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Abstract

Objective: The main objective of the study is to empirically investigate the influence of lean manufacturing (LM) practices
on the operational and business performance of manufacturing companies in Oman.

Methods: Empirical data on LM practices and performance were collected using a self-administered structured survey
questionnaire and the sampling frame was manufacturing companies in Oman. In total 300 questionnaires were distributed
among 185 companies and a total of 107 with a response rate of 35.6 percent.

Findings: The statistical analysis obtained from structural equation modeling found that lean manufacturing practices can
explain operational performance, however, were unable to benefit overall business performance. Out of eight LM practices
considered, small-lot production and quick setups were found to be the most adopted practices in manufacturing
companies.

Novelty: Even though LM has become a fundamental aspect of industrial manufacturing processes; little is known about its
impact on performance. This study adds value to the literature by examining the key LM practices-performance rela-
tionships within the manufacturing companies in Oman. These findings have significant implications for improving
manufacturing organizations’ operational and business performance through lean manufacturing strategies.
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Introduction

The operational environment of many companies has
changed on an unprecedented scale due to COVID-19
pandemic. Firms need to strategize to absorb the pain of
COVID-19 pandemic and operate in a highly unbalanced
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and volatile business atmosphere.'? In today’s corporate
environment, the importance of the manufacturing sector in
contributing to the economy and social development is
becoming increasingly apparent. Companies have used
several large-scale business acting techniques, like lean and
supply practices, to focus on sustainable production. In the
changing environment, manufacturing firms are changing
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their operations rapidly for continuous improvement to-
gether with improved quality, flexibility, and timely cus-
tomer responses.” No doubt, LM has been widely used in
the manufacturing system for increased operational and
performance excellence. Despite that, still possess several
limitations, such as the lack of alignment between lean and
organizational objectives, lack of justified lean practices for
performance measurement, and relevant indicators to
evaluate such practices.”

In recent decades, LM and performance measurement
has grown to key themes with operations management
(OM). LM came into existence in the 1950s on the shop
floor of a Japanese manufacturer, to identify and eliminate
wastes (increased production, waiting, unnecessary trans-
portation, improper processing, extraneous inventory, un-
necessary motions, and flaws) to improve operations;> for
business performance;’ sustainability’ and operational
performance.®

According to the report submitted to the Ministry of
Commerce and Industry in 2015, there was a negative effect
of growth on manufacturing commodities. The service
sector performed better than the productive sectors inter-
nationally. This is the reason that the manufacturing
companies in Oman need more support from the govern-
ment. Previous studies suggest that industrialization and
globalization have diminished the performance of manu
facturing companies with fierce competition. Thus, for
the companies, it becomes obvious to invest interna-
tionally for future sustainable income flow. Per capita
manufacturing value-added between 2007-2012 has in-
creased from OMR 524 million to OMR 926 million that
is compared to its neighboring countries, the value is still
very low.” Thus, it is very crucial for the manufacturing
companies in Oman to contribute to Oman’s GDP growth
with sustainable financial control and productivity as an
alternative to the oil revenue.

According to,” Oman is far behind to progress on
technological and strategic improvement as compared to its
neighboring countries. Thus, this research will be a path for
the manufacturing companies to improve their efficiency
and productivity and work towards sustainable develop-
ment and contribute to economic growth. This study will be
quantitative where a survey questionnaire will be utilized to
collect information from the production and supply chain
managers of manufacturing companies in Oman. This study
insights with tangible and intangible results with different
combinations of LM factors identified that influence op-
erational and business performance of manufacturing
companies.

Various studies have been published about LM practices
and their impact on business performance in general. Al-
though many companies in the economic sectors have
implemented LM practices successfully, others failed to do
s0. One thing that was in common of such companies was

the inability to measure performance over the medium and
long term.'® This resulted in an immense interest among
researchers to investigate why they are unable to measure
performance derived from LM practices. In addition, it is
not enough for the companies to just implement LM
practices to improve performance, but they need to be aware
of management responsibility on using such strategies too.
Consequently, more studies need to be added to the existing
literature to find the consensus on the LM-performance
relationships.

The work of management scholars has identified three
ways in which performance can be managed, focusing on
the implementation of LM practices:' output control, which
is related to the use of financial and non-financial perfor-
mance measures;> behavioral control, which is enforced
through operating procedures; and® social control, which is
related to training, visualization, peer pressure, and em-
ployee empowerment.'' Despite all these contributions by
OM scholars, neither of the literature domains have pro-
vided a comprehensive review of LM in the performance
measurement system. As a result, our understanding of the
way performance is maintained in manufacturing compa-
nies is still unclear. This led us to perform documented
evidence of LM practices towards performance. This paper
contributes to the theory of LM by proposing a theoretical
method for determining the extent to which LM practices
are used by manufacturing companies. It contributes to
theory by providing academics with a fresh approach to the
scarcity of empirical investigations conducted in developing
countries. It enables manufacturers in both developed and
developing nations to gain a significant competitive ad-
vantage locally and globally. We built a comprehensive
picture of current understanding and compared it to a ho-
listic OM framework for critical evaluation. More, specif-
ically, the key study objectives were:

* To investigate the influence of LM practices on the
operational performance of manufacturing companies
in Oman.

