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ABSTRACT 

This paper examines the impact of the adoption of Flexible Manufacturing Technology (FMT) on the Technical Effi-
ciency of Malaysia Manufacturing Industry. Owing to the potential multicollinearity, the Principal Component Analysis 
has been adopted to extract the most appropriate underlying dimensions of FMT in an effort to substitute the eight FMT 
variables. The study has been conducted within FMT intensively adopted 16 three-digit industries that encompass 50 
five-digit industries covering the years 2000-2005. The results obtained from the two situations, one, including the in- 
dustry fixed effects dummy variables and the other without these, are contrasted. It is found that the model that included 
the industry fixed effect dummy variables possesses a greater explanatory power. The two principal components that 
account for the greater variation in FMT show positive and moderately significant relationship with TE. The study con- 
cludes with sufficient evidence that FMT has a direct and moderately significant relationship with TE. 
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1. Introduction 

Over the last two decades many researchers conducted 
studies that examined the factors attributing to the per-
formance of the East Asian Economies. According to 
Mahadevan [1] in particular, the GDP growth of these 
economies was found to be driven by the perspiration 
factor of input accumulation rather than the inspiration 
factor of total productivity growth (TFPG). Owing to the 
increasing concern regarding the continued growth of 
these economies, new endogenous growth theories have 
been adopted in an effort to explain the performance of 
these economies. The significance of the manufacturing 
sector in these economies is so much that in each econ- 
omy it accounts for well over 30 percent of the overall 
GDP. Therefore, more focused studies looking into the 
inspiration factor of TFPG, which also means factor 
productivity should be undertaken. 

According to the conventional growth accounting meth-
odology, TFPG is considered synonymous with techno-
logical progress (TP) which is also known as technical 
change. According to Coelli Rao, O’Donnell and Battese 
[2], TP represents advances made in technology that may 
be represented by an upward shift in the production fron-
tier. This methodology which is a non frontier approach, 
is based on the assumption that all industries are fully  

realising their capacity in the production process and thus, 
are technically efficient. In this approach, no distinction 
is made between TP and changes in technical efficiency 
(TE) with which a known technology is adopted in pro-
duction. As a result, this approach does not separately 
account for the technological improvement embodied in 
labour or the capital stock (change in efficiency) con-
tained in the TFPG. Under a newer approach named 
Stochastic Frontier Production Function (SFPF), origi-
nally proposed by Aigner, Lovell and Schmidt [3], output 
growth is decomposed into input growth and TFPG and 
TFPG is in turn decomposed into TP and TE. The word 
frontier signifies the idea of maximality and represents 
the “best practice” approach to production. Mahadevan 
[4] showed that unlike the growth accounting approach 
which provided a shape of an average industry, the esti-
mation of a frontier function was heavily influenced by 
the best performing industries. According to Mahadevan 
and Kalirajan [5], TE can be due to the accumulation of 
knowledge in the learning-by-doing process, improve-
ments in the instructions for mixing together raw materi-
als, diffusion of new technology, improved managerial 
practices or R&D undertaken by government or profit 
maximising agents, or can be affected by overall market 
structure of industry as it affects the methods used for 
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acquiring, developing or modifying technology. 
It is widely believed that intensive regimes of con-

temporary manufacturing paradigms such as mass cus-
tomisation, customerisation and instant customerisation 
can pave the way for a competitive manufacturing indus-
try. The studies show that mass customisation is the core 
manufacturing paradigm. The studies also showed that 
the crucial determinant of the successful implementation 
of mass customisation is the abundant use of Flexible 
Manufacturing Technology (FMT) [6,7]. Kumar and Des-
mukh [8] remark that today’s customer not only expects 
quality, reliability and competitive pricing but also cus-
tomised products with timely delivery, it is desirable that 
an organisation is as flexible as possible,. According to 
Sinha and Noble [9], FMT can represent a huge cost for 
adopting firms, but may also offer the chance to achieve 
competitive advantage through superior manufacturing. 
Therefore, it would be important to examine the causal 
link between the degree of FMT adoption and TE. 

The average GDP growth of Malaysia during 2000- 
2007 (5.5 percent) is lower than that during 1990-2000 
(7.0 percent). Malaysian Manufacturing sector GDP dur-
ing 2000-2007 (13.0 percent) is much lower than the 
same for the period 1990-2000 (4.8 percent). These are 
some of the key indicators to the declining competitive-
ness of the Malaysian manufacturing industry over the 
period 2000-2007. In the Malaysian manufacturing in-
dustry, FMT is widely adopted and has received the due 
attention from the industry policy makers. The Malaysian 
Industrial Development Authority (MIDA) [10] has rec-
ognised a number of promoted activities and products 
(for the development and production) with regard to high 
technology establishments. The engagement in these ac-
tivities will make them entitled to pioneer status or in-
vestment tax allowance under the promotion of Invest-
ment Act 1986. This includes FMT products such as, 
Computer process control systems/equipment, Process 
instrumentation, and Robotic equipment and Computer 
numerical control machine tools. The Ninth Malaysia 
Plan which is aimed at achieving changes in the structure 
and improved performance of the economy with every 
economic sector achieving higher value added and total 
factor productivity. The “Thrust 1” of this Plan states that, 
“Application of high technology and production of 
higher value added products will be given emphasis. 
Measures will be undertaken to migrate the electrical and 
electronics (E&E) industry towards high-technology and 
higher value added activities”. Hence, the Malaysian ex- 
perience is used as a case study given its suitability. 

