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Abstract

This paper explores various applications of advanced mathematics in fields
such as economics, management, psychology, and other disciplines, as well as
in everyday life and work through the literature review method. It reveals the
close connection between advanced mathematics and other professions, dee-
pening the understanding of the historical and practical background of ad-
vanced mathematics. The paper finds that only by choosing appropriate ma-
thematical methods for different problems can problems be solved effectively.
The application of mathematics permeates different fields, and this makes the
teaching of advanced mathematics meaningful and valuable.
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1. Introduction

When it comes to advanced mathematics, the first reaction of many students is
often filled with various formulas on the blackboard and numerous computa-
tions in their minds. Definitions, theorems, and corollaries come one after anoth-
er. Concepts such as limits, continuity, differentiability, and integrability en-
compass each other. The extensive content, high level of difficulty, and abstract
nature are all characteristics of advanced mathematics. Moreover, the narrow
application scope of examples or exercises in advanced mathematics textbooks,
as well as the disconnection from professional knowledge, contributes to some
students’ insufficient understanding of the widespread applications of advanced

mathematics. They may even consider learning mathematics useless, fear ma-
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thematics, or become tired of it.

In fact, advanced mathematics is an essential foundational course in universi-
ties and has a wide range of applications in various disciplines such as physics,
chemistry, astronomy, biomedical science, aerospace engineering, engineering
technology, and economics and management. For example, mathematical mod-
els are used in macroeconomics to study the dynamics of exchange rates and
how they are affected by the fiscal and monetary policies of multiple countries.
In addition, the application of mathematics in microeconomics is also very ex-
tensive, such as the maximization of consumer utility subject to the price of var-
ious goods and money income. It serves as not only an important tool for de-
veloping intellect and learning various specialized knowledge but also a crucial
tool for scientific research. It can cultivate and enhance college students’ logical
thinking, problem-solving abilities, and scientific expression skills. These abili-
ties are particularly important for students’ learning in their major courses and
for further expanding their knowledge and adjusting their knowledge structure
in the future.

With the increasing cross-disciplinary knowledge integration and permeation,
the application of mathematics in various fields has become crucial. This article
aims to change the perspective that “mathematics is useless” by illustrating in-
terdisciplinary modeling cases that involve advanced mathematics and other

subjects.

2. The Role of Mathematical Modeling

Mathematical modeling is an effective way to train college students to apply ad-
vanced mathematics to solve practical problems. Mathematical modeling is
based on a specific object in the real world, aiming at the internal rules of the
specific object, making appropriate simplified assumptions, so as to facilitate the
flexible use of mathematical tools at the same time, get the corresponding ma-
thematical structure, in order to achieve the purpose of analyzing the problem to
solve the problem (Tong, 2017) [1]. In the middle of the 20th century, with the
increasingly extensive application of mathematical models and the successful
solution of a large number of practical problems, its status in mathematics is
constantly improving. The situation of proving theorems as the main goal of
mathematical research in traditional mathematics has changed, and creating
mathematical models has gradually become one of the important goals of ma-
thematics(Hu, 2009) [2].

2.1. Mathematical Modeling Is Conducive to the Formation of
Scientific Attitudes

A model with terse, graceful, rigorous and standard expression means the com-
bination of scientific exploratory spirit, research means, mode of thinking and
reasoning art. In the modeling process, researchers start from the actual part and
use advanced mathematics such as calculus, algebra, and geometry to draw ac-

curate and rigorous conclusions. Researchers can cultivate a scientific attitude of
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seeking truth and practicality through scientific thinking, serious exploration,

and rigorous expression.

2.2. Mathematical Modeling Is Conducive to the Accumulation of
Scientific Knowledge and Methods

Mathematical modeling requires researchers to have a solid basic mathematical
foundation, in addition to learning and mastering many branches of mathemat-
ical knowledge, such as optimization, differential equation, analytic hierarchy
process, structural equation model, mathematical statistics, analysis software
SPSS, MPLUS basic knowledge and practical operation and so on; Building ma-
thematical models also requires researchers to understand economics, manage-
ment, demography, engineering, sociology and other aspects of knowledge ac-
cording to the problems to be solved. Mathematical modeling requires research-
ers to make full use of library and network resources (CNKI database, Wanfang
database, etc.), query and retrieve information and data related to the topic, and
order and integrate the collected information to form a new knowledge network.
Mathematical modeling also requires researchers to master the paper writing,
such as the basic framework of the paper, writing steps, normative language, and
hypothesis and verification process and so on. The entire process requires the
application of multidisciplinary and interdisciplinary knowledge, which helps to

accumulate scientific knowledge and methods.

