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Abstract 

 

Regional Representative Scholarship (BUD) is the acceptance of the 

undergraduate and post graduate students of Bogor Agricultural University (IPB) 

as recommended and funded by the central government, local governments, or 

private companies and institutions. Survival data of BUD students in IPB can be 

categorized as censored data. One of statistical analysis technique that can be used 

to handle the problems of censored data is survival analysis. The main objectives 

of this research are determine the factors that affect the survival of BUD students 

using Cox Proportional Hazard and Weibull Proportional Hazard, and compare 

the average probability of BUD students’ survival who have dropped out in each 

semester with both models. The results showed that the dominant factors that 

affect the survival of BUD students are department, hometown, the average of the 

national exam (UN), senior high school (SMA) accreditation, and the average of 

the report. Cox Proportional Hazard model is good to estimate drop-out rate at the 

beginning of study while Weibull Proportional Hazard model is good to estimate 

drop-out at the end of study.  

 

Keywords: BUD, cox proportional hazard, drop-out, survival analysis, weibull 

proportional hazard 
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1 Introduction 
 

IPB has several admission procedures for new students to enroll in the 

programs of undergraduate as well as post graduate level. One of those is 

Regional Representative Scholarship (BUD), where the students receive funding 

from central government, local governments, or private companies and 

institutions during their study [6]. Based on joint preparation level (TPB) data 

from 2005/2006 to 2010/2011, the percentage of BUD students who drop-out in 

TPB was larger than the students who entered through another ways such as 

Selection Invitation Selection to Enter IPB (USMI) and National Selection for 

State University Entrance (SNMPTN) [5].  

IPB regulation obligates the undergraduate students to finish their study 

within 6 years or 12 semesters [7]. This caused the study period of BUD students 

until the occurrence of drop-out event is quite long, whereas this research has 

limited observation time. As a consequence, the data may not completely 

observed (censored). One of statistical analysis technique that can be used to 

handle the problems of censored data is survival analysis.  

There were some researches about students dropping out in IPB are analyzed 

the students who drop-out from department of statistics in IPB Graduate School 

using regression tree method [4]. The research about BUD students who drop-out 

using SMOTE in CRUISE method [3]. The previous researches of BUD students 

only considered the student status, whether he/she drop-out of the college or not, 

as the response variable.  

This research uses two survival analysis models, those are Cox Proportional 

Hazard and Weibull Proportional Hazard. The main objectives of this research are 

determine the factors that affect the survival of BUD students using Cox 

Proportional Hazard and Weibull Proportional Hazard, and compare the average 

probability of BUD students’ survival who have dropped out in each semester 

with both models. The results of those two models are expected to be 

complementary and can be used as a reference or suggestion for IPB especially 

BUD secretariat to increasing success and preventing the number of educational 

failure in IPB. 

 

2 Literature Review 
 

2.1 Cox Proportional Hazard Model 
Cox Proportional Hazard model is semi-parametric model, because the 

baseline function, h0(t) are a function that is not specified by without noticing 

parametric distribution [2]. In general, Cox Proportional Hazard model can be 

written as:  

hi(ti) = exp (∑ βj
p
j=1 Xj) h0(ti) 

which ti is the ith individual for time until certain events occur, h0(ti) is the 

baseline hazard function, βj is jth individual for parameter of regression coefisien, 

and Xj is jth individual for explanatory variables. 

(1) 
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2.2 Weibull Proportional Hazard Model 

Weibull Proportional Hazard model is a model derived from the Weibull 

distribution. Weibull Proportional Hazard model can be written as: 

 

hi(ti) =  exp (β1 X1i + β2 X2i +… + βp Xpi ) λγti
γ-1 

which γ is the shape parameter and λ is a scale parameter. 

Weibull Proportional Hazard model is a special form of the Weibull model of 

Accelerated Failure Time (AFT) which has the form of a log-linear variable Ti 

associated with survival time to the ith individual: 

 

log Ti = μ + α1X1i+ α2X2i + … + αpXpi + σεi 

which μ is the intercept, σ is scale parameter, dan α1, α2, …, αp is the coefisien of 

explanatory variables, and εi is a random variable with probability distribution or 

other distribution of the Ti [1]. If Weibull Proportional Hazard model is given in 

the form of equation 3, the parameter γ, λ, and β becomes: 

λ =  exp (− μ σ⁄ ),   γ=σ-1 dan  βj=(− αj σ⁄ ) 

