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Exploring the impact of a sequential lean implementation within a micro-firm — a socio-

technical perspective

Lean implementations in large and medium-sized organisations are prominent in the literature.
However, although small and micro-organisations significantly impact the countries’ economy,
lean deployments in small and especially micro-firms are uncommon. This research aims to i)
explore how micro-manufacturing initiates and develops a successful lean implementation and
ii) establish the benefits and barriers from a socio-technical theory perspective. This action
research is undertaken in a label manufacturer in the UK, where techniques such as 5S, single-

minute exchange of dies, just in time, and total productive maintenance are implemented in

sequence over six months to study the social and technical duality of lean. Both qualitative and
quantitative data are collected to determine how the micro-organisation implements lean

manufacturing and assess the extent to which it improves productivity, reduces lead time, and

transforms culture. The results show that both performances are positively impacted and, more
importantly, it has changed peoples behaviour.
Keywords: lean implementation, micro-organisation, performance improvement, socio-

technical theory

1. Introduction

Lean is a management and manufacturing transformation philosophy, which leads firms to
continuously improve and optimise their processes and operations (Bamford et al., 2015;
Bhasin, 2013; Moldner et al., 2020). Lean studies are extensive in the literature and empirically
evidenced, especially in large firms (Bhasin, 2013; Narasimhan et al., 2006). Shah and Ward
(2003) reported 22 lean practices (e.g. pull system, quick changeover techniques, predictive and
preventive maintenance, quality management programmes, and self-directed work teams),
which they divided into four dimensions: just in time (JIT), total productive maintenance
(TPM), total quality management (TQM), and human resource management (HRM). They

reported that large manufacturing firms tend to adopt many of these 22 practices across their
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boundaries to deploy a coherent and impactful lean programme. In this research, we define a
lean programme as a deployment that focuses on the selection of certain techniques and
practices applied to the most critical manufacturing processes (Bamford et al., 2015). The
performance and cultural impact of successful lean deployment are debatable (Bamford et al.,
2015; Srinidhi & Tayi, 2004; Yasin et al., 2004); however, it is generally agreed that
implementing lean manufacturing, even partially, is challenging and not always persuasive or
rewarding for many micro and small firms (Achanga et al., 2006; Hu et al. 2015). Micro-
organisations often lack structures, resources, long-term strategies, continuous improvement
mechanisms (Cosenz & Bivona, 2020; Haksever, 1996), and expert knowledge and experience
in these domains to drive successful implementations (Liberman-Yaconi et al., 2010; Matt &
Rauch, 2013). Even implementing common techniques such as SMED (single minute exchange
of dies) and 5S (sort, set in order, shine, standardise, and sustain) can prove problematic
(Belhadi et al., 2018). In terms of lean implementation, micro and small organisations are less
mature than their larger counterparts (Cosenz & Bivona, 2020; Panizzolo et al., 2012). Hence,
researchers call for further studies in this specific type of firm to understand the
interdependencies and the bidirectional duality between i) lean techniques and operational
performance, which belongs mainly to the technical realm (Md&ldner et al., 2020); and ii) lean
practices and the micro-organisation’s culture, which belongs to the social realm (Solaimani et
al., 2019; Tortorella et al., 2021).

Lean implementation in micro-firms is under-researched; it has also been described as
scarce and not prominent (Alkhoraif et al., 2019; Filho et al., 2016; Hu et al., 2015; Yadav et
al., 2019). Micro-firms with fewer than ten employees (McGowan, 2019) are the backbone of
industrial production (Mittelstaedt et al., 2003) and significantly support employment
(Alkhoraif et al., 2019). Since 2013, 95% of the UK’s private sector businesses have been

micro-firms (Lord Young, 2013; Department for Business, Innovation, and Skills, 2015),
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contributing to 33% of employment and 18% of the country’s turnover (House of Commons,
2015). Hence, there are substantial economic and social incentives to increase the
competitiveness of micro-firms. As seen during the COVID-19 pandemic, micro-firms are more
vulnerable than their larger counterparts. Therefore, it is even more important to develop
successful continuous improvement strategies and deploy methods to ensure competitiveness,
agility, and resilience (Liberman-yaconi et al., 2010).

In this context, in addition to the fast-paced technological changes of this approaching
fourth industrial revolution (Bibby & Dehe, 2018), we observe that large and global firms
increase their competitive gaps in terms of financial and operational performance (e.g.
productivity and lead time). This encourages small and micro-firms to further improve their
effectiveness, efficiency, and competitiveness, notably, by complying with industry standards
and schemes; investing in new technology, machinery, and equipment; and adopting production
and supply chain best practices such as lean management (Liu et al., 2018).

Research on lean manufacturing in micro-organisations is limited, and there have been
few studies in academic journals in the past 15-20 years (Filho et al., 2016; Hu et al., 2015;
Kuratko et al., 2001; Matt & Rauch, 2013; Nwankwo, 2000; Yadav et al., 2019). This research
aims to explore how a sequential lean manufacturing programme can be successfully
implemented in the context of micro-organisation through the dual perspective of socio-
technical system theory. We demonstrate that a micro-organisation can deploy aspects of lean
manufacturing to improve productivity and lead time performances, as well as change people’s
behaviour. We use an action research methodology embedded within a case company, referred
to as CL. The data collection relies on eight interviews and a quantitative strand, which analyses
358 performance data points.

This research contributes to lean manufacturing in the micro-organisation body of

understanding by providing impactful and valuable knowledge and evidence to micro-firm
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owners who wish to improve their processes. This is meaningful, as according to Bhasin (2013),
less than 10% of lean implementation in SMEs is successful. The study contributes by
presenting a roadmap to lean deployment and analysing benefits and barriers from a socio-
technical system theory perspective, specifying pragmatic guidance for practitioners. This study
also makes a significant contribution by providing evidence of the social and technical duality
of lean (Austin & Adebayo, 2021; Knol et al., 2019). We demonstrate how a sequential lean
implementation of four techniques (5S, SMED, JIT, and TPM) can improve performance
(belonging to the technical system) and transform the culture and behaviours (belonging to the
social system) in a micro-firm, after overcoming technical and social barriers (Solaimani et al.,

2019).

2. Literature review

2.1.Theoretical perspective: socio-technical systems

In this study, we employ the socio-technical system theory (Trist & Bamforth, 1951) to report
how a micro-organisation can implement lean manufacturing practices and assess how a lean
implementation improves productivity, reduces lead time, and changes people, culture, and
behaviours. This is congruent with Shah and Ward (2007) and Solaimani et al. (2019), who
define lean as an integrated socio-technical system that aims to eliminate non-value-added
activities, pursue problem-solving (technical system), and generate a culture of continuous
improvement (social system). Baxter and Sommerville (2011) define socio-technical theory as
‘an approach that considers human, social, and organisational factors, as well as technical
factors in the design of systems and performance’. According to the socio-technical system
perspective, organisations consist of two systems: social and technical. The theory suggests that
for optimal functioning, both the human and technical systems must be jointly harmonised

(Mumford, 2006). The social system relates to the culture, people’s behaviour, and relationships
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(Trist, 1981), and the technical system represents the tools, techniques, methods, performance,
metrics, and knowledge required to produce goods and services (Pasmore, 1988). Firms must
balance and integrate these two systems to enhance their performance (Dabhilkar & Ahlstrém,
2013; Fox, 1995). The socio-technical theory has been applied in healthcare, computing,
information and communication technology, ergonomics, quality management, and lean
(Carayon, 2012; Carayon et al., 2015; Hadid & Mansouri, 2014; Hadid et al. 2016; Kleiner et
al., 2015; Morgan-Thomas et al., 2020; Shah & Ward, 2007). To be successful, lean
manufacturing must consider the implementation of tools and techniques such as 5S, SMED,
JIT, and TPM. However, these must be adapted and tailored to the environment and culture of
the firm; therefore, they must fit the social fabric and culture of the organisation (Bamford et
al., 2015; Rymaszewska, 2014). This shows the duality of lean (Austin and Adebayo, 2021;
Knol et al., 2019). For example, to successfully implement lean manufacturing, human resource
capabilities (teamwork, training, multi-skilling, and employee flexibility) must be carefully
considered (Samson & Terziovski 1999; Wiengarten et al., 2011). Chaudhuri and Jayaram
(2019) demonstrate that social considerations have a strong positive effect on technical
deployment. Hence, in line with Dabhilkar and Ahlstrém (2013) and Mohammad and Oduoza
(2019), we infer that the socio-technical system is a relevant theory to understand and analyse
how a micro-firm can deploy lean manufacturing successfully and to what extent it impacts
productivity, lead time, and employee behaviours. Some studies focus on lean implementation
from either a technical or cultural perspective in a piecemeal fashion (Agarwal et al., 2013;
Bhasin, 2013). It is commonly acknowledged that both systems must be considered and
balanced. Social practices and technical components are interdependent and interconnected,
and influence firm performance (Bhasin, 2013; Hadid et al., 2016; Shah & Ward, 2003). Failure
to consider both systems will ultimately lead organisations to stall their transformation (Yadav

etal., 2019).
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2.2.Micro-organisations

The characteristics of small and micro-businesses are summarised by Vickers (1990) and
consist of 1) low-profit margin, ii) limited training and staff development availability, iii)
informal quality controls, iv) narrow customer base, v) lack of power over suppliers, vi) lack of
long-term plans and strategies, and vii) limited resources and capacities. There are some
additional characteristics unique to micro-firms, such as i) limited management and lean skills,
ii) high competition, iii) low overheads, and iv) immature systems (Meredith, 2000). Despite
these features, owners of micro-organisations possess a high sense of entrepreneurship and can
be very innovative (Booyens, 2011). Thus, the ability to compete and survive in the market
often comes from owners’ managerial competencies and skills (Bianchi et al., 2018). However,
scarce resources, environmental pressures, and high competition (Franco & Haase, 2010;
Thorgren et al., 2012) prevent micro-organisations from focusing on and developing robust
processes and systems (Matt & Rauch, 2013). Liberman-Yaconi et al. (2010) find that owners
of micro-organisations rely heavily on personal experience and knowledge, with rare inputs
from consultants, universities, or external parties, which could jeopardise successful lean

implementation.

