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ABSTRACT: Survival analysis methods can be applied to a wide range of data. This study focused on the data of
undergraduate students in UniversitiTun Hussein Onn Malaysia (UTHM). The application of the parametric survival
model can be extrapolated for the purpose of the study were to identify the best parametric model, to propose the best
model for predicting the chance of students to survive and to find out the covariates affect the survival time among
UTHM students. Accelerated Failure Time (AFT) model such as Exponential, Weibull and Lognormal model for right
censored data have been used as an improved method of parametric survival model. This AFT model provided less
value of AIC, AICc and BIC. Accelerated Failure Time models also used to estimate the effects of covariates on
prolonged survival time or associated with a decrease in survival time. The Weibull AFT model found to be the best
model as obtained the least value of AIC, AICc and BIC. Hence, this Weibull AFT model proposed for applied in
predicting the chance of students survives. The result of the parametric AFT model easier to interpret as the covariates
effects was directly expressed in terms of time ratio (TR). The time ratio obtained from the Weibull AFT model was
less than one and it associated the results students obtained for each Semester shorten a survival of students.
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I. INTRODUCTION

The random variable of most interest in survival analysis was time to event data. Survival analysis methods can be
applied to a wide range of data, not just biomedical survival data. Another time to event data can be included such as
length of time students pursue the Degree, the length of a contract, the duration of a policy and time to finishing a
master thesis [1].The survival model based on parametric model was effectively used to achieve the objective. The best
distribution selected bythe lowest value of AIC, AICc and BIC. Then, the best model was chosen to propose as the
model to predict of the survivability of each Degree student in UTHM.

The parametric model focus on general study of survival time. This study focused only status and semester enrolled by
students. Therefore, using this classical parametric model to further the study can be misleading. The other extended
parametric model must be proposed for the modeling of students’ achievement. This new model proposes to
incorporate all of the covariates factor of the Degree students since this covariates had an impact on the survival time.
The covariates exist in this study were GPA and Semester enrolled by each students for every semester from Semester
1 until Semester 8.

1. SIGNIFICANCE OF THE SYSTEM

This study embarks on the following objectives which were to identify the best parametric model, to propose the best
model for predicting the chance of students to survive and to find out the benefit of covariates affect the survival time
among UTHM students.The analysis then aims to identify which the best-fitted survival models. In the survival
analysis, the three models yielded different results. The AIC, AICc and BIC values for each model was compared to
identify the best model that will be propose for prediction the chance for students to survive during the Degree.
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I1l. LITERATURE SURVEY

The two methods that often used to incorporate the effect of covariates on lifetimes of students were based on the
Accelerated Failure Time model and the Proportional hazards (PH) models [2]. The Accelerated Failure Time model
was an attractive alternative to the popular Cox proportional regression model. The accelerated failure time model was
a linear regression model in which the response variable was the logarithm or a known monotone transformation of a
failure time [3]. The proportional hazards model was appropriate when there was a permanent difference between the
groups in the longer term in the context of the follow-up period [4],[5]. The accelerated failure time model was more
appropriate when the group differences were seen over a shorter timeframe [6].

There were some studied the effect of education programs to promote students retention and performance. The
application of the AFT model used for the analysis by others in many contexts including studies of sociology [7],
bladder cancer [8] and cardiovascular disease [9]. However, this research was done to be the first application of AFT
model to study UTHM undergraduates’ students’ performance.

Parametric Accelerated Failure Time model was one such model and most commonly used were Exponential, Weibull
and Lognormal models. The parametric approach offers more in the way of predictions and the AFT formulation allows
the derivation of a time ratio, which more arguably and more interpretable [10]. Furthermore, AFT model was the
technique used to incorporate all of the covariates in the analysis that will increase the robustness of the model and
provided less error in the prediction [11].

IV. METHODOLOGY

The undergraduates’ students’ data were taken from UniversitiTun Hussein Onn Malaysia (UTHM). The data consist of
students who have been pursuing a Degree. Students who were lost to follow up due to other competing causes or with
the incomplete data were excluded from the study. The variable time in the semester is the survival time, which was
measured from the students was diagnosed with GPA more than 2.00 up to time of students end the study. Therefore,
time was considered as the variables of interest. In the analysis, other variables that were considered were faculty,
course and the level of study. Statistical package of R package was used to perform the data analysis.

