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Abstract

Purpose – In this paper, the implementation of lean manufacturing and six sigma practices amongMalaysian
manufacturing SMEs toward achieving sustainable performance was investigated. Furthermore, intention to
implement IR 4.0 technologies among manufacturing SMEs was also examined.
Design/methodology/approach – The primary data were collected from 120 manufacturing SMEs across
Malaysia using organization as the unit of analysis. The data were collected using the six-point Likert scale
questionnaire.
Findings –Based on research findings, about 86%MalaysianmanufacturingSMEs implement 6s. Nevertheless,
lean and 6s has an influence on sustainable performance among Malaysian manufacturing SMEs. Only about
32.5% Malaysian manufacturing SMEs have the intention to implement IR 4.0 technologies. This study results
imply that IR 4.0 technologies implementation among Malaysian manufacturing SMEs are still at infant stage
though lean and 6s concept is known by the manufacturing SMEs.
Research limitations/implications – This study has implications for future researchers to explore
application of IR 4.0 technologies among manufacturing SMEs. Therefore, there is need to create awareness
about the application of IR 4.0 technologies suitable for manufacturing SMEs in order to remain sustainable for
local and foreign competitors. From the perspective of system theory, there is an interconnection network
across each department in a whole system. More so, sustainable performance can continuously change and
improve the system in any organization.
Practical implications – From the view of SMEs policy makers, this study should be use to encourage SMEs
to adopt technologically inclined practices. Accordingly, this research recommends government bodies to help
support the implementation of sustainable practices due to their sizes and inadequate resources involved.
Therefore, the role of government in providing suitable policies that could be beneficial to manufacturing SMEs
toward achieving sustainable practices cannot be overlooked. Through proper government support, Malaysian
manufacturingSMEswill be able to survive both locally and internationally and alsogain competitive advantage.
Originality/value – The main contribution of this paper includes integrated effect of lean manufacturing
practices and six sigma implementation amongmanufacturing SMEs and prioritizing implementation of IR 4.0
technologies to be executed by manufacturing SMEs.
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1. Introduction
Sustainable performance can be realized through implementation of continuous
improvement such as lean manufacturing practice (LMP) and Six-Sigma (6σ).
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Introduction of LMP and 6σ into any organization is quite difficult and complex due to its
process and procedure. In other words, implementation of LMP and 6σ by some small and
medium enterprises (SMEs) were considered as an uneasy journey. Therefore,
transforming manufacturing SMEs into LMP and 6σ practicing factory requires
systematic thinking through step by step procedures. Manufacturing SMEs are
believed to be one of the firms that encounter several sustainability challenges due to
its market demands for range of products, frequent delivery and reduced cost. As
investigated by Papadopoulos et al. (2021) in a study, manufacturing practice issues
which include economic, social and environmental elements are majorly caused by firms
due to poor practices of LMP and six sigma by developing nations. Nevertheless, such
challenges can be conquered through the successful implementation of sustainable
practices into manufacturing firm process. Therefore, Malaysia as a country should rely
completely on sustainable practices through continuous improvement to encounter the
challenges of manufacturing firms in transition to modern and smart state.

Manufacturing SMEs are considered as one of the most important sectors that face
difficulties for the provision of product varieties with fast shipment and low-cost
(Prashar, 2021). It is surprising that manufacturing SMEs were not given enough
attention toward the implementation of LMP and 6σ. Basically, the effect of SMEs
through economic, environmental and social perspectives are the fundamentals of
forging ahead for sustainable development goals as stated by the United Nations
(Khattak, 2020). Specifically, Yadav et al. (2020) stated in a study that in order for
manufacturing SMEs in developing nations to survive in this global environment, there is
need to implement LMP and Six Sigma by considering customer requirements through
cost, quality, value added activities, delivery time, waste elimination and zero defect.
Nevertheless, the rapid technological changes and market competition has put
manufacturing firms under the pressure of implementing sustainable practices toward
a moderate balance among environmental, economic and social performance. According
to this study, LMP and six sigma are already known by manufacturing SMEs.
Unfortunately, only about 32.5% intended to implement IR 4.0 technologies. The reason
behind this will be explained further in this study. Besides that, this study developed a
new model on how to implement LMP and six sigma and intention to implement IR 4.0
technologies among manufacturing SMEs. However, it highlights the novelty of this
study. Hence, this study promotes LMP and six sigma practices and explain the benefit of
implementing IR 4.0 technologies which at the end will benefit the whole manufacturing
SMEs and support its sustainability.

SMEs are said to bemajor driver ofMalaysia’s economy and according to the 11thMalaysia
Plan 2016–2020 report, SMEs contributed about 41% toward the countryGDP in the year 2020.
Basically, the goal of Malaysia Government is to push the economy forward toward increased
productivity, more entrepreneurial start up and increase job opportunities. However, these
goals cannot be actualized without digital transformation of manufacturing SMEs inMalaysia
(Rusly et al., 2020). The digital transformation in terms of implementing LMP and six sigma
among manufacturing SMEs is given less attention by researchers. Furthermore, the
transformation through intention to implement IR 4.0 technologies among manufacturing
SMEs is not yet fully explored. This leaves a gap that is needed to highlighted in this study.
Therefore, in order for firms to be digitalized and innovative, manufacturing SMEs need to
leverage more for technology capabilities through implementation of lean six sigma practices.
Manufacturing SMEs along with its efforts to achieve sustainability should be more
concentrated on since larger firms have more capital, knowledge and technology to improve
businesses in order to be economically, environmentally and socially friendly. Nevertheless,
there is need forMalaysianmanufacturing SMEs to adopt technologically-inclined practices for
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the growth of company performance both locally and internationally. However, research
questions are generated as thus:

RQ1. Do implementation of LMP have impact on sustainable performance among
Malaysian manufacturing SMEs?

