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Abstract:

This paper presents results of a survey research carried out in 100 Slovenian manufacturing
companies. Since this is the first published study about the state of the art of Six sigma
methodology and its implementation in Slovenian manufacturing companies it is of a special
value.

The results show that for many Slovenian manufacturing companies the biggest
challenge for the future is managing quality of products and simultaneously fulfil individual
customer needs. Most of the companies are not aware of great benefits that can be obtained
using Six sigma methodology and many of them do not relate it to customer satisfaction.

On the other hand, some respondents expressed that they do not have enough resources
to implement Six sigma within the company. It was also found that the management in
manufacturing companies was often satisfied with the current quality system in the
organisation, which can be related to the fact that companies do not always understand the
relation between customer satisfaction, processes management, the costs and possible
savings.

Management involvement and participation, employee education, organisational and
cultural aspect supported by understanding of Six sigma can be exposed as the most critical
factors for the successful implementation of Six sigma in Slovenian manufacturing
companies.
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1. INTRODUCTION

In the current times of extremely dynamic business environment, different companies look at
any possible opportunity for business and process optimisation (by managing time, costs,
processes and products). Many different tools can be used in this field, namely Deming’s
(1982) cycle, total quality management (TQM), assessment methodologies including Malcom
Baldrige National Quality Award Assessment (MBNQA) or the European Foundation, Quality
(EFQM) framework, the much popularised Dorian Shainin’s Statistical Engineering (SE), etc.
[1]. One of the last decade’s frequently exposed and popular methodology is Six sigma,
which is slowly getting importance also in Slovenian companies. Six sigma is a well-
established approach that seeks to identify and eliminate defects, mistakes or failures in
business processes or systems by focusing on those process performance characteristics
that are of critical importance to customers [2]. Six sigma provides a frame for strategy,
methods, tools and techniques to change companies (small, middle, large).

Increasing demand for high quality products and the need for highly capable business
processes, direct the companies to include Six sigma in their business strategies. In the
future, many companies and industries, including Slovene manufacturing industry, will focus
more on carrying projects on managing globalisation, research and development projects,
cost management oriented projects, production cost management projects, innovative
product development and brand management related projects [3]. Thus, for a successful
project selection and implementation we do not need only support of excellent product
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management in the company, but also excellent project management qualified for successful
implementation of Six sigma projects [4].

The presented research examines the status of Six sigma implementation in Slovenian
manufacturing companies by investigating the current state of Six sigma and essential
impact factors for Six sigma implementation within Slovenian manufacturing companies. This
article has been deployed over five sections. In addition to Section 1 (Introduction), section 2
presents the main issues of Six sigma, based on a literature review. Section 3 describes the
methodology used, including the sampling procedure. In Section 5, survey research results
are presented and discussed. Finally, in Section 5, the conclusions of this study are
presented, along with suggestions for future research.

