follow a Weibull distribution, it can be shown that the AFT and PH models are the same. However, the AFT family of models differs crucially from the PH model types in terms of their interpretation of effect sizes as time ratios as opposed to hazard ratios. The survival times are usually assumed to follow a specific distributional form in the AFT framework. Distributions such as the Log-Normal, Log-Logistic, Generalised Gamma and Weibull may be used to represent such survival data. Alternative methods include the method of Buckley and James (1979), which is discussed by Stare et al (2000), and semiparametric AFT models, in which the baseline survivor function is estimated nonparametrically (see Wei, 1992, for an overview), but have not yet been widely implemented in statistical software. As with the PH approach, other quantities such as projected survival probabilities may be derived. Also in keeping with PH models is the fact that AFT models make assumptions; the appropriate choice of statistical distribution needs to be made, and also the covariate effects are assumed to be constant and multiplicative on the timescale, that is, that the covariate impacts on survival by a constant factor. 
As we will discuss, a key feature of the framework is that one can adopt either a parametric or non-parametric form for the baseline survival distribution, which is useful when balancing flexibility with sample size considerations. The Accelerated failure time model is an attractive alternative to the popular Cox proportional regression model. The accelerated failure time model is a linear regression model in which the response variable is the logarithm or a known monotone transformation of a failure time Lee and Wang (2003).  The proportional hazards model is appropriate when there is a permanent difference between the groups in the longer term in the context of the follow-up period (Maggard, Thompson and Koc ,2003; Rajaeefard, Baneshi, Talei and Mehrabani, 2009). The accelerated failure time model is more appropriate when the group differences are seen over a shorter timeframe while in longer term the probability of remaining event free is similar in the two groups. This is consistent when there is a delay in the event occurring in one group compared to the other but no permanent effect (Zahl and Tretli, 1997). The presence of such a delay is seen in many therapeutic settings and a range of time to event end points. 
The Accelerated failure time model describes a relationship between the survivor functions of any two individuals. The presence of such a delay is seen in many therapeutic settings and a range of time to event end points. The Accelerated failure time model describes a relationship between the survivor functions of any two individuals. In survival analysis, deviations from proportional hazards may sometimes be explained by unaccounted random heterogeneity, or frailty (Venkatesan and Ponnuraja, 2010). This work also discuss about on omitted covariates in survival analysis and shows in a case study how unstably frailty models might behave when asked to account for unobserved heterogeneity in standard survival analysis with no replications per heterogeneity unit (Rama, Swaminathan, and Venkatesan, 2010; Weipan, 2001),. It would be advantageous to upgrade the accelerated failure time approach alongside the hazard modeling approach to survival analysis.
The thesis proposes the application of the analysis of an Accelerated Failure Time model using the Frailty and Competing Risks framework to  model student data. These include the Generalized Gaussian family and Compound Poisson family distribution will be estimated and tested in application on student retention and graduation data. To provide information about the differences in survival time between two groups under study, the log-rank test will be applied which using chi-square test (cf. Hosmer et al. 2008) and Cox regression used when multiple effects of the predictors on student retentionare examined. In Cox regression analysis, a model is built that estimates the rate of retention within a certain time interval as a function of some predictor variables. 
1.9.7.2 Semi-Parametric Modelling
If we model the survival time process in a regression model and assume  proportional hazard exists, we call this semi-parametric survival analysis. The semiparametric Cox regression technique (Cox, 1972) has its major strengths in estimating the multiplicative effects of one or more explanatory variables of different scale qualities (interval, ordinal, and nominal) on the hazard function. The Cox method shares with the Kaplan-Meier approach not only the inability of estimating continuous and analytic survivor curves but also the “blindness” with regard to the actual time course of the baseline hazard function. “The success of Cox regression has perhaps had the unintended side-effect that practitioners too seldomly invest efforts in thesising the baseline hazard… A parametric version of the Cox model, … if found to be adequate, would lead to more precise estimation of survival probabilities and … concurrently contribute to a better understanding of the phenomenon under thesis” (Hjort, 1992). In principle, parametric models for waiting time analysis would provide a straightforward solution to the inability of both the Kaplan-Meier and the Cox model to produce smooth and analytic survivor and hazard functions. 

