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A global study on applicability of ISO 18404:2015 for SMEs: An

exploratory qualitative study

Abstract

Purpose — ISO18404:2015 standard defines the proficiencies to the attainment of distinct
competency levels with either Lean Manufacturing or Six Sigma or separately combined
strategy Lean Six Sigma (LSS). The purpose of this paper is to perform a detailed investigation
of the applicability of current Lean Six Sigma (LSS) competency standard in SMEs and
examine the need for further improvement.

Design/Methodology/Approach — A qualitative-based semi-structured interview method was
utilized globally by interviewing a group of LSS professionals with knowledge about the LSS
implementation working in different leading organizations. All participants were asked to
review the standard before the interview process to ensure that they are familiar with the
standard.

Findings — The results reveal that the current ISO 18404:2015 standard does not fit SMEs to
implement the LSS approach as it has several shortfalls that need to be fixed before its adoption
or an urgent need to develop a more customised LSS standard for SMEs. The outcome further
helps organizations understand theoretical knowledge about 1SO18404:2015, its role in
operational excellence implementation, pros, cons, critical success factors and required
changes for further improvement within the standard.

Research limitations/implications —There were very limited baseline studies in the literature.
A mixed method strategy that includes qualitative and quantitative data would yield better data
so that more robust outcomes can be derived from the research.

Originality/value — To the best of authors' knowledge, this is the first empirical research on
the applicability of ISO 18404:2015 for SMEs, which encapsulate opinions of LSS
professionals working in several SMEs.

Keywords — ISO 18404:2015, Lean Six Sigma, Critical Success Factors, Industry 4.0, Quality
4.0, Continuous improvement.

Paper Type — Research paper

1. Introduction
With the awareness and demand for quality products and services, organizations implement a

variety of quality improvement programs. The integration of these programs with a quality
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management system (QMS) gives a better opportunity to achieve quality products and enhance
sustainability. The implementation of continuous improvement initiatives such as Total quality
management (TQM), Lean Manufacturing, Six Sigma, or Lean Six Sigma can be successful
when an organization follows the structured adoption process (Garza-Reyes, J. A. 2015).
However, various quality management standards provide structured guidelines to implement
continuous improvement initiatives as well as train people to achieve implementation success
(Antony et al. 2021a). According to the statement of Marques et al., (2013) and Sa et al., (2020),
a systematic collaboration of operational excellence program with QMS act as a critical success
factor (CSF) for the successful deployment of continuous improvement initiatives within the
organization. There are various QMS standards published by the ISO, for instance, ISO 9000
family (stands for all types of organization), IATF 16949 (stands specific for the automotive
sector), ISO 13485 (stands for medical devices), ISO 22000 (for food), ISO 20000 (for
services), ISO 27001 (for IT), AS 9100D (for Aerospace) and many more (www.plex.com;
WWW.1S0.01g).

In late 2015, ISO published a standard for Operational Excellence (such as Lean or Six
Sigma or LSS) known as ISO 18404:2015. This new standard defines the competencies for the
attainment of specific levels (Six Sigma Black belts, Green Belts, Master Black Belts) in order
to implement Lean Manufacturing, Six Sigma, or LSS in the organization. The primary
objective of this standard is to provide certification to both individuals and organizations in
Lean Manufacturing and Six Sigma implementation program. The certification provided by
this standard is only for three levels (i.e., Green Belts, Black Belts, and Master Black Belts).
They have not included White Belts or Yellow Belts in their standard which are getting popular
over the past few years in many organisations. As per the rule of ISO, each standard needs to
be reviewed at regular intervals of time for either revision purpose or its confirmation, or
withdrawal purpose. Based on the rule, ISO 18404:2015 was reviewed by the ISO in 2021 and
the results stated the confirmation of the standard (International Standards Organisation, 2021).

Based on the norms of ISO, the standard should capture all the requirements needed to
provide structured training to individuals and implement OPEX initiative in the organization
successfully (Antony et al. 2021a). Thus, the lack of required information, guidelines, or
facilities in the standard result in the implementation failure of any initiatives (Antony et al.
2021). There is limited research study observed related to ISO 18404:2015. Few authors have
referenced this standard in their research work (Ward and Caklais, 2019; Herrera and van
Hillegersberg, 2019a, b). Further, many practitioners and LSS professionals have commented

on the pros, cons, and requirements of ISO 18404:2015 standard. The principal author of ISO
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18404:2015 stated that the involvement of decision-makers and LSS professionals was
minimum during the development of this standard (Bendell 2016).

Recently, a team of OPEX researchers from different parts of the world have further
investigated the use of the standard which resulted in the following two publications: (i) “A
study into the Pros and cons of ISO 18404: Perspectives from Leading practitioners” (Antony
et al, 2021a) and (ii) “Global study into the pros and cons of ISO 18404: a convergent mixed
method study and recommendations for further research” (Antony et al, 2021b). These two
studies specifically focused on ISO 18404:2015 standard and concluded that the views of LSS
professionals on the standard were pretty much inconsistent. For instance, most of the
interviewed practitioners were queried about the fitness of purpose of this standard and its
suitability. Whilst some other practitioners asked about the universal benefits of the standard

during the implementation of Operational Excellence (OPEX) initiatives.

