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ABSTRACT 

This research aims to construct an abridged life table by estimating the probability of death using maximum likelihood 

estimation. This research is a descriptive research with a qualitative approach. The model used is Polya Model. 

Subjects in this research were five students of the Islamic Economics study program at UIN Sulthan Thaha Saifuddin 

Jambi. The Indonesian mortality data used is the Taspen Mortality Table 2012. Based on the constructing result of 

abridged life table using data of the Taspen Mortality Table 2012, the life expectancy for the population aged 0 is 

75.25 years. 
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1. INTRODUCTION 

The high and low level of mortality in a country not 

only affects population growth, but can also be used as a 

barometer of the high and low level of health in that 

country [1]. Lower mortality rate will indicate that a 

society has a good survival rate and higher mortality 

rate will indicate otherwise [2]. Mortality data in a 

country is usually presented in a life table. Basically, 

life table is a hypothetical table that combines various 

mortality rates in different ages into a single statistical 

model [3]. Life table is not only designed to measure 

mortality rates, but can also be used in the health and 

insurance sectors [4]. 

There are four life table models that were developed 

based on the analysis of calculation of death rate in the 

real population. The four models include United Nations 

Model Life Tables, Coale and Demeny Regional Model 

Life Tables, Ledermann’s System of Model Life Tables, 

and Brass Logit Life Table System [5]. Indonesia 

currently is still using the Coale-Demeny Model 

approach, especially Western Model of Coale-Demeny 

Life Table [1]. 

Life table can be constructed into two tabular forms 

i.e. complete life table and abridged life table. Complete 

life table is a table that containing data of death in a 

population which presented in one-year age intervals, 

while abridged life table is a table that containing data 

of death in a population which grouped in five or ten 

age intervals [6]. Cohorts can be assumed started from a 

radix, such as 1,000, 10,000, or 100,000 [7]. 

The model used in this research is Polya Model. The 

stages in Polya Model are (1) understanding the 

problem, (2) planning a solution, (3) solving the 

problem, and (4) checking again [8]. In this research, 

life table that will be constructed is an abridged life 

table. By using Polya Model, students are expected to be 

able to construct an abridged life table based on 

mortality data in Indonesia. 

2. METHOD 

This research is a descriptive research with a 

qualitative approach. The strategy used is exploration of 

processes, activities, and events [9]. Subjects in this 

research were five students of the Islamic Economics 

study program at UIN Sulthan Thaha Saifuddin Jambi. 

In the implementation, by using Polya Model, students 

are given instructions i.e. steps that must be taken for 

constructing an abridged life table. The Indonesian 

mortality data used in this research is the values of 

probability of death in the Taspen Mortality Table 2012 

which is presented in Table 1 [10]. 

 

Advances in Social Science, Education and Humanities Research, volume 656

2nd National Conference on Mathematics Education 2021 (NaCoME 2021)

Copyright © 2022 The Authors. Published by Atlantis Press SARL.
This is an open access article distributed under the CC BY-NC 4.0 license -http://creativecommons.org/licenses/by-nc/4.0/. 147

mailto:hasbi.ramadhan48@gmail.com


 

 

Table 1. The Taspen Mortality Table 2012 

Age (x) TMT 2012 Live life 

Expectancy 

 Age (x) TMT 2012 Live life 

Expectancy 

 Age (x) TMT 

2012 

Live life 

Expectancy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         

 

  

3. RESULT AND DISCUSSION 

Suppose there are 𝑁  independent observations 

𝑋1, 𝑋2, … , 𝑋𝑁  with the probability density function 

𝑓(𝑥; 𝜃) , 𝜃 ∈ Ω . Then the likelihood function for 𝜃  is 

defined as 

𝐿(𝜃; 𝑥) = ∏ 𝑓(𝑥𝑖; 𝜃)𝑁
𝑖=1 , 𝜃 ∈ Ω. (1) 

If likelihood function is differentiable in 𝜃, then the 

value of �̂� is the value that maximizing 𝐿(𝜃) function. 

To make it easier to derive, in most cases, the likelihood 

function is transformed into a log-likelihood function as 

follows 

𝑙(𝜃) = ln 𝐿(𝜃) = ∑ ln 𝑓(𝑥𝑖; 𝜃)𝑁
𝑖=1 , 𝜃 ∈ Ω. (2) 

The value of �̂�  is obtained from solution of equation 

[11] 

𝜕

𝜕𝜃
𝑙(𝜃) = 0. (3) 
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Suppose there are 𝑁  individuals whose mortality 

rate is to be observed in a one year period and assumed 

following the Binomial distribution. If 𝐷 represents the 

number of individuals who death in one year period, 

with assuming that death of each individual to- 𝑖  is 

independent and with same probability i.e. 𝑞, then 

𝐷 = ∑ 𝛿𝑖
𝑁
𝑖=1 , (4) 

where 𝛿𝑖 = 1 if it’s fail (death), 𝛿𝑖 = 0 otherwise (alive). 