2.3.Lean implementation in micro-organisations

Lean manufacturing and total quality management are not just for large manufacturing firms
(Shea and Gobeli, 1995). Small firms can also apply most lean and TQM principles (Barrier,
1992; Panizzolo et al., 2012). Crosby (1979) explains that a quality management scheme can
be implemented by any business, irrespective of its size or scope. In line with this, Cook et al.
(1998) find that micro-firms can apply quality practices, gain just as much profitability as small

and medium firms, and gain more employee empowerment.
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The quality practices of small and micro-organisations have been mainly linked to TQM
and 1SO 9000 (McAdam, 1999; Nwankwo 2000; Poksinska et al., 2006), and are briefly
associated with JIT (Brown and Inman, 1993; McAdam, 1999), and the Malcome Baldridge
award (Stephens et al., 2005). Brown et al. (1998) also report on 1SO 9000 and its drawback:
the cost of certification is a key barrier to small businesses, even if viewed as a ‘necessary evil’
for many companies (Fatima, 2014).

Lean is a methodology composed of a set of tools, techniques, systems, and principles
that enable a firm to reduce waste and streamline processes and implement continuous
improvement to enhance performance (Bhamu & Sangwan, 2014; Bhasin, 2013; Chen et al.,
2010; Lander & Liker, 2007; Liu et al., 2018; Panwar et al., 2015; Rawabdeh, 2005; Shah &
Ward, 2007; Vlachos, 2015). Numerous academic studies and firms have reported significant
improvements in lead time, quality, productivity, customer satisfaction, and profitability after
lean implementations (Bamford et al., 2015; Chavez et al., 2015; Liu et al., 2018; Lowe et al.,
1997; Sohal & Egglestone, 1994; Melton, 2005; Pearce et al., 2018; Perona et al., 2016). Melton
(2005) concludes that lean i) increases the value of the release of working capital, ii) increases
supply chain speed, and iii) reduces manufacturing costs. These benefits are achieved by
implementing technical practices such as 5S, standardisation, problem-solving, SMED, TPM,
JIT, workplace organisation, and visual management (Dombrowski et al., 2010).

Notably, techniques such as small lot sizing, competitive benchmarking, level
scheduling, and statistical process control are unpopular tools within SMEs (Alkhoraif et al.,
2019). Time and budget constraints (Bhasin, 2013), as well as expertise and know-how (Mathur
et al., 2012), are the main barriers. However, Bianchi et al. (2018) suggest that a structured,
flexible, and selective approach may fit micro-business entrepreneurs and develop their

capabilities.
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An organisation can deploy lean in different ways: i) following the wisdom of the so-
called gurus, ii) relying on external consultants’ inputs, iii) following an excellence framework,
or iv) adopting a bottom-up perspective. However, the key question is to define the scope and
scale of the implementation. Some scholars argue that only a total and full deployment of lean
techniques will lead to successful implementation (Srinidhi & Tayi, 2004; Yasin et al., 2004);
while others advocate for a partial deployment, a step-by-step approach, in which tools and
techniques are sequentially implemented (Bamford et al., 2015; Papadopoulou & Ozbayrak,
2005). However, unlike large companies, micro-organisations lack the structure, ability, and
resources to accommodate the multi-stage models and the long-term strategic planning needed
to deploy a total and full lean programme (Alaskari et al., 2016; Matt & Rauch, 2013).
Moreover, they do lack the knowledge and skills required to identify the most appropriate
methods and, therefore, often fail to successfully implement lean into their businesses

(Dombrowski et al., 2010).

2.4.Lean from a predominant technical system perspective: 5S, SMED, JIT, TPM

Lean implementation requires knowledge, skills, competencies, resources, and time (Hines et
al., 2004). Most reported implementations demonstrate the impact of lean on flow
improvement, production cost reduction, and quality improvement in large and medium
organisations (Filho et al., 2016; Liu et al., 2018). Fundamental lean techniques include 5S
(Jiménez et al., 2015), SMED (Moxham & Greatbanks, 2001), JIT (Sandanayake et al., 2008),
and TPM (Sharma et al., 2006).

5S is commonly translated in English as ‘sort, set in order, shine, standardise, and
sustain’. It was originally developed in the 1980s on Japanese manufacturing shop floors. Many
firms practise this lean fundamental technique to develop a culture of discipline. It is often used

in combination with other techniques such as TPM or SMED and within kaizen events

10
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(Kobayashi et al., 2008). 5S is often used as a groundwork for more complex lean
implementations. It is considered a prerequisite for lean management (Bryar & Walsh, 2002;
Ho, 1998; Kumar et al., 2007; Warwood & Knowles, 2004).

SMED was a central technique as part of the Toyota Production System (TPS) to reduce
the changeover time between batches (Shingo, 1985). It has been implemented in many
industries, such as automobiles, robotics, aerospace, and electronics (Patel et al., 2001,
Trovinger & Bohn, 2005). Jebaraj et al. (2013) demonstrate that SMED is beneficial in reducing
small stops in a manufacturing firm and improves overall equipment effectiveness (OEE).
Shingo (1985) suggests a three-stage plan consisting of i) separating the internal and external
setup, ii) converting the internal to external setup, and iii) streamlining all aspects of the
operation. Stage one is the most important phase, which distinguishes between internal (when
the machine is stopped) and external setup (while the machine is still running), which is the
passport to achieving SMED (Shingo, 1985). Stage two involves converting the internal setup
to an external one by re-examining the operations and finding ways to convert. Stage three
streamlines all parts of the process.

JIT is an essential aspect of lean philosophy for creating flow (Behrouzi & Wong, 2011).
It aims to minimise work-in-progress inventory throughout the entire system (Parnaby, 1988).
Its benefits are universal, which include work-in-progress reduction, increased flexibility, raw
material reduction, increased quality, increased productivity, reduced space requirements, and
lower overhead (Voss, 1987). However, Swink et al. (2005) find that JIT has no positive effect
on cost performance. Meanwhile, Cua et al. (2001) suggest that multiple approaches are
mutually supportive in achieving manufacturing performance improvement and JIT needs to be
implemented with other lean techniques.

The TPM is the fourth lean technique reviewed in this study. Kyokai (1996) deploys

TPM on the shop floor to maximise equipment effectiveness, focusing on the entire equipment

11
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life cycle to establish a system, coordinating all departments, involving everyone, and having a
team-based culture to ensure zero losses. Shirose (1992) considers six major losses in TPM:
breakdown losses, setup and adjustment losses, idling and minor stoppage losses, reduced speed
losses, quality defects and rework, and startup/yield losses. This demonstrates how 5S and

SMED are complementary and synergetic with TPM.

2.5. Lean from a predominant social system perspective

Although lean manufacturing is often described from a technical perspective, the role of the
people is paramount for successful deployment (Tortorella et al., 2021). Hence, we also need
to analyse it from a social perspective (Yadav et al., 2019). Solaimani et al. (2019) argue that
lean focuses on people, culture, and leadership to create a positive and proactive attitude
towards continuous improvement. Employees and executives play the most important role in
leading any business transformation (Hummels and De Leede, 2000). For instance, Alpenberg
and Scarbrough (2016) observe that the success of the quality circle technique does not come
from its procedures or applications (associated with the technical system); it is rather
determined by the facilitators’ communication, engagement, and empowerment skills
(associated with the social system). In a subsequent study, Alpenberg and Scarbrough (2021)
report that lean dispersed practices (associated with the technical system) linked with
integrative practices (associated with the social system) will improve productivity and
involvement. This corroborates Moldner et al. (2020), who find that besides the technical lean
practices, the social practices improve process innovation and performance, inferring the

concept of duality.

2.6.Gap analysis and the duality of lean

Although research has explored TQM and ISO 9000 benefits in micro-organisations, further

research on micro-firms is considered essential to extend and complement the current body of

12
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understanding (Filho et al., 2016; Kuratko et al., 2001; Yadav et al., 2019). Moreover, research
on lean and quality management in micro-organisations does not consider the duality aspect
between the technical and social systems and their interactions, for example, as in Prasad and
Tata (2009), Hodge et al. (2011), and Ramesh and Ravi (2017). Similarly, Gilmore and Smith
(1996) conduct action research on SMED but focus essentially on the technical aspect of lean.
To the best of our knowledge, only a few academic publications analyse the evolution and
impact of lean techniques, such as 5S, SMED, JIT, and TPM, in micro-organisations from both
the social (culture and behaviour) and technical (productivity and lead time) viewpoints.
Therefore, this research addresses this gap and provides a deeper understanding of the lean
manufacturing bidirectional duality phenomenon within micro-enterprises. This is achieved by
shedding light on how a micro-firm can successfully manage sequential lean implementation.
Two research questions are presented to structure the study: RQ1:. How can a micro-
organisation effectively implement lean and overcome the main social and technical barriers?
RQ2: To what extent can a lean implementation improve productivity, reduce lead time, and

transform the culture?

3. Methodology

3.1.Research design rationale

Action research was designed with a label micro-manufacturer in the UK, referred to as CL
(Minshull & Dehe, 2017). Action research often focuses on improving the system in which the
research is being conducted (Vanderstoep & Johnston, 2008; Visintin et al., 2017; Vlachos,
2015), where researchers are directly involved in the study and actively participate in the change
implemented (Chen et al., 2010; Prybutok & Ramasesh, 2005). It can be an effective method
for problem-solving in an organisation (Quinlan et al., 2015) and is particularly useful in
studying organisational and cultural change (Bamford et al., 2015; Johnson et al., 2014). Lo et
al. (2020) explain that empirical studies benefit from using multiple methods. Moreover,

13
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researchers have called for using mixed methods and action research in lean implementation in
SMEs (Alkhoraif et al., 2019). An advantage of action research is the real-world natural setting
in which the data are collected, to help understand how and why a phenomenon has occurred

instead of simply stating what occurred (Yin, 2012).

3.2.The case company: CL

Similar to Cosenz and Bivona (2020), this research is undertaken within a case company to
explore a specific phenomenon: the deployment of lean manufacturing in a micro-organisation.
In line with their approach, we analyse and report empirical evidence from our research. The
case company is a family-run self-adhesive label manufacturer established in 1985. The micro-
firm provides hot foil, flexographic, and thermal transfer printed labels. It has four permanent
employees and one part-time employee. Full-time staff include the managing director, sales
office manager, production manager, and production worker. The part-time employee is a
production worker. The two manufacturing processes in the company were hot foil and
flexographic. There are three hot-foil machines, each with different capabilities and a rewind

to finish the product, and one flexographic machine with a rewind machine.