The main purpose of the present research is to understand the research background executed
for improving this standard and its applicability for LSS implementation in SMEs. Based on
this purpose in mind, the following research questions were developed:

(1) Is there a need for an ISO standard on LSS for SMEs?

(2) What are the pros and cons of ISO 18404 in the context of SMEs?

(3) What are the CSFs of implementing ISO 18404 in SMEs?

(4) Which requirements in the standard are less/ not applicable for SMEs?

(5) Is there a need to include Yellow Belt level in the existing standard?

(6) What should be the future skills to be possessed by LSS professionals which are not

explicitly covered in the standard?

The layout of the article is as follows: Section 2 presents a detailed review of literature on ISO
18404, section 3 discusses research methodology adopted for the present study. The results of
the study have been reported in Section 4. This is followed by discussion and implications in

Section 5. Section 6 presents the conclusion, limitations and direction for future research.

2. Literature review

The ISO 18404 standard was introduced by Prof. Tony Bendell and published by the ISO in
the year of 2015 (Bendell, 2016; allaboutlean.com/iso-18404). This standard was developed to
explain the competencies at the organisational level to implement quality improvement

methods such as Lean Manufacturing, Six Sigma, or LSS. Previously, the other standard was
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published by ISO TC69 for applying related statistical approaches. The two standard named
ISO 13053-1 “Quantitative methods in process improvement - Six Sigma DMAIC
methodology — Part 1 and ISO 13053-2 “Quantitative methods in process improvement — Six
Sigma Tools and techniques — Part 2” were published by the ISO in the year of 2011. Most
researchers understand that ISO 18404:2015 is the upgraded version of the ISO 13053 series
(Antony et al. 2021a). In reality, there are very few similarities between these standards, and
the authors of the standard have mostly ignored most of the critical contents described in the
ISO 18404:2015, explicitly discussed in the ISO 13053 series (Chiarini, 2013;
LeanCompetency.org, 2016).

In the ISO 18404:2015 standard, the competency is primarily set for the Lean
practitioners (Six Sigma Green belt), Lean leaders (Black Belt), and experts (Master black
belt). In this standard, they have excluded White belts and Yellow Belts. These levels combine
the equivalent competencies and follow the Six Sigma belt structure. The standard has
described the performance criteria, competencies list, standard training, etc., for each
competency level (Roser, 2016; Morgan, 2017). Many researchers and organizations
understand that ISO 9000 standard series is a backbone for the development of Total Quality
Management (TQM) initiatives in many organisations (Douglas et al., 2003). Still, the lack of
the right curriculum for the LSS initiative and specific standardization for the LSS adoption is
an important issue for most organizations (Antony, 2004; Laureani and Antony, 2012).
However, the standard can be adopted in organizations for various reasons such as fulfilling
customer requirements, attaining regulatory requirements, increasing market share and profit,
improving the product and process quality, reducing defects, etc. (Witcher, 1994; Roser, 2016).
Adopting a standard and being a certified organization needs too much paperwork and high
cost, especially in the context of Small and Medium Sized Enterprises (SMEs). Further, during
the audit, an organization can face many challenges in effectively interpreting the standard with

the auditor (McTeer and Dale, 1996).

2.1. Introductory reception of ISO 18404:2015

The ISO 18404 standard concept was first delineated at the European Educator Conference
held at Buckingham, the UK in 2015. This standard was developed in connection with two
different groups: the Royal Statistical Society (RSS) and British Standards Institute (BSI).
Many researchers, practitioners, professionals, and industry personnel who participated in the
conference commented that the current standard lacks the adoption process, techniques,

competencies, and standardization related to the LSS initiatives (Bendell, 2016). There is a
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lack of consultation and involvement of LSS practitioners, government bodies, and
professionals in developing the standard (Morgan, 2017). However, several authors (Kikuchi
and Suzuki 2018; Kazakova, 2021) commented that the publication of any standard does not
mean it would work effectively for the purpose it was developed. Similarly, the study
performed by Antony et al., (2021a) stated that the organization has low uptake of ISO 18404
standard adoption. This statement has been also verified through Google search and there are
only two examples related to ISO 18404 certified organizations were found. Other studies have
also discussed these examples (Ward and Caklais, 2019; Lopez, 2021). There was no
refinement observed in the ISO 18404:2015 standard over the period since its development in
2015. Further, no researchers have discussed the benefits, challenges and motivation of ISO
18404:2015 implementation in organizations through case studies or empirical studies like ISO

9001.

In 2015, when ISO 18404 standard was published, the ISO committee members of the USA
and Japan voted against implementing this standard (Ishiyama, 2016). American Society for
Quality (ASQ) is a well-known and possibly one of the most reputed quality professional
bodies in the world. This society provides training for Six Sigma adoption and conducts a high-
level exam to provide different credentials based on the body of knowledge and experience of
participants. ASQ categorizes its certification in different competency levels such as Six Sigma
White Belts, Yellow Belts, Green Belts, Black Belts, and Master Black Belts (asq.org/quality-

resources/six-sigma/belts-executives-champions).

