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Abstract

This paper provides a review of some connectirggditire in Decision Sciences, Economics,

Finance, Business, Computing, and Big Data. We tisguss some research that is related to the
six cognate disciplines. Academics could devel@otatical models and subsequent econometric
and statistical models to estimate the parameteiisei associated models. Moreover, they could
then conduct simulations to examine whether thenasbrs or statistics in the new theories on

estimation and hypothesis have small size andpog¥er. Thereafter, academics and practitioners
could then apply their theories to analyze intemggbroblems and issues in the six disciplines and

other cognate areas.

Keywords: Decision sciences, economics, finance, businesspating, and big data, theoretical
models, econometric and statistical models, apjodics.
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1. Introduction

There are many studies that link Decision Sciencéspnomics, Finance, Business,
Computing, and Big Data. In addition, Decision 8&cis is related to many different though
cognate areas, including Science, Engineering, &&bdiScience, Experimental Science,
Psychology, Social Science, Political Science, M@naent, and Business.

In this paper, we will discuss different types blity functions, stochastic dominance (SD), mean-
risk (MR) models, portfolio optimization (PO), aather financial, economic, business, marketing,
and management models that can be used in congnabsicience and Big Data. Academics could
develop theoretical models and thereafter devetop@metric and statistical models to estimate
the associated parameters to analyze a numbert@festing issues in Decision Sciences,
Economics, Finance, Business, Computing, and Biga.DAcademics could then conduct

simulations to examine whether the estimators atissics in the theories on estimation and
hypothesis develop have small size and high polteteafter, academics and practitioners could
apply the novel and innovative theories to analgzeumber of interesting issues in the six

disciplines and cognate areas.

The plan of the remainder of the paper is as fdlolw Section 2, some theoretical models are
dissected and discussed. Alternative statisticdleamonometrics models are analyzed critically in
Section 3. Alternative procedures for conductingudations are discussed in Section 4. A brief
discussion of empirical models is presented ini8e&, followed by some concluding remarks in

Section 6.

2. Theoretical Models

It is important to commence any rigorous researcécision Sciences, Economics, Finance,
Business, Computing, and Big Data by developingr@mmate theoretical models. The recent
literature in these disciplines has been concemidd developing theories to extend those that
have been discussed in a number of existing revigyesdiscuss some of our recent research in

the following subsections.



2.1 Utility Functions

Before the 17 Century, most scholars considered investors tiskeneutral because they valued
a gamble at its expected value. Bernoulli (1738uas that investors were risk averse. In reality,
individuals are not always risk averse or risk rutMany individuals engage in regular risk-
seeking activity, such as buying lottery ticketankinond (1974), Stoyan (1983), Wong and Li
(1999), Li and Wong (1999), Wong (2007), Guo andng/¢2016), among others, argue that

investors could be either riskaverse or risk-segkin

Examining the relative attractiveness of variousm® of investments, Friedman and Savage
(1948) claim that the strictly concave functionsynmot be able to explain the behavior why
investors buy insurance or lottery tickets. Markiaw{iL952a) was the first to address Friedman
and Savage’s concern, by proposing a utility fuorctwhich could have convex and concave
regions in both the positive and negative domalehneman and Tversky (1979) identify
circumstances in which individuals behave in a-gskking manner by allowing investors to

follow S-shaped “utility” functions that they refed to as “value functions”.

Markowitz (1952), Levy and Levy (2002, 2004), Waargd Chan (2008), among others, suggest
investors could follow S-shaped as well as rev&shaped utility functions. Broll, Egozcue,
Wong, Zitikis (2010), and Egozcue, Fuentes Gar¥imng, and Zitikis (2011) argue that
investment behavior for investors could follow Sséd as well as reverse S-shaped utility
functions.Recently,Guo, Qiao,and Wong (2017 introduce a new utility function for investorsath
consists of both risk-averse and risk-seeking camapts to provide a new solution to answer the
observation posed by Friedman and Savage (1948hthesstors buy insurance and also try their ludkw

lotteries.

Egozcue, Guo, and Wong (2015), among others, dewbleory for the competitive firm with
regret-averse utility functions, while Guo, Egozcamd Wong (2017) develop an optimal

production decision theory for firms with disapponent-aversion utility functions.



Lien (2008) compares the exponential utility funotwith its second-order approximation under
the normality distribution assumption in the optippeoduction and hedging decision framework.
Guo, Lien, and Wong (2016) extend the theory bymanmmg the exponential utility function with

a r-order approximation for any integex The authors also propose an approach with an

illustration to find the smallestthat provides a good approximation.

We have been developing some theories, estima#ind, testing to analyse different utility
functions and the preferences of different typesieéstors. We summarize some of the results
below, and refer to Sriboonchitta, Wong, Dhompongsa Nguyen (2009) and Bai, Guo, Li, and
Wong (2017) for further information.

2.2 Stochastic Dominance

Several researchers have been developing a rangeiEsting theories in stochastic dominance,

and these will be discussed in the following setdio

2.2.1 Stochastic Dominance for Risk Averters and Risk S&ers

Wong and Li (1999) develop several properties fornvex stochastic dominance to compare the
preferences of different combinations of severalets for both risk-averse and risk-seeking
investors. In addition, they compare the prefersrmween a convex combinations of several
continuous distributions and a single continuowstritiution. In addition, Li and Wong (1999)
develop several SD theorems for the location-amtedamily, and linear combinations of random

variables for risk seekers, as well as risk averter

Wong (2007) extends their work by introducing thistfthree orders of both ascending SD (ASD)
and descending SD (DSD) to decisions in businemsnphg and investment to risk-averse and
risk-seeking decision makers, so that they can eoenipoth returns and losses. They provide tools
to identify the first-order SD prospects and discabitrage opportunities that could increase their
expected utility and expected wealth. They alsoothice the mean-variance (MV) rule to

decisions in business planning or investment oh beturns and losses for both risk-averse and



risk-seeking decision makers, and show that the isiequivalent to the SD rule under certain

regularity conditions.

Chan, Clark, and Wong (2016) analyze propertieéS»for both risk-averse and risk-seeking SD
(RSD) for risk-seeking investors which, in turnables an examination of their behavior. The
authors first discuss the basic property of SD B&D that links the SD and RSD to expected-
utility maximization. Thereafter, they prove that &ierarchy exists in both SD and RSD

relationships, and that the higher orders of SDR8® can be inferred by the lower orders of SD
and RSD, but not vice-versa. Furthermore, they éxarhe conditions in which third-order SD

preferences are ‘the opposite of' or ‘the sametlasit counterpart third-order RSD preferences.
In addition, they establish the relationship betwé®e order of the variances and that of the
integrals for two assets, which enables the estatient of certain relationships between the
dominance of the variances and the second- ardiohiter SD and RSD for two assets under the

condition of equal means.

The theory developed in their paper provides ao$dbols that enables investors to identify

prospects for first-, second-, and third-order 8B RSD, and thereby enables investors to improve
their investment decisions. Another contributiontleé paper is that the authors recommend
checking the dominance of the means of the didtdhs to draw inferences for the preferences
for two different assets for third-order risk awsst and risk seekers. They illustrate this idea by
comparing the investment behavior of both thirdeonisk averters and risk seekers in bonds and

stocks.

Guo and Wong (2016) extend some univariate SD teesuimultivariate SD (MSD) for both risk
averters and risk seekers, respectivelyy toder for anyn > 0 when the attributes are assumed to
be independent, and utility is assumed to be addjtiseparable. Under these assumptions, they
develop several properties for MSD for both riskrders and risk seekers. For example, they prove
that MSD is equivalent to expected-utility maxintina for both risk averters and risk seekers,

respectively.



The authors show that the hierarchical relationghxists for MSD, and establish several dual
relationships between the MSD for risk avertersrgidseekers. They develop properties for non-
negative combinations and convex combinations nfleen variables of MSD, and develop the
theory of MSD for the preferences of both risk &ex and risk seekers on diversification. In
addition, they discuss some MSD relationships wherattributes are dependent and discuss the

importance and use of the novel theoretical resldt®loped in the paper.

2.2.2 Stochastic Dominance for Investors with S-shaped a@anReverse S-shaped Utility

Functions

Wong and Chan (2008) extend the work on ProspedifsD) and Markowitz SD (MSD) to the

first three orders, and link the corresponding &p&ldl and reverse S-shaped utility functions to
the first three orders. They conducted experimenitustrate each case of MSD and PSD to the
first three orders, and demonstrate that the highdgr MSD and PSD cannot be replaced by
lower-order MSD and PSD. Furthermore, they showdhaierarchy exists in both PSD and MSD
relationships, arbitrage opportunities exist in fingt orders of both PSD and MSD, and for any
two prospects under certain conditions, the thimdkeoMSD preference will be “the opposite of”

or “the same as” their counterpart third-order R8&ferences.

2.2.3 Stochastic Dominance Theory for Investors with BothRisk-Averse and Risk-

Seeking Components

RecentlyGuo, QiaoandWong(2017) develop a new SD theory for investors WiEhutility that consists
of both risk-averse and risk-seeking componentseBan the theory, they not only find a new sotutm
answer the observation posed by Friedman and Sgt84¢8) that people could buy insurance and aiso tr
their luck with lotteries. They also find that irsters with AD utility will buy both bonds and stagkas
well as both bonds and futures, to achieve higlpeeed utility. The authors also developed several
properties, including expected-utility maximizatjdwerarchy, transitivity, and diversification, ftive new

SD theory for investors with AD utility.