2. THEORETICAL BACKGROUND AND RESEARCH FRAMEWORK

Six sigma is a business management strategy, initially implemented by Motorola, which
today enjoys widespread application in many sectors of industry. It is a methodology and set
of tools (most frequent used are DMAIC tools - define, measure, analyse, improve, control,
and DFSS design for Six sigma), which help us to reduce quality problems to less than 3.4
defects per million or better. Many other benefits of Six sigma had been a topic of numerous
studies and are extensively reported in the literature by many authors [5 — 9]. Key
characteristics of Six sigma methodology, which are related with its implementation within the
company, are the following:
1. Six sigma places a clear focus on bottom-line impact in costs and savings. No Six
sigma project will be approved unless the team determines the savings generated from it.
However, not all Six sigma projects produce large direct benefits; many produce only
local improvements [10].
2. Six sigma has been very successful in integrating both, human aspects (culture
change, training, customer focus, etc.) and process aspects (process stability, variation
reduction, capability, etc.) of continuous improvement.
3. Six sigma methodologies (define-measure-analyse-measure-control DMAIC) link the
tools and techniques in a sequential manner. Different steps of Six Sigma framework are
outlined below:
- Define (D); Selection of appropriate Six sigma projects, development of project plans
and identification of the relevant process. The Supplier-Input-Process-Output-
Customer (SIPOC) mapping exercise can be used effectively to describe the process.
- Measure (M); Measurement of process variables through data quality checks,
repeatability and reproducibility (R&R) studies, and addressing process stability.
- Analyse (A); The use of graphical techniques for process analysis.
- Improve (I); Improvement of the existing processes through experimentation and
simulation techniques.
- Control (C); Development of the control plan for process improvement.
- Reporting (R); Reporting of the benefits of the re-engineered process.
4. Six sigma creates a powerful infrastructure for training of champions, master black
belts, black belts, green belts and yellow belts.
Six sigma also represents a huge step in improving customer satisfaction and reducing costs
[11]. Six sigma deployment needs to be considered based on the company’s available
resources and skills base. The use of Porter’s value chain analysis and the five forces model
can help us to analyse business processes prior to applying Six sigma methodologies. These
models could be used to provide strategic alignment to the business objectives as well as
identifying training needs and project selection prioritisation. Snee [2] suggest that the
greatest barrier to implementation in companies to date has been the way the major Six
sigma training providers have structured their offerings. Six sigma project selection and
prioritisation are also the key areas for successful Six sigma implementation [12]. Six sigma
can be an effective methodology also for small and middle large companies and plays a
major role in continual improvement based on the 1ISO 9001:2000 requirements. Waxer [13]
looked at four major requirements for successfully implementing Six sigma within any
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organisation regardless of the size of the organisation: (1) management team buy-in and
support; (2) education and training; (3) resource commitment and (4) link to compensation.
To make the framework more applicable and suitable for companies, critical success
factors for implementation of Six sigma have been developed and included [1]. They include:
top management leadership and commitment; a well-implemented customer management
system; education and training system; a well-implemented process management system; a
well-developed strategic planning system; a well-developed supplier management system;
and a well-developed human resource management system. Although there are “start-up”
costs to the deployment including training, leadership alignment and customer focus, a
properly designed and deployed Six sigma program should provide cost benefits rather
quickly [14]. Many researches in Slovenia have been dedicated to the studies of relations
between quality, management, business process and strategies and its measurements [15,
16, 20]. None of the studies so far have studied the field of Six sigma implementation in
Slovenian manufacturing companies. The main propose of this study is to research the
extent to which Six sigma is being implemented within Slovenian manufacturing companies.
Main research questions in this research are:
1. What are the challenges of Slovenian manufacturing companies and what are possible
reactions to that?
2. To what extent are Slovenian manufacturing companies implementing Six sigma?
3. To what extent are the Slovenian manufacturing companies familiar with the tools and
techniques of Six sigma?
4. What are the common barriers in the implementation of Six sigma in Slovenian
manufacturing companies?
5. To what extent do Slovenian manufacturing companies actually use the tools and
techniques and how useful they think the tools are?
6. What benefits have been brought to the Slovenian manufacturing companies through
Six sigma implementation?
7. What are the critical success factors of Six sigma implementation in Slovenian
manufacturing companies?

2.1 Research methodology

A survey research methodology was devised after considering the presented problem.
Survey research is a popular and common strategy in operations management research [17].
It allows the collection of a large amount of data from a sizeable population in a highly
economical way. Based most often on a questionnaire, these data are standardised allowing
easy comparison. In addition, the survey method is perceived as authoritative by people in
general, because it is easily understood. Survey research approach gives us more control
over the research process as, for example, case study although survey is more time
consuming. Much time will be spent in designing and piloting the questionnaire, handling
non-respondents and missing data, assess measurement quality and analyse the results.

The research was divided in two phases:

1. a wide-ranging analysis was conducted of the existent literature about quality
management and especially about the Six sigma methodology;

2. a gquestionnaire was designed, in order to investigate the quality management
practice, and later send by mail to the quality managers responsible for quality or
participating in Six sigma projects. The items in the questionnaire were designed
according to the binary ‘yes’ or ‘no’ questions and Likert scales [18] and ranging from
'strongly disagree' to 'strongly agree’ was used.

The questionnaire was e-mailed to 100 manufacturing companies in Slovenia. E-mail
addresses were gained from the database of Slovenian Six sigma academy and from
available public databases. Because the extent of Six sigma methodology wasn’t known in
Slovenia before this research, a wider number of companies from different branches was
included in the research. From 100 questionnaires e-mailed, 21 totally completed
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questionnaires were returned in three months’ time. This represents a response rate of 21
percent.

