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Abstract

The study 1s design to examine the impact of basic requirements,
efficiency enhancers and 1novation and sophistication factors on
global competitiveness index (GCI) on East Asia and Pacific region
countries. Thus, matrix approach 1s used and regression modet 1s atso
apphed to compare the result. Phihppines and Cambodia are not
efficient to manage mnovation and sophistication factor to make the
nations more competitiveness 1 terms of productivity and prosperity
because their coefficients are negative. Only five countries are
significantty efficiefit to deal with three drivers to make the nations
more competitiveness. The coefficients of three sublindices of the
remaining countries are positive except for 1mnovation and
sophistication of Phihippines and Cambodia and the evidence 1s same
which 1s obtained from regression anatysis. Limited iumbers of papers
have focused on various definutions of GCI and 1dentified factors for
formutating GCI. Few studies have examined the impact of some
specific factors on GCI. But this study 1s new one 11 the sense that 1t
exchlusively examines the impact of att the pittars categorised 11 three
sublndices (Basic requirements, Efficiency enhancers and Infiovation
& Sophistication) on Globat Competitiveness Index which 1s expected
to add vatue 1 the hterature of globat competitiveness.

Keywords: GCI, WEF, Matrix, Index, Factor, Efficiency, Infiovation,
Regression, Pitars, Region

Gel Classification: C1 C10

Introduction

Competitiveness 1s one of the most centrat preoccupations for both
advanced and devetoping countries (Porter, 1990) and the pohcy
makers express serious concerns about 1t (Latt 2001). It 1s the set of
mstitutions, pohicies, and factors that determine the tevel of
productivity of an economy, which 11 turn sets the tevel of prosperity
that a country can achieve. The origimal idea of Ktaus Schwab (1979)
about Globat Competitiveness Index (GCI) 1s developed by Xavier
SataliMartin and pubhished first 1 the year 2005 11 cottaboration with
World Economic Forum (WEF). The GCI unites 114 mndicators during
the year 2016 and 2017 that capture concepts which matter for
productivity and tong/term prosperity. These components are grouped
mto 12 pittars of competitiveness such as (1) stitutions, (2)
mfrastructure, (3) macroeconomic environment, (4) heatth and
primary education, (5) higher education and training, (6) goods market
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efficiency, (7) tabour market efficiency, (8) financiat
market development, (9) technotogical readiness, (10)
market size, (11) busmess sophistication, and (12)
mnovation and each of them measures a different aspect of
1it. Again, these 12 pittars are categorized into three sub!]
mdices such as basic requirements (1(4), efficiency
enhancers (5[10), and mnMnovation and sophistication (1177
12). The three sublindices are given different weights for
the computation of GCI and divides countries based on
their stages of devetopment. GCI assumes that, 11 the first
stage the economy 1s factor(driven where first four pittars
under basic requirements sublindex of a country are
devetoped. The efficienicy enhancers sublindex mctudes
those pittars which are important for countries 1 the
efficiencyldriven stage and mnnovation and sophistication
sublindex mctudes those pittars which are criticat to
countries 11 the mnovation'driven stage.

The present study seeks to examine the impact of three sub (|
mdices on GCI of the East AsialPacific region countries.

East AsialPacific 1s characterized by great diversity and

mctudes three of the World’s ten targest economics hke

China, Japan and Indonesia.

The paper 1s organized as follows. The fiext section deals
with detaits discussion about hterature and research gap.
Section 3 deats with objective. Data & study period 1s given
m Section 4. Section 5 opens up the methodotogicat part.
Section 6 anatyses the resufts and the remaiming section
deats with conctusion and recommendation.

Literature Review:

Due to the mncreasing importance of gltobat competitive!
ness 1 the understanding of contemporary economic and
devetopment 1ssues, the researchers examine the
retationship of the concept with various factors that
mftuence it. It has become common to describe economic
strength of an entity with respect to 1ts competitors 1n the
global market economy 11 which goods, services, peopte,
skilts, and 1deas move freely across geographicat borders
(Saboniene 2009; Matakauskaite & Navickas 2010).
According to D’Cruz 11 1992 defines competitiveness 1s
the abihty of firm to design, produce and or market
products superior to those offered by competitors,
considering the price and nonlprice quahties. Some
researchers (Barney & Hesterly 2001; Sniieska & Draksaite
2007) observe that 11 changig busifiess scenario some
factors hke business environment, dynamic capabihties,
flexibihties, agihity, speed, and adaptabihity are becoming
more 1mmportant sources of competitiveness. Nationat
competitiveness 1s one of the most i1mportant
preoccupations for both advance and devetoping nations
(Porter 1990) and pohicy makers express serious concerns
about 1t (Latt2001). Berger 1n 2008 1dentifies four main but
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very different theoretical constructs for nationat
competitiveness and they have targe divergences.
According to Berger, another fifth concept of nationat
competitiveness exists based on Porter’s diamond modet
and 1ts extended version. Atthough the diamond modet has
been widety apphed to examie the competitiveness of
different nations. According to Smith (2010), the weak
aspects of Porter’s modet have been pomted out both by
schotars of management and economics (Dunning 1992 &
1993; Rugman 1990 & 1991; Rugman & Verbeke 1993;
Waverman 1995; Bottho 1996; Davies & Eths 2000).
Atthough the methodotogy used by World Economic
Forum 1s very ctosety retated to Porter’s diamond modet. It
defines country competitiveness as the “set of mstitutions,
pohcies, and factors that determine the tevet of
productivity of a country” (Schwab, 2016).

GCI 1s not free from hmitations. In 2001 Latt points out
several methodotogical, quantitative and anatytical
problems, and dubs the mdex misleading due to 1its
arbitrary weighting of variabtes and use of subjective
mdicators. Carvatho et al., 1 2012 poimit out high
correfation among 1its variables, and even methodotogical
errors and data manipulation which may tead to
objectionabte results (Freudenberg 2003). Van Stet 1n 2005
mdicates two of the most serious probtems with the GCI
namely: (1) the imdex 1s ot stable over short time periods
for developed nations and (2) 1t 1s not successfut m
predicting short and tong term economic growth because 1t
combines so many other variables, such as entrepreneuriat
activity (Xia et at., 2012). However, the authors of the tatest
Globat Competitiveness Report state that “the concept of
competitiveness thus 1nvotves static and dynhamic
competitiveness and ......can exptain an economy’s growth
potential” (Schwab 2016).

GCI altows for several analysis tevets when evatuating
economic performance of the nations. Atthough, its
apphcation start with the firm tevel and 1t evatuates
performance on the nationat, regionat and gtobat markets
(see Hwvidt 2013; Fagerberg 1996; Roessner, Porter,
Newman & Cauffiet, 1996). In 2011, Sitke exptains globat
competitiveness to be the abihity of countries to provide
high tevets of prosperity to their citizens. Measuring the
globat competitiveness entails quantifying the impact of
various key factors that contribute to the creation of
conditions for competitiveness. According to Helteiner 111
2008, observes that globatl competitiveness measures the
pohcies and factors that contribute to sustaimabte economic
prosperity. Hertog 1 2011 says that 1t 1s significantly
mftuenced by the way 11 which a nation uses the resources
that 1t has. A more reahstic defiftion 1s given by Atvarez et
at., 11 2009 that gtobat competitiveness 1s the abihty of the
country to compete 11 global trade by exporting 1ts products
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and thus competitiveness 1s considered 1n refations to the
productivity and the growth of the nation. In 2011 Cotton
remarks that the concept of globatl competitiveness has
come out as a new paradigm 11 economic performance
studies. It 1s bemng used to capture the awareness of the
threats and chattenges that are caused by competition that
occurs at the gtobat tevel. It also helps to evatuate the
performance of the mstitutions, factors and poticies that
significantty influence a nation’s productivity tevets.

Alfaki & Ahmed (2013) evatuate the retationship between

global competitiveness and technotogical readiness 11 the
Gulfregion by focusing on the United Arabs Emirates (See
also Ateksandra & Magdatena 2016). They observe that
UAEs achieve immense success 11 technotogical readiness
m terms of 1ts Global Competitivefiess Index (GCI). In a
study by Wysokinska (2003), examines the concept of
global competitiveness 11 terms of productivity tevels and
sustainabte devetopment 11 CEE and the countries of
European Union. He observes that higher productivity
leads to improved competitiveness 11 the globat and tocat
markets. Taner, Oncii, & Civi (2010) also evatuates the
performance of GCC nations based on 1nternationat
competitiveness. He conctudes that the concept of globat
competitiveness 1s very muttifaceted because of the wide
array of ndicators and factors that inftuence 1t.