2.2.4 Almost Stochastic Dominance



Guo, Zhu, Wong, and Zhu (2013) provide further infation on both expected-utility

maximization and the hierarchy property. For aln®3t(ASD), Leshno and Levy (2002) propose
a definition, while Tzeng et al. (2013) modify ip provide a further separate definition.
Interestingly, Guo, Zhu, Wong, and Zhu (2013) shbat the former has the hierarchy property
but not expected utility maximization, whereasltdtter has expected utility maximization but not

the hierarchy property.

Guo, Post, Wong, and Zhu, (2014) establish necgssarditions for ASD criteria of various
orders. These conditions take the form of restmdion algebraic combinations of moments of
the probability distributions under consideratidimne relevant set of conditions depends on the
relevant order of ASD, but not on the critical \alfor the admissible violation area. These
conditions can help to reduce the information regraent and computational burden in practical
applications. A numerical example and an empiraggblication to historical stock market data
illustrate the moment conditions. The first fourment conditions, in particular, seem appealing

for many applications.

Guo, Wong, and Zhu (2016) extend ASD theory fdt agerters to include ASD for risk-seeking
investors. Thereafter, they examine the relatigndf@tween ASD for risk seekers, on the one
hand, and ASD for risk averters, on the other. lifrseét al. (2015) develop the theory of
generalized ASD (GASD). Guo, Wong, and Zhu (20183uks the advantages and disadvantages
of ASD and GASD.

2.3 Portfolio Optimization

The mean-variance (MV) portfolio optimization prdoee is the milestone of modern finance
theory for asset allocation, investment diverstfam® and optimal portfolio construction
(Markowitz, 1952b). In the procedure, investoreseportfolios that maximize profit subject to
achieving a specified level of calculated risk equivalently, minimize variance subject to

obtaining a predetermined level of expected gain.



However, the estimates have been demonstratedptrtdgeriously from the theoretical optimal
return. Michaud (1989) and others have found the-d&t¥mized portfolios do more harm than

good, while Bai et al. (2009a) have proved that gfienomenon is natural.

Recently, Li, Li, Hui, and Wong (2017) exteMhaslow’s (1943)need hierarchy theory and the
two-level optimization approach by developing treriework of the Malsow portfolio selection
model (MPSM). The authors solve two optimizationlgems to meet the needs of individuals
with low financial sustainability who prefer to sy their lower-level (safety) needs first, and

thereafter seek higher-level (self-actualizatioegas to maximize the optimal returns.

2.4Risk Measures

Several researchers have been developing propéotieseveral risk measures to be used in
finance, economics, and related cognate disciplivés briefly discuss the properties for some

risk measures in the following sub-sections.

2.4.1 Sharpe Ratio

The theory of modern finance starts from the meanance portfolio optimization developed by
Markowitz (1952b). The Sharpe ratio (Sharpe 196 ratio of the excess expected return of an
investment to its return volatility or standard @won, is one of the most commonly-used

measures in the financial mean-variance framework.

2.4.2 VaR and CVaR

Ma and Wong (2010) establish some behavioral fotimaka for various types of Value-at-Risk
(VaR) models, including VaR and conditional VaR @R}, as measures of downside risk. They
establish some logical connections among VaRs, Y&8Rs and utility maximization. Though
they are supported to a certain extent with unangmmoices by some specific groups of expected

or non-expected-utility investors, VaRs as profitdsrisk measures at various levels of risk



tolerance are not quantifiable. This arises as ttayonly provide partial and incomplete risk

assessments for risky prospects.

The authors also include in the discussion thevagieVaRs and several alternative risk measures
for investors. These alternatives use somewhat evesdsumptions about risk-averse behavior by
incorporating a mean-preserving spread. For thisrlgroup of investors, the authors provide
arguments for and against the standard deviatiosugeVaR and CVaR as objective and
guantifiable measures of risk in the context otfodio choice.

2.4.3 Omega Ratio

It is well-known (Wong, 2007) that, under certagnditions, the mean-variance rule is equivalent
to the stochastic dominance rule. Some academipstigsize that there could exist a mean-
Omega ratio rule that could be equivalent to tbelsistic dominance rule under certain regularity

conditions.

Both SD and Omega ratio can be used to examineheh#te market is efficient, if there is any
arbitrage opportunity in the market, and if therigimbe any anomaly in the market. Guo, Jiang,
and Wong (2017) evaluate the relationship betwenaBd the Omega ratio. They find that
second-order SD and/or second-order risk-seekin@R&ED) alone for any two prospects is not
sufficient to imply Omega ratio dominance, as thed@a ratio of one asset is always greater than
that of the other. They extend the theory of rigasures by proving that the preference of second-
order SD implies the preference of the correspan@mega ratio only when the return threshold
is less than the mean of the higher returns asset.

On the other hand, the preference of the secongl-oRED implies the preference of the
corresponding Omega ratio only when the returnsthol is larger than the mean of the smaller
returns asset. Nonetheless, it is shown that drdér SD implies Omega ratio dominance.
Thereatfter, the authors apply the theory to exartiieerelationship between property size and

property investment in the Hong Kong real estateketa The authors conclude that the Hong

10



Kong real estate market is not efficient and thare expected arbitrage opportunities and

anomalies in the Hong Kong market.

2.4.4 First- and High-order Risk Measures

Farinelli and Tibiletti (2008), hereafter F-T, poge a general risk-reward performance
measurement ratio. Due to its simplicity and gelitgrahe F-T ratios have gained much attention.
F-T ratios are functions of average gains to awetagses with respect to a target, each raised by
some power index. Omega ratio and Upside Poterdial are both special cases of F-T ratios.
Niu, Wong, and Zhu (2016) establish the consisteniciz-T ratios with respect to first-order
stochastic dominance. It is shown that second-cstterhastic dominance is not consistent with
the F-T ratios. This outcome is illustrated byragie example. Niu, Wong, and Xu (2017) further
extend the theory and show the sufficient relatiqmbetween thenf+1)-order SD and the-order

Kappa ratio.

The authors clarify the restrictions on necessarating the target for the higher-order SD
consistency of the Kappa ratios. Thereafter, thewsthat, in general, the necessary relationship
between SD/RSD and the Kappa ratio cannot be édtadl They find that, when the variables
being compared belong to the same location-scatel\faor the same linear combination of
location-scale families, they can obtain the nemgsselationship between the+l)-order SD

with then-order Kappa ratio after imposing certain condii@m the means.

2.5Cost of Capital

Gordon and Shapiro (1956) develop the dividenddymus growth model for individual firms,
while Thompson (1985) improves the theory by conmgrthe model with an analysis of past
dividends to estimate the cost of capital andr@Bdbility’. Thompson and Wong (1991) estimate
the cost of capital using discounted cash flow ([P@Ithods that require forecasting dividends.
Thompson and Wong (1996) extend the theory by prp¥he existence and uniqueness of a

solution for the cost of equity capital, and thetaaf equity function is continuously differentiabl
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Wong and Chan (2004) extend their theory furtheptmying the existence and uniqueness of the
reliability.

2.6Behavorial Models

Barberis, Shleifer and Vishny (1998), among othasg Bayesian models to explain investors’
behavioral biases by incorporating the conservalisoristics and representativeness heuristics in
making decisions. Lam, Liu, and Wong (2010) extémedtheory by developing a model of weight
assignments using a pseudo-Bayesian approactlefleats investors’ behavioral biases. They use
the model to explain several financial anomaliasgluding excess, volatility, short-run
underreaction, long-run overreaction, and magnieféects. Lam, Liu, and Wong (2012) extend
their work further by developing additional propest for the pseudo-Bayesian approach that
reflects investors’ behavioral biases, and by erplg the linkages between these market

anomalies and investors’ behavioral biases.

Fung, Lam, Siu, and Wong (1998) extend the thegmnbtorporating the pseudo-Bayesian model
with the impact of a financial crisis. They deriseveral properties of stock returns during the
financial crisis, in addition to recovery from tké&sis. Guo, McAleer, Wong, and Zhu (2017)
extend the model by assuming that the earningskshioan asset follows a random walk model,
with and without drift, to incorporate the impadtfimancial crises. The authors assume that the
earning shock follows an exponential family distition to accommodate symmetric as well as

asymmetric information.

By using this model setting, they develop severaperties on the expected earnings shock and
its volatility, and establish properties of investehavior on the stock price and its volatility,

during financial crises and the subsequent recovidrgreafter, they develop properties to explain
excess volatility, short-term underreaction, loagy overreaction, and their magnitude effects

during financial crises and the subsequent recovery

Egozcue and Wong (2010a) extend prospect theomgtainaccounting, and the hedonic editing
model by developing an analytical theory that exygldahe behavior of investors with extended

12



value functions, in segregating or integrating mplét outcomes in the process of evaluating

mental accounting.

Whether to keep products segregated (for examplaundled) or integrate some or all of them
(for example, bundled) has been a problem of pradonterest to theorists and practitioners in
areas such as portfolio theory in finance, riskitedllocations in insurance, and marketing of
consumer products. Such decisions are inherenttyptex, and depend on factors such as the
underlying product values and consumer preferertbedatter being frequently described using
value functions, which are also known as utilitgdtions in economics. Egozcue, Fuentes Garcia,
Wong, and Zitikis (2012a) develop decision rules fiaultiple products, which are generally
referred to as ‘exposure units’ to cover naturatignifold scenarios spanning well beyond

‘products’.