Mahadevan [1] adopted SFPF in a study on TFPG of 
Malaysia’s Manufacturing Industries. Sun and Kalirajan 
[11] found that 2.5 percent average annual rate of TP 
during this period was the major contributor to TFPG in 
the Korean manufacturing industry whereas TE grew by 

a modest 1.1 percent per annum. Zhang and Zhang [12] 
adopted SFPF to estimate the TE of China’s large and 
medium sized iron and steel enterprises. Lee, Kim and 
Heo [13] in their empirical study on TP versus TE Gains 
in Manufacturing Sector of Korea, adopted the nonpara-
metric Malmquist productivity index to break down the 
productivity growth into two components; technological 
change (innovation) and efficiency change (catching up). 
According to Battese and Broca [14], SFPF involves an 
unobservable random variable associated with the tech-
nical inefficiency of production of individuals, in addi-
tion to the random error in a traditional regression model. 
These studies show that TE is adopted extensively to 
measure efficiency of the manufacturing sector.  

As shown above, evidently, only a few studies have 
examined the impact of specific technologies on the 
measures of competitiveness such as productivity, tech-
nical efficiency and profitability at industry level using 
less aggregated data. Berndt and Morrison [15] examined 
the impact of high-tech investments on multifactor pro-
ductivity (MFP) and three profitability measures. While 
the study found only limited evidence of a positive rela-
tionship between profitability and the share of high-tech 
capital in the total physical capital stock, it establish that 
they were negatively correlated with MFP. Dolage, Sade 
and .Elsadig [16] investigated to impact of FMT on the 
TFPG of Malaysian manufacturing industry and estab-
lished the significance of certain types of FMT on the 
TFPG. 

Amato and Amato [17], Dolage and Sade [18] have 
investigated the impact of high-tech or FMT investments 
on Price Cost Margin. This study established that there 
was a positive impact from high-tech investments re-
gardless of whether or not the specification includes in-
dustry effects dummy variables to account for the differ-
ences in technological opportunity among industries. 
Hence, according to productivity literature evidently no 
empirical study has been undertaken to investigate the 
impact of FMT adoption on TE of Malaysian manufac-
turing industry. 

2. Methodology 

The basic research hypothesis of the study is: 
A high degree of FMT adoption enhances TE of the 

manufacturing industry of Malaysia. 

2.1. Estimation of TE Using SFPF 

The SFPF adopted in this study to compute the industry- 
wise technical efficiency is based on the same adopted by 
Mahadevan [4] in the study on “A frontier approach to 
measuring TFPG in Singapore Manufacturing Industry”. 
The derivation of the function to evaluate TE, based on 
SFPF is described below in Equation (1): 
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where 
i  (no of three-digit manufacturing in- 

dustries); 
j = K, and L (K-capital and L-labour); 
t = 1,2,3 (no of years from 2000-2005); 
Y = Value added output measured in 2000 prices;  

KW  = Capital expenditure measured in 2000 prices; 

LW  = Number of workers employed; 

1i  =Intercept term of the ith three-digit manufactur- 
ing industry;  

ij  = Actual response of output to the method of ap- 
plication of the jth input used by the ith manufacturing 
industry. 

Mahadevan [19] in the study on “Is There a Real 
Growth Measure for Malaysia’s Manufacturing Indus- 
tries?” incorporated time dummies in the SFPF to capture 
the effects of time on the TE. Therefore, time dummies 
are incorporated in this study too and accordingly Equa-
tion (1) shown above can be modified to accommodate 
this effect; the revised model is represented in Equation 
(2) shown below: 
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Kalirajan and Shand [20] in their study on Frontier 
Production Functions and Technical Efficiency Measures, 
explained that the efficient use of inputs due to various 
industry specific characteristics contributed individually 
to the technical efficiency of the industry and the contri-
butions can be measured by the magnitudes of the ran-
dom slope coefficients. All other production characteris-
tics are captured by the varying random intercept term. 

