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Abstract

Implementing lean manufacturing can be challenging and requires all stakeholders to be engaged. Several frameworks have been presented in
the last decades, with most of them being conceptual and failing to consider that change inertia exists. In the present paper, a social change
management model is used to develop a lean implementation framework, with each step prescribed for the practitioners. The elements of the
model are selected after a series of workshops, a thorough literature review, and the development of an interpretive structural model for this
reason. The model was validated through experts' opinions and presents an alternative approach to the established lean implementation roadmaps

available in the literature.
© 2024 The Authors. Published by Elsevier B.V.

This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0)
Peer-review under responsibility of the scientific committee of the 34th CIRP Design Conference

Keywords: Lean Manufacturing; Lean Implementation; Change Management; ISM; Implementaiton design

1. Introduction

The "Lean" business philosophy is a company approach that
emphasises a high level of customer awareness while
simultaneously promoting efficiency and the reduction of
waste. Many businesses have adopted the methodology because
of this mindset to focus their efforts and outlooks on optimising
their operations. This demonstrates how lean is applicable to all
types, sizes, and sectors that aim to improve their operational
efficiency, competitive advantages, and profitability in local
and international markets [1]. To generate the best possible
value and to reduce the non-value adding processes to the
maximum extent, different organisations pick up and prioritise
different approaches of implementation, by selecting different
lean management principles, tools and techniques [2].

There is a tendency to oversimplify lean management by
portraying it merely as set of tools for enhancing productivity.
However lean management goes beyond tools; it profoundly
influences the entire organisation. The organization's culture
and its willingness to embrace change play crucial roles in the
successful implementation. The available frameworks are often
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vague and conceptual. Therefore, it is evident that various
factors must be carefully considered before initiating any lean
implementation project, given that stakeholders both within and
outside the organization may have conflicting interests.

There have been multiple frameworks of implementation
that have been cited in the literature and eventually used in
organisations. Table 1 presents some of these frameworks.

There is a need to understand that such framework must
fulfil a particular set of criteria to ensure the implementation
derives the actual planned benefits in the long run for the
organisation. These -characteristics include simplicity of
structure, ease of understanding, clear linkages between the
steps outlined, breadth for horizontal deployment,
implementation planning capability and granular enough to
answer questions around details of the implementation process.
However, it can be evidenced from the literature review (Table
1) that there are specific gaps between what is expected in the
framework and what is being implemented in the industry.
Examples include manufacturing process-specific frameworks
that lack the breadth for horizontal deployment. A number of
frameworks also have not considered and integrated into the
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framework all the relevant and essential principles of lean
manufacturing. Finally, as highlighted already, most of the
frameworks are conceptual and lack the practical element of
implementation that poses challenges to deliver results.

Literature also suggests that the successful implementation
of lean manufacturing has one common focus area, the effective
change management.

Table 1. Lean implementation frameworks.

2. Critical success factors for implementing lean

As a starting point for developing a lean implementation
framework, the key critical success factors need to be identified
and ranked. For the identification, a thorough literature review
was conducted [15], resulting in 10 critical success (CS) factors
(Table 2).

Table 2. Critical success (CS) factors.

Reference Details of the implementation frameworks
Rose et al. including the commitment of SMEs, 15 doable lean
(2010), [3] practises (based on basic, intermediate, and advanced

categories), external support, and performance.

Mostafa etal. 22 components built in four phases and includes

(2013), [4] integrated monitoring and controlling

Amine et al. focused in SMEs, analysing implementation process

(2016), [5] steps, lean tools, and success factors. Structured in three
phases derived from four SMEs and a review of the
primary existing framework in lean implementation.

AlManei et The Kotter's model's eight steps serve as the foundation,

al. (2018), [6]  emphasising the usage of the roadmap for lean tools in

accordance with lean maturity.

Wong and Structured in three sections, built through case studies

Wong (2011),  carried out in four Malaysian electrical and electronics

[7] companies.

Chong et al. Composed of 16 essential elements in a step-by-step

(2019), [8] guiding flow. Four major phases are identified.

Tiwari et al. A sustainable lean production framework (SLPF) based

(2020), [9] on lean six-sigma and backed by the theory of practice-
based view. Composed of five stages and fifteen
processes.