The questionnaire consisted of four parts:

a. General information about the company, employees and their competences.

b. Experiences of Slovenian manufacturing companies with Six sigma methodology.

c. Tools and techniques of Six sigma used in Slovenian manufacturing companies

d. Critical success factors for Six sigma implementation in Slovenian manufacturing
companies.

According to the data gathered questionnaires were completed by Six sigma’s master
black belts (MBB), black belts (BB), green belts (GB) and yellow belts (YB). In the companies
where no Six sigma methodology had been implemented yet, participants were quality
managers working in the field of quality management in manufacturing companies.

Only eight out of 21 companies were actively involved in the Six sigma programme.
These companies are the focus of our research. It clearly shows that Six sigma is a relatively
new methodology in Slovenian manufacturing companies (Table 1).

3. RESULTS AND DISCUSSION

3.1. General information about the companies and employees and their competences

Analysis of the data collected in the first part of the questionnaire help us to better
understand the findings of the study. Several critical aspects have been analysed such as:
the number of employees, the position occupied by the respondents, the industries, the
status of Six sigma implementation, the number of years that Six sigma was used in the
company and the number of finished Six sigma projects within the organisation (Table 1).

The analysis of the current state of Slovenian manufacturing companies (those which use
and do not use Six sigma as well) shows that companies detect the biggest opportunity in the
field related to customer expectations considering individual needs. The results are shown
bellow (Figure 1).

Slovenian manufacturing companies face global competition and are often challenged
with regard to employee potential, internal know-how, how to empower existing knowledge to
ensure further existence. In addition, many other detected and expressed challenges can be
more or less directly related to customers. Future priorities as a response to these
challenges show us that many of the Slovenian manufacturing companies see opportunity in
focusing on the quality of their products (4.42 out of 5), increasing the flexibility of the
employees (4.07 of 5) and in the high reliability of deliveries (3.85 of 5) (Figure 2).
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Table I: Characteristics of the sample.

Sample Number | Percent (%)
e-mail 100 100
Response e-mail 21 21
Companies
Companies implementing Six sigma 8 38
Other companies 13 62
Total 21 100
Number of employees in companies
50 to 100 3 14
100 to 500 9 43
500 to 2000 7 335
more than 2000 2 9.5
Industrial sector — manufacturing companies
Automotive 5 23
Electro 2 9.5
Chemical 4 19
Mechanical engineering 7 345
Telecommunication 3 14
Participants - position of all respondents in the company
MBB 1 7.8
BB 2 15.3
GB 8 61.6
YB 2 15.3
Six sigma implemented projects within the company
Less than 10 4 50
Between 10 and 20 2 25
Between 20 and 30 1 125
More than 30 1 125
Customer individualization ! ! ! ! | 4,11 st.dev.= 1,25
Much more intensive competition ‘ ‘ ‘ 4 st.dev.=0,76
Using the potential of employees ‘ ‘ ‘ ]| 3,94 st.dev.=0,95
How to cope with decreasing loyality of the customers ‘ ‘ ‘ ] 3,83 stdev.=0,79
Global expansion on the market | 377 st.dev.=0,58
Managing increasing pressure on costs ‘ ‘ ‘ ] 3,72 stdev.= 0,98
Development of new distribution channels ‘ ‘ ‘ | 372 stdev.=0,68
Reduction of production cycles ‘ ‘ ‘ ] 355 st.dev.=01,35
Managing and increasing R&D costs ‘ ‘ ‘ ] 3,33 st.dev}=0,69
Tendency to concentration ‘ ‘ ‘ ] 3,33 stdev|=0,95
Increased transparency of the costs I I I ] 3,27 st.dev.50,53
0 1 2 3 4 5

Mean Score / st.deviation

Figure 1: Today’s challenges of manufacturing companies in Slovenia.
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High product quality 4,42 st.dev.=0,6!

(o)

] 4,07 st.dev.= 1,15

Flexibility of the employees

High reliability of the deliveries ] 385 st.dev.=1,13

Production process transparency ] 3,64 s{.dev.=0,79

Process information support | 3,57 st.dev.=0,69

Optimization of process variation ] 3,35 st.dev.H0,64

Shortening of the cycle times | 3,35 st.dev.50,76

Optimization of supporting staff ] 3,14 st.dev.=0,99

Optimization of non-added valued working places 2,92 st.dev.=0,53
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Figure 2: Priority focus of manufacturing companies in Slovenia.