In most of the existing hterature, the concept of globat
competitiveness has been evatuated by tooking at how 1t 1s
mfluenced by specific economic parameters such as
productivity tevets (Wysokinska, 2003), trade batances,
nationat economic performance (Taner et at., 2010) and
technotogicat readiness (Alfaki & Ahmed, 2013).
Atthough these parameters and variables have been
effectively used to examine the factors that influence
global competitiveness.

The earher studies basicatty deat with various definitions
about GCI and search for different factors for formutating
GCI. Some of the studies examine the impact of few factors
hke productivity, trade batances, economic growth and
GDP etc. on GCI. The present study examines the impact of
three main sublndices such as basic requirements,
efficiency enhancers and 1inovation & sophistication on
GCI on East Asia and Pacific Region countries’/
Economics based on matrix approach and comparison with
regression technique. Currentty, there 1s no such study that
evaluates the impact of three sublindices on GCI based on
matrix approach.

Objective of the Study:

The study 1s designed to examine whether Gtlobat
Competitive Index (GCI) depends on the variabtes such as
Basic Requirements (BR), Economic Enhancers (EE) and
Infiovation & Sophistication)
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Data & Study Period:

The study uses annuat score of Gtobat Competitive Index
(GCI) and 1ts three sublndices particutarty Basic
Requirements (BR), Efficiency Enhancers (EE) and
Innovation & Sophistication (IS). The study covers East
Asia and Pacific Region countries’/Economics. According
to the GCI report (2016/2017) there are 17 countries or
economics provided by World Economic Forum. Here, 16
countries are considered because data of Lao PDR 1s not
availabte for alt the years. The study period covers from
201002011 to 201612017 and the annual score of 16
countries regarding GCI and 1ts sublindices 1s cottected
from the website of Wortd Economic Forum (Secondary
source).

Methodology:

In order to examine the mmpact of Basic Requirement,
Efficiency enhancers and Innovation & Sophistication
factors on Gtobat Competitive Index (GCI), matrix
approach 1s used on hnear regression modet. Here, GCI 1s
the economies’ competitive performance mdicator that
depends on the performances of the remaining imndependent
mdicators. Before goimng to empirical modethng, the
variabtes are specified as follows:

GCI 1s the global competitiveness mndex denoted by Y
(Dependent Variabte)

Basic requirements 1s the independent variabte denoted by
X2

Efficienicy enhancers 1s the mdependent variabte denoted
by X3

Infiovation & Sophistication 1s the mndependent variabte
denoted by X4

To examine the above issue the foltowing empirical
multipte hnear regression modet 1 scatar form can be
written as:

Yi=B1+B2X21+B3X31+B4X 41+ (1)

Where, 1 1ndicates intercept, B2 to 4 are the partiat stope
coefficients, p 1s the stochastic disturbance term with 0
mean and constant standard deviation, and 1 means ith
observation 1=1, 2, 3,.......... ,h). Here, n 1s 7 because the
study considers seven years annual data (from 2010111 to
201617).

Theoretical Foundation

Equation 1 1s a set of seven simultaneous equations that
can be written as under
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Now, the above set of equations (2) may be converted into a
matrix form of (M x N) elements and can be arranged 11 M

Y, 1 X, X
Y, I X, X
¥ 1 Xy X
.1 = |1 X, X,
Y’S ]' X25 X:_
¥ 1 X, X

| 1; | 11 X, X,
Y = X

7x1 7x4

Where, Y =7 x 1 cotumn vector (this matrix consists of M
rows and onty one column) of observations on the
dependent variabte Y.

X =7 x 4 matrix that gives 28 observations on (4[1)
variabtes such as from X2 to X4. The first cotumn of 7 x 4
data matrix represents the mtercept.

B=4x 1 column vector of the unknown parameters which
1s to be estimated.

p=7x1column vector of residuats.

The above matrix form can be transformed 1nto a matrix
notation that can be written as under:

Where, pand 0 are 7 x 1 column vectors, 0 being a nutt
vector matrix.