RQ2. Do implementation of Six-Sigma have impact on sustainable performance among
Malaysian manufacturing SMEs?

RQ3. Do intention to implement industrial revolution 4.0 technologies have impact on
sustainable performance among Malaysian manufacturing SMEs?

The instrument for collection of data employed in this study is survey questionnaire. The
data was collected from the employees of the companies who are middle managers which
include production and operations officers, procurement officers and process engineers of
manufacturing SMEs. The survey was administered individually to the respondents of the
companies. This implies that responses deducted are from the individual’s perception of the
reality of the work environment and its distinctiveness.

The impact of LMP, and 6σ implementation on sustainable performance of Malaysian
manufacturing SMEs were studied. Recently, IR 4.0 technologies are seriously
emphasized among manufacturing SMEs in Malaysia due to the large number of its
contribution toward the manufacturing sector at large. Transition of manufacturing
SMEs from conventional manufacturing methods to LMP and six sigma through the
implementation of IR 4.0 technologies could be beneficial. It is beneficial toward the
generation of revenue, customer satisfaction, increased productivity, reduced waste and
low-quality design cost. Therefore, the intention to implement IR 4.0 technologies
through the application of LMP and 6σ practices toward sustainable performance were
discussed. Furthermore, this paper also employed system theory to explain the
connection of systems in an organization and how it influences company operations
and practices toward decision making. The findings of current research study offer
concrete practical and managerial support for sustainable performance, and
recommendation toward achieving a sustainable practice among Malaysian
manufacturing SMEs.

With primary data obtained through questionnaire developed from existing literature
from manufacturing SMEs in Malaysia, this study simultaneously investigated the
implementation of LMP and six sigma among Manufacturing SMEs. In this regard SMEs
in Malaysia are defined according to number of employees as stated on Malaysian SMEs
directory. Since the unit of analysis was manufacturing SMEs, Harman’s single factor test
(Podsakoff and Organ, 1986) was examined to check common method bias issue. The results
of the analysis demonstrated that Harman’s single factor of about of the total variance. In
other words, there were no biasness issue in this study model.

This paper is also organized into six sections. However, the present research paper is
structured as follows; The literaturewas discussed in part 1 to develop the research questions
in accordance with the research issue while review of literatures was carried out in part 2 to
develop the research model. Research methodology, measures and sampling techniques were
discussed in part 3. Part 4 contains the analysis aspect of the study. Section 5 of this research
discussed the result. Furthermore, section 6 outline the conclusion, study implications and
recommendations on the study area.

2. Literature review
In this research, the literature review covered Scopus indexed journals published between
2018 and 2022. The key words used include lean manufacturing practices, Six sigma, IR 4.0
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technologies, sustainable performance, sustainability and manufacturing SMEs. Thorough
checks were done through titles and abstract. About 102 papers were generated key word
search and 47 papers were related after scrutiny. Nevertheless, recent publications were used
to explain current issues and challenges in LSS practice and sustainable performance.

2.1 System thinking theory and sustainable performance
From the perspective of system thinking, sustainability refers to a state in which human are
able to develop, grow and improve within the same environment with other living organisms
for continuity (Ehrenfeld, 2012). Therefore, sustainable performance is not just an end state,
but a practice that is continuously changing, updating and improving the system in an
organization (Gaziulusoy et al., 2013). In the same vein, institutions maintain mutual internal
relationship of impact and interdependence for smaller and larger system. It also offers
services for organizations to create values toward solving (Winn and Pogutz, 2013). As
reported by Maull et al. (2012), integration of systems thinking toward firm decision making
can help overcome boundaries and hierarchies in management operations and processes.
Therefore, system thinking plays a crucial role in organization decision making toward
achieving sustainable practice.

2.2 SMEs and sustainable performance
SMEs contribute immensely and importantly toward the growth of Malaysian economy at
large. SMEs created increased job opportunities and increased income hence changing the
lives of the population at large. Nevertheless, SMEs are becoming a major economic
development catalyst to have increased Malaysia revenue in the year 2020. SMESs are
considered as a key source for economic development of any nation (Umi Nadirah et al., 2019).

2.3 Sustainable performance
Sustainable performance of a firm includes making shareholders and customer or consumer
happy and more importantly, working toward economic, social and environment benefits
(Hassan et al., 2018). Sustainable performance help solves critical performance issues through
maintaining employee welfare, employee participation and employee freedom (Jabbour et al.,
2020). Sustainability help create balance protecting environment, social needs and continuous
enhancement for economic values of an organization (Yadav and Gahlot, 2022).

2.4 Lean manufacturing practices
LMP is a methodology which primary focus is on waste elimination (Aadithya et al., 2022).
Samanta et al. (2023) in a recent study also define LMP as a practice that focuses on reducing
waste such as defects overproduction and waiting time. LMP improves product quality
through waste abolishment and other non-value-added activities or procedures, that do not
add-up value for any production and process.

2.5 Lean manufacturing practice and sustainable performance
LMP and sustainable performance had previously been studied since they both aid on waste
elimination and increasing productivity. In same vein, LMP is the one of the best techniques
needed to take care of environment and social aspect of any organization (Sahoo, 2019). In
sustainable performance, the integration of lean with economic, social and environmental
system is important. It brings about the reduction of costs of production through dispersion
of toxic compound, pollution control, improved working environment and resource efficiency
(Kumar et al., 2018).
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2.6 Six sigma
Six sigma (6σ) practice was initiated by Bill Smith in the 1980s by Motorola Inc. as a
manufacturing technique for errors and variation reduction in products or processes. 6σ
highlights the importance of statistical methods and data analysis techniques through
developing an improvement procedure in such way that variability among of goods is
reduced to 99% efficacy rate (Antony et al., 2017). Nevertheless, 6σ operates a combination of
structured procedures, specialists and performance metrics to achieve reduced variability
and errors in production (Antony et al., 2018; S�anchez-Rebull et al., 2020).