Since intercepts and slope coefficients can vary across 
industries they can be represented as: 

               (3) 

               (4) 

where 1
j  is the mean response coefficient of output 

with respect to the jth input, and  and  are ran-
dom disturbance terms. 
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Combining Equations (2), (3) and (4), SFPF can be 
presented in Equation (5) shown below: 
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estimates of the above model could be obtained. The  
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Mahadevan [21] showed that by adopting Aitken’s 
generalised least squares method proposed by Hildredth 
and Houck and the estimation procedure by Griffith the 
industry-specific and input-specific response coefficient 

highest values of each response coefficient and the inter-
cept determine the frontier coefficient of the potential 
production function. If    denotes the parameter esti-
mates of the frontier prod tion function, then uc

 maxj ij    where i = 1, 2, ···16 and j = K, L 
 1 1max i   where i = 1, 2, ···16 
 maxt t  

Since 
 where t = 1, 2, ··· 6 

 1 max ,j iju 1
1 1  j    max iv  and j 

re th K and L, the above equations ca

 1 maxK K iKu   

 1 max

presents bo n be re-
arranged as follows: 

 

L L iLu     

 1
1 1 max tv     

 maxt t    

The potential output of each ind stry can be realised 
w

2

1
1

ln lnit j ijt t
j

Y W

u
hen each industry adopts the “best practice” techniques 

and the maximum potential output for each industry is 
given by Equation (6): 
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In Equation (6), since j represent both capital (K) and 
la

iLt tW

bour (L) it can be expanded to form a new equation 
(Equation (7)) which is given below: 
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The industry-specific TE can be represente
tio

 

d by Equa-
n (8) shown below as the ratio of the industry’s actual 

realised output to that of its potential output: 
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All the values relating to the six years for the 50 MSIC 
fiv

ssion analysis was 
ad

itY

ross output” take away “cost of inputs”, values for 
which were obtained from ASMI.  

Equation (5) in which j is represen
) and labour (L) can be expanded and presented as 

follows: 

ln

e-digit industries (altogether 300 cases) are to be sub-
stituted in Equation (9) given above: 

The technique of multiple regre
opted to ascertain the respective response coefficients 

for capital and labour and the constants ( 1
 , K

 , L
  and 

t
 ). The widely used statistical softw e, stical ar  Stati

Package for Social Sciences (SPSS) was adopted to run  
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the above multiple regression and from its output, the 
maximum values for iKu , iLu  and iv  were obtained to 
compute 1

 , K
 , L

  and t
 . Once these values were 

ascertained, as the nex hey were substituted in the 
Equation  in er t compu he maximum frontier 
outputs for each industry for all the 6 years with the use 
of EXCEL. 

2.2. Review of Fa

t step, t
(7)  ord o te t

ctors Affecting TE in the 
Manufacturing Industry 

MI re- 
port t diversity in the num- 

. The 
A

hments are more effi-

ci

S 
fr

different factors favourable 
to

MM directory gives the year of incorpora-
tio

Geographic Location (GLO): According to AS
s, Malaysia shows a significan

ber of firms located within different provinces. Certain 
regions in a country could be disadvantaged by its distal 
location from the major markets due to less access to 
physical and human capital and technologies. Sun and 
Kalirajan [11] stated that firms applied their production 
technology and inputs differently as a result of the differ- 
ences in location, experience, and firm size. Zhang and 
Zhang [12] stated that geographic location affected the 
efficiency of an enterprise. Vu [22], Margono and Sharma 
[23], Zhang and Zhang [12], Sun and Kalirajan [11] have 
considered GLO as an explanatory variable of TE.  

Malaysia does not publish indicators which show the 
favourability of a particular province for an industry

SMI contains the number of establishments located 
within a province; usually Table 5 of ASMI depicts this 
information. The researcher assumes that the major rea-
son why a large number of establishments are concen-
trated in a particular province is that it has a conducive 
environment for industries with respect to many aspects 
namely, access to skilled labour, technology, support in- 
dustries, raw materials, close proximity to markets and 
ports etc. So, the corollary is that the number of firms in 
a province indicates the location advantage of the prov-
ince. Accordingly, the provinces were ranked based on 
the number of establishments located in each. The direc-
tory published by Federation of Malaysian Manufactur-
ers (FMM) contained the addresses of establishments in- 
cluding the province in which each establishment is situ-
ated [24]. In the FMM directory 2007, the manufacturing 
industries have been categorised under MSIC four-digit 
level. Thereafter, each establishment in a particular pro- 
vince was multiplied by its respective ranking. This rank- 
ing for a province was not a constant over the six year 
period considered since the number of establishments lo- 
cated within provinces has evidently changed yearly, th- 
ough of course marginally. Finally, GLO was computed 
for each MSIC five-digit industry as the summation of 
the products of the number of establishment and the ran- 
king of the respective province.  