Assumption 2:

20

L =04 Bt Xt BiX vt
Y,=8+0.X +0.X,+8.X,, +u
=P+ 05X+ BXu+ B X+ 1
Vi=B+ B X+ B X + B X+ 1y
Yo =B+ Xy + B X5 + B X s + 145
Y=g+ X,  + 080X, +0.X, ¥,
| = o X b B X b B =i |

2

rows and N cotumns as under:

Xa H
X, s
4 ﬂl
X Hs
B,
X i T4
X [; s ®3)
Xdﬁ ! i{"{f)
X4 ] | H7 ]
B+
4x1 Jix 1
Y=XBtp (4)

Now come to the assumptions of ctassicat hnear regression
modet 1n matrix notation.

Assumption 1:

The expected value of the residuals vector p for each
elements is 0 or E(u) = 0, for each 1. Technically, the
conditional mean value of pu 1s zero that can be shown 1
scatar form as:

E(u/X1)=0

The above scatar form can be written 1n matrix notation as
under:

i E(w)| |0
My | | E(uy)| |0
Hy E(us) 0
Bl | 2Bl =0 5)
Hs E(us) 0
s F(ug)| |0
L4 | [ £ O]

The disturbances 1 and 1 are uncorretated meaning that
there 1s no autocorretation. Given any two X vatues, X1 and

Xj(i# j),the correlation between any two piand uj 17 j)
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1s zero. Symbohically, this caf be written as fottows:
Cov(pyj / X1, Xj) = E{ [ —E(u)]/ X1} {[wj — E(uj)]/ Xj}=

E(u/X1) (1j/Xj)=0

Assumption 3:

The variance of pu for each X1 1s constant number equat to

E(uu')= £

Where,

LH7 ]

is the transpose of the column vector p that

H,
K
M
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062 or technicatly assumption of homoscedasticity.

Symbohcalty, this can be written as fottows:
Var(u/X1) = 0,

Now, assumptions 2 and assumption 3 can be written 1n
matrix notation as under:

i |l my owy owy ows om )

Hs
H

forms a row vector. Now rute of multiphcation 1s apphed to

I
Hy b
sty
Elu') = £ uyu,
Hs
Hi by
ity

Bl 1)
E(u;)

E(ze.1t,)
Bt 485)
B ;)
E(u;)
B 10)

E(u)

£, )
E(ppe )
= | E(u, i)
Fp,u)
Elpg )
| ECs )

The assumptions regarding homoscedasticity and no seriat
corretation may be shown by considering matrix 7 as

c*0 0 0 0 O
060 0 0 0
00 >0 0 O
E(uu'y=10 0 0 o> 0 0
00 0 0 o°0
00 0 0 0 o
00 0 0 0 0

www.pbr.co.in

N TN T TN N T T N TR T
I T T T I N T T R T 18
JININ y; Mo dty s ML H, f
s Ml i Hafls . Ll
Hoply sty Mol S Mol
Uodls Moty Hofty MMy M Mgl
T R Y T TR T TR TS
E(u ) E(pna,)  Elgeps) Eligu)
E(ue,pe)  Bluype,)  Bluyp) E(u,u)
E(ui)  E(uyp,)  E(pp) E(uuy)
Bu,41)  F(uy) Blp,ee)  Elagpe)
B(u,u,)  E(up) B(u)  Bluu,)
E(ugpt,)  Blugu,)  E(ugrs) B(u)
Ble ) BQu,)  Elu,ps) E(uu)
(7)
under:
0 1 0 0 0 0 0
0 0 1 0 0 0 0
0 O 0 1 0 0 0 0
0 |=¢?0 0 0 1 0 0 0
0 0O 0 0 01 0 0
0 0 0 0 0 0 1 0
5 0 0 0 0 0 0 1

get the folfowing matrix (A x n):

E(st 11;)

E(se,11,)
E(t1,44;)
F e, 08,)
E(p.n,)
B(p ;)
E(5)

=g/

(8)

(6)
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Here, I 1s an 1dentity matrix (7 x 7). Matrix 7 and 1ts
representation 8 may be described as variance-covariance
matrix of the residuals p. The elements on the main
diagonal of this matrix which are running from upper left
corner to the lower right corner indicate variances and the
elements of the main diagonal represents colvariances.
This variance and covariance matrix 1s calted symmetric

matrix.

