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Abstract

Organizations embarking on implementation of Lean Six Sigma and Six Sigma improvement
initiatives need to overcome substantial barriers to ensure effectiveness of the implemented
approaches. In many cases, implementation of improvement initiatives involves significant
investment in establishment of supporting infrastructure and training for the improvement
initiatives. While Lean Six Sigma and Six Sigma were initially applied within large corperaticns, the
interest of small and medium-sized enterprises in improvement initiatives “is  increasing.
Implementation of Lean Six Sigma and Six Sigma faces unique barriers in smal! and medium-sized
enterprises associated with the size and availability of the resources. Thus, the zim of this article is
to examine the critical success factors that condition successfulness of Lean Six Sigma and Six Sigma
implementation in manufacturing small and medium-sized eiiterorizes. Based on seven articles from
six countries (UK, India, Italy, Kenya, Netherland, Malaysia), the importance of the different critical
success factors are examined and compared. Further, the proposed study examines differences in
the importance of the critical success factors between small and medium-sized enterprises and large
corporations. For the conduct of this analysis, six additional papers from Europe, India and Brazil
concerning critical success factors for the implementation of Six Sigma and Lean Sigma in larger
manufacturing enterprises were taken into account. Moreover, five priority groups of critical success
factors are develosed for botn organization sizes based on a percentile distribution. The analysis of
the identified groups demonstrates similarities in the critical success factors for both types of
organizations. !n conclusion, it can be stated that “top management commitment” and “linking Six
Sigima to husiness strategy” are the top priority critical success factors, for both small and medium-
sized enterprises and large organizations. Additionally, for small and medium-sized enterprises, it is

necessary to develop a good communication plan and link Six Sigma to customers.



1 INTRODUCTION

About a decade ago, small and medium-sized enterprises (SMEs) were considered as the lifeblood of
a modern economy (Antony et al. 2005). The growing importance of supply chain management
issues in a global market environment make large firms heavily dependent on SMEs when it comes
to the provision of high-quality products or services at low cost. To ensure cost effectiveness, SMEs
consider the introduction of business strategies like Six Sigma (SS) or Lean Six Sigma (LSS) {Antony et
al. 2005). Until now, LSS and SS have been implemented extensively and successfully in the larger
industrial units. The current literature demonstrates that during the last dacade inore and more
research papers about the implementation of these quality strategies were also carried out with
focus on smaller organizations (e.g. Kumar et al. 2006; Jie et al. 2014, «tc.). However, many key
guestions remain unanswered and the need for more investigation into the application of these

initiatives in SMEs is strongly recommended (Anteny et al. 200%; Kumar and Antony, 2008, 2009).

Various authors argue that LSS or SS can ke iraplemented successfully in any organization,
irrespective of the size of the company. Furthermore, there is no evidence of implausibility of LSS or
SS implementation in SMEs (Kurnar and Antony, 2009). However, the original SS deployment is not
applicable for SMEs due to numerous differences between these two organization sizes (Rowlands,
2004). Moreover, Deshmukir and Chavan (2012) advised that some changes are required in the SS
approach in’SMEs, as it cannot be used like in large organizations. For this reason, many researchers
have beer highiighting a need for a specific standard framework and roadmap with clear guidance
regarding the implementation of LSS and SS in SMEs in the last years (e.g. Husband and Mandal,
199¢; Kumar et al. 2006; Deshmukh and Chavan, 2012; Pepper and Spedding, 2009). A common
approach used in developing continuous improvement strategies is to identify factors or elements
that are believed to be critical for the successful implementation of such concepts (Kifayah and
Douglas, 2008). Therefore, the objective of this paper is to review critical success factors for the

implementation of LSS and SS in manufacturing SMEs. For this purpose, this study compares critical



success factors (CSFs) for the implementation of LSS and SS in manufacturing SMEs, established in
previous research. Furthermore, the importance of the individual CSFs for SMEs will be
benchmarked to those of larger enterprises to identify differences in the priority of the CSFs

between these two organisation sizes.

To achieve the proposed objective, this research paper is organized into six chapters. In chaoter 2,
theoretical fundamentals will be discussed, followed by a detailed overview of the research
guestions and the methodology (chapter 3). Chapter 4 outlines the current statc-of.research and
chapter 5 discusses the results and findings. Finally, in chapter 6, the conclusion and future research

proposals are presented.

2 THEORETICAL FUNDAMENTALS

2.1 Lean Six Sigma

SS is a disciplined and data-driven businzss_iimproveinent methodology that was developed to
enhance the quality of processes with-the objective of establishing an almost zero-defect quality
strategy, thereby increasing customer satisfaction as well as improving financial results. Bill Smith
from Motorola/USA deveioped SS in 1987. Based on the ideas of statistical process control,
Motorola defined “Six Sigma™ as 3,4 defects per million opportunities in a given production process.
Sigma (o) is used to represent the variation (standard deviation) of a process mean. “Six” means that
the distance ketween the mean and the critical tolerance limits shall be 6 standard deviations
constantly (Arnheiter and Maleyeff, 2005; Pyzdek, 2003). Furthermore, SS is also being widely
recognized as an effective leadership development tool. After 1995, SS was enhanced by General
tlectric as a business strategy used to improve business profitability. It was initially applied in the
manufacturing sector but has now spanned over service, financial, healthcare and public sectors
(Coronado and Antony, 2002). In 2003, LSS was established as part of the evolution of SS. It is the

combination of Lean Management and SS which are the most popular business strategies for



enabling continuous improvement and improved bottom-line results (Albliwi et al. 2015). This
combination is achieved by merging tools and principles to overcome the weaknesses while bringing
out the advantages of both programs. Lean focuses on removing all types of waste from the process
(the efficiency issue) while SS concentrates on controlling the process statistically and removing
variation from the process (the effectiveness issue). The phrase “Lean Six Sigma” is therefore uszd to
describe the integration of both these approaches into a comprehensive management systern

(Arnheiter and Maleyeff, 2005).

