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Abstract: The current study aims to investigate the existence of a positive
interplay between technical lean practices (TLPs) and human lean practices
(HLPs) in enhancing operational performance with its dimensions (quality,
cost, delivery, and flexibility), in the presence of industry sector and firm size
as control variables. Through data collected from 318 small and medium-sized
enterprises in Yemen, the proposed model was tested. The results showed that
both TLPs and HLPs have synergistic effects on all dimensions of operational
performance, including cost, quality, delivery, and flexibility, regardless of firm
size and industry sector. This study offers theoretical and practical insights
highlighting the relevance of adopting lean manufacturing practices that
maximise operational performance.
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1 Introduction

Small and medium-sized firms (SMEs) have recently been subjected to great challenges
arising from the competitive nature of the economic environment, which has driven them
to adopt the best practices in their industry in order to grow and sustain their operational
performance. The application of new best practices in manufacturing usually has
outcomes of the expectation of some benefits in the form of improved operational
performance (Arumugam et al., 2020; Buer et al., 2021; Deshmukh et al., 2022; Madsen
et al, 2017). Among these practices, lean manufacturing practices have emerged,
which indicate a set of manufacturing techniques that concentrate on eliminating
non-value-added activities (Chand et al., 2019; Chavez et al., 2015; Gebeyehu et al.,
2022; Honda et al., 2018; Tripathi et al., 2022), as best practices that would benefit not
only large firms (Bhasin, 2012; Nawanir et al., 2013) but even SMEs (Deshmukh and
Lakhe, 2009; Godinho Filho et al., 2016). The term ‘lean manufacturing’ was first used in
‘The machine that changed the world’ by Womack and Jones (1990) to describe the
manufacturing philosophy pioneered by Toyota. The philosophy has been practised at
Toyota under the name of Toyota production system (TPS), which has its origins in
Kichiro Toyoda’s (the founder of Toyota) work way back in 1934 but has only gained
global attention since 1990. In a nutshell, lean manufacturing is the endless pursuit of
eliminating waste (Shingo and Dillon, 1989). Waste is anything that adds cost, but not
value, to a product (Ohno, 1988).

Several empirical research have explored the impact that lean manufacturing practices
have on a successful lean implementation and firm performance (Khanchanapong et al.,
2014; Panwar et al., 2018). However, there is a contradiction in prior results, indicating a
significant (Al-Shboul et al., 2017; Chavez et al., 2013) and non-significant (Koh et al.,
2007) link between lean manufacturing practices and performance. The discrepancy in
the results can be interpreted in that lean manufacturing practices were considered in
previous studies from a partial rather than a comprehensive perspective (see Hadid and
Mansouri, 2014; Panwar et al., 2018). According to previous studies related to this topic
(Hong et al., 2014; Moldner et al., 2020), lean manufacturing practices can be categorised
into two main categories: technical and human. Technical lean practices (TLPs) refer to
the technical and analytical tools that seek to improve manufacturing operations
(Bortolotti et al., 2015). TLPs represent practices related to operations, physical
architecture, and error prevention (Hadid et al., 2016), as well as improvement tools and
systems relevant to quality management and control (Lewis et al., 2006). Whilst human
lean practices (HLPs) are related to behavioural issues such as leadership commitment,
employee involvement, customer and supplier relationships and multi-functional
integration (Abdallah et al., 2019).
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Operational performance dimensions
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Even now, a few authors have combined TLPs with HLPs (e.g., Hong et al., 2014;
Moldner et al., 2020), or with social lean practices (e.g., Arumugam et al., 2020).
However, these studies have focused on determining their unique effects (Arumugam
et al., 2020; Hong et al., 2014). In addition, although previous studies emphasised the
importance of both TLPs and HLPs as valuable resources for firms, they have not shown
the potential interaction between them and whether the benefits achieved from one
resource interact with the benefits achieved from the other resource. Accordingly, we
claim, based on the resource-based view (RBV) and complementarity theory, that
integrating distinct resource bundles can lead to synergistic impacts on OP
(Khanchanapong et al., 2014). Through this work, we develop an understanding by
defining TLPs and HLPs as complementary resources. Therefore, we seek to fill this gap
by simultaneously exploring the unique and interplay effects of both TLPs and HLPs on
operational performance, using data obtained from 318 Yemeni manufacturing SMEs.
Although SMEs dominate the Yemeni manufacturing sector (Al-Hakimi and Borade,
2020; Al-Hattami, 2022; Goaill and Al-Hakimi, 2021), their contribution to the country’s
GDP is negligible (Al-Hakimi et al.,, 2021a, 2021b; Al-Hattami and Kabra, 2022;
Al-Hattami et al.,, 2022; World Bank, 2015), where the manufacturing sector’s
contribution to the national GDP fell from 19% between 1990 and 1994 to 15% between
2005 and 2010, according to the World Bank’s (2015) report. USAID (2020) also
reported that manufacturing SMEs in Yemen contribute just 9.9% of GDP, and employ
just 4% of the workforce, which is low compared to many countries. So, it is necessary to
investigate their low performance.