® To investigate the influence of LM practices on the
business performance of manufacturing companies in
Oman

The rest of the paper is organized in the following way to
reflect these goals. The next section provides our literature
review and shows the holistic LM-performance framework
we used to extract and analyze the data. Research meth-
odology is provided in section 3 where the measurement of
the variables and data collection and sampling technique is
explained. Section 4 provides the findings that are organized
by the elements of the LM practices, operational perfor-
mance and business performance analyzed using structural
equation modeling. The conclusion assesses the findings
seen in the results through partial least square technique. It
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also suggests several relevant areas for future research. We
conclude with a brief conclusion that restates the research
objectives and explains the significance of the findings in
the study of lean manufacturing-performance relationships.

Literature review

Lean manufacturing is a systematic production method that
is used to minimize waste within the production system
focusing on productivity and quality.'* Key LM practices
for the manufacturing companies are the elimination of
wastes, continuous improvements, respect for the human
and its elements; production on time, following standard
procedure, mistake proofing, and detection of defects.'* LM
has been used successfully to improve company effec-
tiveness and efficiency. Diverse studies, however, have
revealed that many businesses who try to integrate LM into
their production operations fall short of their goals. LM
employs a sophisticated network of socio-technical activ-
ities to increase manufacturing efficiency and provide value
through waste reduction and ongoing process improvement.
Nawanir, Teong'® investigated the relationship between
LM practices and business performance in the context of 139
Indonesian manufacturing companies and found that LM
practices have a positive impact on business performance.
They also recommended that firms that survive in the world-
based competition need to encourage LM practices im-
plementation. Furthermore, Bai, Satir’® focused on the
relationship between LM practices and corporate environ-
mental sustainability using a novel multi-criteria decision
making (MCDM) model identifying the key issues faced by
the companies about environmental sustainability and op-
erational performance in light of the ease of LM im-
plementation. They found that it is important to identify the
locus of investments for the better selection of LM practices.
They further added that it is a challenge for the organization
to determine how LM practices would lead to better envi-
ronmental performance. In addition, Sahoo'® explores the
relationship between social and technical aspects of LM and
its impact on business performance using 148 production
managers of manufacturing companies. The finding of the
study revealed that social factors can enhance business
performance contributing to the manufacturing strategy lit-
erature. Some of the technical indicators suggested were:'
commit to sustainable LM implementation;” track mistakes
on time and within the budget;’ invest in education and
training;* develop performance measurement system.
Gebauer, Kickuth!'” investigated the influence of LM
practices on the operational performance of the pharma-
ceutical industry approaching 397 managers and found that
overall profitability for the companies is achieved through
marketing their pharmaceutical products. The findings also
revealed that LM practices have a substantial contribution to
operational performance. For instance, Belekoukias, Garza-

Reyes'® examined the impact of lean methods on the op-
erational performance of 140 manufacturing companies and
found that Just in Time (JIT) has a strong influence on
operational performance. Similarly, Ghosh'® investigated
the LM performance in Indian manufacturing companies
and found that first pass correct output, reduced
manufacturing lead time, and increased productivity are the
key drivers of LM practices. Sajan, Shalij*" based on a
survey of 252 manufacturing SMEs investigated the in-
fluence of LM practices on sustainable performance. The
study found that environmental sustainability is correlated
with economic and social sustainable performance. In an-
other research by Kamble, Gunasekaran®' using survey data
of 115 manufacturing firms, claimed the direct effect of
industry 4.0 technologies on LM practices, and organiza-
tional performance. Recently, Mdoldner, Garza-Reyes>>
aimed to fill the gap between research on LM practices
and process innovation performance using 340 responses
from selected industry experts. The findings suggested that
both technical and human lean practices have a strong
impact on radical process innovation performance. Next sub
section will discuss on the key challenges faced by the LM
practices in different countries.

Lean manufacturing challenges

When looking at the numerous obstacles across different
continents (Table 1), it is clear that most organizations are
still having difficulty implementing LM practices. The
lack of uniform measurement and measurements across
most considered countries and authors is a prevalent
difficulty.”

Most of the authors from developed and developing
nations provided a common challenge of lack of expertise
and knowledge for restricting themselves from lean bene-
fits. Additionally other authors like>® seemed that lack of
awareness, avoid responsibility and ownership,’* appre-
hensive involvement found businesses challenging for the
lean integration and implementation.

From the previous studies discussed within the literature,
it is crucial to note that LM still needs basic practices to lay
out better yield. Different attempts have been made by
previous researchers to identify the best LM practices for
better performance measurement.” Despite that, still, the
overall consensus towards optimal lean practices is lacking.
This review study incorporates key components of LM that
do not exhaust the discussed literature throughout. As
shown in Table 3, key LM practices used by previous
studies have been identified, namely; flexible resources, pull
system, small-lot production, quick setups, systematic
production, quality at sources, total productive mainte-
nance, and supplier relationships. Even though this study
does not include all the components of LM, many were
integrated into the related dimensions.
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Table 1. LM challenges.

