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Abstract— This aim of this study is to measure the
technical efficiency score and identify the factors that
affect the technical efficiency in plastic manufacturing
firm in Malaysia for the year 2015 using the two stage Data
Envelopment Analysis (DEA) method. The first stage
involves calculating the efficiency score through the DEA
using firm-level data, provided by the Department of
Statistics, Malaysia. In the second stage, Tobit Regression
Analysis was used to identify the significant factors
affecting the efficiency of the plastic industry. The
determining factors are the labor-ratio, training expenses,
educational level ratios, wage rates, information and
communications technology expenses and firm size. The
results show that average efficiency score is moderate rate.
Information and communication technology (ICT)
expenditure, wage rate, research and development
expenditure and education level are significant factors of
the efficiency factor of a plastic product manufacturing
firm. The implication of this decision suggests that firms
need to emphasize significant factors to enhance firms'
efficiency.

Keywords—  Data  Envelopment  Analysis, technical
efficiency, plastic manufacturing firms, Tobit Regression
Analysis.

1. Introduction

Efficiency is the effective use of inputs effectively
influenced by production techniques, technological
innovation, management skills and labor skills and
optimum efficiency can be produced and influenced by
efficient input factors such as employee quality [1].
Technical efficiency refers to the firm's ability to
produce the highest output by using the input set given
[1]. According to [2], the particular level of technical
efficiency of a firm can be characterized by the
relationship between current production and potential
expenditure. Studies have found that Denmark and
Japan are among the countries with the highest average
cost efficiency and technique growth [3].
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ASEAN is a market with great opportunities for ready-
made plastic products as well as complex plastic parts.
Based on its strategic location, Malaysia is one of the
few countries capable of producing plastic products
efficiently and the government has set targets for the
plastic industry to continue to grow in the ASEAN
region (TCEB, 2015). The enhancement of the ASEAN
Economic Community (AEC) in 2015 and the free trade
allocation has benefited Malaysian plastic producers;
Malaysia, Thailand and Singapore have supply of plastic
products which exceed demand have been ready to enter
Indonesia, Vietnam and Philippines markets which have
shortages of suppliers and thus make it a potential
market for the future (Thailand Convention and
Exhibition Bureau TECB, 2015). Plastic products are
highly demanded due to their flexibility, lightness,
durability, strength and processing facilities [4].
Globally, the packaging industry remains the largest
plastic end user (37%), followed by building and
construction (21%), automation manufacturing (8%)
and electronics manufacturing (6%). Asia has become
the largest plastic consumer in the world for several
years, accounting for about 36.5% of global
consumption (North America is 26% and Western
Europe is 23%) [4].

However, based on the report of the Malaysian Plastics
Manufacturers Association (MPMA, 2016), the
performance of the plastic product manufacturing
industry is in a state of inconsistency and has
experienced volatile performance. There was a decline
in export value in 2008-2009 from RM 9.3 billion to RM
8.3 billion. In addition, the plastic industry also showed
a decline in export value from RM 10.15 billion to
RM10.05 billion in 2011-2012.In fact, the contribution
of the plastic manufacturing industry to the gross output
in 2014 was at a low rate of 2.9% or RM 28.9 billion
compared to other manufacturing groups. (Department
of Statistics Malaysia, 2015). In addition, raw materials
which are monopolized by overseas industrial players
are one of the factors causing the achievement of the
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plastic products manufacturing industry to be less
prominent (MPMA, 2016). Based on the Academy of
Science of Malaysia Report (2016), the rapid growth in
the plastic product manufacturing industry leads to
many environmental problems. Globally, world
countries have unanimously agreed that some serious
action will be taken against the party disposing of plastic
in the wrong way. The goal is to minimize negative
effects and reduce demand for plastic.

In Malaysia, studies conducted on the plastic industry in
Malaysia are more focused on the impact of the plastic
industry on the environment. Most of the studies
conducted such as [5] are focus more on the
environment. In addition, research conducted by
researchers focuses on analyzing Total Factor
Productivity (TFP) but studies in identifying the factors
of technical efficiency are less likely to be attentive.
Studies carried out by [6] also focus more on identifying
Total Factor Productivity (TFP). Therefore, the study in
identifying the factors determining the technical
efficiency of the plastic product manufacturing industry
in Malaysia is facing a lack of reference.

Therefore, the objective of this study is to determine the
level of technical efficiency, and the second analysis
identifies the determinants of technical efficiency
among the firms studied. The second section of this
article reviews previous studies. The third section
discusses the research methodology, data sources, and
model specification. The fourth section analyzes the
results of the empirical analysis, and the fifth section
provides the conclusions and the implications of this

study.

