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Abstract 

As the aging of our country's population continues to deepen, the demand for home care 
is increasing. In order to obtain a better home care plan and reasonably match service 
resources, this article focuses on the two-sided matching of care request requests and 
home care resources. Based on the traditional multi-attribute two-sided matching 
problem, conduct home care matching research considering the subject's psychological 
behavior. Based on prospect theory, Take the expected value given by the bilateral 
subject as a reference point,build a standardized prospect matrix, solve the multi-
objective optimization model of two-sided matching and carry out weighted conversion 
into a single-objective optimization model to obtain the matching result. Using prospect 
theory to reflect the subject’s psychological behavior to make matching decisions is 
helpful to improve the matching quality and achieve better matching. 
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1. Introduction 

There are many two-sided matching problems in real life. In the entire decision-making process, 
considering the psychological perceptions of the subjects of the match is very important 
information for two-sided matching. Gale and Shapley [1] first proposed the concept of stable 
matching on two-sided matching problems, and conducted the first research on the algorithm 
and stability of two-sided matching problems. The earlier research on matching decision-
making methods is about the H-P [2-3]matching model between hospitals and hospital interns. 
The concept of two-sided matching is proposed, which transforms the two-sided matching 
problem into a multi-objective programming problem, and obtains the optimal matching 
decision plan by establishing a model. 

The selection method based on cumulative prospect theory gives two-sided matching 
considering the subject's expectation, which has higher practical application value and has been 
widely concerned by scholars. Prospect theory is a behavioral economics theory proposed by 
Kahneman and Tversky [4] to study people's decision-making behavior, which is obtained by 
the weighted sum of value function and decision weight. In 1992, Kahneman et al. [5] put 
forward the cumulative prospect theory and gave the value function and decision cumulative 
function. Bleichrodt et al.[6-7] .studied the cumulative nature of prospect theory. Zhang Yajie et 
al.[8] used the prospect theory to calculate the attribute prospect value, fuse the comprehensive 
prospect value into the comprehensive perceived value and transform the comprehensive 
perceived value into matching satisfaction. Björn Häckelb et al.[9] compared the expected utility 
theory and the cumulative prospect theory, and quantitatively analyzed the impact of 
behavioral deviation on investment decisions. According to the disappointment theory, Li 
Mingyang et al.[10]constructed the perceived utility matrix of the two parties under each 
indicator, and the minimum acceptable level of both parties was the constraint. A multi-
objective optimization model with the goal of maximizing the overall perceived utility of both 
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parties is established. Prospect theory has also been widely used in various fields, such as path 
selection problems[11-12], two-way referral problems[13], and outpatient appointment 
problems[14-15]. Regarding the use of prospect matrix for multi-attribute matching, Zhang Di[16] 
and others proposed a two-sided matching method based on prospect theory for the two-sided 
matching problem with multiple forms of subject expectation in the score information, 
considering the subject’s psychological behavior factors .In the two-sided matching of home 
care, the study of two-sided matching considering the subject's psychological behavior has 
important application value. This paper conducts home care service matching research based 
on the multiple attributes of prospect theory, which is beneficial to improve the satisfaction of 
both parties and improve the continuity of related matching models. 

2. Research content 

For the home care two-sided matching problem, record the home care request type set as 

 m3,21 ..., AAAAA ，，= ,represents the type i demand; the resource type set as  n321 ,...,,, BBBBB = , 

represents the type j service resource, denoted by M={1,2,3,...,m}, N={1,2,3,...,n }.Let R 
i=(ri1,ri2,...,rin)T be the complete ordinal vector of service resource set B given by the home care 
request type A i according to the subject's own preference, where r ij represents the home care 
request type A i The subject ranks the service resource B j in the rij position, rij ∈ N; let T 
j=(t1j ,t2j,..., tmj) T be the service resource type Bj according to the subject’s own technical 
requirements for home care request set A The complete sequence value vector of, where t ij 
indicates that the subject whose service resource is B j ranks the home care request A i in the tij 
position, and tij∈M.F=(f1,f2,...,fm)T is the expected value vector given by the subject set of the 
home care request type A i based on existing information and future expectations; G=(g1,g2,...,gn ) 

T is the expected value vector given by the subject of the service resource type B  j based on its 
own information and future expectations. 

According to the above analysis, considering the two-sided matching problem of the subject's 
expected value, it can be represented by Figure 1: 

 

 
Figure 1. The matching relationship between home care requests and resource types 

 

2.1. Construct the prospect matrix 

According to the known data, calculate the profit or loss of the ordinal value given by each 
subject relative to the expected value, and compare the ordinal value with its expected value. 