Ownership (OWN): It has long been established that 
generally foreign owned establis

ent than locally owned establishments. Vu [22], Mar-
gono and Sharma [23], Zhang and Zhang [12], Sun and 
Kalirajan [11] and Mahadevan [25] considered OWN as 
an explanatory variable of TE. Since Malaysia is known 
to have a long history as a well considered recipient of 
FDI since mid seventies, the variable OWN was incor-
porated to account for the “ownership” impacts on TE. 

Malaysia does not publish the status of establishments 
with respect to their ownership. Nevertheless, the DO

om its Economic Census data provided the number of 
establishments belonging to the Non Malaysian and Ma-
laysian categories for each MSIC five-digit industry for 
all the years under review. Mahadevan [25] used a 
dummy variable “1” for industries in which more than 45 
percent of the total number of establishments were either 
wholly foreign owned or joint ventures which were more 
than half foreign owned; otherwise “0”. However, infor-
mation provided by the DOS in this respect was not de-
tailed enough to assess the degree of foreign ownership 
regarding the Non Malaysian firms. A dummy variable 
(OWN) was used to distinguish between industries that 
had higher and lower percentages of Non-Malaysian 
firms. In this study, dummy variable “1” was used if in a 
particular five-digit industry more than 30% of the estab-
lishments were Non-Malaysian otherwise, the dummy 
variable “0” was used. 

Firm Age (FAGE): The length of existence of a firm 
can indicate advancement of 

 TE namely, propensity to employ skilled workers and 
degree of learning by doing. According to Zhang and 
Zhang [12], the maturity of a firm represented by its age 
is a factor contributing towards inefficiency but the firm 
size coefficients are expected to affect inefficiency nega-
tively. Alternatively, vintage of capital can be used to de- 
tect technical progress in production, especially the type 
of technical progress embodied in capital (Zhang and 
Zhang [12]. However, measuring the vintage of capital is 
not straightforward owing to the lack of data on the past 
capital investments at the firm level. Since it is reason-
able to assume that FAGE indicates the vintage of capital 
and the experience of the firm, it is considered as a con-
trol variable in the TE model of this study. Sun and Ka-
lirajan [11] as well as Margono and Sharma [23] have 
considered FAGE as an explanatory variable of TE in 
their studies. 

The DOS Malaysia does not publish data pertaining to 
FAGE. The F

n of each establishment listed under MSIC four-digit 
level industry. Using this value, the average FAGE for 
each industry was computed as at year 2000. The average 
firm age (FAGE) for the later years was computed by 
increasing the average firm age as of 2000 by one for 
each subsequent year.  

Incentive Payments (INC): It is rational to consider 
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that incentive schemes and bonus payments can motivate 
em

arrier. Theoretically, the minimum effi-
ci

he percentage of firms in each MSIC five- 
di

 firms in each MSIC five-digit indus-
try

s. 

industry 
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it industry using 
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s in each MSIC five- 
di

of firms in each MSIC five- digit industry using 
co

ge of firms in each MSIC five-digit industry using 
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e-digit industries included in 16 th- 
re

3 4

5 6 7 8 9

10 11 12 13

13

FSIZE FAGE

C ROB PLC

INS ASR CAD LAN

INDi i

ployees to work hard resulting in efficiency gains for 
the industry. Mahadevan [25] highlights differential in-
centive systems as one of the factors causing inefficiency. 
However, in this study INC has not been incorporated in 
the TE model as an explanatory variable. Vu [22] has 
included bonus payments as one of the hypothesised in-
fluencing factors in the TE model adopted to study tech-
nical efficiency of industrial state-owned enterprises. In 
this study, INC was measured as the ratio of incentive 
payment to salary. The DOS Malaysia does not publish 
data for INC industry-wise. The researcher computed 
INC from the Economic Census data maintained by the 
DOS Malaysia. 

Firm Size (FSIZE): This variable is a crude proxy for 
scale of entry b

ent plant size is a better proxy but could not be in-
cluded due to the non availability of data. Higher produc-
tivity gains can be expected in the presence of oligopo-
listic competition. Therefore, researchers include average 
plant size or firm size in TE models to take account of 
such effects: Chandrasiri [26], Amato and Amato [17] 
and McGuckin [27]. However, the direction of the link is 
ambiguous. In two separate studies, Amato and Amato 
[17] and Round [28] have incorporated FSIZE in their 
PCM model to account for the entry barriers. In this 
study, FSIZE was measured as the average firm size of 
the eight largest firms in each industry. As these data are 
not annually published in Malaysia, they had to be com-
puted using the data obtained from the Economic Census 
data maintained by the DOS. 

The eight types of FMT considered in this study are 
given below: 

Computer Numerical Control Machine Tools (CNC): 
Measured as t

git industry using microprocessor based numerical con- 
trol technologies, referred to as computer numerical con- 
trol machine tools. 