3.3. Role of the research team

One of the researchers worked at CL before the start of the project and had direct access to the
company’s historical data, information, and staff. They collaborated very closely with the MD
to design and implement a solution in partnership with the university staff with expertise in lean
manufacturing. This project became the foundation for a part-time MPhil. There are no conflicts

of interest, and there are no financial interests for the authors because of this study.

3.4. Action research process relying on mixed methods

14
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In this action research, researchers combine both qualitative and quantitative data to build,
triangulate, and provide credible findings (Ivankova, 2015). Mixed-methods research enhances
the validity of the results based on triangulation mechanisms. It provides a more complete
picture of the phenomenon being investigated and can address complex issues. The set of lean
practices implemented and investigated in this study are 5S, SMED, JIT, and TPM. Each
technique followed a systematic five-week implementation plan and timeline: i) week 1:
observing and analysing the current practice and collecting the performance level data; ii) week
2: providing the selected lean technique training by one of the authors to the staff; iii) week 3:
focusing on the implementation and experimentation of the lean technique; iv) week 4: adapting
and assessing, during which the quantitative performance data are measured; and v) week 5:
evaluating and reflecting, including qualitative data collection through interviews with staff.
This five-step cycle was replicated for each of the four lean techniques mentioned in the
sequence (P1: 5S, P2: SMED, P3: JIT, P4: TPM), resulting in a sequential approach. In total,
this implementation programme lasted more than six months, as planned and unplanned gaps

between cycles were taken. This process was led and facilitated on-site by one of the authors.

3.5.The qualitative and quantitative strands

As part of this action research, there are qualitative and quantitative strands. The qualitative
strand comprises eight semi-structured interviews with staff throughout the programme. The
face-to-face interviews aimed to collect data and understand perceptions regarding the
implementation and deployment of lean techniques. It provided the opportunity to coach and
let the participants reflect on their lean practices as well as the process. The interviews followed
a common protocol but allowed diving into a specific, based on the participants’ views and
interpretations (Matthews and Ross, 2010).

A thematic analysis was then conducted to analyse the interviews. The four emerging

themes are: i) lean improves both the social and technical systems; ii) there are key social and

15
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technical enablers specific to micro-organisations; iii) there are key social and technical

blockers specific to micro-organisations; and iv) lean impacts productivity and lead time. Table

1 provides a sample of the interview protocol showing the data structure, source, and coding.

Table 1. Interview structure, protocol, and coding

Interview protocol

Sample quotes from participants

Themes extracted

How do you define ‘lean
manufacturing?

How are lean principles
already encompassed in
the company?

How would you describe
your experience over the
past weeks of deploying
the selected lean
technique (5S, SMED,
JIT, TPM), any example?

The literature suggests
that lean manufacturing
provides a more
productive environment
with more skilled
employees. To what
extent do you agree,
disagree? Have you
gained more skills?

Have there been any
particular issues during
this lean technique
implementation?

‘optimising production process';
'satisfying the customer"; 'minimizing
waste'.

‘it is not really implemented, but we
have a good system in place with
extremely high customer satisfaction, our
last customer survey came back with a
10/10 score’; ‘so why would it be
needed?’; ‘if it is not broken, don’t fix
it’.

‘I had some knowledge before, I
implemented SMED and some other
techniques in the company | used to
work for, but realising how they can
work in my small company has been a
real eye opener’ [Technical system]; ‘for
example, the scheduling made it easier
for me to know when things we needed
for orders were coming in; before if |
didn’t know, the job would be left and
not done or put on the machine to realise
I don’t have everything I need to make it.
Now the plan is in place, I’'m more aware
and can plan better’ [Social system].

I’ve learnt new techniques, new ways of
doing things and hopefully will be able
to improve and implement new things in
the future; 'l think it was good that we
decided what was going to change if we
were just told what to improve I don’t
think I would have gone with it as much,
but because we came up with the ideas it
was like it was more important and |
needed to go through with it more’.

‘We weren’t aware of how much we
would be doing, like, changing things
and working out what is best and what to
change on each rotation’ [Technical
system]. ....... ‘it was surprising how
much time I had to dedicate to it. I don’t
think I realised...we had to learn lots of
new things too, it was all a bit difficult to
digest in such a short space of time’
[Technical system].

lean improves both the social and
technical systems

There are key social and technical
enablers specific to micro-
organisations

there are key social and technical
blockers specific to micro-
organisations

Lean improves both the social and
technical systems

lean improves both the social and
technical systems

lean impacts productivity and lead
times

there are key social and technical
blockers specific to micro-
organisations

16
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Were you satisfied with
the training and
deployment plan and
happy with your
understanding of the lean
techniques prior to their
implementation?

Lean techniques have
been linked to problem
solving and innovation,
would you agree? Can
you think of any
examples in the past
couple of weeks?

In your opinion, how has
lean reduced the
changeover times and
cycle times at CL?

Various authors suggest
that micro organisations
cannot implement lean
practices successfully
due to lack of resources,
amount of staff
restricting productivity
and implementation,
lacking managerial skills,
managers time-limited
due to ‘fire-fighting’.....
Reflecting on the overall
implementation, to what
extent do you agree with
the above?

What are the key benefits
generated from
implementing lean
techniques?

It was good to go through the process
ourselves....as we created it, we know it
inside out, and putting together the new
process along with the new
manufacturing setup really helped me not
make any mistakes’ [Social system].

‘working with the office department to
work out the scheduling worked [based
on JIT principles]. We all know how it
works and how to communicate about it
to get it right’ [Social system]. ....... ‘as
I’m not in all the time, things have often
moved from one time to the next,
labelling everything and having all the
things we need in the same place every
time made it so much easier to pick the
right tool or ink, or cylinder each time
without second-guessing if it’s right or
not’.

The 5S implementation was really
effective, organising the areas around the
machine to suit what we used most really
helped. When we did the stoppages
recording, there was 5 or 6 | think after
we had checked everything on the
machine in training and then started
production again | think in the past 2
weeks we’ve had maybe two.

‘We don’t have the money to have very
experienced consultants come in to help;
it would be so much easier if we had
someone to take care of the day-to-day
jobs so we could concentrate on lean’

Afterwards, the place looked
professional, clean, and somewhere
you’d want to work instead of a messy
shop floor’; ‘increase level of
awareness’; ‘widened our horizons’.

lean improves both the social and
technical systems

there are key social and technical
enablers specific to micro-
organisations

there are key social and technical
blockers specific to micro-
organisations

Lean improves both the social and
technical systems

lean impacts productivity and lead
times

lean improves both the social and
technical systems

there are key social and technical
enablers specific to micro-
organisations

there are key social and technical
blockers specific to micro-
organisations

lean improves both the social and
technical systems
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During the past couple of weeks, I have

felt torn between the implementation of

the tools, the manufacturing department,

the customers, and running the business

as a whole. It was difficult when | had so  there are key social and technical
many things to do each day to dedicate blockers specific to micro-

the time the attention needed... the organisations

SMED was delayed, and as was the 5S

implementation due to things | needed to

do and had to postpone [Technical

Have there been any
major issues during this
implementation period
you have experienced?

system].
Are there any final ‘eye-opener’; ‘the manufacturing process . .
y oyeop S . ep , lean improves both the social and
remarks, comments, or is simpler’, ‘items are easier to find’; .
. . L . technical systems
questions you have? production is more effective’.

The quantitative strand of action research is based on an analysis of the performance
data of the firm during the research. The data collected are the volume produced, number of
jobs, productivity (as a ratio), and lead time (in days). The means and standard deviations of
productivity and lead time are analysed. Productivity is calculated as an integer based on the
throughput accounting formula for simplicity (Bragg, 2012):

Productivity (P) = Throughput (T)/Operating Expenses (OE).
The throughput (T) is the rate at which customer sales generate less truly variable costs, and the
operating expenses (OE) are the additional money spent to create throughput, other than truly
variable costs. The lead time (LT) is the number of days from start to finish, as recorded in the
company system. This set of data enables us to measure the extent to which the lean
implementation of the 5S, SMED, JIT, and TPM affected firm performance and tracked the
evolution of productivity and lead time over time. First, a baseline assessment is established
based on a random sample of 88 measurements of six-month historical data to analyse the long-
term productivity and lead time performance before any intervention. Then, an additional 91
data points are analysed for both productivity and lead time throughout the sequential
implementation. Appendix 1 provides a sample of the data collection for PO: Pre-lean, P1: Post
5S, and P2: Post SMED. In total, the analysis employs 358 data points (179 data points each

for productivity and lead time), enabling the establishment of the trend, significance, and

18



Version accepted — Journal of Business Research - Accepted 25 June 2022

variation created by the lean implementation. The p-values of the two-tailed distribution t-tests
are reported in the findings to evaluate the difference between each stage of the sequential

deployment.

4. Findings

4.1.CL’s background and context with a baseline assessment

Many CL customers are geographically close, and the majority are small- and medium-sized
enterprises. The suppliers are more varied, with most being larger companies based elsewhere
in the UK and Europe. The main competition for CL arises from digital presses, some of which
are only small and cheap, gaining market share and providing a quality product. Companies
without these presses must retain their business through other means, which has been to increase
the quality of the service and product provided by implementing various programmes, such as
lean.

The historical data analysis shows that over time, the company has an established
productivity ratio average of 3.70 with a standard deviation of 2.84 (N=88) and an established
lead time average of 3.39 days with a standard deviation of 0.92 (N=88) as per Figures 1 and 2.
This represents baseline assessment. Importantly, the productivity average seemed to slightly
improve before any interventions, as Figure 1’s line of fit suggests; however, the trend of the

lead time average increases, which is a sign of regression.
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Long term Productivity evolution before Lean implementation v =0.0068x +3.3978
R?=0.0037

Note: productivity is noted as a ratio based on the TOC formula

Figure 1. Established productivity baseline assessment, as a ratio

Lead time long term evolution before Lean implementation

y =0.0084x +3.0177
R?=0.0544

Figure 2. Established lead time baseline assessment, in days

4.2.The sequential implementation

First, 5S is implemented at CL; the employees deploy 5S after the training has been provided,
which leads to the production area being cleared, de-cluttered, re-organised, and marked
accordingly.