 

2.3 Hazard Ratio with Cox and Weibull Proportional Hazard Models 
Hazard ratio (RH) is comparison between a hazard of an individual with other 

individuals of hazard. Hazard ratio can be formulated as: 

 

RĤ = 
ĥ0(t) exp {∑ β̂jXj(m)1

p
j=1 }

ĥ0(t) exp {∑ β̂j Xj(m)0

p
j=1 }

 = exp  {∑ β̂j (Xj(m)1
- Xj(m)0

)
p
i=1 } 

 

which Xj(m)1
is the explanatory variables to j(m) with valuable is one, Xj(m)0

 is is 

the explanatory variables to j(m) with valuable is zero, and m is index that show 

dummy variables of each explanatory variable. 

 

3 Data and Methodology 
 

3.1 Data 

The data that used in this research is data of BUD students of undergraduate 

program in 2008-2011 which obtained from the secretariat BUD, secretariat TPB, 

and the Directorate of Education Administration (Dit AP). The observation period 

is September 2008 to January 2014. The unit of measurement is semester (6 

months). The response variables (Y) used in this research is a survival time of 

BUD students equipped with student data status. The status of student data 

consists of two categories, the first category is uncensored data which is BUD 

students who have drop-out during the study period, while the zero category is the 

censored data of BUD students who still study until the research time is ended that 

means have not drop-out or the BUD student who has graduated before the 

research period is ended. The explanatory variables (X) used in this research is 

gender (X1), study age (X2), department (X3), hometown (X4), father’s education 

(X5), mother’s education (X6), father’s occupation (X7), mother’s occupation (X8),  

(2) 

(3) 

(4) 

(5) 
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parent’s income (X9), school’s status (X10), the average of the UN (X11), sponsors 

(X12), SMA accreditation (X13), the average of the report (X14). 

 

3.2 Methodology  
The steps of this research is as follows: 

1. Perform data exploration. 

2. Form the Cox Proportional Hazard model 

a. Selection of the best Cox models with backward selection. 

b. Testing β parameter simultaneously that use G test and testing partially β 
parameter that use the Wald test [1]. 

c. Examination of the assumption of proportional hazard in the Cox model 

that has been formed with Schoenfeld test [2]. 

3. Form the Weibull Proportional Hazard model  

a. Examination of the distribution of the data by performing a plot between 

the log[-log(Ŝ(t))] with log (t). If the plot is formed form a linear pattern lines so 

the Weibull model can be arranged. 

b. Selection of the best Weibull model with backward selection. 

c. Testing β parameter simultaneously that use G test and testing partially β 

parameter that use Wald test as contained in (2.b). 

d. Examination of the assumption of proportional hazards in the Weibull 

model that has been formed by using a statistical -2 Log L̂ on each variable [1]. 

4. Interpretation hazard ratio value of each variable that affects the Cox 

Proportional Hazard and Weibull Proportional Hazard models. 

5. Comparing the endurance survival of Cox Proportional Hazard and 

Weibull Proportional Hazard models to see the average probability BUD students’ 

survival who have dropped out in each semester.  

 

4 Results and Discussion 
 

4.1 Description of the Data 

The numbers of BUD students that analyzed in this research is 890 students. 

The numbers of students drop-out or uncensored status is 137 students (15.39%), 

while the number of the active students and the students who have graduated from 

the study or the status of censored is 753 students (84.61%). Descriptive analysis 

can provide information about BUD students characteristics based on the 

explanatory variables estimated affected to survival time of the students can be 

seen in Table 1. 

 

Table 1 The distribution of data based on student BUD characteristics 
Variables Category Information Frequency (%) 

Gender 1(X1(1)) 1 Male 42.25% 

Gender 2 (X1(2)) 2 Female 57.75% 

Study age 1 (X2(1)) 1 16-18 65.00% 

Study age 2 (X2(2)) 2 ≥19 35.00% 

Department 1 (X3(1)) 1 Favorit 34.61% 

Department 2 (X3(2)) 2 Unfavorite 65.39% 



Survival analysis of students of BUD (regional representative scholarship)    2803 
 
 

