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Abstract: This research aims to investigate the impact of manufacturing flexibility on business
performance. The manufacturing flexibility dimensions are mix, new product, labor, machine,
material handling, routing and volume flexibility. The measures for the business performance are
product market performance, customer satisfaction and profitability. The impact of manufactur-
ing flexibility on business performance has been tested using a cross sectional study employing
survey methodology, conducted within five manufacturing industries in Malaysia. Data were ob-
tained from 137 returned questionnaires, which were analyzed using correlational and regression
analyses. The results of the correlation analyses indicated that the manufacturing flexibility di-
mensions were positively and highly correlated among themselves, thus suggesting that the dimen-
sions were interdependent. Meanwhile, the findings of the regression analyses provided support
for the idea that manufacturing flexibility has a positive and significant impact on business perfor-
mance. In other words, manufacturing flexibility improves business performance. In conclusion,
this empirical research provides insights and a better understanding about the relationship between
manufacturing flexibility and business performance. This research allows researchers/practi-
tioners to gain in-depth knowledge about the concept of manufacturing flexibility and its impacts.

Keywords: manufacturing flexibility, business performance, product market performance, cus-
tomer satisfaction, profitability, multicollinearity, Malaysia

JEL Classification: L1, 1.6

*Corresponding author’s e-mail: goodiestan2002@yahoo.com; tankw@tarc.edu.my 308
ISSN: PRINT 1411-1128 | ONLINE 2338-7238
http://journal.ugm.ac.id/gamaijb


https://core.ac.uk/display/294903314?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Introduction: Manufacturing
Flexibility as an Important
Competitive Priority

The world’s business environment is
filled with uncertainty, which has led to
the need for flexibility, where customers
expect faster responses and flexible op-
tions (Zhang, et al. 2003, Agus 2011). The
emergence of manufacturing flexibility has
outclassed traditional manufacturing ap-
proaches in securing a competitive advan-
tage for organizations (Kaur, et al. 2010).

Rapid changes in the world’s technolo-
gy, with a shortened product’s life cycle and
demanding customers that aim for more in-
novative products with higher value, have
made creating a flexible organization essen-
tial (Judi and Beach 2008, Russell and Taylor
2014). Decreasing profit margins, increasing
global competition and the speed of tech-
nological changes (Judi and Beach 2008,
Kaur, et al. 2016, Mishra, et al. 2014) have
further accelerated the need for flexibility.
Since manufacturing flexibility enhances the
ability of a company to respond to customer
needs that are vastly diversified, it is gener-
ally accepted that, by incorporating manu-
facturing flexibility, it will help the organi-
zation to respond to changes and customer
needs in a better way (Rogers 2008, Mishra,
Pundir, and Ganapathy 2016, Mishra, et al.
2014, Pérez Pérez, et al. 20106). As flexibil-
ity becomes vital and its aptitudes are rec-
ognized by executives around the world, it
has been asserted as the “next competitive
battle” (Vokurka and O’Leary-Kelly 2000,
Brettel, et al. 2016). Manufacturing flexibility
has been recognized as an important manu-
facturing capability that has the capabilities
to impact both the competitive situation
and the business situation of a company
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(Vokurka and O’Leary-Kelly 2000, Brettel,
Klein, and Friederichsen 2016). As mass
customization gradually becomes a substi-
tution for mass production, the importance
of manufacturing flexibility has been up-
held to a degree where the understanding
of its effect on business performance is vi-

tal to ensure the efficient management of
this best practice (Russell and Taylor 2014).

This paper understands the above cur-
rent issues and tries to explore the role of
manufacturing flexibility in business per-
formance while it contributes to the body
of knowledge on the impacts of manufac-
turing flexibility on manufacturing sectors
through a cross-sectional survey research.
Meanwhile, a more holistic and parsimoni-
ous incorporation of manufacturing flex-
ibility, to enhance business performance,
is also introduced. In addition, this study
makes a methodological contribution where
multicollinearity issues among the indica-
tors of manufacturing flexibility have been
solved using principal components analy-
sis, followed by a simple regression anal-
ysis on the principal components’ scores.

This paper focuses on manufacturing
flexibility in the context of Malaysian man-
ufacturing firms, as it is the main driver of
Malaysia’s prosperity, which makes under-
standing the effects of manufacturing flex-
ibility on business performance crucial. The
remainder of this paper proceeds as follows:
the next section presents the relevant liter-
ature, followed by the hypotheses  devel-
opment, research design and methodology,
sampling justifications, data screening, data
analysis, limitations and a discussion of the
results, future research recommendations,
and ends with the conclusion of the paper.
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Literature Review: The Incon-
sistent Evidence Regarding
the Effect of Manufacturing
Flexibility and the Chaotic Re-
lationships between Manufac-
turing Flexibility and Business
Performance

Regardless of the dimensions of man-
ufacturing flexibility, past research has pro-
vided inconsistent evidence regarding the
impact of manufacturing flexibility on busi-
ness performance (Chang et al. 2003, Vokur-
ka and O’Leary-Kelly 2000). According to
Rogers (2008); the lack of understanding
about the relationship between the individ-
ual dimensions of manufacturing flexibility
and organizational performance could be
the reason for the inconsistent results. Dif-
ferent manufacturing flexibility dimensions
affect performance in dissimilar ways, and
the sets of manufacturing flexibility dimen-
sions create a combined effect (Ramasesh
and Jayakumar 1991, Pérez-Pérez et al. 2018).