2.2 Small and medium-sized enterprises

From the 1990s onward, with the globalization of the world market, a continuous trend toward
downsizing large firms and outsourcing business to smaller firms emerged (Antony et al. 2005;
Kumar and Antony, 2008). SMEs make up for 99.8% of tihe totai-number of enterprises, employ
66.5% of the total workforce and contribute 57 6% or thie ietal value added to the EU. Moreover,
more than 50% of the employees from mardfacturing companies in the European Union are working
in SME manufacturing companies (Gagliardi et al. 2013). For these reasons, SMEs have been
increasingly studied by scholars: Table 1 shows a detailed definition of SMEs, which was proposed by
the European Commission {2005], adcpted by the European Union Member States and entered into

force in 2005.



Table 1: Definition of SMEs (European Commission, 2005)

Enterprise size Employees Annual turnover Annual balance sheet total
Large > 250 > €50 million > €43 million
|
Medium-sized | < 250 AND | < €50 million OR | < €43 million |
A\
Small <50 < €10 million < €10 million
Micro <10 < €2 million < €2 million \/

2.3 Critical Success Factors

In order to understand how LSS can be successfully implemeiited CSFs-of LSS need to be identified.
The idea of identifying CSFs as a basis for determining the inicrrnation needs of managers was
originally popularized by Rockart (1978). CSFs are those esseitial factors which are critical for the
success of any program, company or organizatien (Ceronado and Antony, 2002; Rockart, 1978). For
this reason, those few essential aspects must be given special and continual attention to make sure
that they will be performed weil in_order to ensure enterprise success. According to Griffin (1995)
CSFs are a limited numbei of areas.in-which satisfactory results will ensure a successful competitive
performance. However, if results associated with these factors are not achieved, the program will
fail catastrophically ‘with serious negative consequences for the whole organization and its future
success (Reckart, 1578). Moreover, if any of the critical success factors are missing during the
develcoment and implementation stages of a LSS program, it could constitute the difference
betwein a successful implementation and a waste of resources, effort, time and money (Antony and
Ranuelas, 2002). Jenster (1987) as well as Griffin (1995) concluded in their studies that companies
using CSFs received a higher return on equity compared to companies that did not employ the CSF
methodology. CSFs are interdependent, however, each one has its own requirements and potential

short- and long-term implications (Antony and Coronado, 2002).



3 RESEARCH FRAMEWORK

Basically, the study is prepared to answer the following research questions:

RQ1: How often did the individual CSFs occur in the different SME studies?

RQ2: What importance factors and ranks are assigned to the individual CSFs in the SME studies

and how do these values differ from each other in the various SME studies?

RQ3: What are the differences of the importance factors, ranks and occurrence freauzncies of

the individual CSFs between SMEs and larger enterprises?

RQ4: What CSFs shall be prioritized in SMEs and large enterurises and what are the differences

in the prioritization of CSFs between these two organization zizes?

To answer these research questions a systematic literaiure review was conducted. According to
Okoli and Schabram (2010), a systematic literature review is “a systematic, explicit, comprehensive
and reproducible method for identifying, evaluating, and synthesizing the existing body of
completed and recorded work prédiced Ly researchers, scholars, and practitioners”. For this reason,
the research starts with an analysis of tiie empirical studies that have been conducted with regard to
CSFs for the LSS or SS impiementation regardless of the size of the organisation in order to get a
comprehensive “overview about the research field. Thereafter, the focus will be specified on the
investigation.0f 'SMEs. For this review, only journal papers from academic databases have been
taken'into ¢onsideration since academics mainly use articles of the highest level of research findings
to obtain information and to disseminate their own research findings. Therefore, information from
editorials, news reports, textbooks and conference papers was not included in this study. Various
high-quality online journal databases like Emerald, Science Direct (Elsevier), ProQuest, Interscience,
Taylor & Francis were selected and searched to generate a comprehensive bibliography. These

databases provide online access to complete research texts and abstracts of a lot of high-quality



articles. The following search strings were used to identify the research articles of interest: [(Lean Six
Sigma) or (Six Sigma) AND (Critical Success Factors) AND (SME)]. These criteria ensure a
comprehensive set of high-quality, peer-reviewed articles. The selected articles were carefully
reviewed and were selected for further research when they included a survey. In most cases the
survey measurement used in these articles is a five-point Likert scale, representing the respondents
perceived importance of each CSF (1 — “not very important”; 2 — “not important”; 3 — “impcrtant”; 4
— “very important”; 5 — crucial). The authors of these papers designed structured quéstiorinaires and
sent them to companies. The applied CSFs in these surveys were derived based: cn their own
literature reviews about LSS, SS and TQM. The profile of the respondents seiected for the surveys
were in most cases LSS experts such as Master Black Belts, Black-Belt, Green-Belts, CEOs, Directors,
General Managers, Middle Managers, Quality Managers and Productiorn professionals. Finding out
the perception of CSFs from those who have a great uinderstanding and practical experience in the
actual industrial environment is crucial (Habidiin and Yusof, 2013). In addition to answer RQ4, the
CSFs for SMEs and larger enterprises aie “classified into five groups according a percentile

distribution, ranging from lower to top nriarity.