Our study contributes to knowledge in many aspects. First, we expand the scope of
recent research work by focusing on lean manufacturing practice from a comprehensive
perspective. Second, we study the interplay between TLPs and HLPs in improving
operational performance relying on RBV and complementarity theory as theoretical
lenses. Third, we examine the relationship of lean manufacturing practices to operational
performance in the context of Yemeni manufacturing SMEs, which was not addressed in
the prior research. In doing so, we respond to a call by Khanchanapong et al. (2014) to
conduct further research on this issue. As a result, this study adds to the body of
knowledge about lean in different environments.

The remaining part of this work is structured as follows. The next section discusses
the theoretical background, including the theoretical foundation and the main study
constructs. While Section 3 includes hypotheses development. Section 4 contains the
details of the methods used in this study. Section 5 includes the results of the data
analysis and hypotheses testing. Section 6 provides a discussion of the results along with
their implications. Finally, Section 7 concludes this study by conclusions and limitations.

2 Theoretical background

2.1 Theoretical foundation

As a theoretical foundation, this study adopted RBV (Barney, 1991) and
Complementarity theory (Mahapatra et al., 2010) to link resources (e.g., TLPs and HLPs)
with operational performance (see Figure 1). It has been shown by RBV that enterprises’
resource heterogeneity can explain differences in competitive and even sustainable
performance (Al-Hakimi et al., 2022a; Al-Sa’di et al., 2017; Ketokivi and Schroeder,
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2004a). Resources are referred to as all assets, organisational processes, knowledge,
technologies, firm qualities, and other assets that enable the firm to conceptualise and
implement plans that increase its efficiency and effectiveness (Barney, 1991). As such,
the resources of a firm are its strengths, which are identified by their connection to the
performance that is the primary result of interest (Amundson, 1998). Several studies have
relied on RBV to examine how lean manufacturing practices are deployed as
performance-improving regulatory resources (e.g., Khanchanapong et al., 2014; Zahra
and Das, 1993). In this study, RBV directs us to investigate the unique influence of both
TLPs and HLPs (as valuable and non-imitable resources) in predicting operational
performance, based on the presumption that the association between each practice and
performance may be unique (Ketokivi and Schroeder, 2004a). We also investigate the
interactive effects of TLPs and HLPs in predicting operational performance in the light of
RBYV, as the combination of complementary resources increases resource complexity,
making it more difficult for competitors to duplicate; this would result in improved
performance.

Besides RBV, we are also guided by complementarity theory. According to
complementarity theory, a firm’s resources can be used or applied in ways that raise its
strategic value relative to other resources (Amit and Schoemaker, 1993). Thus, TLPs and
HLPs, when used together, are expected to contribute more to operational performance
improvement than using each resource individually.