Misunderstanding and ignorance of
the difference in the definition of manu-
facturing flexibility and its concept, whether
referring to the organization or manufac-
turing system, can cause confusion in the
literature, and in practical applications. Dif-
ficulty with its measurement arises when
manufacturing flexibility is treated as the
ability of the whole organization. This hap-
hazard
areas of an organization may require differ-
ent dimensions of flexibility. As an example,
mix flexibility

exists because different functional

may be more relevant to a
manufacturing system for its manufacturing
function, compared to other business func-
tions. In addition, different characteristics
of manufacturing systems may have dissim-

ilar responses to different sets of flexibility
dimensions (Shewchuk and Moodie 1998).

This research defined manufacturing
flexibility as “a multidimensional construct
that represents the overall ability of the
manufacturing system to adapt to both ex-
ternal changes and internal change” (Rogers
2008, Chauhan and Singh 2014). In other
words, manufacturing flexibility is the specif-
ic characteristic of a manufacturing system.

Positive results of manufacturing flex-
ibility on business performance have been
supported by various past researches. Swa-
midass and Newell (1987) studied the effects
of manufacturing flexibility on business per-
formance, with a focus on growth. The re-
search done by Swamidass and Newell de-
livers a statistically significant result with the
fact that greater manufacturing flexibility
provides better performance results, while
research by Ramasesh and Jayakumar (1991)
has shown that manufacturing flexibility can
improve financial performance, when mea-
sured by net revenue. Besides, Narasimhan
and Das (1999) have provided empirical ev-
idence to support the idea that new product
flexibility has a positive relationship with
customer satisfaction. Research by Swink,
Narasimhan, and Kim (2005) indicated that
both process and new product flexibilities
have a positive impact on market-based per-
formance. In the meantime, a study by Agus
(2011) investigated the relationship between
Supply Chain Management (SCM), supply
chain flexibility and business performance
(return on assets, return on sales, and finan-
cial performance). Significant correlations
occurred between supply chain management
and supply chain flexibility, and also business
performance. The findings of Agus’s study
also infer that supply chain management can
enhance the performance of Malaysian man-
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ufacturing organizations through the use of
supply chain flexibility as a partial mediator.

On the other hand, Gupta and Somers
(1996) have conducted research to investi-
gate the relationship among business strate-
gy, manufacturing flexibility, and organization
performance, in terms of financial perfor-
mance and growth performance. Inconsistent
results regarding the impact of manufactur-
ing flexibility on business performance have
been seen. The results of the path analysis
showed that only process flexibility has a mar-
ginal significant direct effect on a firm’s finan-
cial performance (negative result (-0.111) at
o = 0.10), while only five of the nine dimen-
sions of manufacturing flexibility (expansion,
process, routing, products/production, and
volume flexibilities) have a direct effect on
growth performance. Details of the research
show that expansion flexibility and volume
flexibility exhibited positive and significant
results towards growth performance, at o =
0.01, routing flexibility at & = 0.05, while prod-
ucts flexibility and process flexibility exhib-
ited negative results towards growth perfor-
mance, at « = 0.05 and o« = 0.10 respectively.

Similarly, Rogers (2008) has also stressed
the lack of empirical evidence supporting
whether manufacturing flexibility improves
performance. In the same vein, a recent study
by Mishra, Pundir, and Ganapathy (2014)
presented a systematic review of 101 re-
search papers, related to manufacturing flexi-
bility, available in academic journal databases
published from 1992 to January 2013, which
stressed that not all past research found that
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manufacturing flexibility improves business
performance, and it is a gap worth exploring
further. In addition, a study done by Pérez-
Pérez etal. (2018) has further consolidated the
view that there have been plenty of research
opportunities into the context of manufac-
turing flexibility, and the content of manufac-
turing flexibility is still contentious. Appendix
I shows a brief summary of the past research
undertaken, based on this paper’s literature
review, where the author and year, type of
study, the findings and remarks are tabled.

Nevertheless, the literature reviewed
from 1987 to 2018 dictates that the nonex-
istence of parsimony set for manufacturing
flexibility’s dimensions is also worth exploring;
Specifically, the above discussions fail to reveal
how manufacturing flexibility leads to better
firm performance, which is still unknown.

Indicators Chosen for This

Research

The indicators chosen for this research
have evolved from past literature reviews,
where they represent the most popular man-
ufacturing flexibility dimensions that have
been researched for the past 30 years (1987-
2018). Meanwhile, the indicators for business
performance are established from common
business performance indicators employed
in past manufacturing flexibility studies.

Indicators for Manufacturing
Flexcibility and Their Definition

Table 1. Definition of Manufacturing Flexibility’s Indicators for This Research

Manufacturing  Flexibility Definition
Indicators
Mix Flexibility “The ability of the manufacturing system to switch between different products

in the product mix” (Judi and Beach, 2008).
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Table 1. Continued

Volume Flexibility

“The ability of the manufacturing system to alter the output volume of a man-
ufacturing process” (Judi, Beach, and Muhlemann 2004, Sethi and Sethi 1990)
and Muhlemann 2004, Sethi and Sethi 1990.

“The ability of the manufacturing system to incorporate new product(s) into
the existing range of products” (Gupta and Somers 1996, Judi and Beach 2008).

New Product Flexibility

Machine Flexibility “The ability of the manufacturing machine to perform more than one opet-
ation to produce different parts or products” (Al-jawazneh 2012, Lucas and

Kirillova 2011, Rogers, Ojha, and White 2011, Sethi and Sethi 1990)

“The ability of the material handling system to handle various types of mate-

Material Handling Flexibility
rials, where dissimilar part are handled well without affecting the performance
of the existing system” (Helki6 2008).