The findings show, for example, that the celebrdtealer’s principles of mental accounting hold
as originally postulated when the values of allasype units are positive (that is, all are gaims) o
all negative (that is, all are losses). In the azsexposure units with mixed-sign values, decision
rules are much more complex and rely on catalotfiad@ell-number of cases that grow very fast,
which also depends on the number of exposure uBiissequently, in the paper the authors
provide detailed rules for the integration and eggtion decisions for up to three exposure units,

and partial rules for an arbitrary number of units

It should be noted that the theory of decision mgkiehavior developed by Egozcue and Wong
(2010a) and Egozcue, Fuentes Garcia, Wong, andsZ{#012a) is for the marketing discipline,
and they develop a theory of consumer behavior.

2.7 Indifference Curves

Meyer (1987) extends MV theory to include the corgman among distributions that differ only
by location and scale parameters, and to includergé utility functions with only convexity or
concavity restrictions. Wong (2006) extends thetbtcal results of both Meyer (1987) and Tobin

(1958) by showing that the indifference curve isnex upwards for risk averters, concave

13



downwards for risk lovers, and horizontal for rigkutral investors, to include the general
conditions stated by Meyer (1987). In addition, W¢BA006) develops several properties among
the first- and second-order SD efficient sets &dmean-variance efficient set.

Wong and Ma (2008) extend the work on the locasicale (LS) family with general random
seed sources in the multivariate setting. In adjtthe authors develop several properties for
certain general non-expected utility functions @t defined over the LS family, and characterize
the shapes of the indifference curves that arecedilby the location-scale expected utility
functions and non-expected utility functions. Tladter, the authors develop some properties of
several well-defined partial orders and dominarmdations that are defined over the LS family,
including first- and second-order stochastic domasa the mean-variance rule, and location-scale

dominance.

Broll, Egozcue, Wong, and Zitikis (2010) discussgpect theory and establish general results
concerning certain covariances from which they aanurn, infer the properties of indifference
curves and hedging decisions within prospect theory

2.8 Diversification

Wong and Li (1999) extend the theory of convex Stsiburn, 1974) by including any

distribution function, developing the results fath risk seekers and risk averters, and including
third-order stochastic dominance. Their results lsarused to extend a theorem of Bawa et al.
(1985) on comparisons between a convex combinatibasveral continuous distributions and a

single continuous distribution.

Li and Wong (1999) develop some results for difation preferences for risk averters and risk
seekers. Egozcue and Wong (2010) incorporate bajbripation theory and SD theory to develop
a general theory. The authors provide a unifyiragrework for determining the diversification

preferences of risk-averse investors and conditimaer which they would unanimously judge a

particular asset to be superior. In particularyttievelop a theory for comparing the preferences

14



of different convex combinations of assets thatatigrize a portfolio to yield higher expected

utility by using second-order SD.

Egozcue, Fuentes Garcia, Wong, and Zitikis (20%&)uate rankings of completely and partially
diversified portfolios, and also of specializedeasswhen investors follow so-called Markowitz
preferences. It can be shown that diversificatitratsgies for Markowitz investors are more
complex than in the case of risk-averse and riskxiad investors, whose investment strategies
have been investigated extensively in the litemtim particular, the authors observe that, for
Markowitz investors, preferences toward risk vaepehding on their sensitivities toward gains

and losses.

For example, it can be shown that, unlike the azsesk-averse and risk-inclined investors,
Markowitz investors might prefer investing theirtiem wealth in just a single asset. This
interesting result enables a better understandisgre financial anomalies and puzzles, such as
the well-known diversification puzzle, which notdgt some investors tend to concentrate on
investing in only a few assets instead of choodimg seemingly more attractive complete

diversification approach.

Lozza, Wong, Fabozzi, Egozcue (2017) provide a&g®ivaluation of the diversification attitude
of investors. First, they empirically examine theedsification of mean-variance optimal choices
in the US stock market during the 11-year period32R013. Then they analyze the diversification
problem from the perspective of risk-averse investand risk-seeking investors. Second, the
authors prove that investors’ optimal choices Wwél similar if their utility functions are not too
distant, independent of their tolerance (or aversiom risk. Finally, they discuss investors’
attitudes towards diversification when the choiessilable to investors depend on several

parameters.

2.9 Two-Moment Decision Model

Alghalith, Guo, Niu, and Wong (2017) analyze theauts of joint energy and output prices

uncertainties on the input demands in a mean—a@iflamework. They find that an increase in

15



the expected output price will surely cause thie-aigerse firm to increase the input demand, while
an increase in the expected energy price will gucause the risk-averse firm to decrease the
demand for energy, but increase the demand fondimerisky inputs. Furthermore, the authors
investigate the two cases with only uncertain epgygce and only uncertain output price,
respectively. In the case with only uncertain epgnice, they find that the uncertain energy price
has no impact on the demand for the non-risky mptiey also show that the concepts of elasticity
and decreasing absolute risk aversion (DARA) playnaportant role in the comparative statics

analysis.

Alghalith, Niu, and Wong (2017) analyze the impacfs joint energy and output prices
uncertainties on the inputs demand in a mean-vegifnamework. They find that the concepts of
elasticities and variance vulnerability play im@ot roles in the comparative statics analysis. If
the firms’ preferences exhibit variance vulnerapjlincreasing the variance of energy prices will
necessarily cause the risk averse firm to decitb@sgemand for the non-risky inputs. Furthermore,
the authors investigate two special cases, naméhyonly uncertain energy price, on the one hand,
and only uncertain output price, on the other.hi@ tase with only uncertain energy price, it is
found that the uncertain energy price has no impadhe demand for the non-risky inputs. If the
firms’ preferences exhibit variance vulnerabilitycreasing the variance of energy prices will

surely cause the risk averse firm to decreaseehwadd for energy.

With multiple additive risks, the mean—variancem@agh and the expected utility approach of risk
preferences are compatible if all attainable distiibns belong to the same location-scale family.
Under this proviso, Guo, Wagener, Wong, and Zhul{2Gurvey the existing results on the

parallels of the two approaches with respect t& a#titudes, the changes thereof, and the
comparative statics for simple linear choice protdeunder risk. In the mean—variance approach,
all the effects can be couched in terms of the margate of substitution between the mean and
variance. The authors apply the theory stated andldped in the paper to evaluate the behavior
of banking firms, and examine risk-taking behawisth background risk in the mean-variance

model.

2.10 Dynamic Models with Background Risk

16



Alghalith, Guo, Wong, and Zhu (2016) use a genatgity function to present two dynamic
models of background risk. They first present aclséstic factor model with an additive
background risk. Thereafter, they present a dynamamdel of simultaneous (correlated)

multiplicative background risk and additive backgnd risk.

2.11 Regret-Aversion

Egozcue, Guo, and Wong (201&tudy the optimal output of a competitive firm ungbice
uncertainty. Instead of assuming a risk-averse, fil@y assume that the firm is regret-averse. The
authors find that optimal output under uncertaimbuld be lower than under certainty, and prove

that the optimal output could increase or decreashe regret factor varies.

Guo, Wong, Xu, and Zhu (2015) investigate regretrse firms’ production and hedging behavior.
The authors first show that the separation theasestill alive under regret aversion by proving
that regret aversion is independent of the levelptimal production. On the other hand, they find
that the full-hedging theorem does not always lwider regret aversion as the regret-averse firms
take hedged positions that can be different fromséiof risk-averse firms under certain situations.
With more regret aversion, regret-averse firms twlld smaller optimal hedging positions in an
unbiased futures market. Furthermore, contraryotoventional expectations, the authors show

that banning firms from forward trading affectsith@oduction level in both directions.

2.12 Contagion

Wan and Wong (2001) provide a simple example ofefnancing game with incomplete
information, where the lack of transparency is bothessary and sufficient for the propagation of
local financial distress across disjoint financiatworks. The authors emphasize that contagion is
a very important topic in economics and financeerémare some tests for contagion, for example,
the test developed by Fry, Martin and Tang (201@) Bry-McKibbin and Hsiao (2015). The tests

can be used for big data, medium data, and smi@! da
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2.13 Covariance and Copulas

Chebyshev’s integral inequality, also known asdinariance inequality, is an important problem
in economics, finance, marketing, management, aisthbss decision making. Egozcue, Fuentes
Garcia, and Wong (2009) derive some covarianceusdégs for monotonic and non-monotonic
functions. The results can be useful in many appbas in economics, finance, marketing,
management, and decision making. Egozcue, Fuergasai; Wong, and Zitikis (2010) sharpen
the upper bound of a Griss-type covariance inetyulali incorporating a notion of quadrant
dependence between random variables and also t@ngea of constraining the means of the

random variables.

Egozcue, Fuentes Garcia, Wong, and Zitikis (2014f@w that Griiss-type probabilistic
inequalities for covariances can be considerabdymned when the underlying random variables
are quadrant dependent in expectation (QDE). Tiadkshed covariance bounds not only sharpen
the classical Griss inequality, but also improverughe recently derived Griss-type bounds under
the assumption of quadrant dependency (QD), wisigronger than QDE. The authors illustrate
the general results with examples based on spgdallised bivariate distributions that are QDE
but not QD. Such results play important roles ircisien making under uncertainty, and

particularly in areas such as economics, finan@keting, management, and insurance.

A number of problems in economics, finance andrausce rely on determining the signs of the
covariances of two transformations of a randomalde. The classical Chebyshev’s inequality
offers a powerful tool for solving the problem, bititassumes that the transformations are
monotonic, which is not always the case in applecet For this reason, Egozcue, Fuentes Garcia,
Wong, and Zitikis (2011b) establish new resultsdetermining the covariance signs and provide
further insights into the problem. Unlike many poes research efforts, their method of analysis,
which is probabilistic in nature, does not rely thie classical Hoffding’s representation of the

covariance, or on any of its numerous extensiodsgameralizations.

