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Abstract

Purpose –The purpose of this study is to investigate the relationship between investments in quality and lean
practices, and their impact on factory fitness. Using concepts originating in the theory of swift even flow, this
study asserts that manufacturers, in order to improve their production swiftness and evenness, must leverage
the potential synergetic effects between quality and lean practices.
Design/methodology/approach – This research uses data from the Global Manufacturing Research Group
(GMRG) survey project (with data collected from 922 manufacturing plants, across 18 countries). The
constructs and measurement model were assessed using confirmatory factor analysis (CFA) and the
hypotheses were tested using ordinary least square (OLS) models.
Findings – This study highlights that both investments in quality and lean practices have direct impact
factory fitness. The results provide insights into the efficacy of the investments inmanufacturing practices and
their role in augmenting the operational performance. The investments in quality practices were found to
enhance the efficacy of investments in lean practices, which in turn impact the factory fitness.
Practical implications – From a practical perspective, the study informs managers on how to leverage
investment in quality practices to enhance the impact of lean practice on performance. The results provide
empirical evidence to support management decision-making concerning the development of competences in
quality and lean practices, which may create competitive advantage.
Originality/value –This study contributes to the quality and lean literature and provides empirical evidence
of the synergetic effects between investments in quality and lean practices. The analysis offers a greater
understanding of the mechanisms that can be used to maximise the impact of investments in lean practices,
from a global perspective. The findings are important to the advancement of theory in operationsmanagement,
as it integrates three research streams: quality practices, lean practices and swift even flow research.
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1. Introduction
Manufacturing strategy has been identified as a formidable weapon to achieve
competitiveness. Skinner (1969, p. 140) stated ‘manufacturing is part of the strategic
concept that relates a company’s strengths and resources to opportunities in the market’.
Manufacturing policy must stem from the corporate strategy and support it through a
consistent pattern of decisions and trade-offs on competitive priorities (Garrido et al., 2007;
Zhang and Sharifi, 2007). The main challenge is in examining and explaining under which
conditions and how these ‘patterns of decisions’ create competitive advantage (Kulkarni
et al., 2019). These decisions or choices that manufacturing companies consider are
represented through the investments in manufacturing practices (Da Silveira and Sousa,
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2010; Arana-Solares et al., 2019; Basu et al., 2020). The literature debates whether these
manufacturing practices represent a set of decisions that companies need to make based on
either (1) trade-offs (e.g. cost versus flexibility, quality versus cost) or (2) whether they can
be pursued in specific progression or cumulatively (Ferdows andDeMeyer, 1990; Boyer and
Lewis, 2002). More recently, the theory of swift even flow has been proposed as an emergent
theory, underpinning manufacturing strategy (Schmenner, 2012; Devaraj et al., 2013),
providing amore holistic view on operational capabilities. Themain focus of the theory is on
speeding up the flow of materials along the factory by aiming to reduce the ‘variability
associated with the flow, be that variability associated with quality, quantities or timing’
(Schmenner, 2004, p. 335). Ferdows and Thurnheer (2011) introduced the term ‘factory
fitness’within the context of production systems that become leaner when it reduces waste
and non-value adding activities and fitter when it improves and expands its core
capabilities. Factories, like athletes, can become fitter by taking certain decisions that add
competitive value. Factories, in order to achieve production fitness, must improve the speed
of material flow and reduce overall variability associated with their processes.

The view that lean manufacturing yield superior operational performance has been
widely researched (Negr~ao et al., 2017; Garza-Reyes et al., 2018; Alexander et al., 2019; Kumar
et al., 2019; Onofrei and Fynes, 2019; Sfakianaki and Kakouris, 2019); however, little research
has been done on the role of quality practices in the effectiveness of lean practices and their
synergetic impact on factory fitness. Wiengarten et al. (2013) highlighted the importance of
investments in quality practices in the successful implementation of lean practices. In line
with other studies (Patyal and Koilakuntla, 2015; Basu et al., 2018; Asif, 2019), their results
assert that quality practices impact plant performance and need to be considered when
implementing lean practices.

Nicholas (2016) found that quality and lean practices can be implemented effectively in
isolation; however, their combination further improves plant performance. Most of the
studies tend to focus on the implementation of one set of practices (lean or quality), without
considering the complementarity or interactions between them (Garza-Reyes et al., 2015).