Labor Flexibility “The ability of production workers to perform more than one task in the man-
ufacturing system” (Rogers, Ojha, and White 2011).
Routing Flexibility “The ability of the manufacturing system to manufacture products through

a variety of different routes” (Nishith, Rishi, and Sharma 2013, Rogers 2008,
Rogers, Ojha, and White 2011, Zhang, Vonderembse, and Lim 2003, Sethi and
Sethi 1990).

Indicators fo r Business P 60[0 Iinarnce The indisputable fact that profit, growth

In general, business performance is and pleasing the customers are the three

a measure of the accomplishment of a
firm’s goals (Richard et al. 2009). Accord-
ing to Richard et al. (2009), the construct
of business performance includes the fol-

main reasons for the existence of a busi-
ness firm, any attempt to measure a firm’s
business performance, must include these
three indicators, i.e. profitability, product
market performance and customer satisfac-
tion. In this research, business performance
is conceptualized to include the following
facets: profitability, product market per-
formance (that includes sales growth and
market share) and customer satisfaction.

Profitability

The ability to consistently generate prof-

lowing firm outcomes: (i) financial perfor-
mance (such as profit margin, return on
investment); (i) product market perfor-
mance (market share and its growth); and
(i) shareholders’ returns (such as divi-
dends, return on equity, cash value added).

Common business performance indica-
tors employed in the past manufacturing flex-

ibility studies include product market per-
formance (sales/market share), profits, and
customer satisfaction (Richard et al. 2009).
According to various past researches (Mann
and Kehoe 1994, Nawanir 2011, Nawanit,
Lim, and Othman 2013), business perfor-
mance is referred to as “the outcomes which
are due to the interaction among all value cre-
ation activities and the firm’s environment.”

its is critical to the survival of a firm. Profit-
ability, a financial indicator, measures a firm’s
ability to generate returns or earn profits (Mill-
er, et al. 2013, Santos and Brito 2012). Itis one
of the most commonly used indicators to rep-
resent firm performance (Carton and Hofer
2000). Profitability measures encompass val-
ues and ratios which incorporate net income
or operating income (Santos and Brito 2012).
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Product Market Performance

The product market performance refers
to the performance of a firm’s major prod-
uct line, in terms of it achieving its sales and
market share growth objectives (Richard et al.

Independent Variable

r 3\
Manufacturing Flexibility
1. Mix Flexibility
2. New Product Flexibility
3. Labor Flexibility
4. Machine Flexibility
5. Material Handling

Flexibility

6. Routing Flexibility
7. Volume Flexibility
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improve business performance (Al-jawaz-
neh 2012, Rogers 2008, Stevenson 2015).

Theoretical Frameworf and

Hypotheses

Business Performance

1. Profitability

2. Product market performance
3. Customer satisfaction

Outcome/Dependent Variable

Figure 1. Research Framework for the Relationships between Manufacturing Flexibility and Business
Performance

2009). Market share (defined as the percent-
age of amarketin terms of either units or rev-
enue accounted for by a product) and market
share growth (referred to as the increment of
market share over a specific period of time)
are known as important indicators for mar-
ket competitiveness, and are often used to
gauge how well a firm is doing, relative to its

competitors (Wikipedia 2015, Indarti 2004).

Customer Satisfaction

Customer satisfaction is a key indi-
cator of how good a product or service,
provided by a firm, is. In real life, custom-
er satisfaction is not only achieved by pro-
viding tangible products that fulfil the cus-
tomers’ needs, but it also depends on the
supetior services/after-sales-services pro-
vided. This superiority in products and
services can foster customer loyalty, and
through word-of-mouth, can subsequently

Hypothesis

H: Manufacturing flexcibility has a positive relation-
ship with business performance.

Manufacturing flexibility was hypoth-
esized to have a positive relationship with
business performance, because manufac-
turing flexibility allows an organization to
adapt successfully to environmental chang-

es, such as changes in its customers’ re-

b

quirements and market conditions. This
leads to the following specific hypotheses:

H : Manufacturing flexibility has a positive rela-
tionship with profitability.

H : Manufacturing flexibility has a positive rela-
tionship with product market performance.

H : Manufacturing flexibility has a positive relation-
ship with customer satisfaction.
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Research Design and
Methodology

This research adopted a cross-section-
al study using survey methodology, where
data were collected only once, at the same
and single point in time (Cooper and Schin-
dler 2013). Data were collected from select-
ed manufacturing firms in Malaysia (listed
in the Malaysian Investment Development
Authority (MIDA) directory and Federa-
tion of Malaysian Manufacturers (FMM)
directory) using a structured questionnaires.

One thousand firms, which were select-
ed using proportional stratified random sam-
pling, from five different industrial sectors
(the electrical and electronics related sector,
machine and equipment fabricators, chemi-
cals and chemical products producers, food
products and beverages manufacturers and
also metal-related products). This sampling
methodology was chosen because it mini-
mized the sample’s selection bias and helped
the researcher to obtain a sample population
that best represented the entire population
being studied (Sekaran and Bougie 2013).

The survey data were collected through
printed questionnaires that were distrib-
uted to the respondents who possess ad-
equate knowledge of manufacturing flex-
ibility and their firm’s performance data.
Since this information was accessible to the
executive management, therefore the firms’
production managers, directors of man-
ufacturing or the heads of the production
departments were the targeted respondents.