Table 1 (Continued): The distribution of data based on student BUD 

characteristics 
Hometown 1 (X4(1)) 1 Java 31.46% 

Hometown 2 (X4(2))  2 Outside Java 68.54% 

Father’s education 1 (X5(1)) 1 
Elementary, Junior high 

school  
28.65% 

Father’s education 2 (X5(2)) 2 SMA, Bachelor, Diploma 37.41% 

Father’s education 3 (X5(3)) 3 S1, S2, S3 30.34% 

Father’s education 4 (X5(4)) 4 Unknown         3.60% 

Mother’s education 1 (X6(1)) 
1 

Elementary, Junior high 

school  
39.33% 

Mother’s education 2 (X6(2)) 2 SMA, Bachelor, Diploma 40.67% 

Mother’s education 3 (X6(3)) 3 S1, S2, S3 16.29% 

Mother’s education 4 (X6(4)) 4 Unknown 3.71% 

Father’s occupation 1 (X7(1)) 1 Civil servant or Police 25.84% 

Father’s occupation 2 (X7(2)) 2 
Retired civil servant, 

Retiree, Veteran 
8.20% 

Father’s occupation 3 (X7(3)) 3 

Private employees, State 

Owned Legal Entity 

(BUMN) 

18.43% 

Father’s occupation 4 (X7(4)) 4 Self employed, the priest 19.10% 

Father’s occupation 5 (X7(5)) 5 Farmers, fishermen, labour 24.61% 

Father’s occupation 6 (X7(6)) 6 Others  3.82% 

Mother’s occupation 1 (X8(1)) 1 Civil servant or Police 17.98% 

Mother’s occupation 2 (X8(2)) 2 
Retired civil servant, 

Retiree, Veteran 
        4.38% 

Mother’s occupation 3 (X8(3)) 3 Private employees, BUMN        4.16% 

Mother’s occupation 4 (X8(4)) 4 Self employed, the priest 10.22% 

Mother’s occupation 5 (X8(5)) 5 Farmers, fishermen, labour 19.33% 

Mother’s occupation 6 (X8(6)) 6 Housewife 43.93% 

Parent’s income 1 (X9(1)) 1 p < Rp.1.000.000 17.00% 

Parent’s income 2 (X9(2)) 2 
Rp.1.000.000 ≤ p < 

Rp.5.000.000 
46.00% 

Parent’s income 3 (X9(3)) 3 ≥ Rp.5.000.000 27.00% 

Parent’s income 4 (X9(4)) 4 Unknown 10.00% 

School’s status 1 (X10(1)) 1 Public school 64.94% 

School’s status 2 (X10(2)) 2 Private school 35.06% 

The average of the UN 1 (X11(1)) 1 < 80.00 50.56% 

The average of the UN 2 (X11(2)) 2 ≥ 80.00 47.08% 

The average of the UN 3(X11(3)) 3 Unkown  2.36% 

Sponsor 1 (X12(1)) 1 District / City government 39.78% 

Sponsor 2 (X12(2)) 2 
Foundation, Another 

institution, Companies 
25.73% 

Sponsor 3 (X12(3)) 3 
Provincial and Central 

Government 
34.49% 

 

Variables 

 

Category 

 

Information 

 

Frequency (%) 

SMA accreditation 1 (X13(1)) 1 A 60.90% 

SMA accreditation 2 (X13(2)) 2 B 24.94% 

SMA accreditation 3 (X13(3)) 3 C         4.38% 

SMA accreditation 4 (X13(4)) 4 Not been accredited         9.78% 

The average of the report 1(X13(1)) 1 < 80.00 54.49% 

The average of the report 2(X13(2)) 2 ≥ 80.00 45.50% 
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4.2  Cox Proportional Hazard Model 
Statistic of G test on Cox is 152.4202 with p <.0001, it means that at least 

there is one explanatory variable that affect student BUD study period. After done 

the Wald test, the variables that significant at the level of 0.05 are department, 

hometown, father's occupation, the average of the UN, SMA accreditation, and the 

average of the report. The results of the Cox analysis using the backward selection 

method, five variables that significant at the level of 0.05 are department, 

hometown, the average of the UN, SMA accreditation, and the average of the 

report can be presented in Table 2.  