4 CURRENT STATE OF RESEARCH

As far as current literature is. concerned, 18 papers about CSFs for the successful implementation of
LSS or SS havealready been published from 2002 to 2016. These papers include surveys in which the
rankirigs znd-impertance factors of CSFs were calculated (see table 2). Eleven of these articles are
reieted to-55 and seven to LSS. In the time period from 2002 to 2009 only surveys with focus on SS
were conducted. The first publications with surveys about CSFs for LSS implementation were
sublished in the year 2010. Antony and Banueles (2002) were the first to survey critical success
factors while Jesus et al. (2016) were the last researchers to publish on this subject until now.
Publications of surveys about this research field peaked in the year 2012. In total, six articles were

published during this year. The articles were released in different journals. Out of the 18 papers that



have been published from 2002 until 2016, each four were published by the Journal of Quality &
Reliability Management as well as the Journal of Lean Six Sigma. All other journals only published
one paper. Jiju Antony of the University of Strathclyde in Glasgow, UK, is most heavily involved in
this research field. In four papers he was the lead author, one paper he published alone and six
other papers he supported as co-author. It is due to this fact that most of the research was also
conducted in the UK. When examining where the CSF research for the implementation of LSS or $S
was predominantly conducted, it can be seen that five papers analysed the situatioin in the UK, four
in Brazil, three in India, two in Malaysia and one article was written for each of the following
countries: Pakistan, Italy, Netherlands, Singapore, Kenya. One publication took diiferent countries
into consideration and the country of one other paper remains-unkriown.-Nine of the 18 articles
focused specifically on the manufacturing industry while the service industry was the main focus in
five papers. The remaining articles considered a mixture of different sectors. In total, 29 CSFs for the
implementation of SS and LSS are ranked {(“rnanagement involvement”, “cultural change”,
“communication plan”, “organizational infrastructure and culture”, “education and training”,
axn

“linking SS to business strategy nking SS to customer”, “linking SS to human resources”, “linking

” “ 2

Six Sigma to suppliers”, “understanding of SS tools and methodology”, “project management skills

and experience; project prioritizatiorn and selection; LSS projects tracking and review”, “leadership”,

7 " 7 “"

“organizational beiief”, “best practice sharing”, “company financial capability”, “competency of SS

belts”, “organizaticnal infrastructure”, “SS staff selection”, “resources of LSS staff”, “data based

n o u,

appreach?”, “structured improvement procedure”, “focus on metrics and performance goals”, “vision

" o

aind plan-statement”,

4 “

commitment of all employees”, “environment of trust, ethics, integrity and
respact for people”, “integration of SS with financial results”, “established Lean Six Sigma
gashboard”). Figure 1 in the appendix shows an explanation of the most common CSFs with their

respective sub-factors.



Table 2: Empirical studies about CSFs for LSS and SS implementation

Author and year Country of Quality Organization | Application sector Journal
research initiative | size
Antony and UK SS Large Services Measuring Business Excellence
Banueles (2002) enterprise '
Manufacturing
|
Antony (2004) UK SS Large Services Managerial Auditing ‘ournal B
enterprise
Antony et al. UK SS Various Services Journal.of Q_uality 8._Re|iability
(2006) organization Management
[
sizes
Antony et al. UK ss SMEs Manufacturing . - | Journal of Quality & Reliability
(2008) Management
Kumar and UK SS SMEs | l\/lanu_fa.:turing Industrial Management and Data
Antony (2008) Systems
L\
Antony and India SS Large Manufacturing Management Research News
Desai, (2009) I enterprise
Brun (2010) Italy A SS SMEs and Manufacturing Journal of Production Economics
large

|
|
|
|
4 AN

enterprises

Tan (2012)

Jayaraman and Malaysia LSS SMEs Manufacturing Journal of Lean Six Sigma

i Teo (2010)

I Timans et al. Dutch LSS SMEs Manufacturing Journal of the Operational
(2012) Research Society
Chakraborty and | Singapore SS Not known Services Business Process Management




Desai et al. (2012) | India SS SMEs and Manufacturing Journal of Productivity and
Performance Management
Large
enterprises
Manville et al. Not known LSS Large Services Journal of Quality & Reliability i
(2012) enterprises Management |
ANANKY
Zhang et al. Pakistan LSS Various Various sectors Interdisciplinary Journz}of |
(2012) organization Contemporary Rezearch'in
sizes Business
Laureani and Various LSS Large Manufacturing Journal of LeanSWSigma
Antony (2012) countries |
enterprises Service
NN
Chakraborty and | Singapore SS Various Services I Journal of Lean Six Sigma
Chuan (2013) organization
sizes
Habidin and Malaysia LSS Large N Mianufacturing Journal of Lean Six Sigma
Yusof (2013) | enterprises
L2,
Douglas et al. East Africa ‘ 1S5S | SMIEs Service The TQM Journal
(2015)
(Kenya) | Manufacturing
Jesus et al. (201.6) Brazil SS Large Manufacturing Journal of Quality & Reliability
i enterprises Management
|
|

As far as the sizes of the organizations analysed in these surveys is concerned, it was found that

these 18 articles included nine surveys with focus on larger organizations while seven surveys placed

their focus on SMEs. The remaining two surveys included a mixture of both. Each of the seven SME-

related surveys focused on manufacturing companies or at least included a high portion of

companies from this sector (see table 3).