Numerical Controlled Machine Tools (NC): Measured 
as the percentage of

 using numerical controlled machine tools. 
Robotics (ROB) Measured as the percentage of firms 

in each MSIC five-digit industry using robotic
Programmable Logic Controllers (PLC): Measured as 

the percentage of firms in each MSIC five-digit 
ing programmable logic controllers.  
Automated Inspections (INS): Measured as the per-

centage of firms in each MSIC five-dig
tomated sensor-based inspection, either during the pro-

duction process or final product.  
Automated Storage and Retrieval Systems (ASR): 

Measured as the percentage of firm
git industry using automated storage and retrieval sys- 

tems.  

Computer Aided Design (CAD): Measured as the per-
centage 

mputer aided design to control manufacturing machin-
ery. 

Local Area Networks (LAN): Measured as the per-
centa

cal area networks. 
Industry Fixed Effects Dummy Variables (INDj): The 

study involved 50 fiv
e-digit industries. It is logical to assume that industry 

characteristics among these 16 three-digit industries can 
be diverse and need to be captured by a variable. There- 
fore, 16 dummy variables (INDj) were incorporated into 
the TE model to capture the industry fixed effects. The 
model representing the relationship among TE explana- 
tory variables and FMT variables can be specified as 
given below: 

Technical Efficiency Model 

TE 0 1 2GLO OWN

INC CNC N

    
 

   
 

  
  

  

 

 
   

 

(10) 

3. Data and Estimation 

n Standard Industrial Classifi-
here are 53 three-digit indus-

roduct variation is a marketing 
st

n. 

es which together comprise 50 five-digit in- 
du

 the degree of adoption of FMT is 
rganisation in Malaysia. Hence, a 

3.1. Inclusion Criteria 

According to the Malaysia
cation 2000 (MSIC 2000) t
tries. In order to obtain a rational outcome, the study 
needs to be conducted only within industries in which 
FMT is intensively adopted. On account of this, inclusion 
criteria were formulated in an effort to select FMT inten-
sively adopted MSIC three-digit industries for the sample, 
which is shown below: 

Industries with high “capital/labour” ratio. 
Industries in which p

rategy. 
Industries in which products are susceptible to demand 

fluctuatio
Using the above criteria a sample of 16 MSIC three- 

digit industri
stries was selected.  

3.2. Primary Data 

The data that indicate
not published by any o
questionnaire survey was conducted to gather informa-
tion necessary to compute the percentage of establish-
ments adopting each specific type of FMT in a given 
year, within a given MSIC five-digit industry. The ques-
tionnaires were sent to all the establishments, listed under 
the 50 MSIC five-digit industries that appeared in the 
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, industry-wise data is required 
 input, capital input and labour 

e Economic Censes conducted by the DOS 
M

 FMT 

 industries were in-
me similarity in the 

 
ons among FMT. 

  CNC INS ASR CAD LAN 

directory of Federation of Malaysian Manufacturers. 

3.3. Secondary Data 

In order to compute TE
for output, intermediate
input. The closest indicators for these values were ob-
tained from of the ASMI published for the years 2000 
through 2005 by the DOS of Malaysia. The variables 
GLO was computed using the data obtained from this 
table. OWN, 

FISZE and INC were computed using the data ob-
tained from th

alaysia. The information required to calculate FAGE 
was obtained from the Directory published by the Fed-
eration of Malaysian Manufacturers. 

4. Empirical Results 

4.1. Multicollinearity of

Since only FMT intensively used
cluded in the sample, naturally so
sequence and characteristics of the production processes 
could be expected even amongst different five-digit in-
dustries. Hence, there could be a tendency for a similarity 
in the technology adopted amongst these industries. Due 
to the similarities in technologies, a high prevalence of 
multicollinearity among the eight types of FMT could be 
anticipated. In this study, bivariate Pearson product- 
moment correlation analysis has been conducted using 
SPSS to test for multicollinearity amongst FMT. The  

Table 1. Correlati

output that reveals potential multicollinearity among FMT 
variables is displayed in Table 1. According to Coakes, 
Steed and Price [29] and Field [30], when a considerable 
number of correlations are exceeding 0.3, the matrix is 
suitable for Principal Component Analysis (PCA). 

PCA was performed using SPSS in order to obtain 
underlying dimensions (Principal Components) of FMT 
as a remedy for multicollinearity. As per both standard 
methods of (i.e. screen test and eigen values greater than 
one) extracting the optimal number of components, three 
Principal Components (PCs) were extracted that account 
for 67 percent of the variation in the FMT. According to 
Table 2, the loadings of variables onto the three PCs 
obtained from both types of rotations (Orthogonal and 
Oblique) are quite similar. Hence, due to simplicity, PCs 
obtained from orthogonal rotation was used in the rest of 
the analysis. 