A. Accelerate Failure Time (Aft) Model with Covariates

The Accelerate Failure Time model (AFT) was the technique that used to incorporate covariate into the survival model.
Thus, the AFT model gave a lot of important information. This AFT model differs with the classical parametric model
(Weibull model, Exponential and Lognormal model) since the AFT model can help to predict the survival time of a
specific student rather than the general population.

The AFT model assumes that,
where@;; is a constant that is specified to the pair of individuals (i, j). This model says that what makes one individual
different from another is the rate at which time.

Let (L;, R;y) be the interval in which T;is being observed, such that Li<T;<R;. If the event does not occur till the end of
study then the patient is said to be right censored, in this case, it assumed that T;can occur in the interval (L; , o), where
L; was the tie period from the beginning of the study until the last semester. Let X = (X;;, Xj,, ... X;,,)" be the values of
p covariates for the i*" patient. Then the log linear form of Accelerated Failure Time model describes a linear
relationship between logarithm of survival time and covariates, as given by[12]
log(Ty) =Y = Bo + PiXis + BaXiz + -+ + Brxuye + 0&;
(T,) = ePot Brxu+Paxipt+hiXikt o&; 2

where §, and o were intercept and scale parameters respectively and &; assumed to have some distribution

(Exponential, Weibull and Lognormal). This transformation leads to the Exponential, Weibull or Lognormal AFT

models for T;[13].
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B.Maximum Likelihood estimation

Suppose that Y; = log(T;), then the density function of Y; given by (@) ) , where (w = W) Here assume that
X;; = 1for all i. Then the likelihood function for the set of observed intervals {(L;,R;], X;,i = 1,2 ...n} can be written
as:

L68,0) = s [(“22)] fst) — SCwe) =21 @
where:
(logL; — X{B) _ (logR; — Xip

Wi = ————,Wp =
¢ o ’ o

Sw) = [, f(s) ds 4)
And the 6; defined as:
1 if Li = R;
é‘. — i i
: {0 otherwise
The function f(w) and S(w) denote the probability density and survival functions of the error variable w in model 2,

respectively. The estimates can be obtained by maximizing the likelihood equation (3) with respect to fand a. A
complete description of the procedure is given [14] [15].

Results obtained from AFT models can be summarized in the exponentiated form as time ratio, TR = exp(f)) unlike
Cox model hazard ratio. Thus TR > 1, indicates prolonged survival time and TR < 1, associated with a decrease in
survival time.

C. Model comparison

In order to select best fit model, the Goodness of fit test were used. The AIC provides a practical and versatile way to
identify a parsimonious model from a set ofcompeting models, by adding a penalty term proportional to the number of
parameters in the model. This penalty term guards against over fitting. The AIC wasdefined as:

AIC = =2 * Log — likelihood + 2(p + k) (5)
where, p was the number of covariates in the model, k = 1 for exponential and k = 2 for Weibull, and Lognormal
models. The model with smaller AIC value was termed as the best model. The AIC penalizes the number of parameters
less strongly than the BIC [16]. BIC is defined as:

BIC = =2 * Log — likelihood + p.log(n) (6)
where, p represents the number of covariates in the model and n represents the number data points. The main advantage
of the BIC approximation is that it includes the BIC penalty for the number of parameters being estimated. The model
with smallest BIC values chose as the best model. The corrected AlCc also assess the model fit.

The lowest value of AlCc indicated the best fitted model. The AlCc formula defined as:

AIC, = =2 xlog(likelihood) + 2(k) + 2(k)(k + 1)/ (n—k — 1) (7
wherek is the number of estimated parameters in the model and n is the dataset. This value can be used to compare
various models for the best fitting model. The model had the smallest value, preferred as the best model.

V. EXPERIMENTAL RESULTS
Parametric survival models possess some advantages such as utilization of full likelihood to estimate the parameters,
and providing estimates in terms of survival. In theories, classical parametric models overcome the deficiencies of
Kaplan Meier and the Cox methods[17]. These classical parametric models allowed easy computational of AIC, AlCc
and BIC regardless of any factor. The result of selected the best classical parametric model was presented in Table 1.