2. Literature Review

The concept of technical efficiency was basically
introduced by [1]. The technical production process is
efficient if and only if the specified use of input
quantities and technology produces maximum output
quantities. [1] also proposed a method for measuring
technical efficiency, i.e. through Data Envelopment
Analysis (DEA). A production model developed based
on Farrell's work (1957) and widely used among
researchers to estimate the technical efficiency is Data
Envelopment Analysis. Efficiency is the effective use of
inputs  influenced by production techniques,
technological innovation, management skills and labor
skills [7]. Technical efficiency are defined as the use of
inputs to maximize output [8].

Research conducted by researchers focuses on several
aspects of the plastic industry such as the environmental
impact of plastic shopping bags, the risks faced by the

plastic industry, adopting new technologies in the
plastics industry, the performance of traditional plastic
industrial plastics, plastic debris and measures for
support and enable policy makers to develop the plastic
industry. Very little research has been done in the
financial aspects of the plastic industry [9], [10]
analyzes issues relating to the risk issues faced by public
listing companies in Taiwan traditional industries,
including food and plastic industries. The study covers
the period 2001 to 2006, and the result is on both the
food and plastic industries, if the company has greater
operating leverage, it is at greater risk and certain risks.
If a company has a higher shareholding ratio than board
directors and higher assets, it faces less risk and risk.
[11] has provided an overview of Pakistan's economic
growth of the growth of the plastic industry in its study.
Pakistan's economy achieved a 8.4% growth in GDP
growth in 2004-2005, the fastest two decades and the
fastest growing third economy in Asia. Driving the
economy with remarkable performance, the
manufacturing sector in Pakistan accounted for 18.3%
of GDP while recording a growth of 12.5%. The
Plastics, Printing & Packaging industries have had a
tremendous growth over the years in which the printing
and graphing industry was the second largest industry in
terms of manpower in Pakistan. Pakistani plastics
industry expanded at an average annual growth rate of
15% with an estimated total production capacity of
624,200 per year. The industry attracts US $ 260 billion
worth of investments, almost half of which are foreign
direct investments (FDI), all contributing to an
incredible 35% growth in exports. [12] shows that the
development of new materials and material transitions
play a growing role in the development of industrial
production. The main issue of this paper is the industry's
ability to adapt to new materials. This study shows that
it is difficult for steady firms in Denmark, both in the
plastics industry and outside, to make changes in
technology. This study also shows that the most open
firms for material adaptation are firms based on non-
material product ideas. Another finding is that the
Danish plastic industry has been characterized by high
growth rates despite low R & D numbers. The reason for
this is on the one hand the ability of Danish plastic firms
to exploit existing knowledge and instead increase the
firm's specialization.

There are other studies that investigate the determinants
of technical efficiency by positing that the capital-labour
ratio can increase the efficiency of the technique [13];
[14]. Through the capital-labor ratio, the amount of
capital allocated for each employee in the production
process can be identified [15]. [16] states that the ratio
of capital-labor is the most important factor in
productivity growth. The study conducted by [14] and
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[17] prove that the capital-labor ratio can increase
efficiency and thus reduce inefficiencies. Besides that,
skills to the labor force can improve and encourage the
production of more quality goods and services. The
skillful labor force can create or innovate the use of
technology that can enhance the firm's TE level [15]. In
addition, skilled laborers have high demand compared
to less skilled workers [18].

[19] studies emphasize that the benefits gained from
higher and higher education are higher in developing
countries than in developed countries. Other studies also
show that the improvement of employee education level
can increase the production of firms [20]. In the study of
[16] and [21] stress human capital such as education
among employees is important in influencing the firm's
competence in Malaysia. Firms size also plays an
important role in enhancing firm technical efficiency.
Based on [22] studies, the TE level increases with the
increase in firm size. [23] studies show larger firms size
and higher level of military technology have higher TE
levels.

A study conducted by [24] found that reductions in wage
rates caused a firm to become weak and led to a situation
where productivity was lower as a result of low wage
rates. In addition, [25] emphasized that the payment of
appropriate wage rates could increase the level of self-
motivation in carrying out the task of a firm. Some
previous studies have shown that ICT spending in
developed countries is very important and positive, but
not in developing countries. A study conducted by [26]
[1] found that excessive capital investment capital or
disagreement in human capital and technology relations
led to a relationship with efficiency and productivity
was negative.