2.2. Pros and Cons of ISO 18404:2015 standard

ISO 18404:2015 standard was designed to guide organizational managers to adopt a
standardized program in their organizations (Rich and Malik, 2019; Herrera and van
Hillegersberg, 2019b). This standard helps organizations demonstrate the evidence that
training has followed the standard and enabled the options for competency assessment. The
standard also helps to hire the right competent individual (Morgan, 2017). Further, the standard
helps to provide training to Lean and Six Sigma professionals and allows the organization to
deploy continuous improvement initiatives. Moreover, it aids in providing certification at
different belt levels (Herrera and van Hillegersberg 2019a). One of the problems noticed with
the ISO 18404 creation it was developed by limited key players (Ishiyama, 2016; Morgan,
2017; Antony et al., 2021a). It can be noted that the ISO18404 standard provides certification

either for Lean or Six Sigma or both Lean and Six Sigma but does not certify Lean Six Sigma
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(LSS) organizations (allaboutlean.com/iso-18404). It is also noteworthy that this standard
excluded the yellow belt which is adopted by many SMEs to manage work on the shop floor
(Pakdil et al., 2020). Many researchers and blog writers also observed the above-mentioned
problems in the ISO 18404 standard and argued that the current ISO 18404:2015 standard lacks
LSS competencies (allaboutlean.com/iso-18404; Antony et al. 2021a; b; servicesltd.co.uk).
However, there is a need for an LSS standard as the level of training provided to different belts
is not up to the mark, is not internationally recognized, and certification is given to very little

work (Bendell, 2016; servicesltd.co.uk).

When George (2002) first introduced the merger of Lean Manufacturing and Six Sigma as LSS,
it became one norm and was known in the industries. LSS plays a crucial role in organizations
changing their culture and works as a catalyst to enhance the continuous improvement of
culture (Prasanna & Vinodh, 2013). Roser (2016) highlighted that the adoption of ISO
18404:2015 standard in the organization is like getting a certification and then recertification
in the form of paper, but the implemented LSS program does not influence the organization's
culture. Moreover, Antony et al. 2021a, stated that most of the quality standards, including the
ISO 9000 series, have fundamental issues in that it creates a sense of complacency, and the
adopting organization or concerned personnel misunderstand that they have achieved 100%

quality after the adoption of these standards.

Most organizations have started Six Sigma Yellow Belts on the shop floor to increase the
awareness of this powerful problem solving methodology at its basic level and the integration
of tools in each phase of the methodology (Antony et al. 2021a). For this reason, organizations
provide training to those employees and get certification from competent societies like ASQ,
ISO, IASSC, etc. One of the difficulties found in the current version of ISO 18404:2015 is that
it has not included Yellow Belts in this standard (Pakdil et al., 2020). Further, the Design for
Six Sigma (DFSS) or Design for LSS (DFLSS) are equally or more important to be talked
about or discussed in the current version of ISO 18404:2015 (Watson and DeYong, 2010).
However, all the above discussions are explicitly explained in the ASQ body of knowledge as
competencies of LSS practitioners (Watson and DeYong, 2010). Similarly, implementing ISO
18404:2015 standard is expensive, and it is difficult to bear the high cost for SMEs in both
developing and developed countries (Ishiyama, 2016; Kazakova, 2021). The standard does not
help to provide proper guidelines to professionals and practitioners for LSS implementation in

SMEs (Kazakova, 2021). Furthermore, many researchers have stated that the current ISO
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18404:2015 standard has two major issues: (i) the standard is too prescriptive, and (ii) it goes
against a holistic approach (Watson and DeYong, 2010; Ishiyama, 2016; Kazakova, 2021).
The prime objective of this research is to explore subjectively how this standard can be

modified to be implemented LSS in SMEs.

3. Methodology

The methodology applied in the present study includes a qualitative data collection strategy
through semi-structured interviews using a purposive sampling approach (Charmaz and
Belgrave, 2007). Senior managers and consultants with significant knowledge and experience
in ISO 18404, Lean manufacturing, Six Sigma, and Lean Six Sigma working in SMEs (e.g.
more than 10 years experience) were selected for this study.  Therefore, the
information/opinion/view gathered from these ground-level people will be more meaningful
and useful (Antony et al. 2021a). According to Organisation for Economic Co-operation and
Development (OCED, 2005), This approach helps researchers judge and select people,
organizations, experts, etc., and study their characteristics under the predefined sample

(Tonjang and Thawesaengskulthai, 2020; Antony et al. 2021a).

The present study adopted an exploratory qualitative design to capture the thoughts of
top/senior managers and consultants in-depth practical knowledge of ISO 18404 standard for
SMEs. The interviewees involved in this study were from countries such as Netherlands,
Canada, India, Belgium, Ireland, and United Kingdom. The prime objective was to choose
participants from various organizations and countries to include divergent viewpoints
regarding ISO 18404 standards for SMEs. A total of 14 participants were chosen for this study
(table 1), and their backgrounds and profile were obtained from the trusted social network
“LinkedIn”, a popular social networking site for professionals (Unkelos-Shpigel et al., 2015).
The selected sample size is enough as the data was saturated, and no new themes were emerging
(Guest et al., 2006; Saunders et al., 2018). A personalized invite was sent to each participant
through LinkedIn, the study participants who agreed were sent study objectives with a set of
interview questions related to the standard and its suitability for SMEs, ISO 18404 standard
and MS Teams/Zoom link. The developed questions were validated by 7 experts before
initiating the interview and improved their consistency based on the experts’ feedback. The
experts were chosen from both industry and academia who are familiar with ISO 18404
standard. The experts chosen from the industry were consultants who have been delivering

training and coaching managers in SMEs on Lean and Six Sigma projects. The interview
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started at the scheduled time with a few demographic questions followed by 10 open-ended
questions. The questions asked to the participants were focused on ISO 18404 standard and
their relevance to SMEs and centered around our research questions outlined in the introduction

section.