2.3. Mathematical Modeling Is Conducive to the Cultivation of
Practical Ability

Mathematical model is based on mathematical symbols, formulas and quantita-
tive relations, the description and reflection of the real prototype problem. In the
field of engineering technology, economic management, social life and other
practical problems, simply relying on the description of words to reason, cannot
guarantee the scientific, normative and correct research. Therefore, taking ad-
vanced mathematics as the basic analytical tool becomes one of the most impor-
tant tools in the research. It has become an important method and means to use
mathematical model to express the logical relationship between variables and
rules, and to use mathematical language to express the hypothesis and deduce
and verify the relationship between environment, individual and organization
behavior. Integrating the idea of mathematical modeling into related disciplines,
learning knowledge in application, and promoting the coordinated development
of knowledge level and practical ability will play a great role in promoting the

training of talents.

3. Application of Advanced Mathematics in Different Fields

3.1. Application in Economics

By using the step-up regression method proposed by Baronand Kenny (1986) [3]
and the mediation effect test model proposed by Wen Zhonglin and Ye Baojuan
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(2014) [4], the following mediation effect test model can be constructed:

Y=¢p+6X+¢ (1
M=¢,+6,X +¢, (2)
Y=¢0,+0,X +O,M +¢&, (3)

In the above equation, Xis the independent variable, A is the mediating vari-
able, Y is the dependent variable, ¢ represents the intercept, & represents the er-
ror term of the model, and @ represent the regression coefficient. Mfunctions as
a mediator when it meets the following conditions: 1) If the regression coeffi-
cient @ is significant, it can be shown that there is a linear relationship between
the independent variable (X) and the dependent variable (Y¥); 2) If the regression
coefficient 6, is significant, it can be shown that there is a linear relationship be-
tween the independent variable (X) and the mediating variable (M); 3) If &, in
Equation (3) is significant, and 6, is significantly smaller than &, indicating that
the mediating variable (A4) helps to predict the dependent variable (Y). If & or 6,
is not significant (or neither), then the effect between Xand Y'is not mediated by
M.

If Y stands for employment, X stands for physical appearance, and M stands
for employment quality, Using data from the Chinese Family Panel Studies
(CFPS) data, M. WANG and LU (2018) find that people’s physical appearance
has a significant positive effect on the employment of both men
(6,=0.0270, p <0.01) and women (&, =0.0160, p <0.05 ),which is still valid af-
ter the estimation of instrumental variables. After that, researchers add the va-
riable of “employment quality” into the employment equation to investigate
whether “employment quality” plays a mediating role. In the male sample, the
results show that “employment quality”, as the intermediate variable, is signifi-
cant (6, =0.0070, p<0.01). In contrast, for women, “employment quality” is
not significant (6, =0.0010, p>0.1). This means good—look man have better
employment quality, thus increasing their employment opportunities, while this
mechanism do not apply to women. It can be seen, laborer’s appearance has be-
come an important factor in China’s employment market, and appearance—
based discrimination should also be concerned (M. WANG & LU, 2018) [5].

3.2. Application in Enterprise Management

In the field of enterprise management, a model can be built as follows:

ROA = ay + aiLnpay + a;Lnpay x PIT + a;PIT + a,Controls + ¢

Among them, ROA measures the output of the enterprise, Lnpay measures
the average salary level of the enterprise employees, PIT measures corporate
payroll tax planning, and Controls are a set of control variables. The expectation
coefficient a is significantly positive, indicating that salary has an incentive ef-
fect on enterprise output; the expected coefficient a, is significantly positive, in-
dicating that enterprise payroll income tax planning has a promoting effect on

the stimulating effect of salary on enterprise output. This model can be used to
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investigate the influence of firms’ payroll tax planning on the incentive effect of
compensation. Using A-share listed companies in Shanghai and Shenzhen stock
exchanges from 2007 to 2013 as the original samples, X. Wang, Shi, and He
(2016) [6] find that a, is significantly positive after importing relevant data,
which indicates that payroll income tax planning has a promoting effect on em-
ployee compensation incentive. In other words, the tax planning behavior of en-
terprise payroll income tax can help employees pay less payroll income tax and
increase the amount of after-tax salary of employees, which is conducive to sti-
mulating the enthusiasm of employees. At the same time, it also shows that the
payroll income tax planning behavior has an indirect effect on the company to
promote the compensation performance effect. When this effect is greater than
the tax planning cost, the enterprise will have the motivation to carry out the tax
planning of the payroll income tax. The study has implications for payroll in-

come tax and tax planning practice (X. Wang et al, 2016) [6].

3.3. Application in Psychology

To provide evidence for a U-shaped relationship, researchers commonly regress
the dependent variable Y on the independent variable X and its square:
Y =fy+ /X +ﬂzxz

Including the first-order X in the regression equation is essential (Aiken and
West, 1991), as leaving it out is tantamount to assuming that the turning point is
at X = 0 — a very strong assumption to make, a priori. A significant and nega-
tive indicates an inverted U-shaped relationship and a significant and positive S,
a U-shaped relationship (Haans, Pieters, & He, 2016) [7].