3. Methodology

3.1. Data Envelopment Analysis (DEA)
Approach

The DEA method founded by Farrell (1957) is a non
parametric linear programming technique aimed at
assessing the performance of firms or organizations (ie
the Decision Making Unit or DMU in the DEA
literature). [27] and [28] have carried out further studies
to measure the efficiency level and propose an input-
oriented model ic Model Charnes, Cooper and Rhodes
(Model CCR). This model assumes that input reduction
or output increase is at a constant rate (CRS-based
constant return) for each DMU or also known as the
CCR-CRS model that provides the technical efficiency
score of General Technical Eficiency (GTE) [29].

The CCR model assumes that there is no significant
relationship between the size of the operation and the
efficiency assuming that the efficiency score obtained is
CRS. The CRS assumption is only appropriate when all
DMUs operate at an optimum level. However, firms in
the plastic product manufacturing industry are likely to
experience ascending or decreasing economic scale (SE)
(increasing the maximum number of outputs from the
minimum use of inputs). Therefore, if the assumption of
CRS is performed and at the same time not all DMUSs
are operating at optimum levels, the calculation of
technical efficiency scores will be contaminated with
scale efficiency.

[30] has improved the previous CCR model which
assumes that all DMUs are CRS. BCC models have been
introduced to evaluate the DMU efficiency score with
the assumption that the input reduction or output
increase is at an irregular rate (Variable Returns by Scale
- VRS). The BCC-VRS model delivers the efficiency of
Local Pure Technical Efficiency (LPTE) [29] VRS
measures technical efficiency score without detecting
SE. If there is a difference between the technical
efficiency score and the LPTE from a particular DMU,
then it indicates the inefficiency of the scale, ie
Technical Efficiency = PTE x SE. This situation
demonstrates that the ability to use firina resources
provided, while the latter refers to exploiting the
economics of scale that operate at the production
boundary points indicating CRS.

The BCC-VRS model differs from the CCR-CRS model
when the LPTE efficiency score obtained indicates that
the factors contributing to the efficiency of a DMU are
irregular operating sizes and inefficiencies due to
constraints in the DMU. Such inefficiencies cause, for
example, firms unable to operate at an optimum scale.
The constraints are represented by »7_; Af =1 as an
additional constraint in the BCC-VRS model with the
assumption of "a combination of cohesion for DMU
study focus forming PPS and BCC-VRS score named
LPTE" (Cooper et al., 2007: 152) with uneven input and
output rates.

If the bending constraint is dropped in the BCC-VRS
model, then the CCR-CRS model is used to obtain the
TE value with the assumption of CRS. This indicates
that LPTE from DMU is always greater or equal to TE
value. Based on the assumption of VRS, the resulting SE
can be measured as most of the firms operating do not
reach the optimum level. This is likely due to the fact
that the firms involved have too small operating sizes
and cause a fall in ascending returns to scale (IRS) or the
firms involved have too large operating volumes and
operate in a descending return scale (DRS) within the
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production function . Thus, these firms can improve
their efficiency by changing the scale of the firm's
operations.

3.2. Tobit Regression Model

[28] has suggested environmental variables can be
included in the DEA analysis. Normally, the term
'environment variable' refers to factors that can
influence the efficiency of a firm, but the factor is
beyond the control of the manufacturer. Based on BCC-
VRS model, the DEA score will fall between the
intervals 0 and 1 (0 & 1) which will make the dependent
variable to be a limited dependent variable. The Tobit
model is well known for its advantages in controlling the
inequality size distribution channel. The DEA efficiency
score obtained in the first stage will be used as a
dependent variable in the second stage and re-analyzing
the firm's characteristics and other environmental
variables.

3.3. Sources of Data

This study uses data at the firms of plastic products
manufacturing firms, in Malaysia. The data provided by
the Department of Statistics, Malaysia (DOSM) is the
latest data census data for the year 2015. DOS has
chosen firms perceived in accordance with the needs and
objectives of the study which comprise dependent
variables and independent variables. The selection of
data is done randomly in stages of simulated process
such as firm size identification, big firms, small and
medium firms, the number of outputs issued and the
number of employees and capital spent [31].

3.4. Data Analysis

This study uses DEAP 2.1, Microsoft Office Excel 2013
and STATA software for data analysis purposes. DEAP
2.1 software is software devoted to providing budgeting
for stochastic borders production. This program
calculates estimates for the technical competence
obtained. Microsoft Office Excel 2013 is used to help
analyze and calculate data in parallel to the format used
by DEAP 2.1 software. The Tobit Regression Model
(STATA) is used to determine the determinants that
affect the engineering efficiency of a firm.