2.7 Six sigma and sustainable performance
Few studies have recommended the benefit of implementing 6σ for sustainable practices
using quantitative techniques and structured models to solve variation problems and yield
optimal product results. Similarly, Şişman (2022) in a research study affirm that 6σ and
sustainable performance have important keys to minimizing cost and maximizing cost
reduction. As investigated by Siegel et al. (2019) in a study, 6σ practices are widely
implemented by manufacturing firms through statistical tools for the purpose of decreasing
process variety to reduce production cost without affecting product quality.

2.8 Lean six sigma
Lean six sigma is considered as a blended methodology for the objective of waste reduction
and quality improvement. Lean six sigma specifically reduces non-value-added activities,
defects and wastes during production or process (Yadav et al., 2018). Therefore, for total
achievement of waste reduction and elimination of defect in production or process, lean six
sigma is considered as a smooth methodology.

2.9 Industrial revolution 4.0 technologies
Industrial Revolution 4.0 technologies are digitalizedmanufacturing systems integrated with
information technologies, production processes and several techniques. The major objective
of Industrial Revolution 4.0 is to enhance firm responsiveness toward integrated
manufacturing systems (Fatorachian and Kazemi, 2021). Therefore, IR 4.0 technologies
manage the synchronization of data between different systems. Nevertheless, traditional
methods should be replaced with innovative systems in order to meet up with IR 4.0
standards (Bag et al., 2021). Nevertheless, IR technologies such as Internet of things can help
enable production without waste hence meeting with customer demands. Furthermore,
additive manufacturing help in the proactiveness of factory maintenance thus control energy
and resources usage (Bag et al., 2021).

2.10 Industrial revolution 4.0 technologies and sustainable performance
Industrial Revolution 4.0 technologies play a crucial role in pushing industrial and social
organizations toward achieving sustainable performance (de Sousa Jabbour et al., 2018).
Industrial Revolution 4.0 technologies enhance the achievement of standardized process and
system integration with the aim of improving sustainable practices (Kamble et al., 2018).
From economic dimension, the digitization and automation features of Industrial Revolution
4.0 technologies drive organizations toward the reduction in lead times, improved quality
product and low manufacturing costs (Reyes et al., 2021). From environmental aspect, data
are gathered from several value chain partners to help manufacturing firms efficiently
allocate the best materials, energy and machines. From the social perspective, IR 4.0 provide
adequate chances for its employees to explore new techniques and technologies, hence
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increasing employee’s motivation and morale (Kamble et al., 2018). Therefore, Industrial
revolution 4.0 technologies proposed a sustainable practice for the SMEs survival.

2.11 Use of IR 4.0 technologies among manufacturing SMEs
IR 4.0 tech enables production systems which provides massive amounts of data, store data,
analyze data and share data. Big data analytics (BDA) refers to the collection of data with the
involvement of analytical devices and computer algorithms for organization making
decisions. Manufacturing firms using BDA develops their BDA capabilities by exploiting the
importance of virtual manufacturing systems amongmanufacturing SMEs (Bhat et al., 2021).
Therefore, BDA contributes significantly to sustainable practices implementation among
manufacturing SMEs. Hereby aiding manufacturing SMEs in keeping up with competitive
advantages toward achieving sustainable performance.

In respect to smart manufacturing, automated factory operates with less human
involvement, the use of sensor networks and automated guided vehicles (AGVs) for remote
operations. Furthermore, the sensors monitor the working conditions, reports situation at
work and trigger alarm with regards to abnormalities in production line (Al-Hakimi et al.,
2023). Hence, system and production engineers inmanufacturing SMEs can control and guide
the robots from a far.

3. Methodology
3.1 Data collection
In this study, a quantitative approach was employed and survey questionnaire was used for
data collection. The data were collected from 120 SMEs for a period of 4 months across
Malaysia using organization as the unit of analysis. The data were collected from SMEs’
production and operations executive, procurement executive, sales officers, quality
assurance executive, research and development executive and process engineers using the
six-point Likert scale questionnaire. This study employed google formwhereby all questions
where asterisked in order to avoid missing data. A research cover letter describing the aim of
this study was distributed through emails. From this quantitative approach survey,
researchers came upwith research framework and three hypotheses as shown in Figure 1. On
the other hand, Figure 2 shows the Research methodology flowchart.

Lean 
Manufacturing 
Practices

Six-Sigma
Practices

Intention to 
Implement
IR 4.0 
Technologies 

Sustainable
Performance

H2

H2

H3

Source(s): Author’s work

Figure 1.
Research framework
and hypothesis
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3.2 Measures
Nemoto and Beglar (2014) suggested that six-point scales should be used as they permit the
possibility of increased measurement precision. In this research, the selection of six-point
scale is the appropriate scale due to its high measurement precision. Respondents were
engaged with questionnaires which show the level of agreement using six-point Likert scale.
Past studies recommended Likert scale as the best scale (Pearse, 2011). Hence, this study
employed six-point Likert as the questionnaire scale from strongly disagree to strongly agree
as shown in Table 1.