1.9.7.3 Parametric Assumptions
If a distribution form is defined the following assumptions will have to be tested: Linearity, Heterogeneity, Kent and O'Quigley's measure of dependence, Schemper's respective measures, Korn and Simon's measure with squared error loss, Schemper and Henderson's (2000)
1.9.7.4 Non-Parametric Modelling
If we model the survival time process without assuming a statistical distribution, this is called non-parametric survival analysis 
1.9.8 Estimation Methods
Different estimation methods provide different and arely equivalent parameter values in parametric or semiparametric modelling. The  researcher is advised to pick the best estimator depending on the quality of data at his disposal to limit biasness and overfiiting these models. The following are some of the estimation methods usually applied to survival analysis modelling: (a) Maximum Likelihood Estimation (MLE), (b)  Expectation-Maximization (EM) algorithm, (c) Penalized Partial Likelihood (PPL) (Therneau and Grambsch, 2000), (d) Newton–Raphson procedure, (e) Restricted maximum likelihood estimator (REML), (f) Kaplan-Meier (K-M or Product-Limit) Estimator, (g) Nelson–Aalen estimator, (h)Parameters estimation results using covariates of Duffie et al. (2007), (i) Parameters estimation results using covariates of Shumway (2001), (j) Bharath and Shumway (2008), (k) Maximum Marginal Likelihood Estimation (MMLE), (l) Bayes, (m) h-likelihood, (n) Pseuso Full Likelihood, (o) Nonlinear Least Squares, (p) Non-parametric maximum likelihood estimates (NPMLE), (q) and Log-likelihoods. The thesis proposes the use of SAS 9.4 macros together the R statistical package in the estimation of parameters using the MLE, EM, K-M estimator, NPMLE, Nelson-Aalen estimator, MMLE, and Log-likelihoods to obtaining statistically robust and significant models that have very higher predictive power.
1.9.9 Model Identification, Selection and Diagnostics 
Identifying the correct parametric model
 When fitting a fully parametric model, the survival times are assumed to follow a statistical distribution. Several different distributions have been proposed, and the identification of a suitable one is a crucial step. The most obvious distinguishing feature between parametric models is in the shape of the hazard they assume the data follow. The Weibull and Gompertz distributions are appropriate when the hazard is always increasing or decreasing; the Log-Logistic may be used where the hazard either rises to a peak and then decreases or always decreases; the Log-Normal and Generalised Gamma models are preferable when the hazard rises to a peak before decreasing (Bradburn et al., 2003). In the Exponential model, the hazard is assumed to be constant over time. The actual shapes of these distributions (e.g. the point in time at which a hazard ‘peaks’ or the gradient at which it increases/decreases) depend on ancillary parameters that are also estimated from the data.
Model Adequacy

In the Accelerated failure time (AFT) model, the survival proportion in one group at any time 
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 is equal to the survival proportion in the second at time 
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 is constant. Therefore, a Quantile–Quantile (Q– Q) plot of the times of survival percentiles should lie on a straight line of slope 
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 that passes through (0, 0). As with the log (log (survival)) plot in PH models, this is a useful but limited approach as departures from linearity could be due to the AFT model being inappropriate or that one or more important covariates have been omitted. The methods of stratification or modelling with timedependent covariates suggested in the PH section may be applied here as well.