Figure 1 Theoretical framework

| TLPs Quality
I_ _——— -
Cost Cor}trol Yariables: I
| HLPs*HLPs = Firm size I
Delivery I = Industry sector
_———
| HLPs Flexibility

2.2 Lean manufacturing practices

The generic term ‘lean’ has emerged in the 1950s from the TPS. In the 1970s, this
methodology was published to show that its characteristics were the success key of
Japanese companies, particularly in the automotive sector (Dossou et al., 2022). It was
then brought to light in the 1980s from the International Motor Vehicle Programme
researchers of the Massachusetts Institute of Technology. The project was focussed to
bridge the significant performance gap between Western and Japanese automotive
industries. After the seminal work ‘The Machine That Changed the World” (Womack
et al., 1990) lean concept has popularised in manufacturing. Hines et al. (2004) discuss
about this evolution of lean. They found that the distinction of lean thinking at the
strategic level and lean production at the operational level is crucial to understand lean as
a whole in order to apply the right tools and strategies to provide customer value. In early
1990s lean manufacturing concept was viewed as a counter-intuitive alternative to
traditional Fordism manufacturing model (Womack et al., 1990). Lean manufacturing is
generally described from two points of view, either from a philosophical perspective
related to guiding principles and overarching goals (Klein et al., 2022; Shingo and Dillon,
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1989; Spear and Bowen, 1999; Womack and Jones (1996), or from the practical
perspective of a set of management practices, tools, or techniques that can be observed
directly (Shah and Ward, 2003).

Lean manufacturing consists of a set of practices that increase the strength of
processes by eliminating wastes in all forms like low level of setup times and stocks and
so on (AP et al., 2020; Pozo et al., 2017; Sodhi et al., 2019). Many researchers viewed
lean manufacturing from two perspectives: technical (hard) and human (soft) (Abdallah
et al., 2019; Hadid et al., 2016; Moldner et al., 2020). HLPs deal with human resource
management, relationships, and managerial challenges (Bortolotti et al., 2015). HLPs, in
general, are concerned with behavioural concerns relating to human resources such as
leadership commitment, employee involvement, customer and supplier relationships, and
multi-functional integration (Abdallah et al., 2019; Hernandez-Matias et al., 2019). In
contrast to the human aspects of lean, technical dimensions of lean are more tangible, as
they are system-driven and easier to quantify (Gadenne and Sharma, 2009). TLPs
represent the technical aspects that boost industrial operations (Bortolotti et al., 2015).
They comprise practices relevant to operations, physical structure, and error forbidding
(Hadid et al., 2016), as well as quality control and management improvement tools and
systems (Lewis et al., 2006).

2.3 Operational performance

Operational performance has been intensively studied over decades, yet there is no
commonly accepted definition because of differing perspectives and interpretations
(Al-Hakimi et al., 2022b; Al-Hattami et al., 2021c). Tan et al. (2007, p.5137) deliver a
general and frequently cited definition by describing it as ‘the output or result achieved
due to unique operational capabilities.” For this study, it is relied on the definition of
operational performance by Dora et al. (2013, p.159), describing it as ‘the changes that
occur in the operational metrics after the implementation of lean manufacturing practices
in a firm.” Compared to others, this definition reflects a view centred on the outcomes
achieved due to the implementation of lean manufacturing practices by firms, supporting
that the overall aim of these practices is to eliminate waste that affects process
performance.

Operational performance is typically measured with a set of indicators that reflect a
firm’s internal operations in terms of efficiency, productivity, product components, and
process quality (Ketokivi and Schroeder, 2004a). While some studies rely on
productivity, output quality, delivery performance, as well as customer satisfaction, and
employee morale in measuring operational performance (e.g., Samson and Terziovski,
1999). However, quality, cost, delivery, and flexibility represent the most common
measures of operational performance in many studies (e.g., Al-Sa’di et al., 2017; Chavez
et al., 2013; Devaraj et al., 2007; Khanchanapong et al., 2014), which were relied upon in
measuring operational performance in this study. Table 1 lists the selected operational
performance dimensions, as well as the literature references for each.