Second, the SMED is implemented at the CL. During its introduction, employees are
given an overview of how it could be implemented and benefit the company. During the
implementation phase, the staff analyse and separate the internal activities from the external
ones and then convert internal activities into external ones to reduce the changes in the

bottleneck machine by analysing the footage of the changeover operations.
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Subsequently, the JIT is introduced. As CL has a solid and established supplier base,
implementing JIT meant that all their deliveries would need to arrive either a day before or on
the same day based on the production demand. The scheduling must be improved through a
standard communication and a signalling system (i.e. kanban) between the manufacturing and
office departments and then between the CL and its main suppliers.

Finally, an autonomous maintenance programme is designed and implemented based on
the principles of the TPM. It includes documenting machine inspection points, marking the
lubrication points on the machines, providing information on when this was to be carried out
(during changeovers or planned stops), creating an autonomous maintenance checklist, and
auditing this checklist to ensure relevance and currency.

The sequential approach is powerful for building a knowledge base and confidence of

the staff.

4.3.The implementation outcome

Theme 1: Both the social and technical systems improved

The staff reported that lean implementation enabled the improvement of systems and reduced
waste. This was a prominent theme of the interviews, providing concurrent evidence that lean
techniques helped reduce overproduction, waiting times, inventory, and defects. This was
achieved through an ‘increase in the level of awareness’. The participants claim to have
expanded their knowledge of lean techniques. They appear to have ‘widened their horizons’ on
how to improve their manufacturing processes. For example, the MD says, ‘I had some
knowledge before, I implemented SMED and some other techniques in the company | used to
work for, but realising how they can work in my small company has been a real eye-opener,

| 've learnt new techniques, new ways of doing things and hopefully will be able to improve and
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implement new things in the future’ [attributes predominantly associated with the technical
system].

There is also a boost in the realisation that the departments need to work together and
synchronise ‘with the office department to work out the scheduling really worked /based on JIT
principles/. We all /now/ know how it works and how to communicate about it to get it right’
[attributes predominantly associated with the social system].

Furthermore, one employee believed that implementing SMED was beneficial and skill
broadening in the sense that he learned further about his organisation’s manufacturing
processes.

Following the implementation of the 5S, the manufacturing area becomes more
standardised, health and safety improve, the staff is clearer about where items are stored, and
the overall outlook of the production area is improved. The 5S implementation was effective,
organising the areas around the machine to suit what we used most really helped. /...J.
Thinking about making tools more accessible made sense. Afterwards, the place looked
professional, clean, and somewhere you’d want to work instead of a messy shop floor’. This
shows that physical changes improve the production workspace and allow staff to reduce
motion and increase efficiency [attributes predominantly associated with the technical system].

The theme of error reduction emerges following the implementation of 5S and SMED.
The participants believe that manufacturing and decision errors were reduced, and the
manufacturing area and process became much simpler. Opinions are consistent on this front.
One interviewee says, ‘As | am not in all the time, things have often moved from one time to the
next, labelling everything and having all the things we need in the same place every time made
it so much easier to pick the right tool, or ink, or cylinder each time without second-guessing if
it’s right or not’ [attributes predominantly associated with the technical system]. Another

interviewee says, ‘It was good to go through the process ourselves.... As we created it, we know
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it inside out, and putting together the new process along with the new manufacturing set-up
helped me not make any mistakes’ [attributes predominantly associated with the social system].

Remarkably, the participants seem convinced that production became faster after lean
implementation. TPM is mentioned to have improved stoppages ‘when we did the stoppages
recording there were five or six | think after we had checked everything on the machine in
training and then started production again I think in the past 2 weeks we have had maybe two’,
indicating less unplanned stops leading to faster production and fewer delays. The participants
become aware of how stocking up on components is important to decrease delays and restore
the equipment to keep the machine working under optimal conditions [attributes predominantly
associated with the technical system].

It is a fact that the process is shorter after SMED, contributing to faster production, this
is mentioned in the interview, along with the notion that 5S had made items quicker and simpler
to find, eliminating ‘search work’. Delays are also lessened with JIT, ‘making it easier for me
to know when things we needed for orders were coming in; before, if I did not know, the job
would be left and not done or put on the machine to realise | did not have everything I need to
make it. Now the plan is in place, | am more aware and can plan better’ [attributes
predominantly associated with the social system], which indicates that delays are reduced and

production runs more smoothly.

Theme 2: Micro-organisation’s social and technical enablers

The results show that the effects occurred rapidly. The participants believe that they were in
control of the lean implementation and felt empowered by the fact that they could control these
improvements [attributes predominantly associated with the social system]. The interviewees
comment on the direct improvements they saw with the implementation of lean practices. These
include the improvement of i) the aesthetics of the manufacturing area, ii) the ‘smoothness’ of

the operations, and iii) lead time reduction [attributes predominantly associated with the
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technical system]. Employees’ involvement in training and implementation means that their
impact and contribution are direct. This is evidenced by the machine operator, in particular,
who says, ‘I think it was good that we decided what was going to change, if we were just told
what to improve I do not think I would have gone with it as much, but because we came up with
the ideas it was like it was more important and | needed to go through with it more’. This
emphasises that the ownership of employees over lean implementation is core to its success
[attributes predominantly associated with the social systems].

Following from this control and ownership theme is the notion that employees appear
liberated by their ability to control the implementation—not so much for the MD, as he has that
control anyway, but for the staff. The fact that personal suggestions and ideas are followed
brings about a sense of empowerment among the operators, and it seems as though they are

more confident in their job [attributes predominantly associated with the social system].

Theme 3: Micro-organisation’s social and technical blockers

The interviews also produce some data suggesting some characteristics of a micro-organisation
that hinder lean implementation. The issues within this theme have presented themselves as
constant day-to-day concerns for the MD, matters concerning resources, and the perception that
the business was just fine before introducing lean, ‘so why would it be needed?’. The day-to-
day running of a company is time-consuming; therefore, when lean is introduced, it appears
inconvenient at first. This is especially prominent during the SMED implementation: ‘many
times during the past couple of weeks, | felt torn between the implementation of the tools, the
manufacturing department, the customers, and running the business as a whole. It was difficult
when | had so many things to do each day to dedicate the time, the attention needed. The SMED
was delayed, and so was the 5S implementation due to things | needed to do and had to

postpone’ [attributes predominantly associated with the technical system].
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Studies suggest that small and micro-organisations have difficulties implementing lean
due to resource scarcity, and this seems to be the case at CL as well. During early interviews,
the participants comment on various resource issues, such as ‘We do not have the money to have
very experienced consultants come in to help; it would be so much easier if we had someone to
take care of the day-to-day jobs so we could concentrate on lean’. The quotes indicate some
issues during the introduction of resources or a lack of available resources [attributes
predominantly associated with the technical system].

The ‘ifitis not broken, don 't fix it” mentality also surfaces. CL was treading comfortably
before the implementation, so why do they need to go through all the effort if they were fine
without lean? During the research and pursuit of ISO9001:2015, the company sent out customer
satisfaction surveys. The participants mentioned that many of these surveys came back with a
10/10 score on most of the items, which showed that the customers were extremely satisfied
with the service and products they received, creating the perception that lean was not really
needed. The participants also mention that they did not think that lean was ‘necessary’ to
implement within CL but were curious about its implementation [attributes predominantly
associated with the social system].

Finally, the interviews show that the participants were not fully prepared for
implementation to take place. There were instances where no matter how much the researcher
tried to coach and train the participants, a pure lack of prior knowledge seems to influence the
implementation. The participants mentioned the volume of activity and effort involved was an
issue, indicating that ‘we weren’t aware of how much we would actually be doing, like,
changing things and working out what is best and what to change on each rotation’ [attributes
predominantly associated with the technical system]. The MD adds: ‘It was surprising how

much time | had to dedicate to it, | do not think I realised...we had to learn lots of new things
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too, it was all a bit difficult to digest in such a short space of time’ [attributes predominantly

associated with the social system].

4.4.The impact on the productivity and lead time: the technical domain
Figure 3 shows the productivity of each job during the data collection period. Overall, the
productivity improves after each lean technique is deployed, as shown in Table 2, from a 2.91
ratio to a 6.82 ratio, after the accumulation of 5S, SMED, JIT, and TPM. This trend is illustrated
in Figure 3 by the line of fit (y=0.0695x+1.9933). More importantly, productivity significantly
improves compared to the baseline assessment from 3.70 to 5.19 (p-value=0.006**). However,
productivity experiences much more variation throughout the lean implementation. The
standard deviation of the baseline assessment is 2.84, which increases to 5.75 during the lean
deployment. After the SMED, the highest variation within productivity is generated with a
standard deviation of 7.16, which suggests and confirms the disruption created during the lean
implementation. Studying how the different techniques impacted productivity and its variation

is insightful, creating significant peaks and valleys.

Productivity evolution during lean implementation v= 0-25?5; 1*012-9933
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Note: productivity is noted as a ratio based on the TOC formula

Figure 3. Productivity results at different stages of lean implementation, as a ratio
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Table 2. Productivity ratio’s mean and standard deviation

Sequential lean implementation  Productivity mean Productivity std dev
PO: pre-intervention 291 3.42
P1: post-5S 3.58 2.90
P2: post-SMED 4.95 7.16
P3: post-JIT 7.06 6.53
P4: post-TPM 6.81 6.06
Total during the programme  5.19 5.75

Note: productivity is noted as a ratio based on the TOC formula

Table 3 reports the significance between each of the implementation phases. Overall,
the productivity ratios increase gradually, without evidence of statistical significance between
each phase.

Table 3. Productivity ratio’s statistical significance values

Hypothesis testing p-value
HO-1: no difference in Productivity before and after 5S 0.548
HO0-2: no difference in Productivity after 5S and after SMED 0.478
HO0-3: no difference in Productivity after SMED and after JIT 0.330
HO0-4: no difference in Productivity after JIT and after TPM 0.905
HO0-5: no difference in productivity before and after the wave lean implementation 0.006**

Note: *p < 0.1; **p < 0.05; ***p < 0.001.