Psomas and Antony (2019) highlighted that further research into lean practices efficacy is
required and that a more holistic perspective needs to be considered. This concurs with the
study by Antony et al. (2019), which highlights the need for more systematic research in lean
implementations from a global perspective. Therefore, this study attempts to fill this gap by
exploring the following research questions:

RQ1. To what extent investments in quality and lean practices impact the factory
fitness?

RQ2. How do investments in quality practices affect the relationship between
investments in lean practices and factory fitness?

These questions will guide the investigations in this study. The remainder of the paper is
structured as follows: first, we review the literature related to factory fitness, lean practices
and quality practices, which will lead to the development of hypotheses. The following
section presents the research methodology. Then, it follows the presentation of the results,
discussion and conclusions.

2. Theoretical background and hypotheses development
2.1 Swift even flow theory
The term ‘factory fitness’ was coined by Ferdows and Thurnheer (2011) as the ability of a
production system to reduce its waste and non-value adding activities, and expand its core
capabilities. The concept is closely related to the term ‘lean’ and ‘agile’; however, it provides a
moreholistic view of the development of production capabilities (Onofrei andFynes, 2019). This
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idea that factories can build upon their fitness is new and no definition has been yet articulated.
Therefore, in this study, using the theory of swift even flow as theoretical lens, we propose that
similarly to the physical fitness, factory fitness refers to the production system ability to
maintain over a period of time low levels of variation while improving the flow speed in their
processes. The theory of ‘swift even flow (SEF)’ holds that the performance for any production
system ‘rises with the speed by which materials flow through the process, and it falls with
increases in the variability associatedwith the flow’ (Schmenner and Swink, 1998 , p. 102). This
theory unifies five well established production principles: variability (Conway et al., 1988;
KannanandPalocsay, 1999), bottlenecks (Goldratt, 1990), scientificmethods (Box, 1994), quality
(Deming, 1988; Gryna and Juran, 2001) and factory focus (Pesch and Schroeder, 1996).

The variability principle focuses on the benefits that reductions in process variability can
exert on the process throughput (Conway et al., 1988; Kannan and Palocsay, 1999). Process
variability may be due to the lack of process or product standardisation. Liu et al. (2006) noted
that product variance was critical to manufacturing firm’s ability to engage in mass
production. The variability can be defined as a decrease in uniformity (Spearman and Hopp,
2008, p. 308) which may be a consequence of randomness (e.g. unpredictable demand for
products) or planned variation (e.g. the number of products on a line, ‘out of control’machines
– breakdowns). The second principle is focusing on bottlenecks and states that an operation’s
productivity is improved by eliminating or managing its bottlenecks (Goldratt, 1990). A
bottleneck or a constraint is defined as ‘anything that limits a system from achieving a higher
performance versus its goal’ (Goldratt, 1990, p. 4). Examples of constraints limiting
throughput include machine breakdowns, missing materials, quality problems and worker
absenteeism (Blackstone and Cox, 2002). Watson et al. (2007) state that ‘within each system at
least one constraint exist that limits the ability of the system to achieve higher level of
performance relative to its goal’. Therefore, maximumutilisation of the constraint should lead
to maximum output from that process. The third principle is based on scientific methods,
which states that the rate of improvement can be augmented by applying scientific methods
(Box, 1994). This represents means by which non-value-added motions and processes are
removed from the production of goods or services. These methods involve statistics or
mathematical models, which aid in the identification of non-value-added work and impact the
number of bottlenecks in operations (Schmenner and Swink, 1998). The quality principle is
widely recognised (Deming, 1988). Process flow can be adversely affected by quality
problems and for a given throughput level, rework increases the cycle time of a process
(Spearman and Hopp, 2008), therefore the overall productivity of a production line.

The last principle is factory focus and asserts that factories focusing on a limited number
of products/processes will be more productive than similar factories with a broader array of
tasks (Pesch and Schroeder, 1996). By grouping similar products together, the production
flow of materials is exposed and permits the identification of bottleneck and of non-value-
added work facilitating their removal. Taking in consideration the principles that underpin
the theory of SEF, we conceptualise factory fitness using two elements: production swiftness
(refers to throughput speed, cycle and delivery time of a production process) and production
evenness (represents the variability in quality associated with that process at pre, during and
post processing stages).

