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ABSTRACT: The goal of this study is to investigate undergraduate students‟ performance using survival analysis.
Kaplan Meier estimator is used to examine the significant differences among the Grade Point Average (GPA) obtained
and identified which parametric survival model gave the best fitted to the data. The entry qualification for student
enrols to degree program at UTHM is matriculation, diploma and Malaysian higher certificate education or STPM. The
Cumulative Point Average (CPA) student for 2010/2011 intake was considered in this study. Akaike Information
Criterion (AIC) and Bayesian Information Criterion (BIC) were used to obtain the best parametric survival model. It
was found that Weibull model was outperformed compare to Kaplan Meier estimator, and STPM students had the
highest cumulative survival probability and performed significantly better than diploma and matriculation.
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I.

INTRODUCTION

Students‟ pre-university academic performance had not being able to predict the academic performances in
undergraduate study at university [1]. The students whose work hard, be responsible and had the strong commitment to
learning during the study had a good potential that can be polished with a proper guided from the academic staff [2]. A
numerous number of studies had carried out in search the factors that affecting students‟ performance in undergraduate
program. The previous result in pre-university did not influence the students result during undergraduate program [3].
This researcher also stated that the students „grade point average (GPA) for every year of study were changing and did
not constant. The students‟ performance obtained by measuring the learning assessment and curriculum [4]. Generally,
most of higher learning institutions in Malaysia used the cumulative grade point average (CGPA) to evaluate students‟
performance. The most of the previous studied mentioned about students‟ achievement during graduation being the
measure of students‟ success [5]. The entry qualification for students to pursue undergraduate program at UTHM are
diploma, matriculation or Malaysian Higher Education Certificate (STPM).
II.

SIGNIFICANT OF THIS SYSTEM

The goal of this study is to investigate undergraduates‟ students‟ performance using survival analysis. The proposed
model based on survival analysis can be used to estimate the students‟ survival and performance. The proposed model
can be used to help the academic staffs in monitoring students‟ achievement and take any earlier action in order to help
students to maintain or improved their performance. The statistical packages used for this research were SPSS and R
package.
III.

LITERITURE REVIEW

The survival analysis primarily applied to the medical field. However, the methods of survival analysis with repeated
events to a longitudinal data set to illustrate the studied on survival and hazard function for several groups of college
students too [6]. Some common term used in survival analysis was censored, survival function and hazard function.
Censoring occurred when a person lost to follow up during the study period and had failed during the study. Survival
function gave the probability that a student performed on specified time, t and a fundamental to a survival analysis.
Hazard function gave the instantaneous potential per unit time for the event occurs given the student had performed to
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time t. The survival analysis applied in an academic sector and used to measure student achievement and determine
whether the categorical variables had different survival time using survival function analysis [7].
Data mining was one of the famous techniques to analyse the students‟ performance and widely used in an educational
area recently [8]. The process is also known as educational data mining, which was a process used to extract useful
information and patterns from a huge educational database [9] and would assist the educator in providing an effective
approach. The data for students GPA were incomplete since had numbers of students were not finish the study and the
students data were lost to follow up until the end of the study. The incomplete data means that the data was censored.
Many of the students tend to drop out of the study before study end means the data was the right censored data. There
was difficulty to handle the censored data. For this situation, survival analysis allowed inclusions of information for
those students who were censored and had incomplete data [10]. The advantage of survival analysis is that to overcome
the difficulty of handling censored observations [11]. The aim of this study is to compare the survival and hazard rate
of students based on the level of qualification used Kaplan Meier estimator and the parametric survival model.
IV.

