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Abstract

Matrix theory plays a very important role in teaching Mathematics and solving mathematical problems. 

Studying the theory of matrix can help academics, practitioners, and students solve many problems in 

Engineering, Econometrics, Finance, Economics, Optimization, Decision Sciences, and many other 

areas. To review the matrix theory with applications, in this paper we first review the theory of matrix. 

We then discuss how to build up some mathematical, financial, economic, and statistical models by 

using matrix theory and discuss the applications by using the theory of matrix in Decision Sciences and 

other related areas like Mathematics, Economics, Finance, Statistics, and Education with real-life 

examples.

Keywords: Matrix, Decision Sciences, Education and Reality.
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1. Introduction

Matrix theory plays a very important role in teaching Mathematics and solving mathematical problems. 

Studying the theory of matrix can help academics, practitioners, and students solve many problems in 

Engineering, Econometrics, Finance, Economics, Optimization, Decision Sciences, and many other 

areas. Thus, many scholars have been studying the theory of matrix theory with its application. For 

instance, Gantmacher and Brenner (2005) presented applications of the theory of Matrices, Campbell 

and Meyer (2009) introduced the general inverses of linear transformations, Cullen (2012) studied the 

theory of matrix and linear transformations, and Farenick (2012) worked on the algebras of linear 

transformations by using matrices.

One of the main applications of matrix theory is to find the roots of equations and systems of equations. 

In this regard, Buttle (1967) presented the solution of coupled equations by using the R-matrix technique, 

El-Sayed and Ran (2002) provided an iteration method to solve different classes of nonlinear matrix 

equations, Saadatmandi and Dehghan (2010) introduced to a new operational matrix to solve fractional-

order differential equations, and Doha, Bhrawy and Ezz-Eldien (2012) introduced a new Jacobi 

operational matrix with applications of solving fractional differential equations.

Matrix theory is useful in many scientific areas. For example, it has been applied in many different areas 

of physics like classical mechanics, optics, and quantum mechanics. Matrices have also been utilized in 

studying many physical phenomena, for example, the motion of rigid bodies. Moreover, in computer 

graphics, matrices have been used in developing 3D models and projecting them onto a 2-dimensional 

screen. In probability theory and statistics, stochastic matrices are used to depict sets of probabilities. 

Matrix calculation has been used in classical analytical concepts including derivatives and exponential 

functions for higher dimensions.

In addition, matrices can also be employed in economics to depict systems of economic relationships. 

For instance, Radhakrishna and Bhaskara (1998) presented the matrix algebra and its applications to 

statistics and econometrics, Calsbeek and Goodnight (2009) provided an empirical comparison of using 

G matrix test statistics to find biologically relevant change, Schott (2016) introduced the matrix analysis 

for statistics, and Magnus and Neudecker (2019) developed the matrix differential calculus with 

applications in statistics and econometrics.

To review the matrix theory with applications, in this paper we first review the theory of matrix. We 

then discuss how to build up some mathematical, financial, economic, and statistical models by using 

matrix theory and discuss the applications by using the theory of matrix in Decision Sciences and other 

related areas like Mathematics, Economics, Finance, Statistics, and Education with real-life examples.

This paper is organized as follows. We review the theory of matrix in Section 2. We present applications 

of matrix theory in Decision Sciences, Education and Reality in Sections 3, 4, and 5 and make some 

concluding remarks in the last section.

2. Review of Matrix Theory
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In this section, we present the definitions of matrix and some common types of matrices

2.1. Definition of matrix

In Mathematics, a matrix is a rectangular array that contains numbers, symbols, or expressions, arranged 

in rows and columns, where each matrix follows predefined rules. Each cell in the matrix is called an 

element or an item. For instance, a matrix M with 2 rows and 4 columns and a matrix N with 3 rows and 

1 column can be expressed as follows:

1 0 7 1

2 3 9 5
M

− 
=  

− 
and 

2 4

5 6

3 1

N

− 
 

=
 
 − 

When the numbers of columns and rows in a matrix are equal, the matrix is called a square matrix. We 

provided some common types of matrices in the next sub-section.

2.2. Common types of matrices

2.2.1. Zero matrix

A zero matrix is a matrix in which all its elements are zero numbers; that is, 0, ,ijm i j=  , 

and it is denoted by On or O.

Example 2.1

2 3 4

0 0 0 0
0 0 0

0 0 0 0 0 0
, 0 0 0 , .

0 0 0 0 0 0
0 0 0

0 0 0 0

O O O

 
   

     = = =        
  
 

2.2.2. Diagonal matrix

A diagonal matrix is a square matrix in which all elements outside the diagonal are zero; that is, 

0,ijm i j=   . The diagonal matrix is symbolized by ( )11 22, ,..., nnM diag m m m=

Example 2.3

1 2 3

6 0 0 0
4 0 0

1 0 0 7 0 0
,M 0 5 0 ,M .

0 2 0 0 8 0
0 0 6

0 0 0 9

M

 
   

     = = =        
  
 

2.2.3. Identity matrix
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An identity matrix is a diagonal matrix in which all the elements on the diagonal are equal to 1; that is, 

mii= 1. It is denoted by I or E. To specify the dimension of the matrix, it can be written as In or En.

Example 2.3

2 3 4

1 0 0 0
1 0 0

1 0 0 1 0 0
, I 0 1 0 , I .

0 1 0 0 1 0
0 0 1

0 0 0 1

I

 
   

     = = =        
  
 

2.2.4. Inverse matrix

Let M be a square matrix of dimension n, a square matrix N with dimension n is called an inverse matrix 

of matrix M if MN = NM = I, where I is an identity matrix. If M has the inverse matrix, then M is called 

an invertible matrix.

Example 2.4

If 
1 2

3 4
M

 
=  
 

and 
2 1

1.5 0.5
N

− 
=  

− 
, then MN = NM = I.

Thus, it can be said that M is an inverse matrix of N, or N is an inverse matrix of M.

2.2.5. Transpose matrix

The matrix ( )T

ji kh
M m= is called a transpose matrix of ( )ji hk

M m= if the rows of matrix 
TM are the 

corresponding columns of matrix M and the columns of matrix 
TM are the corresponding rows of matrix 

M.

Example 2.5

If 
1 2

3 4
M

 
=  
 

, then the transpose matrix of M is 
1 3

2 4

TM
 

=  
 

.

If 

1 2 3

4 5 6

7 8 9

N

 
 

=
 
 
 

, then the transpose matrix of N is 

1 4 7

2 5 8

3 6 9

TN

 
 

=
 
 
 

.

If 
1 2 3

4 5 6
P

 
=  
 

, then the transpose matrix of P is 

1 4

2 5

3 6

TP

 
 

=
 
 
 

.
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2.2.6. Conjugate transpose matrix

If M is an m × n matrix with entries from the field F, then the conjugate transpose of M is attained by 

first using the complex conjugate of each entry in M and then transposing M. A conjugate transpose 

matrix of ( )ijM m= is ( )
T

jiM m= . For the sake of simplicity, it is usually denoted by 
*T

M M= .

Example 2.6

If 

1 2

1 3 4

3 3 2

i

M i

i

− 
 

= −
 
 + 

, then 

1 2

1 3 4

3 3 2

i

M i

i

 
 

= +
 
 − 

and 
*

1 1 3 3

2 4 3 2

T i
M M

i i

+ 
= =  

− 

Thus, M is a conjugate transpose matrix.

2.2.7. Orthogonal matrix

A square matrix M is called an orthogonal matrix if 
T TM M MM I= = , where I is an identity matrix 

and 
TM is the transpose matrix of M. This leads to the following equivalent equality: M is an orthogonal 

matrix if its inverse is equal to its transpose; that is, 
1 TM M− = .

Example 2.7

If 

0 1 0 0

0 0 0 1

1 0 0 0

0 0 1 0

M

 
 
 =
 
 
 

, then 
1

0 0 1 0

1 0 0 0

0 0 0 1

0 1 0 0

TM M−

 
 
 = =
 
 
 

.Thus, M is an orthogonal matrix.

2.2.8. Unitary matrix

M is called a unitary matrix if
*M M I= , where I is an identity matrix and 

*M is a conjugate transpose 

matrix of M. If M is a unitary matrix, then M is invertible. This leads to the following equivalent equality: 

If M is an orthogonal matrix, then its inverse is equal to its conjugate transpose; this is, 
1 *M M− = . 

Furthermore, ( )det 1M =  where ( )det M is the determinant of M because it is well known that 

( ) ( ) ( ) ( ) ( )
2* *det det det det det 1I M M M M M= = =   =  .

Example 2.8
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If 

1 1

2 2

1 1

2 2

i i

M
i i

+ − + 
 

=  
+ − 

 
 

, then 

1 1

2 2

1 1

2 2

i i

M
i i

− − − 
 

=  
− + 

 
 

and 
*

1 1

2 2

1 1

2 2

T

i i

M M
i i

− − 
 

= =  
− − + 

 
 

It can be seen that
*M M I= . Thus, M is a unitary matrix.

2.2.9. Symmetric matrix

If all the elements of a matrix n nM  are real and satisfy the condition that 
TM M= , then it is called a 

symmetric matrix. 

We note that if n nM  is a symmetric matrix, then ij , , 1,2,...,n .jiM M i j=  =

Example 2.9

If 
2 5

5 2
M

 
=  
 

, then 
2 5

5 2

TM M
 

= =  
 

. Hence, M is a symmetric matrix.

If 

2 5 7

5 3 4

7 4 1

N

 
 

= −
 
 − 

, then 

2 5 7

5 3 4

7 4 1

TN N

 
 

= = −
 
 − 

. Hence, N is a symmetric matrix.

2.2.10. Hermitian matrix

A matrix M is called a Hermitian matrix if 
T

M M= .

Example 2.10

If 
1 3 2

3 2 4

i
M

i

+ 
=  

− 
, then 

1 3 2

3 2 4

i
M

i

− 
=  

+ 
and 

1 3 2

3 2 4

T i
M

i

+ 
=  

− 

It can be seen that 
T

M M= . Thus, M is also Hermitian matrix.

2.2.11. Positive semi-definite matrix

The quantity

ij

1 1

n n
T

i j

i j

u Mu m u u
= =

=

is called the quadratic form. A Hermitian matrix 
nM C is said to be positive semi-definite (PSD) if 

0Tu Mu  , for any 
nu C and 0.u 



8

Example 2.11

If 
4 0

0 2
M

 
=  
 

, then ( ) 1 2 2

1 2 1 2

2

4 0
4 2 0.

0 2

T
u

u Mu u u u u
u

  
= = +   

  

Thus, M is a positive semi-definite matrix.

2.2.12. Positive definite matrix

A Hermitian matrix 
nM C is said to be positive semidefinite (PSD) if 0Tu Mu  for any 

nu C and 

0.u  The illustration for the quadratic form for a positive definite matrix is provided in Figure 1 and 

the following example:

Example 2.12

If 
7 0

0 9
M

 
=  
 

, then ( ) 1 2 2

1 2 1 2

2

7 0
7 9 0,

0 9

T
u

u Mu u u u u
u

  
= = +   

  
since 0.u 

Thus, M is a positive definite matrix.
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Figure 1: Quadratic form for a positive definite matrix.



10

2.2.13. Indefinite matrix

A Hermitian matrix that is not PD or PSD is called an indefinite matrix. The illustration for the quadratic 

form for an indefinite matrix is provided in Figure 2 and the following example:

Example 2.13

If 
2 0

0 3
M

 
=  

− 
, then ( ) 1 2 2

1 2 1 2

2

2 0
2 3 .