3 Hypotheses development

Previous literature supports the views suggesting that TLPs bring operational advantages
to the firm, such as reduced cost, enhanced delivery, and quality (Chavez et al., 2013;
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Hong et al., 2014). For instance, JIT ensures that products are delivered on schedule
(Shah and Ward, 2003). TQM enhances and sustains product and process quality for
meeting or exceeding customer expectations (Cua et al., 2001). Belekoukias et al., (2014)
indicated that JIT has a strong impact on operational performance, while TPM has less
effect. Furlan et al. (2011) also found that JIT and TQM mutually boost each other in
influencing operational performance. Indeed, Godinho Filho et al., (2016) claim that the
Brazilian SMEs which executed lean with basic practices like TPM, 58S, and quality
practices results in enhanced operational performance. Maware and Adetunji (2019)
indicated that operational performance was improved by implementing the lean
manufacturing. Recently, Arumugam et al. (2020) concluded that TLPs significantly and
positively affect operational performance. Therefore, it is hypothesised as follows:

H1 TLPs are positively correlated with operational performance [(a) quality, (b) cost, (c)
delivery, and (d) flexibility].

A number of researchers argue that HLPs such as philosophical orientation, management
culture, employee sharing, cross-functional communication, and empowerment programs
all contribute to the effectiveness of lean manufacturing implementation (Shah and Ward,
2003, 2007). Likewise, Moldner et al. (2020) argue that HLPs such as skill development,
collaboration, teamwork, engagement, leadership commitment, and structure and
organisation, can increase process innovation, resulting in the effectiveness of lean
programs in increasing operational performance. The association between HLPs and
operational performance has also been reported (Hong et al., 2014; Lorden et al., 2014;
MacDuffie, 1995). One line of research looks at the link between HLP implementation
and employee satisfaction, claiming that HLPs like employee engagement in continuous
improvement programs, employee training, cross-functional teams, and Kaizen events,
can boost employee commitment, resulting in lean programs performance and
sustainability (Al-Swidi et al., 2022; Farris et al., 2009). Empirical research indicate that
employee empowerment, cooperation, and remuneration have a significant impact on
employee satisfaction, increasing productivity (Jun et al., 2006). Many researchers have
identified HLPs that often used in operations management literature including TML,
TEL, SDP, and CRM (Bortolotti et al., 2015; Phan et al., 2011; Sahoo, 2019), which
positively affect operational performance. These HLPs are critical to lean success since
they improve firm performance (Abdullah et al., 2009). On the basis of the above
arguments, we assume that:

H2 HLPs are positively correlated with operational performance [(a) quality, (b) cost, (c)
delivery, and (d) flexibility].

Aside from the positive influence of TLPs and supportive HLPs on performance, the
projected synergy between them is expected to boost performance. Previous studies
emphasise the importance of both TLPs and as worthy resources for businesses. Indeed,
Milgrom and Roberts (1995) claim that resources are complimentary when their returns
rise or decrease in the presence of each other. In other words, resource complementarity
may be synergistic (when one resource amplifies the effect of another) or suppressive
(when one resource reduces the effect of another) (Jeffers et al., 2008).

Related to that, complementarity theory assumes that a resource’s value in terms of
contribution to performance is determined by its ‘complementary’ resources. That is, the
failure to implement one resource will have a negative effect on the implementation of
the other, resulting in the entire implementation effort failing to produce the expected
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results (Colbert, 2004). As such, complementary resources are likely to be positively
connected. According to RBV, it is difficult for individual resources to create a
competitive advantage separate from each other (Barney, 1995). Consistent with this, we
believe that TLPs and HLPs are complementary to each other, and neither can achieve
maximum return without supporting the other. Thus, the development of both resources is
not only ‘additive’ (i.e., optional), but also ‘necessary’. According to Amit and
Schoemaker (1993), complementary resources’ synergistic value may be greater than the
result from each individual resource. The reason for this is that complementary resources
create a unique value for the organisation, further, the synergy originating from the
complementarity of resources is considerably more difficult to detect and copy than
synergy arising from identical resources (Tanriverdi and Venkatraman, 2005). Based on
the above, we assume that:

H3 There is a synergistic effect of TLPs and HLPs on operational performance
[(a) quality, (b) cost, (c) delivery, and (d) flexibility].