4. Results and Discussion

4.1 Descriptive Statistics

Based on data obtained from the Department OF
Statistics (DOS), in 2015, 586 firms were involved in
the plastic products manufacturing industry in Malaysia.
The Department of Statistics, Malaysia (DOS) uses a

special code to identify the plastic industry
(MSIC222).The technical efficiency gauge is measured
through an output-oriented approach, which will
produce efficiency in CRS and VRS technologies. With
an output-oriented approach, firm performance will be
determined through their ability to maximize output
output by using a combination of inputs.

Based on [32], this study uses three inputs namely
capital, which is the purchase value and fixed assets for
construction and improvement during the weighing year
(measured in Ringgit Malaysia); laborers, where they
are all workers who earn wages and profits as employers
or workers. Meanwhile, intermediate inputs are also
included in inputs as a production factor which is the
value of materials and supplies used including industrial
costs, utilities, and so forth. Furthermore, the total sales
are referred to as output, the sales volume is the sale of
the product that the firm has produced (measured using
the Malaysian Ringgit value). All these descriptive
variables are shown in Table 1.

This data is data in 2015 comprising 1 industry using 3
digit numbers by Malaysia Standard Industrial
Classification (MSIC 2008). There are 586 plastic
products manufacturing firms involved in this study
obtained from the Department of Statistics, Malaysia.

Based on table 1, the efficiency variables are divided
into two, namely the output and input of the plastic
industry in Malaysia. In 2015, the average sales volume
for the plastic industry in Malaysia was RM 47.8
million, the minimum sales volume was RM 8.08
million while the maximum sales was RM 804 million
with standard deviation of 72257.59. Input variables
consisted of capital, labor, and intermediate inputs. The
capital average for the plastic industry is RM 15.8
million, the minimum capital is RM 4 720 while the
maximum is RM 216 million with standard deviation
24200.91. The average number of employees is 183
employees, minimum 4 workers and maximum 4326
with deviation standard is 259.79. The average input of
the intermediate plastic industry is RM 35.1 million, the
minimum number of intermediate inputs is RM 3.9
million while the maximum is RM 682 million with the
standard deviation of 56918.85.
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Table 1. Summary of Descriptive Analysis

Variable Mean Minimum Maximum Standard
deviation

Output

Sales ('000) 47864.93 8081.86 804080.16 72257.59

Input

Capital ('000) 15803.68 4.72 216108.26 2420091

Total workers 182.91 4.00 4326.00 259.79

Intermediate input ('000) 35105.61 3956.31 682141.80 56918.85

Source: Department of Statistic Malaysia (DOSM), 2015

4.2 Technical Efficiency Analysis

This section discusses the results of technical
competency scores measured using DEAP software
program 2.1 [33]. The table below is a comparison
between 2 models aimed at achieving the overall
technical efficiency of the plastic product manufacturing
industry in Malaysia. This table shows the efficiency
score of the CCR-CRS model and the BCC-VRS model
by 2015.

Table 2. Scale of Plastic Industry Efficiency in
Malaysia between CCR-CRS Model and BCC-VRS
Model Year 2015.

Efficiency Score 2015
CCR-CRS Model

Mean 0415
BCC-VRS Model
Mean 0.557

The technique efficiency is estimated by using
maximizing output approaches subject to constant input
and rated on CRS and VRS. The technical competence
score, efficiency scale and position of each firm are also
estimated. Budgeting on CRS shows that firms'
efficiency levels are much lower than VRS. This is
because firms' efficiency levels are estimated at a
constant rate of return, with firms presumed to be
operating at the optimum level using existing resources.
These assumptions become irrelevant to firms that are
not operating at optimum levels because they do not
utilize the resources available fully efficiently. Hence,
the estimation of the CRS model is more relevant to
firms in developed countries, not in developing
countries.

The table above shows the average efficiency score of
the CCR-CRS model is lower than the average

efficiency score of the BCC-VRS model. This decision
is a reasonable decision as the CCR-CRS model
assumes that the lack of input or output increases will
always be at a constant rate while the BCC-VRS model
assumes the lack of input or output increases have an
uneven rate as this model takes into account other
factors capable of affecting the efficiency of the
technique. Therefore, this study selected the BCC-VRS
model to identify the level of plastic industry efficiency
in Malaysia.