0 3

T
u

u Mu u u u u
u

  
= = −  

−  

Thus, M is an undefinite matrix.
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Figure 2: Quadratic form for an indefinite matrix.
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3. Applications of Matrix Theory in Decision Sciences

There are many applications of matrix theory in Decision Sciences, especially in Applied Mathematics, 

Finance, and Economics because matrix theory is not only the foundation of Mathematics and Statistics 

but also the foundation of all sciences. In this section, we will present the applications of matrix theory 

in four main areas, including Applied Mathematics, Statistics, Finance, and Economics. We first present 

the applications of matrix theory to Applied Mathematics.

3.1. Building up mathematical models

The main area of applying Matrix Theory in Applied Mathematics is to solve systems of equations. 

There are two approaches in solving systems of equations: the Newton method and Cramer’s formula. 

For instance, Pho, et al. (2018) compared the Newton algorithm and maxLik function and introduced 

some applications of this approach in Statistics and regression models with missing data. Truong, et al. 

(2019) introduced some applications of the Newton method in Decision Sciences and Education.

In addition, Pho, et al. (2019a) introduced the moment generating function, expectation and variance of 

ubiquitous distributions with applications in decision sciences. Pho, et al. (2019b) applied regression 

models in some applications by using the Newton method and Pho. et al. (2019c) reviewed the four 

optimal solution methods in decision sciences: bisection, gradient, secant, and Newton methods. On the 

other hand, Truong, et al. (2019) used optim, nleqslv, and maxLik to determine parameters in some of 

regression models, these are useful functions in R programmed by the Newton method, etc.

For the Cramer formula, it is named after the famous mathematician Gabriel Cramer (1704-1752) who 

proposed the rule for an arbitrary number of unknowns in 1750. This is a very popular formula to solve 

the system of equations that there have been many scientists studying and improving the formula 

recently. For instance, Burgstahler (1983) presented a more general Cramer Rule, Chen (1993) provided 

a Cramer rule for root of general restricted linear equations, and Wei (2002) offered a characterization 

for the W-weighted Drazin inverse and a Cramer rule for the W-weighted Drazin inverse solution.

On the other hand, Ji (2005) introduced explicit expressions of the generalized inverses and condensed 

Cramer rules and Song et al. (2011) presented the Cramer rule for the unique root of  restricted matrix 

equations over the quaternion skew field. Egozcue, et al. (2009, 2011a,b, 2012a, 2013) and Ly, et al. 

(2019a,b) applied the theory of matrix to develop some new theories for covariance and copulas. Readers 

may refer to Wang and Xu (2005), Jiang (2006), and Akhtyamov, et al. (2017) for more discussions.

3.2. Building up financial models

There are many applications of matrix theories in Finance. For instance, Norberg (1999) presented on 

the Vandermonde matrix and its role in mathematical finance. Laloux et al. (2000) and Bai et al. (2011a) 

provided the random matrix theory and financial correlations. Bai et al. (2009a,b, 2016) and Li et al. 

(2020) applied the theory of random matrix to develop efficient estimates of portfolios. Higham (2002) 
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developed the computing the nearest correlation matrix to a problem from finance. Ledoit and Wolf 

(2003) offered the improved estimation of the covariance matrix of stock returns with an application to 

portfolio selection.

In addition, Dourson (2004) provided the 40 inventive principles of TRIZ applied to finance. Zhao et al. 

(2011) introduced to synchronization of a chaotic finance system. Zhaoben et al. (2014) introduced to 

spectral theory of large dimensional random matrices and its applications to wireless communications 

and finance statistics: random matrix theory and its applications. Wong and Chan (2004), Thompson 

and Wong (1996, 1991), and others applied the theory of matrix theory to extend the theory of cost of 

capital that allows dividends to a time series model.

Furthermore, Guo, et al. (2017), Fung, et al. (2011), Lam, et al. (2010, 2012), and others applied the 

theory of matrix theory and applied the theory of cost of capital developed by Wong and Chan (2004), 

Thompson and Wong (1996, 1991), and others to develop a pseudo Bayesian model that can explain 

investors’ behaviors and explain market anomalies like under- and overreaction and market volatility. 

Lozza, et al. (2018), Egozcue, et al. (2011), Egozcue and Wong (2010), and many others applied the 

theory of matrix to develop the theory of diversification and Guo, et al. (2019) applied the theory of 

matrix to develop a new portfolio theory with background risk.

3.3. Building up economic models

Lewis and Thorbecke (1992) presented district-level economic linkages in Kenya: evidence based on a 

small regional social accounting matrix. Sonis and Hewings (1999) provided economic landscapes: 

multiplier product matrix analysis for multiregional input-output systems. Ormerod and Mounfield 

(2000) introduced to random matrix theory and the failure of macro-economic forecasts. Merkesdal et 

al. (2001) offered the development of a matrix of cost domains in an economic evaluation of rheumatoid 

arthritis.

In addition, Lee et al. (2006) developed the economic value portfolio matrix: A target market selection 

tool for destination marketing organizations. Morilla et al. (2007) presented Economic and 

environmental efficiency using a social accounting matrix. Massetti (2008) proposed the social 

entrepreneurship matrix as a “tipping point for economic change. Allan et al. (2011) offered the 

importance of revenue sharing for the local economic impacts of a renewable energy project: a social 

accounting matrix approach, etc.

The theories of stochastic dominance (SD) for risk averters and risk seekers in a univariate dimension 

developed by Wong (2006, 2007), Wong and Li (1999), Levy (2015), Li and Wong (1999), and others 

have been well established. Guo and Wong (2016) applied the theory of matrix theory to extend the 

theory to multiple dimensions.

Similarly, the SD theories for investors with (reverse) S-shaped utility functions developed by Wong 

and Chan (2008), Levy and Levy (2002, 2004), and others and the theory of almost SD developed by 

Guo, et al. (2013, 2014, 2016) and others in univariate dimension are well established. One could follow 

the approach of applying the theory of matrix theory by Guo and Wong (2016) to extend the SD theories 
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for investors with (reverse) S-shaped utility functions and the theory of almost SD to multiple 

dimensions.

Wong and Ma (2008) applied the theory of matrix to extend the work by Wong (2006, 2007) and others 

on the theory of indifference curve to include location-scale family in a multivariate setting for both risk 

averters and risk seekers. One could easily use the same approach introduced by Wong and Ma (2008) 

to extend the work by Broll, et al. (2010) and others to obtain the theory of indifference curve for 

investors with (reverse) S-shaped utility functions in a multivariate setting. In addition, Guo, et al. (2018) 

applied the theory of matrix to develop a new statistic for the stochastic frontier model.

3.4. Building up statistical models

Many problems in statistics, especially for statistics in multi-dimensional cases, are related to matrix 

theory. The applications of matrix theory in Statistics are immensely diverse and varied. For example, 

Muttalib, et al. (1987) presented the theory of random matrix and universal statistics for disordered 

quantum conductors, Zanon and Pichard (1988) introduced the theory of random matrix and universal 

statistics for disordered quantum conductors with spin-dependent hopping, and Searle and Khuri (2017) 

presented the matrix algebra that is useful for statistics.

On the other hand, Andreev and Altshuler (1995) developed the spectral statistics beyond the theory of 

random matrix, Tulino and Verdu (2004) applied the theory of random matrix to wireless 

communications. Bai, et al. (2009a, b) used the theory of large sample matrix (Bai, et al. (2011a) to 

correct the overestimation problem for portfolio optimization first developed by Markowitz (1952), 

Leung, et al. (2012) introduced the formula with a closed form for the estimation theory developed by 

Bai, et al. (2009a, b), and Li, et al. (2020) further extended the theory developed by Bai, et al. (2009a, 

b) by introducing the spectralcorrected estimation that outperforms the estimation proposed by Bai, et 

al. (2009a, b). Li, et al.  (2018) extend the theory to take care of investors preferences.

The theories of stochastic dominance (SD) for risk averters and risk seekers have been developed by 

Wong (2006, 2007), Wong and Li (1999), Levy (2015), Guo and Wong (2016), Li and Wong (1999), 

Chan, et al. (2020), Sriboonchitta, et al. (2009), and many others while Bai, et al. (2015), Ng, et al. 

(2017), and others applied the theory of matrix theory to develop SD tests for risk averters and risk 

seekers and Lean, et al. (2008), Ng, et al. (2017), and others have shown that SD tests developed by Bai, 

et al. (2015) and Ng, et al. (2017) are efficient and have decent size and good power.

The SD theories for investors with (reverse) S-shaped utility functions have been developed by Wong 

and Chan (2008), Levy and Levy (2002, 2004), and others while Bai, et al. (2011) applied the theory of 

matrix theory to develop SD tests for investors with (reverse) S-shaped utility functions. On the other 

hand, Guo, et al. (2013, 2014, 2016) and others have developed the theory of almost SD. One could 

easily apply the theory of matrix theory to develop tests for almost SD.

Leung and Wong (2008), Wong, et al. (2012), and Bai, and et al. (2011, 2012) applied the theory of 

matrix to extend the Sharpe ratio in which Leung and Wong (2008) developed a test for multiple Sharpe 

ratios, Wong, et al. (2012) develop a mixed Sharpe ratio, Bai, and et al. (2012) develop a mean-variance 
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ratio test, and Bai, et al. (2012) extend the test developed by Bai, et al. (2011) to obtain a non-asymptotic 

UMPU test.

In addition, Niu, et al. (2018) applied the theory of matrix to develop the theory of confidence interval 

for the economic performance measure. One could easily apply the theories developed by Leung and 

Wong (2008), Wong, et al. (2012), Bai, and et al. (2011, 2012), and Niu, et al. (2018) to develop the 

tests and confidence intervals for the mean-variance rule (Wong and Ma (2008), moment rule (Chan, et 

al., 2019), Copulas (Tang, et al., 2014; Ly, et al., 2019a,b), VaR and conditional-VaR (Ma and Wong, 

2010; Guo, et al. 2019), Kappa ratio (Niu, et al., 2017), Omega ratio (Guo, et al., 2017), Farinelli and 

Tibiletti ratio (Guo, et al., 2019), and many others.

After Guo, et al. (2017), Fung, et al. (2011), Lam, et al. (2010, 2012), and others applied the theory of 

matrix theory to develop a pseudo-Bayesian model that can explain market anomalies like under- and 

overreaction and market volatility, Fabozzi, et al. (2013), Lam, et al. (2008), and others applied the 

theory of matrix theory to develop some statistics that can be used to measure some market anomalies 

like under- and overreaction and market volatility.

Tiku and Wong (1998) is the first paper that applies the theory of matrix theory and time series analysis 

to obtain robust estimation for unit root, Tiku, et al. (2000, 1999) extend the theory to get a robust 

estimation for AR(q) models, while Tiku, et al. (1999a) and Wong and Bian (2005) further extend the 

theory to regression with AR(1) innovations in which the innovations are distributed as symmetric t-

distribution and asymmetric gamma and generalized logistic distributions, respectively. Bian and Wong 

(1997) applied the theory of matrix theory to develop a (g-prior) Bayesian regression model by using 

Cauchy and inverted gamma prior.

They find that their proposed estimator is adaptive and uniformly better than the leastsquares (LS) 

estimators. Bian, et al. (2013) applied the g-prior Bayesian regression model developed by Bian and 

Wong (1997) in the estimation of the Capital Asset Pricing Model (CAPM) on the returns of several US 

portfolios. They find that the g-prior estimators are more efficient than and outperform the LS estimator 

uniformly. Readers may refer to Kottos (2005), Paul and Aue (2014), Lambert, et al. (2018), Tian et al. 

(2019), Tuan et al. (2019a b, c), Fu et al. (2020), Mahmoudi, et al. (2020a, b, c, d, e), Seyed et al. (2020), 

Wang et al. (2020) and Pho, et al. (2020a, b), Zhou et al. (2020) for more discussion.