Author-

year Country Challenges

" Finland Insufficient knowledge of production methods lacks lean benefits.

» Malaysia Issues related to knowledge are the key reason for not undertaking lean practices.

2 UK The majority of the companies rejected lean due to lack of perception, lack of tangible benefits, and issues with
shop floor employees.

2 Hungary Lack of technical knowledge and skills causes the misapplication to LM practices.

8 Amsterdam Lack of expertise and know-how on lean implementation had prevented companies to apply the lean-
approach.

» USA The concern of insufficient knowledge and lack of capital funds to hire lean experts increases the awareness of
lean benefits amongst companies.

30 Brazil There are internal barriers like lack of employee commitment and lack of management support and interest
that enable the companies to implement lean.

3 Australia Companies are struggling with time, financial, and labor resources that restrict them from conducting training
on LM practices.

2 UK There are cultural, knowledge, and resource issues that are challenging for the companies to get lean practice

benefits.

Lean manufacturing with operational and
business performance

Lean manufacturing has been used to improve the com-
petitiveness and performance of the companies in the last
few decades. Many previous studies have shown that
companies integrate the LM approach in their manufacturing
operations with efforts to improve productivity and
efficiency.

Hernandez-Matias, Ocampo’® investigated the rela-
tionship between LM practices and operational performance
in the manufacturing operations of Spanish companies
using the structural equation modeling technique. They
found that there is a significant relationship between
management’s lean culture with the employee’s empow-
erment and involvement towards operational performance.
In addition, Panwar, Jain>’ investigated the LM adoption on
operational and business performance in the process in-
dustries using multivariate analysis and found that lean
practices positively influence timely delivery, productivity,
and demand management. Similarly, I[ranmanesh, Zailani*®
used lean culture as a moderator between lean practices and
sustainable performance using partial least square with 187
manufacturing firms. They found that process equipment,
design, and supplier relationships is having a significant
influence on sustainable performance.

As it has been discussed earlier that the manufacturing
sector can play an important role as an alternative to oil
companies’ dependence for economic growth, it is obvious
to investigate strategies to improve manufacturing com-
panies’ performance. The identification of the factors that
explain the operational and business results which result
from LM in the medium and long term has sparked the
interest of scholars.>® This section examines the research

that focuses on this phenomenon, which is organized in the
table below by the factors that are important for producing
long-term results (Table 2).

Various studies have been published about LM practices
and their impact on business performance in general (See
Table 3). Although many companies in the economic
sectors have implemented LM practices successfully, others
failed to do so. One thing that was in common of such
companies was the inability to measure performance over
the medium and long term.'® This resulted in an immense
interest among researchers to investigate why they are
unable to measure performance derived from LM practices.
In addition, it is not enough for the companies to just
implement lean practices to improve performance, but they
need to be aware of management responsibility on using
such strategies too. Consequently, more studies need to be
added to the existing literature to find the consensus on the
LM-performance relationships.

The concept of LM has achieved high priority in recent
years”> and it has been observed that this approach has been
developed beyond the accounting and operational control.>
To the best of our knowledge, no LM measurement in-
strument has been provided by research scholars that could
improve operational and business performance of
manufacturing companies.54 assessed the readiness of lean
thinking in healthcare and suggested that patient expecta-
tions can be met with the lean setting. Similarly”> analyzed
the impact of lean on hospital performance through multiple
surveys across different hospitals and concluded that lean
improves performance management. Previous studies have
demonstrated that lean manufacturing may have a positive
impact on performance measures of manufacturing com-
panies.’® However,” suggested that instead of using lean as a
single lonely activity in the operations, it must be adopted as
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Table 2. Critical factors on LM practices towards performance.

Author-

year Ciritical factors

4

There is a lack of alignment between lean objective and management strategy; the lack of relevant indicators makes it

difficult to measure and evaluate the leanness of a manufacturing process.

customers.
40

Lean must be adopted as a part of business strategy instead of only holistic operations;
Lean is about eradicating ‘wastes’ from the manufacturing system, but yet producing high-quality products that satisfy

The manufacturing systems need to be more efficient and lean-to remain competitive. Managers rely on accounting metrics

heavily to determine efficiency; however, such metrics are not enough for lean operations.

41
20

With increased environmental sustainability, organization needs to strategize efficiently and gain a competitive advantage.
Conflict of interest arises in the organization due to the focus on profits as compared to the employees and environment.

Such a situation imbalances the operational and business decisions too complicated.

holistic approach.

LM as a niche concept has been ignored for evaluating organizational performance through performance management as a

Table 3. Studies on lean factors.

