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Abstract 

In recent years, the aging phenomenon is serious, a great negative impact has been 
shown whether from the economic development or the investment and consumption of 
the market . In terms of human life expectancy, the world's average life expectancy was 
72.386 years old in 2017, according to the World Bank database. It is of great practical 
significance to analyze the possible factors affecting human life span and judge how to 
improve human life span from different channels and use different ways in the future, so 
as to alleviate the aging phenomenon. In this paper, the ordered multi-variable discrete 
choice model (ORDER) is used to conduct econometric test on the data of 119 countries 
(regions) in 2017 with Eviews software. The results show that hospital beds had the 
largest and negative influence on life expectancy grade, while GDP per capita had the 
least and positive influence on life expectancy grade. And current health expenditure per 
capita had little effect on life expectancy grade. 
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1. A brief introduction of life expectancy grades in the world 

Data used in this article are from the World Bank WDI database (World Development 
Indicator) .By collecting the data of life expectancy class and its 7 influencing factors(except for 
LIFE) of 119 countries (regions) in 2017, the ordered multi-variable discrete choice model was 
used to fit the data, and then the ranking of factors influencing life expectancy class of 119 
countries (regions) in 2017 was determined. Variables were divided into dependent variables 
and explanatory variables. The dependent variable was a 5-level sequence of influencing factors 
sorted by LD (Life expectancy grade), which were level 5 (long life) -- over 80 years old, level 4 
(medium and long life) -- 76-80 years old,level 3 (medium life) -- 71-75 years old,level 2 
(medium and short life) -- 66-70 years old,level 1 (short life) - under 65 years old. The other 8 
variables are explanatory variables, For LIFE (Life expectancy at birth (year)), GDPP (GDP per 
capita (present price)), HEP (Current health expenditure per capita (present price in dollars)), 
ADR (Age dependency ratio (constituting the percentage of the working-age population in the 
elderly)), BR (Birth rate (thousandth)), HB (Hospital beds (per one thousand people)), PD 
(Population density (population per square kilometre of land area)), PUW (People using at least 
basic drinking water services (percent of the population)). The relationship between the 
dependent variables and the explanatory variables is constructed by establishing the ordered 
multi-variable discrete choice model (ORDER). 

2. Introduction of the ordered multi-variable discrete choice model  

According to the discrete distribution of micro data and the characteristics of the life 
expectancy grade in the order of 5 levels according to age, the econometric model adopted in 
the empirical test in this paper is the ordered multi-variable discrete choice model. There are 
two differences between the ordered multi-variable discrete choice model and ordered binary-
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variable discrete choice model: firstly, the possible results of discrete selection are three or 
more, Secondly, the possible results of discrete selection are of a certain order and superior 
order. The setting of the ordered multi-variable discrete choice model is explained below. 

In the ordered multi-variable discrete choice model, the observed value y as the dependent 
variable has (J+1) (J, j-1,......, 1, 0) to select different results under the sort of situation, its value 
are integers as 0, 1, 2, 3, and so on. when y = 0, says the lowest rank of the results of a selection, 
if you can use the utility to measure the result of 0 indicates the utility or negative utility, and 
so on, when y = 1, 2, 3 or more integers, means sorting gradually increased, In terms of utility, 
that means that you have an outcome with increasing utility, which means that you have 
maximum utility when y goes to J. The general form of ordered multi-variable discrete choice 
model is y* = Xβ+µ, where y* is the latent variable, X is the vector set of explanatory variables, 
βis the parameter to be estimated, and µ is the random disturbance term. 

Compared with the observed value y of the explained variable, the latent variable y* has no 
observed value. As mentioned above, when the value of y can be measured by the utility value, 
y* can be understood as a certain utility value. Dependent variable X is a variety of factors that 
may have influence on the order of the explained variable. It can also be a collection of multiple 
explanatory variables, namely vector. When estimating the multivariate discrete selection 
model, only input the observed values of y and the observed values of each explanatory variable 
X. Therefore, according to the degree to which y* is explained linearly by X, the above rule can 
be expressed by the following expression: 

y=  

Where ui is the extreme value that determines the order of y, which can be any numerical value. 
In the sorting model, the change of y and y* is required to be consistent and corresponding, that 
is, the larger y is, the larger the corresponding y* is. Since y has different values of positive 
integers, we need to figure out the probabilities of different values. 