Egozcue, Fuentes Garcia, Wong, and Zitikis (20&&#dish the smallest upper bound for piie

absolute central moment over the class of all ramdariables with values in a compact interval.
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Numerical values of the bound are calculated feffitlst ten integer values pf and its asymptotic
behaviour derived gstends to infinity. In addition, they establishamalogous bound in the case
of all symmetric random variables with values coapact interval. Such results play an important
role in a number of disciplines, including actulmsagience, economics, finance, marketing,

management, operations research, and reliability.

It is well known that quadrant dependent (QD) rand@riables are also quadrant dependent in
expectation (QDE). The recent literature has offeneamples that have rigorously established the
fact that there are QDE random variables that ateQD. The examples are based on convex
combinations of specially chosen QD copulas, naraely negatively QD and another positively
QD. Egozcue, Fuentes Garcia, Wong, and Zitikis 82@ktablish general results that determine
when convex combinations of arbitrary QD copulasdi¢éo negatively or positively QD/QDE
copulas. In addition to being an interesting mathigral exercise, the established results are

helpful when modeling insurance and financial gk in practice.

2.14 Stock Networks

Xu, Wong, Chen, and Huang (2017) analyse the osishtip among stock networks by focusing
on the statistically reliable connectivity betweerancial time series, which accurately reflects
the underlying pure stock structure. In order tesdpthey first filter out the effect of the market
index on the correlations between paired stockd,then take a t-test based on the P-threshold
approach to lessen the complexity of the stock odktvbased on the P values. The authors
demonstrate the superiority of the performance ndeustanding network complexity by
examining the Hong Kong stock market.

In comparison with other filtering methods, thehaus find that the P-threshold approach extracts
purely and significantly correlated stock pairsjeftreflect the well-defined hierarchical structure
of the market. In analyzing the dynamic stock neksawith fixed-size moving windows, they
show that three global financial crises, coverethiejlong-range time series, can be distinguishing

as indicated from the network topological and etiohary perspectives. In addition, they find that
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the so-called assortativity coefficient can maritég financial crises, and hence can serve as a

useful indicator of financial market developments.

3 Statistical and Econometric Models

Another useful and practical suggestion is to dgveitatistical and econometric models in the
areas related to management information, decisi@nses, economics, and finance, as well as
cognate disciplines. After developing mathematmatels, one might consider developing some
related statistical and econometric models. Rebeaschave developed several econometrics
papers related to management information, decsomences, economics, and finance, and these

will be discussed in the following sub-sections.

3.1 Stochastic Dominance

Ng, Wong, and Xiao (2017) develop tests for stotbakminance by translating the inference
problem of stochastic dominance into a proposaltésting parametric restrictions in quantile
regressions. Specifically, the tests are variahth® one-sided Kolmogorov-Smirnoff statistic
with a limiting distribution of the standard Brovam bridge. The procedures for obtaining the
critical values of the proposed test statistics pnavided. The simulation results show their
superior small size and good power properties.attikors apply estimation to the NASDAQ 100
and S&P 500 indices to investigate dominance kalahip before and after major turning points.
The empirical results show no evidence of arbitragportunities between the bear and bull

markets.

Bai, Li, McAleer, and Wong (2015) derive the limij process of stochastic dominance statistics
for both risk averters and risk seekers where tiderying processes can be either dependent or
independent. The authors take account of the depeydf the partitions and propose a bootstrap
method to decide the critical points. In additithey illustrate the applicability of the stochastic

dominance statistics for both risk averters ankl seekers to analyse the dominance relationship

between the Chinese and US stock markets for tive eample period, as well as the sub-periods
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before and after the various financial crises,udilg the internet bubble and the recent sub-prime

crisis.

The empirical findings could be used to draw infiees on the preferences of risk averters and
risk seekers in investing in the Chinese and USkstoarkets. The results also enables an
examination as to whether there are arbitrage dppities in these markets, whether these markets

are efficient, and an analysis of whether investoesrational.

Bai, Li, Liu and Wong (2011) develop new statistios both PSD and MSD of the first three
orders. These statistics provide tools to exantiegteferences of investors with S-shaped utility
functions in prospect theory, as well as for ingestwith RS-shaped investors. The authors also
derive the limiting distributions of the test sséitts to be stochastic processes, and propose a
bootstrap method for determining the critical psiot the tests, as well as proving the consistency
of the bootstrap tests. They illustrate the prattepplicability of the proposed statistics by
evaluating the preferences of investors with cpoasing S-shaped and RS-shaped utility
functions vis-a-vis returns on iShares and retomsgraditional stocks and Internet stocks before

and after the Internet bubble.

Academics and practitioners can apply stochastigig@nce tests in many different areas for big
data, medium data, and small data. The extanaluss for applying stochastic dominance tests
includes Fong, Wong, and Lean (2005), Fong, Lead, \Wong (2008), Gasbarro, Wong, and
Zumwalt (2007), Lean, Smyth, and Wong (2007), Q@iao, and Wong (2010), Lean, McAleer,
and Wong (2010, 2015), Lean, Phoon, and Wong (2@gn, de Peretti, Qiao, and Wong (2012),
Qiao, Clark, and Wong (2012), Qiao, Wong, and F(#ai3, Qiao and Wong (2015), Hoang,
Lean, and Wong (2015), Hoang, Wong, and Zhu (20drfipng many others.

3.2Portfolio Optimization

The literature has seen the development of several and interesting theoretical results on
portfolio optimization. When the dimension of thatal is large, the theoretical model of the
classical MV portfolio optimization developed by Mawitz (1952) has been found to have
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serious problems in estimation. Substituting thraga mean and covariance matrix into the MV
optimization procedure will result in a serious aepre of the optimal return estimate, and the
corresponding portfolio allocation estimate fromitltheoretic counterparts when the number of
the assets can be large. We refer to the retuimagstin this case as the “plug-in” return, and the

corresponding estimate for the asset allocatiadhe$plug-in allocation.”

Bai, Liu, and Wong (2009a) prove that this phenoomeis normal, and refer to the development
as “over-prediction.” In order to circumvent tlmger-prediction problem, the authors use a new
method by incorporating the idea of the bootstrdap the theory of a large dimensional random
matrix. They develop new bootstrap-corrected esgmdor the optimal return and its asset
allocation, and prove that these bootstrap-cordeetgimates can correct analytically the over-
prediction and also drastically reduce the erroorédver, they show that the bootstrap-corrected
estimate of return and its corresponding allocagistmate are proportionally consistent with their

counterpart parameters.

Bai, Liu, and Wong (2009a) propose a bootstrapembed estimator to correct the overestimation,
but there is no closed-form solution for the estomaso it has to be obtained by using a bootstrap
approach. As a result, it seems to have been difffor practitioners to adopt the estimate in
reality. In order to circumvent this limitation, leg, Ng, and Wong (2012) develop a new and
convenient estimator for the optimal portfolio metlbased on an unbiased estimator of the inverse
of the covariance matrix and its related terms, darive explicit formulae for the estimator of the

optimal portfolio return.

Bai, Li, McAleer, and Wong (2016) improve the estion issue further by using the spectral
distribution of the sample covariance. They devaloplimiting behavior of the quadratic form
with the sample spectrally corrected covarianceimaind explain the superior performance to
the sample covariance as the dimension increagaefiriy with the sample size proportionally.
Moreover, the authors deduce the limiting behaofdhe expected return and risk on the spectrally
corrected MV portfolio, and illustrate the supepooperties of the spectral corrected MV portfolio

with a practical example.

22



In simulations, the authors compare the specti@lyected estimates with the traditional and
bootstrap-corrected estimates, and show the peafacenof the spectrally corrected estimates are
the best in terms of portfolio returns, as well fas portfolio risk. They also compare the
performance of the proposed estimation method aiftarent optimal portfolio estimates for real
S&P 500 data.

Mroua, Abid, and Wong (2017) investigate the impafkcthe sampling errors on the optimal
portfolio weights and on financial investment démns. They propose a new methodology
that combines the re-sampling method, stochastienapation algorithm, and nonparametric
stochastic dominance (SD) approach to analyzedhastic optimal portfolio choice for risk-
averse American investors who care about the bisnefidomestic diversification relative to
that of international diversification. Thereaftdre authors conduct a comparative analysis of
various domestic and international diversificatistnategies to define a stochastic optimal

choice.

The authors find that reducing the sampling ermareases the dominance relationships
among different portfolios which, in turn, can alportfolio investment decisions. Although
international diversification is preferred in somma&ses, the empirical results show that, for
risk-averse US investors, in general, there is nffe@nce between the alternative
diversification strategies. They also find thatcdtastic diversification in domestic, global,
European, Australasian, and Far Eastern marketsedglsuperior risk returns for US risk

averters during the various crisis periods.

It is worth noting that portfolio optimization cée used for big data as well as medium and small
data. In the theory developed by Bai, Liu, and W@@09a, b), Leung, Ng, and Wong (2012),
and Li, Bai, McAleer, and Wong (2017) explain ttiair theory holds when the observations tend
to infinity. Academics and practitioners can usgfptio optimization in their analysis for big data
medium data, and small data. The extant literatfraising portfolio optimization in their
interesting and practical empirical analyses inekidbid, Mroua, and Wong (2009, 1013), Abid,
Leung, Mroua, and Wong (2014), Hoang, Lean, and§\(8015), Hoang, Wong, and Zhu (2015),

among many others.
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3.3Risk Measures

Leung and Wong (2008) apply the technique of regzeateasures design to develop the Multiple
Sharpe ratio test statistic to test the hypothefsthe equality of the multiple Sharpe ratios. The
authors also establish the asymptotic distributbrhe statistic and its properties. In order to
demonstrate the superiority of their proposed &tfatover the traditional pairwise Sharpe ratio
test, they illustrate their approach by testingebaality of Sharpe ratios for 18 iShares. Whereas
the pairwise Sharpe ratio test show that the perdioce of all 18 iShares are indistinguishable,
they reject the equality of the Sharpe ratios ichegear, as well as for the entire sample. These
empirical results suggest that the 18 iShares partbfferently in each year, as well as for the

entire sample period, with some outperforming oftferes in the market.

