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Abstract 
The education level of entrepreneurs plays an important role in the deci-
sion-making process of loan financing. In this paper, the research method of 
optimization theory is used to study the problem of the education level and 
maximizing utility of entrepreneurs, and the optimal analytic solution is ob-
tained. On this basis, the influence of the change of bank loan interest rate, 
the marginal effect of entrepreneur’s effort, the marginal effect of entrepre-
neur’s investment, the elastic coefficient of entrepreneur’s effort and the elas-
tic coefficient of entrepreneur’s investment on the optimal solution of entre-
preneur’s effort and investment amount is discussed. 
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1. Introduction 

The 20th National Congress of the Communist Party of China proposed to 
provide a favorable environment for the development of private enterprises 
and promote the development of private economy. This will greatly enhance 
the confidence of private entrepreneurs in entrepreneurship and help private 
entrepreneurs generally improve their education level (Edokobi, Tonna David, 
2022) [1]. In the past decade, the total amount of innovation of the private 
economy has increased, and the innovation vitality has increased, but the 
transformation ability of innovation achievements has stagnated (Ren Xiao-
meng, 2022) [2]. The driving force for the transformation and development of 
private enterprises is far from enough (Döll Luciano Mathias, 2022) [3]. In or-
der to maintain sustainable development, enterprises must strive to improve 
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their innovation capabilities. Gao Wen (2022) [4] showed that the education 
level of entrepreneurs will affect the innovation ability of enterprises, and then 
affect the development of enterprises. Academic talents who are good at R&D 
and innovation as well as business management can combine technology and 
market to complete the transformation of innovation achievements (Huang 
Yongchun, 2021) [5]. Therefore, the research on the education level of entre-
preneurs will greatly promote the development of enterprises. Entrepreneurs 
face the dual pressure of market competition and epidemic situation. It is a 
crucial issue for enterprises to promote scientific and technological innova-
tion, maximize the profitability of enterprises and increase their core competi-
tiveness (Banerjee Pradip, 2022) [6]. As the core figure in the operation of an 
enterprise, entrepreneurs are required to make decisions for finding invest-
ment opportunities and financing (Guo Li & Xu Ping, 2023) [7]. The decision 
of entrepreneurs will have a great impact on the development of enterprises, so 
it is particularly important to analyze the influencing factors of entrepreneurs 
in the decision-making process (Li Wenfei, Li Donghui & Yang Shijie, 2022 
[8]; Shruti Shastri, Swati Shastri, Abhishek Pareek & Ridhi Sudan Sharma, 
2020 [9]; Wang Shuai, Wareewanich Thitinant & Chankoson Thitinan, 2023 
[10]; Xie Wenlong, 2020 [11]). 

A person’s education level will affect his cognitive level and development 
prospects (Wu Xinyue & Zeng Shaolun, 2022) [12]. Similarly, an entrepre-
neur’s education level may affect the decisions he makes in the process of in-
vestment and financing, and then affect the development of the company. The 
more educated entrepreneurs are, the more quickly they can detect subtle 
changes in the market. Then they judge the environment according to their 
specialty, so as to take corresponding measures and formulate a more suitable 
plan. The research (Raphael Amit, 1990) [13] shows that there is a positive 
correlation between the education level of entrepreneurs and the profitability 
of an enterprise. Research on the education level of entrepreneurs and the 
maximization of their effectiveness can provide certain guidance for enterpris-
es to select and train senior executives, predict the future profitability of en-
terprises, and improve the competitiveness of companies (Zhang Chenyu, 2022) 
[14]. For banks, the education level of entrepreneurs can be considered as one 
of the factors of loan approval when banks review loans (Ingeborg Nordbø, 
2022 [15]; Jun Cui, Robin Bell, 2022 [16]). In fact, the educational level of en-
trepreneurs is included in the research framework of R&D investment and 
high-quality development of enterprises, and the relationship between the three 
is comprehensively considered, it is very likely to provide more valuable em-
pirical experience for enterprises to achieve efficient R & D and high-quality 
development (Xincheng Zhao, Shiyi Ma, Yingying Liu, Xinyi Chen, Haokun 
Cai, Haobin Zheng & Yuezhong Shen, 2022) [17]. Therefore, it is of great sig-
nificance for the development of enterprises to study the educational level of 
entrepreneurs and their utility maximization. 
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2. Methodology 