P(y=0)=Φ(-Xβ) 

P(y=1)=Φ(u1-Xβ)-Φ(-Xβ) 

P(y=2)=Φ(u2-Xβ)-Φ(u1-Xβ) 

. 

. 

. 

P(y=J)=1-Φ(uJ-1-Xβ) 

In the above formula Φ is the probability function of μ. If the Probit model is selected, Φ is the 
standard normal distribution function, if you choose the Logit model, Φ is the logical 
distribution function. For all probabilities to be positive, there must be 0<u1<u2... < uJ-1. 
Therefore, the estimated value of the ordered multi-variable discrete choice model is actually 
the probability of the observed value y over different intervals. The logarithm likelihood 
function below is maximized to get β and u: 

L(β,u)=∑log(P(y=0))+∑log(P(y=1))+∑log(P(y=2))+...+∑log(P(y=J)) 

3. Model parameter estimation results and analysis 

In this part, an ordered multi-variable discrete choice model is used to examine the life 
expectancy of countries. 
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Table 1. Variable names and their meanings 
 name of the variable Meaning (Indicators that define life classes) 

1 LIFE Life expectancy at birth, total (years) 
2 GDPP GDP per capita (current US$) 
3 HEP Current Health ExPenditure per capita (current US$) 
4 ADR Age Dependency Ratio, old (% of working-age population) 
5 BR Birth Rate, crude (per 1,000 people) 
6 HB Hospital Beds (per 1,000 people) 
7 PD Population Density (people per sq. km of land area) 
8 PUW People Using at least basic drinking Water services (% of population) 

 

Table 1 shows the names and meanings of all variables used in the sorting discrete model in 
this paper. They are all factors that may have an impact on the life span of each country, which 
can also be called rating indicators. The explanatory variable used in the model is life 
expectancy grade, which is divided into five levels. From high to low, the measured interval 
range is level 5 (80,+∞), level 4 [76,80], level 3 [71,75], level 2 [66,70] and level 1 (-∞,65] 
respectively. Meanwhile, in order to adapt to the ordering requirements in the model, assign 
the order from high to low to a value from 5 to 1, i.e. level 5 is 5, and so on. 

Using economic econometric software Eviews, we can get different results by assuming the 
error terms as normal distribution (probit) and logical distribution (logit). 

3.1. Assuming that the error term is normally distribution(probit) 

At this time, data analysis with Eviews can get results as shown in Chart 1: 

 

Chart 1. Regression results under the assumption that the error term is 

normally distribution (probit) 
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As can be seen from the chart 1, the Prob. item (adjoint probability) corresponding to HEP 
(Current Health expenditure per capita ) is larger than 0.6, indicating that its explanatory effect 
is not significant, and its corresponding coefficient is also likely to be 0, indicating that it has 
little impact on LD (Life  expectancy grade). When the explanatory variable HEP (Current health 
expenditure per capita ) is removed, a new estimate can be obtained, as shown in Chart 2: 

 

Chart 2. Estimated results after excluding HEP (Current health expenditure per capita ) from 
explanatory variables 

 
 

Therefore, the standard equation can be written according to the estimated results of the new 
sorted multivariate discrete selection model: 

I_LD=5.42 ×10−5  ×GDPP +0.067864 ×ADR -0.072847 ×BR -0.111674 ×HB +0.000607 ×PD 
+0.049323 ×PUW 

LD_1 = @CNORM(1.661482 − I_LD) 

LD_2 = @CNORM(2.834830 − I_LD) − @CNORM(1.661482 − I_LD) 

LD_3 = @CNORM(4.978898 − I_LD) − @CNORM(2.834830 − I_LD) 

LD_4 = @CNORM(7.053539 − I_LD) − @CNORM(4.978898− I_LD) 

LD_5 = 1 − @CNORM(7.053539− I_LD) 

I_LD in the first equation is the implicit variable, which is explained linearly by the explanatory 
variables on the right side of the equation. In the next five equations, CNORM stands for the 
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normal distribution function. The five parameters in the five equations give the points at which 
the normal distribution is divided into five intervals, and the five equations from LD_1 to LD_5 
give the probability distributions of ratings from 1 to 5, respectively. 