Once the most appropriate type of rotation and the re-
sultant PCs were decided, the variables loading onto each 
of these PCs were examined as the next step. An exami-
nation of the component loadings depicted in Table 2 
indicates that LAN, CAD, PLC and CNC load onto PC1; 
ASR, INS and ROB load onto PC2 while only NC loads 
onto PC3. Usually it is difficult to give clear cut themes 
or names to PCs that only relate to or encompass par-
ticular variables that are loading onto it. Hence, only the 
best possible names have been assigned to the PCs ex-
tracted from this analysis. The technologies LAN, CAD, 
PLC and CNC are used in the manufacturing set up as 
process control technologies. Since these load onto PC1, 

 NC ROB PLC 

Pearson Correlation 1.000 0.160** 0.351** 0.634** 0.307** 0.237** 0.248** 0.322** 

Sig. (2 ailed) CNC 

Pe n 0.160** 
NC 

Sig. ( )  

0.

0. 0 

0. 0 

0.

0.

0. 0 

-t  0.005 0.000 0.000 0.000 0.000 0.000 0.000 

N 300 300 300 300 300 300 300 300 

arson Correlatio 1.000 0.012 0.164** 0.177** 0.126* 0.141* 0.171** 

2-tailed 0.005  0.836 0.005 0.002 0.030 0.014 0.003 

Pearson Correlation 0.351** 0.012 1.000 0.368** 0.250** 0.427** 0.391** 0.236** 
ROB 

Sig. (2-tailed) 0.000 836  0.000 0.000 0.000 0.000 0.000 

Pearson Correlation 0.634** 0.164** 0.368** 1.000 0.302** 0.257** 0.394** 0.380** 
PLC 

Sig. (2-tailed) 0.000 0.005 00  0.000 0.000 0.000 0.000 

Pearson Correlation 0.307** 0.177** 0.250** 0.302** 1.000 0.564** 0.115* 0.186** 
INS 

Sig. (2-tailed) 0.000 0.002 0.000 00  0.000 0.046 0.001 

Pearson Correlation 0.237** 0.126* 0.427** 0.257** 0.564** 1.000 0.308** 0.129* 
ASR 

Sig. (2-tailed) 0.000 0.030 0.000 0.000 000  0.000 0.025 

Pearson Correlation 0.248** 0.141* 0.391** 0.394** 0.115* 0.308** 1.000 0.609** 
CAD 

Sig. (2-tailed) 0.000 0.014 0.000 0.000 0.046 000  0.000 

Pearson Correlation 0.322** 0.171** 0.236** 0.380** 0.186** 0.129* 0.609** 1.000 
LAN 

Sig. (2-tailed) 0.000 0.003 0.000 0.000 0.001 0.025 00  

**C g el (2-tai ela ignific 05 le d).orrelation is si nificant at the 0.01 lev led);*Corr tion is s ant at the 0. vel (2-taile  
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Table 2. Com n of onen ined f o ty rotat

mponent Three 

pariso  comp ts obta rom tw pes of ions. 

Component One Component Two Co

Oblique Oblique Oblique  
Orthogonal 

Pattern Structure 
Orthogonal

Pattern Structure 
Orthogon

Pattern Structure 
al 

LAN 0.861 0.811      0.816  

CAD 0.816 0.841 0.801       

PLC 0.666 0.640 0.722   0.445    

CNC 0.555 0.517 0.621   0.467    

ASR    0.845 0.858 0.851    

INS    0.816 0.844 0.826    

ROB 0.477 0.412 0.542 0.526 0.460 0.573    

NC       0.883 0.871 0.883 

 
so be name s “process ontrol” te nologies. he 
technologies ASR, INS and ROB load onto PC2, so can 

3. 
Th

can d a  c ch T

be named as “production and quality control” technolo-
gies. PC3 has only one variable i.e. NC, loading onto it 
so can be called the “general control” technology. 

As the next step, the eight FMT variables were substi-
tuted with the three PCs namely, PC1, PC2 and PC

erefore, the TE model was reformulated as follows: 

0 1 2 3

4 5 6 7

TE GLO OWN FSIZE

FAGE INC PC1 PC2

8 8PC3 INDi i

   
   

   

     

    

4.2. Multiple Regression Analysis of TE 

 industry 
the differ-

83) when INDj has been included. This 
in

planatory power  the m as de d sig tly 
when the INDj has been excluded; Adjusted R square 

(1.569) of the F distribution, ob-
ta

: 0H
As described, the model contains a set of 16
fixed dummy variables (INDj) to account for 
ences of technological opportunity among industries. 
Although it is theoretically desirable to include INDj, the 
consequent impact of adding these 16 extra variables 
needs to be examined by comparing and contrasting the 
results obtained without considering the INDj in the 
model. A separate regression was performed for this 
scenario and the tables of Model Summary, ANOVA and 
Coefficients were obtained. In order to facilitate the easy 
comparison of the results, the tables of output obtained 
from regression analysis for the two situations, one with 
the INDj included and the other without the INDj have 
been combined into one. The tables of Model Summary, 
ANOVA and Coefficients contained in the SPSS output 
for these situations have been reproduced in Tables 3-5 
respectively.  

