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Abstract: This study explored the use of survival analysis to investigate the Bachelor’s degree students’ performance based on
GPA, entrance qualification, faculty, and course. The study considered the application of semi-parametric and parametric
Accelerated Failure Time (AFT) models. The main objectives of the study are to identify the covariates that dominate students’
performance via the Cox model, to investigate the performance of the Cox model based on the Proportional Hazard (PH)
assumption, and to compare the performance of parametric AFT models using Akaike Information Criterion (AIC), Bayesian
Information Criterion (BIC), and Corrected Akaike Information Criterion (AICc). Results revealed that the Cox model suggested
the covariates of GPA, faculty, entrance qualification, and the course had affected student performance. PH assumption in the
Cox model was violated. This analysis concluded that the Cox model provided a less accurate estimate of student performance
and further study should be conducted with parametric AFT models. In parametric AFT models, the Log-normal AFT was chosen
as the best model and can be used as an alternative model for estimating student performance at universities and other similar
higher educational institutions.
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1.0 INTRODUCTION

The government subsidizes the entrance of the students who have a chance to receive higher education in a public university in
Malaysia. The three entrance requirements to pursue a bachelor’s degree at the Institutions of Higher Education (IHE) are
Diploma, Matriculation, and the Malaysian Higher School Certificate (STPM). The selection criteria for students who want to
pursue a bachelor’s degree are under the control of the Ministry of Higher Education (MoHE). The performance of university
students is frequently focused on by measuring the learning assessment and curriculum (Mat et al., 2014) or by the final grade
earned that is adequate Grade Percentage Average (GPA) achieved (Shahiri, Husain, & Rashid, 2015).

The transition from secondary to tertiary education (university education level) is an extremely stressful experience for
most first-year students (Tinto, 1993). As a start, first-year students need to adapt academically and socially to stay in university.
Many studies have shown that the difficulty faced by students in adjusting to a new environment in the university can cause them
to fail before graduation (Gerdes & Mallinckrodt, 1994). As reported by Martin, Swartz, and Madson (1999), students who have
not performed during university studies have a problem adapting to the university’s learning style.

Previous research has identified that the factors contributing to students’ performance were gender (Zuilkowski & Jukes,
2014), parents’ education level (Alarcon & Edwards, 2013), geographical background (Hovdhaugen, 2011), entrance grades of
students (Leonavicius, 2009), and GPA (Bruinsma & Jansen, 2009). Among these, GPA was found to be the most critical factor.
Students with a lower GPA during the early semesters of the study were less likely to perform well compared to students with
higher GPA (Bowers, 2010).

This research determined the efficiency of the Cox model that is commonly used to estimate the performance of students
using the survival analysis method. The Cox model identified that the covariates of GPA, entrance qualification, course, and
faculty affected student performance. The parametric Accelerated Failure Time (AFT) model serves as a basis for future research
in the academic sector. The study can be used to monitor the performance of students in higher education institutions.

2.0 LITERATURE REVIEW

As stated by Morita (2012), survival analysis is a set of statistical techniques that can be used to analyze data where the outcome
variable is the time until the occurrence of an event of interest. Survival analysis is commonly used in medical research
(Narendranathan & Stewart, 1993) and demographical studies to examine the time until some specified event occurs
(Balakrishnan, 1991). The term survival comes from medical research and widely applied in the pharmaceutical sector (Nilsson,
2011). In non-medical contexts, survival analysis is a failure-time analysis, reliability analysis, and event history analysis.
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Cox (1972) proficiently developed the Cox model survival analysis, which derives robust, consistent, and efficient estimates
of the covariate effect. As contended by Cox (1972), the Cox model emerged as the most widely used method in survival analysis.
The Cox model has the assumption of proportional hazard (PH) rate being constant over time. The results of the study lead to
severe bias, wrong inference, or lower power of a test if the PH assumption in the Cox model is not met (Abrahamamowicz,
Mackenzie, & Esdaile, 1996).

Patel, Kay, and Rowell (2006) compared the applications of PH and AFT models. The PH model routinely employed for the
analysis of time-to-event data. If the PH assumption of violated, the result of the PH model would be difficult to generalize to
situations where the length of follow up is different from the one used in the analysis. The study by Swindell (2009) found that
the AFT model is an alternative strategy for the analysis of time-to-event data and suitable for use in a further investigation. The
AFT model provides a closer examination of the data. As mentioned by Nardi and Schemper (2003), the AFT model is more
accessible to interpret and more relevant to the analysis. The AFT model directly analyzed whether the covariates that existed in
the study have prolonged or shortened the survival of students during their studies.

3.0 METHODOLOGY

The study was conducted on 2606 students and used the covariates of GPA, entrance qualification, faculty, and course for each
student. The study used the survival approach to find the time-dependent variables related to student performance. The event of
interest in this study was student failing during their studies with a GPA of less than two. The next term was censored and defined
as censored data when at the end of the study, the student did not face an event and had a GPA of more than or equal to two.
Students who survived during the study were labeled as performers while those who did not obtain a GPA > 2.00 during the
examination considered as non-performers.

