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Causal reasoning method of influence
factors based on degree correlation

variable impact analysis

SIYUN XU"?, XIAOYUAN ZHANG'

Abstract. The preferential tax policy of commercial health insurance is a kind of financial
means through which the State motivates residents to participate in commercial health insurance
through the transfer of government tax revenue. However, as the motivation effects and tax costs
produced by various preferential tax modes are different, the selection of preferential tax mode
becomes the major problem for policy implementation due to the influence of the both. In the
Thesis, an empirical analysis methods based on the influence of preferential tax policy on commer-
cial health insurance is proposed. It is based on the linear discriminant regression of the generalized
income tax rate function to realize the empirical analysis of the influence on commercial health in-
surance through the relation between the test sample for subspace classifier measurement and single
classification. The experimental results verify the effectiveness of the algorithm.

Key words. Commercial health insurance, Empirical analysis, Linear discriminant regression,
Subspace classification, Preferential tax

1. Introduction

The reform of commercial health security is an important arrangement to realize
social equity, improve people’s welfare level and realize sustainable development
of various countries in the world. No matter the developed capitalist countries
such as the United Sates, the United Kingdom, or developing socialist countries
as China have started drastic reform of the commercial health security system in
recent years, in which the commercial health insurance reform as an important link to
improve the security system is the key to the success or failure in commercial health
security reform of various countries. The commercial health insurance system mainly
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includes two aspects: firstly, the social and commercial health security organized by
the government depending on compulsory forces; secondly, the commercial health
insurance spontaneously formed by market mechanism. From the perspective of the
current reform practice of the commercial health security of various countries, the
both are mutually complemented and they are the indispensable security for the
health of residents.

Since 1980s when China launched commercial health insurance, it is still at pri-
mary stage even after more than 20 years of development. In 2009, the premium
income of health insurance of our country was 57.4 billion yuan accounting for about
700 of the premium income of life insurance in the insurance market, far below 30%
of the standard of mature insurance market (Zhu Minglai et al, 2009). At present,
nearly one hundred insurance companies throughout the country sale more than
1500 kinds of health insurance products. However, the product type is single which
is mainly focused on commercial health insurance and disease insurance such as se-
rious disease quota payment insurance, hospitalization expense compensation insur-
ance for commercial health security and hospitalization allowance, rarely involving
such types of insurance as nursing insurance, comprehensive insurance and insurance
for income loss due to disability. The interregional development of health insurance
market is very unbalanced and regions of which the premium income of health insur-
ance ranks top 10 (such as Beijing, Guangdong, Shanghai and etc.) occupy 60.1%
of market shares. In accordance with the 4th national health services survey, only
6.9% urban and rural residents purchased commercial health insurance in 2008.

Since 2003, the government of China has began to vigorously promote commercial
health security reform in rural areas to establish new rural cooperation commercial
health security system (hereinafter referred to as NCMS) and firstly carry out pi-
lot projects in 304 counties of 31 provinces and cities, expanding to 620 counties
in 2005 and basically covering all counties at the end of 2010. In urban areas, the
government of China established the basic commercial health insurance for urban
employees in 1998 and carried out the pilot work of the basic commercial health
insurance for urban residents (hereinafter referred to as BCHIUR) in 79 urban ar-
eas in 2007 and comprehensively launched it in 2010. So far, the basic commercial
health security system covering urban and rural residents of China has been formed
basically. However, the main objective of NCMS and BCHIUR is to provide conve-
nient and low-cost basic commercial health security service for residents. Therefore,
for the system design, it can not provide complete commercial health security for
all residents. In April 2009, the State Council published the Opinions on Deepening
the Reform of Medical and Health System which clearly put forward that the basic
commercial health security system shall be supplemented by the diversified basic
commercial health security assistance and commercial health insurance to meet the
multi-level commercial health security demands. Then, in the construction of the
multi-level commercial health security system, how the commercial health insurance
can give full play to the important supplementary role for the basic commercial
health security? The overseas researches show that the role and function of com-
mercial health insurance depend on multiple factors such as the economy, society
and system of a country. It is a pity that under the general background of com-
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mercial health security reform in China, empirical researches on commercial health
insurance of China at home and abroad are very limited..