The unit of analysis of the current re-
search was the manufacturing plant. This
was chosen because it was predicted to re-
flect, to a certain degree, all of the seven

manufacturing flexibility dimensions in-
cluded in this research (Koste, Malhotra,
and Sharma 2004). Meanwhile, analysis at
the level of the manufacturing plant is also
aligned with the past empirical research re-
lated to manufacturing flexibility (Larso,
Doolen, and Hacker 2009, Koste, Malhotra,
and Sharma 2004, Pérez-Pérez et al. 2018).

Statistical Package for the Social Scienc-
es (SPSS) was employed for the data analy-
ses. The data collected was analyzed using
descriptive analysis, where the percentage
and the mean value for specific variables
were calculated. In addition, correlation
analysis and regression analysis were con-
ducted to investigate the relationship be-
tween manufacturing flexibility and business
performance. The next section will discuss
the sampling justifications, data screening,
the respondents’ profiles, the construct’s
validity, reliability and description statistics.

Sampling Justifications, Data Screen-
ing, Respondents’ Profiles, Construct
Validity, Reliability and Description
Statistics

One hundred and forty-three usable
questionnaires were obtained, while the sam-
pling justifications and data screening for the
outliers were as follows.

Sampling Justifications

According to Sekaran and Bougie
(2013), a sample size five times more than
the number of independent variables is pre-
ferred, where a sample size larger than 30
but less than 500 is appropriate for most re-
search. A sample size larger than 500 is not
desirable, as statistical significance can be
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identified even with only weak relationships
(correlation as low as 0.10) existing among
them. Based on the generalized scientif-
ic guideline for sample size decisions for a
given population size, as provided by Se-
karan and Bougie (2013), the suggested sam-
ple size for this study was about 340 firms.

However, the minimum number of
sample size required for a study also de-
pends upon the type and complexity of
the research, and the analysis technique
employed (Hair, Black, Babin, and Ander-
son, 2013; Sekaran and Bougie, 2013). As
an example, Hair et al. (2013) suggested
for a multiple regression analysis, a mini-
mum ratio of samples to the independent
variables of 5:1, with a more desirable level
being 15 to 20 samples for each indepen-
dent variable. Seven independent variables
in the current research made a sample size
of 105 to 140 sufficient for our regres-
sion analysis, while the correlation could
be done with a sample size as small as 30
(Hair et al. 2013; Sekaran and Bougie, 2013).
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Data Screening for Outliers

The purpose of data screening was to
identify outliers from the data, to ensure
that the data obtained were suitable for fur-
ther analyses (where bad data can be ruled
out). Screening of the outliers ensures that
the normality assumption is fulfilled be-
fore further analyses were carried out.

Table 2 provided the summary of the
outliers’ identification, from the perspective
of the univariate, bivariate and multivariate
items . Six outlier cases were identified (case
numbers 16, 84, 99, 5, 23 and 9). Specifically,
these six cases are discarded from the subse-
quent analyses. Therefore, the analyses that
followed, and all the reported statistics after
this subsection, are based on 137 cases. The
sample size of 137 cases is sufficient to be an-
alyzed by this research, as sample sizes larg-
er than 30 and smaller than 500 are suitable
for this type of research (Sekaran and Bougie
2013). Section 3.1.1 provides the sampling
justifications for this study, and the 137 sam-
ples fulfilled those requirements with ease.

Table 2. Results of Univariate, Bivariate and Multivariate Outlier Identification

Case ID Mahalanobis Frequency*
Distance
Univariate Bivariate
16 58.959 2 23
84 50.222 3 9
99 46.555 0 15
5 38.371 3 19
23 37.252 1 19
2 34.730 0 0
43 33.217 0 0
62 32.130 0 0
135 31.155 0 0
104 29.196 0 0
6 - 29.018 0 0
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Table 2. Continued

9 28.069 1 15
41 27.023 0 0
42 25.867 0 0
11 25.297 0 0

Notes: Sorted based on value of Mahalanobis Distance; *Frequency of certain cases considered as outliers

Distribution of Population and
Sample

AccordingtoTable 3, the sample provides
diverse and representative industrial coverage.

2013). Construct validity can be assessed with
discriminant validity and convergent validity
(Sekaran and Bougie 2013). According to
Zikmund et al. (2013), discriminant validity
refers to the uniqueness of a measure, while
convergent validity means constructs or

Table 3. Distribution of Population and Sample

Industry Population %  Frequency %
Basic metals and fabricated metal products 910 28.8% 31 22.6%
Machinery & equipment 745 23.5% 26 19.0%
Electronic, electrical equipment and components 517 16.3% 34 24.8%
Chemicals and chemical products 493 15.6% 21 15.3%
Food products and beverages 500 15.8% 25 18.2%
Total 3165  100.0% 137 100.0

Construct Validity and Reliability

Generally the three types of wvalidity
that are considered are: (1) content validity;
(2) criterion-related validity; (3) construct va-
lidity (Saraph, Benson, and Schroeder 1989).

The instrument in the questionnaire
was pre-tested and reviewed by three acade-
micians from the field of operations man-
agement, and three industry practitioners,
to ensure the contents’ validity. In this re-
search, correlations between the manufac-
turing flexibility dimensions and business
performance measures will be established to
ensure that criterion-related validity is satis-
fied (Saraph, Benson, and Schroeder 1989).

Construct validity is important to ensure
that whatever is concluded from an investi-
gation can be shared confidently (Hair et al.

measures that “should be related to one an-
other are in fact related.” Measures can have
only one of the types of construct validity.