According to Table 3, Adjusted R square is consid-
erably high (0.9

dicates that the explanatory variables together explain 
51.8 percent of the variance in TE. However, the ex-

(0.271) has decreased. 
According to ANOVA, the F statistics for both situa-

tions of including and excluding INDj in the models are 
10.905 and 14.884 respectively. They both are larger 
than the critical value 

 of odel h crease nifican

ined from the F distribution calculator for α = 0.05 
level of significance when degrees of freedom are 23 and 
276. 

The statistical test for the existence of a linear rela-
tionship between dependent variable and the independent 
variables is: 

0 1 2 3 k         

 1 : Not all 1,2, , 24 are zeroiH i    

As the F statistic is in the rejection region, H0 was re-
jected and H1 was accepted. Since “p < 0.000”, it can be 
concluded that there is strong evidence of TE having a 
linear regression relationship with any of the explanatory 
va

p < 0.001”. 
i s of making an error by assum-

 correlate with TE is less than 0.1 

 

riables in the model with a probability of less than 0.1 
percent of making an error in this conclusion. 

4.3. INDj Included 

According to Table 5, the variables namely, GLO (0.000) 
and INC (0.000) are very highly significant at “
This impl es that chance
ing that these variables
percent. Also both variables show a positive relationship 
with the dependent variable. FSIZE (0.136) is marginally 
significant at “0.10 < p < 0.15” and positively correlated 
whereas OWN (0.199) is insignificant and positively 
correlated. However, FAGE (0.889) is very highly insig-
nificant. Since the main focus of this model is to test the 
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Table 3. Mo summaryb. del 

R R Square Adjusted R Square Std. Error of the Estimate 

INDj Included INDj Excluded INDj Included INDj Excluded INDj Included INDj Excluded INDj Included INDj Excluded

0.645 0.418 0.416 0.175 0.367 0.152 0.062700 0.072548 

bD le:

 
 4. ANOV

f Squares df ean Square F Sig. (p-value) 

ependent Variab  TE. 

Table Ab. 

Sum o M

 Indj  
included 

Indj  
excluded

Indj  
included 

Indj
excluded

ndj  Indj  
included

Indj  
excluded 

Indj  
included 

Indj  
excluded

  Indj  
included

I
excluded

Regression 8.  23 8 0. 0 10.905 14.884 0. 0 784 5.357 382 0.67 000 0.00

Residual 

18. 18. 299 299 

9.666 13.093 276 291 0.035 0.045     

Total 450 450       

bD ariab  

ble 5. Coefficientsa

ependent V le: TE.

 
Ta . 

INDj included INDj excluded 
Variable 

B Sig. (p-value) B Sig. (p-value) 

(Constant) 0.526 0.000 0.567 0.000 

GLO 0.  000 0.000 0.  000 0.000 

OWN 0.054 0.199 –0.082 0.012 

FSIZE 2. 1 702E–1 0.136 –2.943E–11 0.035 

FAGE 0.000 0.889 –0.002 0.565 

INC 1.955 0.000 1.669 0.000 

PC1 0.022 0.069 0.036 0.003 

PC2 0.015 0.097 0.024 0.008 

PC3 –0.038 0.005 –0.058 0.000 

aDependent V : TE. 

significance of the correlation of FMT with TE, an ex
rrelation of the three PCs with TE 

becomes necessary. Both PC1 (0.069) and PC2 (0.097) 

n 
les were excluded from the TE 

odel Summary, ANOVA and 

PC1, PC2 and PC 000, 0.012, 0.03 5, 0.000, 
0.003, 0.008 and 0.000 respectively. One crucial differ-
ence in this model is contrary to a priori expectations, 

es which exceeded the critical value 
in

ariable

 
-

amination of the co

are moderately significant at “0.1 < p < 0.05” and posi-
tively correlated with TE. Although PC3 (0.005) is 
highly significant, its relationship with TE is negative. 

4.4. INDj Excluded 

A separate regression was performed for the scenario i
which 16 INDj variab
model and the tables of M
Coefficients contained in the respective SPSS output 
have been reproduced in the respective tables for the 
scenario of INDj excluded. The Adjusted R square (0.271) 
has decreased considerably. According to the output of 
the model that excluded the INDj, the significance of 
explanatory variables, GLO, OWN, FSIZE, FAGE, INC,  

both OWN and FSIZE have negative coefficients. How-
ever, PC1 and PC2 are highly significant at “0.001 < p < 
0.01” which are only moderately significant according to 

3 are 0. 5, 0.56

the model in which INDj variables were included. How-
ever, after considering all attributes it is inferred that the 
reliability of the first TE model which included INDj 
variable is higher. 