Is it is tradition, at the end of the analysis we should have obtained a good model with good to excellent predictive power. The list below looks at the model selection diagnostic and assessment criterion, as well a predictive accuracy of the model. We look at several of the criterion used extensively in selecting the best models in survival analysis. The choice of the criterion depends on the type of model or distribution being estimated. These are: (a) automatic variable selection (forward, backward and stepwise), (b) -2 Log (L), (c) Akaike Information Criterion (AIC,1973)  or Bayesian Information Criterion (BIC) (1978), (d) Harrell’s C-Index of concordance or Harrell's adjusted C-index of concordance (1986), (e) Integrated Brier Score (IBS), (f) Schoenfeld Residuals test, (g) Cox-Snell Residuals test, (h) Weighted Schoenfeld residuals test, (i) O'Quigley and Flandre (1994) measure of the predictive capability , (j) Mantel-Byar Test, (k) Stratified Log-rank Test, (l) Gray and Tsiatis Log-rank test, (m) Wilcoxon Test, (n) Kalbfleisch-Prentice (1973) estimator, (o)  Breslow (1972) estimator, (q) Likelihood ratio test (LRT), (r) Wald test, (s) Breslow’s approximation, (t) Efron’s test (1977), (u) Discrete exact (Cox’s) test, (v) Continuous Exact test, (w) Martingale Residuals test, (x) Deviance Residuals test, (y) Simon's measure of explained variation (cf. Harrell et al ., 1982 ; Harrell, 1986 ; Kent and O'Quigley, 1988 ; Korn and Simon, 1990; Schemper, 1990), (z) and Log-likelihood ratio.
The thesis will primarily use the AIC, Schoenfeld Residuals test, Cox-Snell Residuals test, Weighted Schoenfeld residuals test, O'Quigley and Flandre (1994) measure of the predictive capability, Stratified Log-rank Test, Gray and Tsiatis Log-rank test, Likelihood ratio test (LRT), Breslow’s approximation, Wilcoxon Test, Efron’s test (1977), Martingale Residuals test, and Log-likelihood ratio to measure the predictive ability of the competing models and group differences.
1.9.10 Summary
Firstly, this section aimed to highlight key concepts, that is, censoring, truncation, frailty, competing risks, and Accelerated Failure Time model. Secondly, methods of analysis, research design, sample size, variables, method of estimation of parameters, for example, MLE, EM, K-M estimator, NPMLE, Nelson-Aalen estimator, MMLE, and Log-likelihoods will be applied to obtain statistically robust and significant models that have very higher predictive power.

Key statistical concepts, which will be employed in the analysis in fiting the data, were discussed. These are parametric, semiparametric and nonparametric modelling. The Generelised Gamma Accelerated Failure Time Model with Frailty and Competing Risks was presented as the approach of analysis. In addition, model diagnostic and selection methods were introduced briefly. These include AIC, Schoenfeld Residuals test, Cox-Snell Residuals test, Weighted Schoenfeld residuals test, O'Quigley and Flandre (1994) measure of the predictive capability, Stratified Log-rank Test, Gray and Tsiatis Log-rank test, Likelihood ratio test (LRT), Breslow’s approximation, Wilcoxon Test, Efron’s test (1977), Martingale Residuals test, and Log-likelihood ratio to measure the predictive ability of the competing models and group differences.
1.10 Theoretical Framework
1.11 Conceptual Framework
The conceptual framework for this thesis encompassed demographic variables, independent variables, and dependent variables related to the research questions. The research questions sought to examine the effects of gender, financial status, APS score, and type school attended, the type of secondary school attended, age, and degree type on university students’ retention across faculties. The variables are presented in the Figure 1.