References

Lean factors 42 38 16 20 43 44 45 46 47 48 49 50 51
Systematic production X X X X X X X X
Flexible resources X X X X X X X

Quality at source X X X X X X X X X
Pull system X X X X X X
Small lot production X X X X

Quick setups X X X X

Supplier relationship X X X X X X X X X X
Total productive maintenance X X X X
Customer focus X X X X X X X X X X
Continuous improvement X X X X X X X
Problem solving X X X X

a complete business strategy. Some scholars®’>® also

suggested that lean might have negative impact on per-
formance if it is not implemented for the systematic and
sustainable approach in the organizations. In summary, the
literature reveals two key insights. First there is mixed
evidence on the best LM practices impacts the relationship
among operational and business performance. Secondly,
there is no direct evidence on how to use the LM practices
that affects operational and business performance. Thus, the
intention of our research is to examine whether LM prac-
tices can be successful by focusing solely on the operational
activities in order to extract superior benefits from the LM
strategies embedded deeply with business processes.

Methodology

Research framework and variable measurement

Based on the previous studies investigated and reviewed on
LM, Figure 1 provides the research framework for the study.

The research review team screened out for any omissions
or oversight resulting from the selection criteria. All of the
papers that were chosen were retrieved from indexed
publications, ensuring that the primary research was of high
quality. Table 4 provides the supporting references for the
LM dimensions.

Ahmad, Schroeder’® stated that cost, quality, delivery,
and flexibility are the most typical measures used to assess
operational performance. Following that, Table 5 provides
the supporting references for operational and business
performance measured items.

According to a study by Chavez, Gimenez’* there are
positive and substantial correlations between internal lean
practices and quality, delivery, flexibility, and cost. Rasi,
Rakiman’* discovered that lean has a favorable correlation
with four operational performance dimensions: quality,
delivery, cost, and flexibility. According to prior research,
operational performance is comprised of seven key mea-
sures as cost, delivery, overtime, flexibility, quality, set up,
and lead time. Organizations are transformed by locally
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Figure |. Research framework.

Table 4. Dimensions of LM.

Supporting
Variables Definitions references
Flexible resources Practice to achieve machine and employee’s flexibility in the manufacturing system. 41,51,59.60
Pull system A manufacturing system that executes the production as per the customer requirements. 19.38,59.61
Small lot production A system of producing a small number of products at a time interval. s
Quick setups It is a practice of reducing the setup time in the manufacturing system. 62.63
Systematic production It is a LM practice that reduces the production variations caused by the variability in customer ¢*¢°
demands.
Quality at source It is the LM practice that confirms the defects of quality early and accurately and ensures each ©¢¢’
process is of no defects.
Total productive Itis the concept of maintenance combined with total quality principles to maximize efficiency and °*®
maintenance effectiveness.
Supplier relationships It is 2 mutual, strategic, and collaborative business relationship between suppliers and 59.69
manufacturers with a goal of waste elimination.
Table 5. Measures of performance measurement.
Dependent variables  Definitions References
Operational The ability to deliver good products or services to customers using convenient processes. 871
performance
Business performance The ability to gain profit together with targeted sales and customer satisfaction, product quality, ©'¢”?
competitive prices, and responsiveness.
empowered teams to project driven continuous improve- Eight key LM practices as the independent variable was

ments. This change in strategy led the organization to considered for the study that has been already implemented
improve their efficiency and effectiveness, which positively  empirically in the operational context. The dimensions of
impacts firm’s operational and business performance. LM were adopted keeping the manufacturing industry in
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view. The respondents’ information was gathered using a
semi-structured survey questionnaire created by adapting
questions from previous studies. The variables were as-
sessed using a five-point Likert scale ranging from “strongly
disagree” to “strongly agree.” To ensure the validity criteria,
measurement items were adapted from previous studies
(Appendix 1). The scale of the LM practices and business
performance was adapted from,” the scale for operational
performance was adapted from.*” The questionnaire was
divided into two sections: Section A was dedicated to the
demographic information of the respondents. Section B
contained the measurement items for the eight LM prac-
tices, operational and business performance. We used
confirmatory factor analysis (CFA) to evaluate the mea-
surement model. In order to assure the suitability of the
variables, we also undertook common method bias applying
procedural and statistical remedies as suggested by.”> De-
spite being aware that they were responding questions about
lean manufacturing and performance, respondents were not
likely to anticipate our unique research model. Respondents
are less likely to alter their responses in an effort to match
certain presumptive expectations of the relationships if the
study topic is unclear.

Sample and data collection

The study’s sampling frame included all manufacturing
enterprises in Oman that had implemented LM principles.
Due to their direct engagement in the manufacturing op-
erations, the data was obtained from the managers. They
also possess good knowledge and experience in using LM
practices in their firms. Due to LM a multidimensional
approach, managers from a different department that have
link to the manufacturing department were approached. The
sampling list was obtained from the local business directory
in Oman. Questionnaires were mailed to 300 targeted re-
spondents in the manufacturing firms and 107 useable

Table 6. Reliability and validity for the lean model.

responses were collected resulting an effective response rate
0f 35.6% (107/300). We did a pretest by getting input from
supply chain managers and executives who worked for
companies that were implementing lean. They were tasked
with rating the survey’s readability, thoroughness, and
clarity. As a result of their comments, we made the nec-
essary changes to the survey instruments. Using clear, basic
wording and safeguarding the respondents’ privacy, we pre-
tested the survey thoroughly to ensure that we didn’t in-
troduce any uncertainty.