2.2 Lean practices impact on production swiftness and evenness
Lean was introduced as a description of Toyota manufacturing systems (Krafcik, 1988),
and it has been described from two points of view (Shah and Ward, 2007). Firstly, lean
represented a philosophy related to principles (Womack et al., 1996) and secondly, from a
practical perspective, as a set of manufacturing practices or tools (Shah and Ward, 2003;
Demeter and Matyusz, 2010; Bortolotti et al., 2015). Antony et al. (2019) recently conducted
a review of lean tools used in healthcare and found eleven common factors that motivate
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the use of lean in organisations. Amongst these factors, six of them were related to
standardisation, streamlining, operational time, process design, waste and efficiency.
These factors are the focus of common practices associated with lean manufacturing, such
as setup time reduction (Saravanan et al., 2018; Curado, 2019), process redesign (Al-Salim
and Choobineh, 2009; Keil et al., 2011; Bergenwall et al., 2012), cellular manufacturing
(Angra et al., 2008; Safaei et al., 2010), throughput time reduction (Muthiah et al., 2008, Van
Der Heijden et al., 2012) and factory automation (Muthiah et al., 2008; Figueiredo and
Martins, 2010).

The benefits and effects of the investments and implementation lean practices on the
operational performance have been widely researched (Piercy and Rich, 2015; Negr~ao et al.,
2017; Psomas et al., 2018; Onofrei et al., 2019; Raju and Antony, 2019; Rodgers and Antony,
2019; Sfakianaki and Kakouris, 2019).

For example, Cakmakci (2009) found that setup time reduction positively impacts the
operational performance and is suitable practice not only for manufacturing improvement
but also for equipment design development. Saravanan et al. (2018) results indicate the setup-
time reduction improves productivity by reducing the equipment downtime.

Factory automation has been portrayed as an important enabler in productivity
improvement decision (Muthiah et al., 2008). The use of automated systems provides
real-time feedback to management with regards its design versus actual performance.
Investments in factory automation lead to improvements in customer service and
responsiveness (K€arkk€ainen and Holmstr€om, 2002). Fahmi and Hollingworth (2012)
argued that throughput-time reduction practice positively influences the operational
performance and facilitates the successful implementation of lean systems. Similarly,
Van Der Heijden et al. (2012) study cited that reduction of throughput time lead to
improved product availability and reduction inventory associated costs. Successful
process redesign can be achieved through application of task composition, task
elimination and use of new technologies (Netjes et al., 2009). Recent studies (Fredendall
et al., 2009; Devaraj et al., 2013) documented the important role that process redesign
practices play in improving production flows, and the positive impact on efficiency and
cost reduction. Bhat et al. (2020) investigated the impact of lean six sigma tools on
workflow and resource consumption in Indian hospitals, and found common tools such
as control charts, waste analysis, value stream mapping and process design have a
positive impact on the performance of healthcare systems. Therefore, we posit the
following hypotheses:

H1a. Investments in lean practices are associated with improvements in production
swiftness.

H1b. Investments in lean practices are associated with improvements in production
evenness.

2.3 Quality practices impact on production swiftness and evenness
Quality practices have been presented throughout the literature as a multifaceted
concept, that focuses on quality wide improvement principles within the organisation
(Asif, 2019; Basu et al., 2020). There is a plethora of studies that explored their impact on
operational performance (Asif, 2019; Kaur et al., 2019; Khan et al., 2019; Onofrei and
Fynes, 2019; Shokri and Nabhani, 2019). However, some studies (Flynn et al., 1995;
Kaynak, 2003) argue that quality practices are not a source of competitive advantage
and might not impact the operational performance. For example, Heras-Saizarbitoria
(2018) reports mixed performance results with regards to quality standards, while
Wiengarten et al. (2018) found no link between implementation of ISO 9001 and
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improvements in quality performance. Some researchers (Han and Chen, 2007; Kim et al.,
2011), state that implementation of certification standards is expensive, takes time and
has no tangible effect on performance. Elshaer and Augustyn (2016) state that not all
quality practices are positively associated with competitive advantage. Moreover, Nair
(2006)’s meta-analysis study reported no association between quality practices (i.e.
quality data analysis, product design, process management) and product quality.