Besides, Guo, et al. (2018) applied the theory of matrix to develop a new statistic for the stochastic 

frontier model, Bian, et al. (2011) applied the theory of matrix to develop a new trinomial test, Wong 

and Miller (1990) and Wong, et al. (2001) applied the theory of matrix to develop a new time series 

model, Lam, et al. (2006) applied the theory of matrix to develop a new variance ratio test, Tiku and 

Wong (1998) applied the theory of matrix to develop a new unit root test, Penm, et al. (2003) and Wong, 

et al. (2007) applied the theory of matrix to develop a new cointegration test, Bai, et al. (2018, 2010, 

2011) and Chow et al. (2018) applied the theory of matrix to develop new causality tests, and Hui, et al. 

(2017) applied the theory of matrix to develop a new nonlinearity statistic.

3.5. Applications of mathematical, economic, financial, and statistical models
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After applying the theory of matrix theory to develop the mathematical, economic, financial, and 

statistical models as discussed in the previous subsections, one may consider employing the model to 

analyze some real-life problems. For example, after applying the theory of matrix theory to develop the 

mathematical, economic, financial, and statistical models as discussed in the previous subsections, one 

may consider employing the model to analyze some real-life problems.

For example, after applying the theory of random matrix to developing models of portfolio optimization, 

Bouri, et al. (2018), Hoang, et al. (2018, 2019, 2015a,b), Abid, et al. (2014, 2013, 2009), Mroua, et al. 

(2017), and many others applied the theory of portfolio optimization to analyze many interesting 

financial issues.

There are many good empirical applications of the work after applying the theory of matrix, for example, 

in two-moment model (Broll, et al., 2011, 2006, 2015; Guo, et al., 2018; Alghalith, et al., 2016, 2017, 

2017a), production model (Guo, et al., 2015, 2020, Egozcue, et al., 2015; Guo and Wong, 2020), 

currency model (Agarwal, et al., 2004; Chen, et al., 2011), risk measures (Bai, et al., 2013; Chow, et al. 

2019), cointegration and causality (Batai, et al., 2017; Chen, et al., 2007, 2008; Cheng, et al., 2019; 

Chow, et al., 2019, Liew, et al., 2010; Lv, et al., 2019; Qiao, et al., 2009; Zheng, et al., 2009), stochastic 

dominance (Bouri, et al., 2018).

In addition, income inequality (Chan, et al., 2018; Valenzuela, et al., 2019), technical analysis (Chan, et 

al., 2014; Chong, et al., 2017; Kung and Wong, 2009a,b; Lam, et al., 2007; Wong, et al., 2001, 2003, 

2005), trading strategies (Lu, et al., 2018, 2019; McAleer, et al., 2016), and calendar anomalies (Wong, 

et al., 2004a, 2006; Lean, et al., 2007; Qiao, et al., 2010).

There are many applications in different financial markets as well, for example, warrant markets (Chan, 

et al., 2012; Wong, et al., 2018), stock markets (Demirer, et al., 2019; Fong, et al., 2008; Qiao, et al., 

2008a,b, 2011; Wong and Bian, 2000; Xu, et al., 2017, Wong, et al., 2004), future markets (Clark, et al., 

2016; Lam, et al., 2016; Qiao, et al., 2012, 2013; Lean, et al., 2010, 2015), bond (Kung and Wong, 2006; 

Liew, et al., 2010; Chow, et al., 2019), currency (Owyong, etala 2015; Agarwal, et al., 2004), and 

housing markets (Qiao, and Wong, 2015; Tsang, et al., 2016; Lam, et al., 2016; Li, et al., 2014).

Matrix theory could also be used in marketing (Liao, et al., 2012, 2014; Liao and Wong, 2008; 

Moslehpour, et al., 2017a,b; 2018) and management (Pham, et al., 2020). There are many other good 

applications of applying the theory of matrix, see, for example, Chang, et al. (2017, 2016a,b,c, 2018a,b), 

Pho, et al. (2019a, b), Truong, et al. (2019), Woo, et al. 2020) for more information.

4. Applications of Matrix Theory in Education

The theory of practical Mathematics related to Matrix theory becomes an important problem in some 

Mathematics competitions in Vietnam, including National High School, College entrance exam, 

National Student Mathematics Olympiad, and others. Teaching Mathematical Modeling becomes 

effective for High School teachers as well as University lecturers/professors. Through the activities of 

teaching Mathematical Modeling, students get a better understanding of all problems related to 

Mathematics they encountered.
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In Vietnam, Nam (2015a) presented some design modeling activities in teaching mathematics, Nam 

(2015b) provided the process modeling in teaching mathematics in high school, and Nam (2015c) 

introduced the capacity of mathematical modeling for High School students. In addition, Nam (2016) 

developed some modeling capabilities for High School teachers.

Many scientists have been studying problems related to teaching Mathematical Modeling in different 

countries. For instance, Burghes and Huntley (1982) presented the teaching mathematical modeling on 

reflections and advice while Verschaffel and De Corte (1997) provided approaches in teaching realistic 

mathematical modeling in the elementary school with teaching experiment on some fifth-grade students. 

Also, Abrams (2001) discussed the teaching mathematical modeling and provided some skills of 

representing mathematical modeling.

Besides, Lingefjard and Holmquist (2005) introduced a theory on assessing students’ attitudes, skills 

and competencies in mathematical modeling, Lesh et al. (2010) presented problems on students 

mathematical modeling competencies, and Erbas et al. (2014) provided the basic concepts and 

approaches to the Mathematical Modeling in Mathematics Education. Readers may refer in English 

(2006), Mousoulides, Christou and Sriraman (2008), and Clarke and Skiba (2013) for more information.

In order to help teachers and students in high schools and universities to have a good review on teaching 

Mathematical Modeling, in this paper we review the following issues: Mathematical modeling 

capabilities of High School teachers, the capacity of Mathematical modeling of High School students, 

the effective way of teaching through Mathematical modeling, and the Mathematical modeling step for 

the practical problem about Matrix theory.

4.1. Mathematical modeling capabilities for High School teachers

Nam (2016) studied Modeling capabilities for High School teachers. He pointed out that the ability of 

Vietnamese High School teachers in teaching Mathematical modeling is still weak and the facilities and 

teaching equipment for teaching Mathematical modeling are not up to standard. Thus, it is important to 

help Vietnamese High School teachers to improve their ability and help them to get more and better 

resources in teaching Mathematical modeling. Many studies have been working in this area.

For example, Jaworski (2004) presented the design and study of classroom activity in mathematics 

teaching development include insiders and outsiders. Silk et al. (2010) designed technology activities 

that can be used in teaching mathematics. Shaffer (2013) studied design, collaboration, and 

computational model with computer-supported collaboration in mathematics. In addition, Nam (2015a) 

designed modeling activities in teaching mathematics and Watson, et al. (2015) introduced to task design 

in mathematics education.

4.2. The capacity of Mathematical modeling for High School students

Nam (2015c) studied the capacity of mathematical modeling for High School students in Vietnam. He 

pointed out that there is not enough capacity for mathematical modeling for High School students in 
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Vietnam and most of the capacity is only at a low level. He also pointed out that the limitation of the 

current textbook curriculum, in which the applicability of mathematics in solving daily-life problems 

has not been taken seriously. To circumvent the limitations of teaching mathematical modeling for High 

School students in Vietnam, Nam (2015c) suggested the way to teach Mathematical Modeling in high 

schools should focus on training students to achieve competence in mathematical modeling with 

emphasis on solving daily-life problems.

4.3. The effective way of teaching through Mathematical modeling

To provide an effective way of teaching through Mathematical modeling, Nam (2015b) proposed an 

approach to organizing model activities in teaching Mathematics. We summarize his approach in detail 

and fully by using Figures 3 and 4 to show a comprehensive overview of the effective way of teaching 

through Mathematical modeling. We note that teachers should use the practical problems that are useful 

to students and easy to learn. The easier the problem that can be used in practice, the easier and faster 

students could learn the theory.

It can be seen from Figure 3 that, using Mathematical modeling will help students solve problems by 

collecting, understanding and analyzing information about Mathematics first. Students can then apply 

Mathematics to model real-world situations. However, in teaching practice, the Mathematical modeling 

process above always follows an appropriate adjustment mechanism to simplify and make the problem 

easier for students to understand. This adjustment mechanism demonstrates the close relationship 

between Mathematics and practical problems as stated in Figure 4.
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Figure 3: The process of Mathematical Modeling Teaching.
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Figure 4: Mechanism to adjust the modeling process.
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4.4. The Mathematical modeling step for the practical problem about Matrix theory

In this section, we suggest the following steps to solve the problem by setting the system of equations:

Step 1: Select the unknown variable and set the condition for the unknown variable because usually, the 

unknown variable is the quantity of the problem to be found. Then, represent unknown quantities 

according to unknown variables and known quantities. Finally, program equations (systems of equations) 

to denote the relationship between quantities.

Step 2: Solve the equation (system of equations). Usually, the problem will lead to a system of equations 

with many unknown variables. If the problem is written in a matrix form, then the system of equations 

can be written in the form: AX = B. Then, we can easily find the solution to the system of equations: X 

=A-1B.

Step 3: Conclusion: It is important to check that in the solutions of the equation to get solutions that 

satisfy the conditions of the unknown variable and find out which solutions do not satisfy and draw a 

conclusion.

5. Applications of Matrix Theory in Reality

The National Student Mathematics Olympiad is a very important examination for university students in 

Vietnam because the contest not only improves the quality of teaching and learning Mathematics but 

also gives a good motive to students to learn mathematics. The competition is organized to attract 

students in universities, colleges, and institutes who are good at mathematics to participate.

In addition, the competition also creates opportunities for interactions among students, teachers, and 

professors from universities, colleges, and institutes. In order to provide readers to have a good overview 

of the applications of matrix theory in reality, in this paper we use the theory of Matrix theory to gather, 

solve, and analyze some practical problems. These problems are illustrated in the National Student 

Mathematics Olympiad in 2015, 2016, 2017 and 2019.

5.1. Practical Mathematics problems in the National Student Mathematics Olympiad

Problem 1: (The test of the National Student Mathematics Olympiad in 2016)

Let a and b be real numbers and

0 0

0 0

0 0

0 0

a b

a b
A

a b

b a

− 
 

−
 =
 −
 

− 

(i) Find the determinant of A.
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(ii) For which values of a and b, A is invertible and in that case, compute A-1.

(iii) The urban green company implements the Project to replace old and out-of-species trees with new 

ones. The company carried out the program for four months. In each month the company will cut 10% 

of the total trees in the city by the first day of the month, at the same time, planting some more trees. 

Specifically, in the first month, 100 trees will be planted, 102 more trees in the second month, 104 trees 

in the third month, 106 trees in the last month. At the Closing Ceremony, it is said that the total number 

of existing trees in the city has increased by 80 compared to before Project implementation. How many 

trees are there in the city now?

Problem 2: (The test of the National Student Mathematics Olympiad in 2019)

A factory produces five types of products A, B, C, D, E. Each type of product must go through five 

stages of cutting, trimming, packing, decorating and labeling with a time for each stage as shown in the 

following table:

Cutting 

(hours)

Trimming 

(hours)

Packing 

(hours)

Decorating 

(hours)

Labeling 

(hours)

Product A 1 1 1 1 1

Product B 4 3 3 2 1

Product C 8 12 6 3 1

Product D 12 15 10 4 1

Product E 20 24 10 5 1

Suppose that cutting, trimming, packing, decorating, and labeling have the maximum number of hours 

a week, respectively, 180, 220, 120, 60, and 20 hours. In the original design of the plant, there was a 

plan on the number of each type of product the factory had to produce in a week to use up the capacity 

of the parts. Calculate the quantity of each type of product produced in a week according to that plan.