Table 3: Articles about CSFs for the implementation of LSS and SS in SMEs

Jeyaraman
Douglas et al. Brun Kumar and Timans et al. Desai et al.
Authors Antony et al. (2008) and Teo
(2015) (2010) | Antony (2008) (2012) (2012)
(2010)
Country East Africa Italy UK Netherlands India UK Malaysia ]
Number of CSFs 11 12 13 12 12 11 1o -
|

Number of N

23 12 17 52 18 50 23
respondents
Quality initiative Lss ss ss Lss ss T ss LsS

Brun (2010) and Desai et al. (2012) evaluated in their papers both, iarge enterprises as well as SMEs.
Brun (2010) was focusing on ltalian small companies while 'Desai-at al. (2012) was focusing on Indian
small companies. Overall, four out of the six SME studies were conducted in Europe (two in UK, one
in Italy and one in the Netherlands). The other twe studies were conducted in India and East Africa.
Besides Desai et al. (2012), Douglas et al. (2015) and Jeyaraman and Teo (2010) there were further
researchers who conducted survevs about CSFs for LSS outside Europe. Douglas et al. (2015)
published the results of a piiot study in East African service and manufacturing organizations while
Jeyaraman and Teo (2010) explcred the CSFs of LSS implementation in the multinational electronic
manufacturing industry of Malaysia. Jeyaraman and Teo (2010) are the only researchers who created
a ranking of the CSFs without using importance factors. In total, 21 CSFs have been identified in the
course of these seven SME-related surveys. Kumar and Antony (2008) considered with 13 CSFs the
highest-nurber of CSFs. They investigated CSFs for the implementation of SS by conducting a survey
wiih 17 SMEs that was carried out across the manufacturing industry in the UK. The highest number
of respondents were recorded in a study with 60 UK manufacturing SMEs that was carried out by
Antony et al. (2008), followed by a study conducted by Timans et al. (2012), who analysed CSFs for

the LSS implementation in Dutch manufacturing SMEs, with a total of 52 respondents.



5 RESULTS AND DISCUSSION

To answer the RQ1 and RQ2 table 4 was created. Table 4 presents the seven SME-related empirical
studies and compares the frequency of occurrence, rank and importance factor of each CSF. In total,
21 CSFs have been identified in the course of these seven SME-related surveys. There are three CSFs
that were discussed in every single article. These are “management involvement and commitment”,
“education and training” and “project prioritisation and selection”. Based on the values-in table 4; it
can be concluded that “management involvement and commitment” is the mast-impoitant CSF for
the implementation of LSS or SS in SMEs. The CSFs “education and training™ as-well as “project
prioritisation and selection” are mainly ranked between the fourth-and-seventh place with an
importance factor slightly below four in the most cases. The réxt six CSFs ‘linking SS to the business
strategy”, “linking SS to customers”, “linking SS to suppliers”,~“liriking SS to human resources”,
“project management skills” and “cultural change” were each found in six of the articles. Following
the CSF “management involvement and commitment”, the second most important CSFs for the
implementation of LSS or SS in SMEs are “linking SS to the customer”, “linking SS to business
strategy” and “cultural change”. They were ranked between the second and fourth place with an
importance factor of arouind four in‘most studies, followed by the CSF “project management skills”
which is mainly ranked between the fourth and seventh place with an importance factor of slightly
below four. The CSF“linking SS to human resources” has a completely inconsistent rank throughout
all the studies andits importance factor ranges from 2.6 and 4.4. On the one hand, it was ranked at
the end (Douglas et al. 2015; Antony et al. 2008), on the other hand, it was found in the upper ranks

(Jeyaraman and Teo, 2010; Kumar and Antony, 2008) and sometimes it was even ranked in the

middle (Brun, 2010 and Desai et al. 2012).



Table 4: Comparison of ranks and importance of CSFs from different SS or LSS related articles