For this purpose, in the Thesis, the purchasing behavior model of commercial
health insurance for residents is established through the behavior analysis of the
Supplier and Purchaser in the health insurance market. The following is discussed
from the empirical point of view by using the data from China Health and Nu-
trition Survey and econometrics analysis method: what are the macro and micro
factors influencing the purchasing behavior of commercial health insurance for ur-
ban and rural residents in China? Especially, how serious is the influence on the
health condition of residents? As the insurance company in the insurance market
will refuse demanders with high health risk for the profit maximization, the influ-
ence of residents’ health on the purchasing behavior of commercial health insurance
include two decision-making processes—the potential demand decision-making of
residents for commercial health insurance and supply decision-making of insurance
company. In the Thesis, the empirical analysis of influence of preferential tax policy
on commercial health insurance is conducted and the empirical analysis of influence
on decision-making through the method of linear discriminant regression subspace
classification is also realized.

2. Measurement model and data description
2.1. Basic assumption

Total personal income (I) deducting various social insurance premiums (S) and
individual income tax (") plus government subsidies (B) is the actual current per-
sonal income. The various social insurance premiums (5) plus individual income tax
(T") minus government subsidies (B) can be defined a kind of generalized income tax
(TT), as follows:

TH=S+T-B. (1)

The preferential tax policy mentioned in the Thesis is also the preferential pol-
icy carried out by this kind of generalized income tax. The rate of various social
insurance premiums is a fixed proportion (\); the individual income tax rate (t) is
progressive by sections for total personal income (I) and the government subsidy
rate (b) is regressive by sections for total personal income (7). For simplification, we
set them respectively as follows:

S
T ! "
t:7:t(1)’t(l)>0’t (I)<o0 (3)
B
b= =b(D),V' (1) <0,b"(I) 20 (4)
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The ratio of generalized income tax (T") in total personal income (I) can be
defined as individual income tax rate (¢1), then:

LT gt
£ = - = A+ 1) = b(D) = (1), (5)

Here, the generalized individual income tax rate (t7) is the increasing function
of income I and marginal tax rate is regressive, as follows:

(1) > 0,67 (1) <0. (6)

Assume that the premium which can be drawn before taxes for the individual to
purchase commercial health insurance is F', the preferential tax obtained is:

TD=t"(I) 1 —t"(I—F)-(I-F). (7)

As shown in Fig.1, dash area represents the preferential tax enjoyed for the
individual to purchase commercial health insurance.

A
¢

L I-F I I
Fig. 1. Schematic diagram for the function of generalized income tax rate and

construction of preferential tax

The preferential tax mainly consists of three parts as a whole: part 1 is the
preferential tax brought about by constant tax rate and reduction of tax amount
payable and it can be expressed as follows:

TDpic =tT(I)-F. (8)

Part 2 is the preferential tax brought about by constant tax amount payable and
reduction of tax rate and it can be expressed as follows:

TDarc = [tH(I) —tT(I - F)] 1. 9)

In addition, the losses caused by a part of preferential tax shall be excluded and it
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can be expressed as follows:
TD.=[tT(I)—t"(I-F)]-(I-F). (10)

Therefore, the overall preferential tax (Formula (7)) can be further expressed as
follows:

TD =TDp.c+TDasc —TD,

=tT() - F+[t"(I)—t"(I-F)]-I-[t () -ttI-F)-(I-F). (11)
Influence of preferential tax on individual to purchase commercial health insur-
ance is mainly influenced by the above three main effects. Hereby, we propose the
following fundamental assumption: fundamental assumption one (overall effect): the
more preferential tax is, the stronger individual purchase intension of commercial
insurance will be; fundamental assumption two (tax base effect): the tax rate is in-
variant, the more preferential tax by decline of tax amount payable is, the stronger
individual purchase intension of commercial insurance will be; fundamental assump-
tion three (tax rate effect): the tax amount payable is invariant, the more preferential
tax by decline of tax rate is, the stronger individual purchase intension of commercial
insurance will be; fundamental assumption four (tax loss effect): the less preferential
tax loss is, the stronger individual purchase intension of commercial insurance will

be.
2.2. Econometric model

Then establish econometric model. We establish Probit model for purchase in-
tention of commercial health insurance:

Prob(q; = 1) = constant + ST D; + 0'H; +~'Z; + u; . (12)