Recent results in optimal stopping theory have shihat a ‘bang-bang’ (buy or sell immediately)
style of trading strategy is, in some sense, optpravided that the asset’s price dynamics follow
certain familiar stochastic processes. Wong, Wridlaim, and Yung (2012) construct a reward-
to-variability ratio (that is, the mixed Sharpeioatthat is sufficient for implementation of this
strategy. The use of this ratio for optimal poiticdelection is discussed, and empirical evidence
for its variations over time is found. The performoas of the ‘bang-bang’ and ‘buy-and-hold’
trading strategies are compared, and the formfauisd to be significantly more profitable than

the latter.

Bai, Wang, and Wong (2011) develop the mean-vagiaatio statistic to test the equality of the
mean-variance ratios, and prove that the proposgidtg is uniformly most powerful unbiased.

In addition, the authors illustrate the applicabitif the proposed test to compare the performances
of stock indices. Thereafter, Bai, Hui, Wong, antk& (2012) propose and develop mean-
variance ratio (MVR) statistics for comparing thexfprmance of prospects after the effect of the
background risk has been mitigated. They investiga¢ performance of the statistics in large and
small samples and show that, in the non-asympfaimework, the MVR statistic produces a

uniformly most powerful unbiased (UMPU) test.
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The authors discuss the applicability of the MVRtie the case of large samples, and illustrate
its superiority in the case of small samples byyaairag stock returns in Korea and Singapore after
the impact of the American stock returns (which\aegved as background risk) has been deducted.
They find, in particular, that when samples arelgrittee MVR statistic can detect differences in

asset performances while the Sharpe ratio testhwhithe mean-standard-deviation-ratio statistic,

may not be able to do so.

Academics and practitioners can apply differert nseasures, estimators and test statistics in
many different areas for big data, medium data,sandll data. The extant literature in applying
different risk measures, estimators and test sitstisncludes Gasbarro, Wong, and Zumwalt
(2007), Lean, Smyth, and Wong (2007), Lean, McAlaed Wong (2010, 2015), Lean, Phoon,
and Wong (2012), Chan, de Peretti, Qiao, and Waag2), Qiao, Clark, and Wong (2012), Bai,
Phoon, Wang, and Wong (2013), Qiao, Wong, and FRa§3, Qiao and Wong (2015), Hoang,
Lean, and Wong (2015), Hoang, Wong, and Zhu (20drffpng many others.

3.4 Testing Investors’ Behavorial Models

Lam, Liu, and Wong (2008, 2010) develop a Bayesiadel for analysing excess volatility, short-
term underreaction and long-term overreaction, evi@luo, McAleer, Wong, and Zhu (2017)
extend their model to excess volatility, short-tenmaerreaction and long-term overreaction during
financial crises. Fabozzi, Fung, Lam, and Wong 8@kvelop three tests of the magnitude effect

of short-term underreaction and long-term overieact

It is worth noting that testing investors’ behaabnnodels developed by Lam, Liu, and Wong

(2008, 2010), and Guo, McAleer, Wong, and Zhu (20&&n be used for big data, medium data
and small data. Fabozzi, Fung, Lam, and Wong (26&@¢loped three tests, and use S&P data to
test for the magnitude effect of short-term undecten and long-term overreaction. Academics

and practitioners can apply the convenient testsldped in Fabozzi, Fung, Lam, and Wong (2013)
for a wide range of practical situations, suchas drom international markets. The observations
could be taken over a large number of years, datlieatests can be used especially for big data,

as well as medium and small data.
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Wong, Chow, Hon, and Woo (2017) conduct a questioarsurvey to examine whether the theory
developed by Lam, Liu, and Wong (2008, 2010), and,®IcAleer, Wong, and Zhu (2017), holds
empirically by examining the conservative and reprgative heuristics by Hong Kong small
investors who adopt momentum and/or contrarianingadtrategies. It is worth noting that
academics and practitioners could conduct a quesice survey on big data as well as medium

and small data cases in this developing area.

3.5 Economic and Financial Indicators

The literature has developed some financial indisaand applied some economic indicators to
examine several important economic issues. For pl@anwong, Chew, and Sikorski (2001)
develop a new financial indicator to test the perfance of stock market forecasts by using E/P
ratios and bond yields. They also develop two d&sistics to use the indicator, and illustrate the
practicality of the tests in several stock markd@ise empirical results show that the forecasts
generated from the indicator would enable investmesscape most of the crashes, and catch most

of the bull runs.

The trading signals provided by the indicator canegate profits that are significantly better than
the buy-and-hold strategy. Exploring the charasties associated with the formation of bubbles
that occurred in the Hong Kong stock market in 188d 2007, and the 2000 dot-com Nasdaq
bubble, McAleer, Suen, and Wong (2016) establistiihig rules that not only produce returns that
are significantly greater than buy-and-hold stregggdout also produce greater wealth as compared
with TA strategies without trading rules.

Chong, Cao, and Wong (2017) develop a new markeinsent index for the Hong Kong stock
market, one of the largest stock markets in thedydny using the turnover ratio, short-selling
volume, money flow, HIBOR, and returns of the U3l aapanese markets, the Shanghai and
Shenzhen Composite indices. Thereafter, the authoosporate the threshold regression model
with the sentiment index as a threshold variabagture the state of the Hong Kong stock market.
It can be established empirically that the tradinig which sells (buys) the HSI or S&P/HKEXx
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LargeCaplindex when the sentiment index is abovie\{ehe upper threshold value can beat the

buy-and-hold strategy.

Sethi, Wong, and Acharya (2017) examine the sddtogzact of disinflationary monetary policy
by calculating the sacrifice ratios for several @e@nd non-OECD countries. Sacrifice ratios
calculated through the episode method reveal ibaifhtionary monetary policy has a differential
impact across three sectors in both OECD and noGEDEountries. Of the three sectors, the
industry and service sectors show significant oulipss due to a tight monetary policy in OECD

and non-OECD countries.

The agricultural sector shows a differential impa€tdisinflation policy, In particular, the
empirical analysis shows a negative sacrifice ratid® ECD countries, indicating that output
growth is not significantly affected by a tight netary policy, while non-OECD countries yield
positive sacrifice ratios, suggesting that the outpss is significant. Furthermore, it is observed
that sacrifice ratios calculated from aggregatea dag different from ratios that are calculatediro
sectoral data.

Financial indicators and economic indicators caruged for big data, medium data, and small
data. For example, Wong, Chew, and Sikorski (2@@#&) their indicator to test for markets from
the USA, UK, Japan, Germany, and Singapore. Thitsespecially big data. Academics and
practitioners could use the indicators to tesiriternational stock markets. They can use it tb tes
not only for stock markets, but also for any fin@ahproducts, and so it can be used to test inscase

of big data.

Similarly, Sethi, Wong, and Acharya (2017) applg #acrifice ratios to examine the sectoral
impact of disinflationary monetary policy for seaeOECD and non-OECD countries, which
would not necessarily be regarded as an applicatobig data. However, academics and
practitioners can apply the sacrifice ratios tonexe the sectoral impact of disinflationary
monetary policy for all the countries in the worldis would lead to a much bigger data set that

could encompass big data.
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3.6 Technical Analysis

The new financial indicator introduced by Wong, @heand Sikorski (2001) to test the
performance of stock market forecasts can be fkedsis technical analysis. Substantial research
has been undertaken in technical analysis. For pkanivVong, Manzur, and Chew (2003) use
technical analysis to signal the timing of stockrkef entry and exit. The authors develop test
statistics to test the performance of the mosbésteed of the trend followers, namely the Moving
Average (MA), and the most frequently used coutrimd indicator, namely the Relative Strength
Index. Using data for Singapore, the empirical itssadicate that the indicators can be used to
generate significantly positive returns. It is alsand that member firms of the Singapore Stock

Exchange tend to enjoy substantial profits by apglyechnical indicators.

Wong, Du, and Chong (2005) evaluate the profitabdf applying technical analysis that signals
the entry and exit from the stock market in threedBer Chinese stock markets, namely the
Shanghai, Hong Kong and Taiwan Stock Exchangeslyikmpthe trading signals generated by
the MA family to these inter-connected markets shomat significantly positive returns can be
generated, which outperform the buy-and-hold sgsatd’he cumulative wealth obtained also
surpasses that of the buy-and-hold strategy, réegmdf transaction costs. In addition, the authors
examine the performance of the MA family before aftdr the 1997 Asian Financial Crisis, and
find that the MA family works well in both sub-peds, as well as in different market conditions

of bull runs, bear markets, and mixed markets.

The finding that technical analysis can forecastdirections of these markets implies that the
three Greater China stock markets are not efficieam, Chong, and Wong (2007) examine
whether a day’s surge or plummet in stock pricessegive as a market entry or exit signal. Returns
of five trading rules based on 1-day and intradaynmantum are estimated for major world stock
indices, and it is found that the trading rulesfgmn well for the Asian indices, but not for stock
indices in Europe and USA.

Kung and Wong (2009a) investigate whether thesesutea have led to lower profitability for

those investors who employ technical rules foritr@atocks. Their results show that the three
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trading rules consistently generate higher anretakns for 1988-1996 than those for 1999-2007.
Furthermore, these measures generally performriéte the buy-and-hold (BH) strategy for
1988-1996, but perform no better than the BH siyater 1999-2007.