[image: image5]
Figure 1: Conceptual Variables
1.12 Ethical Considerations
It is expected that all ethical considerations and relevant policies will be strictly adhered to in the compilation of the thesis. Anonymity and confidentiality will be preserved. An ethical clearance will be sought before the apprehension of data.
1.13 Scope Limitations And Delimitations Of Thesis
The thesis limitations and delimitations of the thesis are presented in this section.
1.13.1 Limitations
Limitations of a dissertation are potential weaknesses in your study that are mostly out of your control, given limited funding, choice of research design, statistical model constraints, or other factors. In addition, a limitation is a restriction on your study that cannot be reasonably dismissed and can affect your design and results. The expected limitations may include the following: the type of data and its source, the cohort sample size, profile of students in the analysis (predominantly African i.e. inferences to the larger NWU or South African Universities context could not be possible), span of the sourced data, and student variables (which do not include several other variables which have proven in many studies to be significant predictors of graduation or dropping out). The exclusion of the residence and socioecomic status of the applicants' parents' variables from analysis as it is only available at first year.
1.13.2 Delimitations
Delimitations are the definitions the researcher sets as the boundaries of your own thesis or dissertation, so delimitations are in your control. Delimitations are set so that your goals do not become impossibly large to complete. The thesis was borne out the interest to solve the clogging of the higher education system by students who delay to graduate or dropout result in loss of funds. The method of analysis chosen is expected to produce the desired outcome by incorporating frailty and competing risks into the model analysis. Other methods would otherwise fail given the nature of the data to be sought. The student data sought is from the 2007-2016 cohorts to include possibilities of re-entry by students after a brief withdrawal after their first entry into the higher institution. Only student data from the Mafikeng Campus of the NWU will be used in the building of models and their analysis due lack of resources (financial and material e.g, the size of the computer to be used for data analysis ,and time to be spend in coding the data.
1.14 Overview Of Chapters
This thesis will examine the negligent and lack of use and inclusion heterogeneity and covariates in the survival models by introducing the frailty feature into the model and compare these frailty models through statistical tests and illustrative examples. We will assess the performance of parameter estimates and compare between the models. Throughout this thesis, parametric, nonparametric and semiparametric forms of baseline hazard functions and frailty distributions will be considered.

 The scope of the thesis of the thesis is as follows:

Chapter 2 will discuss the theoretical framework and literature review of historical student retention models, as well as the development, recent advancement and application of survival analysis to student retention and attrition data. Methodological design and paradigm will be discussed in depth in Chapter 3. The application of the statistical techniques to investigate and select parameters that should be included in the final frailty model will be compared to the parameter results from the other frailty models in order to assess their performance in the frailty modelS will be discussed in Chapter 4. The results discussion, conclusions based on those results and recommendations for possibilities of further research will be illustrated in Chapter 5.
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	Write-up of Literature Review
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	PHASE 3: COMPLETION

	Write-up of Discussion, Conclusions and Recommendations
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Assemble Thesis, Compile Questions and  issues to Explore in Future Research 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Final thesis improvement
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	Thesis binding
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1.16 Budget and Resources
This thesis is partially funded by the NWU Postgraduate Fund and the researcher. 
1.17 Bibliography
Akaike, H., 1974. A new look at the statistical model identification. IEEE Transactions on Automatic Control, 19, 716-723. doi:10.1109/TAC.1974.1100705

Altbach, G.P., 2011. Globalization and the University: Realities in an Unequal World. International Handbook of Higher Education 18: 121 – 139.

Bakoyannis, G. and Touloumi, G., 2012. Practical methods for competing risks data: a review. Statistical methods in medical research, 21(3), pp.257-272.

Beck, R.A., 2011. Retention and Dropout Rates for a Sample of National Higher Certificate Students in the School of Accounting. Unpublished Master’s Thesis: Nelson Mandela Metropolitan University. 

Beyersmann, J., Allignol, A. and Schumacher, M., 2011. Competing risks and multistate models with R. Springer Science and Business Media.

Bokana, K.G. and Tewari, D.D.,  2014. Determinants of Student Success at a South African University: An Econometric Analysis. Anthropologist 17, 1: 259–277. 

Breier, M. and Mabizela, M. , 2008. Higher Education. In Kraak, A. and K. Press (eds.): Human Resources Development Review 2008: Education, Employment and Skills in South Africa. Cape Town: HSRC Press. 