Basu and Bhola (2016) used a sequential exploratory mixed method approach to explore
and identify the contextual quality management practices (QMP) used in Indian SMEs. The
study empirically examined the QMP impact on performance and the results show that all
three dimensions of QMP identified have a positive impact on quality performance. Zu (2009)
examined the impact of quality practices on operational performance and reported that
companies that allocate resources to implement quality practices, outperform their
competitors. Practices, such as statistical tools and simulations improve the controlling
and monitoring process for quality measures (Colledani and Tolio, 2009). Significant impact
of the use of statistical process control, has been cited particularly in management of
production systems and improving process responsiveness (Da Silveira and Sousa, 2010).

Garza-Reyes et al. (2015) have highlighted the importance of the supplier relationship
management in the successful implementation of quality practices. The purpose of this
relationship is to develop common systems, to improve quality at source, minimise
communication errors, and reduce inventory and duplication in inspection (Kull et al., 2013).

Specifically, supplier integration and certification are commonly used by major
automotive OEM’s (such as Toyota and Honda) in order to achieve improvements in
performance at the operational and supply chain level (Liker and Choi, 2004).

Recent studies (Antony, 2018, Haerizadeh and Sunder, 2019, Madhavan and Gurumurthy,
2019, Rodgers andAntony, 2019, Sunder et al., 2019) have shown that firms implementing six
sigma practices, have developed and enhanced a culture of continuous progress with
significant operational improvements efforts. These companies tend to be more efficient,
generate less waste and develop unique capabilities that outperform their competitors.
Jim�enez-Jim�enez et al. (2020) surveyed Spanish CEOs and found a curvilinear effect between
total quality management practise and innovation, which can be turned into operational
improvements. Although some studies reported mixed results on the impact of quality
practices, the overall literature consensus is that investments in quality practices can be
viewed as a strategic initiative, which will generate value and offer enhanced operational
performance. Therefore, we posit that:

H2a. Investments in quality practices are associated with improvements in production
swiftness.

H2b. Investments in quality practices are associated with improvements in production
evenness.

2.4 Moderating role of quality practices
Most studies investigate the impact of quality practices (as individual or as a set) on
operational performance, however very few take in consideration the synergetic effects that
can be achieved when implemented alongside others, such as lean or environmental practices
(Wiengarten et al., 2013). Narasimhan et al. (2006) found that lean high performing companies
tend to focus on quality practices and their cumulative effect contributes directly to
manufacturing performance enhancements. Recent studies (Negr~ao et al., 2017; Psomas et al.,
2018; Onofrei and Fynes, 2019; Psomas and Antony, 2019; Rodgers and Antony, 2019) have
argued that lean and quality practices are co-dependent and firms implementing both sets of
practices outperform those applying only one of them. The mutual support of these practices
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generates superior plant performance. Garrido et al. (2007) shows empirically that quality
practices were paramount to the overall success of the operations strategy. Hung et al. (2010)
investigate the impact of knowledge management and quality management on innovation
performance. The results show that quality management practices act as a conduit, in the
knowledge management’s impact in innovation. Wiengarten et al. (2013) indicate that
complementary effects between lean, quality and environmental practices are possible.
Similarly, Fahmi and Hollingworth (2012) found that in addition to the primary effects of lean
and total quality management practices, they tend to reinforce each other. The synergetic
effects provide superior time-based performance and quality.

The literature identified that quality practices are complementary and investing in them,
will support and enhance the efficacy of lean practices. Accordingly, the following
hypotheses are proposed:

H3a. Investments in lean practices have a stronger positive impact on production
swiftness, when combined with high levels of quality practices.

H3b. Investments in lean practices have a stronger positive impact on production
evenness, when combined with high levels of quality practices.

The conceptual model and all proposed hypotheses are provided in Figure 1.

3. Research methodology
This study uses data from the survey developed Global Manufacturing Research Group
(GMRG), a multinational group of OM researchers who focus on studying and improving
operations and supply chains worldwide. Whybark et al. (2009) provides an overview of the
GMRG project background, historical developments, data collection process and the theory
underlying the survey instrument. The data used in this paper, is part of the fourth round,
and over 1,400 responses have been collected, representing 23 countries inmost regions of the
world. The benefits of using this dataset are: the data comes from a multinational study, the
sample size is large enough to carry out rigorous analysis of the data and the unit of analysis
is themanufacturing plant, which increases the contextual validity of the results. Following a
rigorous approach of only considering records for which we had no missing data for all our
variables of interest, led us to a dataset containing 922 records. Table I provides an overview
of the dataset in terms of country of company size, industry and country of origin.