These empirical findings suggest that the efficyen€ the Singapore stock market has been
considerably enhanced by the measures implemefitgdtze various financial crises. Kung and
Wong (2009b) use two popular technical tradingsuteassess whether the gradual liberalization
of Taiwan’s securities markets has improved theiefficy of its stock market. The empirical
results show that the two rules have consideratddigtive power for 1983-1990, become less
predictive for 1991-1997, and cannot predict theketausefully for 1998-2005. These results
indicate that the efficiency of the Taiwan stockrked has been greatly enhanced by the
liberalization measures that have been implememtedthe past 20 years.

The above studies examine technical analysis Bsamably big data. In addition, academics and
practitioners can apply technical analysis to exanthhe performance of a larger number of stock
markets, as well as other financial markets witigbr data sets.

3.7 Cost of Capital

Gordon and Shapiro (1956) develop the dividenddypls growth model for individual firms,

while Thompson (1985) improves the theory by conmgrthe model with an analysis of previous
dividends to estimate the cost of capital andragfidbility’. Thompson and Wong (1996) extend
the theory by obtaining estimates for the costopfity capital and its reliability. Wong and Chan
(2004) extend the theory further by developingneators for the reliability, and prove that the
estimators are consistent. It is worth noting #stimation for the cost of equity capital and its
reliability can be used for big data, medium dated small data, making it a worthwhile method

in practice.

3.8 Robust Estimation
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Bian and Dickey (1996) develop a robust Bayesiamesor for the vector of regression
coefficients using a Cauchy-type g-prior. This rastior is an adaptive weighted average of the
least squares estimator and the prior locationhasdgubstantial robustness properties with respect
to flat-tailed sampling distribution. Wong and Bi&l997) develop an alternative approach to
estimate regression coefficients, while Wong andnB{2000) introduce the robust Bayesian
estimator developed by Bian and Dickey (1996) ® ¢istimation of the Capital Asset Pricing
Model (CAPM), in which the distribution of the errcomponent is well known to be flat-tailed.

In order to support their proposal, the authorsyappth the robust Bayesian estimator and the
least squares estimator in the simulation of thé®MAand in the analysis of the CAPM for US

annual and monthly stock returns.

Their simulation results show that the Bayesiamedbr is robust and superior to the least squares
estimator when CAPM is contaminated by large norraatl/or non-normal disturbances,
especially by Cauchy disturbances. In their emgirsgtudy, the authors find that the robust
Bayesian estimator is uniformly more efficient theleast squares counterpart in terms of the
relative efficiency of one-step ahead forecast nseprare error, especially in small samples. They
introduce the robust Bayesian estimator developedBibn and Dickey (1996) as this robust
Bayesian estimator is adaptive, and markedly robush respect to a flat-tailed sample

distribution. However, to date few papers seematelused this estimator in practice.

The estimator is adaptive and robust in the semeste if the sample is adequate, that is, without
extreme observations and outliers, the estimatibcamcentrate on using the sample information.
On the other hand, if there are many outliers engample, the robust Bayesian estimator will rely
on using information from the prior. To date, tlstimator developed in Bian and Dickey (1996)
seems to be the only approach that has this feaunrkso its use is recommended. It is worth
noting that the robust Bayesian estimator can bd t the trilogy of big data, medium data, and

small data.

3.9Unit Roots, Cointegration, Causality Tests, and Ndimearity
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The literature has published a number of testsaifeatelated to unit roots, cointegration, caugalit

and nonlinearity, which will be discussed in thédaing sections.

Tiku and Wong (1998) develop a unit root test talgse if data follow an AR(1) model. The
authors suggest use of the three moment chi-sguakéour moment F approximations to test for
a unit root in an AR(1) model when the innovatianise from one of a wide family of symmetric
Student’s t distributions.

In cointegration theory, vector error-correction dals (VECMs) have become an important
means of analysing cointegrating relations. Usulidldrder VECMs assume all non-zero entries
in the coefficient matrices. However applicatioh%&8CMs to economic and financial time series
data have revealed that zero entries are indeesibpp@sIf indirect causality or Granger non-
causality exists among the variables, the usefoll-arder VECM may conclude incorrectly that

there is Granger causality among the variables.

In addition, the statistical and numerical accuratyhe cointegrating vectors estimated in a
misspecified full-order VECM will be doubtful. Itsiargued that the zero-non-zero (ZNZ)
patterned VECM is a more straightforward and effecimeans of testing for both indirect

causality and Granger non-causality. Penm, Tearedl Wong (2003) present simulations and an
empirical application that demonstrate the usekdrd the ZNZ-patterned VECM.

Lam, Wong, and Wong (2006) develop some propeftieshe autocorrelation of thieperiod
returns for the general mean reversion (GMR) pmcaswhich the stationary component is not
restricted to the AR(1) process but takes the fofa general ARMA process. The authors derive
several properties of the GMR process and threeno&parametric tests that compare the relative
variability of returns over different horizons talidate the GMR process as an alternative to a
random walk process. They also examine the asyrogtobperties of the tests, which can be
applied to identify random walk models from the GMi®cesses.

The traditional linear Granger causality test hasrbused widely to examine linear causality

among several time series processes in both bigama multivariate settings. Hiemstra and Jones
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(1994) develop a nonlinear Granger causality teathivariate setting to investigate the nonlinear
causality between stock prices and trading voluga, Wong, and Zhang (2010) extend their
work by developing a nonlinear causality test intmariate settings. Bai, Li, Wong, and Zhang
(2011) discuss linear causality tests in multivtarisettings, and thereafter develop a nonlinear

causality test in multivariate settings.

A Monte Carlo simulation is conducted to demonstridte superiority of the newly proposed
multivariate test over its bivariate counterpamntatldition, the authors illustrate the applicapilit

of the proposed test to analyse the relationshpng different Chinese stock market indices. Bai,
et al. (2017) improve the properties of the stagsby re-estimating the probabilities and re-
establishing the central limit theorem of the nest tstatistic. They also conduct simulations to
show that the new estimates are consistent, andhbanew test has low size and high power.
Chow, Cunado, Gupta, and Wong (2017) modify thetiwariate nonlinear causality test so that

it can also be used for panel data models.

Hui, Wong, Bai, and Zhu (2017) propose a simpleeffidient method to examine whether a time
seriesYt possesses any nonlinear features by testing depesntieat might remain in the residuals
after fitting Yt using a linear model. The advantage of the prapaselinearity test is that it is not
necessary to know the exact nonlinear featuregtendetailed nonlinear forms of the stochastic
process underlyindt. The procedure can also be used to test whetbenypothesized model,
including linear and nonlinear components, is appate if the residuals of the model can be
obtained from the estimated model. Simulation expents show that the new test is stable and
powerful. The authors apply the new statistic &t tehether there are any nonlinear features in
sunspot data, and whether the S&P 500 index follawandom walk. The conclusions drawn

regarding the new test are consistent with theayoé&s from other tests.

Academics and practitioners can apply unit rooftegration, causality, and nonlinearity tests in
many different areas for big data, medium data,smdll data. The extant literature for applying
unit root, cointegration, causality, and nonlingatests includes Wong, Penm, Terrell, and Lim
(2004), Wong, Khan, and Du (2006), Qiao, Liew, akdong (2007), Foo, Wong, and Chong
(2008), Qiao, Smyth, and Wong (2008), Qiao, Chiamgl, WWong (2008), Chiang, Qiao, and Wong
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(2009), Qiao, McAleer, and Wong (2009), Qiao, amnd Wong (2011), Vieito, Wong, and Zhu

(2015), among many others.

3.10 Confidence Intervals

Homm and Pigorsch (2012) use the Aumann and Seiratex to develop a new economic
performance measure (EPM), which is well knownaweéhadvantages over other measures. Niu,
Guo, McAleer, and Wong (2017) extend the theorycbgstructing a one-sample confidence
interval of EPM, and construct confidence intervéds the differences in EPMs for two
independent samples. The authors also derive thepstic distribution for EPM and the
difference in two EPMs when the samples are indégein They conduct simulations to show that
the proposed theory performs well for one and twtependent samples.

Simulations show that the proposed approach isstobu the dependent case. The theory
developed is used to construct both one-samplévemdample confidence intervals of EPMs for
Singapore and US stock indices. It is noted thafidence interval estimation could be used for
big data, medium data, and small data. It is aledwnoting that the theory of confidence intervals
for EPM developed by Niu, Guo, McAleer, and Won@X2) can be used to develop the theory
of confidence intervals for any risk measure omeeoic indicator which, in turn, could be used

to construct confidence intervals for big data, meddata, and small data.

3.11 Mixture of Distributions Model

Andersen (1996) introduces a modification of thextome of distributions model based on
microstructure arguments. Based on a small sanfifileecstocks, he infers that a modified mixture
of distributions (MMD) model adequately captureg fbint behavior of trading volume and
volatility. Fong and Wong (2006) re-examine theiiel using a larger sample of twenty-two stocks
and two sample periods. Their tests show that 58#%eosample rejects the MMD model in the
period 1973-1991, which is the same period as exaarin Andersen (1996). The empirical results
for the second period (1993-1999) are more suppodi MMD, especially for the number of
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trades, although nearly one-third of the sampléersfects the MMD. The authors conclude that

further investigation is needed before the geneakdlity of the MMD can be established.