3.3 Sampling techniques
This research utilized probability sampling using simple random sampling techniques due to
large number of population. In this sampling technique, each sample have the equal chance of
being chosen from the target population. Random sampling selection is derived from the list
of population across all manufacturing SMEswhich includes food and beverages, electronics,
iron and steel, aerospace, clothing and textiles, construction, health and pharmaceutical,
automobile, chemical, wood and telecommunication as derived on the list of manufacturing
SMEs. Therefore, there is probability of selecting among the mentioned sectors of
manufacturing SMEs. The target population includes manufacturing SMEs in Malaysia
(SME Corp Malaysia Directory, 2021). The population in this study includes Malaysia SMEs
as derived from SMEs Directory. This study employed power analysis to determine an
appropriate sample size. Priori power analysis was used to determine the appropriate sample
size for the study. Sample size determination was conducted using G-power software (Faul
et al., 2009). Therefore, 132 sample size was derived as the minimum sample size for this
study, however 120 valid responses were analyzed. It was affirmed by Kotrlik and Higgins
(2001) from previous studies that population data usually achieve low response or incomplete
response rate. More so, previous study suggests 120 as minimum number required for
regression analysis (Robertson et al., 1984).

● Conducted Literature Review Related to LMP, Six sigma, IR 4. Technologies, 
Sustainable Performance using Keyword Search

● Define Research Variables (LMP, Six sigma, IR 4. Technologies, Sustainable 
Performance)

● Generate Questionnaire from Reviewed Literatures and Design a Questionnaire in 
responds to the Literatures

● Review of Questionnaire by Experts and Update Questionnaire Based on Experts 
Comments.

● Distribute Questionnaire Cover Letter and Questionnaire to Respondents 
(production and operations officers, procurement officers, sales officers, quality 

assurance officers, R&D officers and process engineers)

● Analyse Data using SPSS and PLS, Discuss Results and Recommend Future 
Study

Source(s): Author’s work

Figure 2.
Research methodology

flowchart
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4. Analysis and results
4.1 Reliability and validity analysis
In terms of reliability, SEM approach take measurement errors into consideration by clearly
adding into its analysis. Hence, the conclusions on the relationship between the variables are
similar to perfect reliability and with no bias of measurement error. As confirmed by Hair
et al. (2012) in a study, SEM approaches are more superior to regression analyses and
bivariate correlations because SEM allows simultaneous examination of causal relationships
between constructs in a study. Hence, this study employed SEM approach for its quantitative
analysis in order to examine causal relationship and measurement error. The selection of
PLS-SEM as the quantitative analysis approach is best applicable to model development as
this study developed a model for manufacturing SMEs. However, SPSS could be used as a
tool for this analysis but unfortunately it won’t be suitable for model development. More so,
PLS-SEM is best applicable to large data size.

Reliability analysis was also employed to test measurement consistency. As affirmed in a
study by Hair et al. (2012), reliability test is an estimation of consistency level among
numerous measurements of each construct used in the study. In this regard, reliability and
validity analysis of this research were buttressed in subsequent subsections.

4.1.1 Construct and indicator reliability. The common way of evaluating and measuring
reliability among social science researchers is Cronbach alpha technique. One of the widely
suggested measures for reliability analysis is composite reliability analysis (CR). In
exploratory analysis, 0.7 value is least standard value for Cronbach alpha measurement
(Nunnally, 1978). Majorly for all variables employed in this study, for Cronbach alpha values
to be at the satisfactory level of consistency, it must be more than 0.7. Nevertheless, Nunnally
and Bernstein (1994) asserted that the majority of alpha coefficient value of all constructs
must be above the satisfactory level of alpha (0.70). In this research, alpha values for 16
constructs used were greater than 0.7. However, the derived values surpass the reliability
requirement which indicates the instruments to be internally reliable. Besides, Jadhav et al.
(2019) proposed that each standardized factor loadings should be at least the value of 0.5 or
above 0.6. The results were shown in Table 2.

Construct Sub dimensions
Cronbach
alpha Reference

Sustainable Performance Economic Sustainable Performance 0.97 Kamble et al. (2019)
Social Sustainable Performance 0.91
Environmental Sustainable
Performance

0.87

Lean Manufacturing
Practices

Supplier Involvement 0.77 Shah andWard (2007)
Supplier Development 0.74
Customer Involvement 0.85
Continuous Flow 0.75
Total Preventive Maintenance 0.77
Pull System 0.88
Statistical Process Control 0.86
Employee Involvement 0.83
Set up Time Reduction 0.75

Six Sigma Practice Six Sigma Role Structure 0.89 Garc�ıa-Alcaraz et al.
(2018)Six Sigma Structured Improvement

Procedure
0.89

Six Sigma Focus on Metrics 0.89
IR 4.0 Technologies Industrial Revolution Technologies 0.74 Kamble et al. (2019)

Source(s): Author’s work

Table 1.
List of referred
constructs and sub
dimensions for each
variable
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Variable Indicators Standardized factor loadings Alpha value AVE CR

Economic Sustainable Performance (ESP) ESP1 0.76 0.886 0.561 0.910
ESP2 0.566
ESP3 0.779
ESP4 0.815
ESP5 0.773
ESP6 0.799
ESP7 0.722
ESP8 0.75

Social Sustainable Performance (SSP) SSP1 0.812 0.892 0.650 0.918
SSP2 0.854
SSP3 0.827
SSP4 0.811
SSP5 0.82
SSP6 0.708

Environmental Sustainable Performance (EvSP) EvSP1 0.791 0.862 0.592 0.897
EvSP2 0.773
EvSP3 0.756
EvSP4 0.828
EvSP5 0.719
EvSP6 0.745