3.1 Measures
To measure the level of investments in lean and quality practices, respondents were asked to
indicate the extent to which their firm invested resources (money, time and people) in the

Figure 1.
Conceptual model
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previous two years. The measures used to depict the lean and quality practices have been
extensively tested in previous research (Demeter and Matyusz, 2010; Prester, 2012;
Wiengarten et al., 2013; Onofrei and Fynes, 2019). In order to measure factory fitness,
respondents were asked to indicate the level of improvement using an index of 100 as a
starting point two years ago (for example a 5% increase would be 105 or 5% decrease would
be 95). Production swiftness was conceptualised as the improvements in flow speed made by
the plant in terms of manufacturing throughput time, cycle time and delivery speed (Zhang
and Sharifi, 2007; Van Der Heijden et al., 2012; Devaraj et al., 2013). The production evenness
was conceptualised as the improvements in quality variation associated with the process in
terms of rejects of incomingmaterial, rejects during processing, rejects at final inspection and
customer returns (Wiengarten et al., 2013; J. Power, 2014; Patyal andKoilakuntla, 2015). Three
control variables were added: country of origin, plant size and industry type. Kull and
Wacker (2010) used multilevel modelling and found differences in manufacturing practices
effectiveness among different countries. Also, large companies are more likely to invest
extensively in manufacturing practices in comparison to small firms (Shah andWard, 2007).
Several studies highlighted that certain industries are focusing more on manufacturing
practices than others (i.e. automotive, food industry, textile) (Sila, 2007; Chen, 2013; Habidin
and Yusof, 2013; Psomas et al., 2018).

4. Results
4.1 Validity and reliability
Using AMOS24, confirmatory factor analysis (CFA) was conducted to validate the measures
of all variable used. The results are presented in Table II.

Using the criteria for evaluation of the goodness-of-fit indices (Hu and Bentler, 1998), the
resulting measurement model had an adequate fit to the data: GFI 5 0.966, NFI 5 0.97,
CFI5 0.967, IFI5 0.966, RMSEA5 0.041. The ratio of chi-square to degrees of freedom was
2.577, which is below the threshold of 3 (Maccallum and Austin, 2000). To assess convergent
validity, we analysed the construct loadings and standard error. The results indicated that
each coefficient was greater than twice its associated standard error (Anderson and Gerbing,
1988). The reliability (internal consistency) was tested and all constructs had a minimum of

Number of
employees n Industry n Country n Country n

Less than 50 220 Food, drinks and kindred
products

83 Australia 40 Ireland 31

51–250 445 Textile, apparel and leather
products

58 Austria 11 Italy 38

250 þ 257 Utility products 75 Canada 54 Macedonia 20
Total 922 Chemical and allied industries 41 China 52 Mexico 67

Rubber and plastics 40 Croatia 62 Poland 48
Metals and fabrications 143 Fiji 107 Sweden 23
Industrial and commercial
machinery

135 Finland 126 Swiss 21

Electronic 177 Germany 47 Taiwan 47
Automotive 35 Hungary 46 USA 65
Furniture and fixtures 24 Total 922
Stone, clay, glass and concrete 39
Miscellaneous 52
Total 922

Table I.
Sample overview
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0.7, indicating reliable measures (Raykov and Marcoulides, 2011). Discriminant validity was
confirmed as acceptable, though testing inter-factor correlations, given the multi-country,
cross industry and highly varying size of the plant used in this dataset. See Table III for the
inter-factor correlations (Schreiber et al., 2006). Additionally, common method variance was
evaluated by re-running the CFA with an additional unmeasured factor. The results showed
that the constructs continued to load on their latent variables, therefore it was determined
that common method variance was not a serious threat to our study (Podsakoff et al., 2003).

Finally, given that the study uses data collected in multiple countries, the measurement
equivalence issue was addressed by assessing whether or not the constructs via their related
scales are invariant across countries (Malhotra and Sharma, 2008). Measurement equivalence
determines if under different conditions and phenomenon, the measurement items yield the
same attributes. If measurement equivalence is evidenced across countries, then the collected
data can be grouped together or compared with each other. Recent studies (Schoenherr and
Narasimhan, 2012; Wiengarten et al., 2013) have established measurement equivalence in the
GMRG dataset through various tests.