At this moment, consider the residuals of OLS. Let pis a
column vector and t1s the row vector. If arow vector 1s post
multiphed by a cotumn vector then 1t 1s termed as scatar
which 1s a singte (reat) humber or 1 x 1 matrix that can be
written as under:

#
#
wie=lp  u s i, ] e
| &, |
ol 0 A — i,
=Z 1w’ (a scalar) 9)

Where, >_ ;" 1s the residuat sum of squares (RSS) which 1s
a difference between total sum of squares (TSS) and

Zﬂf = Zy? _ﬂzzysxzf _ﬂszyfxm _5423’}'3‘4;

In matrix notation, the totat sum of squares (TSS) can be

2y =Yy-n¥’

Simutarty, exptained sum of squares (ESS) can be written 11

ﬂZZyi‘XEI +ﬁ32«v:x3; +ﬁ4Z}’,-x4i- = ﬂ‘X:V—n}?Q

Here, nY? 1s kinown as the correction for meaf. From

n=y-Xp

Therefore,

Hu=y=XB)(y=XP)=yy-2pXy+ XX}

According to the properties of transpose of a matrix,
explicitly, (XB)' = X'B’; and since B'X'y is a scalar which is
equal to its transpose y'X.

Here, equation 14 is the matrix representation of equation

exptained sum of squares (ESS). It may be written as under:

(10)
written as under:

(11)
matrix notation as under:

(12)

equation 4 'y’ can be written as under:

(13)

(14)

10. In scalar notation the OLS regression method consists
of estimating B1, B2, B3 and P4 that D> 4’ 1s as httle as
possible and this can be done by differentiating equation 10
partially with respect to B1, B2, B3 and p4. This process
yietds 4 simuttaneous equations which are as under:

”ﬁ1+)822X2 +/832X3 +)84ZX4 =ZY
)812/\/2 +/8sz§ +2832X2X3+164ZX2X4 ZZXz}/
ﬁlZX_% +ﬂ22X3X2+1832-X32 +ﬁ4ZX3X4 =ZX3Y
IBIZX4 +ﬂzZX4Xz+ﬂsz4X3 +184ZX42 =ZX4Y

22

(15)
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The above equations can be written in matrix notation as under:

7 ¥X, ¥.X > X,

5 1 1 | 1 b
Z’Yz in ZXZX’:‘ ZX2X4 B, = X5 X5 X0 X || 12
ZX:' ZXan ZXE ZX5X4 B Xy X Xy Xu||h (16)
Z){’4 ZX4X2 ZX4X3 in Bl [ Xu Xipo X XYy
(X'X) p X y
Or, matrix 16 closely represented as under:
XX)Pp =Xy (17)

Here (X'X) matrix has the fotowing characteristics:

1. It gives the raw sum of squares and cross products of
the X variabtes, onie of which 1s the mntercept term
taking the vatue of 1 for each observation. The
etements on the main diagonat give the raw sums of
squares, and those on the main diagonat give the raw
sums of cross products.

2. It 1s symmetricat since the cross product between X2
and X4 1s the same as that between X4 and X3 and atso
X3 and X2.

3. Itisoforder(4x4)thatis 4 rowsand4 cotumns.

According to the matrix notation 17, (X'X) and X'y are the
known quantities and f is unknown. Now usimg matrix
atgebra, 1f the inverse of (X'X) exists, such as (X'X)[1, then
premultiptying both sides matrix notation 17 by this

But since (X'X)[1 (X'X) =1, an 1dentity matrix of order 4 x
4 and thus,

B=XX)1X'y

p= XX X'y

(4x1) (4x4) (4x7) (7x1)
Matrix notation 19 1s the fundamentat resutt of OLS theory.