The construct validity of each man-
ufacturing flexibility dimension and each
business performance measure are evaluated
by factor analyzing the measurement items
of each of the measures/dimensions. If the
items measuring the same construct formed
a single factor, this can be used as tentative
evidence of construct validity for that par-
ticular construct. The statistical summary of
the factor analysis performed on the variables
being studied is shown in Table 4. According
to the tables, all the KMO values are great-
er than 0.70 (good) except product market
performance with value of 0.50 (mediocre).
Other than that, Bartlett’s test of sphericity
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is also significant at « = 0.05, which means
there are significant correlations amongst at
least some of the measurement items (Hair
et al. 2013). In addition, only items that
have a factor loading of at least 0.70 are
retained. A factor loading of 0.70 was cho-
sen to warrant that the variance explained is
more than 50%, which indicates a well-de-
fined factor structure (Hair et al. 2013).

Based on both tables, the factor loadings
for all the retained constructs ranged from
0.75 to 0.95. It was assured that the items de-
leted did not affect the content validity of
the measures in a negative way. Furthermore,
all the constructs have a “percentage of vari-
ance explained” ranging between 72.57%
and 90.78% (a high percentage of variance
explained means that those regressions give
a good fit). The above findings provide suf-
ficient support to the construct validity for
all the measures employed in this research.

Reliability analysis is performed to en-
sure the internal consistency and stability of
the measurement items used to measure a

construct (Roberts and Priest 2006). Cron-
bach’s alpha is commonly used to assess re-
liability, where alpha values greater than 0.70
are treated as constructs with good reliability
(Hair et al. 2013). The results of the reliabili-
ty analysis for each construct are exhibited in
Table 4, where all the values of Cronbach’s
alpha are greater than 0.70 (values range be-
tween 0.91 and 0.94). These mean the inter-
nal consistency for all the measures are sat-
isfactory. In sum, the measures used in this
research are considered valid and reliable.

Descriptive Statistics of 'V ariables

This section discusses the descriptive sta-
tistics of the manufacturing flexibility dimen-
sions and business performance measures.
The minimum value, maximum value, mean
and standard deviation of the data are depict-
ed in Table 5. Those measurements were per-
formed by using the perceptual scale, where
each question was answered using the follow-
ing six-point Likert scale that represented the
level of agreement, from strongly disagree

Table 5. Descriptive Statistics of the Variables

Descriptive Statistics

N Minimum Maximum Mean Std. Deviation
Manufacturing Flexibility Dimensions
Mix Flexibility 137 2.000 6.000 4.438 0.815
New Product Flexibility 137 2.000 6.000 4.003 0.857
Labor Flexibility 137 2.500 6.000 4.320 0.750
Machine Flexibility 137 2.000 5.250 4.058 0.800
Material Handling Flex- 137 3.000 6.000 4.406 0.717
ibility
Routing Flexibility 137 2.000 5.670 3.989 0.785
Volume Flexibility 137 2.500 6.000 4.456 0.802
Business Performance Measures
Profitability 137 2.000 6.000 4.296 0.794
Product Market Petfor- 137 2.000 5.000 4.040 0.793
mance
Customer Satisfaction 137 2.800 6.000 4.372 0.717
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(one), disagree (two), somewhat disagree
(three); somewhat agree (four); agree (five)
to strongly agree (six). The descriptive statis-
tics portrayed the mean of the manufacturing
flexibility dimensions, ranging from 3.99 to
4.46, with the standard deviation ranging be-
tween 0.72 and 0.86, which inferred that Ma-
laysian manufacturing firms have been imple-
menting manufacturing flexibility dimensions
in their manufacturing systems, whether de-
liberately or by chance. Meanwhile, high mean
values of the business performance measures
were also detected. The mean values ranged
between 4.04 and 4.37, with the standard
deviation ranging between 0.72 and 0.79.

Empirical Research: Correla-
tion, Principal Component
Analysis and Regression

Associations between the 1 ariables:
Pearson Correlation Analysis

Tan and Lim

Based on the Pearson correlation analyses
tabled in Table 6, all the dimensions of man-
ufacturing flexibility are inter-correlated, and
all the manufacturing flexibility dimensions
are positively and significantly associated with
all the measures of business performance.

Multiple Regression Analysis

Table 7 shows the results of multiple
regression analyses using business perfor-
mance measures as the dependent variables.
Significant relationships are found between
the manufacturing flexibility dimensions (in-
dependent variables) and each of the business
performance measures (dependent variables).

Regression analysis shows that prof-
itability has the highest adjusted R2 value,
where 66.30% of its variances are explained
by variances in the manufacturing flexibility
dimensions, while product market perfor-
mance and customer satisfaction registered
60.70% and 53.30% respectively. While
F-statistics show the significant relationship

Table 6. Correlation among Dimensions

No Dimensions Manufacturing Flexibility Dimensions
1 2 3 4 5 6 7
Manufacturing Flexibility
1 Mix 1
2 New Product 0.294%F 1
3 Labor 0.424*%  0.549%* 1
4 Machine 0.507%F  0.592%%  0.578* 1
5 Material Handling 0.425%F 0.562%%  0.788  0.596%F 1
6 Routing 0.311%F  0.578%F  0.655%*  0.604*F  0.620%* 1
7 Volume 0.447%F 0.646%F  0.7320F  0.641%F  0.718%*  0.660%F 1
Business Performance Measures
8 Profitability 0.613%F  0.501**  0.656**F  0.493*F  0.675%*  0.645%F 0.633**
9 Product Market 0.593**  0.397%*  0.503*F  0.341*F*  0.526%F  0.609** 0.481**
Performance
10 Customer Satisfaction 0.536%F  0.472%%  0.562%F  0.603*F  0.633**  0.587*F 0.603**
*o <= 0.01
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between the manufacturing flexibility dimen-
sions and each business performance mea-
sure, the t-statistics testing H:3. = 0 shows
that only some of the manufacturing flexi-
bility dimensions have significant impacts on
business performance. This regression model
provides facts that show customer satisfac-
tion is only supported by mix flexibility (3 =
0.259; t = 3.677; p < 0.01), machine flexibil-
ity (8 = 0.149; t = 1.682; p < 0.10), material
handling flexibility (3 = 0.289; t = 2.798; p <