Table 1: Log-likelihood, AIC, AICc and BIC for classical parametric models

Model Log-Likelihood AIC AlCc BIC
Exponential -50594.3000 101190.6000 101190.60002  101198.3735
Weibull -21975.3500 43954.7000 43954.7007 43970.2469
Lognormal -25479.9000 50963.88 50963.88 509579.4
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From the result obtained, this indicates that Weibull model was the best model to fit the data. The classical parametric
model able to provide smooth and analysis of survivor. However, this classical model hardly used in the research
because of the simple answer and the major problem with classical parametric models was simply lack of fit because of
limited flexibility with higher values obtained through AIC, AlCc and BIC.

Parametric Accelerated Failure Time models developed through extended of the classical parametric model to provide
the real step forward. This parametric AFT model retains the theoretical strengths of the classical parametric model and
overcome the limited flexibility of the classical parametric model through incorporating all of the covariates in the
model.

Table 2: Log-likelihood, AIC, AICc and BIC for parametric models with covariates

Model Log-Likelihood AIC AlCc BIC

Exponential AFT -50298.9 100621.0000 100621.8178 100644.4903
Weibull AFT -14569.0 29164.0000 29164.0207 29184.6903
Lognormal AFT -18807.8 37641.6000 37641.6207 37662.2903

The AIC, AICc and BIC values of Weibull AFT model in Table 2 found to be smaller than the classical parametric
model, hence it suggests that the Weibull AFT model could be the best model for study on student achievement. A
large values of AIC, AICc and BIC obtained by Exponential AFT. It showed that this model was the least efficient.
From this analysis, it found that the Weibull AFT model provides the best fit to the data.

A. Comparative Result

Table 3: The comparison AIC, AlCc and BIC values obtained by the best classical parametric model and the best
parametric AFT model.From this result, it summarized that, the classical parametric model estimates the general
students’ survival time. From the classical model, most questions about the general Degree students can be answered.
But, the Weibull Accelerated Failure Time model gave a lot of information from it focused on every covariates
included in this model. The covariates included in the model was semester students pursued the Degree which Semester
1 until Semester 8 and GPA. The covariates existed in the analysis using Parametric Accelerated Failure Time model
increase the efficiency of the model through lower values of AIC, AICc and BIC obtained. Hence it suggested that the
Weibull AFT model could be the best model for the further study.

Table 3: The values of AIC, AlCc and BIC for Weibull and Weibull AFT models

Model Weibull model ~ Weibull AFT model
Log-Likelihood -21975.35 -14569.00
AIC 43954.700 29164.00
AlCc 43954.701 29164.02
BIC 43970.247 29184.69

The time ratio helps the management to determine the benefits of the covariates exist whether increasing or increasing
the survival time. Hence, time ratio was estimate to find out the trend of covariates affect the survival time among
UTHM students. For the sake of simplicity and ease of interpretation, the exponentiated regression coefficients
(exp(B,)) called time ratio (TR) was recommended to report. In the AFT model, the TR is recommended to report,
whereas a hazard ratio (HR) was reported in proportional hazard models. TR > 1 for covariates implies that prolongs
the survival time and TR < 1 for covariates decrease the survival time.Table 4 showed the coefficients and Time Ratio
(TR) for the Weibull AFT models. The covariates which were Semester 1 until Semester 8 and GPA were found to be
statistical significant factors for the survival of undergraduate students in UTHM.
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Table 4: The parameter estimated for Accelerated Failure Time (AFT) model

Parameters B Std. Error  Time Ratio (TR)  p-value
Intercept 2.434 0.00422 11.3997 0.0000
Sem_1 -0.373 0.00284 0.6887 0.0000
Sem_2 -0.369 0.00285 0.6916 0.0000
Sem_3 -0.370 0.00285 0.6908 0.0000
Sem_4 -0.373 0.00285 0.6888 0.0000
Sem_5 -0.381 0.00287 0.6829 0.0000
Sem_6 -0.373 0.00287 0.6886 0.0000
Sem_7 -0.351 0.00306 0.7041 0.0000
Sem_8 -0.339 0.00012 0.7122 0.0000
GPA -0.046 0.00109 0.9550 0.0000
Log (scale) -2.677 0.00583

Scale 0.068877

Shape 14.54075

For all of the Semester variables, the TR < 1 indicated that when these covariates 1 unit change shorten survival times
compared to the baseline survival. It can be seen that 1 unit changes in Semester 1 shortens survival times by 0.6887
which is 68.87%, 1 unit changes in Semester 2 shortens survival times by 69.16%. The interpretation of TR for other
covariates can also be made in similar fashion referred to the Table 4. From the result obtained, on semester 8, 1 unit
changes shortens survival times by 71.22%. The 1 unit changes shorter survival time with the highest percentage and it
means that on semester 8, students had a better result compared to the other semester.