5.2. Solving problems

In this study, our main purpose is to show how to use Matrix theory to solve practical problems, so we 

do not present detailed solutions.

Solution to Problem 1:

(i) The determinant of A will be equal to 
4 4a b− .

(ii) If a b , then A is invertible. Using Cramer formula, we can easily find the following

result:

( )

3 2 2 3

3 3 2
1

1 4 4

2 3 3 2

2 2 3 3

0

a a b ab b

b a a b
A b a

ab b a a b

a b ab b a

−
−

 
 
 = −
 
  
 
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(iii) To solve the problem by setting up the system of equations, we proceed through three

steps as follows:

Step 1: Let y0 be the original number of trees is managed by the company. Let y1, y2, y3 and y4 be the 

corresponding tree number of the company at the end of the first, second, third and fourth months. 

From the assumption we have: 
1 00.9 100,y y= +

And thus, 
1 010 9 1000y y− = .

Using the same analysis, we get 
2 1 3 2 4 310 9 1020, 10 9 1040, 10 9 1060y y y y y y− = − = − = .

In addition, we have: 4 0 80.y y+ =

So, we have the following equation system:

1 0

2 1

3 2

4 3

4 0

10 9 1000

10 9 1020

10 9 1040

10 9 1060

80.

y y

y y

y y

y y

y y

− =


− =


− =
 − =

 + =

This is equivalent to

1 0

2 1

3 2

0 3

10 9 1000

10 9 1020

10 9 1040

10 9 260

y y

y y

y y

y y

− =


− =


− =
 − =

Step 2: So, we have a system of linear equations with the following given matrix:

0

1

2

3

9 10 0 0 1000

0 9 10 0 1020

0 0 9 10 1040

10 0 0 9 260

y

y

y

y

−     
    

−     =
    −
    

−    

Thereafter, we obtain
1

0

1

2

3

9 10 0 0 1000

0 9 10 0 1020

0 0 9 10 1040

10 0 0 9 260

y

y

y

y

−
−     

     
−     =

     −
     

−    

Step 3: Using the formula for calculating the inverse matrix A-1 in the above sentence, we can calculate:

0

729*1000  810*1020  900*1040  1000*260

19*181
800.y = =

+ + +
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Thereafter, we get
4 880y = , and conclude that there are 800 trees in the city now.

Solution to Problem 2:

To solve the problem by setting up the system of equations, we proceed through three steps as follows:

Step 1: Let 1 2 3 4, , ,x x x x and 5x be the product numbers of each type of product A, B, C, D, and E, 

respectively. To use up the capacity of the plant, we set:

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

1 2 3 4 5

4 8 12 20 180,

3 12 15 24 220,

3 6 10 10 120,

2 3 4 5 60,

20.

x x x x x

x x x x x

x x x x x

x x x x x

x x x x x

+ + + + =


+ + + + =



+ + + + =
 + + + + =

 + + + + =

Step 2: So, we have a system of linear equations represented in the following given matrix:

1

2

3

4

5

1 4 8 12 20 180

1 3 12 15 24 220

1 3 6 10 10 120

1 2 3 4 5 60

1 1 1 1 1 20

x

x

x

x

x

    
    
    
    =
    
    

    
    

Thereafter, we get

1

1

2

3

4

5

1 4 8 12 20 180

1 3 12 15 24 220

1 3 6 10 10 120

1 2 3 4 5 60

1 1 1 1 1 20

x

x

x

x

x

−

     
     
     
     =
     
     

    
    

Step 3: Solve the system of equations above, we get 1 2 3 4 5 4.x x x x x= = = = =

5.3. Analysis

It can be seen that the practical problems are illustrated in the tests are very interesting and meaningful. 

Using practical problems in teaching mathematics is a contemporary trend. To help High School 

teachers, as well as University lecturers, easily access teaching methods combined with practical 

problems, we propose some solutions as follows:
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In the process of preparing lectures, the knowledge is related to reality, it is necessary to include practical 

problems for High School students as well as University students to see clearly that mathematics is 

useful in our lives. On that basis, teachers need to build a system of appropriate questions and pose some 

real-life situations that often occur in life for students to solve themselves.

In the process of teaching a certain subject and forming new knowledge for students, we recommend 

teachers to conduct activities in the following order: warm-up – knowledge creation - practice activities 

- Explore and expand activities to help students understand the contents in the lessons easily. Afterward, 

it is good if teachers can suggest real-life problems for students to solve.

Also, teachers should use some teaching skills to make the classroom atmosphere lively and friendly. 

They should be approachable for students to express their opinions on practical problems. In the teaching 

process, it is good if teachers can create interest in learning through games, storytelling, practical 

activities, and problems associated with real life.

Most importantly, teachers should take their time to guide students in applying mathematical knowledge 

to solve practical problems that are meaningful to everyday life. Finally, in setting examination questions, 

teachers should set some practical problems into the rich and diverse content of the questions so that 

students can apply mathematical knowledge into practice following the innovative spirit of the textbooks.

The approach of Mathematical Modeling Teaching in our paper is very suitable for teaching according 

to the capacity development orientation according to the general education curriculum in 2018.

6. Conclusion

Matrix theory plays a very important role in teaching Mathematics and solving mathematical problems. 

Studying the theory of matrix can help academics, practitioners, and students solve many problems in 

Engineering, Econometrics, Finance, Economics, Decision Sciences, and many other areas. To review 

the matrix theory with applications, in this paper we first review the theory of matrix. We then discuss 

how to build up some mathematical, financial, economic, and statistical models by using matrix theory 

and discuss the applications by using the theory of matrix in Decision Sciences and other related areas 

like Mathematics, Economics, Finance, Statistics, and Education with real-life examples.



26

References

Abid, F., Leung, P.L., Mroua, M., Wong, W.K. (2014), International diversification versus domestic 

diversification: Mean-variance portfolio optimization and stochastic dominance approaches, Journal of 

Risk and Financial Management, 7(2), 45-66.

Abid, F., Mroua, M., Wong, W.K. (2009), The Impact of Option Strategies in Financial Portfolios 

Performance: Mean-Variance and Stochastic Dominance Approaches, Finance India, 23(2), 503-526.

Abid, F., Mroua, M., Wong, W.K. (2013), Should Americans Invest Internationally? The Mean-

Variance Portfolios Optimization and stochastic dominance approaches, Risk and Decision Analysis,

4(2), 89-102.

Abrams, J. P. (2001), Teaching mathematical modeling and the skills of representation, The roles of 

representation in school mathematics, 269-282.

Agarwal, A., Penm, J.H.W., Wong, W.K., Martin, L.M. (2004), ASEAN DOLLAR: A Common 

Currency Establishment for Stronger Economic Growth of ASEAN Region, Finance India, 18(2), 453-

481.

Akhtyamov, A., Amram, M., Dagan, M., & Mouftahkov, A. (2017), CRAMER’S RULE FOR 

NONSINGULAR m n MATRICES, Teaching of Mathematics, 20(1). 

Alghalith, M., Guo, X., Niu, C.Z., Wong, W.K. (2017), Input Demand under Joint Energy and Output 

Prices Uncertainties, Asia Pacific Journal of Operational Research, 34, 1750018.

Alghalith, M., Guo, X., Wong, W.K., Zhu, L.Z. (2016), A General Optimal Investment Model in the 

Presence of Background Risk, Annals of Financial Economics, 11(1), 1650001.

Alghalith, M., Niu, C.Z., Wong, W.K. (2017a), The impacts of joint energy and output prices 

uncertainties in a mean-variance framework, Theoretical Economics Letters, 7, 1108-1120.

Allan, G., Mcgregor, P., & Swales, K. (2011), The importance of revenue sharing for the local economic 

impacts of a renewable energy project: a social accounting matrix approach, Regional Studies, 45(9), 

1171-1186.

Andreev, A. V., & Altshuler, B. L. (1995), Spectral statistics beyond random matrix theory, Physical 

review letters, 75(5), 902. 

Aquino, K.P., Poshakwale, S., Wong, W.K. (2005), Is It Still Worth Diversifying Internationally with 

ADRs?, International Journal of Finance, 17(3), 3622-3643.

Bai, Z.D., Hui, Y.C., Wong, W.K., Zitikis, R. (2012), Prospect performance evaluation: Making a case 

for a non-asymptotic UMPU test, Journal of Financial Econometrics, 10(4), 703-732.

Bai, Z.D., Li, H., Liu, H.X., Wong, W.K. (2011), Test statistics for prospect and Markowitz stochastic 

dominances with applications, Econometrics Journal, 122, 1-26.



27

Bai, Z.D., Li, H., McAleer, M., Wong, W.K. (2015), Stochastic dominance statistics for risk averters 

and risk seekers: An analysis of stock preferences for USA and China, Quantitative Finance, 15(5), 889-

900.

Bai, Z.D., Li, H., Wong, W.K., Zhang, B.Z. (2011), Multivariate Causality Tests with Simulation and 

Application, Statistics and Probability Letters, 81(8), 1063-1071.

Bai, Z.D., Liu, H.X., Wong, W.K. (2009a), Enhancement of the applicability of Markowitzs portfolio 

optimization by utilizing random matrix theory, Mathematical Finance, 19(4), 639-667.

Bai, Z.D., Liu, H.X., Wong, W.K. (2009b), On the Markowitz mean-variance analysis of self-financing 

portfolios, Risk and Decision Analysis, 1(1), 35-42.

Bai, Z.D., Liu, H.X., Wong, W.K. (2011a), Asymptotic Properties of Eigenmatrices of a Large Sample 

Covariance Matrix, Annals of Applied Probability, 21(5), 1994-2015.

Bai, Z.D., Phoon, K.F., Wang, K.Y., Wong, W.K. (2013), The performance of commodity trading 

advisors: A mean-variance-ratio test approach, North American Journal of Economics and Finance, 25, 

188-201.

Bai, Z.D., Wang, K.Y., Wong, W.K. (2011), Mean-variance ratio test, a complement to coefficient of 

variation test and Sharpe ratio test, Statistics and Probability Letters, 81(8), 1078-1085.

Bai, Z.D., Wong, W.K., Zhang, B.Z. (2010), Multivariate Linear and Non-Linear Causality Tests, 

Mathematics and Computers in Simulation, 81, 5-17.

Batai, A., Chu, A., Lv, Z., Wong, W.K. (2017), China’s impact on Mongolian Exchange Rate, Journal 

of Management Information and Decision Sciences, 20(1), 1-22.

Bian, G., McAleer, M., Wong, W.K. (2011), A Trinomial Test for Paired Data When There are Many 

Ties, Mathematics and Computers in Simulation, 81(6), 1153-1160.

Bian, G., McAleer, M., Wong, W. K. (2013), Robust estimation and forecasting of the capital asset 

pricing model, Annals of Financial Economics, 8(02), 1350007.

Bian, G., Wong, W.K. (1997), An Alternative Approach to Estimate Regression Coefficients, Journal 

of Applied Statistical Science, 6(1), 21-44.

Bouri, E., Gupta, R., Wong, W.K., Zhu, Z.Z. (2018), Is Wine a Good Choice for Investment?. Pacific-

Basin Finance Journal, 51, 171-183.

Broll, U., Egozcue, M., Wong, W.K., Zitikis, R. (2010), Prospect theory, indifference curves, and 

hedging risks, Applied Mathematics Research Express, 2010(2), 142-153.

Broll, U., Guo, X., Welzel, P., Wong, W.K. (2015), The banking firm and risk taking in a twomoment 

decision model, Economic Modelling, 50, 275-280.