4.2 OLS regression analyses
To test the proposed model, we used two ordinary least squares (OLS) regression analyses
(Durach and Wiengarten, 2017; Onofrei et al., 2019). The data characteristics were tested for

Construct Indicators Factor loadings S.E. C.R. P

Investments in lean practices
CR 0.783
AVE 0.424
Alpha 0.780

Cellular manufacturing 0.586 0.069 13.822
Setup time reduction 0.667 0.068 14.987 ***
Process redesign 0.627 0.062 14.406 ***
Throughput time reduction 0.598 0.061 13.400 ***
Factory automation 0.647 ***

Investments in quality practices
CR 0.761
AVE 0.452
Alpha 0.750

ISO 9000 0.552 0.059 13.516
Supplier certification 0.700 0.054 16.627 ***
Six sigma 0.490 0.046 12.848 ***
Statistical process control 0.797 ***

Production swiftness
CR 0.831
AVE 0.629
Alpha 0.806

Cycle time 0.744 0.056 18.774
Throughput time 0.984 0.085 17.241 ***
Delivery speed 0.606 ***

Production evenness
CR 0.722
AVE 0.417
Alpha 0.715

Incoming material rejects 0.587 0.104 10.783
During processing rejects 0.730 0.179 10.819 ***
Final inspection rejects 0.580 0.095 12.873 ***
Customer returns 0.524 ***

Note(s): χ2 5 2.577 < 3, GFI 5 0.966, NFI 5 0.946, IFI 5 0.966, CFI 5 0.967, all greater than 0.9,
RMSEA 5 0.041 has to be <0.05. ***significant at 0.001 level (two-tailed)

Constructs Mean (1) (2) (3) (4)

Investments in lean practices (1) 3.88 0.424 (0.651)
Investments in quality practices (2) 3.19 0.624** 0.452 (0.672)
Production swiftness (3) 5.67 0.144** 0.170** 0.629 (0.793)
Production evenness (4) 20.58 0.263 0.252 0.131 0.417 (0.645)

Note(s): Value on the diagonal is the AVE and its square root in brackets; **Correlation is significant at the
0.01 level (2-tailed)

Table II.
CFA analysis of the

model complete

Table III.
Inter-factor
correlations
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linearity and multicollinearity. The resulting variance inflation factor (VIF) indicated no
multicollinearity (see Table IV). The step-by-step analysis was conducted in two separate
OLS models reflecting the interaction terms. First, the control variables (plant size, country
and industry type) were introduced. Second, the level of investments in quality practices
(moderator) was added. Third, the level of investments in lean practices and lastly, the
interaction term was introduced.

Our first set of hypotheses (H1a and H1b) did receive support, as evidenced by the
significant and positive influence of the investments in lean practices on production swiftness
and production evenness. Results indicate that manufacturing throughput reduction time,
process redesign, cellular manufacturing, set-up reduction time and factory automation do
improve the production swiftness (β 5 0.161, p < 0.001), as well as the production evenness
(β 5 0.332, p < 0.001).

These findings concur with previous studies (Knol et al., 2018; Haerizadeh and Sunder,
2019; Sunder et al., 2019) and reinforce empirically the positive impact that lean practices have
on operational performance.

The second set of hypotheses (H2a and H2b) posited that investments in quality
practices impact the factory fitness. The results are in line with other studies
(Parvadavardini et al., 2016; Basu et al., 2018; Asif, 2019) and support the positive role
that investments in quality practices (such as ISO 9000, supplier certification, six sigma
and statistical process control) play in augmenting the production swiftness (β 5 0.162,
p < 0.001) and evenness (β 5 0.176, p < 0.001). The positive influence of quality practices
on performance (Basu and Bhola, 2016) is recognised as an important source of
competitive advantage and companies need to invest in such practices in order to
continuously improve their operational performance.