Reliability and validity

The reliability and validity for the LM model can be as-
sessed in (Table 6). Reliability was evaluated using
Cronbach alpha, composite reliability (CR), and rho A
which were above 0.7 whereas, validity was evaluated using
AVE result which was above 0.5, respectively’®’’ con-
firming the convergent validity of the constructs. Composite
reliability value that do not assume equally measures like
that of Cronbach Alpha.

Results

The data collected were analyzed using the partial least
square (PLS) technique using SMARTPLS version 3
software.”® The measurement model was reflective in nature
where the dimensions were observed behavior of a con-
struct. The selection of reflective or formative model is
based on the nature of the covariance between the items.”’

The discriminant validity was performed using the cross
loading (Table 7), Fornell-Larcker and Hetertrait-Monotrait
method (Table 7). According to Henseler, Ringle®” the cross
loading method is used to examine the items of the construct
and its loading on multiple constructs.

Assessment of discriminant validity is very important for
any research that involves latent variable in order to detect

Variables Cronbach’s alpha rho_A Composite reliability AVE

Business performance 0.756 0.998 0.846 0.650
Flexible resources 0.795 0.801 0.858 0.547
Lean manufacturing 0812 0.836 0.847 0.225
Operational performance 0.890 0.907 0913 0.601
Pull system 0.854 0.902 0911 0.774
Quality at source 0.703 0.745 0.816 0.533
Quick setups 0.792 0.810 0.859 0.555
Small lot production 0.837 0.861 0.884 0.604
Supplier relationship 0.794 0818 0.857 0.547
Systematic production 0.796 0.815 0.880 0.711
Total productive maintenance 0.717 0.746 0.820 0.533

Note: AVE = average variance extracted.
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Table 7. Cross loadings of the measurement items for convergent validity.

Measurement items BP FR OP PS QSO QS SLP SR SP TPM
Customer satisfaction 0.773 0.06 0.078 0.013 —-0.078 0.051 0.126 0.161 —0.052 0.31
Profitability 0.927 0.22 0.071 0.086 0.076 0.148 0.172 0.092 0.06 0.23
Sales 0.703 0.012 —0.006 0.008 —0.108 0.143 0.072 0.087 —0.164 0.128
FRI 0.192 0.729 0.452 0.061 0.138 0.173 0.29 0.218 0.094 0.121
FR2 0.026 0.756 0.375 0.11 0.107 0.133 0.215 0.194 0.091 0.088
FR3 0.009 0.723 0.272 0.226 0.153 0.126 0.216 0.23 0.139 —0.023
FR4 0.225 0.717 0.316 0.013 0.054 0.074 0.261 0.248 0.011 0.175
FR5 0.133 0.773 0.306 0.086 0.146 0.121 0.27 0.241 0.17 0.065
Flexibility 0.021 0.388 0.796 0.103 0.075 0.337 0.325 0244 —0.008 0.354
Lead time 0.054 0.404 0.699 0.154 —0.013 0.08 0.23 0.229 0.022 0.264
Overtime 0.011 0.386 0.755 0.245 0.083 0.221 0.166 0.297 0.018 0.293
Cost 0.081 0.338 0.714 0.12 —0.054 0.222 0.257 0.391 0.006 0.336
Quality 0.14 0.368 0.843 0.194 0.113 0.335 0.326 0.259  —0.069 0.444
Setup 0.061 0.394 0.845 0.137 0.005 0.269 0.354 0287 —0.035 0.353
Delivery 0.002 0.324 0.762 0.165 0.087 0.238 0.257 0316 0.079 0.39
PSI 0.082 0.0l 0.158 0.794 0.099 —-0.027 0.113 0.149 0.15 0.084
PS2 0.009 0.162 0.179 0916 0.038 0.053 0.092 0.148 0.09 0.087
PS3 0.067 0.155 0.192 0.923 0.079 0.118 0.057 0.078 0.149 0.125
QSO 0.058 0.195 0.08 0.083 0.755 0.472 0.132 0.019 0.384 0.087
Qs0O2 -0.013 0.123 0.018 0.088 0.839 0.434 0.248 —0.021 0264 —0.052
QsO3 —0.041 0.12 0.041 0.022 0.778 0.281 0.181 —0.042 0.435 0.075
QS04 -0.019 —-0.015 0.055 0.034 0.705 0.202 0.028 —0.059 0.119 0.084
Qs 0.012 0.377 0.447 0.009 0.255 0.537 0.157 0.252 0.029 0.167
Qs2 —0.007 0.083 0.169 0.0l 0.434 0.763 0.189 0.145 0.202 0.103
QSs3 0.056 0.055 0.202 0.025 0.371 0.827 0.191 0.156 0.125 0.182
Qs4 0.229 0.127 0.275 0.06 0.284 0.757 0.221 0.132 0.193 0.187
Qs5 0.206 0.084 0.212 0.122 0.473 0.803 0.171 0.194 0.196 0.265
SLPI 0.09 0.12 0.152 0.036 0.163 0.158 0.748 0.11 0.126 —0.072
SLP2 0.089 0.167 0.219 0.08 0.08 0.106 0.728 0.293 0.093 0.036
SLP3 0.175 0.095 0.192 0.011 0.152 0.166 0.709 0214 0.022 —0.029
SLP4 0.193 0.399 0.363 0.106 0.212 0.296 0.855 0.292 0.252 0.137
SLP5 0.095 0.443 0.417 0.1 0.216 0.199 0.836 0.307 0.207 0.03
SRI -0.019 0.209 0.193 —0.047 —0.062 0.104 0.225 0.704 0.018 0.113
SR2 0.076 0.251 0.253 0.154 —0.001 0.097 0.175 0.635 —0.004 0.173
SR3 0.183 0.256 0.324 0.087 —0.009 0.272 0.207 0.824 —0.151 0.311
SR4 0.124 0.259 0.294 0.042 —-0.038 0.18 0.336 0.783 —0.04 0.206
SR5 0.073 0.157 0.271 0.258 0.004 0.147 0.215 0.737  —0.057 0.293
SP| 0.023 0.159 0.014 0.135 0.367 0.088 0.118 —0.019 0816 —0.033
SP2 —0.031 0.127  —-0.012 0.19 0.411 0.208 0.176  —0.129 0.906 0.014
SP3 -0.017 0.076  —0.007 0.047 0.312 0214 0.194 —0.026 0.804 —0.067
TPMI 0.112 0.134 0.344 0.04 0.02 0.127 0.009 0.33 —0.051 0.688
TPM2 0.271 0.183 0.434 0.106 0.008 0.25 0.13 0.318 0.04 0.783
TPM3 0.193 —0.033 0.27 0.074 0.06 0.118 —0.08 0.105 —0.064 0.754
TPM4 0202 —0.007 0.239 0.103 0.097 0.173 —-0.018 0.094 —0.057 0.691