Briggs, S., 2006. An Exploratory Thesis of the Factors Influencing Undergraduate Student’s Choice: The Case of Higher Education in Scotland. Studies in Higher Education 31, 705- 22. 

Bujowoye, O., 2010. Stressful Experiences of First Year Students of Selected Universities in South Africa. Counselling Psychology Quarterly 15, 3: 277-290. 

Bundy, C., 2006. Global Patterns, Local Options? Changes in Higher Education Internationally and Some Implications for South Africa. 

CHE, 2011. Participation in Higher Education. Available at: http://www. che. ac.za/focusareas/highereducationdata/2011/participation. (Accessed on 23 April 2014.)

Chimka, J.R., Reed-Rhoads, T. and Barker, K., 2007. Proportional hazards models of graduation. Journal of College Student Retention: Research, Theory and Practice, 9(2), pp.221-232. 

Costa, P. and  McCrae, R., 1992. “Four Ways Five Factors are Basic.” Personality and Individual Differences 13: 653-665. 

Council on Higher Education, 2013. Higher Education Participation 2011. Pretoria: Council on Higher Education. 

Crosling, G., Heagney, L. and Thomas, M., 2009. Improving Student Retention in Higher Education: Improving Teaching and Learning. Australian Universities’ Review 51, 2: 9-18. 

Department of Higher Education and Training ,2014. White Paper for PostSchool Education and Training: Building an Expanded, Effective and Integrated Post-School System. Pretoria: Department of Higher Education and Training.

 Dhunpath, R. and R. Vithal., 2012. Alternative Access to Higher Education: Underprepared Students or Underprepared Institutions? Cape Town: Pearson Education.

 Dumais, S.A. and Ward, A., 2010. Cultural Capital and First Generation College Success. Poetics 38: 245-265. Govender, T. University World News 20 April 2013 Issue No: 268. Available at: http://www.universityworldnews.com/article.php?story=2013041912 51 36707. (Accessed 23 April 2015.) 

Trapmann, S., Hell, B., Hirn, J. and Heinz Schuler., 2007. “Meta-Analysis of the Relationship Between the Big Five and Academic Success at University.” Journal of Psychology 215: 132-151. 

Forest, J.F. and Altbach, P.G. , (eds.): International Handbook of Higher Education. London: 

Hall, J., 2005. Retention and Wastage in FE and HE. Paper Presented at Higher Education Academy - ICS, Conference on Progression, Retention and Recruitment, 25 January 2005, Edinburgh. 

Hemsley-Brown, J., 2012. ‘The Best Education in the World’: Reality, Repetition or Cliché? International Student’s Reasons for Choosing an English University. Studies in Higher Education 37, 8: 1005-1022. 

Heymann, L,Carolissen, R. 2011. The Concept of ‘First Generation Student’ in the Literature: Implications for South African Higher Education. South African Journal of Higher Education 25, 7:1378-1396. 

Higher Education Monitor No. 9. Access and Throughput in South African Higher Education: Three Case Studies. Pretoria: Council on Higher Education. 

Jama, M.P., M.L.E. Mapasela and M.A. Beyleveld 2008. Theoretical Perspectives on Factors Affecting the Academic Performance of Students. South African Journal of Higher Education 22, 5: 992-1003.

Kalbfleisch, J.D. and Prentice, R.L., 2011. The statistical analysis of failure time data (Vol. 360). John Wiley and Sons. 

Klapproth, F. and Schaltz, P., 2015. Who is retained in school, and when? Survival analysis of predictors of grade retention in Luxembourgish secondary school. European Journal of Psychology of Education, 30(1), pp.119-136.

Klein, J.P., Competing risks. WIREs Comput Stat. 2010; 2: 333-339.

Koen, C. 2008. Postgraduate Student Retention and Success: A South African Case Thesis. Cape Town: HSRC Press. 