In parallel, Figure 4 represents the lead time in days for each job. Moreover, Tables 4
and 5 show the mean, standard deviation, and statistical findings during the implementation
period for lead time performance. The overall average lead time is 3.21 days for a given job,
and the overall standard deviation is 1.15 during the implementation. This improves from 3.39

days with an SD of 0.92. The minimum lead time for a particular job is one day, and the
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maximum is six days. It is noticed that in pre-lean deployment (P0), production is subject to the
smallest variation (SD=0.75), while after the 5S deployment, the largest variation is observed
(SD=1.31). SMED directly and significantly impacts the lead time, with an average of 2.58
days (p-value=0.013**). Importantly, we observe that lean changed the direction of the trend.
The baseline assessment line of fit initially has a positive slope (y=0.0084x+3.0177). However,
the lean implementation reverses this trend, showing a negative slope (y=-0.0023x+3.3149).
This indicates that lean enables the overall reduction of lead time, even if the lead time average
increases after the JIT deployment to 3.82. It also demonstrates that lean is a disruptive business
transformation programme, and it will take some time to adjust and adapt effectively to the

environment.

Lead time evolution during Lean implementation ¥ = -0.0023x + 3.3149
R* = 0.0027
7 | |

P4

Note: Lead time is noted in days

Figure 4. Lead time results at the different stages of the lean implementation, in days
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Table 4. Lead time mean in days and standard deviation

Sequential lean

implementation Lead time mean Lead time standard deviation
PO: Pre-intervention 3.24 0.75
P1: post-5S 3.63 1.31
P2: post-SMED 2.58 1.07
P3: post-JIT 3.82 1.18
P4: post-TPM 2.68 0.79
Total during the programme 3.21 1.15

Note: Lead time is noted in days

Table 5. Lead time statistical significance values

Hypothesis testing p-values
HO-6: no difference in lead time before and after 5S 0.299
HO-7: no difference in lead time after 5S and after SMED 0.013**
HO-8: no difference in lead time after SMED and after JIT 0.001***
HO-9: no difference in lead time after JIT and after TPM 0.002**
HO0-10: no difference in lead time before and after the wave lean implementation 0.269

Note: *p < 0.1; **p < 0.05; ***p < 0.001.

5. Discussion
5.1.RQ1: How can a micro-organisation effectively implement lean and overcome the

social and technical barriers?

First, the findings suggest that the case company successfully implemented lean manufacturing
by balancing the social and technical components. This corroborates the ideas of Shea and
Gobeli (1995) that lean can be implemented in micro-organisations and is not just for large
firms. This also coincides with the notion that lean can be deployed in all businesses, as

suggested by Alaskari et al. (2016) and Rymaszewska (2014), as long as both the social and
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technical system components are considered. In accordance with Ahuja and Khamba (2008),
Bamber et al. (2000), and Tice et al. (2005), the employees at CL claim to have gained more
knowledge and skills from the lean implementation [attributes associated with both the social
and technical systems]. The participants became more aware of how lean could be used within
the company [attributes associated with both the social and technical systems]. By the end of
the six-month implementation period, they show some willingness towards any subsequent
continuous improvement activities that may occur. The employees seem committed to making
new improvements even months after the research. This demonstrates that lean deployment has
enabled the transformation of culture and people behaviours [attributes predominantly
associated with the social system], as well as productivity and lead time performance. With the
new lean knowledge acquired, the workforce is more flexible, which coincides with the findings
of Simpson and Power (2005).

It is suggested that the benefits of lean are prominent and can be generated much quicker
in smaller businesses than in large firms (Haksever, 1996), which is undeniably the case in this
study. Some of the success factors are that employees feel they have greater control and are
liberated by the training and implementation process [attributes associated with both the social
and technical systems]. The study suggests that because employees are involved in the decision-
making right from the start and the training, they feel that they have a greater impact on the
results and the improvements of the business, which is in line with Cook et al. (1998) and
Rymaszewska (2014) [attributes associated with both the social and technical systems]. This
increases their sense of responsibility, ownership, and empowerment and is perceived as a
‘liberation of power’ by the participants (Marin-Garcia & Bonavia, 2015) [attributes
predominantly associated with the social system].

Although the company gains technical expertise and appears to have implemented lean

reasonably successfully, the findings suggest that the company was ill-prepared for the rollout.
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Employees are held back by the lack of prior knowledge, which inevitably influences the lean
implementation process. Perhaps for future lean implementation, participants should have pre-
training workshops and external site visits to introduce them to the lean concepts before
beginning implementations [attributes associated with both the social and technical systems].
The participants also commented on the amount of work involved in the implementation and
that they did not realise the required focus and commitment. They mention struggling to digest
the technical aspect in a short period, which indicates that trained employees are beneficial for
successfully implementing lean programmes, as suggested by Rymaszewska (2014) [attributes
associated with both the social and technical systems]. The causes of these issues can be
associated with the training and planning of the deployment, which is vital to the success of the
implementation (Chan et al., 2005) [attributes associated with both the social and technical
systems]. The intense and condensed preparation of the participants could imply that the
employees misunderstood the concepts and potentially misjudged the effort involved (Pingyu
& Yu, 2010). However, overcoming these obstacles will undoubtedly come with time, practice,
and maturity, as employees continue to deploy lean.

A noticeable barrier emerging from the literature is resource obstruction, which appears
to be the case at CL. The resources mentioned in the interviews as inadequate consist of finance,
software, and people [attributes associated with both the social and technical systems]. The
participants believe that the implementation would have been easier with more resources in
these areas. There is evidence of these issues in the literature reviewed: financial resources
(Rymaszewska, 2014), staff resources and skills, and general resources (Dombrowski et al.,
2010; Franco & Hasse, 2010; Thorgren et al., 2012). From the micro-firm perspective, the cost
associated with lean is a key barrier, as also mentioned by Ahuja and Khamba (2008) and Chan
et al. (2005), suggesting that there is a perception of a high upfront cost with no immediate

payback. However, CL has witnessed an initial and direct improvement due to the lean

31



Version accepted — Journal of Business Research - Accepted 25 June 2022

implementation at no direct extra up-front cost. Collaborating with universities and researchers
can be a powerful mechanism to access networks, assimilate new knowledge, and deploy
complex techniques at no direct cost [attributes associated with both the social and technical

systems].

5.2.RQ2: To what extent can a lean implementation improve productivity, reduce lead
time, and transform the culture?

Based on the quantitative findings from the productivity and lead time data, it is suggested that
lean implementation at CL leads to improved productivity and reduced lead time performance.
Productivity improvement is significant, especially when compared to the state before any
intervention. The lead time is also reduced after lean deployment, and the trend is reversed.
This coincides with the research finding that lean provides significant improvements in
productivity and lead time (Lowe et al., 1997; Sohal & Egglestone, 1994). The most significant
results are observed in productivity. Significant improvements are observed after JIT and TPM,
in line with Ahuja and Khamba (2008) and Voss (1987), suggesting that TPM and JIT reduce
production costs and improve productivity and flows. Of course, the combination of lean
practices is synergetic, and it is difficult to predict the influence of each technique individually.
The improvement will compound as maturity and knowledge grow. The significance of
productivity increases as each technique is implemented, confirming that the combination of
techniques is more effective than a stand-alone implementation.

Based on the quantitative data collected on lead time and the qualitative findings, it can
be inferred that lead time is reduced mainly by SMED and TPM. It is possible that JIT created
too many disruptions. To be effective, JIT requires working within the supply chain, whereas
the other techniques have a smaller reach around the manufacturing process. Moreover, when

the backlog level is low, JIT may not have an early noticeable impact. In addition to the
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quantitative data, one of the findings from the qualitative data suggests that the staff were
producing faster and had fewer delays. The reduction in lead time during the SMED
implementation is due to the shortening of the process changes. The employees also believe
that the lead time improved after the JIT implementation, which is a noteworthy result. With a
definitive plan in place for production, employees feel more organised and work faster, even if
this is not consistently observed in the quantitative analysis. Delays are also reduced by the
implementation of the TPM, as suggested by both quantitative and qualitative data. The average
lead time in days after TPM is the second lowest (mean =2.69) and has the most significant
results.

Additionally, the qualitative data reveal that employees notice that stoppages and
downtime are reduced after TPM. Hence, employees believe that lean leads to a quicker
production system, experiencing fewer delays and errors, contributing substantially to lead time
improvement. This is especially true following 5S and SMED deployment, corroborating the
findings of Pannesi (1995). The employees mentioned in the interviews that following 5S and
SMED deployment, i) the manufacturing process is ‘simpler’, ii) items are ‘easier to find’, and
iii) production is more effective.

Perhaps an even more critical finding of this study is the bidirectional duality of the lean
programme, as it also changes the people and their behaviour, and hence the company culture.
This demonstrates that lean routines are a means of generating change (Feldman and Pentland,
2003). Employees now exhibit greater problem-solving abilities and regulate their own work.
Consequently, they can enhance their safety and well-being in the workplace, their learning,
and ultimately the meaning of their work and its contribution to the organisation (Hummels and
De Leeded, 2000). These are key indicators of a successful lean implementation. Transforming
culture is one of the hardest tasks for managing directors and executives. We observe here that

through the deployment of lean routines, this micro-manufacturing experiences a
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transformation of its social system, which in turn, is the critical success factor for sustaining
lean technical practices. In this study, lean manufacturing techniques have been used as
catalysts for behaviour change, illustrating the bidirectional duality of lean between technical
and social systems. From this point forward, we believe this micro-firm will be able to sustain
a continuous improvement culture on its own, sometimes using traditional lean techniques and
sometimes relying on innovative solutions and a problem-solving mindset, which will have

become part of the employees’ behaviour.