The analysis of the data reveals that many of the companies will focus much more on
managing all kind of processes in companies as well (product development, productions,
delivery) related to the quality aspects of products and focused on customer needs. This
represents an opportunity for Six sigma implementation in companies, which have not
implemented Six sigma yet. A detailed analysis shows that Six sigma organizations (N=8)
see biggest priority focus much more on high quality of the product and high reliability of
deliveries, whereas non-Six sigma organizations (N=13) will focus more on the product
quality and on the flexibility of the employees. This can be related to the fact that those
organizations have not implemented Six sigma and had used more rigid standard quality
tools such as ISO, Deming circle, and therefore see additional opportunities in directing their
employees to the new field of using quality tools such as Six sigma.

3.2. Experiences of Slovenian manufacturing companies with Six sigma methodology:
analysis of the reasons for not implementing Six sigma in Slovenian manufacturing
companies

Many of the Slovenian manufacturing companies have not implemented Six sigma yet.
Therefore, one of the questions in this research was also related to the reasons why
manufacturing companies in Slovenia have not been implementing Six sigma. Results are
shown in Figure 3.

The most important reason is that manufacturing companies in Slovenia are satisfied with
the existing quality system they have (30.77 percent). The results also show that top
management is not interested in implementing Six sigma (30.77 percent) and the third most
common reason expressed in the answers is that there is a lack of human resources in the
company (15.38 percent) who would support its implementation. Only 7.69 percent of the
companies are not familiar with Six sigma.
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O Notaware of 6 sigma

B Top managementis familiarbutit is not

7,69%
- 2 7,69% interested for implementation

7,69%

B ackof human resources for
implemenatation

O Existing quality sistem is sufficient

Bltis not a customer requirement

ONotperceived benefits

Figure 3: Reasons for not implementing Six sigma.
The majority of surveyed companies expressed that they do not implement Six sigma,
because their current quality system is sufficient. Further analysis shows what tools support
their quality system (Table II).

Table 1I: Quality tools used in Six sigma and non Six sigma manufacturing companies in

Slovenia.
Six sigma companies Other (non Six sigma)
Tools /techniques N=8 companies)N=13

Number of Percent Number of Percent

companies (%) companies (%)
TQM = - total  quality 6 75.00 2 15.38
management
ISO standards 8 100.00 12 92.31
LEAN 5 62.50 0 0.00
6 sigma DMAIC 8 100.00 0 0.00
6 sigma DFSS 4 50.00 0 0.00
EFQM 3 37.50 2 15.38
KAIZEN 2 25.00 0 0.00
20 keys 4 50.00 3 23.08
Project management 7 87.50 8 61.54
Other 0 0.00 3 23.08

The results show that all (100 percent) of the Six sigma companies already use ISO
standards, and that 92.31 percent of non Six sigma companies have also implemented them.
The second most common tool in surveyed non Six sigma companies which support their
quality system is project management (61.54 percent), and the third is 20 keys methodology
(23.08 percent). Many of these tools are already included in Six sigma and therefore present
necessary base for a further step to Six sigma implementation.

3.3. The analysis of the reasons for implementing Six sigma in Slovenian
manufacturing companies

Respondents in Slovenian manufacturing companies which have already implemented Six
sigma methodology were asked about the motivation for Six sigma implementation. A five
stage Likert scale was used to evaluate each of the predefined motivation factors. Factors
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which effect motivation for the companies were defined according to the literature and
previous research activities [19]. The results of the study are presented in Table IlI.

Table I1l. Motivation and objectives related to Six sigma implementation in Slovenian
manufacturing companies.