In the formula, the T'D; means the preferential tax that can be gained by indi-
vidual from purchasing commercial health insurance. Its coefficient 8 > 0 represents
the total effect of preferential tax is positive. For the convenience of calculating, it is
necessary to make some simplifying assumptions due to limited data. The function
of effect of tax base is built as follow:

TDgyic = ajlncome® - Premium . (13)

TDA+C _ a2b—1ncome ) (14)

Where, the Income is personal income, the Premium is the health insurance fee
for enjoying the preferential tax, the a;>1 means the positive effect of tax base, the
« is the exogenous constant and 0 < « < 1. The function of effect of tax rate is
built as follow:

Where, the as > 0 means the positive effect of tax rate, the b is the exogenous
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constant and b > 1. The function of effect of tax lost is built as follow:
TD¢ = azPremium. (15)

Where, the a3<0 means the negative effect of tax lost. So the function of overall
effect of preferential tax is built as follow:

TD = a;Income” - Premium + ayb ™™™ 4 azPremium . (16)

We can substitute the formula (16) into the formula (20) to regress the neural
network directly, and the symbol of each variation coeflicient is consistent with the
coefficient a; (j = 1,2, 3) of matching effect function due to 8 > 0.

Two sets of control variable will be selected in model, including main variables
as follows:

1. Variables of personal health status, including the number of outpatient visits,
the number of hospitalizations, whether suffering from particular diseases or not and
whether suffering from major diseases or not, etc. The worse the personal health
status is, the greater requirements for health insurance become and the stronger the
willingness to purchase health insurance is.

2. The categories of basic commercial health security and insurance, include basic
commercial health security and insurance for urban employees, basic commercial
health security and insurance for urban residents, commercial health security of new
rural cooperation, commercial health security with public expense and insurance for
failure to participate in any basic commercial health security. Different types of
basic medical insurance are different in the categories and the level of the assurance,
the individual who participating in different types of basic health insurance will have
different needs for health insurance.

3. The reimbursement conditions of commercial health insurance expenses and
basic medical insurance, include outpatient expenses, outpatient reimbursement,
hospitalization expenses and hospitalization reimbursement. In general, the higher
the commercial health insurance expenses is, the lower the basic medical insurance
reimbursement is, and the stronger the individual have a willingness to purchase
health insurance become.

4. The subjective evaluation to the basic medical insurance, including the three
major directories, designated hospital services, etc. The places where exist low
satisfaction of the basic medical insurance exactly are the development direction of
the supplementary insurance, so the satisfaction of the basic medical insurance is
negatively related to the purchase willingness of commercial health insurance.

5. The arrangement of the commercial health insurance expenses at one’s own
expense, that is, the position of commercial health insurance in a number of alterna-
tive ways, and other alternative ways include precautionary savings, borrow money
from relatives and friends, etc. The more front position of commercial health insur-
ance is, which represents the more recognized to the function of the individual, and
the stronger the purchase willingness become.

6. Acknowledgement to the function of commercial health insurance. The pre-
vious use and awareness condition of commercial health insurance also affect the
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willingness of individuals to buy commercial health insurance again. Another set of
control variables is the individual’s basic situation, including gender, age, income,
marital status, occupation, education level, etc, which is expressed by a vector Z;.
Among which, whereas the health risk of middle-aged and middle-income people
is more prominent, and the willingness to purchase commercial health insurance is
more intense, so the square of variables, age and income will be added to the mea-
surement model. Generally, as the main source of income for the family, male has
stronger demands for health insurance than female. Marital status, employment
status, education level and other variables as the representative indicators of per-
sonal stability preferences indicate that individuals will have the greater willingness
to purchase the health insurance if they have higher risk aversion and the stronger
ability to identify.

3. Linear discriminant regression subspace classification
3.1. Linear discriminant regression

Supposed that there are N objects, including p; training sample from the class

i 1 =1,2,..., N, project the sample on the insurance data space, and matrix W

contains all eigenvectors from N objects, that is W = [Wy,.., W;, ... Wy]. In

order to the specific model of applied regression analysis estimation, constitute all

involved class member column vector w; ; into a set, therefore, for the class ¢, there
is as follow:

W; = [wiyl,...,wi’j,...,wi,m—] ERLX;DZ. (17)

In the above formula, each vector is the column vector with the size of L x 1,
and in the training period, class i is expressed by vector space Wj, which is called
the predictor of each vector. If y belongs to class ¢, it can be expressed by a linear
combination of training sample of class ¢, the definition is as follow:

y=W;B8;+e, i=1,2,...,N. (18)

In the above formula, 8; € RP*! is the vector of regression parameter, 3; is an
error vector and the mean of its independent identically distributed random variable
is zero. The goal of linear regression is to find 8; to minimize the residual error.