Broll, U., Wahl, J.E., Wong, W.K. (2006), Elasticity of risk aversion and international trade, Economics 

Letters, 91(1), 126-130.

Broll, U., Wong, W.K., Wu, M. (2011), Banking firm, risk of investment and derivatives, Technology 

and Investment, 2, 222-227.



28

Burghes, D. N., & Huntley, I. (1982), Teaching mathematical modelingXreflections and advice, 

International Journal of Mathematical Education in Science and Technology, 13(6), 735-754.

Burgstahler, S. (1983), A Generalization of Cramer’s Rule, The Two-Year College Mathematics Journal, 

14(3), 203-205.

Buttle, P. J. A. (1967), Solution of coupled equations by R-matrix techniques, Physical Review, 160(4), 

719.

Campbell, S. L., & Meyer, C. D. (2009), Generalized inverses of linear transformations, Society for 

industrial and applied Mathematics.

Calsbeek, B., & Goodnight, C. J. (2009), Empirical comparison of G matrix test statistics: finding 

biologically relevant change, Evolution: International Journal of Organic Evolution, 63(10), 2627-2635.

Chan, C.-Y., de Peretti, C., Qiao, Z. Wong, W.K. (2012), Empirical test of the efficiency of the UK 

covered warrants market: Stochastic dominance and likelihood ratio test approach, Journal of Empirical 

Finance, 19(1), 162-174.

Chan, R.H., Chow, S.-C., Guo, X., Wong, W.K. (2019), Central Moments, Stochastic Dominance, 

Moment Rule, and Diversification, Social Science Research Network Working Paper Series 3431903.

Chan, R.H., Clark, E., Guo, X., Wong, W.K. (2020), New Development on the Third Order Stochastic 

Dominance for Risk-Averse and Risk-Seeking Investors with Application in Risk Management, Risk 

Management, forthcoming.

Chang, C.-L., McAleer, M., Wong, W.K. (2016a), Behavioural, financial, and health & medical 

economics: A connection, Journal of Health & Medical Economics, 2(11), 1-4.

Chang, C.-L., McAleer, M., Wong, W.K. (2016b), Informatics, data mining, econometrics and financial 

economics: A connection, Journal of Informatics and Data Mining, 1(1), 1-5.

Chang, C.-L., McAleer, M., Wong, W.K. (2016c), Management science, economics and finance: A 

connection, International Journal of Economics and Management Sciences, 5(4), 1-19.

Chang, C.-L., McAleer, M., Wong, W.K. (2017), Management information, decision sciences, and 

financial economics: A connection, Journal of Management Information and Decision Sciences, 20(A).

Chang, C.-L., McAleer, M., Wong, W.K. (2018a), Big Data, Computational Science, Economics, 

Finance, Marketing, Management, and Psychology: Connections, Journal of Risk and Financial 

Management, 11(1): 15.

Chang, C.-L., McAleer, M., Wong, W.K. (2018b), Decision Sciences, Economics, Finance, Business, 

Computing, and Big Data: Connections, Advances in Decision Sciences, 22(A), 1-58.

Chen, H., Fausten, D.K., Wong, W.K. (2011), Evolution of the Trans-Atlantic exchange rate before and 

after the birth of the Euro and policy implications, Applied Economics, 43(16), 1965-1977.

Chen, H., Lobo, B.J., Wong, W.K. (2007), Links between the Indian, U.S. and Chinese Stock Markets: 

Evidence from a fractionally integrated VECM, Global Review of Business and Economic Research,

3(1), 47-65.



29

Chen, H., Smyth, R., Wong, W.K. (2008), Is Being a Super-Power More Important Than Being Your 

Close Neighbor? Effects of Movements in the New Zealand and United States Stock Markets on 

Movements in the Australian Stock Market, Applied Financial Economics, 18(9), 1-15.

Chen, Y. (1993), A Cramer rule for solution of the general restricted linear equation, Linear and 

Multilinear Algebra, 34(2), 177-186.

Cheng, A.W.W., Chow, N.S.C., Chui, D.K.H., Wong, W.K. (2019), The Three Musketeers relationships 

between Hong Kong, Shanghai and Shenzhen before and after Shanghai Hong Kong Stock Connect, 

Sustainability, 11(14), 3845; https://doi.org/10.3390/su11143845

Chiang, T.C., H.H. Lean, W.K. Wong, (2008), Do REITs Outperform Stocks and FixedIncome Assets? 

New Evidence from Mean-Variance and Stochastic Dominance Approaches, Journal of Risk and 

Financial Management, 1, 1-37.

Chiang, T.C., Qiao, Z., Wong, W.K. (2009), New Evidence on the Relation between Return Volatility 

and Trading Volume, Journal of Forecasting, 29(5), 502 - 515.

Chong, T.T.L., Cao, B.Q., Wong, W.K. (2017), A Principal Component Approach to Measuring Investor 

Sentiment in Hong Kong, Journal of Management Sciences, 4(2), 237-247.

Chow, S.C., Gupta, R., Suleman, T., Wong, W.K. (2019), Long-Run Movement and Predictability of 

Bond Spread for BRICS and PIIGS: The Role of Economic Financial and Political Risks, Journal of 

Reviews on Global Economics, 8, 239-257.

Chow, S.C., Vieito, J.P., Wong, W.K. (2018), Do both demand-following and supply-leading theories 

hold true in developing countries?, Physica A: Statistical Mechanics and its Applications, 513, 536-554.

Clark, E.A., Qiao, Z., Wong, W.K. (2016), Theories of risk: testing investor behaviour on the Taiwan 

stock and stock index futures markets, Economic Inquiry, 54(2), 907-924.

Clarke, D. C., & Skiba, P. F. (2013), Rationale and resources for teaching the mathematical modeling 

of athletic training and performance, Advances in physiology education, 37(2), 134-152.

Cramer, & Gabriel. (1750), Introduction a l’analyse des lignes courbes algebriques par Gabriel Cramer... 

chez les freres Cramer & Cl. Philibert.

Cullen, C. G. (2012), Matrices and linear transformations, Courier Corporation.

Demirer, R., Gupta, R., Lv, Z.H., Wong, W.K. (2019), Equity Return Dispersion and Stock Market 

Volatility: Evidence from Multivariate Linear and Nonlinear Causality Tests, Sustainability, 11(2), 351; 

https://doi.org/10.3390/su11020351.

Doha, E. H., Bhrawy, A. H., & Ezz-Eldien, S. S. (2012), A new Jacobi operational matrix: an application 

for solving fractional differential equations, Applied Mathematical Modelling, 36(10), 4931-4943.

Dourson, S. (2004), The 40 inventive principles of TRIZ applied to finance, The TRIZ journal, 1(1), 1-

23.

Egozcue, M., Fuentes Garc´ıa, L., Wong, W.K. (2009), On some Covariance Inequalities for Monotonic 

and Non-monotonic Functions, Journal of Inequalities in Pure and Applied Mathematics, 10(3), 1-7.

https://doi.org/10.3390/su11143845
https://doi.org/10.3390/su11020351


30

Egozcue, M., Fuentes Garc´ıa, L., Wong, W.K., Zitikis, R. (2011), Do Investors Like to Diversify? A

Study of Markowitz Preferences, European Journal of Operational Research, 215(1), 188-193.

Egozcue, M., Fuentes Garc´ıa, L., Wong, W.K., Zitikis, R. (2011a), Gruss-type bounds for covariances 

and the notion of quadrant dependence in expectation, Central European Journal of Mathematics, 9(6), 

1288-1297.

Egozcue, M., Fuentes Garc´ıa, L., Wong, W.K., Zitikis, R. (2011b), The covariance sign of transformed 

random variables with applications to economics and finance, IMA Journal of Management 

Mathematics, 22(3), 291-300.

Egozcue, M., Fuentes Garc´ıa, L., Wong, W.K., Zitikis, R. (2012a), The smallest upper bound for the 

pth absolute central moment of a class of random variables, The Mathematical Scientist, 37, 1-7. 

Egozcue, M., Fuentes Garc´ıa, L., Wong, W.K., Zitikis, R. (2013), Convex combinations of quadrant 

dependent copulas, Applied Mathematics Letters, 26(2), 249-251.

Egozcue, M., Guo, X., Wong, W.K. (2015), Optimal Output for the Regret-Averse Competitive Firm 

Under Price Uncertainty, Eurasian Economic Review, 5(2), 279-295.

Egozcue, M., Wong, W.K. (2010), Gains from Diversification: A Majorization and Stochastic 

Dominance Approach, European Journal of Operational Research, 200, 893-900.

Egozcue, M., Wong, W.K. (2010a), Segregation and Integration: A Study of the Behaviors of Investors

with Extended Value Functions, Journal of Applied Mathematics and Decision Sciences, Volume 2010, 

Article ID 302895, 1-8.

El-Sayed, S. M., & Ran, A. C. (2002), On an iteration method for solving a class of nonlinear matrix 

equations, SIAM Journal on Matrix Analysis and Applications, 23(3), 632-645.

English, L. D. (2006), Mathematical modeling in the primary school: Children’s construction of a 

consumer guide, Educational studies in mathematics, 63(3), 303-323.

Erbas, A. K., Kertil, M., Cetinkaya, B., Cakiroglu, E., Alacaci, C., & Bas, S. (2014), Mathematical 

Modeling in Mathematics Education: Basic Concepts and Approaches, Educational Sciences: Theory 

and Practice, 14(4), 1621-1627.

Fabozzi, F.J., Fung, C.Y., Lam, K., Wong, W.K. (2013), Market Overreaction and Underreaction: Tests 

of the Directional and Magnitude Effects, Applied Financial Economics, 23(18), 1469-1482.

Farenick, D. R. (2012), Algebras of linear transformations, Springer Science & Business Media.

Fabozzi, F.J., Fung, C.Y., Lam, K., Wong, W.K. (2013), Market Overreaction and Underreaction: Tests 

of the Directional and Magnitude Effects, Applied Financial Economics, 23(18), 1469-1482.

Fong, W.M., H.H. Lean, Wong, W.K. (2008), Stochastic dominance and behavior towards risk: The 

market for internet stocks, Journal of Economic Behavior and Organization, 68(1), 194-208.

Fong, W.M., Wong, W.K. (2006), The Modified Mixture of Distributions Model: A Revisit, Annals of 

Finance, 2(2), 167-178.

Fong, W.M., Wong, W.K. (2007), The Stochastic Component of Realized Volatility, Annals of 

Financial Economics, 2, 57-66.



31

Fong, W.M., Wong, W.K., Lean, H.H. (2005), International momentum strategies: A stochastic 

dominance approach, Journal of Financial Markets, 8, 89-109.

Fu, W., Parvin, H., Mahmoudi, M. R., Tuan, B. A., & Pho, K. H. (2020). A linear space adjustment by 

mapping data into an intermediate space and keeping low level data structures. Journal of Experimental 

& Theoretical Artificial Intelligence, 1-21.

Fung, E.S., Lam, K., Siu, T.K., Wong, W.K. (2011), A Pseudo-Bayesian Model for Stock Returns In 

Financial Crises, Journal of Risk and Financial Management, 4, 42-72.

Gantmacher, F. R., & Brenner, J. L. (2005), Applications of the Theory of Matrices, Courier 

Corporation.

Guo, X., Chan, R.H., Wong, W.K., Zhu, L.X. (2019), Mean-Variance, Mean-VaR, Mean-CvaR Models 

for Portfolio Selection with Background Risk, Risk Management, 21(2), 73-98.

Guo, X., Egozcue, M., Wong, W.K. (2020), Optimal Production Decision with Disappointment 

Aversion under Uncertainty, International Journal of Production Research, forthcoming.