Based on the results of the BCC-VRS model, the plastic
probe manufacturing industry in Malaysia has operated
with an efficiency score of 0.557 by 2015. This suggests
that firms in Malaysia operate at an efficient level as a
whole. However, the efficiency score for the CCR-CRS
model also shows that the plastic industry in Malaysia
operates in less efficient conditions. The efficiency
score for the CCR-CRS model was 0.415 lower than the
BCC-VRS model of 0.557. The use of the CCR-CRS
model is irrelevant to the Malaysian nation due to an
unequal economic situation compared to more
consistent Western countries. Additionally, the CCR-
CRS model is also irrelevant as this model does not take
into account other factors of engineering efficiency in an
industry.

4.3 Tobit Regression Result

Tobit's regulatory decision in table 3 shows that the
wage rate determining factor has a significant
relationship at the one percent significance level and has
a positive effect (increased wage increase efficiency).
Based on the study conducted by [34], [35], [15] and
[36] shows that the wage rate is an important
determinant of the efficiency of the plastic products
manufacturing industry in Malaysia. In addition, studies
conducted by [24] found that reductions in wage rates
caused firms to become fractured and caused a situation
where productivity was lower as a result of low wage
rates. Based on a report by the Department of Statistics,
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Malaysia (2015), RM 3.094 billion was paid to workers
in the plastic manufacturing industry involving 107,188
workers. Based on National Productivity Report (2015),
Malaysia recorded 0.6 percent increases in labor

productivity and 5 percent of labor cost that shows the
increase of labor cost will increase the labor
productivity.

Table 3. Tobit Regression Results (Dependent Variable= Efficiency Score)

Independent Variable Koefisen Statistik t
Capital-labour -5.51E-07 -0.011695
ICT 0.000139 4.053971 ***
Wages Rate 0.001958 3.123877#**
R&D 3.83E-05 5.43982%**
RatioSEC 0.131849 2.062403**
RatioTIER 0.318853 2.36874**
Training expenses 7.01E-05 1.365678
DFSME(firm size) -0.028946 -1.616316
C 0.463775 19.81201%**

Note: ***significant 1%; **significant 5%; *significant 10%

In addition, research and development (R & D) factors
also show a significant value at one percent significance
level and have a positive impact. Research as [37], [38],
[39],[40], [41] and [42] found that R & D activities were
one of the key contributions to improving the firm's
efficiency and productivity giving a positive impact on
the company and the country. The research and
development activities need to be multiplied, including
increasing expertise, providing appropriate green
technology infrastructure and enhancing strategic
collaboration between local firms with international
firms and local universities [43]. Additionally, in 2015
the plastic products manufacturing industry in Malaysia
also spends huge cost on research and development at
RM 127.3 million. There are 586 firms involved in this
study and 174 firms have been involved in research and
development (R & D) activities. Department of
Statistics, Malaysia (2015).

Education level is also a factor contributing to the
efficiency of the plastic industry in Malaysia which can
be proved in Table 3 where the secondary education
level obtaining STPM and diploma approval or its
equivalent is significant at the five percent significance
level and has a positive impact. Labor force with high
level of graduation includes an advanced degree or
equivalent with a significant five percent significance.
Human capital repairs, especially through education,
have been widely discussed as one of the contributors to
efficiency in a matter ([44]; [45]; [46]; [47]). [48] state
that the school year or education is one of the important
roles in identifying firm performance including output,
profitability and productivity. Previous studies such as

[21], [49] and [50] shows that the school year and
education have a positive relationship to the firm's
productivity and efficiency growth. Meanwhile, other
determinants such as capital-labor ratios, training
expenses and firm size were found to have no significant
relationship to the plastic product manufacturing
industry in Malaysia.

5. Conclusion and Implications

The TE analysis in the study was carried out in 2015
using firm-level data from IMS DOS and involved 586
firms. The results of the analysis were more significant
and accurate when using the data at the firm level.
Overall, it is arguable that the level of TE of the plastic
product manufacturing industry is at moderate level
because the BCC-VRS efficiency score is 0.557. Most
firms operating in 2015 are at an efficient level because
firms operating under the efficiency range of 0.50 are
less than 50 percent. This study has also made a different
approach compared to previous studies when it comes to
determining technical efficiency determinants. An
analysis of determinants such as technology and
communications spending, wage rates, research and
development expenditure and labor and employee
grading at secondary and high levels have significant
relationships with the engineering efficiency of the
plastic product manufacturing industry in Malaysia by
2015.

Among the suggestions for improving the efficiency of
the plastic industry is that firms need to take employees
who have undergone training in the field of plastic
processing. The cost of employee training expenses can
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be reduced as employees already have the necessary
skills. There are several government or vocational skills
institutions that offer lean plastic processing such as
Pure Technics Skills (Plastic Engineering Technology),
Marang Industrial Training Institution (Polymer
Technology), Youth & Sports Skills Training Institution
(Plastic Mechanical Technology).