6. Conclusion

6.1.Summary and the importance of the social system

This study documents and demonstrates how implementing lean in sequence can enhance
productivity and reduce lead time and transform employees’ behaviour in a micro-organisation.
We show that the mixed objective performance results associated with the technical system
have led to a cultural change associated with the social system. The bottom line is expected to
improve in the medium-term following this implementation, as lean practices are sustained. As
a result of this deployment, the company has already become more flexible, notably by
capitalising on the new knowledge created. The research concludes that the combination and
accumulation of lean techniques further increase performance. They must be used in
conjunction as opposed to being implemented as stand-alone tools. The study also shows that
individual techniques affect different aspects of improvement and should be carefully selected
and implemented with purpose and intent. Therefore, the research demonstrates that a micro-
organisation can effectively implement lean when both the social and technical systems are
integrated. It concludes that lean practices improve employees’ skills and can change
employees’ attitudes and mindsets towards continuous improvement. A key component for

successful implementation is the aspect of greater control and liberation for employees,
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associated with the concepts of ownership and empowerment. The feeling afforded to
employees of their importance in the implementation has a great impact on success. Moreover,
top management's commitment and support are paramount. Nevertheless, although the
implementation is deemed successful, social and technical barriers and roadblocks must be
overcome. There are issues where employees are held back by a lack of prior knowledge, which
causes misunderstanding. Furthermore, the “fire-fighting’ culture is problematic in deploying
lean and can be extremely difficult to overcome for a micro-organisation. This is the largest

social factor that limits this implementation.

6.2.Contribution, limitations, and future research

This study is among the first to delve into and analyse the impact of a lean implementation by

sequentially deploying 5S, SMED, JIT, and TPM on a micro-organisation’s productivity, lead

time, and culture. This study contributes to the lean implementation of micro-firms’ body of
evidence, which has been defined as non-prevalent (Filho et al., 2016; Hu et al., 2015; Yadav

et al., 2019). It provides a blueprint methodology to micro-firms’ owners who would like to

embark on lean manufacturing in terms of managerial contribution. This phenomenon is framed

using the socio-technical system theory, which remains limited. Hére, we have demonstrated
interact with each other, which form an aspect of our theoretical contribution. Hence, we believe

that the findings and analysis make a defined theoretical contribution to the academic literature
by applying the socio-technical theory, evidencing that to deploy lean successfully, micro-firms
need to integrate and invest in both the social and technical components to realise operational
benefits. Moreover, our interpretations reveal that social components significantly impact the

adoption of lean technical systems. This corroborates Hadid et al. (2016), who report the
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importance of implementing lean from a social-technical perspective to improve a firm's
operational and financial performance.

The first limitation of this study is the inability to isolate the effect of each technique on
productivity and lead time performance. The lean techniques implemented can only be
considered together, as they are deployed consecutively in sequence. However, future
quantitative research could more precisely measure the isolated impact for each of the
techniques: 5S, SMED, JIT, and TPM. Similarly, we acknowledge that the sample collected is
relatively small even if the implementation lasted six months, and it employs 358 performance
data points and qualitative data. However, as the demand is reasonably constant and stable, we
are confident in the reliability of the analysis. 1t would have been beneficial to collect attribute
data to further explain the peaks and valleys. This would have helped us identify whether
external factors influence productivity or lead time. The second limitation is the time scale of
the implementation of six months. Some studies discuss how lean implementations can take
two to three years to influence business performance, especially culture. However, we strongly
believe that six months is appropriate for a micro-organisation. Future research should consider
a more longitudinal study to explore the long-term effects and evolution of performance
throughout different implementation phases. Moreover, the generalisability of this action
research study should be taken with caution, and while we strongly believe that our roadmap
for lean implementation in sequence can be replicated by other manufacturing micro-firms, we
cannot predict the impact it will have on their productivity, lead time, and culture. However,
we recommend that scholars and practitioners investigate this quantitatively using a survey
methodology on larger scales with micro-organisations. Finally, researchers may utilise socio-
technical theory to explore how the lean startup approach (Balocco et al., 2019) can be applied

in micro-manufacturing to advance our understanding of the different facets of lean.

36



Version accepted — Journal of Business Research - Accepted 25 June 2022

Acknowledgements

The authors would like to acknowledge the case company, especially the Managing Director
for the sheer support, as well as the time and resources committed to this study. The authors are

grateful for the insightful feedback received from the journal’s editor and reviewers.
Disclosure statement

No potential conflict of interest was reported by the authors.
This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

References

Achanga, P., Sheha, E., Roy, R., & Nelder, G. (2006). Critical success factors for lean implementation within
SMEs. Journal of Manufacturing Technology Management, 17(4), 460-471.

Agarwal, R., Green, R., Brown, P.J.,, Tan, H., & Randhawa, K. (2013). Determinants of quality management
practices: An empirical study of New Zealand manufacturing firms. International Journal of
Production Economics, 142 (1), 130-145

Ahuja, I. P. S., & Khamba, J. S. (2008). Total productive maintenance: Literature review and directions.
International  Journal of Quality & Reliability Management, 25(7), 709-756.
doi:10.1108/02656710810890890

Alaskari, O., Ahmad, M. M., & Pinedo-Cuenca, R. (2016). Development of a methodology to assist
manufacturing SMEs in the selection of appropriate lean tools. International Journal of Lean Six
Sigma, 7(1), 62-84.

Alkhoraif, A., Rashid, H., & McLaughlin, P. (2019). Lean Implementation in Small and Medium Enterprises:
Literature Review. Operations Research Perspectives, 6: 100089. doi:10.1016/j.0rp.2018. 100089.

Alpenberg, J., & Scarbrough, D. P. (2016). Exploring communication practices in lean production. Journal
of Business Research, 69(11), 4959-4963.

Alpenberg, J., & Scarbrough, D. P. (2021). Practice theory in a collaborative context. Journal of Business
Research, 123, 415-422.

Austin, W., & Adebayo, F. (2021). Lean Implementation Barriers and the duality of lean in an Organisations.
Applied Journal of Economics, Management and Social Sciences, 2(1), 1-8.

Balocco, R., Cavallo, A., & Ghezzi, A. (2019). Lean business models change process in digital
entrepreneurship. Business Process Management Journal, 25(7), 1520-1542.

Bamber, C. J., Sharp, J. M., & Hides, M. T. (2000). Developing management systems towards integrated
manufacturing: A case study perspective. Integrated Manufacturing Systems, 11(7), 454-461.
Bamford, D., Forrester, P., Dehe, B., & Leese, R. G. (2015). Partial and iterative Lean implementation: two
case studies. International Journal of Operations & Production Management, 35(5), 702-727.

Barrier, M. (1992). Small firms put quality first. Nation's Business, 80(5), 22-32.

Baxter, G. & Sommerville, 1. (2011). Socio-technical systems: From design methods to systems engineering.
Interacting with Computers, 23(1), 4-17.

Bhasin, S. (2013). Analysis of whether Lean is viewed as an ideology by British Organizations. Journal of
Manufacturing Technology Management, 24 (4), 536-554.

Behrouzi, F., & Wong, K. Y. (2011). Lean performance evaluation of manufacturing systems: A dynamic
and innovative approach. Procedia Computer Science, 3, 388-395.

37



Version accepted — Journal of Business Research - Accepted 25 June 2022

Belhadi, A., Touriki, F.E., & El fezazi, S. (2018). Lean Implementation in Small and Medium-Sized
Enterprises in Less Developed Countries: Some Empirical Evidences From North Africa, Journal of
Small Business Management, 56(1), 132-153.

Bhamu, J., & Sangwan, K. (2014). Lean manufacturing: Literature review and research issues. International
Journal of Operations & Production Management, 34(7), 876-940. doi:10.1108/IJOPM-08-2012-
0315

Bianchi, C., Winch, G., & Cosenz, F. (2018). Experimenting lean dynamic performance management systems
design in SMEs. International Journal of Productivity and Performance Management, 67(7), 1234-
1251

Bibby, L., & Dehe, B. (2018). Defining and assessing industry 4.0 maturity levels—case of the defence sector.
Production Planning & Control, 29(12), 1030-1043.

Booyens, 1. (2011). Are small, medium and micro-sized enterprises engines of innovation? The reality in
South Africa. Science and Public Policy, 38(1), 67-78.

Bragg, S. M. (2012). Throughput accounting: a guide to constraint management. John Wiley & Sons.

Brown, K. L., & Inman, R. A. (1993). Small business and JIT: A managerial overview. International Journal
of Operations & Production Management, 13(3), 57-66. doi:10.1108/01443579310026032

Brown, A., van der Wiele, T., & Loughton, K. (1998). Smaller enterprises' experiences with 1SO 9000.
International  Journal of Quality &  Reliability = Management,15(3), 273-285.
doi:10.1108/02656719810198935

Bryar, P., & Walsh, M. (2002). Facilitating change—implementing 5-S: an Australian case study. Managerial
Auditing Journal, 17(6), 329-332.

Carayon, P. (2012). Sociotechnical systems approach to healthcare quality and patient safety. Work, 41(1),
3850-3854. doi:10.3233/WOR-2012-0091-3850

Carayon, P., Hancock, P., Leveson, N., Noy, I., Sznelwar, L., & Van Hootegem, G. (2015). Advancing a
sociotechnical systems approach to workplace safety — developing the conceptual
framework. Ergonomics, 58(4), 548-564. doi:10.1080/00140139.2015.1015623

Chan, H. K., Chan, F. T. S,, Lau, H. C. W., Ip, R. W. L., & Kong, S. (2005). Implementation of total
productive maintenance: A case study. International Journal of Production Economics, 95(1), 71-94.
doi:10.1016/j.ijpe.2003.10.021

Chaudhuri, A. & Jayaram, J. (2019). A socio-technical view of performance impact of integrated quality and
sustainability strategies. International Journal of Production Research, 57(5), 1478-1496.

Chavez, R., Yu, W., Jacobs, M., Fynes, B., Wiengarten, F., & Lecuna, A. (2015). Internal lean practices and
performance: The role of technological turbulence. International Journal of Production
Economics, 160, 157-171.

Chen, J. C., Li, Y., & Shady, B. D. (2010). From value stream mapping toward a lean/sigma continuous
improvement process: an industrial case study. International Journal of Production Research, 48(4),
1069-1086.

Cook, R., Chaganti, R., & Haksever, C. (1998). Quality practices of very small and small firms: a study of
empowerment, teamwork and training. In Proceedings from the 22nd National Small Business
Consulting Conference (pp. 4-7).

Cosenz, F., & Bivona, E. (2020). Fostering growth patterns of SMEs through business model innovation. A
tailored dynamic business modelling approach. Journal of Business Research.
https://doi.org/10.1016/j.jbusres.2020.03.003

Croshy, P. B. (1979). Quality is free: The art of making quality certain. New York: McGraw-hill.