Model 1
Production swiftness

Model 2
Production evenness

Variable
Step 1. Control variables
Industry type �0.021 (0.527) �0.076 (0.210)
plant size 0.045 (0.170) 0.069 (0.350)
Country 0.005 (0.873) 0.044 (0.179)

Step 2. Independent Variables
Investments in lean practices (ILP) 0.161*** 0.332***

Step 3. Moderator
Investments in quality practices (ILQ) 0.162*** 0.176***

Step 4. Interaction
ILP * IQP 0.031(0.354) 0.091***

Step 1. R square change/sig 0.002 (0.525) 0.011 (0.140)
Step 2. R square change/sig 0.024 *** 0.102***
Step 3. R square change/sig 0.012 *** 0.014***
Step 4. R square change/sig 0.001 (0.354) 0.008***
Max VIF 2.276
R 0.198 0.369
Adjusted R2 0.039 0.136
Sig 0.000 0.000
Outcome H1a, H2a supported

H3a not supported
H1b, H2b, H3b supported

Note(s): ***Significant at the 0.001 level

Table IV.
OLS analysis for
moderation effects
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4.3 Moderation effect
To analyse the synergies between the investments in lean and quality practices, interaction
term was calculated by adding the two-way interaction term to the OLS models 1 and 2. In
model 1, adding the two-way interaction term did not contribute to a significant change in the
variance explained (ΔR25 0.001, p5 0.354). The results reveal no synergetic effects between
investments in lean and quality practices, when impacting the production swiftness. This
reflects previous research (Heras-Saizarbitoria, 2018; Asif, 2019; Rodgers and Antony, 2019)
and highlights the complex effects between these practices. A possible interpretation of this
finding could be the fact that production evenness is acting as a requirement for the
production swiftness, which concurs with the swift even flow theory (Schmenner, 2012).

In model 2, the addition of the two-way interaction term contributed to a significant
change in the variance explained (ΔR2 5 0.008, p < 0.001). To interpret this result, the
interaction slopes were calculated at low and high (± one standard deviation) level of
investments in quality practices (Preacher et al., 2006; Dawson, 2014). The findings show that
investments in investments in lean practices are strongly associated with high levels of
production evenness, when the level of investments in quality practices is high (see Figure 2).
This means that the investments in lean practices efficacy are enhanced by investments in
quality practices, when firms want to improve their production evenness. In other words,
there is empirical evidence of synergetic effects between lean and quality practices.

5. Discussion
This study was set out to explore the following research questions:

RQ1: To what extent investments in quality and lean practices impact the factory fitness?
RQ2: How do investments in quality practices affect the relationship between investments

in lean practices and factory fitness?
Although partial support was found for our hypotheses (five out of six were supported),

our findings significantly contributes to the body of knowledge in the area of lean and quality
management. It provides empirical support on the impact of lean and quality practices on
factory fitness, aswell as insights into how lean and quality practices interact with each other.

5.1 Theoretical contributions
In exploring the research questions, this study made a number of theoretical contributions.
The positive impact of lean and quality practices on operational performance was identified
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by previous studies (Bortolotti et al., 2015; Elshaer and Augustyn, 2016; Basu et al., 2018;
Garza-Reyes et al., 2018; Alexander et al., 2019; Curado, 2019). Furthermore, our study
confirms the argument that investments in lean and quality practices positively impact the
production swiftness (throughput speed, cycle and delivery time of a production process) and
evenness (variability in quality associated with that process at pre, during and post
processing stages). The results suggest that companies that invest in lean and quality
practices outperform their competitors on multiple performance dimensions. In other words,
companies can improve their factory fitness cumulatively (Bortolotti et al., 2015).

Our findings are in line with previous studies that elicit the positive impact of quality
practices on performance (Asif, 2019; Shokri and Nabhani, 2019; Basu et al., 2020;
Jim�enez-Jim�enez et al., 2020). This is an important finding and provides empirical support
from a global perspective. Negr~ao et al. (2017) investigated the studies related to lean practices
and their effect on performance.

Their results suggest that most of the studies tend to focus on the direct effect of lean
practices on performance; however, very few studies examine how or what can enhance their
efficacy. Our study attempts to fill this gap by providing empirical evidence of the interaction
between lean and quality practices. The moderation result (on production evenness)
highlights the role of quality practices as a mechanism that enhances the impact of lean
practices. This is an important contribution to the quality management literature as it further
explains the conduit role of quality related practices. It is important to note that we did not
find a moderation effect between the lean and quality practices in order to improve the
production evenness. Lean practices tend to focus on waste elimination (Curado, 2019) and as
a result, the production swiftness will improve (shorter throughout/cycle time, setup and
delivery time reduction). The focus of the quality practices is on the reduction of errors pre,
during and post a production process, ensuring the product/service is fit for purpose and
meets customer requirements. Therefore, when introducing quality practices, the operators
may slow down the production process initially, to ensure high quality performance levels are
achieved, at the expense of speed. As a result, when companies implement lean and quality
practices, the production swiftness might not improve. This is in line with our results and
may be a plausible explanation of the lack of interaction between lean and quality practices.