Since it is assumed that 𝑃(𝛿𝑖 = 1) = 𝑞 , then the 

probability mass function is [12] 

𝑃(𝐷 = 𝑘) = (𝑁
𝑘

)𝑞𝑘(1 − 𝑞)𝑁−𝑘. (5) 

By using Equation (1) , (2) , and (3)  for Equation 

(5), so the estimator of q-parameter for each interval of 

age (𝑥, 𝑥 + 1] using the maximum likelihood estimator 

is 

𝐿(𝑞𝑥) = ∏ [(𝑁𝑥
𝛿𝑖

) 𝑞𝑥
𝛿𝑖(1 − 𝑞𝑥)𝑁𝑥−𝛿𝑖]

𝑁𝑥
𝑖=1   

↔ 𝑙(𝑞𝑥) = ∑ [ln(𝑁𝑥!) + 𝛿𝑖 ln(𝑞𝑥) + (𝑁𝑥 −
𝑁𝑥
𝑖=1

𝛿𝑖) ln(1 − 𝑞𝑥) − ln(𝛿𝑖!) − ln((𝑁𝑥 − 𝛿𝑖)!)]  

↔ 𝑙′(𝑞𝑥) =
∑ 𝛿𝑖

𝑁𝑥
𝑖=1

𝑞𝑥
−

𝑁𝑥−∑ 𝛿𝑖
𝑁𝑥
𝑖=1

1−𝑞𝑥
= 0  

↔ �̂�𝑥 =
𝐷𝑥

𝑁𝑥
. (6) 

In solving the problems, students are given notations, 

functions, and formulas of life table. The notations and 

functions in life table include 𝑥 which represent the ages 

of the population, then 𝑙𝑥 is number of individuals who 

survive at the exact age of 𝑥 [13]. In this research, the 

radix used was 100,000. The number of death of 

individuals between the age of 𝑥 to 𝑥 + 𝑛 is denoted by 

𝑑𝑥𝑛

  and defined as 

𝑑𝑥𝑛

 = 𝑙𝑥 − 𝑙𝑥+𝑛. (7) 

The probability of survival of individuals of aged 𝑥 

will reach the exact aged 𝑥 + 𝑛 is denoted by 𝑝
𝑥𝑛

  and 

defined as 

𝑝
𝑥𝑛

 =
𝑙𝑥+𝑛

𝑙𝑥

. (8) 

While for special cases, the probability of survival of 

individuals of aged 𝑥 will reach the exact aged 𝑥 + 1 is 

denoted by 𝑝𝑥 and defined as [14] 

𝑝
𝑥

=
𝑙𝑥+1

𝑙𝑥

. (9) 

The probability of survival of individuals aged 0 will 

reach certain aged 𝑥 is denoted by 𝑝
0𝑥

  and defined as 

𝑝
0𝑥

 =
𝑙𝑥

𝑙0

. (10) 

So by using Equation (9), Equation (10) can also be 

expressed as 

𝑝
0𝑥

 =
𝑙1

𝑙0

∙
𝑙2

𝑙1

∙ … ∙
𝑙𝑥

𝑙𝑥−1

= 𝑝
0

∙ 𝑝
1

∙ … ∙ 𝑝
𝑥−1

. (11) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Abridged life table using data of the Taspen 

Mortality Table 2012 with estimator of the probability 

of death using maximum likelihood estimation 

Furthermore, the probability of death of individuals 

aged 𝑥 will die before reaching the exact aged 𝑥 + 𝑛 is 

denoted by 𝑞
𝑥𝑛

  and defined as 

𝑞
𝑥𝑛

 = 1 − 𝑝
𝑥𝑛

 =
𝑑𝑥𝑛

 

𝑙𝑥

. (12) 

The length of time spent by number of individuals 

(𝑙𝑥) in the interval of aged 𝑥 to 𝑥 + 𝑛 is denoted by 𝐿𝑥𝑛

  

and defined as 

𝐿𝑥𝑛

 = ∫ 𝑙𝑥+𝑠 𝑑𝑠
𝑛

0
. (13) 

The remaining total of life time that will be passed by 

number of individuals of the exact aged 𝑥 is denoted by 

𝑇𝑥 and defined as 
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𝑇𝑥 = ∑ 𝐿𝑥+𝑎𝑛𝑛

 𝜔
𝑎=0 . (14) 

Where 𝜔 is the maximum age of the population. Then 

the life expectancy of the population aged 𝑥 is denoted 

by �̇�𝑥 and defined as 

�̇�𝑥 =
𝑇𝑥

𝑙𝑥

. (15) 

Next, the death rate of the population between the 

aged 𝑥 to 𝑥 + 𝑛 is denoted by 𝑚𝑥𝑛

  and defined as [15] 

𝑚𝑥𝑛

 =
𝑑𝑥𝑛
 

𝐿𝑥𝑛
 

 . (16) 

The following is an abridged life table made by 

students based on the Polya Model with estimator of the 

probability of death using the maximum likelihood 

estimation using data of the Taspen Mortality Table 

2012. 

4. CONCLUSION 

Based on Polya Model, students understand how to 

construct an abridged life table based on Indonesian 

mortality data. Based on estimator of the probability of 

death using maximum likelihood estimation, with 

assuming follows the Binomial distribution, we get the 

estimator of the probability of death is the number of 

deaths compared all individuals observed in that period. 

Based on the constructing result of abridged life table 

using data of the Taspen Mortality Table 2012, the life 

expectancy for the population aged 0 is 75.25 years. 

That result is not significantly different from the life 

expectancy of the population aged 0 in the Taspen 

Mortality Table 2012 (in Table 1) i.e. 75.73 years. 
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