The linear regression is explored on the basis of minimum distance between source
vector and projected vector, if the source vector belongs to subspace of class ¢, the
predictor vector y; will be nearest to source vector. The calculation of Euclidean
distance between source vector and predictor vector can be identified as i*, that is
as follow:

i* =argmin||y; —y|l,i=1,2,...,N. (19)
K3
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3.2. Nearest subspace classifier

After the selection of characteristic space, the next step is to correctly classify
the new test samples. The Nearest Subspace(Nearest Subspace, NS)Classifier [10]
is the most important branch in non-parametric algorithm, but NN Classifier is the
most simple and feasible identification method for insurance data, NS needs to find
the training samples that have the nearest distance between test samples and all
prototype samples, then confirm the class label of test samples.

Firstly, a usual script description of insurance data identification shall be given,
and given N different classes, class ¢, ¢ = 1,2,...,N has p; pieces of prototype
samples, and each prototype sample in the characteristic space represents a vector
az(-m) € R?*1 in which m = 1,2, ..., p; and ¢ are the dimesionality of the characteristic
space. Then, array the vectors of prototype samples of one class, to build a class-
relying subspace model:

A; = aa? - a?). (20)

?

Assumed that y is the point of characteristic samples that has no been labeled
in characteristic space, then calculate the distance between y and subspace A;, that
is difference of y from class ¢ and predictor vector ;:

di = lly = Gilly - (21)
In the above formula, §; is given by simple least square estimation as follow:
9i = A(AT A) T ATy (22)

In the above formula, AT A; shall be constrained. Finally, classify y until the class
with the nearest distance d;. However, NFC algorithm only takes the expression
within the abilities of this sole class into account when measuring the test samples
and the relationship between classes, but neglects that other classes also can express
test samples.

4. Empirical analysis

The introduction of the concept of tax elasticity is mainly to observe the in-
come with tax preferential policy and the effects with commercial health insurance
changes that caused by tax rate changes, compare all modes of preferential tax ac-
cording to the degree of sensitivity. When analyzing the elasticity, which will be
usually divided into five kinds according to the degree of sensitivity, including per-
fect elasticity (elastic value is infinite), perfect inelasticity (elastic value is 0), unit
elasticity (elastic value is 1), elasticity (elastic value is between 1 and infinity) and
lack of elasticity (elastic value is between 1 and 0). Based on the above formulas
and assumed conditions, the following will calculate and analyze the utility elasticity
and the tax expenditure elasticity of the commercial health insurance under each
tax preferential mode.

1. Tax elasticity of the purchasing power of commercial health insurance. Firstly,
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using the formula (4) and (5) to calculate the customers’ purchasing power of com-
mercial health insurance under different preferential tax mode, because the age of
consumers span from 25 to 75 years old and in order to express more concisely, take
5-year as a period of time, thus consumers had 10 periods after this arrangement,
then to solve with the Matlab7.0 software, and the final results are shown in Table
1.

Table 1. Commercial health insurance under different preferential tax modes

t TTT TTE TET TEE ETT ETE EET EEE

0 69 022 74 319 72 218 77 870 69 231 74 527 72 427 78 078
1 74 101 79 787 77 532 83 599 74 324 80 010 77 756 83 823
2 79 553 85 657 83 236 89 750 79 793 85 897 83 476 89 990
3 85 406 91 959 89 360 96 353 85 663 92 217 89 618 96 611
4 91 689 98 725 95 935 103 443 91 966 99 002 96 212 103 719
5 98 435 105989 102993 111 053 98 732 106 286 103 291 111 350
6 105 678 113 787 110571 119 224 105997 114 106 110 890 119 543
7 113 453 122159 118 706 127 996 113 795 122501 119 049 128 338
8 121 800 131 147 127 440 137 413 122168 131 514 127 808 137 781
9 130 762 140 796 136 816 147 523 131 156 141 190 137 211 147 918
10 140382 151 155 146 883 158 377 140806 151 578 147 306 15 8801

Take the logarithm from the purchasing power of above each optimal commercial
health insurance, then purchasing power utility of each commercial health insurance
is obtained by multiplying logarithm with the time preference of corresponding pur-
chasing power, the consumers’ purchasing power utility value of lifelong insurance
commercial health under different preferential tax modes can be calculated by the
total of summation formulas, which is as shown in Table 2.