The plastic product manufacturing industry can improve
the level of technical efficiency by implicating some
policies and policy recommendations that should be
taken seriously. Firms need to increase workers' wages
to motivate and improve efficiency thus increasing the
amount of output or output at a minimum. Higher wage
rates received by employees will encourage them to
work harder to contribute to higher efficiency and
productivity (Rahmah, 2009a).Investments in human
capital such as training to employees are long-term
assets that can provide a positive return over the period
of employee service with firms. While various
government-sponsored programs and programs can help
with the needs of the industry, the programs and training
are more effective if it is organized by a firm. The
National Perantis Scheme introduced in 1996 provides
for exemptions on training expenses to employees and
is a measure of government encouraging employers'
participation to provide training to employees.

Most of the research done by the researchers did not
involve TE issues and issues in the plastic product
manufacturing industry. Therefore, further studies that
can be done are to identify the level of TFP and the
determinants in the plastic product manufacturing
industry. An empirical study can be used to identify
factors affecting TFP either internal or external factors.
The results of the study can improve the existing factors

References

[1] Farrell MJ (1957) The Measurement of Productive
Efficiency. Journal of the Royal Statiscal Society.
Series A. 1957;120(3):253. doi:10.2307/2343100.

[2] Herrero, L., & Pascoe, S., “Estimation of technical
efficiency: a review of some of the stochastic
frontier and DEA software”, Computers in Higher
Education Economics Review, Vol 15, No. 1, pp.
38-43, 2002.

[3] Eling, M., & Luhnen, M. “Efficiency in the
international insurance industry: A cross-country
comparison”, Journal of Banking & Finance, Vol
34, No. 7, pp. 1497-1509, 2009.

[4] Malaysian Plastic Manufacturers Association
(MPMA) (2014) Challenges Facing The
Malaysian Plastics Industry Updates on the
Malaysian ~ Economy.  Challenges  Facing
Malaysian Plastic Industries Update Malaysian
Econ. 2014;1(October):5.

[S] James, K., & Grant, T., LCA of degradable plastic

in this study. Additions to variables that can influence
TFPs in the transport manufacturing industry can be
made such as foreign direct investments, exports,
imports and economic openings. The second suggestion
that can be done is when the review study identifies and
makes comparisons as a result of the use of two models
of different boundary approaches to measure TE in this
study i.e. DEA and SFA. The comparison of these
results can indicate a significant difference or similarity
to the TE level.

Challenges locally and overseas have demanded the
manufacturing industry of plastic products to be more
ready next year. Industries that are not willing to
increase the TE level will certainly not be able to
increase the country's economic growth as a result of
economic openness and trade liberalization. Based on
the findings of the research, all the questions and
objectives of the study can be achieved entirely in the
knowledge limited by researchers. While the proposals
proposed are beneficial to policy makers, industry and
stakeholders.

Acknowledgement

The authors would like to express the deepest
appreciation to the Department of Statistic Malaysia for
providing the data and Registrar Universiti Tun Hussein
Onn Malaysia for funding this project. The authors are
grateful to an anonymous referee for some very
constructive suggestion for improving the paper.

bags. Centre for design at RMIT University, 2005.

[6] Gimba, R.,, Wong, H. T., & Kogid, M. (2017).
Kecekapan Faktor Menyeluruh Dalam Sektor
Pembuatan Di Negeri Sabah. Jurnal Kinabalu.

[71 Zahid, Z., & Mokhtar, M., “Estimating technical
efficiency of Malaysian manufacturing small and
medium  enterprises: A stochastic frontier
modelling”, In The 4th SMEs in a Global Economy
Conference, University of Wollongong (pp. 9-10),
2007.

[8] Odeck, J., & Brathen, S., “4 meta-analysis of DEA
and SFA studies of the technical efficiency of
seaports: A comparison of fixed and random-
effects regression models”, Transportation
Research Part A: Policy and Practice, Vol 46, No.
10, pp. 1574-1585, 2012.

[9]1 Tandel, H. “4nalysis of Financial Performance of
Plastic Industry of Gujarat for the Comparison
among the Years of Selected Period”, International
Journal of Management and Commerce
Innovations ISSN 2348-7585 Vol. 2, Issue 2, pp:
(27-43).