Kuh, G., R. Gonyea, and M. Palmer. “The Disengaged Commuter Student: Fact or Fiction?” Indiana University Center for Postsecondary Research and Planning. http://nsse.iub.edu/pdf/commuter.pdf

Lange, L. 2006. Symbolic Policy and ‘Performativity’: South African Higher Education between the Devil and the Deep Blue Sea. In Ten Years of Higher Education under Democracy. Pretoria: Council on Higher Education. 

Lau, B., Cole, S.R. and Gange, S.J., 2009. Competing risk regression models for epidemiologic data. American journal of epidemiology, 170(2), pp.244-256.

Lewin, T. and M. Mayoyo 2014. Student Access and Success: Issues and Interventions in South African Universities. Cape Town: Inyatelo. 

MacGregor, K. 2014. South Africa: Higher Education in the 20th Year of Democracy. The Global Window on Higher Education, Issue No. 317. Available at: http://www.universityworldnews.com/specialreports/index. php?action=viewandreport=53. (Accessed 10 June 2015.) 

Makoni, M. 2014. Higher Education is Not Cheap. 24 October 2014. University World News Global Edition Issue 340. Available at: www. universityworldnews.com/article.php?story=2014102313130139. (Accessed 21 May 2015). 

Manik, S. 2014. Shifting the Discourse: Student Departure in the Context of Relative Deprivations. South African Journal of Higher Education 28, 1: 148-163.

 Manik, S. 2015. ‘As a Person you Need Help Every Now and Then’: Accessing Students’ Support Needs in a Higher Education Environment. South African Journal of Higher Education. In press. 

Maphosa, C. et al. 2014. Interrogating Factors Affecting Students’ Epistemological Access in a South African University. Anthropologist 17, 2: 409-420.

McCann, S. 2010. “Suicide, Big Five Personality Factors, and Depression at the American State Level.” Arch Suicide Res 14: 368-74.

Murray, M., 2014. Factors affecting graduation and student dropout rates at the University of KwaZulu-Natal. South African Journal of Science, 110(11-12), pp.01-06. http://dx.doi.org/10.1590/ sajs.2014/20140008.

National Education Longitudinal Study of 1988 (NELS:88)https://nces.ed.gov/surveys/nels88/design.asp

Neethling, L., 2015. The determinants of academic outcomes: A competing risks approach.

Nel, C., C.T. de Bruin and E. Bitzer 2009. Students’ Transition from School to University: Possibilities for a Pre-University Intervention. South African Journal of Higher Education 23, 5: 974-991 

Oswald, F., N. Schmitt, B. Kim, L. Ramsay, and M. Gillespie. 2004. “Developing Biodata Measure and Situational Judgment Inventory as Predictors of College Student Performance.” Journal of Applied Psychology 

Oswald. Op. cit. 

P. Conrod, N. Castellanos, and C. Mackie., 2007. “Personality-targeted Interventions Delay the Growth of Adolescent Drinking and Binge Drinking.” Journal of Child Psychology and Psychiatry 49: 181-190. 

Pascarella, E. and P. Terenzini., 1998. “Thesising College Students in the 21st Century: Meeting New Challenges. The Review of Higher Education 21: 151-165. 

Prinsloo, P. 2009. Modelling Through-put at UNISA: The Key to the Successful Implementation of ODL. Pretoria: UNISA. 

Putter, H., 2016. Tutorial in biostatistics: Competing risks and multi-state models Analyses using the mstate package.

Ramrathan, L., 2013. Towards a Conceptual Framework for Understanding Student Dropout from HEI’s. South African Journal of Higher Education 27, 1: 209-220. 

Rooney, C., 2015. Using survival analysis to identify the determinants of academic exclusion and graduation in three faculties at UCT (Doctoral dissertation, University of Cape Town).