0.01), and routing flexibility (3 = 0.230; t =
2.617; p < 0.05). Besides, theory contradicts
sigh  of beta and t-statistic have been seen
with machine flexibility on profitability (8 =
-0.388; t = -4.771; p < 0.01) and product mar-
ket performance (§ = -0.215; t = -2.860; p <
0.01), which misaligned with theory, common
sense and also the Pearson correlation anal-
ysis. These suggested the existence of mul-
ticollinearity issues in the regression model.

Table 7. Results of Multiple Regression Analysis between Manufacturing Flexibility Dimensions and Business
Performance Measures

Dependent Variable: Profitability

Manufacturing Flexibility

Dimensions Unstandardized Standardized Sig.
Beta Std. Error Beta
(Constant) -0.240 0.283 -0.848 0.398
Mix 0.409 0.058 0.420 7.020 0.000
New 0.070 0.065 0.076 1.077 0.283
Labor 0.096 0.096 0.091 1.008 0.315
Machine -0.213 0.075 -0.215 -2.860 0.005
Material Handling 0.283 0.097 0.256 2913 0.004
Routing 0.350 0.075 0.346 4.641 0.000
Volume 0.056 0.087 0.056 0.639 0.524
R2 0.681
Adjusted R2 0.663
Significant F 0.000
Dependent Variable: Product Market Performance
Manufacturing Flexibility 3 )
Dimensions Unstandardized Standardized Sig.
Beta Std. Error Beta
(Constant) 0.106 0.306 0.347 0.729
Mix 0.532 0.063 0.547 8.458 0.000
New 0.081 0.070 0.087 1.151 0.252
Labor -0.034 0.103 -0.032 -0.328 0.743
Machine -0.384 0.081 -0.388 -4.771 0.000
Material Handling 0.216 0.105 0.195 2.058 0.042
Routing 0.567 0.081 0.562 6.971 0.000
Volume -0.058 0.094 -0.058 -0.614 0.540
R2 0.627
Adjusted R2 0.607
Significant F 0.000
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Dependent Variable: Customer Satisfaction

Manufacturing Flexibility

Dimensions Unstandardized Standardized Sig.
Beta Std. Error Beta
(Constant) 0.677 0.301 2.246 0.026
Mix 0.228 0.062 0.259 3.677 0.000
New -0.004 0.069 -0.005 -0.059 0.953
Labor -0.074 0.102 -0.077 -0.726 0.469
Machine 0.134 0.079 0.149 1.682 0.095
Material Handling 0.289 0.103 0.289 2.798 0.006
Routing 0.210 0.080 0.230 2.617 0.010
Volume 0.082 0.092 0.092 0.885 0.378
R2 0.557
Adjusted R2 0.533
Significant F 0.000

Mitigating the Multicollinearity Issues:
Principal Component Analysis and
Simple Regression Analysis

Multiple regression analysis requires that
the independent variables are not linearly as-
sociated, as high levels of association among
the independent variables create multicol-
linearity issues (Kuhn and Johnson 2013, Hair
et al. 2013, Daoud 2017). Hair et al. (2013)
stated that the interpretation of relation-
ships is complicated and made more chaotic
with the presence of multicollinearity issues.

Due to the high levels of association
between the independent variables, the risk
of multicollinearity is high, and misleading
results from the multiple regression anal-
ysis may be produced. The emerging of
theory contradicting signs
coefficients (either positive or negative),

of regression

where the coefficients take on negative val-
ues when either the theory or the Pearson
correlation analysis  suggests otherwise,
has reinforced the belief about the exis-
tence of multicollinearity in this research.

In detail, the Pearson correlation coef-
ficients among the manufacturing flexibility

dimensions are statistically high and signifi-
cant at « = 0.01 (the highest value registered
being 0.788 between labor flexibility and ma-
terial handling flexibility). Moreover, the re-
gression models developed in this research
indicated high adjusted R2 values (values
between 0.533 and 0.663). In addition, F-sta-
tistics for the multiple regression model are
statistically significant at « = 0.05 but the
t-statistics indicate that only several of the
manufacturing flexibility dimensions make
a significant contribution to the dependent
variable. Based on the above observations, it
can be concluded that the presence of multi-
collinearity problems in the regression mod-
els examined in this research are inevitable.

The results of the Pearson correlation
coefficients among the manufacturing flexi-
bility dimensions that are statistically signifi-
cant and positive have provided the founda-
tion for the argument that the manufacturing
flexibility dimensions should be implement-
ed holistically. Also, in order to ensure con-
tent validity, a Principal Component Analysis
(PCA) was used as a remedy to deal with the
multicollinearity problem in the multiple re-
gression analysis (Daoud 2017, Nahar et al.
2018). In other words, the principal compo-
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nent analysis, aimed at summarizing most
of the original information in the minimum
number of factors for prediction purposes,
is also useful when used in conjunction with
a simple regression method, as it addresses
the multicollinearity problem in the multiple
regression analysis (Hair et al. 2013, Abdi and
Williams 2010, Daoud 2017, Nahar etal. 2018).