(19)

Now the variance-covariance matrix of 3 can be written as
under:

Var-cov (B) = {E[p— E(B)] [B—E(P)]'} = E{[(X'X)[1X"y]
[(X'X)1X'1]"}= B[(XX)1X'ue’ X(X'X) 1] = (X'X)1X’
B(up) X(X'X)1 = (X'X)1X' 62 IX(X'X)[1 = 62(X'X) 1
(20)

Where, 62 is the homoscedastic variance of u, which can be

mverse, the resulting matrix notation witt be as under: computed as ufider: , ,
X'X)1 (XX)B=(XX)1X" 18 Uz:Zﬂ; _ LK _pu (21)
( ) ( )B - ( ) y ( ) a—k T4 3
The matrix notation 20 can be shown in matrix form as under:
var(f,) cov(fB,,B,)  cov(p,, ;) cov(B,, B,)
. cov(5,, ) var(,) cov(5,, ;) cov(B,, ;)
var—cov(f) = . : . (22)
cov( By, By) cov(fs, B,)  var(f;) cov(Bs, B,)
cov( By, By) cov(B,,,)  cov(B,. ;) var(f,)
Now come to the computation of R* which can be written as under:
ESS
g 23
TSS @3)
In case of four variables the R? can be written as under:
g2 2 B2 et B s + Bi) s 24
2 ;
XY
By using equations 11 and 12, equation 24 can be written as under:
’ . 2
R = M (25)
yy-—nr-
www.pbr.co.in 23
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Finatty, the study doesn't apply t’ test on the estimated  estimated coefficienits 1s tested 11 matrix notation by the
mdividuat coefficients (HO: B2 =3 =p4=0 ) obtained from  anatysis of variance technique and the F test.
the matrix approach. Here, overalt significance of the

Fe (BXy—nY (k1)

(Vy-BXy)(n—k)

It 1s atso welt known that there 1s a close retationship  between F statistic and R2 and thus, the
i (k-1)

(1-R*)(n—k)

that follows F distribution with k -1and n - k degree of freedom

value of F statistic can be computed as follows: F =

Therefore, the ANOVA tabte can be expressed 11 two ways ~ namely asunder:

Table 1 : Matrix formulation of the ANOVA table for linear regression model

Source of variation Sum of squares (SS) | Degree of freedom (df) MSS
Due to regression B'X'y -nY? K-1 BXYy —n¥?
k—1
Due to residuals Vy—pBXYy n-k Vy—p'XYy
n—k
Total V'y—n¥> n—1

Table 2 Matrix formulation of the ANOVA table in terms of R?

Source of variation | Sum of squares (SS) | Degree of freedom MSS
(df)
Due to regression R*(y'y —nY") k-1 R2(y'y —nT?)
k-1
Due to residuals (1-R3(y'y - nY?) n-k (1-R»(y'y—nY?)
n—k
Total V'y—n¥> n-1
Practical Implication (Country —Singapore): sublndices on GCI can be shown by considering matrix

Now consider the case of Singapore. The impact of GCI notation 3 as uder:

[5.48 1 605 549 5.07] i
5.63 1 633 558 523 - i
567 1 634 565 527 A 1y
sel| = |1 630 se3 s14| 22|+ H, (26)
5.65 1 634 568 5.13 A 7
5.68 | 636 570 s519| -1 Ao
15.72 | I 535 503 525 i, |
Y = X B+ n
7x1 7x4 4x1 7x1

Here, 7 =5.634, X, =6299, X,=5637, X,=5183
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Similarly,
> (¥ -Y) =0.035371, Y (X,-X,)’ =0.075086, » (X, -X,)’ =0039543, > (X, -X,)’ =0.031743

The transpose of matrix of anh M x N matrix X, denoted by ~ and columnis of matrix X which can be shown as under:
X' 1s an N x M matrix obtained by interchanging the rows

ol
2

t

be  —

X'X= 24

Hox -
ijk
S o iy

23

P

44

M M M M X

s

=

a5

XE]"

n XX, XX, >X,
Sx, YA YXx, XX,
X, YXX, Y X3 > XX,
E, IXx YXX; ¥YX;

[ 44.09 39.46 3628
| 44.09 20 11 248.5892 228.5433 27
13946 248.5892 2224812 204.5353

36.28 228.5483 204.5353 188.0658

w
I
T T L T L 'y

LS

s
L

=

b

s
iy
-~

548
5.63
1 1 1 | | 1 |
5.67
6.05 633 0634 630 6.34 6.36 5835 _
Xy= _ _ *5.61
5.49 5.58 5.65 5.63 5.68 5.70 5.73 e
5.07 5:23 527 514 513 5.19 5:28 '
5.68
15.72 |
By applying the rule of matrix multiplication, we can get
39.44
Xty = 242.6305 (28)
d 222364
204.4385
Now the study apphes the rutes of matrix 1version of the  transpose matrix X'X that can be written as fottows:
1
(XX)" = Adj X'X where,
|

|XX] s the determinant and thenext term is adjoin of X'X matrix
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The 1verse matrix of the transpose matrix X'X wilt be as under:

1364.613 167.456682 -242.674257 -202.82604
| 167.4567 919904668 -84.693541 51985924
(XX)" = (29)
-242.674 -84.693541 114.678372  25.0179012
-202.826 -51.985924 25.0179012  75.1002002

Thus, the estimated coefficients of the exptanatory variabtes of Singapore which 1s mentioned 11 equation 19 as under:
-00321
B (XX)* Xy = 0.1747 (30)
0.5188
03165

The residuat sum of squares (RSS) can be computed by applying equation 9 as under:

Dol ==Yy XY=

5.48
5.63
39.44
5.67
e e e _ _ 1.| 248.4649
[5.48 5.63 5.67 5.61 5.65 5.68 5.72]* 5.61 |-[-0.0321 0.1747 0.5188 0.3165]* _
222.364
5.65
204.4385
5.68
5.72

=222.2516 - 222 2481 = 0.00347
From equation 21, standard deviation can be computed as follows:

2 2
; { i 000347
DY W A/ =0.001157
n-k 7-4 3
The variancel¢ovariance matrix of beta () may be computed based on matrix 22 as under:
197869 24281 -35188 -29410
. 24281 1.3339 -1.2281 -0.7538
var—coW( Ay = (X X)"' = i
-3.5188 -12281 1.6628 03628
-29410 -0.7538 03628 1.0890
Finalty, the R2 vatue can be computed based on equation 23 as under:
_ESS  BXy-—nY < ~0.031901
7SS yy-n¥?  0.035371
The overalt significance of the nult hypothesis 1s tested by ~ which are discussed above. Here tabte one 1s apphed to
analysis of variance technique (ANOVA) and F statistic  compute F statistic as under:

Table 3 ANOVA table of Singapore

R? =0.901889
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Source of variation | Sum of squares (SS) | Degree of freedom (df) MSS
Due to regression B'X'y - n¥Y* k—-1=3 e 52
BEY=nY" 0106337
=0.031901 k-1
Due to residuals Vy—=pBXYy n-k=3 yy—BXYy
=0.00347 g ooolnsy
Total y'y—nY?*=0.035371 n-1=6
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Here, the computed value of F statistic will be as under:

F— 0.0106337
0.001157

After that the study uses regression equation 1 for each
country to estimate the coefficients and compares those
coefficients with the coefficients that have been estimated
from the matrix approach and finatty anatysed the results of
the East Asia and Pacific region countries.

Result & Analysis:

The mmpact of basic requiremenits, efficiency enhancers
and 1nnovation and sophistication factors of Globat
Competitiveness Index 1s given 1n tabte four. It 1s observed
that the coefficients of basic requirements, efficiency
enhancers and mnovation and sophistication factors of the
South Asian and Pacific region countries are positive
except for Phihppines and Cambodia whose coefficients of
mnovation and sophistication factor are found to be
negative and statisticatty insignificant meaning that the
mnovation and sophistication factor 1s fiot a sighificant
variabte to exptamn GCI function because the probabitities
vatues are more than five percent. Thus, these two
economies are not efficient to manage their mnovation
driven factors (business sophistication and mnovation) that
makes the nations more competitive 1 terms of globat
competitiveness mdex. Where, the impact of three sub!]
mdices on Global Competitiveness Index (GCI) of five
countries (Japan, Taiwan, Austraha, Korea Repubhc &
Thaitand) are statisticatty significant because their
probabitities vatues are tess than five percent meaning that
those sublindices are the significant variables to exptain

Table 4 Impact of Basic Requirements (BR), Efficiency Enhancers (EE) and Innovation & Sophistication (IS) factors on GCI
R