Guo, X., Jiang, X.J., Wong, W.K. (2017), Stochastic Dominance and Omega Ratio: Measures to 

Examine Market Efficiency, Arbitrage Opportunity, and Anomaly, Economies, 5, 4-38.

Guo, X., Li, G.-R., McAleer, M., Wong, W.K. (2018), Specification Testing of Production in a 

Stochastic Frontier Model, Sustainability, 10, 3082; doi:10.3390/su10093082.

Guo, X., Lien, D., Wong, W.K. (2016), Good Approximation of Exponential Utility Function for 

Optimal Futures Hedging, Journal of Mathematical Finance, 6, 457-463.

Guo, X., McAleer, M., Wong, W.K., Zhu, L.X. (2017), A Bayesian approach to excess volatility, short-

term underreaction and long-term overreaction during financial crises, North American Journal of 

Economics and Finance, 42, 346-358.

Guo, X., Niu, C.Z., Wong, W.K. (2019), Farinelli and Tibiletti Ratio and Stochastic Dominance, Risk 

Management, 21(3), 201-213.

Guo, X., Post, T. Wong, W.K., Zhu, L.X., (2014) Moment conditions for almost stochastic dominance, 

Economics Letters, 124(2), 163-167.

Guo, X., Wagener, A., Wong, W.K. (2018), The Two-Moment Decision Model with Additive Risks, 

Risk Management, 20(1), 77-94.

Guo, X., Wong, W.K. (2016), Multivariate stochastic dominance for risk averters and risk seekers, 

RAIRO - Operations Research, 50(3), 575-586.

Guo, X., Wong, W.K. (2020), Comparison of the production behaviour of regret-averse and purely risk-

averse firms, Estudios de Economia, forthcoming

Guo, X., Wong, W.K., Xu, Q.F., Zhu, L.X. (2015), Production and Hedging Decisions under Regret 

Aversion, Economic Modelling, 51, 153-158.

Guo, X., Wong, W.K., Zhu, L.X. (2016), Almost stochastic dominance for risk averters and risk seekers, 

Finance Research Letters, 19, 15V21.



32

Guo, X., Zhu, X.H., Wong, W.K., Zhu, L.X. (2013), A note on almost stochastic dominance, Economics 

Letters, 121(2), 252-256.

Gupta, R. Lau, C.K.M., Plakandaras, V., Wong, W.K. (2019), The Role of Housing Sentiment in 

Forecasting US Home Sales Growth: Evidence from a Bayesian Compressed Vector Autoregressive 

Model, Economic Research-Ekonomska Istraˇzivanja, 32(1), 2554-2567.

Gupta, R., Lv, Z.H., Wong, W.K. (2019a), Macroeconomic Shocks and Changing Dynamics of the U.S. 

REITs Sector, Sustainability, 11, 2776.

Higham, N. J. (2002), Computing the nearest correlation matrixXa problem from finance, IMA journal 

of Numerical Analysis, 22(3), 329-343.

Hoang, T.H.V., Lean, H.H., Wong, W.K. (2015a), Is gold good for portfolio diversification? A 

stochastic dominance analysis of the Paris stock exchange, International Review of Financial Analysis, 

42, 98-108.

Hoang, V.T.H., Wong, W.K., Zhu, Z.Z. (2015b), Is gold different for risk-averse and riskseeking 

investors? An empirical analysis of the Shanghai Gold Exchange, Economic Modelling, 50, 200-211.

Hoang, V.T.H., Zhu, Z.Z., Khamlichi, A.E., Wong, W.K. (2019), Does the Shariah Screening Impact 

the Gold-Stock Nexus? A Sectorial Analysis, Resources Policy, forthcoming.

Hui, Y.C., Wong, W.K., Bai, Z.D., Zhu, Z.Z. (2017), A New Nonlinearity Test to Circumvent the 

Limitation of Voltrra Expansion with Application, Journal of the Korean Statistical Society, 46(3), 365-

374.

Jaworski, B. (2004), Insiders and outsiders in mathematics teaching development: The design and study 

of classroom activity, Research in Mathematics Education, 6(1), 3-22.

Ji, J. (2005), Explicit expressions of the generalized inverses and condensed Cramer rules, Linear 

algebra and its applications, 404, 183-192.

Jiang, T. (2006), Cramer rule for quaternionic linear equations in quaternionic quantum theory, Reports 

on Mathematical Physics, 3(57), 463-468.

Kottos, T. (2005), Statistics of resonances and delay times in random media: beyond random matrix 

theory, Journal of Physics A: Mathematical and General, 38(49), 10761.

Kung, J.J., Wong, W.K. (2006), The effect of coupon frequency on bond pricing, Empirical Economics 

Letters, 6(5), 369-380.

Kung, J.J., Wong, W.K. (2009a), Profitability of Technical Analysis in Singapore Stock Market: Before 

and After the Asian Financial Crisis, Journal of Economic Integration, 24(1), 133-150.

Kung, J.J., Wong, W.K. (2009b), Efficiency of the Taiwan stock market, Japanese Economic Review, 

60(3), 389-394.

Laloux, L., Cizeau, P., Potters, M., & Bouchaud, J. P. (2000), Random matrix theory and financial 

correlations, International Journal of Theoretical and Applied Finance, 3(03),391-397.

Lam, K., Lean, H.H., Wong, W.K. (2016), Stochastic Dominance and Investors Behavior towards Risk: 

The Hong Kong Stocks and Futures Markets, International Journal of Finance, 28(2), 113-135.



33

Lam, K., Liu, T.S., Wong, W.K. (2008), The Magnitude effect in the over-and-underreaction in 

international markets, International Journal of Finance, 20(3), 4833 - 4862.

Lam, K., Liu, T.S., Wong, W.K. (2010), A pseudo-Bayesian model in financial decision making with 

implications to market volatility, under- and overreaction, European Journal of Operational Research,

203(1), 166-175.

Lam, K., Liu, T.S., Wong, W.K. (2012), A New Pseudo Bayesian Model with Implications to Financial 

Anomalies and Investors’ Behaviors, Journal of Behavioral Finance, 13(2), 93-107.

Lam, K., Wong, C.M., Wong, W.K. (2006), New variance ratio tests to identify random walk from the 

general mean reversion model, Journal of Applied Mathematics and Decision Sciences, 2006, 1-21.

Lam, V.W.S., Chong, T.T.L., Wong, W.K. (2007), Profitability of Intraday and Interday Momentum 

Strategies, Applied Economics Letters, 14, 1103-1108.

Lambert, G., Ostrovsky, D., & Simm, N. (2018), Subcritical multiplicative chaos for regularized 

counting statistics from random matrix theory, Communications in Mathematical Physics, 360(1), 1-54.

Lean, H.H., Lien, D., Wong, W.K. (2010), Preferences of Futures or Stocks? A Stochastic Dominance 

Study in Malaysian Markets, Advances in Investment Analysis and Portfolio Management, 4, 49-80.

Lean, H.H., McAleer, M., Wong, W.K. (2010a), Market efficiency of oil spot and futures: A mean-

variance and stochastic dominance approach, Energy Economics, 32, 979-986.

Lean, H.H., McAleer, M., Wong, W.K. (2015), Preferences of risk-averse and risk-seeking investors for 

oil spot and futures before, during and after the Global Financial Crisis, International Review of 

Economics and Finance, 40, 204-216.

Lean, H.H., Phoon, K.F., Wong, W.K. (2012), Stochastic dominance analysis of CTA funds, Review of 

Quantitative Finance and Accounting, 40(1), 155-170.

Lean, H.H., Smyth, R. Wong, W.K. (2007) Revisiting calendar anomalies in Asian stock markets using 

a stochastic dominance approach, Journal of Multinational Financial Management, 17(2), 125-141.

Lean, H.H., Wong, W.K., Zhang, X.B. (2008), The sizes and powers of some stochastic dominance tests: 

A Monte Carlo study for correlated and heteroskedastic distributions, Mathematics and Computers in 

Simulation, 79, 30-48.

Ledoit, O., & Wolf, M. (2003), Improved estimation of the covariance matrix of stock returns with an 

application to portfolio selection, Journal of empirical finance, 10(5), 603-621.

Lee, G., Morrison, A. M., & OLeary, J. T. (2006), The economic value portfolio matrix: A target market 

selection tool for destination marketing organizations, Tourism Management, 27(4), 576-588.

Lesh, R., Galbraith, P. L., Haines, C. R., & Hurford, A. (2010), Modeling students mathematical 

modeling competencies, Springer Science+ Business Media, DOI, 10, 978-1.

Leung, P.L., Ng, H.Y., Wong, W.K. (2012), An Improved Estimation to Make Markowitz’s Portfolio 

Optimization Theory Users Friendly and Estimation Accurate with Application on the US Stock Market 

Investment, European Journal of Operational Research, 222(1), 85-95.



34

Leung, P.L., Wong, W.K. (2008), On testing the equality of the multiple Sharpe ratios, with application 

on the evaluation of Ishares, Journal of Risk, 10(3), 1-16.

Leung, P.L., Wong, W.K. (2008a), Three-factor Profile Analysis with GARCH Innovations, 

Mathematics and Computers in Simulation, 77(1), 1-8.

Lewis, B. D., & Thorbecke, E. (1992), District-level economic linkages in Kenya: evidence based on a 

small regional social accounting matrix, World Development, 20(6), 881-897.

Li, C.K., Wong, W.K. (1999), Extension of stochastic dominance theory to random variables, RAIRO -

Operations Research, 33(4), 509-524.

Li, H., Qiao, Z., Tsang, C.K., Wong, W.K. (2014), Preferences of Risk Averters and Risk Seekers on 

Stock, Housing and Money Market in Hong Kong, International Journal of Finance, 26(2), 111-142.

Li, Z., Li, X., Hui, Y.C., Wong, W.K. (2018) Maslow Portfolio Selection for Individuals with Low 

Financial Sustainability, Sustainability, 10(4), 1128; https://doi.org/10.3390/su10041128.

Liao, Z., Shi, X., Wong, W.K. (2012), Consumer Perceptions of the Smartcard in Retailing: An 

Empirical Study, Journal of International Consumer Marketing, 24(4), 252-262.

Liao, Z., Shi, X., Wong, W.K. (2014), Key determinants of sustainable smartcard payment, Journal of 

Retailing and Consumer Services, 21(3), 306V313.

Liao, Z., Wong, W.K. (2008), The determinants of customer interactions with internetenabled e-banking 

services, Journal of the Operational Research Society, 59(9), 1201-1210.

Liew, V.K.S., Qiao, Z., Wong, W.K. (2010), Linearity and stationarity of G7 government bond returns, 

Economics Bulletin, 30(4), 1-13.

Lingefjard, T., & Holmquist, M. (2005), To assess students’ attitudes, skills and competencies in 

mathematical modeling, Teaching Mathematics and Its Applications: International Journal of the IMA, 

24(2-3), 123-133.

Lozza, S.O., Wong, W.K., Fabozzi, F.J., Egozcue, M. (2018), Diversification versus Optimal: Is There 

Really a Diversification Puzzle?, Applied Economics, 50(43), 4671-4693.

Lu, R., Hoang, V.T., Wong, W.K. (2019), Lump-Sum Investing Strategy Outperform DollarCost 

Averaging Strategy in Uptrend Markets?, Studies in Economics and Finance, forthcoming.

Lu, R., Yang, C.C., Wong, W.K. (2018), Time Diversification: Perspectives from the Economic Index 

of Riskiness, Annals of Financial Economics, 13(3), 1850011.