In short, due to the presence of the
multicollinearity problem in the multiple re-
gression analysis, the contribution of the
independent variables to each dependent
variable should be analyzed collectively
with the help of the PCA, which will de-
scribe the interrelated independent wvari-
ables as a unified set, rather than individ-
ually. When the interrelated independent

models presented have regression coeffi-
cients that are statistically positive and signif-
icant at a = 0.05. This suggests that all the
manufacturing flexibility dimensions collec-
tively contribute to business performance,
with R2 values ranging between 37.0% and
56.3%. In detail, the implementation of the
manufacturing flexibility dimensions signifi-
cantly improve business performance, in
terms of profitability, product market per-
formance, and customer satisfaction. Thus,
hypotheses H, H, and H_ are supported.

These scotes are obtained from the lin-
ear combination of the relevant variables as
described below. The first principal com-
ponent or linear combination of the man-
ufacturing flexibility dimensions (63.74%

Table 8. Results of Simple Regression Analysis between the First Principal Component Score
of Manufacturing Flexibility Dimensions and Business Performance Measures

Model Unstandardized Standardized . Sig. R2
Beta Std. Error Beta

(Constant) 0.299 0.307 0.976  0.331 0.563+

Regression 0.359 0.027 0.750  13.178  0.000

IV = PCA of Manufacturing Flexibility

DV = Profitability

(Constant) 0.801 0.368 2.179  0.031 0,370+

Regression 0.291 0.033 0.608 8.906  0.000

IV = PCA of Manufacturing Flexibility

DV = Product Market Performance

(Constant) 0.940 0.293 3.204  0.002 0.500%

Regression 0.308 0.026 0.713  11.826  0.000

IV = PCA of Manufacturing Flexibility

DV = Customer Satisfaction

IV = Independent variable; DV = Dependent variable; Principal component score is obtained from PCA; * FF

statistics are significant at the 0.05 level.

variables (whose suffer the multicollineari-
ty issues) have been group into one unified
set, the multicollinearity issue will have been
addressed (Daoud 2017, Nahar et al. 2018).

The summary of the simple regression
analysis is shown in Table 8. The regression

variance explained) is: 0.274 (mix flexibility)
+ 0.360 (new product flexibility) + 0.407
(abor flexibility) + 0.383 (machine flexibil-
ity) + 0.405 (material handling flexibility) +
0.381 (routing flexibility) + 0.416 (volume
flexibility).

322



Tan and Lim

Table 9. Results of Simple Regression

Independent Variable Dependent Variable
Business Performance Standardized

Manufacturing Flexibility (MF) 0.782%

R2 0.611

Adjusted R2 0.609

R2 change 0.611

I change 212.463*

*significant at p < 0.05

Inaddition, the first principal component
or linear combination of business perfor-
mance measures (77.79% variance explained)
1s:0.605 (profitability) + 0.569 (product market
performance) + 0.558 (customer satisfaction).

From Table 9, the direct effect of manu-
facturing flexibility on business performance
is high (0.782). The empirical evidence pre-
sented in this section indicates that manu-
facturing flexibility has a significant positive
impact on a firm’s business performance.

Discussion and Conclusion

Although  manufacturing  flexibility
can be a critical source of competitive ad-
vantage, the poor understanding of how
manufacturing  flexibility can improve
performance has plagued the efforts to

strike for better manufacturing flexibility.

Based on the Pearson correlation analy-
ses, all the dimensions of manufacturing flex-
ibility are inter-correlated. With the emerging

of theory contradicts sign in the multiple

regression analyses, the existence of multi-
collinearity issues in the regression model is
suggested. To compensate for these issues,
a Principal Component Analysis (PCA) was
used as a remedy, and the conclusion that
manufacturing flexibility has a positive influ-
ence on business performance can be made.

This research is important as it ad-
dresses how manufacturing flexibility con-
tributes to business performance and thus
removes the obstacle that prevents manu-
facturing organizations from implementing
the concept of manufacturing flexibility.

The overall conclusions, based on
the findings, show that the manufactur-
ing flexibility dimensions (collectively) are
able to explain a significant percentage of
the total variance in each of the measures
of business performance measures (prof-
itability, product market performance and
customer satisfaction). Thus, enhancing
the manufacturing flexibility dimensions
is vital since manufacturing flexibility is
found to have tremendous effects on busi-

Table 10. Summary of Hypotheses Testing for the Relationship between Manufacturing Flexibility
Dimensions and Business Performance Measures

Hypotheses

Result

H_: Manufacturing flexibility dimensions have a positive relationship with profitability

Supported

H,: Manufacturing flexibility dimensions have a positive relationship with product market Supported

performance

H_: Manufacturing flexibility dimensions have a positive relationship with customer satis- Supported

faction
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ness performance. The next section will
talk about the implications of the study.

Implications of the Study

Several implications of the study have
been observed:

Theoretical Implications

A parsimonious set of manufacturing
flexibility’s dimensions (seven dimensions:
mix flexibility , new product flexibility, labor
flexibility, machine flexibility, material han-
dling flexibility, routing flexibility and volume
flexibility) have been suggested to serve as a
foundation block for future studies.

Multicollinearity has been observed be-
tween the manufacturing flexibility’s dimen-
sions, so extra care should be given when
exercising multiple regressions analyses on
those dimensions.

The impact of manufacturing flexibili-
ty on business performance has been estab-
lished in this study. Thus, it is safe to say that
manufacturing flexibility, as a choice to gain a
competitive advantage, has been verified.