Kumar and Jeyaraman
Douglas et Timans et al. | Desaietal. |Antony et al.
Authors Brun (2010) Antony and Teo
al. (2015) (2012) (2012) (2008)
(2008) (2010)
(
Y
CSFs Rank / Importance factor
. ———
Management involvement | | I
1 4.25 1 4.5 1 4.88 3 3.8 2 4 1 45| 1 | /
and commitment I |
S
Cultural change 3 4.15 2 4 4 4.41 7 33 3 3.8 9 3.5 / /
P N
Communication plan / / 3 3.8 2 4.82 3 3.8 / / |/ / 4 /
L
Organizational infrastructure
/ / 6 3.4 / / / / / / / / / /
and culture |
Education and training 9 | 38 |5 [36 [5 [447 |7 |_3 516 | 35 | 6 |395 | 6 /
l_ |
Linking SS to business | |
7 3.97 2 4 R | 406 '3 3.8 1 4.2 2 4.4 / /
strategy |
|
Linking SS to customer 4 4.04 3 3.5 6 4.38 1 4.1 3 3.8 3 43 / /
VA 4 ERN A
Linking SS to human —|-
11 3.6 | 6 ! 3.4 3 | 444 |/ / 5 36 |11 | 26 2 /
resources | :
NN
Linking SS to suppliers 10 271 7 3.3 9 4 7 3.3 8 1.8 10 3.4 / /
Understanding to_als / N |
5 4.03 4 3.7 / / 4 3.7 2 4 5 3.9 / /
techniaues / rethoas
| Proj»)c:'\anage;ent skills /
l 6 4 4 3.7 9 4 4 3.7 7 3.2 8 3.65 / /
experiance
|
rPfoject prioritization and
8 39 4 3.7 7 4.25 6 35 3 3.8 7 3.85 5 /
selection
Leadership for SS /
/ / / / / / / / 4 3.7 / / / /
leadership styles




Organizational infrastructure 2 4.19 / / 10 3.7 5 3.6 1 4.2 4 4 / /

Vision and plan statement /

/ / / / 11 | 3.94 2 3.9 / / / / / /

clear improvement goals

IT and innovation / / / / 13 | 3.56 / / / / / / / /

(
1
Organizational belief and
/ / / / / / / / / / / / 3 /
[
|

culture

Company financial capability | / / / / / / / / / / / /

Lessons learned / best

practice

Competency of master black —I-

belts and black belts

Established LSS dashboard / / / / / / / | Y

2 S R VA

The CSF “linking SS to supplier” took throughout all studies the second last or last rank. It has never

achieved an importance factor higher than fous-and'in the study conducted by Desai et al. (2012) it
was found to have an importance factor of only 1.8, the lowest score recorded across all studies.
According to Brun (2010), ‘a- company’ should gain a comprehensive understanding of the
methodology first before initiating any attempts of transferring it to its any suppliers. Additionally, it
needs to be considered that the availability of financial resources could limit the scope of the
application 0f LSS or SS in SMEs. Against this background, most companies decide to focus primarily
on seme_aspeacts of the methodology and usually pay little attention to “linking SS to supplier”.
“Organizational infrastructure” and “understanding of SS tools and methodology” are the next two
CSFs that were evaluated in five articles each. The importance factor of both CSFs was measured at
around four in most cases. As far as the ranking of these two CSFs is concerned “SS tools and
methodology understanding” was found to be between the fourth and fifth place while the CSF
“organizational infrastructure” is ranked very inconsistently throughout the various papers. The CSF

“communication plan” is ranked in four articles and the CSF “vision and plan statement” in two



articles. The CSF “communication plan” is rated twice on the third rank and once on the second rank
with an importance factor of even as high as 4.82. It can be concluded that it belongs like the CSFs
“linking SS to business strategy”, “linking SS to customers” and “cultural change” to the second most
important CSFs for the implementation of LSS in SMEs. The CSF “vision and plan statement” was
ranked twice with a completely different score whereby the importance factor of 3.9 was idenrtical.
There are seven additional CSFs (“organizational belief and culture”, “company financial capahility”,
“lessons learned”, “master black belt and black belt competencies”, “established LSS dashbeard”,
“leadership for SS” and “IT and Innovation”) that have only been considered in/onhe suivay until now.
Considering the rankings of these studies, it can be concluded that the/grierity of ail the CSFs may
not be so different from each other. It must be noted, however, that the ranks and importance

factors reported in one or two of the studies constitute an exceptien as their results vary greatly

from all other studies.

To answer the RQ3 and to determine whether or nou.ranks and importance factors of the CSFs for
SMEs are identical or different for larger enterprizes; a comparison between these both organization
sizes will be conducted. Therefere; six aaditional research papers from Europe, India and Brazil
concerning CSFs for the impiernentation of SS and LSS in large manufacturing enterprises were taken
into consideration. Cemjarad to thie previous investigative approach, an analysis using the ranking is
more difficult in <this case as the number of CSFs evaluated in the studies related to larger
enterprises is usuallv-higher. Examples for this are Laureani and Antony (2012) as well as Jesus et al.
(2016} who otk considered 19 CSFs in their studies. Due to this fact only a comparison between the
importance factors of the individual CSFs was carried out. In order to make this comparison an
average importance factor of each CSF for SMEs and larger enterprises was calculated based on data
taken from the analysed articles. Subsequently, the newly calculated average importance factors
were used to create a new ranking for SMEs as well as larger enterprises. The paper written by
Jeyaraman and Teo (2010) was excluded from this analysis as they only created a ranking of CSFs

without importance factors. Overall, 14 congruent critical success factors were considered relevant



for large enterprises as well as for SMEs. The results of this comparison analysis are shown in table 5.
Based on the newly calculated average importance factors it can be concluded that there are no
significant variations between the importance of CSFs for implementing LSS in SMEs and larger
enterprises. The CSF “management involvement and commitment” is the most important CSF,
irrespective from the organization size. Despite the many differences between SMEs and larger
enterprises, LSS requires the same kind of management support and commitment. The foilowing
three CSFs “communication plan”, “linking SS to the business strategy” and “linking SS 1o customers”
are to be found between the ranks two and four in SMEs as well as in larger enterprises. The CSF
“organizational infrastructure” is ranked fifth and the CSF “linking SS to supgiieis™ ranks at the end

Iz

for both organization sizes. Moreover, the other CSFs “understanding SS-tools”, “education and
training”, “project prioritization and selection”, “linking SS to human i'esources” nearly rank the
same in both organization sizes. They are very close together-and only differ from each other by one

or two ranks. The remaining three CSFs “cultural ‘change”, “leadership styles” and “project

management skills” differ from each other by tixree ranks.