METHODOLOGY

A. Kaplan-Meier: The Kaplan Meier estimator used to compute and plot survival probability for the Undergraduate
students‟ performance (GPA). Nonparametric approach to estimate the survival function using standard Kaplan Meier
(KM) estimator [12] [13].For the parametric survival model, the three distribution function which was Exponential,
Weibull and Gamma model will use for this study. The best parametric model will be selected based on the minimum
value of the Akaike Information Criterion(AIC) and Bayesian Information Criterion (BIC) and the survival probability
plot as a diagnosed tool to assess whether a parametric distribution fitted to the survival data [14].
The Kaplan-Meier (product limit) method was a special case of the life table technique, in which the series of time
intervals were formed in such a way that only one event occurred in each time interval [16].Suppose that there are n
individuals with observed survival times 𝑡1 , 𝑡2 , 𝑡3 … , 𝑡𝑛 and r was the failure time among the individuals where 𝑟 < 𝑛.
The ordered failure times
𝑡 𝑗 , 𝑗 = 1, 2, … , 𝑟 =𝑡(1) < 𝑡(2) <... < 𝑡(𝑟)

(1)

Let 𝑛𝑗 which 𝑗 = 1,2, … , 𝑟 be the number of individuals who were success just before just before the time 𝑡(𝑗 ) and let
𝑑(𝑗 ) be the number of individuals failed at time 𝑡(𝑗 ) . The probability for an individual failed during the interval 𝑡(𝑗 −1) to
𝑡(𝑗 ) was estimated as

𝑑 (𝑗 )
𝑛 (𝑗 )

. Therefore the corresponding estimated survival probability in that interval was

𝑛 𝑗 − 𝑑 (𝑗 )
𝑛 (𝑗 )

.If

the censored survival times and one or more failure times were same, then in this case it was assumed that the censored
survival time was taken to occur immediately after the failure time. So, the estimated survival function for any time in
the 𝑡 in the 𝑗𝑡 constructed time interval from 𝑡(𝑗 ) to 𝑡(𝑗 +1) , 𝑗 = 1, 2, … , 𝑟 and all the preceding time intervals was led
to the following Kaplan –Meier estimate of the survivor function,
𝑆 𝑡 =

𝑛 𝑗 −𝑑 𝑗
𝑡 ≤𝑡 (𝑗 )

(2)

𝑛𝑗

for 𝑡(𝑗 ) ≤ 𝑡 < 𝑡 𝑗 +1 , 𝑗 = 1, 2, … , 𝑟,𝑆 𝑡 = 1 for 𝑡 < 𝑡 1 , 𝑆 𝑡 = 0 for 𝑡 ≥ 𝑡 𝑟 if 𝑡(𝑟) was the last observation.
It noted that the Kaplan-Meier estimate was unspecified for the largest censored survival time. It was important to note
that the Kaplan-Meier estimator in spite of its simplicity and wide applicability.
B. Exponential model: The first parametric model was the exponential model. This model was characterized by a
constant hazard rate, λ and it was the only parameter in this model. A large value ofλ indicates high risk and short
survival. When the survival time T followed the exponential model with a parameter λ, the probability density
function,𝑓 𝑡 defined as
𝜆 𝑒 −𝜆𝑡
𝑡 ≥ 0, 𝜆 > 0
𝑓 𝑡 =
(3)
0
𝑡 <0
𝑓(𝑡)
and the survival function, 𝑆 𝑡 = 𝑒 −𝜆𝑡 for 𝑡 ≥ 0. The hazard function is define as,  𝑡 =
. Then it can be
𝑆(𝑡)