Table 2. Consumers’ purchasing power utility of lifelong insurance commercial health under
different preferential tax modes

Mode TTT TTE TET TEE ETT ETE EET EEE
U(C) 4166.63 4 208.32 4 333.84 4 381.39 4169.00 4210.54 4 335.66 4 383.08

According to the utility value of the commercial health insurance purchasing
power calculated in Table 2, the degree of sensitivity of consumers to tax rate changes
in different periods is shown in Fig 2. In the period of payment, the elasticity of
the tax rate is negative and inelastic, and the elastic value is distributed between
-0.05 and -0.03. In addition to the TTT model, which is relatively most sensitive in
all models, and the elastic value is -0.044, while the minimum elastic value of TEE
model is -0.033. This shows that when the proportion of personal income tax in-
creased by 1%, the consumers’ purchasing power utility value of lifelong commercial
health insurance will reduce the total amount of 0.033% ~ 0.044%. The tax rate
in investment period is changed by the impact on the purchasing power utility of
the commercial health insurance arising from the accumulation value of commercial
health insurance benefit, and when implementing preferential tax in investment pe-
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riod, consumers do not need to pay any tax, so under the *E* mode, the tax rate
elasticity of the purchasing power utility of commercial health insurance is perfectly
inelastic. While under the other modes, the calculation of elasticity is between -0.28
and -0.35. This shows that tax rate changes in purchasing power utility of commer-
cial health insurance in this period is also lack of elasticity, when the tax ratio of
investment income tax increases by 1%, the purchasing power utility of consumers
for commercial health insurance will reduce the total amount of 0.287% ~ 0.352%.
Similar to the investment period, under the **E preferential tax mode, consumers
do not need to pay any tax on gotten commercial health insurance benefits in the
income period, so the purchasing power utility of commercial health insurance is
completely inelastic to changes in tax rates. While under other preferential tax
modes, the distribution of elastic value is around -0.11, and the tax rate changes
of purchasing power utility of commercial health insurance is also lack of elasticity.
When increasing the proportion of 1% of the tax ratio of individual income tax
in income period, the purchasing power utility of commercial health insurance will
reduce the total amount of 0.1111% ~ 0.1143%.

Income

Pavment period Investaent =
J W Llastic value period
peviod

Fig. 2. Degree of sensitivity of purchasing power utility of commercial health
insurance to tax rate under different preferential tax modes in each period

Through the calculation of the tax rate elasticity of the purchasing power utility
of commercial health insurance, it is found that the degree of sensitivity is different
in each period. The purchasing power utility of commercial health insurance is the
most sensitive to the change of tax rate in the investment period, next is the payment
period, and the most insensitive is the income period.

5. Conclusion

Preferential tax policy is an effective mean to promote commercial health insur-
ance, but it is also a double-edged sword. It has a distinct effect on the government
and taxpayers, so the tax expenditure of government and consumers’ purchasing
power utility of commercial health insurance on behalf of the costs and benefits of
the preferential tax policy, the key to select the mode of preferential tax is to balance
the relationship between the two.



CAUSAL REASONING METHOD OF INFLUENCE FACTORS 643

According to the results of elastic calculation, consumers’ purchasing power util-
ity of commercial health insurance and the tax elasticity of tax expenditure are less
than 1, and lack of elasticity. And the degree of sensitivity is not same in differ-
ent preferential tax modes and preferential periods. But in comparison, the tax
expenditure is affected by changes in tax rate, which is more direct and stronger
than the purchasing power utility of commercial health insurance, the maximum
elastic value of tax expenditure is 1, but the incentive effect of purchasing power
of optimal commercial health insurance, the maximum elastic value of which is 0.4.
For all purchasing power utilities of commercial health insurance, the impact of tax
rate changes in the investment period is more obvious, the other two periods are
relatively weak. As for the tax expenditure of government, the impact of tax rate
changes is the most obvious, followed by the payment period.
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