3.1 Cox model
The research was carried out using the Cox model. The Cox model is a regression method for survival data. It provides an
estimate of the hazard rate that is always non-negative. Hosmer and Lemeshow (1999) presented the mathematical equation of the
Cox model which can be written as

h(t) = exp{ho(t) + ayx +ayx, + o0+ apxp} (D)
or

logh(t) = ho(t) + a;x; + azx; + -+ apx, 2)
where, (Ht) represents the hazard function within the limited period of ¢ and x4, x,, ...,,, XP are covariates values in the study by
groups.

3.2 Proportional Hazard (PH) assumption

The research was carried out to monitor the capability of fitting a statistical model by testing the PH assumption of the Cox model
using the Schoenfeld’s residuals method. The PH assumption in the Cox model is the hazard rate (HR) is constant over time. The
Schoenfeld’s residuals method was proposed by Schoenfeld (1982) as a partial residual that is essential to the interpretation of
violation of the PH assumption.The Schoenfeld's residuals test was conducted to identify if the PH assumption could be rejected.
The PH assumption is not dismissed for a more significant p-value (> 0.10) while a smaller p-value (<0.10) leads to the rejection
of the PH assumption. If the PH assumption violated, then the study should be furthered with the parametric model (Therneau &
Grambsch, 2000).

3.3 Accelerated Failure Time (AFT) model

Then, the research was carried out using the parametric model. The AFT model is a technique in the parametric model that is used
to incorporate covariates into the survival model. The AFT model differs from the parametric survival model (Exponential,
Weibull model, Log-logistic model, and Log-normal model) since the parametric AFT models (Exponential AFT, Weibull AFT,
Log-logistic AFT, and Log-normal AFT) can analyze multiple covariates in the analysis (Minh, 2014).

The AFT model was generalized to the situation where failure times of the covariate have recorded for each in the study. The
hazard function of the it" individual at time t, h;(t), is given by Collet (2003) as

h(®) = Mo (537) ®)
Where n; = a;xy; + azxy; + - + a,xp,; is the linear component of the model, x;; + x,; + -+ + xy,; Is the covariate value in the
study by groups, p is the failure time, i is the groups of covariates in the study and t is the time of study
The baseline hazard function, h,(t), is the hazard of failure at time t for an individual for whom the values of the covariates,
x;; are all equal to zero. The corresponding survival function for the it" individual, S;(t) is

Si(0) = So{——} “)

exp (n;)
where S, (t) is the baseline survival function.

34 Log-linear form of the AFT model
Collet (2003) stated that the AFT model presupposes that the linear function of the covariates serves as the time logarithm. The
formula has been presented by Collet (2003) as:
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logT; = u+ayxy; + azxy; + -+ apx,; + o€ (5)

Consider a Log-linear model for the random variable, T; associated with the lifetime of the i*" individual in a survival study. In
this model, a4, ay, ..., a, are the unknown coefficients of the explanatory variables x,;, x,;, ... x,;, While u and o are the intercept
and scale parameter, respectively. €; refers to the random variable used to model the deviation of the values of log T; from the
linear part of the model, and ¢; is assumed to have a specific probability distribution. The survival function for the i*" individual,
S;(t) is

Si(®) =P(u+ ayxy; + azxy + -+ apxy, + o€ = logt),

logt—pu—aixqj—azxy;— —QApXpi
=P(Ei2 gt—u 1110-2 2i ppl) (6)

Se,(€) is the survival function of the random variable ¢; in the Log-linear model of Equation (5). The survival function of the ith
individual in Equation (6) can be expressed as

logt—p-— i~ i—— i
Si(t) _ Sei(ogt U—q1Xqj—A2Xo ApXp ) (7)

g

The parametric AFT model was employed in this study to identify the best alternative model to propose in the survey of student
performance. The performance of the parametric AFT model was compared using AIC, BIC, and AIC values to identify the best
model. Then, the time ratio (TR) of student performance following the best model in this study.

4.0 EMPERICAL RESULT
The Cox model was applied to identify the covariates that dominate student performance. The study also investigated the
performance of the Cox model by testing the PH assumption using Schoenfeld’s residuals.
The available covariates included in the study. The selection of covariates broadly depended on the AIC and p-value.
The p-value was measured to keep or remove the covariates from the model. The covariates can be retained in the model when the
p-value is significant at 95% significance level, or p-value is less than 0.05. The results show in Table 1.
Table 1 Covariates selection in the Cox PH model

Covariates in model AlC p-value
GPA + Qualification + GPA 0.0000
Course + Faculty 11304.14 Qualification 0.0000
Course 0.0000
Faculty 0.0398

All covariates are significant at the 95% significance level. AIC values are small when the model has covariates of GPA,
qualification, course, and faculty. Hence, all covariates are significant to included in the Cox model analysis. After the covariates
selection, the Cox model checking conducted by using Schoenfeld's residuals at the significance level of 90%. Figure 1 below
shows that the scaled Schoenfeld's residuals correlated with each other and the separate plots are not around zero. It means there
is a correlation between each covariate of the Cox model and time, which implies that the PH assumption violated. To minimize
the subjectivity of the graphical method, a formal test for checking the covariates tabulated in Table 2.
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Fig 2 Scaled Schoenfeld residuals plots for each covariate versus semester in model fit to the student data.