Supplier Involvement (SI) SI1 0.778 0.743 0.663 0.855
SI2 0.781
SI3 0.88

Just in Time (JIT) JIT1 0.851 0.801 0.715 0.883
JIT2 0.831
JIT3 0.855

Supplier Development (SD) SD1 0.828 0.894 0.654 0.919
SD2 0.79
SD3 0.832
SD4 0.796
SD5 0.776
SD6 0.829

Customer Involvement (CI) CI1 0.732 0.797 0.551 0.86
CI2 0.695
CI3 0.746
CI4 0.809
CI5 0.724

Continuous Flow (CF) CF1 0.865 0.845 0.683 0.896
CF2 0.785
CF3 0.792
CF4 0.861

Pull System (PS) PS1 0.818 0.848 0.688 0.898
PS2 0.843
PS3 0.845
PS4 0.81

Total Preventive Maintenance (TPM) TPM1 0.81 0.812 0.639 0.876
TPM2 0.806
TPM3 0.804
TPM4 0.779

Statistical Process Control (SPC) SPC1 0.834 0.863 0.646 0.901
SPC2 0.815
SPC3 0.801
SPC4 0.803
SPC5 0.763

Employee Involvement (EI) EI1 0.729 0.841 0.680 0.894
EI2 0.837
EI3 0.874
EI4 0.849

Set up Time Reduction (STR) STR1 0.864 0.842 0.759 0.904
STR2 0.878
STR3 0.872

(continued )

Table 2.
Measurement of

research model results
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As seen on Table 2, the factor loadings were above the minimum benchmark indicating
satisfactory reliability. Therefore, the constructs are valid and supports the hypotheses.

4.1.2 Convergent validity.Validity of each construct refers to level inwhich each constructs
represent theoretical intent (Carmines and Zeller, 1979). As stated by Fornell and Larcker
(1981), the three parameters of convergent validity analysis should include: (1) factor loadings
value must be more than 0.5; (2) composite reliability (CR) value should surpass 0.7; and last
but not the least, the Average Variance Extracted (AVE) should surpass measurement error
variance for each variable used in this study. Consequently, we employed Confirmatory
Factor Analysis (CFA) to examine validity of research model. As stated by Anderson and
Gerbing (1988) in a study, CFA majorly confirms whether theoretical model in this study
attains a satisfactory fit to the data at hand. However, for each construct in this study as
stated on Table 2, the loadings vary between 0.92 and 0.566 meeting the minimum
requirement value of 0.5. In the same vein, the values of AVE were greater than 0.5 and it
ranges between 0.522 and 0.759 as shown on Table 2. As discussed in the result of this study,
it is concluded that the result measurement model fit without a bit of convergent validity
difficulty.

4.1.3 Discriminant validity. As proposed by Duarte and Restuccia (2010), discriminant
validity is the degree to which one latent construct may be distinguished from others of its
kind. In the current study, discriminant validity was determined by AVE value, as Fornell
and Larcker had proposed (1981). This was accomplished by examining the relationships
among the latent constructs and contrasting those findings with the square roots of the
average variance taken out (Fornell and Larcker, 1981). Discriminant validity was assessed
using Chin’s (1998) criterion by comparing the indicator loadings with other reflective
indicators in the cross loadings table. Thiswas done to establishwhether or not the indicators
were viable discriminators. The use of an AVE with a score of 0.50 or higher or higher is
recommended by Fornell and Larcker (1981) as a rule of thumb for evaluating the
discriminant validity of a test. Fornell and Larcker (1981) further recommend that the square
root of the AVE should be bigger than the correlations across latent components in order to
obtain appropriate discriminant validity. This is necessary in order to achieve adequate
discriminant validity.

Variable Indicators Standardized factor loadings Alpha value AVE CR

Six-Sigma Role Structure (SSR) SSR1 0.681 0.771 0.522 0.845
SSR3 0.755
SSR4 0.72
SSR7 0.741
SSR8 0.713

Six-Sigma Structured Improvement Procedure (SSS) SSS1 0.733 0.770 0.522 0.845
SSS2 0.733
SSS3 0.703
SSS4 0.685
SSS5 0.755

Six-Sigma Focus on Metrics (SSF) SSF2 0.719 0.599 0.556 0.789
SSF4 0.793
SSF6 0.722

Industrial Revolution 4.0 Technologies (IR) IR1 0.812 0.874 0.606 0.900
IR2 0.944
IR3 0.917
IR4 0.684
IR5 0.591
IR6 0.654

Source(s): Author’s workTable 2.
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The Fornel-Larcker criteria of the latent constructs was compared with the square root of
the average variances retrieved, as well as the Heterotrait-Monotrait Ratio, in the below
Table 3. As shown below, the square roots of the average variances recovered were all higher
than the correlations among the latent components, which is evidence that the discriminant
validity was satisfactory.

According to Hulland (1999), discriminant validity indicates the variance between one
constructs to another within measurement model. The two proposed method of revealing
discriminant validity as proposed by researchers include maximum shared variance (MSV)
and average variance extracted (AVE). Nevertheless, researchers affirmed thatMSV need not
surpass AVE and also AVE square root should not be more than inter construct correlations
(Hair et al., 2013). Hence, AVE square roots from the result shown on Table 4 are greater than
inter construct correlations which assure that all 17 constructs in the present study are well
interrelated.

Therefore, Table 4 show the correlations among 17 constructs used in this study.
Nevertheless, the model measurement is reliable, well founded and set for structural model
testing.

4.1.4 Correlations. As examined by Fowler et al. (2002) in a study, there is necessity for
correlations testing between the constructs. Hence, the value of correlations should not
surpass the value of 0.7, thus, it reveals multi-collinearity (Vogt, 2007). The correlations
between variables are shown in Table 5 below.