This research contributes to the litera-
ture on manufacturing flexibility by providing
a developing-country example of how man-
ufacturing flexibility affects business perfor-
mance.

Managerial/ Practical Implications

This research provides insights into the
impacts and influences of the manufacturing
flexibility concept in a developing country
scene. These provide a foundation for man-
agers that seek a competitive advantage and
process excellence in their organization to

justify their actions to adopt manufacturing
flexibility as an alternative best practice, aside
from the conventional types of best practices.

The adoption of manufacturing flex-
ibility in Malaysia is inevitably proven
here. The researchers foresee more adopt-
ers of manufacturing flexibility as advan-
tages of adopting this concept tabled.

Limitations and suggestions for future re-
searchwillbe presentedin the nextsub-section.

Limitations and Suggestions for Fu-
ture Research

Limitations of the study

All studies have limitations. Most of
the previous surveys employed a general as-
sumption in their data collection; this study
suffers from the same limitations. In this
research, two assumptions have been made:

The respondents who participat-
ed in the survey were assumed to have
sufficient
questionnaire. They answered the mea-
surement items precisely and honestly.

knowledge to answer the

Steps such as “sending question-
naires directed at executive management
(who are most likely to have access to
the relevant information)” have been tak-
en to reduce the likelihood of the errors.

On the other hand, even though the
product market performance (one of the
business performance measures) registered a
90.78% percent of variance explained, more
items can be added to better represent this
performance indicator, thus improving its
sampling adequacy. Suggestions for future
research will be listed in the next section.
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Suggestions for Future Research

A few suggestions have been made for
potential future studies, and they include:

To prevent respondent bias, future
research can be done by using secondary
data, instead of only using primary data.

This research focuses on the produc-
tion areas of a firm, future research may in-
clude the exterior areas of the production
floor, which include, but are not limited to,
the supply chain, customer relationships etc.

This research employed regression
analysis as the main analysis method to test
for the relationship between manufacturing
flexibility and business performance. For tri-
angulation purposes, different data analysis
methods such as Covariance-Based Struc-
tural Equation Modeling (CB-SEM) may be
considered. CB-SEM is more concerned with
explanations and is the appropriate method
for theory testing. One can have more con-
fidence in a result if the use of different
techniques leads to similar results. However,
the CB-SEM technique generally requires
larger sample sizes, so future researchers
should be aware of the constraints of time
and the cost of adopting such a technique.

Furthermore, future research acknowl-
edge the technology levels used by the firms
is welcome, whete sometimes the level of
technology can influence the readiness of
firms to adopt manufacturing flexibility.

Nevertheless, an examination of the va-
lidity of the set of manufacturing flexibility
dimensions identified in this research, in oth-

Tan and Lim

er contexts, such as services or a supply chain
division, may also provide a feasible research
avenue.

Conclusion

This research provides valuable insights
for manufacturing firms into the impact of
manufacturing flexibility, and its dimensions,
on business performance. The results indicate
that manufacturing flexibility, which compris-
es mix flexibility , new product flexibility, labor
flexibility, machine flexibility, material handling
flexibility, routing flexibility and volume flexi-
bility, has a significant positive impact on busi-
ness performance. Meanwhile, a parsimonious
set of manufacturing flexibility’s dimensions
has been established for future studies. On the
other hand, the multicollinearity of manufac-
turing flexibility’s dimensions has been solved
using a Principal Component Analysis (PCA)
approach, and a developing country example
of how manufacturing flexibility affects busi-
ness performance is presented. This research
hopes to be beneficial to companies in the
manufacturing sectors. The findings of this
study have supported the belief that manufac-
turing flexibility is a critical source for gaining
a competitive advantage, and those firms that
implement manufacturing flexibility will gain
benefits in the long run. Nevertheless, the de-
sire of managers to adopt manufacturing flex-
ibility can be increased with a proven record
of how manufacturing flexibility, as a manu-
facturing best practice, improves business per-
formance. Finally, the researcher anticipates
that the execution of this research would
stimulate interest in this research subject,
and foster more future research in this area.
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Appendix I

Author and Year Type of Study Findings and Remarks

Swamidass and Newell (1987) Empirical Study Greater manufacturing flexibility provides better pet-
formance results.

Ramasesh and Jayakumar (1991) Mathematic Modeling Different manufacturing flexibility dimensions affect
performance in dissimilar ways and the sets of man-
ufacturing flexibility dimensions create a combined

effect.

Gupta and Somers (1996) Empirical Study Inconsistent results regarding the impacts of man-
ufacturing flexibility on business performance have
been seen.

Narasimhan and Das (1999) Empirical Study New product flexibility has a positive relationship
with customer satisfaction.

Vokurka and O’Leary-Kelly Empirical Study Inconsistent evidence regarding the impact of manu-

(2000) facturing flexibility on business performance.

Chang et al. (2003) Empirical Study Inconsistent evidence regarding the impact of manu-
facturing flexibility on business performance.

Swink, Narasimhan, and Kim Empirical Study Both process and new product flexibilities have a pos-

(2005) itive impact on market-based performance.

Rogers (2008) Empirical Study Lack of understanding about the relationship be-

tween individual dimensions of manufacturing flex-
ibility and organizational performance create incon-
sistent results.

Agus (2011) Empirical Study Significant correlations occurred between supply
chain management, supply chain flexibility and busi-
ness performance.

Mishra, Pundir, and Ganapathy  Literature Review Not all past research found that manufacturing flexi-
(2014) bility improves business performance.
Pérez-Pérez et al. (2018) Literature Review Plenty of research opportunities in the context of

manufacturing flexibility.
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