Among them, the coefficients of BR (Birth rate) and HB (Hospital beds) are negative, indicating 
that the higher the score of these two variables is, the lower the ranking of LD (Life expectancy 
grade) is, which also indicates that these two variables are not conducive to the improvement 
of life expectancy grade. On the contrary, the higher the scores of GDPP (GDP per capita), ADR 
(Age dependency ratio), PD (Population density) and PUW (People using at least basic drinking 
water services), the higher the ranking of LD (Life expectancy grade), indicating that these two 
variables are conducive to the improvement of life grade. In terms of significance, from high to 
low or influence degree, the ranking of explanatory variables from large to small was 
HB>BR>ADR>PUW>PD>GDPP. Among them, HB (Hospital beds) had the largest and negative 
impact on LD (Life expectancy grade), while GDPP (GDP per capita) had the least positive 
impact on LD (Life expectancy grade). 

3.2. Assuming that the error term is a logical distribution (logit) 

At this time, data analysis with Eviews can get results as shown in Chart 3: 

 

Chart 3. Regression results under assumption that the error term is 

logical distribution (Logit) 
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As can be seen from the chart 3, the Prob item (adjoint probability) corresponding to HEP 
(Current health expenditure per capita) is bigger than 0.9, indicating that its explanatory effect 
is not significant, and its corresponding coefficient is also likely to be 0, indicating that it has 
little impact on LD (life expectancy grade). When the explanatory variable HEP (Current health 
expenditure per capita) is removed, a new estimate can be obtained, as shown in Chart 4: 

 

Chart 4. Estimated results after excluding HEP (Current health expenditure per capita) from 
explanatory variables 

 
 

Therefore, the standard equation can be written according to the estimated results of the new 
sorted multivariate discrete selection model: 

I_LD=9.54 ×10−5  ×GDPP +0.120316 ×ADR -0.130705 ×BR -0.197762 ×HB +0.000992 ×PD 
+0.087296 ×PUW 

LD_1 = @CNORM(2.826074 − I_LD) 

LD_2 = @CNORM(5.021289− I_LD) − @CNORM(2.826074 − I_LD) 

LD_3 = @CNORM(8.731785 − I_LD) − @CNORM(5.021289 − I_LD) 

LD_4 = @CNORM(12.38981 − I_LD) − @CNORM(8.731785− I_LD) 

LD_5 = 1 − @CNORM(12.38981− I_LD) 
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Among them, the coefficients of BR (Birth rate) and HB (Hospital beds) are negative, indicating 
that the higher the score of these two variables is, the lower the order of LD (Life expectancy 
grade) is, which also indicates that these two variables are not conducive to the improvement 
of life expectancy grade. On the contrary, the higher the scores of GDPP (GDP per capita), ADR 
(Age dependency ratio), PD (Population density) and PUW (People using at least basic drinking 
water services), the higher the ranking of LD (Life expectancy grade), indicating that these two 
variables are conducive to the improvement of life grade. In terms of significance, from high to 
low or influence degree, the ranking of explanatory variables from large to small was 
HB>BR>ADR>PUW>PD>GDPP. Among them, HB (Hospital beds) had the largest and negative 
impact on LD (Life expectancy grade), while GDPP (GDP per capita) had the least positive 
impact on LD (Life expectancy grade). The final results and interpretation presented in this 
section are consistent with the situation when the error term is assumed to be normally 
distributed (probit). 

3.3. Comparing the hypothesis error term as normally distribution (probit) 
and logical distribution (logit) 

By comparing the different results of the two error term hypotheses, it is found that in terms of 
the significance of the end value, the minimum value, GDPP (GDP per capita),namely the 
explanatory variable with the least influence on LD (Life expectancy grade), is 0.0000 under the 
two hypotheses, while the maximum value, HB (Hospital beds), is different under the two 
hypotheses. The significance is 0.0736 under the assumption of normally distribution, and 
0.0763 under the assumption of logical distribution. The significance is stronger under the 
assumption of logical distribution. In addition to the end-value, two of the other four 
explanatory variables correspond to greater significance under the normally distribution 
hypothesis. In addition, R2 was compared and it was found that the value of the assumed error 
term of normally distribution (probit) was higher than that of logical distribution (logit). 
Therefore, in general, the model constituted by the assumption that the error term is normally 
distribution (probit) is more suitable for this study. 