 

Table 2 The results of the analysis of survival with Cox model 

Variables Beta  
Standard 

Error 

Chi-

Square 
df p-value 

Hazard 

Ratio 

Department 2 (X3(2)) 0.4392 0.2064     4.5274 1 0.0334 1.551 

Hometown 2 (X4(2)) 0.8844 0.2765 10.2311 1 0.0014 2.421 

The average of the UN 1 (X11(1)) 0.7062 0.2151 10.7784 1 0.0010 2.026 

The average of the UN 3 (X11(3)) 1.2061 0.4050     8.8707 1 0.0029 3.340 

SMA accreditation 2 (X13(2)) 0.0689 0.2174    0.1005 1 0.7513 1.071 

SMA accreditation 3 (X13(3)) 0.5011 0.3313    2.2871 1 0.1305 1.650 

SMA accreditation 4 (X13(4)) 0.8388 0.2394 12.2738 1 0.0005 2.314 

The average of the report1 (X14(1)) 1.1395 0.2201 26.7040 1 <.0001 3.125 

 

Therefore, Cox Proportional Hazard Model can be written as: 

ĥi(ti) =  exp  (0.4392 X3(2) +  0.8844 X4(2) + 0.7062 X11(1) +  1.2061 X11(3)  

+ 0.0689 X13(2) + 0.5011 X13(3) + 0.8388 X13(4)  

+  1.1395 X14(1))  h0(ti) 

The risk of failure can be interpreted by using the value of hazard ratio. Table 

2 shows that X3(2) variable, the interpretation is BUD students from the unfavorite 

department have the likelihood risk of drop-out is higher than BUD students from 

the favorite department. The likelihood risk of BUD students drop-out from the 

unfavorite department is 1,551 times than the favorite department. Favorite 

department based on TPB data during the last three years is the highest number of 

BUD applicants and also included in nine greatest number of IPB applicant 

consists of nutritional science, agronomy and horticulture, statistic, veterinary, 

agricultural industrial technology, food technology, and agribusiness.  

Examination of the assumption proportional hazards of Cox model is done on 

each the explanatory variables that performed. The test results shown in Table 3. 

 

Tabel 3 The correlation between residual Schoenfeld on each the explanatory 

variables with the variables rating of time drop-out of BUD students 
Variable X3(2) X4(2) X11(1) X11(3) X13(2) X13(3) X13(4) X14(1) 

Pearson Correlation   - 0.053 0.148  - 0.026 - 0.025 0.088 0.019 - 0.154 - 0.066 

P-value   0.536 0.084 0.763 0.775 0.309 0.826   0.072   0.446 

 

Table 3 shows that all categories of the explanatory variables had p-value > 0.05, 

that means the assumption of proportional hazards model of Cox is fulfilled. 



2,01,51,00,50,0

-1

-2

-3

-4

-5

log t

log
[-l

og
(S

(t)
)]

Survival analysis of students of BUD (regional representative scholarship)    2805 

 

 

4.3 Weibull Proportional Hazard Model 

Examination of data distribution can presented in Figure 1. It shows that  a 

linear line between log[-log(Ŝ(t))] with log (t), so Weibull model can be arranged.  

 

 

 

 

 

 

 

Figure 1 Plot log[-log(Ŝ(t))] versus log(t) 

 

Statistic of G test on Weibull is 161.15 with p <.0001, it means that there is 

one explanatory variable that affect student study period of BUD. After done 

Wald test, the variables that significant at the level of 0.05 are department, 

hometown, father's occupation, the average of the UN, sponsors, SMA 

accreditation, and the average of the report. The results of the Weibull analysis 

using the backward selection method, six variables that significant at the level of 

0.05 are department, hometown, father's occupation, the average of the UN, SMA 

accreditation, and the average of the report can be presented in Table 4.  

 