Grounded Theory (GT) has been known as a flexible tool to carry out qualitative research into
theory development (Charmaz 2005). Instead of deductively obtained techniques, it is a theory
that is consecutively obtained through “social research” and is grounded in data (Goulding
1998). GT has emerged as a widely adopted approach across the social sciences field, as it
provides researchers the flexibility to develop, test, and strengthen new theories from their
research data (Achora and Matua 2016; Hussein et al., 2020). Therefore, the present study used
the ground theory approach for the qualitative data analysis. The recorded information gathered
by the respondents was added to the Atlas Ti9 software for analysis purposes (Friese, 2019;
atlasti.com). For open coding, three different techniques were applied that resulted in a list of
themes within the data. Further, axial coding is used to categorize themes, and selective coding
is applied to condense data into specific categories (Charmaz and Belgrave, 2007; Cascio et
al., 2019). The data analysis process is summarized in Figure 1. As mentioned earlier, 10
questions were asked about the applicability of the ISO 18404 standard applicable to SMEs to

the interview participants.

Raw data from
respondent 1

Constrictive
concepts and
interpretations

Raw data from Open Selective

respondent 2 coding coding

Raw data from
respondent 3 to 13

Figure 1. Data analysis process

Page 8 of 23

Page 8 of 23



Page 9 of 23 The TQM Journal

1

2

i Table 1. Participants details

5 Participants Role/Title Years of | Company Type | Company size | Geographical

6 name experience location

7 P1 LSSBB >25 Automotive SME Netherland

8 P2 LSSBB >20 Oil industry SME Netherland

9 P3 LSSBB >15 Consultancy SME Netherland

10 P4 LSSBB >15 Consultancy SME Netherland

11 P5 LSSBB >20 Industrial SME Canada

12 Production

13 P6 LSSBB >20 Petrochemical SME Saudi Arabia

14 industry

15 P7 LSSBB >25 Nuclear Energy | SME Saudi Arabia

16 P8 LSSBB >15 Windmill SME India

17 manufacturer

18 P9 LSSBB >15 Consultancy SME India

19 P10 LSSBB >25 Medicine SME Ireland

20 manufacturer

21 P11 LSSMBB >20 Consultancy SME Ireland

22 P12 LSSBB >20 Consultancy SME Belgium

23 P13 LSSMBB >25 Industrial SME UK

24 Production

25 P14 LSSMBB >15 Cosmetics SME UK

26

27

28 4. Results

;g Figure 2 is a word cloud that depicts the critical themes from the interview. This cloud
31 highlights the keywords frequently used by the authors and participants in the present work.
32

33 The word's size, place, and centrality in the cloud represent the relative prominence of
gg respective themes (Munoz Lopez, 2010). Word cloud is an effective approach for visually
36 communicating the frequent words in the text document (Lohmann et al., 2015). As the prime
37

38 objective of the present study is to understand the participants’ perceptions, the word cloud is
39 . . . . .

40 the most prominent approach for visually representing and analyzing the most important and
2; frequently used keywords. The most frequently used keywords were ISO 18404, standard,
43 SME, critical success factors, pros and cons, future skills, Lean Manufacturing, Six Sigma, and
44

45 Lean Six Sigma. For a quick understanding of readers, the detailed analysis plan is provided
46 . . . .

47 in the form of a diagram in Figure 3.

48

49

50

51

52

53

54

55

56

57

58

59

60
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Pros and Cons of
current ISO 18404
standard

Need of Lean/Six
Sigma/LSS
standard in ISO
18404 for SMEs

Further changes
required in the ISO
18404 standard

The major
shortfalls of current
ISO 18404 standard

Use of ISO 18404

standard for LSS

implementation in
SMEs

Figure 3. Detailed analysis plan

4.1. Adoption of I1SO 18404 standard for training purposes

emplwees |mpmwement

Critical success
factors for the
adoption of ISO
18404 standard

Need of curriculum
for yellow belts in
the current ISO
18404 standard

To answer the research question “Does your company adopt the standard for training?”. The
feedback received from the respondents are:
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“We will adopt very likely in the future since the company already has adopted several ISO
standards (9001, 14001) because my organization is just getting started LSS implementation”.
(PI)

“Yes, we adopted the standard for training to green and black belts”. (P2)

“No, my company did not adopt this standard. It also doesn’t have a commercial way of
expanding the standard”. (P4)

“No, we follow whatever clauses in other generic standards such as 1SO 9001:2015". (P5)
“No, as our company follow the integrated management systems which integrate all the
standard needed by the company for training such as ISO 9001-1400, 18001 and other IT
standard” (P6)

“We did not adopt the standard yet for training in our organization but we can adopt it in the
future if needed”. (P11)

“No, as we have developed a standardized definition of problems typology as well as developed
a separate setup/roadmap and toolkit for Lean practitioners, Six Sigma yellow belt, green belt,
and master black belt”. (P12)