Define the normalized distance between the sequence value r ij and its expected value f i as: 
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                                                              2.1-1 

Establish the profit and loss matrix P=[P ij]m×n from the subject of the home care request type 
Ai to the resource type Bj relative to the expected value, where P ij represents the profit and loss 
value of the defined sequence value r ij and its expected value f i. The calculation formula is: 
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In the same way, establish the profit and loss matrix O=[Oij]m×n from the subject of the service 
resource type Bj to the expected value of the home care request type Ai, where Oij represents 
the profit and loss value of the defined order value tij and its expected value gj, and its calculation 
The formula is: 
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                                                           2.1-3 

Furthermore, according to the profit and loss matrix P=[Pij]m×n, considering the subject’s 

different risk attitudes towards gains and losses, the prospect matrix VA= 
 

nm

A

ijV
of care requests 

Ai relative to service resources Bj can be established, where the prospect of subject Ai to subject 
Bj Value, according to the cumulative prospect theory calculation formula is as follows: 
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                                                  2.1-4 

αi and βi indicate the degree of unevenness of the function  
nm

A

ijV , 0<αi<1, 0<βi<1. θi represents 

Ai's loss aversion degree, θi>1, which means that the subject is more sensitive to risks than 
returns, and the larger the subject, the higher the degree of risk aversion. Similarly, according 
to the cumulative prospect theory, the formula for calculating the prospect value of VB=  

nm

B

ijV  

is as follows: 
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                                                2.1-5 

γj and δj indicate the degree of unevenness of the function, 0<γj<1, 0<δj<1. Ψj represents the 
degree of Bj's avoidance of losses, Ψj>1, which means that the subject is more sensitive to risks 
than returns, and the larger the value, the higher the degree of risk aversion of the service 
resource subject. 

To normalize the above prospect matrix, the formula is as follows: 
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                                             2.1-6 

 

2.2. Build the decision model 
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2.2-1 and 2.2-2 are objective functions. 2.2-1 means maximizing the perceived value of the care 
request to be matched to the service resource, and 2.2-2 means maximizing the perceived effect 
of the service resource with allocation to the care request. 2.2-3 means that each nursing 
request can only match one service resource for corresponding medical care services, 2.2-4 
means that each service resource can match at most one nursing request for service, and 2.2-5 
means 0-1 variable, that is, with Matched care requests and medical care resources to be 
allocated can only have two results: matching and non-matching. 

2.3. Solve the decision model 

In order to get the result conveniently, a linear weighting method is used for the objective 
function. The weight of the two indicates the degree of emphasis on the matching subjects in 
the two-sided matching process of care requests and service resources. Suppose the degree of 
emphasis on the subject of the care request is A , 10  A ; the degree of emphasis on the subject 
of the service resource is B , 10  B . Linear weighting can transform multiple targets into a 
single target model. 
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3. Steps of the two-sided matching decision method 

Step 1 : According to the complete sequence value vector, establish the matrix of profit and loss 
respectively. 

Step 2 : According to the profit and loss matrix, establish the prospect matrix respectively. 

Step 3 : According to the prospect matrix, establish a standardized prospect matrix respectively. 
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Step 4 : Construct a matching multi-objective optimization model based on the normalized 
prospect matrix of the matching subjects. 

Step 5 : Transform the above-mentioned multi-objective programming model into a single-
objective optimization model through linear weighting. 

Step 6 : Solve the single-objective optimization model and obtain the matching result. 

4. Case  

A home care institution in a city provides different home care services for nursing needs 
through the platform. The home care institution has 8 different service resources and can 
provide home care services for 5 different types of care requests. The home care request type 
Ai gives the complete ordinal vector of the service resource set Bj according to the subject's own 
preference as R i=(ri1, ri2,..., ri8)T, and also gives its expected value F for the future, as shown in 
the Table 1.The service resource type Bj is based on the subject’s own technical requirements 
for the complete sequence value vector of the patient home care request set Ai is T j=(t1j, t2j,..., t 

5j)T with the expected value G in the future, as shown in Table 2. 

 

Table 1. Vector Ri and vector F 

Home care request Complete ordinal vector 
Medical care institution Expected value vector 

B1 B2 B3 B4 B5 B6 B7 B8 F 
A1 R1 5 4 6 3 7 2 1 8 4 
A2 R2 4 6 7 5 1 8 3 2 6 
A3 R3 7 1 4 2 6 3 5 8 5 
A4 R4 1 8 3 7 5 6 4 2 4 
A5 R5 6 3 1 4 2 5 8 7 5 

 

Table 2. Vector Tj and vector H 

 Medical care institution B1 B2 B3 B4 B5 B6 B7 B8 
 Complete ordinal vector T1 T2 T3 T4 T5 T6 T7 T8 

Home care request 

A1 2 1 2 5 1 2 4 4 
A2 1 4 3 1 2 1 3 5 
A3 3 2 5 2 4 3 2 1 
A4 4 3 4 3 3 5 5 3 
A5 5 5 1 4 5 4 1 2 

Expected value vector HT 4 3 4 3 3 4 3 3 

 

In order to solve the demand matching function of the two-sided matching problem, the 
following briefly describes the calculation process using the method given above. According to 
the complete ordinal vector,establish the matrix of profit and loss respectively. 