3.12 Repeated Time Series

Wong and Miller (1990) develop a theory and methoglp for repeated time series (RTS)
measurements for an autoregressive integrated maxiarage-noise (ARIMAN) process. The
theory enables academics and practitioners to tdlexnormality assumption in the ARIMAN
model and to identify models for each componentgse of the time series. The authors also
discuss the properties, estimation, and forecasthdRTS ARIMAN models, and provide
illustrative examples. Wong, Miller, and Shrestl29q1) extend the RTS model where the
fundamental component follows an ARMA process. Ha model, the error variance and the
number of repetitions are allowed to change oweetilt is shown that the model is identified, and

the maximum likelihood estimator is derived usihg Kalman filter technique.

3.13 Multinomial Distribution Model

Matsumura, Tsui, and Wong (1990) extend the prasedeveloped in Tsui, Matsumura, and Tsui
(1985), which is based on a multinomial distribatimmodel within the dollar-unit sampling
framework, with a Dirichlet prior distribution. Thextended model and a different Dirichlet prior
are used in the analysis to generate upper and Ibands, as well as two-sided confidence
intervals, for situations in which both understa¢etnand overstatement errors are possible. The
simulation results indicate that the calculatedficemce levels of the proposed estimates are
usually close to or greater than the nominal levetepeated sampling for the populations that are

investigated.

3.14 Other Econometric Models/Tests

Researchers have been developing a wide rangéeafiaive econometric models and statistical

tests in the literature, some of which will be mr&ed and discussed in the following section.
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Tiku, Wong, Vaughan, and Bian (2000) consider gRtodels for time series data with non-
normal innovations that are represented by a mewhbarwide family of symmetric Student’s t
distributions. As the ML (maximum likelihood) estiors are intractable, the authors derive the
MML (modified maximum likelihood) estimators of thgarameters, and show that they are
efficient. They use the estimators for hypothesssing, and show that the resulting tests are tobus

and powerful.

Tiku, Wong, and Bian (1999a) extend the previouskway considering AR{) models in time
series with asymmetric innovations that are represkby two families of distributions, namely
(i) gamma with support IR : (63), and (ii) generalized logistic with support IRo(«c). As the ML
(maximum likelihood) estimators are intractable, #luthors derive the MML (modified maximum
likelihood) estimators of the parameters and shioat they are efficient and computationally
straightforward. The authors investigate the edficly properties of the classical LS (least squares)

estimators, and find that the efficiency relatigetie proposed MML estimators is low.

Tiku, Wong, and Bian (1999b) estimate the coeffitsein a simple regression model with
autocorrelated errors, where the underlying distidn is assumed to be symmetric, namely one
of the Student’s t family for illustrative purposé3losed-form estimators are obtained, and are
shown to be efficient and robust. Wong and BiarDB)@xtend the results to the case where the
underlying distribution is a generalized logististdbution. The generalized logistic distribution
family represents very wide range of skewed digtrdns, from highly right skewed to highly left
skewed. Analogously, the authors develop MML estiirsaas the ML (maximum likelihood)
estimators are intractable for generalized logistata. The authors analyse the asymptotic
properties of the proposed estimators and condomtlation experiments to examine the finite

sample properties of the estimators

Bian and Dickey (1996) develop a robust Bayesiatmmesor for the vector of regression
coefficients using a Cauchy-type g-prior. This rastior is an adaptive weighted average of the
least squares estimator and the prior location, isnmdbust with respect to a fat-tailed sample

distribution. Wong and Bian (2000) introduce thbust Bayesian estimator to the estimation of
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the Capital Asset Pricing Model (CAPM), in whicletlistribution of the error component is well

known to be fat-tailed.

In order to support their proposal, the authorslyappth the robust Bayesian estimator and the
least squares estimator in the simulation of thd*@Aand in the analysis of the CAPM for US
annual and monthly stock returns. The simulatienlts show that the Bayesian estimator is robust
and superior to the least squares estimator whelANCA contaminated by large normal and/or
non-normal disturbances, especially by Cauchy hsiuces. In the empirical analysis, the authors
find that the robust Bayesian estimator is unifgrmbre efficient than the least squares estimator
in terms of the relative efficiency of one-stepathéorecast mean square errors, especially in small

samples.

Bian, McAleer, and Wong (2013) develop a modifieaximum likelihood (MML) estimator for

the multiple linear regression model with undertyidtudent’s t distribution. The authors obtain
the closed-form solution of the estimators, dethaasymptotic properties, and demonstrate that
the MML estimator is more appropriate for estimgtine parameters of CAPM by comparing its
performance with least squares estimators (LSEmamthly returns of US portfolios. The
empirical results reveal that the MML estimatore anore efficient than their least squares
counterparts in terms of the relative efficiencytitd one-step-ahead forecast mean square errors

in small samples.

Bian, McAleer, and Wong (2011) develop a new tia,trinomial test, for pairwise ordinal data
samples to improve the power of the sign test bylifgimg its treatment of zero differences
between observations, thereby increasing the ussaoiple information. The simulations
demonstrate the power superiority of the proposedrhial test statistic over the sign test in small
samples in the presence of tie observations. Tti@eishow that the proposed trinomial test has
substantially higher power than the sign test ngdasamples, and also in the presence of tie
observations, as the sign test ignores informdtmm observations that result in ties.

It is worth noting that all of the above estimatamd testing methods could be used for big data,

medium data, and small data.
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4 Simulations

After developing statistical theories for Big Da@omputational Science, Economics, Finance,
Marketing, Management, and Psychology, academidpeactitioners could consider conducting
simulations to examine whether the estimators atissics in their theories on estimation and
hypothesis testing have small size and high powdmnite samples. We have been conducting
simulations to examine whether the new estimat@sansistent, and if the statistics in the new
theories on hypothesis testing have adequatelyl smal and high power in finite samples. For
example, Tiku and Wong (1998) conduct simulatiansxamine whether their unit root test has

small size and high power.

Tiku, Wong, and Bian (1999) consider ARRfnodels in time series with asymmetric innovations
represented by the gamma and generalized logistichditions. They derive the MML (modified
maximum likelihood) estimators of the parameterd sinow that they are efficient. Thereafter,
they conduct simulations to examine whether thglineators have small size and high power in
finite samples. Tiku, Wong, and Bian (1999a) depdlwe theory to estimate the coefficients in a
simple regression model with autocorrelated enotis the Student’s t distribution.

Thereafter, the authors conduct simulations to éxamwhether their estimators have small size
and high power in finite samples. Tiku, Wong, Vaaighand Bian (2000) consider AR(q) models
for time series data with non-normal innovatioret #re represented by a member of a wide family
of symmetric Student’s t distributions. The authdesive the MML estimators of the parameters
and show that they are efficient, use the estirsdtorhypothesis testing, and conduct simulation

experiments to show that the resulting tests avasioand powerful.

After checking that the new theories on estimatod hypothesis lead to consistent estimators,
and small size and high power in finite samplespeetively, academics and practitioners could
then apply the theories to analyse some interesimgpractical issues arising in the presence of

big data, medium data, and small data.
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5 Empirical Studies

After developing theoretical models and econometmd statistical models to estimate the
parameters in the associated models, academicgraatitioners could then apply their theories
to analyse some interesting and practical issuethensix disciplines and associated cognate
disciplines.

5.1 Applications in Economics and Finance

Readers may refer to Chang, McAleer, and Wong (@Pft8 applying the theoretical models and
econometric and statistical models and tests toawefal, financial, health, and medical
economics; to Chang, McAleer, and Wong (2016b) dpplying the theoretical models and
econometric and statistical models and tests tornmhtics, data mining, econometrics and
financial economics; to Chang, McAleer, and Won@l@) for applying the theoretical models
and econometric and statistical models and testsattagement science, economics and finance;
and to Chang, McAleer, and Wong (2017a) for apgitime theoretical models and econometric
and statistical models and tests to managementniatton, decision sciences, and financial

economics.

Chang, McAleer, and Wong (2017b) apply the thecaétinodels and econometric and statistical
models to big data, computational science, ecomrgrfiltance and management. Academics and
practitioners could apply their theories to otheahcial economic problems. For example, Batai,
Chu, Lv, and Wong (2017) examine the factors thaintain a long-run equilibrium, short-run
impact, and causality with the exchange rate of §dia over China to shed light on exchange
rate determination. Cointegration analysis as appio the problem shows that, in the long run,
the gross domestic product (GDP) of China andrttdex of world price have significantly positive
effects, while Mongolia’s GDP and the Shanghailstodex have significantly negative effects

on the Mongolian exchange rate.

The authors reveal the existence of short-run dymanteractions and strongly significant
multivariate linear and nonlinear causality frorhthke explanatory variables to the Mongolian
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exchange rate. In addition, they observe that tiemgrong linear causality from each of the
respective GDP of Mongolia and China and the inafeworld price to the Mongolian exchange
rate, but not from the index of world price. Moreoythere is strongly significant nonlinear
causality from the Shanghai stock index to the Miiag exchange rate, and weakly significant
nonlinear causalities from both the GDP of Chind #re index of world price to the Mongolian
exchange rate, but not from Mongolia’s GDP. Theieicgd findings should be useful to investors,
manufacturers, and international trading firmsifmestment decision making, and also to policy
makers for their decisions regarding both monetang fiscal policies that could affect the

Mongolian exchange rate.

Bouri, Gupta, Wong, and Zhu (2017) examine the aflevine investment within a portfolio of
different assets (US/UK equities, bonds, gold, hadsing) by considering a rich methodology
based, among others, on the mean-variance andastacidominance approaches. The authors
discover that wine is the best investment amonmdiVidual assets under investigation. It seems
that investors prefer to invest in with-wine politbs than without-wine portfolios in order to gain
higher expected utility when short sales are ntiwad. However, investors are indifferent

between portfolios with-wine and without-wine whamort selling is allowed.