=9.192509

GCI function. Here, five countries have judiciousty
administered to 1mprove att the pittars of basic
requirements, efficiency enhancers and mnovation and
sophistication sublindices which finatty help to inftuence
the GCI and make the regions more competitiveness 1n
terms of their tevet of productivity and prosperity. On the
other hand, the basic requirement factor 1s not a significant
variabte to explain GCI for Singapore. Simifarly, the
efficiency enhancers factor of Hong Kong SAR, New
Zetand, Mataysia, Indonesia and Mangoha 1s not a
significant variable to exptain GCI and 1n the same way the
mnovation and sophistication factor of China, Brunei
Darussatam, Vietnam and Mongoha 1s not a significant
variabte to exptamn GCI funiction. The basic requirements
and 1mnovation & sophistication factors are not significant
m case of Malaysia and Mongoha and those countries
cannot 1mprove basic requirements (Institutions,
nfrastructure, macroeconomic environment, heatth and
primary education) and 1novation and sophistication
(business sophistication and 1nnovation) factors
significantty to make the country more competitive. Here,
the computed values of the F statistic 1s statistically
significant meaning that the null hypothesis is rejected (B2
= B3 =p4 =0) that means the gtobat Competitiveness mndex
1s not hnearly retated to the basic requirements, efficiency
enhancers and innovation and sophistication factors of the
countries.

Matrix Result F-statistic
Country / Region B1 i) Bs B4

Singapore -0.032 0.175 0.519%* 0317* 0.901 9.1925%
(0.000) (0.0000) (0.0000)

Japan -0.112 0.175% 0.542%* 0.305% 0.999 1166.557%
(0.0000) (0.0000) (0.0000) (0.0000)

Hong Kong SAR 0.011 0.247* 0.429 0.319% 0.995 224 4354%
(0.0000) (0.0000) (0.0000)

New Zeland -0.107 0.340% 0.163 0.529% 0.999 9412.984*
(0.0000) (0.0000) (0.0000)

Taiwan -0.053 0.188% 0.528%* 0.296%* 0.993 150.429%
(0.0000) (0.0000) (0.0000) (0.0000)

Australia -0.093 0.358% 0.387% 0.251% 0.992 140.2636%*
(0.0000) (0.0000) (0.0000) (0.0000)

Malaysia 0.048 0417* 0.501 0.071 0.988 86.8846%
(0.0000) (0.0000)

Korea, Republic -0.009 0.218%* 0.516%* 0.264* 0.999 1915.369%
(0.0000) (0.0000) (0.0000) (0.0000)

China 0.234 0.385% 0.477* 0.089 0.999 1393.002%*
(0.0000) (0.0000) (0.0000)

Thailand 0.056 0.436%* 0.449%* 0.098* 0.999 4149.893%*
(0.0000) (0.0000) (0.0000) (0.0000)

Indonesia 1.224% 0.218%* 0.094 0.442% 0.997 495.8243%*
(0.0000) (0.0000) (0.0000) (0.0000)

Philippines 0.047 0.342% 0.675%* -0.032 0.999 2101.191%*
(0.0000) (0.0000) (0.0000)

Brunei Darussalam -1.491 0.401* 0.748%* 0.208 0.994 168.1606*
(0.0000) (0.0000) (0.0000)

Vietnam 0.321 0.558% 0312% 0.055 0.996 303.3026%
(0.0000) (0.000) (0.0000)

www.pbr.co.in

27



Pacific Business Review International

Cambodia -0.273% 0.587% 0.490% -0.007 0.999 5092.908*
(0.0000) (0.0000) (0.000) (0.0000)

Mongolia 1.131% 0.397%* 0.030 0.317 0.944 17.18165%
(0.0000) (0.0000) (0.0000)

*significant at 5% level

Source: Authors’ own calculation

Conclusion & Recommendation:

The study examines the impact of basic requirements,
efficieficy enhancers and mnovation and sophistication
factors on globat competitiveness index. It 1s observed
from the above discussion that five countries are
significantty competitive 11 terms of the three subindices
as compared to the other East Asia[Pacific region countries
based on the result derived from the matrix approach.
Estimated F statistic of the countries indicates that the
global competitiveness mdex 1s not hnearty retated to the
three factors based on matrix approach. A country witt be
more competitive 11 terms of productivity and prosperity
onty when 1t can prudently improve alt the aspects hke
basic requirements, efficiency enhancers and mnovation
and sophistication factors. Thus, matrix approach has the
great advantage over the hnear regression modet. It
provides a compact method of handhng regression modets
mvotving any fhumber of variabtes and by applying this
technique any type of comptex probtem can be sotved
without applymg regression technique and hence, this
technique can be used to sotve any type of economic
probtem.
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