This research supports the argument proposed by Sakakibara et al. (1997) that quality
practices enhance the efficacy of lean practices and improves the quality performance. The
impact of investments in lean practices on production evenness was moderated by
investments in quality practices. This means that in order to reap superior benefits from the
implementation of lean, companies must invest in quality practices: create systems and
standards, develop supplier relationships, six sigma training and continuously monitor the
performance through the use of process controls (Zu, 2009; Psomas et al., 2018; Sfakianaki and
Kakouris, 2019). We found that when it comes to reducing variability associated with quality,
the lean practices when coupled with investments in quality practices have a higher impact
on production evenness.

5.2 Managerial implications
From a practitioner point of view, our study provides valuable insights on how high
performing manufacturers compete. It informs management decision making concerning the
development of production capabilities that may provide competitive advantage (Zu, 2009).
The results offer empirical evidence of the positive effect that lean and quality practices have
on factory fitness. As a result, managers can understand the operational consequences.
Quality and lean practices represent complementary investments through which firms can
improve their performance. The empirical results highlight the need for investments in
quality and lean practices and managers must realise that the efficacy of these practices can
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be enhanced through their cumulative effect (Albliwi et al., 2017; Antony et al., 2017;
Alexander et al., 2019). Also, the findings can help practitioners to appreciate how different
competitive priorities (speed, quality) should be enhanced. Firms that want to improve their
production swiftness should focus more on lean or quality practices, where companies that
are looking to enhance their evenness should aim for a synergetic approach by jointly
implementing lean and quality practices (Wiengarten et al., 2013; Onofrei and Fynes, 2019).
Our study highlights that the investments in lean practices have a higher impact on
production evenness, when the firm has increased levels of investments in quality practices.
This will aid managers to prioritise their investments and make better decisions with
regards to development of production capabilities. The interdependence nature of these
manufacturing practices suggests that managers need to implement all the practices
effectively in order to maximise the operational returns. This study found that the
investments in quality practices influence to a large extend the impact of lean practices, which
in turn directly lead to improvements on performance (Shokri and Nabhani, 2019). Therefore,
when developing the manufacturing strategy, companies are better informed as to how each
set of practices affect their operational performance.

This study highlights that managers must create an ambidextrous learning environment,
where employees are involved in quality and lean implementations, in order to allow
knowledge transfer and effectively implement both set of practices. Manufacturing practices
should be implemented as an integrated approach of different practices (Kumar et al., 2019;
Tasleem et al., 2019).

5.3 Limitations and further research
Despite its contributions, this study is subject to limitations. Firstly, we recommend that
further studies encapsulating more manufacturing practices should be conducted, in order to
better understand the interaction effects between them. Secondly, our study assessed the
impact of lean and quality practices on factory fitness, which focuses on speed and variability
associated with quality. The use of additional performance measures, such as cost or
flexibility, could provide further insights into the effect of these practices. Thirdly, we used a
cross-sectional design in our data collection method. Conducting a longitudinal study on the
development of factory fitness could explain the causal patterns of lean and quality practices
and how these change over a period of time. Lastly, some of our constructs use perceptual
measures, which can raise the issue of measurement error and bias. Therefore, we suggest
that researchers use alternative ways of quantifying the impact on manufacturing practices
and provide a more objective view.

6. Conclusion
Our study contributes to operations management research by empirically assessing the
impact of lean and quality practices on factory fitness. The results show that these practices
have a positive impact on performance, and thus providing clarity to some conflicting views
in the literature regarding how the quality practices impact and interact with lean practices.
The findings have important managerial implications. They provide insights on the way
better performing plants compete. Also, they offer insights into how to build production
fitness and how lean practices and quality practices affect its development. This helps
managers making better decisions with regard investments in lean and quality practices
recognise the operational consequences. Thus, as practitioners develop their manufacturing
programs, adequate resources in terms of money, time and people must be allocated to both
quality and lean practices, in order to enhance the factory fitness.
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