Khan et al. Structured in three phases: lean conception, lean

(2022), [10] execution, and lean sustainability. It combines the Six
Sigma DMAIC methodology with lean tools and

methodologies.

Barot et al.
(2020), [11]

Based on Lean Six Sigma and DMAIC focused on the
casting process. Extremely process-specific and lacks
the breadth for horizontal deployment.

Hybrid Fuzzy Analytical Hierarchy Process (FAHP)-
Decision Making Trial and Evaluation Laboratory
(DEMATEL) tools are utilised as the framework.

Yadav et al.
(2020), [12]

Kumar et al.
(2021), [13]

Wastes are identified using value stream mapping tool
and fuzzy integrated analytic hierarchy method and
complicated proportional assessment of alternatives are
used to select lean tools.

Chaple et al.
(2018), [14]

A thorough analysis of all LPs found in the literature and
ranks them according to how well they perform using
interpretive tools.

Mohammad Focused on establishing a Lean culture within the
et al. (2020), organisation. Provides a systematic approach in
[2] deploying Lean techniques in seven functional areas.

Change management hence is an important element of
implementation frameworks and the actual change that follows
the same. This research work attempts to create a lean
manufacturing implementation model using Kotter’s 8-step
model for change and prescribe each step for successful
implementation.

CSNo  Critical success factor Supporting
references
CS1 Organizational culture [16 —21]
CS2 Organizational readiness [18], [19], [21]
CS3 Senior management commitment [171, [18], [21]
Cs4 Availability of resources for supporting the [18], [21]
lean transformation
CS5 External support (employing consultants, [18], [19], [21]
lean experts etc)
CS6 Effective communication and engagement [18], [20], [21]
through the organization
CS7 Strategic approach to improvements [18], [20], [21]
CS8 Teamwork and systems thinking [18], [19], [21]
CS9 Time planning for realistic change [18],[21]
CS10 Effective use of commitment and enthusiasm  [17], [18], [19]

for change

These critical success factors need to be addressed and
exploited in order to facilitate lean implementation. In order to
manage the limited resources as well as to focus on the few
important ones, a systems approach needs to be adopted.
Interpretive structural modelling (ISM) can be employed for
investigating the variables that define a problem as well as
identifying the relationships between these variables.
Numerous examples of the use of the ISM method can be found
in the literature, and thus in the present paper, the detailed steps
followed will not be described. In the present study, a focus
group was assembled (the same one used for the validation of
the framework as presented in section 4), and two workshops
were organized for the focus group to reach a consensus for
every pair of variables, identifying the existence or not of the
relationship between them. The use of the ISM method resulted
in the model shown in Fig. 1.
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Fig. 1. Critical success factors ISM graph.
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Additionally, MICMAC analysis followed that usually
complements the ISM analysis. MICMAC analysis allows
identifying and quantifying the drive and dependence power of
the variables considered in the analysis.

g

CS3
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ass

Driving Power
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Fig. 2. MICMAC Analysis.

Several interesting conclusions can be drawn from the charts
developed. The critical success factors in Cluster IV (Fig. 2),
namely “organisational culture” and “senior management”, are
the ones that deserve the most attention. These are the ones that
affect the other variables directly or indirectly. Looking at these
at the ISM model, they are located at the bottom. These factors
are the ones called “independent” or “driving” factors, and they
have strong driving power but weak dependence power. This
poses a requirement for the framework to be developed: these
variables are the ones that need to be controlled as early as
possible to have the maximum impact.

The rest of the factors all lie within cluster I11. These are the
“linkage” ones, and they have high driving power and high
dependence power. These variables are unbalanced since any
activity on these will affect others and, furthermore, feedback
on themselves. These are sensitive, and any change will have
multiple effects. To make things even more complex, there is a
“feedback” effect on them since they are interrelated.

According to the analysis from both the MICMAC analysis
and the ISM model, “Organizational culture (CS1)” has the
strongest driving power, as it influences all other variables.
“Senior management commitment” also has high driving
power. For both factors, this means that even a slight change
in their performance will have a high impact on the whole of
the system. Both these two variables have low dependence
power, and as such, they are not going to be affected by the rest
of the factors. These variables are the ones that need to be
controlled early in the implementation of lean. This is in total
agreement with the literature review findings.