Ly, S., Pho, K.H., Ly, S., Wong, W.K. (2019a), Determining Distribution for the Product of Random 

Variables by Using Copulas, Risks, 7(1), 23; https://doi.org/10.3390/risks7010023.

Ly, S., Pho, K.H., Ly, S., Wong, W.K. (2019b), Determining Distribution for the Quotients of 

Dependent and Independent Random Variables by Using Copulas, Journal of Risk and Financial 

Management, 12, 42. https://doi.org/10.3390/jrfm12010042.

Ma, C., Wong, W.K., (2010), Stochastic dominance and risk measure: A decision-theoretic foundation 

for VaR and C-VaR, European Journal of Operational Research, 207(2), 927-935.

https://doi.org/10.3390/su10041128


35

Magnus, J. R., & Neudecker, H. (2019), Matrix differential calculus with applications in statistics and 

econometrics, John Wiley & Sons.

Mahmoudi, M. R., Baleanu, D., Tuan, B. A., Pho, K.H. (2020a), A Novel Method to Detect Almost 

Cyclostationary Structure, Alexandria Engineering Journal.

Mahmoudi, M. R., Heydari, M. H., Avazzadeh, Z., & Pho, K. H. (2020b), Goodness of fit test for almost 

cyclostationary processes, Digital Signal Processing, 96, 102597.

Mahmoudi, M. R., Heydari, M. H., & Pho, K. H. (2020c). Fuzzy clustering to classify several regression 

models with fractional Brownian motion errors. Alexandria Engineering Journal.

Mahmoudi, M. R., Mohsen, M., Baleanu, D., Kirill, B., Pho, K.H. (2020d), On Comparing and 

Clustering the Spectral Densities of Several Almost Cyclostationary Processes, Alexandria Engineering 

Journal.

Mahmoudi, M. R., Nasirzadeh, R., Baleanu, D., & Pho, K. H. (2020e), The Properties of a Decile-Based 

Statistic to Measure Symmetry and Asymmetry, Symmetry, 12(2), 296.

Manzur, M., W.K. Wong, I.C. Chau (1999), Measuring international competitiveness: experience from 

East Asia, Applied Economics, 31(11), 1383-1391.

Markowitz, H.M. (1952), Portfolio selection, Journal of Finance, 7, 77-91.

Massetti, B. L. (2008), The social entrepreneurship matrix as a tipping point for economic change, E: 

CO, 3(10), 1-8.

Matsumura, E.M.,Tsui, K.W., Wong, W.K. (1990), An Extended Multinomial-Dirichlet Model for Error 

Bounds for Dollar-Unit Sampling, Contemporary Accounting Research, 6(2), 485-500.

McAleer, M., Suen, J., Wong, W.K. (2016), Profiteering from the Dot-com Bubble, Subprime Crisis 

and Asian Financial Crisis, Japanese Economic Review, 67(3), 257-279.

Merkesdal, S., Ruof, J. O. R. G., Huelsemann, J. L., Schoeffski, O. L. I. V. E. R., Maetzel, A. N. D. R. 

E. A. S., Mau, W., & Zeidler, H. (2001), Development of a matrix of cost domains in economic 

evaluation of rheumatoid arthritis, The Journal of rheumatology, 28(3), 657-661.

Morilla, C. R., Diaz-Salazar, G. L., & Cardenete, M. A. (2007), Economic and environmental efficiency 

using a social accounting matrix, Ecological economics, 60(4), 774-786.

Moslehpour, M., Wong, W.K., Aulia, C.K., Pham, V.K. (2017a), Repurchase intention of Korean beauty 

products among Taiwanese consumers, Asia Pacific Journal of Marketing and Logistics, 29(3), 569-

588.

Moslehpour, M., Wong, W.K., Lin, Y.H., Huyen, N.T.L. (2018), Top purchase intention priorities of 

Vietnamese low cost carrier passengers: expectations and satisfaction, Eurasian Business Review, 8(4), 

371-389.

Mousoulides, N. G., Christou, C., & Sriraman, B. (2008), A modeling perspective on the teaching and 

learning of mathematical problem solving, Mathematical Thinking and Learning, 10(3), 293-304.

Mroua, M., Abid, F., Wong, W.K. (2017), Optimal diversification, stochastic dominance, and sampling 

error, American Journal of Business, 32(1), 8-79.



36

Muttalib, K. A., Pichard, J. L., & Stone, A. D. (1987), Random-matrix theory and universal statistics for

disordered quantum conductors, Physical review letters, 59(21), 2475.

Nam, N.D. (2015a), Design modeling activities in teaching mathematics, Journal of Science of HNUE, 

60(8A), 152-160

Nam, N.D. (2015b), Process modeling in teaching mathematics in high school, VNU Science Journal: 

Educational Research, 31(3), 1-10.

Nam, N.D. (2015c), The capacity of mathematical modeling of High School students, Journal of Science 

of HNUE, 60(8), 44-52.

Nam, N.D. (2016),Modeling capabilities of High School teachers, Journal of Education, 2(4), 43-49.

Ng, P., Wong, W.K., Xiao, Z.J. (2017), Stochastic dominance via quantile regression with applications 

to investigate arbitrage opportunity and market efficiency, European Journal of Operational Research,

261(2), 666-678.

Niu, C.Z., Guo, X., McAleer, M., Wong, W.K. (2018), Theory and Application of an Economic 

Performance Measure of Risk, International Review of Economics & Finance, 56, 383-396.

Niu, C.Z., Wong, W.K., Xu, Q.F. (2017), Kappa Ratios and (Higher-Order) Stochastic Dominance, Risk 

Management, 19(3), 245-253.

Norberg, R. (1999), On the Vandermonde matrix and its role in mathematical finance, Centre for 

Actuarial Studies, Department of Economics, University of Melbourne.

Ormerod, P., & Mounfield, C. (2000), Random matrix theory and the failure of macroeconomic 

forecasts, Physica A: Statistical Mechanics and its Applications, 280(3-4), 497-504.

Owyong, D., Wong, W.K., Horowitz, I. (2015), Cointegration and Causality among the Onshore and 

Offshore Markets for China’s Currency, Journal of Asian Economics, 41, 20-38.

Paul, D., & Aue, A. (2014), Random matrix theory in statistics: A review, Journal of Statistical Planning 

and Inference, 150, 1-29.

Penm, J.H.W., Terrell, R.D., Wong, W.K. (2003), Causality and Cointegration, Tests in the Framework 

of A Single Zero-Non-Zero Vector Time Series Modelling, Journal of Applied Sciences, 3(4), 247-255.

Pham, V.K., Wong, W.K., Moslehpour, M., Musyoki, D. (2020), Simultaneous Adaptation of AHP and 

Fuzzy AHP to Evaluate Outsourcing Services in East and Southeast Asia, Journal of Testing and 

Evaluation, forthcoming.

Phang, S.Y., Wong, W.K. (1997), Government policies and private housing prices in Singapore, Urban 

Studies, 34(11), 1819-1829.

Phang, S.Y., Wong, W.K., Chia, N.C. (1996), Singapore’s experience with car quotas: Issues and policy 

processes, Transport Policy, 3, 145-153.

Pho, K. H., Nguyen, V. T. (2018), Comparison of Newton-Raphson algorithm and Maxlik function, 

Journal of Advanced Engineering and Computation, 2(4), 281-292.



37

Pho, K. H., Ho, T.D.-C., Tran, T.-K., Wong, W.K. (2019a), Moment Generating Function, Expectation 

and Variance of Ubiquitous Distributions with Applications in Decision Sciences: A Review, Advances 

in Decision Sciences, 23(2), 1-85.

Pho, K. H., Ly, S., Ly, S., Lukusa, T. M. (2019b), Comparison among Akaike Information Criterion, 

Bayesian information criterion and Vuong’s test in model selection: a case study of violated speed 

regulation in Taiwan, Journal of Advanced Engineering and Computation, 3(1), 293-303.

Pho, K.H., Tran, T.K., Ho, T.D.C., Wong, W.K. (2019c), Optimal solution techniques in decision 

sciences: A review, Advances in Decision Sciences, 23(1), 1-47.

Pho, K. H., Heydari, M. H., Tuan, B. A., & Mahmoudi, M. R. (2020a), Numerical study of nonlinear 

2D optimal control problems with multi-term variable-order fractional derivatives in the Atangana-

Baleanu-Caputo sense, Chaos, Solitons & Fractals, 134, 109695.

Pho, K. H., Sarshad, M., Alizadeh, P., & Mahmoudi, M. R. (2020b), Soil carbon pool changes following 

semi-arid lands planting programs, CATENA, 191, 104563.

Qiao, Z., Clark, E., Wong, W.K. (2012), Investors preference towards risk: Evidence from the Taiwan 

stock and stock index futures markets, Accounting Finance, 54(1), 251-274.

Qiao, Z., Chiang, T.C., Wong, W.K. (2008a), Long-run equilibrium, short-term adjustment, and 

spillover effects across Chinese segmented stock markets, Journal of International Financial Markets, 

Institutions & Money, 18, 425-437.

Qiao, Z., Li, Y.M., Wong, W.K. (2008b), Policy Change and Lead-Lag Relations among China’s 

Segmented Stock Markets, Journal of Multinational Financial Management, 18, 276-289.

Qiao, Z., Li, Y.M., Wong, W.K. (2011), Regime-dependent relationships among the stock markets of 

the US, Australia, and New Zealand: A Markov-switching VAR approach, Applied Financial 

Economics, 21(24), 1831-1841.

Qiao, Z., McAleer, M., Wong, W.K. (2009), Linear and nonlinear causality between changes in 

consumption and consumer attitudes, Economics Letters, 102(3), 161-164.

Qiao, Z., Qiao, W.W., Wong, W.K. (2010), Examining the Day-of-the-Week Effects in Chinese Stock 

Markets: New Evidence from a Stochastic Dominance Approach, Global Economic Review, 39(3), 225-

246.

Qiao, Z., Smyth, R., Wong, W.K. (2008), Volatility Switching and Regime Interdependence Between 

Information Technology Stocks 1995-2005, Global Finance Journal, 19, 139-156.

Qiao, Z., Wong, W.K. (2015), Which is a better investment choice in the Hong Kong residential property 

market: A big or small property?, Applied Economics, 47(16), 1670-1685.

Qiao, Z., Wong, W.K., Fung, J.K.W. (2013) Stochastic dominance relationships between stock and stock 

index futures markets, International evidence. Economic Modelling, 33, 552-559.

Radhakrishna, R. C., & Bhaskara, R. M. (1998), Matrix algebra and its applications to statistics and 

econometrics, World Scientific.



38

Raza, S.A., Sharif, A., Wong, W.K., Karim, M.Z.A. (2016), Tourism Development and Environmental 

Degradation in United States: Evidence from Wavelet based Analysis, Current Issues in Tourism, 2016, 

1-23.

Saadatmandi, A., & Dehghan, M. (2010), A new operational matrix for solving fractionalorder 

differential equations, Computers & mathematics with applications, 59(3), 1326- 1336.

Schott, J. R. (2016),Matrix analysis for statistics, John Wiley & Sons.

Searle, S. R., & Khuri, A. I. (2017), Matrix algebra useful for statistics, John Wiley & Sons.

Seyed M.J.J., Iman R.V., Han W.P., Pho, K.H. (2020), Research Trends on Big Data Domain Using 

Text Mining Algorithms, Digital Scholarship in the Humanities.

Shaffer, D. W. (2013), Design, collaboration, and computation: The design studio as a model for 

computer-supported collaboration in mathematics, Routledge, 2 , 219-250. 

Shrestha, K., Thompson, H.E., Wong, W.K. (2007), Are the Mortgage and Capital Markets Fully 

Integrated? A Fractional Heteroscedastic Cointegration Analysis, International Journal of Finance,

19(3), 4495-4513. 