In addition, with-wine portfolios generally eith@ominate individual assets or are indifferent from
individual assets. Interestingly, the with-wine tbalios first-order stochastically dominates
housing in both long-only and short-allowed stregegpointing towards market inefficiency and
therefore the possibility of expected arbitrage apmities. Finally, the authors reveal that
investors prefer the low risk with-wine portfolide the equal-weighted portfolio, but are
indifferent between the high risk with-wine portéd and the naive portfolio for both long-only
and short-allowed strategies. The empirical findiogn be used by investors in their investment
decision making processes, and reveal the posgibiliearning abnormal returns when wine is

included in an investment portfolio.

Manzur, Wong, and Chau (1999) use a nhew measureabfexchange rates as an indicator of
international competitiveness. This new measurelires defining all prices and exchange rates

on an appropriately weighted basket of currencabler than on a single currency. The new

39



measure is applied to data for Japan, Korea, Tidilllalaysia and Singapore. For comparative
purposes, the authors calculate real exchange batesd on purchasing power parity (PPP) for
these countries. In order to check for the relapggormance of the two measures, cointegration
tests are used.

The empirical results indicate that the new measnds to be closely related with export growth
for the sample countries, while the PPP-based measunot. Moreover, the PPP-based real
exchange rates tend to understate the measuresngietitiveness for these countries. This
empirical result has important implications in terof the levels of the exchange rates for these

countries, as well as for the well-known Balasspdtlyesis.

Phang and Wong (1997) find that interest ratesyrme growth rates and the supply of housing
have not played a statistically significant roletie determination of private housing prices in
Singapore between 1975 and 1994. Instead, privaisiing prices in Singapore are found to be
highly correlated with the prices for public seebmilt housing. Moreover, the timing of
government policies relating to the use of compyissavings for private housing finance
purposes, the liberalisation of rules on public$iog ownership criterion and for housing finance

had significant impacts on private housing prices.

Phang, Wong, and Chia (1996) examine the policggsses behind Singapore’s car quotas. The
policy, when filtered through the market mechanikiad a number of unintended consequences.
The public’s disatisfaction with certain featureslaloopholes’ of the system resulted in many
changes to the rules. The effects of recent mesdareurb speculation on quota premiums are
also evaluated, and problems with Singapore’s WeekkKear Scheme are also discussed. The
lesson for transport policy makers elsewhere i thattempting to deal with the road congestion
problem through car ownership policies, an assekeh&or vehicles should be taken into account

to enable a more comprehensive analysis.

The Indian stock market is one of the earliest sl@Ahaving been in operation since 1875, but it
remained largely outside the global integrationcpss until the late 1980s. A number of

developing countries, together with the Internaidfinance Corporation and the World Bank,
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took steps in the 1980s to establish and revitahsér stock markets as an effective way of
mobilizing and allocating finance. In line with glal trends, the reform of the Indian stock market

began with the establishment of the SecuritiesEarmhange Board of India in 1988.

Wong, Agarwal, and Du (2004) empirically investigéihe long-run equilibrium relationship and
short-run dynamic linkage between the Indian stowkket and the stock markets in major
developed countries, such as USA, UK and Japaar, 90 by examining the Granger causality
relationship and the pairwise, multiple and fraéib cointegration between the Indian stock

market and the stock markets from the three deeeloparkets.

The authors conclude that the Indian stock margentegrated with mature markets and is
sensitive to the dynamics in these markets in ¢ing run. In the short run, both US and Japan
Granger cause the Indian stock market, but notwérsa. In addition, the authors find that the
Indian stock index and the mature stock indicemfarfractionally cointegrated relationship in the
long run with a common fractional, nonstationarynpmnent, and find that the Johansen
estimation and testing method is the most powarfulevealing the underlying cointegration

relationship.

Xiao, Brooks, and Wong (2009) explore the relatopsetween volume and volatility in the
Australian Stock Market in the context of a geneeml autoregressive conditional
heteroskedasticity (GARCH) model. In contrast toeotstudies that examine only the interaction
of GARCH and volume effects on a small number otlks, the authors examine the effects on
the entire data set that is available for the Aalistn All Ordinaries Index. They also emphasize
the impact of firm size and trading volume as in@ot explanatory factors. It is found that

GARCH model testing and estimation is impactediby 6ize and trading volume.

Specifically, the empirical analysis produces th#ofving major findings. First, daily trading
volume, used as a proxy for information arrival éims typically shown to have significant
explanatory power regarding the variance of dagyms. Second, the actively traded stocks,
which may have a larger number of information aiswon a daily basis, have a larger impact of

volume on the variance of the daily returns. Thihe authors find that low trading volume and
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small firms lead to a higher persistence of GARGfdats in the estimated models. Fourth, unlike
the elimination effect for the top most active &mcin general, the elimination of both
autoregressive conditional heteroskedasticity (AR@hkt Generalised ARCH (GARCH) effects,
by introducing the volume variable on all otherc&® on average, is not as much as that for the
top most active stocks. Fifth, the elimination otlb ARCH and GARCH effects by introducing
the volume variable is higher for stocks in thegémt volume and/or the largest market

capitalization quartile group.

The empirical findings imply that the earlier finds in the literature were not a statistical mistak
and that, unlike most perceived anomalies, the meleffect on volatility is not likely to be

eliminated after its discovery. In addition, thepneal findings reject the pure random walk
hypothesis for stock returns.

Current integration and co-movements among intemak stock markets has been boosted by
increased globalization of the world economy, arafipchasing capital surfing across borders.
With a reputation as the fastest growing econonfgenworld, China’s stock market has continued
gaining momentum in recent years, and incurred grgwattention from academics, as well as
practitioners. Taking into account economic andggaphical considerations, the US and Hong
Kong are considerably the most comparable stockketarto China. The usual vector error
correction model (VECM) could overlook the long n@amfeature of the cointegration residual

series which can, in turn, exert bias on the respkstimators and statistical inference.

In order to overcome its limitationgheng, Chen, and Wong (200®e a fractionally integrated
VECM (FIVECM) to investigate the long-term cointagon relationships that bind China’s stock
market to the aforementioned stock markets. Intemdiby augmenting the FIVECM with a
multivariate GARCH model, the returns transmissaom volatility spillovers between market
return series were revealed simultaneously. Tharerabpresults show that China’s stock market
is fractionally cointegrated with the two marketgoreover, it also appears that China’s stock
market has stronger ties with the neighboring Hkogg market than with the world superpower

financial market, namely the USA.
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5.2 Applications in Psychology, Marketing, and Managemet

In this section, we discuss in some detail sevapglications to marketing, management, and
psychology. In the above section, we discussed §hAfong, Teo, and Fam (1997), Chang,
Wong, and Teo (2000), Chang, Wong, and Koh (2003}, Shi, and Wong (2012, 2014), Liao
and Wong (2008), Moslehpour, Wong, Aulia, and PH26017), Moslehpour, Wong, Lin, and
Huyen (2017). For further detailed analysis, thenested reader is referred to Chang, McAleer,
and Wong (2016a, c, 2017a, b).

In what follows, we will discuss some other relevaapers that may make a significant
contribution to understanding perceptions, persgnand technology data in the future. For
example, Moslehpour, Pham, Wong, and Bilgicli (20propose a new model by partially
combining personality traits (PT) and the Techngldgceptance Model (TAM) attributes to
examine the influences of personality charactegs{such as conscientiousness and openness),
and perception of technology (such as perceiveduless and perceived ease of use) on e-

purchase intentions.

The authors use a truncated sampling techniquesamnvey questionnaire to target the sample of
Taiwanese online consumers and collect data. Tinelythat consciousness (CON) (personality
attribute) significantly influences perceived udeéss (PU) (technology perception attributes),
perceived ease of use (PEOU) (technology percegtitsibutes), and openness to experience
(OPE) (personality attribute). PU, PEOU, and OPRehaignificant impacts on e-purchase

intentions (INT). PEOU has the strongest positmpact on (INT). In addition, PU, PEOU, and

OPE combined together mediate the relationshipémtvCON and INT. Further post hoc analysis
of mediation shows that both PU and PEOU are swtée mediators. However, OPE is not a

significant mediator.

6 Concluding Remarks

In this paper, we discussed a number of theoretiwadliels in the areas of utility functions,

stochastic dominance for risk averters and riskaese stochastic dominance for investors with S-
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shaped and reverse S-shaped utility functionshasitc dominance theory for investors with both
risk-averse and risk-seeking components, almosthagiic dominance, portfolio optimization,
Sharpe ratio, Value-at-Risk (VaR), and ConditioaR (CVaR), Omega ratio, first- and high-
order risk measures, cost of capital, behavorialets) indifference curves, diversification, two-
moment decision model, dynamic models with backgdouisk, regret-aversion, contagion,

covariance and copulas, and stock network, amdmey tbpics.

We discussed several econometric and statisticaletadn the areas aftochastic dominance,
portfolio optimization, risk measures, testing istges’ behavorial models, analysed economic and
financial indicators, technical analysis, cost apital, unit roots, cointegration, causality tests,
nonlinearity, confidence intervals, mixtures of tdmutions model, repeated time series,
multinomial distribution model, and other econoneetnodels and tests.

The paper also discussed research in simulatiah saweral applications in decision sciences,
economics, finance, business, computing, and g, @ well as in cognate disciplines. Finally,
we have discussed why analyzing big data is diffefrom analyzing medium data or small data.
Interested readers may wish to refer to Chang, MeAland Wong (2017b) for a discussion as to

why analysing big data is different from analyzimgdium data or small data.
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