The factors “Effective communication and engagement
through the organisation (CS6)” and “Teamwork and systems
thinking (CS8)’ also have high driving power. Still, at the same
time, they have a high dependence power as well. These are
sensitive factors, as a change affecting these factors needs to be
very well planned to account for feedback loops internally.

3. Lean Management Implementation Framework based
on Change Management

The literature review highlighted a specific gap: lean
manufacturing implementation, like any other change project,
can benefit from using organisational change management
theory and models. Change is not something that happens only
once but rather a continuous process. Change affects both the
people engaged in the change and the business processes as
well. To successfully implement any change project, the
business strategy needs to be aligned with the personal goals
and objectives. Change management aims to help in achieving
this alignment.

The literature review and the ISM revealed that lean
implementation is accompanied by a change in how the
company values the different dimensions of work. Lean
thinking requires change to happen in the organisation's
structure, the system itself, the processes employed, and
employee behaviour. Thus, A change framework can guide the
practitioners on how to implement lean.

In our previous study [6], the different change management
theories were reviewed and assessed on whether they were
appropriate for lean implementation. We presented a high-level
lean implementation framework considering Kotter’s change
management model. Kotter’s model for leading change was
mapped to a lean transformation initiative, with the eight steps
grouped into three main classes, as seen in Fig. 3. this model is
further detailed and verified in the present paper.

Convey need
Engage workforce by informing on the need for lean

S LR | Create a crises (for example by lowering the inventory levels)

Obtain Senior Management Buy-in
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3 Engage suppliers
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3. Create a vision
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Fig. 3. High-level Lean Implementation Framework [6]

In Fig. 3, specific tools that have already been tried for the
lean implementation are mapped into these steps and
structured. Further detail is required to practically implement
such a framework in a real setting. Three workshops were
organised to detail these steps and develop support material
based on proposals coming from the literature review findings
related to both change management and lean implementation.
These resulted in detailed graphical representations (such as the
ones presented in Figs. 4-6) that highlight the purpose of each
step and suggest critical activities in the form of a checklist for
a lean practitioner to engage in. It also suggests the expected
duration of the step’s activities and the type of activities or
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deliverables that should be expected (whether it is a workshop,
a training session, a report, etc.).

3.1. Creating the climate for change

The first phase comprises steps 1 to 3 and sets up the
necessary climate for change. The detailed implementation
plan is illustrated in Fig. 4. Usually, this step is considered by
most researchers to be the most critical one. The success or
failure of lean implementation depends mainly on that.
Leadership and management commitment are critical factors
for lean implementation, as shown in the ISM model. Strong
leadership is required to lead the change to lean manufacturing.
Acknowledging this requirement is integrated into the first
phases of the change management programme.

On the other end, the ISM model highlights the criticality of
the workforce's engagement as well and thus needs to be
considered from the very first stages. Following Kotter’s
change model, the first step is creating urgency internally,
which can lead to a better internal understanding of what is at
risk. As shown in Fig. 1, one of the first activities in the first
step is for a change champion to be appointed. Kotter [22] even
suggests appointing many change agents, and “not just the
usual few appointees”. This would help by sharing the
responsibilities among several committed change and lean
champions. The ultimate purpose of this step is to raise
awareness internally through the simulation of critical
situations. The framework considered, especially after
integrating the results of the ISM models, the significance of
engaging all stakeholders, including senior management and
the workforce. For this reason, the second step focuses on
establishing a coalition that expands from internal stakeholders
to external ones, such as the suppliers and the customers. For
this reason, the framework proposes setting several initial
workshops/training  sessions to allow stakeholders to
understand the need for change better. Once the change
champion(s) have established the need and formed both the
formal and informal relationships, they can work on setting a
clear and understandable vision for the change and the
associated implementation workplans.
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Activities: @ A Gt
& Appoint a change champion

5 Share info on company’s and competition’s status

0 Set up (department wise) small issues such as lack of resources, inventory etc.
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Fig. 4. Phase I: Creating the climate for change.
3.2. Engaging and enabling the organisation

Phase two focuses on engaging and enabling the
organisation to go through the proposed change (Fig. 5). As per
Kotter’s model, the phase is composed of three stages, namely:
(1) communication of the vision throughout the organisation,

(2) develop and empower the implementation team and (3)
create the first short wins that will strengthen the momentum
internally.