Silk, E. M., Higashi, R., Shoop, R., & Schunn, C. D. (2010), Designing technology activities that teach 

mathematics, The Technology Teacher, 69(4), 21-27.

Sonis, M., & Hewings, G. (1999), Economic Landscapes: Multiplier Product Matrix Analysis for 

Multiregional Input-output Systems, Hitotsubashi Journal of Economics, 40(1), 59-74.

Song, G. J., Wang, Q. W., & Chang, H. X. (2011), Cramer rule for the unique solution of restricted 

matrix equations over the quaternion skew field, Computers & Mathematics with Applications, 61(6), 

1576-1589.

Thompson, H.E., Wong, W.K. (1991), On the unavoidability of “unscientific” judgement in estimating 

the cost of capital, Managerial and Decision Economics, 12, 27–42.

Thompson, H.E., Wong, W.K. (1996), Revisiting ’Dividend Yield Plus Growth’ and Its Applicability, 

Engineering Economist, 41(2), 123–147.

Tian, Y., & Pho, K. H. (2019), A statistical view to study the aphorisms in Nahj al-Balaghah, Digital 

Scholarship in the Humanities.

Tiku, M.L., Wong, W.K. (1998), Testing for unit root in AR(1) model using three and four moment 

approximations, Communications in Statistics: Simulation and Computation, 27(1), 185-198.

Tiku, M.L., Wong W.K., Bian, G. (1999), Time series models with asymmetric innovations, 

Communications in Statistics: Theory and Methods, 28(6), 1331-1360.

Tiku, M.L., Wong W.K., Bian, G. (1999a), Estimating Parameters in Autoregressive Models in Non-

normal Situations: symmetric Innovations, Communications in Statistics: Theory and Methods, 28(2), 

315-341.

Tiku, M.L., Wong, W.K., Vaughan, D.C., Bian, G. (2000), Time series models in non-normal situations: 

Symmetric innovations, Journal of Time Series Analysis, 21, 571-96.



39

Truong, B. C., Nguyen, V. B., Truong, H. V., & Ho, T. D. C. (2019a), Comparison of Optim, Nleqslv 

and MaxLik to Estimate Parameters in Some of Regression Models, Journal of Advanced Engineering 

and Computation, 3(4), 532-550.

Truong, B.-C., Pho, K. H., Nguyen, V.-,B., Tuan, B.A., Wong, W.K. (2019b), Graph Theory and 

Environmental Algorithmic Solutions to Assign Vehicles: Application to Garbage Collection in 

Vietnam, Advances in Decision Sciences, 23(3), 1-35.

Truong, B. C., Van Thuan, N., Hau, N. H., & McAleer, M. (2019c), Applications of the Newton-

Raphson Method in Decision Sciences and Education, Advances in Decision Sciences, 23(4), 52-80.

Tsang, C.K., Wong, W.K., Horowitz, I. (2016), Arbitrage opportunities, efficiency, and the role of risk 

preferences in the Hong Kong property market, Studies in Economics and Finance, 33(4), 735-754.

Tsendsuren, S., Li, C.S., Peng, S.C., Wong, W.K. (2018), The effects of health status on life insurance 

holding in 16 European-countries, Sustainability, 10(10), 3454.

Tuan, B. A., McAleer, M., Dang, N. T. T., & Pho, K. H. (2019a), Developing Formulas for Quick 

Calculation of Polyhedron Volume in Spatial Geometry: Application to Vietnam, Journal of Reviews 

on Global Economics, 8, 815-837.

Tuan, B. A., Pho, K.H., Lam, M.H., & Wong, W.K. (2019b), STEMTech Model in ASEAN Universities: 

An Empirical Research at Can Tho University, Journal of Management Information and Decision 

Sciences, 22 (2).

Tuan, B. A., Pudikova, G. N., Mahmoudi, M. R., & Pho, K. H. (2019c), Statistical approaches in 

literature: Comparing and clustering the alternatives of love in Divan of Hafiz, Digital Scholarship in 

the Humanities.

Tulino, A. M., & Verdu, S. (2004), Random matrix theory and wireless communications, Foundations 

and TrendsR in Communications and Information Theory, 1(1), 1-182.

Verschaffel, L., & De Corte, E. (1997), Teaching realistic mathematical modeling in the elementary 

school: A teaching experiment with fifth graders, Journal for Research in mathematics education, 577-

601.

Vieito, J.P., Wong, W.K., Zhu, Z.Z. (2015), Could The Global Financial Crisis Improve the Performance 

of The G7 Stocks Markets?, Applied Economics, 48(12) 1066-1080.

Wan, H.J., Wong, W.K. (2001), Contagion or inductance? Crisis 1997 reconsidered, Japanese Economic 

Review, 52(4), 372-380.

Wang, Y., Garjami, J., Tsvetkova, M., Huu Hau, N., & Pho, K. H. (2020), Statistical approaches in 

literature: An application of principal component analysis and factor analysis to analyze the different 

arrangements about the Qurans Suras, Digital Scholarship in the Humanities.

Wang, G., & Xu, Z. (2005), Solving a kind of restricted matrix equations and Cramer rule, Applied 

Mathematics and Computation, 162(1), 329-338.

Watson, A., Ohtani, M., & Ainley, J. (2015), Task design in mathematics education, ICMI study, 22.



40

Wei, Y. (2002), A characterization for the W-weighted Drazin inverse and a Cramer rule for the W-

weighted Drazin inverse solution, Applied Mathematics and Computation, 125(2-3), 303-310.

Wong, W.K. (2007), Stochastic dominance and mean-variance measures of profit and loss for business 

planning and investment, European Journal of Operational Research, 182(2), 829-843.

Wong, W.K., Agarwal, A., Du, J. (2004), Financial Integration for India Stock Market, a Fractional 

Cointegration Approach, Finance India, 18(4), 1581-1604.

Wong, W.K., Agarwal, A., Wong, N.T. (2004a), Re-looking the Day-of-the-Week Effects in the Asian 

Markets, Empirical Economics Letters, 3(3), 101-117.

Wong, W.K., Agarwal, A., Wong, N.T. (2006), The Disappearing Calendar Anomalies in the Singapore 

Stock Market, Lahore Journal of Economics, 11(2), 123-139. 

Wong, W.K., Chew, B.K., Sikorski, D. (2001), Can P/E ratio and bond yield be used to beat stock 

markets?, Multinational Finance Journal, 5(1), 59-86.

Wong, W.K., Bian, G. (2000), Robust Estimation in Capital Asset Pricing Estimation, Journal of 

Applied Mathematics and Decision Sciences, 4(1), 65–82.

Wong, W.K., Bian, G. (2005), Estimating Parameters in Autoregressive Models with asymmetric 

innovations, Statistics and Probability Letters, 71(1), 61-70.

Wong, W.K., R. Chan (2004), On the estimation of cost of capital and its reliability, Quantitative 

Finance, 4(3), 365 - 372.

Wong, W.K., Chan, R. (2008), Markowitz and prospect stochastic dominances, Annals of Finance, 4(1), 

105-129.

Wong, W.K., Chow, S.C., Hon, T.Y., Woo, K.Y. (2018), Empirical Study on Conservative and 

Representative Heuristics of Hong Kong Small Investors Adopting Momentum and Contrarian Trading 

Strategies, International Journal of Revenue Management, 10(2).

Wong, W.K., Du, J., Chong, T.T.L. (2005), Do the technical indicators reward chartists in Greater China 

stock exchanges?, Review of Applied Economics, 1(2), 183-205.

Wong, W.K., Khan, H., Du, J. (2006a), Money, Interest Rate, and Stock Prices: New Evidence from 

Singapore and USA, Singapore Economic Review, 51(1), 31-52.

Wong, W.K., Lean, H.H., McAleer, M., Tsai, F.-T. (2018), Why are Warrant Markets Sustained in 

Taiwan but not in China?, Sustainability, 10(10), 3748.

Wong, W.K., Li., C.K. (1999), A note on convex stochastic dominance theory, Economics Letters, 62, 

293-300.

Wong, W.K., Ma, C. (2008), Preferences over location-scale family, Economic Theory, 37(1), 119-146.

Wong, W.K., Manzur, M., Chew, B.K. (2003), How Rewarding is Technical Analysis? Evidence from 

Singapore Stock Market, Applied Financial Economics, 13(7), 543-551.

Wong, W.K., Miller, R.B. (1990), Analysis of ARIMA-Noise Models with Repeated Time Series, 

Journal of Business and Economic Statistics, 8(2), 243–250.



41

Wong, W.K., Miller, R.B., Shrestha, K. (2001), Maximum Likelihood Estimation of ARMA Model with 

Error Processes for Replicated Observation, Journal of Applied Statistical Science, 10 (4), 287-297.

Wong, W.K., Penm, J.H.W., Service, D. (2007), Are Mortgage and Capital Markets Integrated in the 

USA? A Study of Time-Varying Cointegration, International Journal of Service Technology and 

Management, 8, 403-420.

Wong, W.K., Penm, J.H.W., Terrell, R.D. Lim, K.Y.C. (2004), The Relationship between Stock Markets 

of Major Developed Countries and Asian Emerging Markets, Advances in Decision Sciences, 8(4), 201-

218.

Wong, W.K., Phoon, K.F., Lean, H.H. (2008), Stochastic dominance analysis of Asian hedge funds, 

Pacific-Basin Finance Journal, 16(3), 204-223.

Wong, W.K., H.E. Thompson, S. Wei, Y.F. Chow (2006), Do Winners perform better than Losers? A 

Stochastic Dominance Approach, Advances in Quantitative Analysis of Finance and Accounting, 4, 219-

254.

Wong, W.K., J.A. Wright, S.C.P. Yam, S.P. Yung (2012), A mixed Sharpe ratio, Risk and Decision 

Analysis, 3(1-2), 37-65.

Woo, K.Y., Mai, C.L., McAleer, M., Wong, W.K. (2020), Review on Efficiency and Anomalies in Stock 

Markets, Economies, 8(1), 20.

Xiao, J.L., Brooks, R.D., Wong, W.K. (2009), GARCH and Volume Effects in the Australian Stock 

Markets, Annals of Financial Economics, 5, 79-105.

Zanon, N., & Pichard, J. L. (1988), Random matrix theory and universal statistics for disordered 

quantum conductors with spin-dependent hopping, Journal de Physique, 49(6), 907-920.

Zhao, X., Li, Z., & Li, S. (2011), Synchronization of a chaotic finance system, Applied Mathematics 

and Computation, 217(13), 6031-6039.

Zhaoben, F., Ying-chang, L., & Zhidong, B. (2014), Spectral theory of large dimensional random 

matrices and its applications to wireless communications and finance statistics: random matrix theory 

and its applications, World Scientific.

Zheng, Y., Heng, C., Wong, W.K. (2009), Chinas Stock Market Integration with a Leading Power and 

a Close Neighbor, Journal of Risk and Financial Management, 2, 38-74.

Zhou, R., Mahmoudi, M. R., Mohammed, S. N. Q., & Pho, K. H. (2020). Testing the equality of the 

spectral densities of several uncorrelated almost cyclostationary processes. Alexandria Engineering 

Journal.

Zhu, Z.Z., Bai, Z.D., Vieito, J.P., Wong, W.K. (2019), The Impact of the Global Financial Crisis on the 

Efficiency of Latin American Stock Markets, Estudios de Economia, forthcoming

Zhu, Z.Z., Phoon, K.F., Wong, W.K. (2015), Mean-Variance and Stochastic Dominance Analysis of 

Global Exchange-Traded Funds, Frontiers in Finance and Economics, 12(2), 30-55.