B. Discussion

Published studied in the field of survival analysis were often interested in the Cox proportional hazard model instead of
parametric survival models. However, in the analysis of students’ achievement, it found that many previous studied
focused on the data mining and lack of studies using survival model. As mentioned earlier, the main objective of this
study was to obtain a survival model for undergraduate students in UTHM. In particular, two methods were applied to
the analysis, namely classical parametric survival model and Parametric Accelerated Failure Time model.

The advantages of using parametric survival model were the simplicity and completeness. For parametric survival
models, times were assumed to follow some distributions whose probability density function can be expressed in terms
of unknown parameters. Once a probability density function was specified for survival time, the corresponding survival
functions can be determined. Since there were several parametric survival models, the model that gave a good fitted
data will choose to further the study. However, parametric survival model cannot obtain an estimated coefficient of the
categorical variables effect [18].

Finally, parametric accelerated failure time model was presented as an alternative and have many situations where the

AFT model provides the best description of data than Cox PH model [19]. The findings suggest that the semester
students enrolled from semester 1 until semester 8 and GPA obtained were statistically significant (p<0.0000). The
analysis conducted using classical parametric models such as Exponential model, Weibull model and Lognormal model.
These models were conducted from the survival times of all students, regardless of any factor. These classical
parametric models focused only on the time variables which were semester enrolled by students and status variables
which were either students GPA > 2.00 or GPA < 2.00.

Among the result obtained, the classical Weibull model was identified to provide the best fit and among the parametric
AFT model, the Weibull AFT model found to provide the best fit. In order to identify the best model to be selected, the
values of AIC, AlICc and BIC obtained by the classical Weibull model and the Weibull AFT model was compared. The
result can clearly see in Table 3.The Weibull AFT model provides the model with sufficient flexibility to adequate fit
real data with values of AIC = 29164.00, AlCc = 29164.020 and BIC = 29184.69 lower than the classical Weibull
model with AIC = 43954.7, AlCc = 43954.701 and BIC = 43970.247. Model comparison using the goodness of fit
showed the improvement of model fit when switch from classical parametric model to the parametric AFT model. On
the basis of log-likelihood, AIC, AlCc and BIC, the Weibull AFT model was the best fitted model.
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VI. CONCLUSION AND FUTURE WORK

The estimate parameter of the Weibull Accelerated Failure Time (AFT) model was by applying the maximum
likelihood estimation [20]. Since the prediction using the classical Weibull model can be misleading, the final choice of
the model to predict students’ performance depends on building model with covariates which Weibull Accelerated
Failure Time model and assesses the goodness of fit through Akaike Information Criterion, Akaike Information
Criterion Corrected and Bayesian Information Criterion [21].

The AFT model used to incorporated covariates into the survival model. AFT model was a failure time model which
used for the analysis of time to event data. The model works to measure the effect of covariate to accelerate or to
decelerate survival time. From this study, the time ratio obtained from each semester using Weibull AFT model shorten
a survival time of each students. Because of that, an initiative should be taken to improve students’ performance during
the Degree.

The Parametric AFT models would be the best model of survival time was recognized to see the effect of each semester
in survival time of the Degree students. On the basis of log-likelihood and Goodness of fit test, the conclusion was the
data adequately fitted by the Weibull AFT model as AIC, AICc and BIC of this model less than the Weibull model.
The Weibull AFT model suggests that the presence of covariates which Semester 1 until Semester 8 and GPA showed
considerable association with survival time in the models. The result ofthe AFT models were easier and more reliable
to interpret not only for students, but also as a reference for the management on the appropriate explanation of survival
data.
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