4 Methodology

4.1 Sample

To attain the objectives of the study, data was collected from 318 Yemeni manufacturing
SME:s. It was decided to use the Yemeni Enterprises Directory as a sampling frame,
which considers one of the most credible databases for the Yemeni Ministry of Industry
and Trade (YMIT) on industrial activities in Yemen. The sample of SMEs from diverse
manufacturing sectors was drawn using the simple random method from the YMIT’s
database, which comprises contact information for enterprises, employees count, and
establishment dates. In all, Yemen has over 2,106 manufacturing SMEs. SMEs were
defined in the current study using the ‘number of employees’ criteria offered by YMIT
(2014), with firms with 4-9 employees classified as small, and firms with 10-50
employees classified as medium-sized. The sample size of 327 SMEs was determined as
a minimum relative to the study population size as recommended by Krejcie and Morgan
(1970). To reduce the sample size error and solve the non-response problem, the sample
size was doubled to 654 (Hair et al., 2011).

Each respondent was contacted and informed in detail about the nature of the survey
in order to obtain their first consent to participate. A self-administered questionnaire was
used to collect the necessary data from SMEs as the unit of analysis in this study who are
represented by managers/or owners because of their knowledge of the firms’ different
activities. One respondent per firm was considered appropriate because in the sampling
frame mixed-sized firms (small to large) were found, as, in the SMEs, not many
participants were available (Montabon et al., 2018). There were a total of 654
questionnaires delivered to participants by e-survey (by providing the e-link via
WhatsApp) and by e-mail. After multiple phone calls and emails, 341 were filled out and
returned, leaving 318 usable questionnaires with a response rate of 49% after excluding
23 invalid questionnaires. Table 2 illustrates the sample’s characteristics.
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Table 2 The characteristics of sample

Variable Categories Frequency Percentage

Gender Male 251 78.93

Female 67 21.07

Education Secondary and below 98 30.82

Undergraduate 172 54.09

Postgraduate 48 15.09

Experience Less than 5 years 33 10.38

5-10 years 112 35.22

More than 10 years 173 54.40

Firm size 4-9 199 62.58

10-50 119 37.42

Industry sector Food and beverage 101 31.76

Packaging 38 11.95

Plastic 23 7.23

Furniture 51 16.04

Apparel 42 13.21

Chemical and petrochemical 50 15.72

Other 13 4.09

4.2 Measures

All questionnaire items were developed using relevant published literature. For the
purpose of ensuring that all items were understandable and relevant to the targeted
business environment, existing items have been modified to fit the objectives of the study
through in-depth interviews with the managers of 8 different SMEs. TLPs were measured
using 9 items adopted from Alkhaldi and Abdallah (2019), Bortolotti et al. (2015), and
Kamble et al. (2020). While HLPs were measured by 10 items adopted from Alkhaldi and
Abdallah (2019) and Kamble et al. (2020). As for operational performance, it was
measured using 4 items that assess cost, quality, delivery, and flexibility, which adopted
from Bortolotti et al. (2015) and Habidin et al. (2018). Table 3 shows all the items of the
questionnaire.

4.3 Control variables

Firm size and industrial sector were used as control variables in this study to control for
organisational and environmental factors.
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5 Data analysis and results

5.1 Reliability and validity

To validate the study’s measures, we conducted the reliability test to see how well the
scale items consistent with one another internally. As presented in Table 3, all composite
reliability (CR) values were over 0.70 (Fornell and Larcker, 1981). In addition, we
conducted a confirmatory factor analysis (CFA) to determine the validity of the construct,
including convergent validity and discriminant validity. All factor loading values were
above 0.60 (Bagozzi and Yi, 1988), while the average variance extracted (AVE) was
above the cut-off point of 0.50 that is commonly accepted (Hair et al., 2011). In general,
all constructs are having acceptable convergent validity.