As seen on Table 5, the results displayed significant correlations at 0.01 level of 2-tailed
between 17 constructs employed in this study and the correlation coefficients were below the
value of 0.7 validating no multi-collinearity issues for the constructs.

4.2 Structural model and hypothesis testing
This research evaluated results using structural equation modeling (SEM) approach. Previous
studies recommended at least between 100 to 150 response in order to determine a model
parameters (Ding et al., 1995). However, 120 substantial responses employed in this studymeet
upwithminimum required responses. In this study, the direct impactswere investigated taking
into consideration the standardized path coefficients (β). As stated on Table 6, it summarized
structural equation model path coefficients and p-value for each construct. However, two
standardized constructs were found to be significant while one standardized construct was
found to be insignificant and their weights are shown on Figure 3.

The result on the Table 6 highlighted a positive direct impact of LMP toward sustainable
performance (0.712) and also a positive direct impact of 6σ toward sustainable performance.
H1 andH2was supported in this study, which implies that LMPand six sigma practices could
influence sustainable performance. On the other hand, H3 was not supported in this study. It
implies that the intention to implement IR 4.0 technologies does not influence sustainable
performance in this study. Nevertheless, other studies supported the relationship between IR
4.0 technologies and sustainable performance. Hence, intention to implement IR 4.0
technologies was not supported in this study since it focused on only intention to implement.

Constructs LMP Six sigma Sustainable performance

LMP 0.712
Six Sigma 0.506 0.638
Sustainable Performance 0.609 0.507 0.691

Source(s): Author’s work

Table 3.
Discriminant validity

(Fornel-Larcker
criterion)
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Base on themodel inFigure 3,manufacturingSMEswill be givenguidelines onhow to implement
LMP and six sigma. This model will eventually promote the implementation of LSS practice
amongmanufacturingSMEs.Nevertheless, LSSpractice could be implementedwith the influence
of IR 4.0 technologies toward achieving sustainable performance among manufacturing SMEs.

5. Discussion of results
The findings of this study validate LMP and 6σ as dominant factors influencing positively on
sustainable performance as shown on Table 6. All of the manufacturing SMEs respondents
implement LMP in their manufacturing activities. Hence, LMP is fully implemented among
SMEs. However, the effectiveness of this implementation is not fully studied among
manufacturing SMEs in Malaysia. Therefore, implementation of LMP among other
manufacturing SMEs should be fully established in order to attain sustainable practice.

Based on research findings, about 85% Malaysian manufacturing SMEs implements 6σ.
Nevertheless, 6σ has an influence on sustainable performance among Malaysian
manufacturing SMEs as shown on Table 6. However, effective implementation of 6σ
among Malaysian manufacturing SMEs is not fully established. Therefore, full
implementation of 6σ among several Malaysian manufacturing SMEs should be
encouraged in order to achieve sustainability goals.

Only 32.5% Malaysian manufacturing SMEs have the intention to implement IR 4.0
technologies. The findings are in line with the intent to implement IR 4.0 technologies. It does
not have influence on sustainable performance although the intent to implement IR 4.0
technologies amongMalaysianmanufacturing SMEs is still at the infant stage. In other word,
SMEs in Malaysia are still in the process of adopting and integrating IR 4.0 technologies into
their manufacturing practices. Thus, the study results imply that IR 4.0 technologies
implementation among Malaysian manufacturing SMEs are still at infant stage but lean and
6σ is nothing new to the manufacturing SMEs. IR 4.0 technologies are currently implemented
by large firms due to the cost of its implementation. On the hand, manufacturing SMEs have
no full capacity to implement IR 4.0 technologies due to cost and its requirement for
implementation. In a nutshell, lean and 6σ implementation is implemented by manufacturing
SMEs while IR 4.0 technologies is still new to manufacturing SMEs.

Our findings support the influence of LMP and 6σ on sustainable performance through the
triple bottom line perspective. However, the result demonstrates that Malaysian
manufacturing SMEs cannot forsake the economic aspect of sustainable performance.
Nevertheless, economic sustainable performance will help to leverage on the reduction in
costs of production, inventory and purchasing raw materials. Furthermore, the results have
shown environmental sustainability performance can be achieved through enhancement of
the best working conditions with low work pressure for employees, improved workplace
safety to advance employee wellbeing. Lastly, result of current research study has
demonstrated substantially that environmental sustainability performance can be acquired
fully through the reduction of waste generated from manufacturing firms, enhanced control

Hypothesis
Direct
(β)

Std
error

T-
value

p-
value Result

H1 LMP → Sustainable Performance 0.712 0.079 8.997 0.000 Supported
H2 Six-Sigma→ Sustainable Performance 0.174 0.101 1.726 0.087 Supported
H3 IR 4.0 Technologies → Sustainable

Performance
�0.031 0.086 0.365 0.716 Not

Supported

Source(s): Author’s work

Table 6.
Hypothesis testing
result

IJQRM



F
ig
u
re

3
.