This paper intends to explore the effectiveness of entrepreneurs’ education in the 
process of loan financing decision-making under the theoretical framework of 
normal distribution. Based on the theoretical analysis framework of Amit (1990) 
[10] and others, two factors, bank loan interest rate, r, and bank loan guarantee 
rate, c, are added to further investigate the relationship between the effectiveness 
of corporate bank loans and the education level of entrepreneurs and the 
amount of venture capital. Assumptions: x is the income generated by an enter-
prise’s investment in a project. The income is random, and the corresponding 
probability distribution function is ( ): ,f x a I ; where a is the efforts of entre-
preneurs; I is the amount of investment of the entrepreneur in the project. This 
paper selects the data of entrepreneurs’ education level as the measurement of 
entrepreneurs’ efforts. 

The utility function of entrepreneurs is ( )U ⋅ , 0U ′ > , 0U ′′ < , that is, the 
more wealth an entrepreneur has, the greater the utility he will get. However, 
with the increase of wealth, the increase of utility will decrease with each unit of 
wealth. At the same time, the utility loss brought by the effort to the entrepre-
neur is ( )V a . That is, the greater the efforts of entrepreneurs, the more utility 
loss. 

r is the interest paid by entrepreneurs when they choose bank loans for fi-
nancing, c is the mortgage guarantee rate, r and c are exogenous variables, 

0r > , 0c ≥ . When 0c = , the bank loan is a credit loan. For entrepreneurs, 
the decision-making process of loan financing is shown in Equation (1). The en-
trepreneurs choose the appropriate effort, a, and loan amount, I, to maximize 
their utility. 

( ) ( ) ( )
,

: , d
a I

Max U x kI f x a I x V a− −∫                 (1) 

Without losing generality, the utility function selected in this paper is  
( ) 2U x x bx= − , where b is the risk preference coefficient, ( ) 0V a V=  is con-

stant. This power function utility function is substituted into the unconstrained 
optimization problem (1). After simplification, it is obtained that: 

( ) ( ) ( ) ( )
( )

( )

2

22 2

22

1: , , d e d
2

x

U x kI f x a I x x kI b x kI x

kI b kI

µ

σγ
σ

µ σ µ

−
−

 − = − − − 

 = − − + − 

π



∫ ∫

 
The optimization problem (1) is equivalent to the optimization problem (2): 

( ) ( ){ }22

,a I
Max kI b kI V aµ σ µ − − + − −                (2) 

ma nIµ = + , 0m > , 0n > . 

This paper considers the maximization of entrepreneur’s utility under linear 
constraints 

( )1 2 0 1 20, 0l a l I I l l+ = > > : 
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( ) ( ){ }22

,a I
Max kI b kI V aµ σ µ − − + − −   

1 2 0s.t. l a l I I+ =                         (3) 

It is easy to obtain by using the Lagrange function method: 
If ( )2 1ml n k l≠ − , the optimal solution of optimization problem (3) exists and 

is: 

( ) ( ) ( )
( )

2 2
2 0 2 1 0 1 2

2
1 2

2 2

2
e

mbl I n k n k l l bI l n k l m
a

b n k l ml

− − − − + − +
=

− −    
( ) ( )

( )

2 2
1 0 1 2 0 1 2

2
1 2

2 2

2
e

mbl I n k n k l m bl I ml l
I

b n k l ml

− − + − + −
=

− −  
          (4) 

According to the expression of the optimal solution (4), it is easy to deduce: 
The optimization problem (3) has a positive optimal solution if one of the 

following two conditions is true: 

(i) n k m− > , 2 1 02m l l mbI
n k

> >
−

; 