Int. ] Sup. Chain. Mgt

906

Vol. 8, No. 6, December, 2019

[10]

[11]

[12]

[13]

[14]

[15]

Meng-yi Wang, “A study of “Risk-Taking in food
and plastic industries of Taiwan ” Department And
Graduate Institute Of Finance. pp — 11, 2007.
Hamid Minhas, “Regional business co-ordinator,
plastic products cluster “Turn potential into
profit”, small and medium enterprise development
authority”, Lahore diagnostic study, Pp. 9, 2006.
Hansen, P. A., & Serin, G., “Materials and
strategies  for  successful innovation and
competition  in  the  metal  packaging
industry”, Technology in Society, Vol 21 No.3,
pp-307-322, 1999.

Stevens, P. A., & Knellar, R., “Absorptive
capacity and Frontier Technology Evidence from
OECD Manufacturing Industries”, In Royal
Economic Society Annual Conference 2003
(No.193). Royal Economic Society, 2003.

Minh, N. K., Long, G. T., & Thang, B. N.,
“Technical efficiency of small and medium
manufacturing firms in Vietnam: Parametric and
non-parametric approaches”, Korean Economic
Review, Vol 23, No. 1, pp. 187, 2007.
Fahmy-Abdullah, M., Ismail, R., Sulaiman, N., &
Talib, B. A., “Technical Efficiency In Transport
Manufacturing  Firms: Evidence  From
Malaysia”, Asian Academy of Management
Journal, Vol 22, No.1, 2017.

[16] Rahmah, I., & Sulaiman, N., “Technical efficiency

[18]

[19]

[20]

[22]

[23]

in Malay manufacturing firms”, International
Journal of Business and Society, Vol 8, No. 2, pp.
47-62, 2007.

Putri, N. A., “The Effect Of Intellectual Capital,
Corporate Social Responsibility Disclosure, And
Good Corporate Governance On The Value Of
Mining Companies Listed In Indonesia Stock
Exchange”, Ministry of Research, Technology,
Higher Education University of Jember-Faculty of
Economics. 120810201220; 2016; 65 pages, 2007.
Devadason, E. S., & Meng, C. W., “Policies and
laws regulating migrant workers in Malaysia: A
critical appraisal”, Journal of Contemporary
Asia, Vol 44, No.1, pp. 19-35, 2014.

Petrakis, P. E., & Stamatakis, D., “Growth and
educational levels: a comparative
analysis”, Economics of Education Review, Vol
21, No. 5, pp. 513-521, 2002.

Andersson, B., Holmlund, B., & Lindh, T., “Labor
productivity, age and education in Swedish mining
and manufacturing 1985-96”, Unpublished Paper,
Uppsala, Sweden, 2002.

Rahmah, 1., & Tendot Abu Bakar, N., “Analisis
kecekapan teknikal firma melayu dalam sektor
pembuatan Malaysia”, International Journal of
Management Studies (IJIMS), Vol 15, No. 2, pp.
143-163, 2008.

Batra, G., & Tan, H., “SME technical efficiency
and its correlates: Cross-national evidence and
policy  implications”, World Bank Institute
Working Paper, 9, 2003.

Rahmah, 1. Zulridah, M. & Syahida, Z.,
“Determinant of Technical Efficiency of Small and
Medium Enterprises in Malaysian Manufacturing
Firms”, Proceedings of the National Economic

[24]

[25]

[26]

[27]

Conference of the 9th Malaysia 2014. 665-675,
2007.

Seguino, S., & Floro, M. S., “Does gender have
any effect on aggregate saving? An empirical
analysis”, International Review of Applied
Economics, Vol 17, No. 2, pp. 147-166, 2003.
Ismail, A., Adnan, N. H., Nowalid, W. A. W. M.,
Sukor, N. M., & Ab Ghani, A., “Association
between career program, support for career
development and commitment with career
choice”, International Letters of Social and
Humanistic Sciences, Vol 41, pp. 102-112, 2014.
Chowdhury, S. K., “Investments in ICT-capital
and economics performance of small and medium
scale enterprises in east Africa”, Journal of
international Development, Vol 18, No.4, pp.
533-552, 2006.

Charnes, A., Cooper, W. W., & Rhodes, E.
“Measuring the efficiency of decision making
units”, European ~ journal  of  operational
research, Vol 2, No.6, pp.429-444., 1978.

Coelli, T., “A multi-stage methodology for the
solution of orientated DEA models”, Operations
Research Letters, Vol 23, No. (3-5), pp. 143-149,
1998.

[30] Banker, R. D., Charnes, A., & Cooper, W. W.,

“Some models for estimating technical and scale
inefficiencies in data envelopment
analysis”, Management science, Vol 30, No. 9,
pp-1078-1092, 1984.