Cua, K. O., McKone, K. E., & Schroeder, R. G. (2001). Relationships between implementation of TQM, JIT,
and TPM and manufacturing performance. Journal of Operations Management, 19(6), 675-694.
d0i:10.1016/S0272-6963(01)00066-3

Dabhilkar, M. & Ahlstrém, P. (2013). Converging production paradigms: The STS versus Lean Production
debate revisited. International Journal of Operations and Production Management, 33(8), 1019-

1039.
Department for Business Innovation and Skills (2015). Business Population Estimates for the UK and
Regions 2015. (URN 15/92). Retrieved from

38



Version accepted — Journal of Business Research - Accepted 25 June 2022

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/467443/bpe_2015_st
atistical_release.pdf

Dombrowski, U., Crespo, 1., & Zahn, T. (2010). Adaptive configuration of a lean production system in small
and medium-sized enterprises. Production Engineering, 4(4), 341-348. doi:10.1007/s11740-010-
0250-5

Fatima, M. (2014). Impact of ISO 9000 on business performance in Pakistan: Implications for quality in
developing countries. Quality Management Journal, 21(1), 16-24.

Feldman, M. S., & Pentland, B. T. (2003). Reconceptualizing organizational routines as a source of flexibility
and change. Administrative science quarterly, 48(1), 94-118.

Filho, M.G., Ganga, G. M. D., & Gunasekaran, A. (2016). Lean manufacturing in Brazilian small and
medium enterprises: implementation and effect on performance. International Journal of Production
Research, 54(24), 7523-7545.

Fox, W. M. (1995). Sociotechnical system principles and guidelines: Past and present. Journal of Applied
Behavioral Science, 31(1), 91-105. https://doi.org/10.1177/0021886395311009

Franco, M., & Haase, H. (2010). Failure factors in small and medium-sized enterprises: Qualitative study
from an attributional perspective. International Entrepreneurship and Management Journal, 6(4),
503-521. doi:10.1007/s11365-009-0124-5

Gilmore, M., & Smith, D. J. (1996). Set-up reduction in pharmaceutical manufacturing: An action research
study. International Journal of Operations & Production Management, 16(3), 4-17.
d0i:10.1108/01443579610110459

Hadid, W., & Mansouri, S. A. (2014). The lean-performance relationship in services: a theoretical
model. International Journal of Operations & Production Management, 34(6), 750-785.
doi:10.1108/ijopm-02-2013-0080

Hadid, W., Mansouri, S. A.,, & Gallear, D. (2016). Is lean service promising? A socio-technical
perspective. International Journal of Operations & Production Management, 36(6), 618-642.
doi:10.1108/ijopm-01-2015-0008

Haksever, C. (1996). Total quality management in the small business environment. Business Horizons, 39(2),
33-41.

Hines, P., Holweg, M., & Rich, N. (2004). Learning to Evolve: A Review of Contemporary Lean Thinking.
International Journal of Operations & Production Management 24 (10): 994-1011.

Ho, S. K. (1998). 5-S practice: a new tool for industrial management. Industrial Management & Data
Systems, 98(2), 55-62.

Hodge, G. L., Goforth Ross, K., Joines, J. A., & Thoney, K. (2011). Adapting lean manufacturing principles
to the textile industry. Production Planning & Control, 22(3), 237-247.

House of Commons (2015). Business Statistics. (06152). Retrieved from www.parliament.uk/briefing-
papers/sn06152.pdf

Hu, Q., Mason, R., Williams, S. J., & Found, P. (2015). Lean implementation within SMEs: a literature
review. Journal of Manufacturing Technology Management, 26(7), 980-1012.

Hummels, H., & De Leede, J. (2000). Teamwork and morality: Comparing lean production and
sociotechnology. Journal of Business Ethics, 26(1), 75-88.

Ivankova, N. V. (2015). Mixed methods applications in action research: From methods to community action.
London: Sage.

Jebaraj B. S., Murugaiah, U., & Srikamaladevi Marathamuthu, M. (2013). The use of SMED to eliminate
small stops in a manufacturing firm. Journal of Manufacturing Technology Management, 24(5), 792-
807.

Jiménez, M., Romero, L., Dominguez, M., & del Mar Espinosa, M. (2015). 5S methodology implementation
in the laboratories of an industrial engineering university school. Safety Science, 78, 163-172.
Johnson, H., Johansson, M., & Andersson, K., (2014). Barriers to improving energy efficiency in short sea
shipping: An action research case study. Journal of Cleaner Production, 66, 317-327.

doi:10.1016/j.jclepro.2013.10.046

Kleiner, B. M., Hettinger, L. J., DeJoy, D. M., Huang, Y., & Love, P. E. (2015). Sociotechnical attributes of
safe and unsafe work systems. Ergonomics, 58(4), 635-649. doi:10.1080/00140139.2015.1009175

39


https://psycnet.apa.org/doi/10.1177/0021886395311009

Version accepted — Journal of Business Research - Accepted 25 June 2022

Knol, W. H., Lauche, K., Schouteten, R., & Slomp, J. (2019). The duality of lean: organizational learning for
sustained development. In Academy of management proceedings (Vol. 2019, No. 1, p. 10594).
Briarcliff Manor, NY 10510: Academy of Management.

Kobayashi, K., Fisher, R., & Gapp, R. (2008). Business improvement strategy or useful tool? analysis of the
application of the 5S concept in japan, the UK and the US. Total Quality Management & Business
Excellence, 19(3), 245-262.

Kumar, R., Sudhahar, C., Dickson, J. F., Senthil, V., & Devadasan, S. R. (2007). Performance analysis of 5-
S teams using quality circle financial accounting system. The TQM Magazine, 19(5), 483-496.
doi:10.1108/09544780710817892

Kuratko, D. F., Goodale, J. C., & Hornshy, J. S. (2001). Quality practices for a competitive advantage in
smaller firms. Journal of Small Business Management, 39(4), 293-311. doi:10.1111/0447-
2778.00027

Kyokai. (1996). TPM for every operator. Portland, Or: Productivity Press.

Lander, E., & Liker, J. K. (2007). The Toyota Production System and Art: Making Highly Customized and
Creative Products the Toyota Way. International Journal of Production Research 45(16), 3681-3698.

Liberman-Yaconi, L., Hooper, T., & Hutchings, K. (2010). Toward a model of understanding strategic
decision-making in micro-firms: exploring the Australian information technology sector. Journal of
Small Business Management, 48(1), 70-95.

Liu, C. C,, Niu, Z. W., & Li, Q. L. (2018). The impact of lean practices on performance: based on meta-
analysis and Bayesian network. Total Quality Management & Business Excellence, 1-18.

Lo, F. Y., Rey-Marti, A., & Botella-Carrubi, D. (2020). Research methods in business: Quantitative and
gualitative comparative analysis. Journal of Business Research, 115, 221-224

Lord Young (2013). A Report on Growing Micro Businesses. Retrieved from
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/197726/bis-13-729-
growing-your-business-a-report-on-growing-micro-businesses.pdf

Lowe, J., & Oliver, N. (1997). High-performance manufacturing: evidence from the automotive components
industry. Organization Studies, 18(5), 783-798.

Marin-Garcia, J. A., & Bonavia, T. (2015). Relationship between employee involvement and lean
manufacturing and its effect on performance in a rigid continuous process industry. International
Journal of Production Research, 53(11), 3260-3275.

Mathur, A., Mittal, M.L. & Dangayach, G.S. (2012). Improving productivity in Indian SMEs. Production
Planning & Control, 23(10-11), 754-768.

Matt, D. T., & Rauch, E. (2013). Implementation of lean production in small sized enterprises. Procedia
CIRP, 12, 420-425.

Matthews, B., & Ross, L. (2010). Research methods (1st ed.). GB: Pearson Education.

McAdam, R. (1999). Life after ISO 9000: An analysis of the impact of 1SO 9000 and total quality
management on small businesses in Northern Ireland. Total Quality Management, 10(2), 229-241.

McGowan, L. (2019). SME and their importance to the UK economy. Retrieved from
https://bers.org.uk/smes-and-their-importance-to-the-uk-economy/

Melton, T. (2005). The benefits of lean manufacturing: What lean thinking has to offer the process industries.
Chemical Engineering Research and Design, 83(6 A), 662-673. doi:10.1205/cherd.04351

Meredith, S. (2000). Environmental Innovation and Small and Medium-sized Enterprises, in R. Hillary (eds)
Small and Medium-Sized Enterprises and the Environment: Business Imperatives, pp. 171-83.
Sheffield: Greenleaf.

Minshull, L., & Dehe, B. (2017). Implementing Lean techniques within micro-enterprises: a case of Cedar
Labels. In: Proceedings of POMS 28th Annual Conference. Seattle, WA, USA, 5/8/2017.

Mittelstaedt, J.D., Harben, G.N., & Ward, W.A. (2003). How Small is too small? Firm size as a barrier to
exporting from the United States. Journal of Small Business Management, 41(1), 68-84.

Mohammad, I.S. & Oduoza, C.F. (2019). Lean-excellence business management for manufacturing SMEs
focusing on KRI. International Journal of Productivity and Performance Management, 69 (3), 519-
539.

Moldner, A. K., Garza-Reyes, J. A., & Kumar, V. (2020). Exploring lean manufacturing practices' influence
on process innovation performance. Journal of Business Research, 106, 233-249.

40


https://econpapers.repec.org/article/emeijppmp/

Version accepted — Journal of Business Research - Accepted 25 June 2022

Morgan-Thomas, A., Dessart, L., & Veloutsou, C. (2020). Digital ecosystem and consumer engagement: A
socio-technical perspective. Journal of Business Research.

Moxham, C., & Greatbanks, R. (2001). Prerequisites for the implementation of the SMED methodology: A
study in a textile processing environment. International Journal of Quality & Reliability
Management, 18(4), 404-414.

Mumford, E. (2006). The story of socio-technical design: reflections on its successes, failures, and
potential. Information Systems Journal, 16(4), 317-342. d0i:10.1111/j.1365-2575.2006. 00221.x

Narasimhan, R., Swink, M., Kim, S.W. (2006). Disentangling leanness and agility: An empirical
investigation. Journal of Operations Management, 24(5), 440-457.