4.2. Pros and Cons of current ISO 18404 standard for SMEs

To answer the research question, “What do you think are the pros and cons of a standard on
LSS being applicable for SMEs?”. The feedback received from the respondents are:

“Pros include: having a certain level of maturity in a standard and cons are: anybody can
issue 1SO 18404 standard with very few set of skills”. (P3)

“The cons include: the current standard is complex and not included the complete material
required for LSS implementation success, and the pros are it gives a knowledge about LSS
deployment”. (P4)

“The major pros include: it could add more structure and definitions to the LSS, helps
organizations with the task of training, helps organizations when they hire talented individuals
as well as whenever they deploy LSS to their suppliers and vendors. Similarly, the major cons
include lack of management dedication, resources, functions, departments, hierarchal layers
to fully comply with this standard, compliance to other existing standards, and
unnecessary/extra cost required for responsibilities to administer to develop/review/maintain
the whole set of new documentation related to LSS projects”. (P5)

“The advantages are: the standard provides the guidelines in a systematic way. The
consequence is that the standard is not up to date as nowadays many new tools/techniques are
introduced which are not included in the current standard”. (P6)

“The main pros are: competencies and performance indicators that captured in the current
standard may help industries to understand how to adopt this standard in organizations and
the cons are: the suggested competencies and indicators did not create for outcome purpose”.
(P9)

“The pros include: it provides definitions of LSS, provide the guidelines for the training, and
help organizations to hire right people whereas cons are it is not structured and ready to adopt
material, especially for SMEs”. (P10)
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“Pros include: having a certain level of maturity in a standard and cons are: focus on
individual competencies of different belts rather than organizations” (P13)

4.3. The major shortfalls in the current ISO 18404 standard for LSS implementation in
SMEs

To answer the research question “In your view, which requirements in the standard are less/
not applicable for LSS deployment in SMEs?”. The respondents were provided their opinion
on the same which are:

“The current standard is useful but too general so that SMEs will not find clear guidelines on
how to implement LSS”. (P1)

“The competencies for Green belts and Black belts provided in the present ISO 18404 standard
is not applicable for all organizations and the standard did not clearly explain each

competency required to implement LSS in various organizational settings with varied sizes”
(P2)

“The only shortfall I can see is about the way information is delivered. The sub-sections 6.6 in
the existing ISO 18404 standard does not help to deploy the overall objective strategy of the
organization and sub-section 6.7 opens the door for added complexity and cost by employing
more burden on organizations to requalify every three years which is redundant and not needed
if organizations already in compliance with other standards” (P3)

“I would not say it’s not applicable because its applicability varies based on industry, in some
industries the standard is applicable and in some not, the standard is looking fine in my view
but the systematic elaboration in the existing standard opens a new path for organizations to
understand this standard clearly”. (P6)

“The standard has lack of business process reengineering concept, lack of leadership concepts,
lack of social and human resources related factors”. (P9)

“The current standard more focus on the competencies of individuals rather than focus on
competencies of different types of industries”. (P11)

“The SMEs do not generally need MBB or BB. If this level is required, they can be hired for
the short term. The use of statistical software is less applicable because the use of Microsoft
Excel is adequate. Moreover, the exact competencies of each belt may be interpreted as very
rigid” (P14)

4.4. Critical success factors for the adoption of ISO 18404 standard for SMEs

To answer the research question “What are the CSF's of implementing 1SO 18404 in SMEs?”.
The respondents were provided their opinion on the same which are:

“One of the CSFs is a clear guideline for the adoption of ISO 18404 standard in SMEs”. (P1)
“The CSF’s are: having top management commitment and involvement, and having leadership

competencies” (P2)
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“I think CSFs are: a big focus on the belts, management should know how to create a good
environment of various belts, good communication, availability of proper resources, etc.” (P3)

“The CSFs to implement ISO 18404 are: linkage of company objective to the functional level
objectives and having a strategic planning process in place”. (P7)

“I think the CSFs can be having collaboration with the local educational institute or
government agencies, consideration of Black belts and Master Black belts and having training
opportunities”. (P9)

“The CSFs to implement ISO 18404 are: have leadership and change management strategy,
executing some small-scale wins, have clear objective and vision, and have cultural change
mindset”. (P10)

“The CSFs to adopt ISO 18404 could be level of maturity for process thinking and availability
of enough belts” (P13)

4.5. Applicability of ISO 18404 standard as standard on LSS for SMEs

To answer the research question “Do you think the current ISO 18404 standard is applicable
as a standard on LSS for SMEs? If so, why? If not, why not?”. The respondents were provided
their opinion on the same which are:

“Not in its current form! In my opinion, there is no difference made in the size of companies,
companies themselves will adjust the standard to the size of their organization. This leads to
arbitrariness” (P1)

“Yes, the current standard is applicable as standard on LSS for SMEs because its referred
standard but it needs quite an elaboration”. (P3)

“I think the current standard is not applicable because it has too much focus on the individuals
and not even focused on the system or management of a company. The standard should focus
on the feeling factor to improve it”. (P4)

“No, I don’t think it is applicable because there is more complexity in the existing standard”
(P5)

“No, not in its present form, it needs a high-level structure to understand the difference
between various levels of organizations. SMEs are not financially reached so they cannot spend
too much to understand the specific role, functions, requirements, and implementation process
of LSS (P7)