Table 3 CFA results

Constructs Item code Factor loading CR AVE Mean SD
Technical lean - - 0.91 0.54 3.361 0.7389
practices TLPI 0.733

TLP2 0.766

TLP3 0.729

TLP4 0.769

TLP5 0.772

TLP6 0.751

TLP7 0.719

TLP8 0.702

TLP9 0.656
Human lean - - 0.92 0.53 3.798 0.7187
practices HLPI 0.626

HLP2 0.669

HLP3 0.745

HLP4 0.754

HLPS 0.660

HLP6 0.757

HLP7 0.796

HLPS8 0.672

HLP9 0.778

HLP10 0.777
Quality OP1 0.864 0.75 0.75 3.557 1.08
Cost OP2 0.679 0.46 0.46 3.726 1.03
Delivery OP3 0.830 0.69 0.69 3.733 1.04
Flexibility OP4 0.761 0.58 0.58 3.387 1.09

Notes: CR = composite reliability, AVE = average variance extracted, SD = standard
deviation
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The results in Table 4 show the descriptive statistics of the study variables. Furthermore,
the discriminant validity of latent factors is high, as shown by the root-square-values of
AVE exceeding the correspondent correlations of all factors (Fornell and Larcker, 1981).

Table 4 Discriminant validity results
Constructs TLPs HLPs Quality Cost Delivery Flexibility
TLPs 0.73
HLPs 0.52%** 0.73
Quality 0.39%** 0.45%** 0.87
Cost 0.32%** 0.36%** 0.55%** 0.68
Delivery 0.33%%* 0.38*** 0.51%** 0.68*** 0.83
Flexibility 0.29%*** 0.36%** 0.46%** 0.56%** 0.53*** 0.76

5.2 Hypotheses testing

In order to test the hypotheses, we performed a multiple regression analysis using Hayes’
Process macro with SPSS, in which direct and synergistic effects were explored (Hayes,
2018). Before analysis, we performed a variance inflation factor (VIF) test for all
constructs constituting the interaction conditions to alleviate the multicollinearity threat
(Aiken and West, 1991). The highest value for VIF in the current study was 1.369, which
is significantly below the cut-off point of 10 (Hair et al., 2011).

Table 5 summarises the findings of the hypotheses. The findings indicate that paths
(TLPs—cost) (B = 0.17, p < 0.10), (TLPs—delivery) (B = 0.16, p < 0.10),
(HLPs—quality) (B = 0.68, p < 0.01), (HLPs—cost) (B = 0.32, p < 0.01),
(HLPs—delivery) (B = 0.37, p < 0.01), and (HLPs—flexibility) (B = 0.37, p < 0.01) were
positive and significant. Therefore, hypotheses H1b/c and H2a/b/c/d are supported. While
the paths (TLPs—quality) (B = 0.13, p > 0.10) and (TLPs—flexibility) (3 = 0.12,
p > 0.10), were insignificant. Therefore, hypotheses Hla/d are not supported.

Table 5 Multiple regression analysis results
Dependent variable
Quality Cost Delivery Flexibility
Control variables
Firm size 0.04 —0.005 —-0.06 -0.15
Industry sector -0.03 -0.017 0.003 —-0.02
Direct effects
TLPs 0.13 0.17* 0.16* 0.12
HLPs 0.68*** 0.32%** 0.37*** 0.37***
Interactive effects
TLPsxHLPs 0.41%** 0.22%* 0.26%** 0.19%*
F 21.48%** 6.53%** 7.95%** 6.34%%%*
R? 0.26 0.09 0.11 0.09

Note: Standardised coefficients are reported: ***p < 0.01, **p < 0.05, *p < 0.10.
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Along with the linear aspects of our proposed model, we investigated the synergistic
effects of TLPs and HLPs on all dimensions of operational performance. The results
revealed that there is a synergistic effect of TLPs and HLPs on quality performance
(B = 0.41, p < 0.01), cost (B = 0.22, p < 0.05), delivery (B = 0.26, p < 0.01), and
flexibility (f = 0.19, p < 0.05). Therefore, hypotheses H3a/b/c/d are supported.
Furthermore, insignificant results for industry and firm size controls suggest that the
interactive effect of TLPs and HLPs on operational performance dimensions of SMEs is
not related to size and industry. Thence, although firm size and industry clearly may have
important implications for firm behaviour and structure, they are not likely to have an
overt impact on how SMEs use lean practices to improve their operational performance.