T
estin

g
of

th
e

stru
ctu

ral
m
od
el

In
ten

tion
to

im
p
lem

en
t

IR
4.0

tech
n
olog

ies

~0.851 

~~:~ 
~ 

~ 
~ .&91 

~~;;~ 
0.741 

~0.713 

ISSS1I 
~ 0.733 sss 0.73: 

~ ~:: 
~ 0.755 

~ :~:9~ 
0.722 ~ 

~o.ns 

Just in 
Time 

~ Role Structure ~ '1::;:~nt Focus on 
Metrics 

~ ~:: 
~ 

0.81 5 

~ 
lo,oSm,ot 

0828_~ 0 • 33 0790 

~ 0.832 0.887 
0796 

~ om o.942 

o~ww 
~ 

0.174 

~

.829 Supplier 
Development 

06 1-------- ----0.712---- --- --->I 

~ 0885 

~ -0732 ~ 
~ 0.695----........ 0.783 

~~: 0913 

~ 0.724 Customer 

~ lnvolvment L____:':_____J 

~ 
r-::;:;-l 0865 
~ 0.785 

~~=~ 
~ Continous 

Flow 

0.855 
0.894 

0.925 0.798 0.911 

~ 
~ 0834 ~ 

~~:; 
o.a,s-:-----.. 

~ 0.801 
o.soo I ~ ~ o.so, 

/ro1av{:>rodu\tion'-.... ~ .,., 0·763 

Sustainable 
Performance 

~ -0031 ~ 0812d ~~~ 
~~: 

0.654 4.0 Industria l 
Revolution 

~ 
~:~ 

~~:,~ 
~ Pull SPCS 

0.810 (M!OOten{tSl,)4 0.779~ 

~~~ TPM4 

Statistic /Sctu~Time\ Employ~ 
ProcessContr'OQ.864 ReQ~n O.S~volvment 

~~:~ 
~ 

System 

~~~ 
Source(s): Author's work 

Econom ic 

0.928 

m 2 0.812 

0.854~ -00.827 
0.811 ~ 0.820m 0872 0708 SPOS 

Social 

SP06 

2 079 ~ 0849~ 

Q.773 ~ 
0.756 

0.721 0.828 ~ 

0.745 EVPOS 0719 ~ Environment EVP06 



of sunlight at workplace and proper ventilation system. Therefore, integrating economic,
social and environmental perspectives toward achieving sustainable practice is important.

According to a study by Bhat et al. (2021), lean six sigma (LSS) complements the
implementation of LMP and six sigma by utilizing right tools and techniques in such a
structured manner to eliminate waste and reduce variation hence improving sustainable
performance. Therefore, integrating the implementation of LMP and six sigma aid waste
elimination and reduction in variation simultaneously. Although the study by Bhat et al. (2021)
focused on micro small medium and enterprises in India, hence, LSS was aimed at eliminating
waste and reducing variation simultaneously supporting the result of this current study.

The benefit of IR 4.0 technologies implementation in the manufacturing sector cannot be
overemphasized. Its importance can help to create competitive advantage over other
competitors. Therefore, the benefit of implementing and integrating advance technologies
intomanufacturing practices is majorly key and essential to achieve sustainable goals among
manufacturing firms. Arguably, IR 4.0 technologies help in the enhancement of the
production. IR 4.0 technologies also provide solutions to organizations, offers optimized
production and also facilitate the growth of business, however, the aim of these solutions
rendered is to act as catalyst toward competingwith competitors in thismanufacturing firms,
hence supporting economic, environmental and social performance.

Furthermore, there is need to create awareness about the application of IR 4.0 technologies
suitable for Malaysian manufacturing SMEs in order to remain sustainable for local and
foreign competitors. Malaysia as a developing nation, manufacturing SMEs contributed
about 41% to Malaysia GDP (Rusly et al., 2020). On the same vein, manufacturing SMEs
contribute majorly to the economic growth of any developing nation. Hence, it could be
generalized to other developing nations since SMEs are considered to key contributor to
economic growth. The role of IR 4.0 technologies in the implementation of LMP and 6σ cannot
be overemphasized. In order for Malaysian manufacturing SMEs to attain substantial
sustainable practice status, there is need to fully implement LMP and 6σ for proper waste and
defect reduction. Nevertheless, the awareness of IR 4.0 technologies implementation should
be created among Malaysian manufacturing SMEs.

6. Conclusions and recommendation
6.1 Concluding remarks
It is concluded that the implementation of LMP and 6σ have an impact on sustainable
performance. It is crucial that other SMEs in Malaysia implements either LMP or 6σ in their
manufacturing processes, hence supports sustainable performance. Failure to implement
may result poor performance among Malaysian manufacturing SMEs. Therefore,
implementation of LMP or 6σ helps manufacturing SMEs to remain sustainable. This
research has revealed the extent of implementation of LMP and 6σ among Malaysian
manufacturing SMEs. In a nutshell, present research study deduced that Malaysian
manufacturing SMEs are fully familiarize with LMP implementation. Nevertheless, 6σ
implementation is not fully familiarized by Malaysian manufacturing SMEs at large.

In a similar vein, intention to implement IR 4.0 technologies among Malaysian
manufacturing SMEs is still at an infant stage. Currently, Malaysian manufacturing SMEs
do not see the importance of IR 4.0 technologies. Therefore, there is an urgent need to create the
awareness about the importance of IR 4.0 technologies implementation in Malaysian
manufacturing SMEs. Thus, the importance of application of IR 4.0 technologies toward
achieving sustainable practice cannot be overemphasized in the manufacturing sector. In other
words, integrating IR 4.0 technologies into LMP and 6σ implementation can help upgrade
SMEs manufacturing practices. Hence, awareness about achieving sustainable performance
through the IR 4.0 technologies should be created among Malaysian manufacturing SMEs.

IJQRM



Nevertheless, literature has shown relationships between LMP, 6σ, IR 4.0 technologies
constructs toward sustainable performance. This study also revealed that both LMP and 6σ
can be optimized by the reduction of error; defect, though, where to address change
initiatives. It also identifies issues in LMP and 6σ implementation may be addressed by using
suitable technologies. Therefore, sustainability issues can be solved through the
implementation of LMP, 6σ and integration of IR 4.0 technologies into manufacturing
practices.