“No, the standard cannot help in the current form as the information delivered at the present
form in the standard is unstructured and SMEs do not have much time and experts to dig into
the content and digest it. Therefore, a clear explanation of the skills needed per phase and
steps of the DMAIC roadmap will be more beneficial” (P12)

“No, SMEs may not have the time/resource to fully demonstrate each competency and this

would suggest that they have failed. Maintaining competencies (section 5.4c) can be very
difficult due to resources. The same applies to section 6.7". (P14)
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4.6. Need for Lean/Six Sigma/Lean Six Sigma standard for SMEs

To answer the research question “Do you think there is a need for a Lean or Six Sigma or
LSS standard for SMEs in the ISO 18404 standard? If so, why? If not, why not?”. The
respondents were provided their opinion on the same which are:

“No there is no need for any LSS standard, especially for SMEs, there is only need to clearly
describe the adoption difference between large and SMEs in current ISO 18404 standard”

(PI)

“I think it would be good because if there is a specific standard you know how to judge the
level of maturity in the LSS towards organization”. (P3)

“I do not see any need or value to create an 1SO standard for LSS, especially for SMEs as most
other ISO standards (ISO 9001:2015; IATF 16949:2016, ISO 13485:2016, etc.) have clauses
for continuous improvement initiatives which are enough and having a specific standard for
Lean or Six Sigma or LSS which adds more complexity and cost to companies which result in
many organizations will choose not to be part of it”. (P5)

“Yes, there is a need for specific LSS standard because different organizations use a different
strategy, tools, and techniques for LSS implementation which result in some organization
failing to implement LSS. If there is a specific standard for LSS then everyone can follow the
same and achieve the benefits”. (P6)

“I don’t think there is a need to develop a specific standard for LSS because if we develop a
new standard, there will be no opportunity to improve the existing one”. (P9)

“Yes, there is a need to create an ISO standard for LSS because it will guarantee a common
understanding, application, and interchangeability on the field”. (P12)

“Yes, there is a need to create an 1SO standard for LSS because it gives a guideline to
implement LSS in SMEs which could change the mindset of companies to adopt it (P13).

“Yes, there is a need for an LSS standard for SMEs because SMEs have limited resources when
compared to bigger organizations. Creating a generic standard for all organizations will not
take into account the issues that SMEs are faced with”. (P14)

4.7. Use of ISO 18404 standard for LSS implementation in SMEs

To answer the research question “How do you think the standard could support the
implementation of LSS in SMEs?”. The respondents were provided their opinion on the same
which are:

“There is a need to create a clear guideline on how companies should implement LSS and
create a matrix which describes the functions, tasks, and responsibilities of team members and

employees”. (P1)

“It could be providing a structured roadmap to implement LSS so that it could give a lot of
guidelines/contents about setting up LSS in organizations”. (P3)
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“The ISO 18404:2015 standard may help as a reference document for organization managers
to discuss what training programs should be developed for different competency levels”. (P6)

“The standard should focus on the leadership development, motivation factors, human
resource factors, and social factors”. (P7)

“There is a need to define program outcomes, provide a good set of data for exercise, include
project and exercise-based learning programs”. (P9)

“There is a list of competencies, which may use for training. The current standard may help
as a discussion document for management teams to discuss what training programs should be

developed”. (P10)

“The standard could support the implementation of LSS within SMEs by demonstrating the
various options and competencies that are available to companies to make improvements
without being overly strict on the criteria that are suggested”. (P14)

4.8. Need for curriculum for yellow belts in the current ISO 18404 standard

To answer the research question “As the ISO 18404 standard covers the curriculum for both
Green belts and Black belts, is there a need within the standard to cover the competency of
Yellow Belts, especially for SMEs”. The respondents were provided their opinion on the same
which are:

“Yes, of course. I would also describe the White belt so that all LSS belts understand the
training requirements of the various belts”. (P1)

“I don’t think there is a need for coverage for yellow belts as these belts have learned basics
and have not gone to further details about how to make the changes in the organizations”. (P2)

“Yes, the curriculum for the yellow belt needs to be included because SMEs have fewer
financial resources to bring BBs or MBBs” (P7)

“No, as yellow belts have fewer skills or knowledge. The duration of learning for yellow belts
is too short and this huge syllabus cannot be captured in a short time duration”. (P8)

“For adoption of LSS a thorough knowledge about LSS tools and techniques required that
Yellow belts can unable to capture”. (P9)

“Yes, the curriculum for the yellow belt needs to be included. The standard should also include
a curriculum for White belts (WB) so that training can be fine-tuned to several levels. Project
leaders will start addressing “simple” problems with a basic YB and tackle more sophisticated
problems with GB, BB, and MBB”. (P12)

“Black belts are not needed in SMEs, they can be hired for a short time if necessary. Also, the
cost of having a black belt full-time could be expensive for SMEs. Yellow belts should be
covered in the standard as they are more relevant to the project types that are experienced in
SMEs. Lean issues are easier to resolve and relevant to SMEs in general when compared to
statistical variation”. (P14)
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4.9. Future skills to be acquired by the LSS professionals

To answer the research question “what should be the future skills to be posed by LSS
professionals which are not explicitly stated or covered in the standard?”. The respondents
were provided their opinion on the same which are:

“I think more understanding and knowledge required related to different types of problems
(organization wise), develop the connection between machine, vision, and strategy, and a sort
of understanding on how to connects these”. (P3)

“I think the competencies of professionals are quite complete, therefore professionals should
have excellent knowledge about competencies required to implement LSS as well as having a
good knowledge about new/existing tools and techniques applicable for its implementation”.