simplified as,  𝑡 = 𝜆, for 𝑡 ≥ 0 where it will be a constant and independent of t.
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C.Weibull model: The Weibull model was a generalization of the exponential distribution. The model is characterized
by two parameters which are γ and λ where γis the shape and λis scale parameters. The probability density function,
𝑓 𝑡 were respectively
𝛾
𝑓 𝑡 = 𝜆𝛾 (𝜆𝑡)𝛾−1 𝑒 −(𝜆𝑡 ) 𝑡 ≥ 0, 𝛾, 𝜆 > 0
(4)
𝛾
The survival function, 𝑆 𝑡 is define as𝑆 𝑡 = 𝑒 −𝜆(𝑡 ) and the hazard function,  𝑡 = 𝜆𝛾 𝜆𝑡 𝛾 −1 . The survival curve,
𝑙𝑜𝑔𝑒 𝑆 𝑡 = − 𝜆𝑡 𝛾 , if𝛾 = 1, 𝑡𝑒𝑙𝑜𝑔𝑒 𝑆 𝑡 is a straight line. If𝛾 < 1, 𝑙𝑜𝑔𝑒 𝑆 𝑡 decreases very slowly from zero and
then approaches a constant value,if𝛾 > 1, 𝑙𝑜𝑔𝑒 𝑆 𝑡 decreases sharply from zero as the value oft increases.
D. Gamma model: This model described survival patterns that had constant initial hazard rates. The gamma model
was limited used in survival analysis and did not had closed form expressions for survival and hazard functions. Both
included the incomplete gamma integral.
𝐼𝛾 𝑥 =

𝑥 𝛾 −1 −𝑠
𝑒 𝑑𝑠
0 𝑆

(5)

𝛤(𝛾)

Consequently, traditional maximum likelihood estimation was difficult and required the calculation of such incomplete
gamma integrals, which imposed additional numerical problems in parameter estimation. A random variable,X was
gamma distributed with shape parameter, 𝛾 and scale parameter, λ.
𝑓 𝑡 =𝑒

𝜆 𝛾 𝑥 𝛾 −1 𝑒 −𝜆𝑥
𝛤(𝛾)

, where 𝛾, 𝜆 > 0

(6)

If 𝛾 = 1, the gamma distribution was reduced to the exponential distribution.
Then the survival function, 𝑆 𝑡 = 1 − 𝐼𝛾 𝜆𝑥 and the hazard function, 𝑡 =

𝜆 𝛾 𝑥 𝛾 −1 𝑒 −𝜆𝑥
(1−𝐼𝛾 𝜆𝑥 )𝛤(𝛾)

.

The Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC) were used to measure the model
performance. The AIC defined as, 𝐴𝐼𝐶 = −2 ∗ log 𝑙𝑖𝑘𝑒𝑙𝑖𝑜𝑜𝑑 + 2 𝑘 ,where kis the number of parameters included
in the model, k= 1 for the exponential model, k = 2 for the Weibull and Gamma model. The model with smallest value
was termed as the preferred and best fit model [17].
Bayesian Information Criteria (BIC) is defined as, 𝐵𝐼𝐶 = −2 ∗ log 𝑙𝑖𝑘𝑒𝑙𝑖𝑜𝑜𝑑 + 𝑞𝑙𝑛 𝑁 , where q is the number of
covariates in the model, where q = 1 for the exponential model, q = 2 for the Weibull and Gamma and N was the
number of observations in the data set. The model with the smallest values was chosen as the best model.
V. RESULT AND DISCUSSION
A.Kaplan Meier Analysis: The Kaplan Meier result summarizes survival data in terms of the number of events and
the proportion surviving at each event time point. The time referred to the number of semesters enrolled by
undergraduate students. The event from this study was students‟ achievement GPA > 2.0 during degree based on a
number of the semester enrolled by students. Table 1 presents the result for eight semesters of students‟ achievement
study based on qualification.
Table 1: Kaplan Meier comparison result for eight semesters of students‟ achievement study based on qualification
entry
Diploma
Matriculation
STPM
Semester
enrolled