(ii) n k m− < , 2 1 02n k l l mbI
m
−

> >      (5) 

If 0 12mbI l>  and one of the following two conditions holds, the optimiza-
tion problem (3) has a positive optimal solution: 

(i) n k m− > , and ( )2 1 0max , 2n kl l b n k I
m
− > − 

 
; 

(ii) n k m− < , and ( )2 1 0max , 2ml l b n k I
n k

 > − 
− 

.           (6) 

In this paper, we only consider the case of n k< . When n k< , there is 
0ea > , and the size of eI  depends on the size of 02mbI  and 1l . If 0 12mbI l> , 

there is 0eI > . The following conclusions can be drawn through calculation: 
According to the optimal solution expression (4), the following partial deriva-

tive expression can be obtained: 

( )
( )

2 2 0
2

2 1

2

2
e

l l bI n ka
m b ml n k l

− − ∂  = −
∂ − −  

, 
( )

( )

22
2 2 0

2 3
2 1

2
e

l l bI n ka
m b ml n k l

− − ∂  =
∂ − −  

; 

( ) ( )
( )

2 0
2

1 2 1

2

2
e

l bI n k n ka
l b ml n k l

− − − ∂  =
∂ − −  

, 
( ) ( )
( )

22
2 0

2 3
1 2 1

2
e

l bI n k n ka
l b ml n k l

− − − ∂  =
∂ − −  

; 

( )
( )

1 2 0
2

2 1

2

2
e

l l bI n kI
m b ml n k l

− − ∂  =
∂ − −  

, 
( )

( )

2
1 2 2 0

2 3
2 1

2
e

l l l bI n kI
m b ml n k l

− − ∂  = −
∂ − −  

; 

( )
( )

2 0
2

1 2 1

2

2
e

m l bI n kI
l b ml n k l

− − ∂  = −
∂ − −  

, 
( ) ( )

( )

2
2 0

2 3
1 2 1

2
e

m n k l bI n kI
l b ml n k l

− − − ∂  = −
∂ − −  

. 

The following proposition is obtained: 
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Proposition 1: If ( )2 02l b n k l> − , there are: 

(i) 0ea
m

∂
<

∂
, 

2

2 0ea
m

∂
>

∂
; (ii) 

1

0ea
l

∂
<

∂
, 

2

2
1

0ea
l

∂
>

∂
; 

(iii) 0eI
m
∂

>
∂

, 
2

2 0eI
m
∂

<
∂

; (iv) 
1

0eI
l

∂
<

∂
, 

2

2
1

0eI
l

∂
>

∂
. 

Proposition 1 shows that when ( )2 02l b n k l> − , the increase of the marginal 
effect of the entrepreneur’s efforts and the elasticity coefficient of the entrepre-
neur’s efforts induce the reduction of the entrepreneur’s optimal efforts at an 
increasing speed; With the increase of the marginal effect of the entrepreneur’s 
efforts, the optimal investment of the entrepreneur increases in an accelerated 
manner. That is, when the marginal effect of the entrepreneur’s efforts is high, 
the smaller increase will cause a substantial increase in the optimal investment. 
The optimal investment amount of entrepreneurs is a monotonically decreasing 
concave function of the elasticity coefficient of entrepreneurs’ efforts. When the 
elasticity coefficient of entrepreneurs’ efforts increases, the optimal investment 
amount of entrepreneurs will decline in the form of acceleration. 

According to the optimal solution expression (4), it can be calculated that: 

( )
( )
0 1 2

2
2 1

2

2
e bmI l la

r b ml n k l

−∂
=

∂ − −  
, 

( )
( )

2
0 1 2 1

2 3
2 1

2e mbI l l la
r b ml n k l

−∂
= −

∂ − −  
. 

The following proposition is obtained: 
Proposition 2: 

(i) if 1 02l mbI< , then 
2

20, 0e ea a
r r

∂ ∂
> <

∂ ∂
; 

(ii) if 1 02l mbI> , then 
2

20, 0e ea a
r r

∂ ∂
< >

∂ ∂
. 