Table 4  The results of the analysis of survival with Weibull model 

Variable Alpha 
Standar

d Error 

Chi-

Square 
df Beta Nilai- p RH 

Intercept (𝜇)    5.3881 0.4304 156.75 1  <.0001  

Department 2 (X3(2))   -  0.4455 0.1871  5.67 1  0.4985 0.0173 1.646 

Hometown 2 (X4(2))   -  0.7178 0.2566  7.82 1  0.8032 0.0052 2.233 

Father’s occupation 2 (X7(2))    0.7297 0.3432  4.52 1  - 0.8165 0.0335 0.442 

Father’s occupation 3 (X7(3))    0.8248 0.3206  6.62 1  - 0.9229 0.0101 0.397 

Father’s occupation 4 (X7(4))    0.4039 0.2521  2.57 1  - 0.4519 0.1091 0.636 

Father’s occupation 5 (X7(5))    0.3689 0.1941  3.61 1  - 0.4128 0.0574 0.662 

Father’s occupation 6 (X7(6))    0.1141 0.3433  0.11 1  - 0.1277 0.7397 0.880 

The average of the UN1 (X11(1))   -  0.5470 0.1997  7.51 1  0.6121 0.0062 1.844 

The average of the UN3 (X11(3))   -  1.0919 0.3768  8.40 1  1.2218 0.0038 3.393 

SMA accreditation 2 (X13(2))   -  0.0421 0.1965  0.05 1  0.0471 0.8304 1.048 

SMA accreditation 3 (X13(3))   -  0.5521 0.2992  3.40 1  0.6178 0.0650 1.855 

SMA accreditation 4 (X13(4))   -  0.8092 0.2243   13.02 1  0.9055 0.0003 2.473 

The average of the report1X14(1)   -  1.0056 0.2107   22.78 1  1.1252 <.0001 3.081 

Scala (𝜎)    0.8937 0.0701  1    

Shape (𝛾)    1.1189 0.0878  1    

 

Therefore, Weibull Proportional Hazard Model can be written as: 

 

ĥi(ti) =  exp  (0.4985 X3(2) + 0.8032 X4(2) − 0.8165 X7(2) − 0.9229 X7(3)

− 0.4519 X7(4) − 0.4128 X7(5) − 0.1277 X7(6) + 0.6121 X11(1)

+ 1.2218 X11(3) + 0.0471 X13(2) + 0.6178 X13(3) + 0.9055 X13(4)

+ 1.1252 X14(1)) (0.00269 ti
0.1189) 
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Interpretation of Weibull model is same as the Cox model. Table 4 shows that 

X7(3) variable, the interpretation is BUD students with his father's occupation as 

private employee and BUMN have the likelihood risk of drop-out is smaller than 

BUD students with his father's occupation as civil servant or police. The 

likelihood risk of BUD students drop-out with his father's occupation as private 

employee and BUMN is 0,397 times than the civil servant or police.  

Examination of the assumption proportional hazards of Weibull model on 

each the explanatory variables that performed. The test results shown in Table 5. 

 

Table 5  The statistical value 2 Log L ̂ in the assumption test of Weibull model 

Peubah X3(2) X4(2) X7(2) X7(3) X7(4) X7(5) X7(6) X11(1) 

-2 Log L ̂ 0.236 0.402 0.004 0.142 0.448 0.024 0.992 0.230 

Nilai-p 0.627 0.526 0.950 0.706 0.503 0.877 0.320 0.632 

Peubah X11(3) X13(2) X13(3) X13(4) X14(1)    

-2 Log L ̂ 0.024 1.124 0.122 0.366 0.288    

Nilai-p 0.877 0.289 0.727 0.545 0.545    

 

Table 5 shows all categories of the explanatory variables had p-value > 0.05 then 

the assumption of proportional hazards model of Weibull is fulfilled. 

 

4.4 The Comparison of Average Probability BUD Students’ Survival who 

have Dropped Out in Each Semester with both Models 
The result of comparison the average probability BUD students’ survival who 

have dropped out in each semester with Cox and Weibull Proportional Hazard 

model can be presented in Table 6.  

 

Table 6  The average probability BUD students’ survival who have dropped out 

Semester 

The average probability  

BUD students’ survival who  

dropped out with Cox model 

The average probability  

BUD students’ survival who  

dropped out with Weibull model 

1 0.97080 0.99998 

2 0.86278 0.99930 

3 0.83545 0.99469 

4 0.77274 0.97751 

5 0.80851 0.93670 

6 0.78473 0.84645 

7 0.56069 0.70733 

8 0.88317 0.39229 

 

Table 6 showed that the average probability of BUD students’ survival who 

have dropped out which yielded by Cox model is smaller than Weibull model at 

the first seven semesters. In contrast, the average probability of BUD students’ 

survival who have dropped out which yielded by Weibull is smaller than the Cox 

model at the eighth semester. Therefore, it can be concluded that Cox Proportional  
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Hazard model is good to estimate drop-out rate at the beginning of study while 

Weibull Proportional Hazard model is good to estimate drop-out at the end of 

study.  

 

5 Conclusion 
 

Factors that affect the survival of BUD students with Cox model are 

department, hometown, the average of the UN, SMA accreditation, and the 

average of the report. While factors that affect the survival of BUD students with 

Weibull model are department, hometown, father's occupation, the average of the 

UN, SMA accreditation, and the average of the report. Cox Proportional Hazard 

model is good to estimate drop-out rate at the beginning of study while Weibull 

Proportional Hazard model is good to estimate drop-out at the end of study.  
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