3.4. LIFE (Life expectancy at birth) was taken as the explanatory variable 

As can be seen from Chart 5 and Chart 6, when LIFE (Life expectancy at birth) was taken as the 
ranking explanatory variable, the empirical results were consistent with LD (Life expectancy 
grade) was taken as the ranking explanatory variable, the coefficients of BR (Birth rate) and HB 
(Hospital beds) were negative, which also indicated that when the higher the score of these two 
variables , the lower the order of LIFE, the lower the order of LIFE, the lower the order of 
LIFE(Life expectancy at birth). It also suggests that these two variables are not conducive to 
improving life expectancy.In addition, the significance of other variables was observed. When 
the error term was assumed to be normally distribution (probit), the ranking of explanatory 
variables according to their significance was BR>HB>PUW>ADR>PD>HEP>GDPP. When the 
assumed error term is a logical distribution (logit), the ranking of explanatory variables 
according to their significance is HB>BR>PUW>ADR>PD>HEP>GDPP. It can be seen that the 
two hypotheses are the same in the consistency of the minimum end values. BR (Birth rate) and 
HB (Hospital beds) are the most significant, but the ranking of them is different under the two 
hypotheses. Especially when the error term is assumed to be a logical distribution (logit), the 
significance of the two variables is stronger. The HEP (Current health expenditure per capita) 
was the least significant variable except for the minimum under both assumptions, which was 
consistent with the results of the LD (Life expectancy grade) ranking analysis, but the 
significance was better than the previous analysis results, and the maximum Pro value did not 
exceed 0.4. By comparing R2 of the two methods, it is found that the fitting degree is stronger 
when the error term is assumed to be a logical distribution (logit). 
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Chart 5. Regression results when the error term is assumed to be 

normally distribution (probit) 
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Chart 6. Regression results when the error term is assumed to be 

logical distribution (logit) 
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3.5. The LD (Life expectancy grade) is predicted by using the ordered multi-
variable discrete choice model 

On the basis of the above data analysis, the follow-up prediction is made for LD (Life expectancy 
grade) when it is the explained variable. 

 

Chart 7. Prediction results of multivariate choice model 
obs LD LD_1F LD_2F LD_3F LD_4F LD_5F Predicted results 

1 5 0.000000 0.000000 0.000573 0.120202 0.879225 4.878652 
3 5 0.000000 1.18E-06 0.005110 0.307868 0.687021 4.68190936 

29 4 0.000000 6.39E-07 0.003561 0.267287 0.729152 4.72559227 
35 4 0.000131 0.006392 0.363932 0.589498 0.040047 3.662938 
64 3 1.66E-06 0.000247 0.091417 0.681773 0.226562 4.13464866 
96 3 0.009769 0.111782 0.716034 0.161329 0.001087 3.032186 

103 2 0.064078 0.297753 0.602103 0.036014 5.24E-05 2.610211 
107 2 0.039031 0.237158 0.664153 0.059521 0.000137 2.744575 
113 1 0.659994 0.282986 0.056925 9.49E-05 0.000000 1.3971206 
119 1 0.642450 0.294895 0.062541 0.000114 0.000000 1.420319 

 

The result of the multivariate sorting model in Chart 7 is the LD (Life expectancy grade) 
probability distribution obtained after calculating the samples according to the previous 
sorting model with LD (Life expectancy grade) as the explanatory variable, which also reflects 
the corresponding expected prediction. The figure shows a portion of the total 119 samples 
selected by selecting two samples from each of the five life grades. Taking the sample with serial 
number 1 as an example, its original rating was level 5. Through the predicted results, it can be 
seen that the probability of level 1 and level 2 is 0, the probability of level 3 is 0.000573, the 
probability of level 4 is 0.120202, and the probability of level 5 is 0.879225. Therefore, the 
result is 4.878652 after multiplying and adding the probability of each probability level and 
corresponding probability respectively. And so on for the next nine samples. Through the 
prediction, it can be seen that there is a certain deviation between the results given by the 
model and the original LD (Life expectancy grade). The prediction results can help the original 
LD (Life expectancy grade) to continue to adjust, so that the prediction is more accurate. 

4. Conclusion 

By using the ordered multi-variable discrete choice model to test the data, it is found that the 
model composed of the assumed error term of normally distribution (probit) is more suitable 
for this study than that of the assumed error term of logical distribution (logit). In addition, 
according to the significance, from the high to the low influence degree, the order of explanatory 
variables from large to small was HB>BR>ADR>PUW>PD>GDPP. Among them, HB (Hospital 
beds) had the largest and negative influence on LD (Life expectancy grade), while GDPP (GDP 
per capita) had the least and positive influence on LD (Life expectancy grade). And HEP 
(Current health expenditure per capita) had little effect on LD (Life expectancy grade). 
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