Note: BP = Business Performance; FR = Flexible resources; OP = Operational Performance; PS = Pull System; QSO = Quality at Source; QS = Quick Setup;
SLP = Small Lot Production; SR = Supplier relationship; SP = Systematic production; TPM = Total Productive Maintenance.

the multicollinearity issue.®' In order to complement the The efficacy of HTMT ratio is demonstrated by means of
validity of the analysis, the data were also assessed using a Monte-Carlo simulation and is highly sensitive and detect
discriminant validity through Fornell-Larcker® criterion  the issue of multicollinearity.* As per the Fornell-Larcker
and Heterotrait-Monotrait (HTMT) ratio®® method. criterion in order to confirm the discriminant validity, the
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Table 8. Discriminant validity for the constructs using Fornell-Larcker and Heterotrait-Monotrait method.
BP FR (0] PS QSO Qs SLP SR N TPM

Fornell-Larcker criterion

Business performance 0.806

Flexible resources 0.163 0.740

Operational performance 0.071 0473 0.775

Pull system 0.061  0.131 0.202  0.880

Quality at source 0.000 0.165 0.064  0.082 0.730

Quick setups 0.141 0.174 0.332  0.065 0.495 0.745

Small lot production 0.168 0.342 0.362  0.094 0219 0249 0.777

Supplier relationship 0.132 0305 0.367 0.135 —0.027 0229 0.318 0.740

Systematic production —0.013 0.140 —0.003 0.149 0432 0209 0.196 —0.075 0.843

Total productive maintenance 0.279 O.llé6 0.458 0.115 0.057 0.245 0.038 0.308 —0.031 0.730
Heterotrait-Monotrait-ratio

Business performance 1.00

Flexible resources 0.23 1.00

Operational performance 0.11 0.56 1.00

Pull system 0.09 0.17 0.24 1.00

Quality at source 0.20 0.23 0.13 0.12 1.00

Quick setups 0.19 0.25 0.40 0.11 0.63 1.00

Small lot production 0.19 0.38 0.40 0.12 0.27 0.30 1.00

Supplier relationship 0.17 0.39 0.44 0.21 0.09 0.29 0.38 1.00

Systematic production 0.14 0.19 0.08 0.18 0.55 0.25 0.22 0.11 1.00

Total productive maintenance 0.35 0.20 0.54 0.16 0.17 0.30 0.16 0.38 0.11 1.00
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Figure 2. Evaluation of measurement and structural model using PLS algorithm.
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Figure 3. Evaluation of measurement and structural model using Bootstrapping algorithm.
Table 9. Structural Model results.
Standardized paths Path coefficients T Statistics p values Conclusion
Flexible resources - > lean manufacturing 0.009 1.516 31 Not supported
Lean manufacturing - > business performance 0.202 1.371 .098 Not supported
Lean manufacturing - > operational performance 0.443 4.445 .000 Supported
Pull system - > lean manufacturing —0.001 0.186 .852 Not supported
Quality at source - > lean manufacturing 0.257 4.777 .000 Supported
Quick setups - > lean manufacturing 0.470 8.842 .000 Supported
Small lot production - > lean manufacturing 0.439 5.121 .000 Supported
Supplier relationship - > lean manufacturing 0.002 0.421 674 Not supported
Systematic production - > lean manufacturing 0.167 2.748 .007 Supported
Total productive maintenance - > lean manufacturing 0.225 2,619 010 Supported