Proposition 2 shows that when 1 02l mbI< , the optimal effort of entrepre-
neurs has a positive correlation with the bank loan interest rate, but with the 
growth of the bank loan interest rate, the optimal effort of entrepreneurs will 
raise with accelerative rates. When 1 02l mbI> , the increase of bank loan interest 
rate will cause the reduction of entrepreneurs’ optimal efforts. The reduction 
speed is accelerating. 

According to the optimal solution expression (4), it can be calculated that: 

[ ]
( )

2 0 1
2

2 1

2

2
e l bmI la

n b ml n k l

−∂
= −

∂ − −  
, 

[ ]
( )

2
1 2 0 1

2 3
2 1

2e l l bmI la
n b ml n k l

−∂
= −

∂ − −  
. 

The following proposition is obtained: 
Proposition 3: 

(i) if 1 02l mbI< , then 0ea
n

∂
<

∂
, 

2

2 0ea
n

∂
<

∂
; 

(ii) if 1 02l mbI> , then 0ea
n

∂
>

∂
, 

2

2 0ea
n

∂
>

∂
. 

Proposition 3 shows that when 1 02l mbI< , the optimal effort of entrepre-
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neurs is a monotonically decreasing convex function of the marginal effect of 
entrepreneurs’ investment, which will reduce with the enhancement of the mar-
ginal effect of entrepreneurs’ investment, and the decrease trend is downward. 
When 1 02l mbI> , the optimal effort of entrepreneurs increases at a decreasing 
rate with the increase of the marginal effect of entrepreneurs’ investment. When 
the marginal effect of entrepreneurs’ investment is high, its large increase will 
only cause a small increase in the optimal effort of entrepreneurs. 

According to the optimal solution expression (4), it can be calculated that: 

( )( )
( )

0 1
2

2 2 1

2

2
e bI m l n ka

l b ml n k l

− −∂
=

∂ − −  
, 

( )( )
( )

2
0 1

2 3
2 2 1

2e bI m l n k ma
l b ml n k l

− −∂
= −

∂ − −  
. 

The following proposition is obtained: 
Proposition 4: 

(i) if 1 02l mbI< , then 
2

0ea
l

∂
<

∂
, 

2

2
2

0ea
l

∂
>

∂
; 

(ii) if 1 02l mbI> , then 
2

0ea
l

∂
>

∂
, 

2

2
2

0ea
l

∂
<

∂
. 

Proposition 4 shows that when 1 02l mbI< , with the growth of the entrepre-
neur’s investment elasticity coefficient, the entrepreneur’s optimal effort declines 
at an increasing rate. When 1 02l mbI> , the optimal effort degree of entrepre-
neurs is a monotonically increasing convex function of the entrepreneur’s in-
vestment elasticity coefficient, which expands with the increase of the entrepre-
neur’s investment elasticity coefficient. The increasing trend is upward. 

According to the optimal solution expression (4), it can be calculated that: 

( )
( )

1 0 1
2

2 1

2

2
e l mbI lI
n b ml n k l

−∂
=

∂ − −  
, 

( )
( )

22
1 0 1

2 3
2 1

2e l mbI lI
n b ml n k l

−∂
=

∂ − −  
. 

The following proposition is obtained: 
Proposition 5: 

(i) if 1 02l mbI< , then 0eI
n

∂
>

∂
, 

2

2 0eI
n

∂
>

∂
; 

(ii) if 1 02l mbI> , then 0eI
n

∂
<

∂
, 

2

2 0eI
n

∂
<

∂
. 

Proposition 5 shows that when 1 02l mbI< , the optimal investment amount of 
entrepreneurs has a positive correlation with the marginal effect of entrepre-
neurs’ investment, but when the marginal effect of entrepreneurs’ investment 
increases, the optimal investment amount of entrepreneurs gains at a decreasing 
speed rate. When 1 02l mbI> , the greater the marginal effect of entrepreneurs’ 
investment, the smaller the optimal investment amount of entrepreneurs, and 
the decreasing trend is downward. 