6 Discussion

This study demonstrates the importance of both TLPs and HLPs in predicting operational
performance of manufacturing SMEs. The findings of the study contribute to the
operations management literature through an empirical approach that yields theoretical
and empirical implications and opens potential research areas for the future.

As the study results showed, both TLPs and HLPs are important in improving the
operational performance of SMEs. Our results show that both TLPs and HLPs are
associated with the four dimensions of operational performance (with the exception of the
relationship of TLPs with the dimensions of quality and flexibility), indicating that TLPs
and HLPs are useful resources for obtaining operational advantage. These results back up
the findings of prior research (e.g., Arumugam et al., 2020; Godinho Filho et al., 2016).
Our findings also indicate a positive association between HLPs and operational
performance, which is consistent with past research (e.g., Moldner et al., 2020; Sahoo,
2019). Importantly, our results show that TLPs and HLPs have a synergistic connection
in predicting the four dimensions of operational performance. This study thus expands
the results of Khanchanapong et al. (2014) by showing the influence of interaction
between TLPs and HLPs on the four dimensions of operational performance.

6.1 Theoretical Implications

Theoretically, this study adds to the operations management literature that aims to
uncover the enablers of high operational performance (Hackman and Wageman, 1995;
Ketokivi and Schroeder, 2004b). Depending on RBV as a theoretical lens, the results
indicate that TLPs and HLPs have predictive power for operational performance.
Importantly, the positive interaction between TLPs and HLPs demonstrates interactive
relations that occur when one resource magnifies the influence of another resource, hence
multiplying the overall influence of both (Black and Boal, 1994; Khanchanapong et al.,
2014). Thus, our results broaden prior studies related to lean manufacturing practices
(Abdallah et al., 2019; Arumugam et al., 2020).

According to RBYV, there are two explanations for this interaction. First, the
interaction shows that using TLPs and HLPs as resources gives a competitive edge and
above-average returns. Combining two complementary resources increase resource
variety, making imitation more difficult (Peteraf, 1993). Moreover, because each
component of lean practices has inherent competitive value, their combination provides
synergistic results that outperform their separate effects (Jeffers et al., 2008).
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Second, the positive interactions indicate that the value of TLPs as resources may be
contingent on the amount to which HLPs have been adopted within the organisation, and
vice versa. Regarding this, RBV back up the idea that individual resources may be
limited in their potential to build competitive edge, but they feed off one another to create
sustained competitive advantage (Barney, 1995). According to this concept, the results of
our study suggest that TLPs may require the assistance of HLPs, in the sense that when
TLPs are used in conjunction with a higher degree of adoption of HLPs, the performance
benefit from TLPs is increased. The findings also back up the complementarity theory
regarding the interaction that exists between TLPs and HLPs. As Amit and Schoemaker
(1993) point out, the resources of a firm may demonstrate complementarity in
deployment or implementation in ways that raise their strategic value compared to one
another. Our findings reveal a positive interaction between TLPs and HLPs in improving
operational performance, indicating that investing in a number of complementary
resources at the same time will result in higher performance than relying on a single type
of resource alone (Milgrom and Roberts, 1995). According to complementarity theory,
the total value of a firm’s resources may be greater than the value of each resource when
each resource is used individually.

6.2 Empirical Implications

Our findings clearly reveal the importance of TLPs and HLPs as valuable resources to
improve operational performance. The findings also show that TLPs have a stronger
effect on operational performance than HLPs. However, TLPs need HLPs to maximise
their effect on operational performance. Most studies have emphasised that a lack of
HLPs leads to failure and delay in lean transformation (Hong et al., 2014). HLPs would
be helpful for SMEs to enhance the performance of their employees. The orientation
towards learning lean practices and the belief that a lean system is essential to the growth
of SMEs and improved operational performance (Arumugam et al., 2020). This could be
a challenge for SMEs, as our analysis reveals that manufacturing SMEs in Yemen adopt
TLPs less than HLPs. This may be attributed to the fact that adopting TLPs requires big
investments, which several SMEs cannot afford. Thus, our findings have managerial
implications for SMEs, as they should create policies to encourage Yemeni
manufacturing industries to invest in TLPs.