square root of AVE must be greater than the correlation
between the constructs. The results provided in Table 8
shows that the square root highlighted are greater than the
correlation between the constructs confirming the dis-
criminant validity results. Negrdo, Lopes de Sousa Jabbour®
stated that HTMT ratio is more precise compared to Fornell
Larcker criterion as it reduces bias in measurement and thus,
this study also assessed discriminant validity using HTMT
ratio. The HTMT value less than 0.90 is considered as good
indicator to discriminant validity.** The correlation between
the constructs shown in Table 8 confirms that none of the
correlation were above 0.90 confirming the discriminant
validity. (Tables 6, 7, and 8) confirmed that all the LM
dimensions and performance constructs met the reliability

requirements, convergent and discriminant validity criteria
indicating that these indicators are adequate for explaining
the constructs and they possess consistency. Overall, it is
confirmed that there is a strong correlation between the
endogenous and exogenous variables.

After the confirmation of reliability and validity, we
assessed the structural model by observing the coefficient of
determination (R2), effect size (f2), predictive relevance
(Q2) and the goodness fit model. Finally, we tested the
hypothesis based on the 95% confidence level using
bootstrapping approach. The results from the multiple re-
gression using PLS-SEM confirmed that there is no mul-
ticollinearity issue. The variance inflation factor (VIF) value
was below 3.5 for all the variables in the model as
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recommended by.*> Figure 2 presents the structural model
using PLS algorithm that represents the path coefficients
between the constructs.

Out of eight dimensions of LM, three dimensions (pull
system, supplier relationship and flexible resources) were
found to be not significant to explain LM mechanism.
Similarly, the path coefficient from LM practices to business
performance was not significant at 0.05 level.

Furthermore, we measured the coefficient of determi-
nation that predicts the power of the model and this coef-
ficient represents the amount of variance in the endogenous
variable explained by the exogenous variables. The R
square for the coefficient path between LM and operational
performance was found to be 0.196 at significant level of
less than 0.01. Previous studies like Santos Bento and
Tontini** also identified positive influence of LM on op-
erational performance. Similarly, Jabbour, de Sousa Jab-
bour®® investigating the influence of LM practices on
operational performance confirmed that LM improves OP.

A bootstrap resampling approach shown in Figure 3 was
used to determine the statistical significance of the coeffi-
cients of both the measurement and structural models, with
the goal of generating appropriate standard errors and
t-values. At a significance level (p-value) less than or equal
to 0.01 (Hair et al., 2009),”° the relationship between LM
practices and operational performance was found to be
statistically valid, whereas the relationship between LM
practices and business performance was not statistically
valid at a significant level less than 0.01 or 0.05. these
results confirmed hypothesis 1 as accepted and hypothesis 2
to be rejected.

Table 9 show the standardized path coefficients, t value
and p value of the relationship between the endogenous and
exogenous constructs. It was found that flexible resources
(t-1.516, p-0.131), pull system (t-0.186, p-0.852) and
supplier relationship (t-0421, p-0.674) was unable to ex-
plain LM practices and was not supported. The standardized
for LM and OP (H1) was 0.443 (t-4.445, p <.01) and for LM
and BP (H2) was 0.202 (t-1.371, p > .05). The findings also
demonstrate that LM improves BP by empowering OP. The
result is consistent with previous studies like Rasi, Raki-
man’* conducted a study of 50 manufacturing businesses
and discovered a link between lean methods and four op-
erational performance dimensions: quality, delivery, cost,
and flexibility. The studies performed in developing
countries by®”** also concluded that LM shows encour-
aging signs of progress, and is an important factor for the
performance. However, more effort is required to improve
the implementation of LM in order to reap expected op-
erational benefits. The current study empirically evidenced
that LM practices positively influence OP confirming HI.
Results also indicated that quality, flexibility, setup, total
productive maintenance and delivery were the measurement
items that most strongly influenced. The result for total

productive mentioned is specifically coherent with the
findings of * who found that total productive maintenance
has the highest score among other LM practices and con-
tribute to manufacturing performance. As a result, we ar-
gued that operational performance is a metric for how well
an organization’s internal processes work.

Conclusion and managerial implications

Despite the fact that the impact of LM practices on per-
formance has sparked a lot of attention and debate among
academics and researchers, the facts are still unclear. Ac-
cording to the research, LM is still evolving and may have a
number of unexpected characteristics. As a result, it’s
reasonable to predict that the impact of lean methods on
performance will vary greatly among industries and
countries. This research aimed to further this line of inquiry
by offering a theoretical framework for examining the direct
links between LM practices and performance. The major
goals of the study were to see how LM practices affect OP
and BP.

The findings have a variety of consequences for in-
dustrial executives. To begin, they should resist the erro-
neous assumption that all LM techniques are best practices
in every manufacturing and production situation. Contex-
tual considerations, on the other hand, may limit the usage
or value of LM techniques. Individual LM practices are also
influenced by these factors in different ways, with some
being more affected than others. As a result, managers must
be able to recognize and overcome the significant social,
cultural, and economic barriers that may obstruct the
adoption of lean principles, lowering the chance of failure.
Managers should focus on the suggested LM practices and
manufacturing functions like resource allocation, operations
scheduling, quality management, maintenance management
and performance analysis together in order to insight overall
performance of the production line and assets.