[31] Fahmy-Abdullah, M, “Technical efficiency and

[32]

[33]

[34]

[35]

[36]

[37]

total  factor  productivity in  transport
manufacturing firms in Malaysia”, Doctoral
dissertation, Universiti Kebangsaan Malaysia,
Malaysia.
2017.https://doi.org/10.21315/aamj2017.22.1.3
Mankiw, N. G., Phelps, E. S., & Romer, P. M.,
“The growth of nations”, Brookings papers on
economic activity, pp. 275-326, 1995.

Coelli, T. J., “4 guide to FRONTIER version 4.1:
a computer program for stochastic frontier
production and cost function estimation” Vol. 7,
pp- 1-33. CEPA Working papers, 1996.

Yao, S., Liu, Z., & Zhang, Z. “Spatial differences
of grain production efficiency in China, 1987—
19927, Economics of Planning, Vol 34(1-2), pp.
139-157, 2001.

Miihlau, P., & Lindenberg, S., “Efficiency wages:
Signals or incentives an empirical study of the
relationship between wage and
commitment”, Journal of Management and
Governance, Vol 7, No. 4, pp. 385-400, 2003.
Fahmy-Abdullah, M., Sieng, L.W., & Isa, HM.,
“Technical efficiency in Malaysian textile
manufacturing industry: A Stochastic Frontier
Analysis (SFA) approach”, International Journal
of Economics and Management, Vol 12, No. 2, pp.
407-419, 2018.

Griliches, Z., “Issues in assessing the contribution
of research and development to productivity
growth”, The bell journal of economics, 92-116,
1979.

[38] Klette, T. J., & Kortum, S., “Innovating firms and



Int. ] Sup. Chain. Mgt

907

Vol. 8, No. 6, December, 2019

[39]

[40]

aggregate  innovation”, Journal of  political
economy, Vol 112, No. 5, pp. 986-1018, 2004.
Loof, H., Peters, B., & Janz, N. “Innovation and
productivity in  German  and  Swedish
manufacturing firms: Is there a common story?”,
Problems & perspectives in management, Vol 2,
pp. 184-204, 2004.

Rogers, M., “R&D and Productivity in the UK:
evidence from firm-level data in the 1990s”. 2006.

[41] Loof, H., & Heshmati, A. “On the relationship

[42]

[48]

[49]

[50]

between innovation and performance: A sensitivity
analysis”, Economics of Innovation and New
Technology, Vol 15(4-5), pp. 317-344, 2006.
Fahmy-Abdullah, M., Sieng, L. W., & Isa, H. M.,
“Technical Efficiency in Malaysian Textile
Manufacturing Industry: A Stochastic Frontier
Analysis (SFA) Approach”. International Journal
of Economics and Management, Vol 12, No. 1,
2018.

Fahmy-Abdullah, M., & Talib B. A., “Data
Envelopment Analysis (DEA) Approach in
Efficiency Transport manufacturing Industry in
Malaysia”, International Journal of Engineering
and Technology, Vol 7(3.20), 2018.

Denison, E. F. “Education, economic growth, and
gaps in information”. Journal of Political
Economy, 70(5, Part 2), pp.124-128, 1962.
Mincer, J., Schooling, Experience, and Earnings.
Human Behavior & Social Institutions No. 2,
1974.

Schultz, T. W., “Reflections on investment in
man”, Journal of political economy, Vol 70(5, Part
2), pp. 1-8, 1962

Fahmy-Abdullah, M., Sieng, L. W., & Ridzuan,
S.m “Data envelopment analysis (DEA) two stages
in identify determinants factor of efficiency
techniques for transport in manufacturing firms”,
Sains Malaysiana, Vol 48, No. 4, pp. 901-908,
2019.

Blundell, R., & MaCurdy, T., “Labor supply: A
review of alternative approaches”, In Handbook
of labor economics, Vol. 3, pp. 1559-1695,
Elsevier, 1999.

Ajibefun, 1. A., “An evaluation of parametric and
non-parametric methods of technical efficiency
measurement: application to small scale food crop
production in Nigeria”, Journal of Agriculture and
Social Sciences (Pakistan), 2008.

Murthy, D. S., Sudha, M., Hegde, M. R., &
Dakshinamoorthy, V., “Technical Efficiency and
its Determinants in Tomato Production in
Karnataka, India: Data Envelopment Analysis
(DEA)  Approach”. Agricultural ~ Economics
Research Review, Vol 22, No. 2, 2009.