According to the optimal solution expression (4), it can be calculated that: 

( )
( )

1 0 1
2

2 1

2

2
e l mbI lI
r b ml n k l

−∂
= −

∂ − −  
, 

( )
( )

22
1 0 1

2 3
2 1

2e l mbI lI
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−∂
=

∂ − −  
. 
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The following proposition is obtained: 
Proposition 6: 

(i) if 1 02l mbI< , then 0eI
r

∂
<

∂
, 

2

2 0eI
r

∂
>

∂
; 

(ii) if 1 02l mbI> , then 0eI
r

∂
>

∂
, 

2

2 0eI
r

∂
<

∂
. 

Proposition 6 shows that when 1 02l mbI< , the optimal investment amount of 
entrepreneurs has a certain negative correlation with the bank loan interest rate. 
With the increase of the bank loan interest rate, the optimal investment amount 
of entrepreneurs diminishes at an increasing rate. When 1 02l mbI> , the optimal 
investment amount of entrepreneurs is a monotonically increasing convex func-
tion of the bank loan interest rate. With the growth of the bank loan interest 
rate, the increase of the optimal investment amount of entrepreneurs gradually 
raises. 

According to the optimal solution expression (4), it can be calculated that: 

( )
( )

0 1
2

2 2 1

2

2
e m mbI lI

l b ml n k l

−∂
= −

∂ − −  
, 

( )
( )

22
0 1

2 3
2 2 1

2e m mbI lI
l b ml n k l

−∂
=

∂ − −  
. 

The following proposition is obtained: 
Proposition 7: 

(i) if 1 02l mbI< , then 
2

0eI
l
∂

<
∂

, 
2

2
2

0eI
l

∂
>

∂
; 

(ii) if 1 02l mbI> , then 
2

0eI
l
∂

>
∂

, 
2

2
2

0eI
l

∂
<

∂
. 

Proposition 7 shows that when 1 02l mbI< , the optimal investment amount of 
entrepreneurs reduces faster with the enhancement of the elasticity coefficient of 
entrepreneurs’ investment. When 1 02l mbI> , The optimal investment amount 
of entrepreneurs is a monotonically increasing convex function of the elasticity 
coefficient of entrepreneurs’ investment. With the increase of the elasticity coef-
ficient of entrepreneurs’ investment, the speed of the raise of the optimal in-
vestment amount of entrepreneurs shows an upward trend. 

3. Conclusions 

Based on the above analysis, it can be concluded that the marginal effect of en-
trepreneur’s efforts and the elasticity coefficient of entrepreneur’s efforts are ne-
gatively correlated with the entrepreneur’s optimal effort. That is, when the 
marginal effect and elasticity coefficient of entrepreneur’s efforts are relatively 
large, even if the entrepreneur’s effort is small, the utility can be maximized. The 
marginal effect of entrepreneurial efforts is positively correlated with the optimal 
investment amount, while the elasticity coefficient of entrepreneurial efforts is 
negatively correlated with the optimal investment amount. That is, when the 
marginal effect of entrepreneurial efforts is large and the elasticity coefficient is 
small, the increase of the optimal investment amount will maximize its utility. In 
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a word, under different conditions, the bank loan interest rate, the marginal ef-
fect and the elasticity coefficient of entrepreneur investment have different ef-
fects on the entrepreneur’s optimal effort and optimal investment amount, and 
then affect its utility. 

Therefore, for enterprises, in order to maximize the utility of enterprises in 
the decision-making of loan financing, they should choose the optimal effort 
degree and investment amount of entrepreneurs corresponding to the marginal 
effect of entrepreneurs’ efforts, the elasticity coefficient, the marginal benefit of 
investment, the elasticity coefficient and the loan interest rate. For the loan bank, 
the utility level of the enterprise can be judged by these variables, which will give 
some enlightenment to the loan approval decision. For investors, the analysis of 
entrepreneurs’ educational background and optimal investment amount can 
help investors judge whether the enterprise is trustworthy. 
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