Table 5: Comparative Analysis af C5F5 for the implementation of LSS in SMEs and large enterprises

Organization size Large organizations SME
/ N\ 1 = Laureani and Antony (2012), 2 = Brun 1 =Douglas etal. (2015); 2 = Brun (2010); 3
(2010), 3 = Antony and Banueles (2002), 4 |z Kumar and Antony (2008); 4 = Timans et al.
Authors
= Desai et al. (2012), 5 = Jesus et al. (2016); 6= [(2011); 5 = Desai et al. (2012); 6 = Antony et al.

! IAntony and Desai (2009) (2008)
| 1=Different countries;; 2=ltaly; 3 = UK; 4 |1 = East Aftrica; 2 = Italy; 3 = UK; 4=
|Cmntry
= India; 5 = Brazil; 6=India Netherlands; 5 = India; 6 = UK
Number of CSFs 1=19; 2=12; 3=11; 4=12; 5=19; 6=11 1=11;2=12;3=13;4=12;5=12;6=11

Number of respondents 1=102; 2=12; 3=16; 4 =61; 5 =29; 6=43 1=23; 2=12; 3=17;4=52;5=18; 6 =60




CSFs Rank Importance Frequency Rank Importance Frequency
Management involvement and

1 4.43 7 1 4.32 6
commitment
Cultural change 9 3.76 5 5 3.88 6
Communication plan 4 4.07 4 2 4.14 3
Organizational infrastructure and | SO\ N\

10 3.7 3 12 3.4 1
culture I
Education and training 11 3.68 7 8 377 | s

I
Linking SS to business strategy 2 4.24 7 3 _1_ 4.07 6
Linking SS to customer 3 4.1 7 3 j 4.07 6
N
Linking SS to human resources 13 3.39 7 : 15 3.55 5
Linking Six Sigma to suppliers 14 3.38 __4 13 3.25 6
Understanding tools and techniques 8 ‘59-% _-lt__7 6 3.87 5
Project management skills 12 | 3.61 v 6 9 3.71 6
Project prioritization and selection £ ~ \™ /39 7 7 3.83 6
|
) )

Leadership for SS T X/ 3.95 3 10 37 1
Organizational infrastruct:e__ . 5 4 4 4 3.94 5

To answer the RQ% and further explore the differences between the identified CSFs for SMEs and
large corporations, five groups were created to emphasize the priority of CSFs more profound: top
priority; high priority; mid-priority; low priority; lower priority (Table 6). The values of 20, 40, 60 and
80 percentiles for both groups of the CSFs were calculated and used as cut-out values for the
distribution of the CSFs. The approach of grouping CSFs based on the percentile values allows a
comparability of the identified CSFs groups (Heeringa, West and Berglund, 2010). The developed

classification of priority groups provides further interesting insights in the role of different CSFs for



the successful implementation of LSS and SS in manufacturing SMEs and large corporations.
According to the percentile ranking of the CSFs, the group of top priority CSFs for both organization
sizes include the CSFs “management involvement and commitment” accompanied by the CSF
“linking SS to business strategy”. Interestingly, for SMEs top priority CSFs additionally include the
CSFs “communication plan” and “linking SS to customers”. The difference in this group demonsirate
that for SMEs to implement LSS and SS it is necessary to focus on communication within internal and
external environment. Possible explanation of this finding could lie in the relative closeness of
customers to small businesses as compared to large corporations, which  allows for almost
immediate feedback from customers to the changing operations. For woth SMEs and large
corporations, the CSF “organizational infrastructure” is a high priority CSF.-However, for SMEs this
group additionally includes the CSF “cultural change” whiie for large corporations the CSFs
“communication plan” and “linking SS to customers” it-shouid ke noted that for large corporations,
the CSF “cultural change” is rather a low priority CSE. This is a surprising finding taking into account
numerous research claiming the need of a cuitural change to support SS implementation (Barney,

1986; Bortolotti, Boscari, and Danese, 2015; McLean, Antony and Dahlgaard, 2017).