(P4)

“To have the skills and knowledge required to get into Industry 4.0 and Quality 4.0 to deal
with the next wave of technology related to machine learning, internet of things, artificial
intelligence, etc.”. (P5)

“The standard did not talk much about the statistical tools and techniques, it is only telling
refer another standard, and the standard was introduced in 2015. However, with the advent of
Industry 4.0 and Quality 4.0, the standard should include specific skills related to Blockchain,
Robotic Process Automation, Big Data, loT, Al, and Simulation to name but a few here”. (P6)

“The future skills related to management system approach and system thinking need to be
acquired”. (P7)

“LSS professionals should learn how to integrate the LSS with Industry 4.0 and how to capture
the relevant data as well as making decisions on the data”. (P9)

“The future skills related to industry 4.0, big data, process mining, new/existing tools and
excellent knowledge to give better/faster answers to the questions asked in the DMAIC steps”.
(P12)

“The future skills related to existing and new LSS tools and techniques, emerging technologies,
and concept of design thinking must have in LSS professionals”. (P13)

4.10. Further changes required in the I1SO 18404 standard

To answer the research question “What would you change in the standard if you could, and
why or why not?”. The respondents were provided their opinion on the same which are:

“The three changes suggested are: need to create a matrix which describes the functions, tasks,
and responsibilities of team members and employees for SMEs and include White belt and
Yellow belt in the current standard”. (P1)

“LSS implementation is only succeeded if there is proper/continuous communication strategy

followed but this does not only apply for GBs and BBs. Management and all employees must
get in touch with each other and follow the same strategy”. (P2)
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“I would connect Project management level for Black belts and Program management to the
level of Master Black belts and the difference is that project management is about to deliver
results and program management is about moving towards the organisational goals”. (P3)

“Need to develop a clear guideline and structured steps to implement LSS in SMEs.In addition,
the cultural aspects should be captured better in the revision of the standard”. (P4)

“A change is definitely needed in the existing standard. The standard should provide more
detailed information about what the things can be considered for the specific types of industry
such as for construction, production, laboratory, maintenance, service provider, etc. which
guide the people working in SMEs”. (P6)

“The changes include: role of top management need to be incorporated, an elaborate bit more
from an application point of view with core study, and competencies of yellow belts need to be
included”. (P7)

“Need to include existing and new tools and technologies, the process of design thinking and
set the benchmark for the standard”. (P11)

5. Discussion and implications

The results show that the applicability of the current ISO 18404:2015 standard for LSS
implementation in SMEs is very low, as very few respondents have recommended this standard
for implementation in its current form. At the same time, the idea of a specific standard for
LSS implementation was welcomed positively by most respondents. Thus, there is an urgent
need to develop a standard specific to SMEs or make some additional amendments to the
existing standard so that SMEs can utilize it. The results of the study found that only a single
interviewee is currently using the standard to train their Green and Black Belts. The
interviewee's opinions on the cons of the ISO 18404 standard for LSS implementation in SMEs
were broad, but their views on the pros were limited. Further, the opinion of contributors
regarding the inclusion of the curriculum for the yellow belts in the current standard was
mismatched. Most interviewees suggested the inclusion of a curriculum for the LSS yellow
belts in the standard, but few of them opposed it. However, nearly all professionals listed
shortfalls, CSFs, future skills to be posed by LSS professionals, and some amendments to
improve the standard.

Based on the view of the majority of the contributors, the current standard does not provide
clear guidelines and a structured roadmap to implement the LSS in SMEs. Further, the
competencies described for Green and Black belts do not apply to all types of organizations.
Moreover, the standard lacks consideration of the business process reengineering concept,
leadership concepts, and social and human resources-related factors. It is absolutely essential
to understand that a recent study has shown that nearly 50% of skills for successful Black Belts
should be related to soft skills (Antony and Karaminas, 2016). The interviewees listed a few
CSFs that could help adopt the ISO 18404 standard in the organization. Most participants
suggested CSFs were “a clear guideline for the adoption of ISO 18404 standard in SMEs, top
management commitment and involvement, leadership competencies, availability of required
resources for implementation, good working environment for LSS belts, linkage of company
objectives to the functional level objectives, collaboration with the local institute or
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government agencies, training and education facilities and facility to demonstrate projects
profitability to the bottom lines”.