Additionally, our findings demonstrate that while TLPs-HLPs synergy can help
maximise their complementary nature, Yemeni SMEs seem to ‘dichotomise’ the two
resources, implying that they are ‘dichotomising’ them and treating them independently.
Therefore, the findings of this study might be helpful to support the owners and top
management of SMEs in the preparation and accomplishment of an effective lean
transformation.

7 Conclusions, limitations and future research

Guided by RBV and Complementarity theory, this study developed a theoretical
framework to explore the interplay between TLPs and HLPs in improving operational
performance. Based on the data collected from manufacturing SMEs in Yemen, the
results of the study confirmed the interactive effect of TLPs and HLPs on the four
dimensions of operational performance (quality, cost, delivery, and flexibility). The
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findings imply that performance requires specific resource configuration, providing a
more nuanced picture of TLPs, HLPs, and operational performance. In addition, the
performance impact of TLPs is correlated to their interactions with HLPs. As a result,
failure to know these boosting interactions may result in an unnecessarily high level of
emphasis being placed on particular types of engagement in these practices.

Even though the contributions of this study, we identify the following limitations,
which in turn require further research in the future. First, because we employ the cross-
sectional survey method, which precludes causal inference, as there are temporal effects
among TLPs, HLPs, and operational performance that are not accommodated in this
empirical framework. Therefore, future studies should aim to generate longitudinal data
in order to grab conditional effects. Second, this study only examined the synergistic
effects between TLPs and HLPs in relation to performance, future studies could include
other performance-related variables that were not included in the current study. Third,
this study offers unique perceptions of the links among TLPs, HLPs, and manufacturing
performance in Yemeni SMEs. Our results may apply to similar environments (such as
those in Asia), however, future studies can focus on specific firms’ sizes, or sectors,
generating a greater understanding of the links among TLPs, HLPs, and operational
performance in similar situations or environments.
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Appendix 1

Measurement items

Part 1: Lean manufacturing practices

Please circle the number indicating to what extent you agree/disagree with the following: (1 —
strongly disagree, 2 — disagree, 3 — neutral, 4 — agree, and 5 — strongly agree)

Technical lean TLP1
practices

TLP2
TLP3

TLP4
TLPS

TLP6

TLP7
TLPS

TLP9

Human lean HLP1
practices

HLP2

HLP3
HLP4
HLP5
HLP6
HLP7

HLP8
HLP9

Our firm strives to improve continually the quality of its processes
rather than taking a static approach

In our firm, processes are being monitored using statistical process
control

Maintenance team regularly checks equipment and supplies to
make sure they meet the operating requirements

Our firm immediately replaces defective parts of equipment

Our firm uses advanced techniques for managing its inventory
bundle

Our firm’s materials are readily available as and when needed and
without overstocking

In our firm, production is pulled by the shipment of finished goods

In our firm, production at workstations is pulled by the current
demand for the next workstation

Kanban, squares, or containers of signals are used for production
control

Our firm management provides personal leadership for quality
products

Our firm management creates and communicates a vision focused
on quality improvement

We provide cross-functional training for our firm employees
Our firm’s employees learn how to perform a variety of tasks
We strive to establish long-term relationships with suppliers
We actively engage suppliers in our quality improvement efforts
Supplier evaluation is done on the total cost purchase and not per
unit price
Our firm is in close contact with our customers

Our customers take active participation in existing product
improvement and new products development process
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HLP10 Our customers share the present and future demand information
with our firm

Part 2: Operational performance

Please circle the number that indicates your opinion about how your firm compares to its
competitors in your industry: (5 — superior, 4 — better than average, 3 — average or equal to the
competition, 2 — below average, and 1 — poor or low)

Cost Unit cost of manufacturing
Quality Quality conformance
Delivery On-time delivery performance

Flexibility Flexibility to change product mix