Motivation Mean score Standard
(1-5) deviation
To reduce variation in our processes. 4.570 0,79
To achieve positive financial effects. 4.570 0,63
To increase customers satisfaction. 4.280 0,69
To reduce all kind of costs. 4.280 0,76
To change culture within the organisation. 3.570 0,79
To decrease service call rate (SCR) 3.570 0,79
To increase market share. 3.420 0,53
To achieve further growth 3.000 0,82

The results of respondents show that the most common motivating factors for Six sigma
implementation in Slovenian manufacturing companies were: (1 and 2) “to reduce variation
in our processes”, and “to achieve positive financial effects” (4.570 of 5).This can be related
to the early stage of the Six sigma implementation in Slovenian companies, where analysis
shows (Table 1) that 49 per cent of the companies use Six sigma up to one year and 87 per
cent of the companies use Six sigma between one to three years. In this early stage of
implementation it is reasonable that the first projects, which are usually pilot projects, are in
majority oriented to customer benefits, strategy and finance, because they are frequently
used to demonstrate the best effects for a later stage or further projects. In addition, they are
much more oriented on quick wins with a high probability of success.

3.4. Six sigmatools and techniques used by Slovenian manufacturing companies

The results of the study shows that the most commonly used Six sigma tools in Six sigma
organizations were DMAIC (100 percent), followed by the number of complaints from the
market (87.5 percent) and process capability (87.5 percent). Only 12.5 percent of the
companies were using design for Six sigma (DFSS), 25 percent were using lean sigma. The
analysis of results revealed that about 50 percent of the companies had completed between
one and ten Six sigma projects. Table IV.

Table 1V: Six sigma methodologies used by manufacturing companies.

Tool Percentage of companies using the tool
6 sigma DMAIC 100
Complaints from market 87.5
Process capability 87.5
Repairs in warranty 75
Costs of quality 75
Combinations 50
6 sigma LEAN 25
FTY (First Time Yield) 25
6 sigma DFSS 12.5
TCR 12.5

About 25 percent of surveyed companies had completed between ten and twenty Six sigma
projects, while one company had completed between 20 and 30 projects, and one company
had completed more than 30 Six sigma projects.
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3.5. Six sigma benefits for manufacturing companies

The respondents were asked to rate the benefits that Six sigma had brought to their
companies since implementation. Table V summarises key benefits gained from the
implementation of Six sigma projects.

The areas that have experienced the greatest benefits are reduction in process variability,
reduction in COPQ (costs of pure quality), increase in profitability, reduction of operational
costs, increase of productivity, etc. Overall, these scores show that participating companies
experienced benefit in their processes.

Table VI shows the most commonly used statistical and non-statistical tools and techniques
used in Six sigma projects by Slovenian manufacturing companies. The table was developed
with the purpose of showing information in three areas: (1) familiarity with the tools and
techniques, (2) usage and (3) usefulness of tools, techniques and problem-solving methods.

Table V: Key benefits of Six sigma.

YB GB BB MBB Total
Benefits to business Mean Mean | Mean Mean Mean
value value | value value value
Likert scale (1-5) (1-5) (1-5) (1-5) (1-5)
Reduction in process variability 5 4.25 4.66 4.5 4.46
Reduction in COPQ 5 4.12 3.66 4.5 4.2
Increase of profitability 3.5 3.87 4.33 4.5 4
Reduction of operational costs 4 4 3.66 4.5 4
Increase in productivity 4.5 3.75 4 4.5 4
Reduction of customer complaints 4 3.75 3.3 4.5 3.8
Reduction in cycle time 3.5 3.3 4.33 4.5 3.73
Reduced control and inspection 3.5 3 2 3 2.86
Improved sales 2.5 2.3 3 3 2.6

As can be seen from Table VI, familiarity of Six sigma companies with non-parametric tests,
QFD, regression analysis and ANOVA are not avery familiar tool to the surveyed companies.

Table VI: Tools and techniques used in Six sigma manufacturing companies in Slovenia.

Tools/techniques Familiar Unfamiliar Usage Usefulness
(%) (%)
FMEA 100 0 3.5 4.2
Process mapping 100 0 3.6 4
Project charter 100 0 3.18 3.57
Process capability analys. | 87.5 12.5 3.61 4
Check list 87.5 12.5 3.35 3.92
Benchmarking 87.5 125 3 3.6
Cause-effect analysis 87.5 12.5 3 3.35
Hypothesis testing 87.5 125 2 3.33
SIPOC 87.5 12.5 2.92 3.2
Pareto analysis 87.5 12.5 3.57 3.2
Kano diagram 87.5 12.5 1.78 2.64
Quality cost analysis 75 25 3.76 4.54
Poka yoke 75 25 3.07 4.07
DOE 75 25 2 3.45
Histogram 75 25 3.14 3.42
Annova 62.5 375 1.66 3.08
Regression analysis 62.5 375 2 2.77
QFD 375 62.5 1.9 3.36
Non —parametric tests 375 62.5 1.57 2.7
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Participant response shows that the most useful tools are quality cost analysis, process
capability study, process mapping and Pareto analysis. The most useful tools and techniques
include quality cost analysis, FMEA and Poka-Yoke tools. These tools are relatively easy to
use, are less sophisticated (than other tools such as regression analysis) and represent
basic tools for fast progress at solving less complicated everyday challenges in
manufacturing companies.