The focus of this phase is to establish the communication
links internally within the organisation. Having the change
vision developed in the previous step as a starting point, the
change managers must communicate within the extended
supply chain of the organisation (from suppliers to customers).
Regardless of how good the vision document and supporting
material are, sharing and allowing for time for the various
stakeholders to understand the implications of the change and
their role in the change is critical for success. The
communication needs to be augmented in every event that takes
place during the introduction and implementation of lean
principles. The communication campaign should start well
before the project kicks off.

Step five is focused on establishing the teams in the form of
quality circles, allowing the delegation of the project tasks to
teams and, even more importantly, the engagement of all
stakeholders. Furthermore, this is a suitable platform for
capturing ideas from the employees and thus enables change
from the “bottom”. Thus, Quality circles need the resources and
time to prepare for the task adequately. Training is a crucial
enabler of empowerment by giving them ownership and
responsibility for the projects they decide to undertake.

Towards the final step of this stage, implementing simple
and small projects that can have easy wins (“harvest the low-
hanging fruits”) can dramatically increase the commitment of
both the senior management and the workforce to the lean
implementation change programme. Acknowledging and
celebrating such noticeable gains will raise confidence in the
change and reinforce the position of the guiding coalition.

£ purpose: "\ Activities: = G)
& T 0 Establish a communications officer with regards the change ~ #d ] S
throughout the company | 0 Issue regular “news-letters” focusing on benefits for both the organization and the
Engage all stakeholders individuals
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the vision

\ Activities: :% Frey ® 2 th
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Fig. 5. Phase II: Engaging and enabling the organisation.
3.3. Implementing and sustaining the change

The last phase of the framework focuses on the ramp-up of
the change programme through the implementation of more
advanced lean projects and establishing the sustaining culture
and processes for making the changes last (Fig. 6). This last
phase is composed of two steps, namely: (1) the building on the
change that has been succeeded in the previous phase and (2)
the institutionalisation of the strategic changes in the culture of
the organisation. This phase builds upon the early wins for fully
deploying lean tools and methods and, most importantly,
sustaining the change and lean thinking.

In step seven, the quality circles, building up on the
confidence they have gained as a team, can explore more lean



284 Mohammed Al Manei et al. / Procedia CIRP 128 (2024) 280-285

opportunities that might require more advanced tools for
implementation. Furthermore, during this phase, they can
engage more stakeholders, even externals such as suppliers and
customers, to maximise the impact of their projects.

In the last step, the team will need to capture and document
all lean project attempts, regardless of whether these are
entirely successful or not. These documents can serve as
lessons for building some preventive measures and avoiding
mistakes when the next round of lean implementation starts. At
this phase, successes must become the new standards, shared
in the organisation, and celebrated. After the first round of lean
improvements and at the end of each cycle, the vision and
objectives must be reviewed and amended accordingly.

Purpose: "\ Activities:
- r:nplemenl more complex .-.?.; '/“‘J G) 2-3 month
projects o Identify more complex projects, originating both from the champions and the teams
- Engage gradually externals | themselves
into the projects such as o Further train teams in more complex methods, e.g. Lean Six Sigma
customers and suppliers 0 Reach out to tier 1 (initially) and tier 2 and 3 suppliers, engage them invite them in the
- Further engage workforce / quality circles

. Activities:
o Document success / failures of the first round of implementation / w
5 Standardize new procedures through new SOPs @
5 Organize a communication event for celebrating success - o
il ~

7. Build on
the change

- Learn from first round of
implementation
“ISiEe| - Continuous improvement

Rl ey of thinking o Review vision and objectives

0 Negotiate and agree the next round of implementation with
) stakeholders

Fig. 6. Phase III: Implementing and sustaining the change.
3.4. The timeframe

Like any other change, Lean transformation is usually not a
one-off project. The framework should not be used as another
change project but instead, introduce a different culture that
welcomes and exploits change. For this reason, a timeframe
that complements the framework was developed. This was one
of the critical feedback items received while validating the
initial conceptual framework. As can be seen in Fig. 7, once
Phase 1 and Phase 2 have been completed, then Phase 3 can be
repeated as many times as needed to gradually increase the lean
maturity of the organisation and benefit from the gains of the
transformation.