Tahle 6: Priority grouping of CSFs based on percentile ranking

Group PergeEI?Fauge enterprises SMEs
I NN
Range CSF Impor- | Percentile Range CSF Impor- | Percentile
| | tance of CSF tance of CSF
i Top " "s0-100 4.10 - Management | 4.43 0.933 4.07 - Management | 4.32 0.933
|
| ariority 4.43 involvement 4.32 involvement
CSFs and and
commitment commitment
Communicati 4.14 0.866




on plan
Linking SS to 4.24 0.866 Linking SS to 4.07 0.733
business business
strategy strategy
Linking SS to 4.07 0.733 1|
customers |
|
High 60 — 80 3.96— | LinkingSSto | 4.10 0.800 3.88— Organi- 3.94 ‘roﬁe_ —
priority 4.10 customer 3.94 zational ‘
|
CSFs infrastructurz
Communi- 4.07 0.733 Cultural i 3.88 0.600
cation plan charige
Organi- 4.00 0.666 ‘L__
|
zational ’ |
infrastructure |
|
Medi- | 40-60 3.76- | Project 3.96 0.600 - | 377- Under- 3.87 0.533
|
um 3.96 prioritization | 3.87 standing tools
priority and selection | and
CSFs techniques
i_ﬁae_rsﬁ_ 3.95 0.533 Project 3.83 0.466
| for SS prioritization
I and selection
’ Under- 3.93 0.466 Education 3.77 0.400
standing tools and training
and
|
‘ techniques
{Ev 20-40 361- | Cultural 3.76 0.400 3.55- Project 371 0.333
priority 3.76 change 3.71 management
CSFs skills
Organi- 3.70 0.333 Leadership 3.70 0.266
zational




infrastructure for SS
and culture
Education 3.68 0.266 Linking SS to 3.55 0.200
and training human
resources |
|
Lower | 0-20 3.38— | Project 3.61 0.200 3.25- Organi- 3.40 0.133 __|
|
priority 3.61 management 3.40 zational |
|
CSFs skills infrastructure ‘
and culture | ‘
LinkingSSto | 3.39 0.133 Linking Six—T 325 | 0.066
human 5igma to ’
resources suppliers
Linking Six 338 0.066 | }»—
Sigma to ’
|
suppliers |

The group of medium priority CSFs for both Jg—a_ni?a?f‘n sizes include the CSFs “project prioritization
and selection” and “understanding toois-and techniques”. For SMEs it additionally includes the CSF
“education and training” while for iarge Ccorporation this CSF falls into the group of the low priority
CSFs; thus, it can be concivded tiat kriowledge of the LSS tools and their application has a major role
for the successful-LSS.implernentation. For large organizations this group also includes the CSF
“leadership for SS”. interestingly, that for SMEs this CSF is one of the low priority CSFs. Arguably,
large cirganizationsrequire a more sophisticated system of the leadership for SS due to their size and
complicated communication within multiple dispersed departments, as compared to SMEs. Based on
the conducted priority grouping of the CSFs, it can be further concluded that for both SMEs and
l2rge organizations the framework for successful LSS implementation should include a set of CSFs. So
far, only one useful framework has been developed by Kumar et al. (2011) and it was later revised by

Timans et al. (2016). The results of this study can be used as an input for the optimization of this LSS

implementation framework. Both types of the organization require management commitment and



involvement as well as alignment of SS to the business strategy to drive the LSS initiative forward.
However, SMEs should put a stronger focus on the alignment of SS to customers, cultural change,
providing employees with appropriate training and developing communication inside and outside
the organization. Large organizations, in contrary to SMEs, should rather prioritize to develop a
leadership for SS initiatives. Further research is needed to examine whether the nature of the
relationship between identified CSF is combinatorial or additive (Jinhui Wu, Melnyk and Swink,

2012).

6 CONCLUSION

The objective of this paper was to review CSFs for the successfu! implernentation of LSS and SS in
manufacturing SMEs. The novelty of this paper lies in the conduct of @ comparative study on the
importance and priority of CSFs between only SME-related articies as well as between SME and large
enterprise related articles. Further, a classification of the identified CSFs was developed according to
the priority based on a percentile ranking. Forthe comparative analysis within the SME field, seven
articles from Europe, Asia and Africa were considered. Overall, 21 CSFs occur throughout all of these
articles. More than half of the £SFs arerated in at least five articles (“management commitment”,

” u o n” o u

“cultural change”, “education and training”, “linking SS to the business strategy”, “ linking SS to the
customers”, “linkiing-SS to the human resources”, “linking SS to the suppliers”, “understanding of SS
tools”, “project ~management skills”, “project prioritization and skills”, “organizational
infrastructure”). 1t can be concluded that the ranks and the importance factors of the individual CSFs
are rated aimost similar in the different articles. One or two articles constitute an exception as their
results are completely different in comparison to the results of the majority of the studies. According
to the findings of the assessment “top management commitment” is the most essential CSF for the
implementation of LSS or SS in manufacturing SMEs. Here, the authors of all seven articles agree
unanimously. It is followed by the CSFs “linking SS to the customer”, “linking SS to the business

n o u

strategy”, “communication plan” and “organizational infrastructure”. It was also found that the CSF



“linking SS to supplier” is frequently found in the end of the rankings and, therefore, can be

considered as the least relevant CSF.

For the comparison analysis regarding the importance factors of CSFs between SMEs and large
enterprises, six additional papers from Europe, India and Brazil with focus on CSFs for implementing
LSS and SS in large manufacturing enterprises were taken into consideration. It must be pointec: out
that the relevance of the CSFs for the LSS and SS implementation is similar for both-organization
sizes. To outline differences and similarities in the priority of CSFs for SMEs and-large corporation
more profound, the identified CSFs were grouped according to a percentile distribution into five
groups: top priority; high priority; medium priority; low priority; lower orisrity. To succeed in the
implementation of LSS and SS, both sizes of organizations require management commitment and
involvement coupled with alignment of SS to the busiress sirategy. For SMEs, in addition, it is
necessary to develop a good communication plan‘and iink 5SS to customers. Current research
literature suggests that there is a need to implemant.a'sat of CSFs to ensure successfulness of LSS

and SS implementation.