3.6. Critical success factors for Six sigma implementation in Slovenian manufacturing
companies

The respondents were asked to rank pre-defined critical success factors. Factors were
defined based on existing literature of TQM and Six sigma literature. [1]

(1) linking Six sigma to customers; (2) linking Six sigma to business strategy, (3) linking Six
sigma to employees, (4) linking Six sigma to suppliers, (5) Management involvement and
participation, (6) organisational Infrastructure, (7) understanding of Six sigma methodology,
(8) project management skills, (9) project prioritisation and selection, (10) training and (11)
cultural change.

Figure 4 illustrates the ranking of critical success factors for the successful six sigma
implementation. It shows that management involvement and participation, Six sigma training,
understanding Six sigma methodology and organisational infrastructure are the most
important factors for the successful implementation of Six sigma, followed by cultural change,
linking Six sigma to employees, Six sigma prioritisation and project selection, Six sigma
management skills, and linking Six sigma to business strategy.

Linking six sigma to suppliers | 3,31stdev.=1,10

Linking six sigma to customers | 3,62stdev.=0,92

Linking six sigma to business strategy | 3,93 stdev.=0,92

Six sigma project management skills | 3,93stdev.=0,83

Six sigma project prioritisation and selection | 4,18 st.dev.=0,52

Linking six sigma to employees | 4,25st.dev.=0,6!

Cultural change | 4,31st.dev.=0,66

Organisational Infrastructure | 4,31stdev.=0,80

Mean score / st.deviation

Understanding of six sigma methodology | 4,56 st.dev.=0,52

Six sigma training ] 468htdev.=046

Management involvement and participation | 4,93st.dev.=0,26

Figure 4: Critical success factors for the successful implementation of Six sigma

4. CONCLUSIONS

Future priorities show that many of the Slovenian manufacturing companies see the
opportunity in focusing on quality of their products, increasing the flexibility of the employees
and in high reliability of deliveries, which can all be supported with Six sigma methodology.
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The results of the study show that the most common motivating factors for Six sigma
implementation in Slovenian manufacturing companies were: to reduce variation in various
processes; to achieve positive financial effects and to increase customer satisfaction. On the
other hand, manufacturing companies in Slovenia which have not been implementing Six
sigma, claimed that they are satisfied with the existing quality system. The results also show
that top management is not interested in implementing Six sigma, which might be the key
problem for the future. Companies that will not be able to indicate their level of quality in the
future with sophisticated methodology such as Six sigma might not be interesting for
customers. The areas that have experienced the greatest benefits using Six sigma are: the
reduction in process variability, the reduction in COPQ (costs of pure quality), the increase in
profitability, the reduction of operational costs, the increase of productivity, etc.. Management
involvement and participation, Six sigma training, understanding of Six sigma methodology
and organisational infrastructure are the most important factors for successful
implementation of Six sigma in Slovenian manufacturing companies.

The results of this study can be related to the early stage of Six sigma implementation in
Slovenian companies, where 87 per cent of the companies use Six sigma one to three years.
In this early stage of implementation it is reasonable that the first projects, usually pilot
projects, are focused on customer benefit, strategy and finance, because they are usually
used to demonstrate the best effects for a later stage or further projects. In addition, they are
much more oriented to quick wins with a high probability of success.

Our research was limited by the number of manufacturing companies which have
already implemented Six sigma in Slovenia. Authors also believe that a larger research
sample might affect the results of this study. Authors will take the results of this survey into
account for further research and some further periodical comparison studies. The results
presented in this study are exploratory and based primarily on descriptive statistics that
enables repeatability of the research.
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