fprose 1]zl fefsfelrfsofuulu]n fulslelye]-]]
1. Create urgency Hl
[ ||

2. Form a powerful coalition Phase 1 of the framework

3. Create a vision for change

4. Communicate the vision
Phase 2 of the framework

5. Empower action
6. Create short-term wins

7. Build on the change
Phase 3 of the framework
8. Sustain the change

Firstround of | Second round of | Third round of nth round of

Fig. 7. Timeline for implementing the lean implementation framework.
4. Framework Validation

Experts in the field of lean implementation in manufacturing
organisations validated the Lean implementation framework.
Five experts were interviewed. Their profiles are documented
in Table 3. The validation process during each interview started
with the presentation of the framework and then a discussion
on (1) its logic and rationale of the framework, (2) its potential
applicability to the interviewee’s organisation, (3) its user-
friendliness, (4) its completeness, and (5) its integrity to
existing lean implementation schemes. The participants were
asked to rate each theme from 1 to 5, with 1 representing the

least favourable option and 5 the highest achievable rating. Fig.
8 illustrates the results from the study.

Table 3. An example of a table.

Expert skills Experience Manufacturing Sector
Continuous 10 Yrs Fabricated metal
improvement manager

Operations manager 9 Yrs Food & Beverage
Technical director 7 Yrs Food & Beverage
Chief Operating Officer 15 Yrs Wood & wood products
Production manager 8 Yrs Wearing apparel

All experts agreed on the need for such a framework. The
logic of using a change management model as the basis of the
proposed lean implementation framework was highly
appreciated by the experts. The experts confirmed the mapping
of the lean tools to Kotter’s eight steps of change as
appropriate.

The experts were asked to rank the framework's
applicability to their specific sector. Fig. 9 presents the experts’
ranking of the framework for different sectors. The results
averaged 3.75 (Fig. 8). However, the experts believe that the
framework is more applicable to the manufacturing of discrete
products, as is the case in the fabricated metal and wood
product sectors. The framework is not as easy to use in more
continuous process production environments as in the food and
beverage sector. Experts suggested that the framework needs to
be customised in such applications.

rationale
5

Integrity Aplicability

Completeness User-friendliness

Fig. 8. Framework assessment by experts” opinion.

3
2
1
0

Wood & wood
products

IS

Experts' Ranking

Fabricated metal Food & Beverage Wearing apparel

Fig. 9. Applicability of the framework to different manufacturing sectors by
experts’ opinion.

The possibility of integrating the framework for day-to-day
lean implementation and continuous improvement was
discussed during the validation interviews. As shown in Fig. 8,
the rating was very positive. All experts believe that the
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framework can complement the existing lean transformation
programmes that organisations might be running and further
use it to introduce lean to a new organisation.

The completeness of the framework developed was also
discussed during the interviews. Experts were asked to assess
whether the framework is complete and can stand
independently (with the complementary lean tools roadmap).
All experts agreed that the framework includes all the required
steps for completion. One expert highlighted that the
framework would be even more complete if a lean assessment
tool were included for organisations that are not new to lean
implementation. In that way, the lean practitioner could assess
the organisation's maturity before deciding which step to start
with.

4. Conclusions

The overall aim of this study was to develop a novel lean
implementation framework that would be able to bring about
the transformation required in the organisation. The proposed
framework contributes to the body of knowledge on lean
implementation as an alternative, more systems approach to the
transformation required. The critical assumption is that the
organisation is new to lean philosophy, so the framework has
been developed to cover this gap. However, this does not
exclude this framework from being used to lead change in an
organisation that has already had some experience in lean
transformation. In that case, the framework can be tailored
accordingly and complemented with additional tools. To
achieve this, two complementary phases are foreseen to need
to be included. The first phase deals with assessing the level of
maturing. In that case, a lean assessment framework must be
completed before initiating the updated framework. A lot of
work has been presented by Oleghe and Salonitis [23-25].
Specific tools such as multi-grade fuzzy logic can be used to
assess an organisation's leanness and supply chain [26]. This
will provide a visual and numerical representation of the levels
of leanness both for the whole organisation and specifically for
the various departments within, allowing for the ranking and
prioritisation of the follow-up activities. Secondly, alternative
routes within the framework depending on the lean maturity of
the organisation needs to be provided as well.
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