Moreover, many CSFs were evzaitaiea only in one survey so far. Five out of ten CSFs (“organizational
belief and culture”, “company finaricial capability”, “lessons learned”, “master black belt and black
belt competencies”, “astablished LSS dashboard”) from the Jeyaraman and Teo (2010) survey were,
for example, not considered in any other SME related papers until now. These CSFs were also not
evaluated based on the respondents perceived importance of a five-point Likert scale. Furthermore,
the CSEs “IT and innovation” and “leadership for SS” were only evaluated in one paper so far. Within
the scope of further research activities it is recommended to use these CSFs for the assessment of a
wider range of CSFs in order to get a better understanding of the requirements for a successful
implementation of LSS and SS in manufacturing SMEs. This can only be achieved by undertaking

more and more practical studies, empirical studies and expert interviews in different regions of the

world. If CSFs are not closely observed, the implementation of such strategies may proof challenging



and it will be difficult to achieve a high degree of competitiveness for SMEs. Research regarding
frameworks for the LSS or SS implementation in SMEs is still at the beginning. The results of the
present study can be used as an input to improve the existing frameworks as well as guidance for

the development of guidelines for manufacturing SMEs on the implementation of LSS and SS.
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Appendix

The most frequent CSFs for LSS implementation in SMEs have been identified through a thorough
review of the literature from the publications of Douglas et al. (2015), Brun (2010),i{umar._and
Antony (2008), Timans et al. (2011), Desai et al. (2012), Antony et al. (2008). Figure 1 includes a

description of critical success factors with their sub-elements.

1. Management involvement and participation:

a. Understanding of the Six Sigma methodology by the top mariagement

b. Top management participation in Lean Six Sigma prajects

c. Project verification by the top management

d. Provision of appropriatz budget and resources for a project

2. Organisational infrastructura:

a. Having appropriate budget and resources for the execution of LSS projects

b.” Creation of cross-functional teams within the organisation

c.. ‘Having employee participation in LSS implementation

d. Facilitate leadership behaviour

' 3. Cultural change:

a. Showing differences between LSS and other quality improvement

initiatives




b. Establishing the need for LSS in terms of benefits to the employees at all levels

¢. Communicating values and beliefs involved in LSS deployment

d. Communication on the “why” and “how” of LSS

. age . . . |

e. Demonstrating lost opportunities if LSS is not implemented |
|
|

Training and education: B

a. Leadersidentify the key roles of the people directly involved in applying Six Sigma;

b. Leaders apply a belt (Green Belts, Black Belts, Master Black Belts, Chamgioris)-system

throughout the organisation
C. Leaders must be involved in selecting the most talented peapliefor training and project

execution.

Linking LSS to customers:

a.

Identification of customer linternal/exiernal) needs

Ensure that LSS projects bagin with the determination of the customer (internal/external)

requirements

Impiernentation of projects with high impact on customer satisfaction

Setting project goals based on reducing the gap between the company’s

expected and the company’s actual performance, especially in terms of customer satisfaction

Understanding the market and evaluating it periodically

Getting involved in developing processes to resolve external customer

Complaints




6. Linking LSS to business strategy:
a. Financial appraisal of Six Sigma projects
b. Target LSS projects on improvements that have a direct impact on the financial and
operational goals of the company |
|
7. Linking LSS to employees: —I
a. To make LSS training mandatory for promotion consideration
b. To provide rewards and recognition to employees based on successfiit
implementation of Six Sigma projects
C. To use Six Sigma accomplishments as the key measure fer management performance and
compensation
8. Linking LSS to suppliers: VR
a. Toinvolve suppliers in LSS proiects
b. To have suppliers who have irapiemented LSS
c. Establishing effective two-way communication with suppliers
d. Faving detailed supplier’s performance information
A Understar_nding of LSS methodology:
a.~ To understand fully ALL steps of the DMAIC/DFSS/DMEDI/IDOV methodology
b. To adapt LSS methodology to your organisation
c. Touse simple tools and techniques during LSS implementation
10. Project management skills:




a.

b.

To develop project management skills

To establish a project score card

11. Project prioritisation and selection:

a.

b.

o

bl

Project selection based on financial returns

Project prioritisation based on customer requirements

Project prioritisation based on critical business processes

Project selection focused on poorly performing areas of the companv

Project selection based on cost of poor quality

12. Leadership for LSS:

a.

b.

Leadership assuring linkage of LSS to corparate business-strategy

Leadership actions are supported at all i=vels of decision making through the use of

facts and data

Leaders participation in L5S projects

Leadersto be involved in project review/verification

teadership to reflect on best and worst management practices in the implementation of

projects

Leadership encouraging employee participation in LSS implementation

Leaders to communicate values and beliefs involved in LSS deployment

Leaders should make sure LSS projects should begin with the determination of

internal/external customer requirements




i. Leaders to have regular written communication on LSS news and successes of projects

13. Communication plan/system:

a. Having regular written communication on LSS news and successes of projects

b. Early and effective communication on why and how of LSS

c. Creation of a common language based on LSS

d. Establishing open two-way communication between management and emplcyees

Figure 1: Critical success factors with their sub-elernznis
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