These findings have major implications for executives
and operations managers involved in creating and putting
into practice lean initiatives. An underlying conclusion is
that lean thinking is, in fact, a holistic company strategy that
relies on lean managerial accounting techniques to deliver
information promptly and inspire suitable lean behaviors.
To achieve the efficiency and performance improvements,
management anticipate from lean efforts, they must es-
tablish effective communication and a working relationship
with management. Managers should get most benefits from
the lean strategies by focusing on quality, continuous im-
provement, meeting customer demand and satisfaction.
Thus, a practical implication is that, managers should adopt
effective ways for improving LM implementation in order
to overcome the challenges of becoming lean in a con-
siderably more volatile economic and political climate than
that seen in industrialized countries. Managers will have a
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better understanding of performance measurement as a
result of this research. Managers should avoid relying solely
on financial measurements like financial ratios or non-
financial measures like customer satisfaction, and instead
blend the two. Managers should pay close attention to their
customer support plans and strategies in order to promote
customer satisfaction and loyalty, both of which have been
shown to improve BP.

Research limitation and direction for
future research

While this work adds to both theory and practice, there are
some key constraints to consider. One reason is that key
managers’ busy schedules made it impossible to find
enough time to collect the data required for accurate results.
Another source of common-method bias is the responses of
a single key informant. While this study focused on key
respondents in relevant managerial positions, more re-
spondents may have offered more credible results.

Despite these limitations, we feel that this study con-
tributes to a better knowledge of LM practices, which are
frequently characterized in the research in ambiguous terms.
The findings are congruent with those of other authors who
indicate that LM is a critical component in obtaining higher
performance levels. LM practices was found to have strong
influence on OP and the results also suggests that perfor-
mance is likely to affect the internal structure of the or-
ganization and add value to the overall economy. Future
research should therefore investigate the implementation of
LM practices across the industrial sector and its impact on
the economic performance. The research scope could be
extended by connecting LM practices with sustainability
performance. Future studies should also explore the role of
LM awareness and its importance for the successful LM
implementation across the manufacturing companies.
Continued study is required to have a deeper understanding
of Industry 4.0 and its possible impact on LM continuous
improvement activities. This advancement opens up an
array of possibilities for the achievement of sustainable
manufacturing.
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I. Problems solved conducting sessions in small groups.

2. Our employees have the capability to perform different tasks.
3. If one of the production workers is absent, another production worker can take over the same

Constructs Measurement items
Flexible resources 43.90-92
responsibilities.
4.
5.
Pull system 1343 l.
2.
3.
workstation.
43,93

Small lot productions

Ul WN —

Workers are cross-trained to perform a variety of tasks.

We use general-purpose machines that can perform a variety of basic functions.

To authorize production, the Kanban system is used.

We use a production system in which items are produced only when they are requested by users.
Production at a specific workstation is based on the current demand at its subsequent

. To increase manufacturing flexibility, we emphasize small lot sizes.

. We produce more frequently, but in smaller batches.

. We are working hard to reduce the size of our production lots.

. We put an emphasis on producing a small number of items in a batch.

. We receive products from suppliers in small batches and on a regular basis.

(continued)
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(continued)

Constructs

Measurement items

Quick setups

Systematic production

Quality at source

Total productive

maintenance

Supplier relationship

Operational performance

Business performance

43,93

43,93

43,93

43,92,93

43

44,94

44,59

l.
2
3
4.
5
|

2.

In our plant, we're working hard to reduce machine setup times.

. To cut down on setup time, our shop floor employees do it themselves.
. Workers in the production line set up their own machines.

We emphasize the importance of putting all tools in their proper storage locations.

. Workers in the production line are taught how to set up machines.
. Every day, we manufacture every model of product to meet the varying demands of our

customers.
From hour to hour and day to day, we produce multiple product models based on our master
schedule.

. We place a premium on more accurate forecasting in order to reduce production variability.
. Employees on the shop floor have the authority to halt production if there are quality issues.
. To identify and reduce process variances, statistical techniques are used.

. Problems with quality can easily be traced back to their source.

Quality issues are easily identified by production workers.

. Records of routine maintenance are kept
. We stress the importance of a good maintenance system as a strategy for achieving quality and

meeting deadlines.

. At all times, we ensure that the machines are in a high state of readiness for production.

We dedicate time to inspecting machines on a regular basis in order to keep them running.

. Our suppliers provide us with materials/products as needed. (On a just-in-time basis)
. Our vendors keep a small warehouse near our plant.
. We work hard to build long-term relationships with our vendors.

We place a premium on collaborating with suppliers for mutual benefit.
We rely on a small number of high-performance suppliers
Cost

. Delivery
. Overtime
. Flexibility

Quality
Setup
Lead time

. Profitability
. Sales
. Customer satisfaction
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