 

Table 3. Profit and Loss Matrix of Nursing Requests (with four decimal places) 

P=[Pij]5x8 

pij B1 B2 B3 B4 B5 B6 B7 B8 

A1 -0.1429 0.0000 -0.2857 0.1429 -0.4286 0.2857 0.4286 -0.5714 
A2 0.2857 0.0000 -0.1429 0.1429 0.7143 -0.2857 0.4286 0.5714 
A3 -0.2857 0.5714 0.1429 0.4286 -0.1429 0.2857 0.0000 -0.4286 
A4 0.4286 -0.5714 0.1429 -0.4286 -0.1429 -0.2857 0.0000 0.2857 
A5 -0.1429 0.2857 0.5714 0.1429 0.4286 0.0000 -0.4286 -0.2857 
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Table 4. Service resource side profit and loss matrix (with four decimal places) 
O=[Oij]5x8 

Oij B1 B2 B3 B4 B5 B6 B7 B8 

A1 0.5 0.5 0.5 -0.5 0.5 0.5 -0.25 -0.25 
A2 0.75 -0.25 0.25 0.5 0.25 0.75 0 -0.5 
A3 0.25 0.25 -0.25 0.25 -0.25 0.25 0.25 0.5 
A4 0 0 0 0 0 -0.25 -0.5 0 
A5 -0.25 -0.5 0.75 -0.25 -0.5 0 0.5 0.25 

 

According to the prospect matrix, a standardized prospect matrix is established respectively. 
Using the experimental data that has been proved in the existing research α=β=χ=ζ=0.88[2], the 
profits and losses are in line with decreasing sensitivity, and θ=ω=2.25 indicates that there is a 
clear aversion to losses. Based on the standardized prospect matrix, a multi-objective 
optimization model is constructed. We assume that the weights of both parties in the matching 
process are as follows: 5.05.0 == BA  ， . The coefficient matrix obtained by calculation is shown in 
the following table: 

Table 5. Coefficient matrix ijK  

Kij B1 B2 B3 B4 B5 B6 B7 B8 
A1 0.0500 0.1976 -0.0741 -0.3790 -0.1906 0.3183 -0.0690 -0.7416 
A2 0.4031 -0.2416 -0.0403 0.2632 0.3778 0.0106 0.1725 -0.2223 
A3 -0.1643 0.3296 -0.1760 0.2799 -0.3892 0.2281 0.1074 -0.1906 
A4 0.1725 -0.5000 0.0656 -0.3882 -0.1476 -0.5132 -0.4446 0.1207 
A5 -0.3892 -0.3238 0.5045 -0.1760 -0.2720 0.0000 -0.1906 -0.1643 

 

Through solving, the matching results can be obtained as (A1, B6), (A2, B5), (A3, B2), (A4, B1), 
(A5, B3). If prospect theory is not applied in the matching process, and the expected value of 
the subject is not considered, according to the complete order value vector R i=(ri1, ri2,..., ri8)T 
and T j=(t1j, t2j,..., t 5j)T, Establish a model with the same objective function, and calculate the 
coefficient matrix as shown in the following table: 

 

Table 6. Coefficient matrix ij

−

K  

ij

−

K  B1 B2 B3 B4 B5 B6 B7 B8 

A1 3.5 2.5 4 4 4 2 2.5 6 
A2 2.5 5 5 3 1.5 4.5 3 3.5 
A3 5 1.5 4.5 2 5 3 3.5 4.5 
A4 2.5 5.5 3.5 5 4 5.5 4.5 2.5 
A5 5.5 4 1 4 3.5 4.5 4.5 4.5 

 

Through solving, the matching results can be obtained as: (A1,B8), (A2,B2), (A3,B5), (A4,B6), 
(A5,B1). It can be known from the two results that the two matching schemes have different 
matching results. The reason is that when matching care requests and service resources under 
a completely rational assumption, the psychological activities of both parties are not considered, 
and the matching is simply based on the evaluation results of both parties. However, in reality, 
the decision maker is not completely Reasonable, the decision-making behaviors of both parties 
of the match are affected by psychological behaviors. Therefore, it is proved that considering 
the subject's psychological behavior and using prospect theory to make decisions have an 
important effect on the matching results. 
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5. Conclusion 

Based on the two-sided matching of nursing requests and service resources, this article 
considers the influence of the subject's psychological behavior, and proposes a decision-making 
method that introduces prospect theory. The matching method has strong operability and 
practicability. It proposes a new method for the two-sided matching of care requests and 
service resources, and has practical value. However, this article does not consider the impact of 
service evaluation on the subject's psychology after the initial matching. The next stage will 
continue to study the impact of feedback information on the subject's psychological behavior 
during the matching process. 
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