Nwankwo, S. (2000). Quality assurance in small business organisations: Myths and realities. International
Journal of Quality & Reliability Management, 17(1), 82-99. doi:10.1108/02656710010302269

Panizzolo, R., Garengo, P., Sharma, M. K., & Gore, A. (2012). Lean manufacturing in developing countries:
evidence from Indian SMEs. Production Planning & Control, 23(10-11), 769-788.

Pannesi, R.T. (1995). Lead time competitiveness in make-to-order manufacturing firm. International Journal
of Production Research, 3(6), 150-163

Panwar, A., Nepal, B. P., Jain, R., & Rathore, A. P. S. (2015). On the adoption of lean manufacturing
principles in process industries. Production Planning & Control, 26(7), 564-587.

Papadopoulou, T. C., & Ozbayrak, M. (2005). Leanness: experiences from the journey to date. Journal of
Manufacturing Technology Management, 16(7), 784-807.

Parnaby, J. (1988). A systems approach to the implementation of JIT methodologies in Lucas Industries. The
International Journal of Production Research, 26(3), 483-492.

Pasmore, W. A. (1988). Designing Effective Organizations: The Sociotechnical Systems Perspective. New
York: Wiley.

Patel, S., Shaw, P., & Dale, B. G. (2001). Set-up time reduction and mistake proofing methods - A study of
application in a small company. Business Process Management Journal, 7(1), 65-75.
d0i:10.1108/14637150110383953

Pearce, A., Pons, D., & Neitzert, T. (2018). Implementing lean—Outcomes from SME case studies.
Operations Research Perspectives, 5, 94-104.

Perona, M., Saccani, N., Bonetti, S., & Bacchetti, A. (2016). Manufacturing lead time shortening and
stabilisation by means of workload control: an action research and a new method. Production
Planning & Control, 27(7-8), 660-670.

Pingyu, Y. & Yu, Y. (2010). The barriers to SMEs implementation of lean production and countermeasures
— based on SMS in Wenzhou. International Journal of Innovation, Management and Technology,
1(2), 220-225. doi:10.7763/1JIMT.2010.V1.41

Poksinska, B., Eklund, J. A. E., & Dahlgaard, J. J. (2006). 1SO 9001:2000 in small organisations: Lost
opportunities, benefits and influencing factors. International Journal of Quality and Reliability
Management, 23(5), 490-512.

Prasad, S., & Tata, J. (2009). Micro-enterprise quality. International Journal of Quality & Reliability
Management, 26(3), 234-246.

Prybutok, V. R., & Ramasesh, R. (2005). An action-research based instrument for monitoring continuous
quality improvement. European Journal of Operational Research,166 (2), 293-3009.
doi:10.1016/j.ejor.2004.02.013

Quinlan, C., & Zikmund, W. G. (2015). Business research methods. Andover: Cengage Learning EMEA.

Ramesh, N., & Ravi, A. (2017). Enhancing the performance of micro, small and medium sized cluster
organisation through lean implementation. International Journal of Productivity and Quality
Management, 21(3), 325-342.

Rawabdeh, I. A. (2005). A model for the assessment of waste in job shop environments. International Journal
of Operations & Production Management, 25(8), 800-822.

Rymaszewska, D.A. (2014). The challenges of lean manufacturing implementation in SMEs. Benchmarking:
An International Journal, 21(6), 987-1002.

Samson, D. & Terziovski, M. (1999). The relationship between total quality management practices and
operational performance. Journal of Operations Management, 17(4), 393-409.

41


https://www.sciencedirect.com/science/article/abs/pii/S0272696305001543#!
https://www.sciencedirect.com/science/journal/02726963
https://www.sciencedirect.com/science/journal/02726963

Version accepted — Journal of Business Research - Accepted 25 June 2022

Sandanayake, Y. G., Oduoza, C. F., & Proverbs, D. G. (2008). A systematic modelling and simulation
approach for JIT performance optimisation. Robotics and Computer-Integrated Manufacturing,
24(6), 735-743.

Shah, R., & P. T. Ward. (2003). Lean Manufacturing: Context, Practice Bundles, and Performance. Journal
of Operations Management, 21(2), 129-149.

Shah, R., & P. T. Ward. (2007). Defining and Developing Measures of Lean Production. Journal of
Operations Management 25, 785-805.

Sharma, R. K., Kumar, D., & Kumar, P. (2006). Manufacturing excellence through TPM implementation: a
practical analysis. Industrial Management & Data Systems, 106(2), 256-280.

Shea, J., & Gobeli, D. (1995). TQM: the experiences of ten small businesses. Business Horizons, 38(1), 71-
78.

Shingo, S. (1985). A revolution in manufacturing: The SMED System. Cambridge, Mass: Productivity Press.

Shirose, K. (1992). TPM for workshop leaders. Cambridge, Mass: Productivity Press.

Simpson, D. F., & Power, D. J. (2005). Use the supply relationship to develop lean and green suppliers.
Supply chain management: An International Journal, 10(1), 60-68.

Sohal, A. S., & Egglestone, A. (1994). Lean production: Experience among Australian organizations.
International Journal of Operations & Production Management, 14(11), 35-51.
d0i:10.1108/01443579410068639

Solaimani, S., Talab, A. H., & van der Rhee, B. (2019). An integrative view on Lean innovation management.
Journal of Business Research, 105, 109-120. doi:10.1016/j.jbusres.2019.07.042

Srinidhi, B., & Tayi, G. K. (2004). Just in time or just in case? An explanatory model with informational and
incentive effects. Journal of Manufacturing Technology Management, 15(7), 567-574.

Stephens, P. R., Evans, J. R., & Matthews, C. H. (2005). Importance and implementation of Baldrige
practices for small businesses. The Quality Management Journal, 12(3), 21.

Swink, M., Narasimhan, R., & Kim, S. W. (2005). Manufacturing practices and strategy integration: Effects
on cost efficiency, flexibility, and market-based performance. Decision Sciences, 36(3), 427-456.
d0i:10.1111/j.1540-5414.2005.00079.x

Thorgren, S., Wincent, J., & Boter, H. (2012). Small firms in multi-partner R&D alliances: Gaining benefits
by acquiescing. Journal of Engineering and Technology Management, 29(4), 453-467.

Tice, J., Ahouse, L., & Larson, T. (2005). Lean production and EMSs: Aligning environmental management
with business priorities. Environmental Quality Management, 15(2), 1-12. doi:10.1002/tqem.20075

Tortorella, G. L., Fettermann, D., Fogliatto, F. S., Kumar, M., & Jurburg, D. (2021). Analysing the influence
of organisational culture and leadership styles on the implementation of lean manufacturing.
Production planning & control, 32(15), 1282-1294.

Trist, E. (1981). The evolution of socio-technical systems: a conceptual framework and action research
program, Occasional paper, no. 2, June, Ontario Quality of Working Life Centre, Canada.

Trist, E. & Bamforth, K. (1951). Some social and psychological consequences of the longwall method of coal
getting, Human Relations, 4, 3-38.

Trovinger, S. C., & Bohn, R. E. (2005). Setup time reduction for electronics assembly: Combining simple
(SMED) and IT-Based methods. Production and Operations Management, 14(2), 205-217.
d0i:10.1111/j.1937-5956.2005.th00019.x

Vanderstoep, S. W., & Johnson, D. D. (2008). Research methods for everyday life: blending qualitative and
guantitative approaches (Vol. 32). John Wiley & Sons.

Vickers, B. (1990). A fighting chance. The TQM Magazine, 2(5).

Visintin, F., Cappanera, P., Banditori, C., & Danese, P. (2017). Development and implementation of an
operating room scheduling tool: an action research study. Production Planning & Control, 28(9),
758-775.

Vlachos, I. (2015). Applying lean thinking in the food supply chains: a case study. Production Planning &
Control, 26(16), 1351-1367.

Voss, C. (1987). Just-in-time manufacture. London: IFS (Publications).

Warwood, S. J., & Knowles, G. (2004). An investigation into Japanese 5-S practice in UK industry. The
TQM Magazine, 16(5), 347-353. doi:10.1108/09544780410551287

42



Version accepted — Journal of Business Research - Accepted 25 June 2022

Wiengarten, F., Fynes, B., Pagell, M., & Burca, S.D. (2011). Exploring the Impact of National Culture on
Investments in Manufacturing Practices and Performance: An Empirical Multi-Country Study.
International Journal of Operations & Production Management, 31(5), 554-578.

Yadav, V., Jain, R., Mittal, M. L., Panwar, A., & Lyons, A. C. (2019). The propagation of lean thinking in
SMEs. Production Planning & Control, 30(10-12), 854-865.

Yasin, M. M., Wafa, M., & Small, M. H. (2004). Benchmarking JIT: an analysis of JIT implementations in
the manufacturing service and public sectors. Benchmarking: an international journal, 11(1), 74-92.

Yin, R. K. (2012). Applications of case study research (3rd ed.). Thousand Oaks; London: Sage Publications.

43



Version accepted — Journal of Business Research - Accepted 25 June 2022

Appendix 1: Sample of the quantitative performance data collection

Lead
Productivity Prod. Prod. time (in LT LT
Phase Job (asaRatio)  mean SD days) mean SD
1 1.25 3
2 0.29 4
3 1.72 4
4 2.69 4
5 1.08 3
6 0.49 3
7 1.40 3
PO: Short Term 8 13.30 2
before 9 0.11 4
implementation 10 297 2
11 9.15 4
12 3.34 2
13 3.21 3
14 1.40 4
15 0.44 3
16 3.43 4
17 3.91 2.91 3.42 3 3.24 0.75
18 3.37 4
19 0.06 5
20 0.93 4
21 1.82 3
22 2.50 3
23 10.13 3
24 0.60 3
P1: Data post 5S 25 7.84 6
implementation 26 1.61 1
27 5.76 4
28 2.53 3
29 3.48 6
30 6.04 4
31 6.06 3
32 0.43 4
33 4.16 3.58 2.90 2 3.63 1.31
oo Dat 34 0.24 2
'SI\jE""[g’OSt 35 1.27 1
implementation 36 4.64 3
37 28.53 2
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38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

1.98
20.19
2.77
0.44
1.60
2.53
2.63
3.95
6.13
6.11
1.36
2.79
2.32
2.69
1.95

4.95

7.16
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2.58

1.07
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