The results also demonstrated how the current ISO 18404 standard could help managers
implement LSS in SMEs. In this perspective, participants of the study suggested that the need
arises to create clear guidelines which guide organizational managers to implement LSS in
SMEs and develop a matrix that defines the functions, tasks, competencies, and team’s
responsibility. Further, the need arises to define program outcomes, provide a good data set for
exercise, and include project and exercise-based learning programs in the standard. Moreover,
a curriculum for Yellow belts could be included, which will help SMEs financially due to
limited budget and resources. They further suggested the list of skills to be acquired by the LSS
professionals to implement LSS in SMEs successfully and improve the bottom line results. The
participants suggested that LSS professionals should have a better understanding related to
effective communication strategy, competencies required for LSS implementation, use of
new/existing tools and techniques, knowledge of management system approach and system
thinking, good command of Industry 4.0, Quality 4.0 technologies, and hands-on experience
with emerging tools such as machine learning, internet of things, artificial intelligence, big
data, process mining to deal with the next wave of technology. The existing standard has failed
to capture the future skills of LSS professionals with the advent of Industry 4.0. The authors
would argue that future LSS professionals should be competent with Al, Big Data, IIoT, and
Simulation to name but a few here. The integration of LSS with the above emerging
technologies will make LSS professionals more competitive in the future.

Regarding the further amendments in the standard, the contributors suggested developing a
structured framework and providing systematic guidelines to implement LSS in SMEs. The
framework should be developed by collaborating LSS professionals, practitioners, decision-
makers, academicians, and government agencies. Based on their comments, the standard
should include a program matrix. This matrix describes the functions, tasks, and
responsibilities of team members and employees for SMEs and consists of a curriculum for the
yellow belts. Further, the suggestion was that the standard should be clearly written and
properly discussed the detailed information about what needs to be done to implement LSS in
SMEs. It should also cover the LSS implementation strategy for specific types of industry such
as construction, production, laboratory, maintenance, service provider, etc. These gaps will
open a new opportunity to improve the quality of the standard and make it more inclusive.

Organizations can refer to the outcome of the present study to understand the concept and use
of ISO 18404:2015 standard in SMEs in terms of LSS implementation and its real applicability.
Further, they can understand the actual need for this standard, its advantages and disadvantages,
benefits, and the CSFs that help support the implementation of LSS in any organization.
Moreover, the study emphasized the future skills to be required for LSS professionals, and the
necessary improvements needed within the current ISO 18404:2015 standard. This study
suggests the importance and needs to either revise the current standard with keeping the
challenges of SMEs in mind or create a novel LSS standard for SMEs. Therefore, while
revising the current standard or creating a new standard, authors of the standard should involve
more professionals, practitioners, decision-makers, and even academicians to ensure the
readiness of the standard.

It is also suggested that authors review the standard a few times before publishing it to confirm

whether the created standard is fulfilling the requirement for which it has been created and can
achieve the targeted goal. The authors can also check the soundness of revised/newly created
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standard with the help of 4-5 experts. Amongst these challenges, the high certification cost is
a major concern for SMEs. Therefore, authors should prepare the standard by considering a
proper budgetary plan so that organizations managers can easily understand about financial
requirements needed for the certification. A high certification cost is one of the critical issues
to refuse the implementation of such standard in SMEs. So one of the most important things
that must be cared for by authors during the development of the standard is that the certification
cost should be affordable for SMEs. While organization managers should consider the benefits
of the standard in terms of successful implementation of initiatives for which the standard is
applied, customer satisfaction, quality improvement, service improvement, and is
internationally recognized. In summary, the opinions of interviewees are overall mixed but the
majority of contributors thought that the current ISO 18404:2015 standard does not fit SMEs
to implement the LSS approach, the standard has several shortfalls that need to be fixed before
its use. Therefore, the authors recommend that the revision promised by ISO TC in 2021 of
this standard take place before the scheduled systematic review is held in 2026.

6. Conclusion, limitations, and directions for future work

The ISO 18404 standard is not widely known, adopted, heard, or read, as evidenced by the
limited studies related to its applicability and role for LSS deployment in SMEs. It is a better
opportunity to either update or rewrite the current standard or create the new one as the present
form of this standard is too difficult to understand and get knowledge from. It also does not fit
the purpose of LSS implementation in SMEs according to this research project because there
is a lack of structured framework and systematic guidelines that are important to implement
any OPEX initiatives. There is an urgent need to revise and rewrite the current standard, which
can be certified by the competent authority. The standard should include the yellow belts
curriculum, and provide more focus on human capital and resources as well as soft skills,
bringing management and others to the workplace and organizational culture. The standard can
also add a new skillset for different belts level and cover the concept of OPEX integration with
emerging technologies such as Industry 4.0 and Quality 4.0. This is a major weakness of the
existing ISO 18404 standard, especially with the advent of digital transformation in many
organisations today.

As there is a lack of real case examples showing the ISO 18404:2015 deployment in SMEs,
this gap can motivate researchers for further research studies such as case studies. The main
limitation of this research is that the strategy used to collect the data was qualitative and
therefore only subjective views of the participants were captured. Moreover, the number of
interviewees is comparatively limited. Therefore, we may not make a robust conclusion from
this study. The low sample size was because most organizations are not aware of the ISO
18404:2015 standard, and the organization that follows the standard is not measuring its
effectiveness. The findings imply that extensive research needs to be conducted with a large
(quantitative and qualitative) data set. The authors plan to carry out the study to understand the
effectiveness of ISO 18404:2015 standard-based training and do a comparative analysis with
other popular and recognized training programs. However, in order to carry out such research,
there are just handful of companies around the world that are familiar with and use the standard.
In the future, we are also aiming to measure the impact of the ISO 18404 standard on
organizational performance. This means the researchers would like to compare the impact of
companies using ISO 18404 against companies that are not utilizing the standard but using
certification programs of leading quality professional bodies such as ASQ.
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