In the field of psychology, a model can be built as follows:

CSR, . =f5;+ ﬁlNarcissismm +ﬁ2Narcissismft + B X+ 6

where 7 denotes firms and ¢ stands for year. CSR is a firm’s overall net social
performance. Narcissism signifies a CEO’s narcissistic score, which is company
and time variant but CEO invariant. X contains all other control variables, in-
cluding the moderator variable, CEO power. 7 controls for time fixed effects,
which vary with time but are common to all firms. x captures all firm-fixed un-
observed heterogeneous factors that do not change over time.  and € represent
the coefficient and error terms, respectively. If a negative and statistically signif-
icant B, is predicted, indicating there is an inverted U-shaped relationship be-
tween CEO narcissism and CSR such that narcissism is positively related to CSR
up to a point, after which the relationship becomes negative.

Based on an analysis of Fortune 500 firms from 2006 to 2013, Al-Shammari,
Rasheed, and Banerjee (2022) [8] find evidence supporting an inverted U-shaped
relationship between CEO narcissism and corporate social responsibility (CSR)
(B, =-1.628, p <0.01). This means, increases in CEO narcissism results in in-
creased CSR up to a certain point beyond which further increases in CEO nar-

cissismled to declines in CSR. The findings suggest that the assumption of a li-
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near relationship between CEO narcissism and CSR may only hold within a li-
mited range of narcissism levels. At extremely high levels of CEO narcissism, it
becomes necessary to reconsider the nature of the relationship. While CEOs
with lower narcissistic tendencies may focus on both market and non-market
strategies, highly narcissistic CEOs may shift their focus towards attention-
grabbing and riskier actions that would attract more media attention, rather
than engaging in CSR activities, which are unlikely to receive the same level of
visibility (Al-Shammari et al, 2022) [8].

3.4. Application in Medical Research

Modern medicine is moving from qualitative research to quantitative research,
towards a direction that is quantitative, precise, computable, predictable, and
controllable. Achieving these goals requires the utilization of mathematical theo-
ries to explore the quantitative regularities. For example, the text describes a
mathematical model for the spread of a certain infectious disease in a specific re-
gion. The population is divided into three categories: susceptible individuals,
denoted by S(#), who are not yet infected but are at risk of being infected at time
t infected individuals, denoted by 4(#), who are already infected and capable of
spreading the disease at time # and removed individuals, denoted by R(?), who
have either recovered from the disease or have died due to it at time ¢

Assuming that the total population in the studied region is constant, the rate
of change of susceptible individuals over time is proportional to the product of
the current number of susceptible individuals and the current number of in-
fected individuals. Additionally, the rate of transition from infected individuals
to removed individuals is proportional to the number of infected individuals. In

this case, the mathematical model for the infectious disease can be expressed as:
S'(t)=-pSI (4)
, 1
I'(t)=gsI —=1 5)
T

R’(t):%l

From the model, it can be deduced that when fz% > 1 (where & = S(0)

represents the initial number of susceptible individuals), the disease will spread.

(6)

When B1&% < 1, the disease will not spread, and the number of infected individu-
als, /(#), will monotonically decrease and eventually approach zero (Kermack &
Mckendrick, 1927) [9].

Mathematical models, such as the one described, have been successfully used
in predicting the course of infectious diseases, including the outbreak of SARS.
By fitting the model to available data and estimating parameters such as the
transmission rate, researchers can make predictions about the number of infec-
tions, the timing of the peak of the outbreak, and the approximate duration of
the epidemic. These predictions can help public health officials and policymak-

ers make informed decisions about implementing control measures and allocat-
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ing resources to mitigate the impact of the disease. This is indeed a successful

application of mathematical methods in medical research.

4. Conclusions

Advanced mathematics has numerous applications in various fields. Advanced
mathematics plays a crucial role in engineering. It is used to establish and solve
mathematical models for various engineering problems, such as structural me-
chanics, electrical engineering, and control systems. Concepts from calculus, li-
near algebra, and differential equations are widely applied in engineering design
and analysis. Advanced mathematics plays a fundamental role in computer
science. Concepts from discrete mathematics and algorithm design form the
foundation of computer science. Advanced mathematics is extensively used in
flight mechanics. Mathematical techniques such as calculus, linear algebra, and
differential equations are employed to establish flight dynamics models and ana-
lyze the motion and stability of aircraft and spacecraft. These models can be used
to predict the performance of vehicles, design control systems, and optimize
flight trajectories.

It is evident that mathematics is closely related to everyday work and life, and
it is highly practical and challenging. Mathematical models reveal the source of
mathematics (where it comes from) and demonstrate the application scenarios
of mathematics (where it is heading), enabling a close connection between ma-
thematical theory and practice. Einstein once said that love is the best teacher. It
is hoped that every college student, on the basis of fully understanding the un-
iversality and importance of the application of higher mathematics, can love ad-
vanced mathematics, can learn advanced mathematics well, can summarize
practical problems into mathematical problems, and then solve problems, so that

mathematics can truly become a weapon in our study.
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