No.
of
risk

1
2

No of
event

Cum.
Survival
probability

No.
of
risk

7464

3

0.9996

7437

12

0.9980

3

7415

2

4

7406

5

7374
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No of
event

Cum.
Survival
probability

No. of
risk

No of
event

Cum.
Survival
probability

7525

0

1.000

2573

0

1.0000

7513

18

0.998

2561

4

0.9984

0.9977

7478

9

0.996

2548

6

0.9961

29

0.9938

7453

15

0.994

2539

4

0.9945

104

0.9798

7422

2

0.994

2531

1

0.9941
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6
7
8

7260
2813
419

4414
2282
330

0.3841
0.0725
0.0154

7417
7410
6783

5
593
6427

0.993
0.914
0.048

2523
2427
2413

92
13
2361

0.9579
0.9527
0.0205

The analysis has been done and it was found that there were 419 remaining diploma students at risk and the proportion
of survival was 0.0154. There are 2413 students at risk and 0.0205 proportions of students survive for STPM, and 6783
students at risk and 0.048 proportions of survival remaining at the end of the study for matriculation. The proportion
survival of STPM and matriculation qualification recorded the highest probability of surviving in all semester students
enrolled except for students enrolled 6 semesters and 8 semesters. Meanwhile, it was found that the proportion of
diploma students survives was the lowest for each semester. The log rank test had a chi-squared distribution, 𝜒 2 with
two degrees of distribution. The 𝜒 2 𝑣𝑎𝑙𝑢𝑒 = 13,542 obtained from the analysis was higher than 𝜒 2 𝛼 =0.05 = 5.991. It
indicated that the qualification entry groups statistically significantly difference in survival. These qualification showed
difference survival time when pursues the degree in UTHM at the significance level 0.05. It concluded that there were
significant difference between STPM, Diploma and Matriculation curve.
B.Parametric survival analysis: Survival estimates obtained from parametric survival models typically yield plots
more consistent with a theoretical survival curve. The advantages of using parametric survival model were the
simplicity and completeness. Table 2 shows the results of parametric survival model based on exponential, Weibull and
gamma models. The AIC and BIC values from Weibull models in Table 2 recorded the minimum values, therefore
Weibull model has been chosen as the more appropriate model to be used in modelling students‟ performance.
Table 2: Result of fitting parametric survival model to the students achievement
Parametric
survival model
Exponential
Model
Weibull Model
Gamma Model

Parameter
λ= 0.13201
γ = 0.1305
λ =0.0945
γ = 49.817
λ = 0.1462

AIC

BIC

Model

101190.60

101198.3735

𝑆 𝑡 = 𝑒 −0.13201

𝑡

43954.70

43970.2469

𝑆 𝑡 = 𝑒 −0.0945 (𝑡

49331.94

49347.4869

𝑆 𝑡 = 1 − 𝐼49.8170 0.1462 𝑥

0.1305 )

Further analysis using Weibull model for each of qualifications entry to identify the survival performance of the
students. Table 3 presents the λ and γ values of Weibull model. It was found that student with STPM and matriculation
more robust or higher survival probability compare to students with diploma qualification.
Table3. The λ and γ values of Weibull model for each qualification
Qualification entry
λ
γ
Diploma
6.7244
0.1060
Matriculation
7.9941
0.0177
STPM
7.9962
0.0172

IV.

CONCLUSION

Kaplan Meier techniques well estimated the survival curve of different qualifications based on the semester enrolled by
the students. The use of nonparametric survival models greatly reduce cost, a number of sample size and time to follow
up which can make the objectives of the study more ethical and achievable. However, this approach cannot be used to
estimate or forecast the students‟ achievement at any time given, t. Furthermore, analysis showed that students‟
performance are significantly different among the qualification entrance to degree programs, namely diploma,
matriculation and STPM respectively. While, by using parametric survival model, factor variable can be considered,
such as status and time variables in analysing of lifetime distributions. The factor variables in this study were students
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qualification entry, time variables in the semester enrolled by the students and status variables were students had grade
point average greater than 2.00 considered success, meanwhile students‟ with grade point average less than 2.00 was
considered failed during his/her study. The advantages of parametric models include simplicity, availability of
likelihood based inference procedures and ease of use of description, comparison, prediction and decision. The most
interesting is parametric model can be used to estimate or forecast students‟ performance at any given time, t.The
distribution of the data also give a significance contribution in modelling process and modelling performance. Further
study should consider or explore other types of distribution that will be more reliable and suitable model.
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