Rural Education Access Programme (REAP)., 2008. Factors that Facilitate Success for Disadvantaged Higher Education Students. Available at: http:// www.reap.org.za/REPORTS/RESEARCH/Factors%20that%20 facilitate%20success_Final%20report%202008.pdf. (Accessed on 10 March 2017.) 

Rush, C., Becker, S. and J. Curry. 2009. “Personality Factors and Styles among College Students Who Binge Eat and Drink.” Psychology of Addictive Behaviors 23: 140-145; 

Sapa 2008. University Dropouts Increase. Available at: http://news.iafrica. com/sa/917608.htm. (Accessed on 24 June 2017.) 

Scott, I., 2007. Addressing Diversity and Development in South Africa: Challenges for Educational Expertise and Scholarship. Cape Town: Council on Higher Education. 

Scott, I., 2012. Access, Success and Curriculum: Aspects of their Organic Relationship. In Dhunpath, R. and R. Vithal (eds.): Alternative Access to Higher Education: Underprepared Students or Underprepared Institutions? Cape Town: Pearson. 

Sosibo, Z. and M. Katiya 2015. Closing the Loop between Access and Success: Early Identification of At-risk Students and Monitoring as Key Strategies Used by a South African University. International Journal of Education Sciences 8, 2: 271-279. 

Spady, W.G 1970. Dropouts from Higher Education: An Interdisciplinary Re view and Synthesis. Interchange 1, 1: 64-85.

Springer. Badat, S. 2014. South African Higher Education in the 20th Year of Democracy: Context, Achievements and Key Challenges. Pretoria: HESA. 

 Strydom, J.F., Mentz, M. and Kuh, G.D. , 2010. Enhancing Success in Higher Education by Measuring Student Engagement in South Africa. Acta Academica 42, 1: 259-278. 

Ten Years of Higher Education under Democracy. Issue 4. Council on Higher Education. Kagisano. Council on Higher Education. 2010. 

Thompson, J., Samiratedu, V. and J. Rafter., 1993. “The Effects of On-Campus Residence on First-Time College Students.” NASPA Journal 31: 41-47. 

Tinto, V., 1982. Limits of Theory and Practice in Student Attrition. Journal of Higher Education 53, 6: 687-700 Tinto, V. 1993. Leaving College: Re-Thinking the Causes and Cures of Student Attrition. 2 nd Edition. Chicago: University of Chicago Press. 

Tinto, V., 2002. Establishing Conditions for Student Success. Paper Presented at the 11th Annual Conference of the European Access Network, Monash University, Prato, Italy. 20 June. 

Trapmann, S., B. Hell, J. Hirn, and Heinz Schuler. 2007. “Meta-Analysis of the Relationship Between the Big Five and Academic Success at University.” Journal of Psychology 215: 132-151.

Van Zyl, A., 2015. University Dropout. The Coastal Weekly 18-22 May 2015.

Vellios, N. and Van Walbeek, C., 2014. Determinants of smoking initiation in South Africa.

Woodley, A., 2004. Conceptualising Student Dropout in Part-Time Distance Education: Pathologising the Normal? Open Learning 19, 1: 48-63. 

Workman, B., 2011. Extending and Embedding Work-Based Learning across the University: Change Strategies in Action. Higher Education, Skills and Work-Based Learning 1, 2: 106-117. 

1.18 Appendinces

Demographic Variables:


Age, Gender, Race, Type of school (public or private), Type of secondary school, APS score, 





First-year student variables:


Financial status, Residence status, Degree type (3 or 4-year), Faculty, Number of courses failed, Number of credits at end semester/year





Second-year student variables:


Degree type (3 or 4-year), Faculty, Number of courses failed, Number of credits at end semester/year








nth-year student variables:


Degree type (3 or 4-year), Faculty, Number of courses failed, Number of credits at end semester/year








3rd-year student variables:


Degree type (3 or 4-year), Faculty, Number of courses failed, Number of credits at end semester/year
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