Table 2 shows that y2 values are large and all the p-values are less than 0.10 at the 90% significance level. Hence, the null
hypothesis rejected. It means there is a correlation between each covariate of the Cox model. Schoenfeld's residuals analysis
shows that the performance of the Cox model is less accurate due to the PH assumption violation. A further study should be
conducted using other survival regression models such as the parametric AFT models.

Table 2 Scaled Schoenfeld’s Residuals of Covariates on the PH.
2

Covariate X p-value
GPA 5.20 0.0225
Qualification 3.23 0.0723
Course 3.11 0.0776
Faculty 3.72 0.0539
All covariates 10.94 0.0273

The study proceeds with the parametric AFT model at 99% significance level. The p-values for all covariates in each model
are 0.0000. This result shows that the Exponential AFT, Weibull AFT, Log-logistic AFT, and Log-normal AFT models fit the
data well with all covariates giving a significant effect to the study.

Table 3 shows the AIC, BIC, and AIC. values for each parametric AFT model. The Log-normal AFT model is the best
parametric AFT model based on the highest Log-likelihood value and smallest values of AIC, BIC, and AlC criteria.

Table 3 Log-likelihood, AIC, AIC., and BIC values for parametric AFT models.

Model Log-likelihood AIC BIC AlCc

Exponential AFT model -2963.3000 5936.6950 5947.8226 5936.6034
Weibull AFT model -2657.2000 5326.4210 5339.8671 5326.4048
Log-normal AFT model -2461.0000 4934.0970 4947.4671 4934.0048
Log-logistic AFT model -2463.4000 4938.7450 4952.2671 4938.8048

Table 4 shows the estimates, TR, and p-values for the Log-normal AFT model. The estimated values of covariates using the
Log-normal AFT model are 0.9059 for GPA, -0.1671 for qualification, 0.0265 for course, and 0.0313 for faculty. These results
show the estimated values of covariates have significant use in determining the survival of Bachelor's degree students in UTHM,
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as the p-value is less than 0.01. For simplicity and ease of interpretation, TR reported. TR is estimated to find out the trend of
covariates affecting the survival time among UTHM students.

In Table 4, the TR for GPA is 2.4741, courses are 1.0268, and faculty is 1.0318. All TR values are more significant than one.
It concluded that GPA, classes, and faculty covariates effected on the increase in survival time among students. The TR for
entrance qualification covariate is 0.8461, which is less than one. It concluded that this covariate an effected on the decrease in
the survival time among undergraduate students in UTHM or this covariate indicates an earlier time to the event occurrence or
failure rate of 84%.

Table 4 The Estimate, Time Ratio (TR), and p-value for the Log-normal AFT model.

Covariate Estimate Time ratio p-value
GPA 0.9059 2.4741 0.0000
Qualification  -0.1671 0.8461 0.0000
Course 0.0265 1.0268 0.0000
Faculty 0.0313 1.0318 0.0000

5.0 DISCUSSION AND CONCLUSION
The most popular method for examining the effect of multiple covariates in the Cox model. The covariates used in this study are
GPA, qualification, course, and faculty. All of the covariates used in this study are significant at the 95% significance level and
are meant to include in this study. After the covariates selection, the Cox model performance checking was conducted using
Schoenfeld's residuals at the significance level of 90%. The analysis found the Cox model was not able to give an accurate result
for the study since the PH assumption analyzed by Schoenfeld's residuals in the Cox model was violated with p-values less than
0.10. As the Cox model result could be invalid, the parametric model analysis was conducted to produce more accurate results.
The performance of the parametric AFT models was compared to identify the best alternative model to propose in the
study on student performance as an alternative to the Cox model. Various parametric AFT models applied in this analysis, namely
the Exponential AFT model, Weibull AFT model, Log-normal AFT model, and Log-logistic AFT model. Results revealed that
the Log-normal AFT model gave the best fit based on the lowest AIC, BIC, and AlIC values. This model comparison suggested
that the Log-normal AFT model is the best alternative model to study students’ performance further.

Although the Cox model with PH assumption has come to the fore in most research in the education field, results of the Log-
normal AFT model have often been more valid and have a minor bias since this model has a better fit due to specific statistical
distribution for the survival time (Zare et al., 2015). The Log-normal AFT model is also a reliable alternative to the Cox
model(Nardi & Schemper, 2003). The Log-normal AFT model offers some benefits that lead to the more efficient estimation of
risk of failure and survival of students than the Cox model used in this study. Since the PH does not follow an assumption is in
the Log-normal AFT model, the model can give some insights to the research on student performance.
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