Furthermore, there are several challenges encountered through implementation of IR 4.0
technologies in LSS practice. Several challenges toward implementing IR 4.0 in LSS were
highlighted in a study by Bakos et al. (2020). These challenges include lack of knowledge
about IR 4.0 technologies, poor innovative ideas among employees and lack of funding
among LSS implementer. Other challenges among SMEs include limited resources, resistance
to change among employees and organization size. Manufacturing SMEs need to strategize
on how they can embark on the adoption and implementation of IR 4.0 technologies. Hence,
manufacturing SMEs need to create a progressive mindset among its employees before they
can embark on implementation of IR 4.0 Technologies.

Few studies on concentrated on several sectors in developing nations, however, this study
focus on manufacturing SMEs in Malaysia. Antony et al. (2023) in a study explore LMP and
six sigma methodologies among national health service (NHS) considering its benefits and
critical factors. Antony et al. (2023) concluded in their study that continuous improvement
practice is an established part of NHS’s operations. NHS professionals considered lean six
sigma practices as the one of the most effective methodology for continuous improvement.
Specifically, this current study focused on manufacturing SMEs toward achieving
sustainable performance though the implementation of lean and six sigma practices.

Even though this study explored Malaysian manufacturing SMEs, LSS guideline has the
potential to be implemented by all manufacturing SMEs throughout the world according to
their country’s manufacturing SMEs condition. This will promote LSS among other SMEs in
other nations as it need minor modifications based on countries. Hence, this will definitely
promote LSS researchers and LSS practices throughout the world.

There is need to consider the similarities and differences between LMP and six sigma
practices. These similarities and differences will also provide a better scenario to understand
the practices that are of importance and of no importance to SMEs. The similarities between
these practices can be combined to integrate a hybrid practice that can be suitable for
manufacturing SMEs sustainability. Is a hybrid lean Six-Sigma implementation important
for Malaysian manufacturing SMEs competitiveness or sustainability? In a nutshell,
considering the similarities between LMP and 6σ, there might be need to hybrid both
practices together by considering part of the practice that are not relevant to manufacturing
SMEs. Nevertheless, there is need for Malaysian manufacturing SMEs to adopt
technologically-inclined practices for growth and survival of the firm both locally and
internationally.

6.2 Theoretical and managerial implications
System thinking theory as an underpinning theory in this research explains how the
implementation of LMP and 6σ affect the organizational system. Basically, system thinking
presents a possible solution to business organizations. It provides amore holistic approach to
investigate role of management within social, economic and environmental system. In other
words, the system thinking approach is method use to understand importance of social,
economic and environmental systems in an organization.

From the perspective of system theory, there is an interconnection network across each
department in a whole system. There is also a connection between social, economic and
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environmental performance where the influence of sustainable practice affects all the factors.
More so, sustainable practice can continuously change and improve the system in any
organization. Therefore, achieving cost reduction, conducive environment and reduced
pollution through economic, social and environmental sustainable practices respectively can
also help to improve the organization system. On the other hand, there is need for an
organizational system to be sustainably influenced in order to influence organizational
decision. However, the decision in choosing the right manufacturing practice might influence
the whole system in the organization. Therefore, sustainable practice plays a vital role in
managing and improving interconnected systems in an organization.

When we talk about IR 4.0 technologies implementation, there will be need to talk about
digitalization and technology transformation in order to know how new technologies can be
play effective role both in adoption and implementation. Therefore, with digital
transformation, it is very important for firms to adapt their business strategy toward new
technology and majorly the adaptation is for the purpose of process and operations.
Specifically, this digitalization allows organizations to use data derived from production and
service for product and process improvement.

6.3 Researchers, practitioners and policy makers implications
SME managers and practitioners may also utilize the outcome of this study to get an
overview of Lean Six Sigma (LSS) practice to progress deeper details of this implementation.
This implementation may aid to effectively sustain businesses on its own. Furthermore, this
study motivates manufacturing SMEs managers and practitioners to identify feasible
hotspots that need instant attention to enhance the sustainability of manufacturing firms.
Researchers contributes more to the body of knowledge in regards to lean six sigma practices
among manufacturing SMEs. Researcher help explore more on the usage of system theory
toward sustainable performance among manufacturing SMEs.

From the view of SMEs policymakers, this study should be use to encourage SMEs to adopt
technologically inclined practices. Accordingly, this research recommends government bodies
to help support the implementation of sustainable practices due to their sizes and inadequate
resources involved. Therefore, the role of government in providing suitable policies that could
be beneficial to manufacturing SMEs toward achieving sustainable practices cannot be
overlooked. Through proper government support,Malaysianmanufacturing SMEswill be able
to survive both locally and internationally and also gain competitive advantage.

6.4 Future research direction
Although, the result of the study also provides the implication of theory and influence on
managerial aspect, research limitations and a future research domain. Firstly, the
implementation of LMP and 6σ can both be examined through an integrated approach in
other nations for future research and can present a deep reflection on manufacturing SMEs
sustainable performance. Secondly, to broaden current study scope and have a complex and
novel model, a larger scale of manufacturing SMEs in Malaysia may be employed. Future
study could explore qualitative methodological approach in order to havemore in-depth view
about this study. Nevertheless, a mixed methodological approach is encouraged.

6.5 Limitations
This study focusedmajorly onmanufacturing SMEs leaving out service sector. This is due to
current challenges being faced by manufacturing firms in the process of transforming into a
technology inclined. Additionally, the model of this study focused on Malaysian
manufacturing SMEs however, future study might explore other nations.
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