For all the cases, Mahalanobis distance and Cooks 
distance which indicate the impact of outliers had been 
saved in the SPSS data editor. The critical chi-square 
value of 51.179 at α = 0.001 level of significance was 
taken as the critical value for the Mahalanobis distance. 
There were 19 cas

dicating that there were 19 multivariate outliers among 
the 300 cases. The critical value considered for the Cooks 
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distance was one and only in two cases the critical value 
was exceeded.  

The variables, PC1 and PC2 of the FMT which repre-
sent two important themes (dimensions), namely “proc-
ess control technologies” and “production and quality 
control technologies” which together account for 53 per-
cent of the variance in FMT is significant. The third PC 
which represents “general control technology” is insig-
ni

, Computer Numerical 
ools (CNC), Numerical Controlled 
C), Robotics (ROB), Programmable 

 sub sector of the
m

 considerably by considering investments in 
FM

.02.009

ficant and it only accounts for 13 percent of the vari-
ance in FMT. According to both TE models, the null 
hypotheses that PC1 and PC2 have no partial correlation 
with TE (i.e. λ6 = 0, and λ7 = 0) can be rejected. More-
over, the TE model which included INDj (the more reli-
able model), the relationship both PC1 and PC2 have 
with the TE is moderately significant. Therefore, the al-
ternative hypotheses can be accepted which means that 
FMT has a significant correlation with TE which is posi-
tive (since in both models λ6 and λ7 are positive). This 
leads to the acceptance of the research hypothesis: A 
high degree of FMT adoption enhances TE of the Manu-
facturing Industry of Malaysia. 

5. Conclusions 

The aim of this paper was to examine the impact of the 
degree of adoption of FMT on the technical efficiency of 
the manufacturing industry of Malaysia. The types of 
FMT considered were namely
Control machine t
Machine Tools (N
Logic Controllers (PLC), Automated Inspections (INS), 
Automated Storage and Retrieval Systems (ASR), Com-
puter Aided Design (CAD) and Local Area Networks 
(LAN). In order to remove the effects of multicollinearity 
among the eight types of FMT they were substituted in 
the regression model with the three PCs. The FMT vari-
ables load onto PCs as follows: LAN, CAD, PLC and 
CNC load onto PC1; ASR, INS and ROB load onto PC2 
and NC only loads onto PC3. The three PCs were la-
belled so that they best describe their respective con-
stituents; PC1—“process control” technologies, PC2— 
“production and quality control” technologies and the 
PC3—“general control” technology. 

The most important finding of the study is that both 
PC1 and PC2 show moderately significant and positive 
relationships with TE. This indicates that the increasing 
adoption of process control technologies and production 
and quality control technologies have direct impact on 
TE of the FMT intensively adopted  

anufacturing industry. In contrast, PC3 shows a very 
highly significant and negative relationship with TE. 
Since both PC1 and PC2 together account for greater 
variation (53 percent) and PC3 account for relatively 
smaller variation (12 percent) among the eight FMT, it 
can be concluded that a high degree of FMT adoption  

enhances TE of the manufacturing industry of Malaysia. 
This is consistent with the a priori expectations regard-
ing FMT. This shows that the degree of adoption of FMT 
has a positive relationship with embodied technological 
change which captures the effects of learning by doing 
(experience), advances in applied technology, managerial 
efficiency and industrial organisation which affords bet-
ter methods and organisations that improve the efficiency 
of both new and old factor inputs. In other words, em-
pirical findings of the present study postulate a correla-
tion between the degree of FMT adoption and the above 
stated effects. Although the empirical findings suggest 
prevalence of a greater efficiency within the FMT inten-
sively adopted industries, it does not indicate which spe-
cific effect is causing the efficiency. In the light of the 
deductions made in this section it can be stated that the 
higher the degree of adoption of FMT, the greater will be 
the ability to manufacture more output with the same 
factor inputs, in other words the ability to produce cost 
effectively. 

In its usual call for future research, the authors rec-
ommend studies that investigate the relationship of in-
vestments in FMT rather than the degree of FMT adop-
tion have with the TE of the manufacturing industry. It 
can be safely admitted that the accuracy of findings can 
be increased

T rather than the degree of adoption of FMT. Hence, 
it is proposed that future studies need be undertaken in 
collaboration with the statuary bodies established to 
oversee and facilitate the manufacturing industry which 
makes establishments obligatory to divulge investments 
made in FMT in order to evaluate the impact of invest-
ments in FMT on TE. 
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