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ABSTRACT

Purpose: In early 2000s Six Sigma and Lean were combined into Lean Six
Sigma (LSS), which has been one of the major strategic quality initiatives all
over the world. Now, we are in the era of the 4th Industrial Revolution (IR),
which changes almost everything including LSS and quality management (QM)
in the companies. We need new paradigm of LSS to boost LSS activities in this
4th IR era. In this paper, the typical characteristics of the 4th IR are investigated,
and desirable new paradigm of LSS is presented.

Methodology/Approach: The changing characteristics of production strategy,
quality goal and quality strategy with regard to QM in the 4th IR are discussed
and presented. Then the new and emerging paradigm of LSS in this 4th IR era is
discussed in detail. Also 9 success factors for this new paradigm of LSS are
shown for practitioners in the industry.

Findings: The direction of the new paradigm of LSS will be ‘simple, speedy and
smart’, which may be called ‘3S paradigm’. Simple open procedures and simple
statistical modelling tools will be mainly used. Speedy on-site improvement
based on Open Data, Big Data and artificial intelligence (Al) will be favoured.
Also smart mass customized ‘Smart Factory’ method will be emphasized.

Research Limitation/implication: Since we are in the beginning stage of the 4th
IR, there are not many research papers which study the impact of this revolution
to LSS and QM, which is the major research limitation.

Originality/Value of paper: This paper suggests some new and emerging
paradigm of LSS, which could be of high value.

Category: Conceptual paper

Keywords: Six Sigma; Lean; Lean Six Sigma; 4th industrial revolution; quality
responsibility
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1 INTRODUCTION

Six Sigma and Lean are two quality management approaches that have received
much attention and publicity to improve management processes over the past few
decades. Six Sigma was first developed at Motorola in 1987 with remarkable
results. In early 1990s, some leading electronic companies such as IBM, DEC,
and Texas Instruments launched the Six Sigma approach. From 1995 when GE
and Allied Sigma adopted Six Sigma as strategic initiatives, a rapid
dissemination took place in non-electronic industries all over the world. Harry
(1998), who is a well-known expert in Six Sigma, defines Six Sigma to be “a
strategic initiative to boost profitability, increase market share and improve
customer satisfaction through the use of statistical tools that can lead to
breakthrough quantum gains in quality”. Later, Six Sigma was expanded to
Design for Six Sigma (DFSS) for R&D and service activities. A good reference
for DFSS is Park and Antony (2008). For a complete handbook for Six Sigma,
see Pyzdek (2001), and to understand Six Sigma for quality and productivity
promotion, see Park (2003). A recent literature review on Six Sigma can be
found in Sony et al. (2019).

Lean manufacturing or Lean production, often simply called ‘Lean’, is a
systematic method for waste minimization and value management within a
manufacturing system without sacrificing productivity. Mass production systems
based on work flow and the conveyer belt inspired Ohno (1978) to develop the
Toyota Production System (TPS). The TPS was later coined as Lean in 1988 by
Krafcik (1988), and then later by Womack, Jones and Roos (1990). The goal of
Lean is to increase speed through the relentless elimination of waste and
reduction of non-value-added activities from the processes. Womack and Jones
(2003) define Lean as a tool for waste banishment and value creation. Recent
references for literature review on Lean manufacturing are Bhamu and Sangwan
(2014), Jasti and Kodali (2015) and Psomas and Antony (2019).

Both Six Sigma and Lean focus on customer satisfaction and improved business
performance, and they use project management to improve results. However, if
we compare both initiatives, we can find the clear differences as shown in Table
1 below. Good references to compare Six Sigma with Lean production are
Dahlgaard and Dahlgaard-Park (2006), Andersson, Eriksson and Torstensson
(2006), Arnheiter and Maleyeff (2005), Bendell (2006), Nave (2002) and
Pacheco et al. (2015). Those references also show a detailed and historical
analysis of Six Sigma, Lean production and Total Quality Management
combined with a focus on the human factor and the needed corporate culture.
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Table 1 — Comparison between Six Sigma and Lean

Initiative

Six Sigma

Lean

Theoretical Basis

Reduce variation

Remove wastes

Application guidelines

1. Define
2. Measure
3. Analyse
4. Improve
5. Control

Identify value
Identify value stream
Flow

Pull

Perfection

el

Focus

Problem focused

Flow focused

Primary effect

Uniform process output

Reduced lead time

Criticism

* System interaction not
much considered

* Statistical or system
analysis not valued

* Process improved
independently

The theoretical basis and focus of Six Sigma is the reduction of variation (of
products/ product components) in the process, while that of Lean is the removal
of wastes in the process. The major application guidelines for Six Sigma are
DMAIC (Define, Measure, Analyse, Improve and Control), but those of Lean are
IIFPP (Identify value, Identify value stream, Flow, Pull and perfection). The
focus of Six Sigma is ‘problem’, but that of Lean is ‘flow’. The primary effect of
Six Sigma is uniform process output by reducing variations of the process, but
that of Lean is reduced lead time in the process. However, both initiatives have
some criticisms. Six Sigma is criticized in that system interaction is not much
considered, and, since each process is improved independently, the overall
process may not be improved. Lean is criticized for not paying high importance
to statistical and system analysis of each process.

Combining the theoretical bases, application guidelines and focuses of these two
improvement approaches, the concept of LSS was first created by Wheat, Mills
and Carnell (2001), and explained in detail by George (2002) and George (2010).
LSS is a synergized managerial concept of Six Sigma and Lean (see also Hoerl
and Gardner (2010), and Jugulum and Samuel (2008)). It combines the strengths
of Six Sigma and Lean, and becomes more powerful for solving many practical
problems.

As shown in the house of LSS of Figure 1, the goal of LSS is achieving ‘high
value and quality, minimum waste and variation’ to be a world class company for
stakeholder satisfaction. In order to achieve this goal, two big pillars are needed.
The first is the Lean approach by speed acceleration and waste reduction for
process innovation. The second is the Six Sigma approach by reducing variation,
defects reduction and efficient process flow using continuous improvements and
innovation. For these two pillars, project team efforts for continuous
improvement are necessary. The base of the house is standardization and creating
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facts by data. Therefore, a sound data management system is absolutely
necessary for a good LSS management.

House of Lean Six Sigma

Goal
World class company & Stakeholder satisfaction :

High value and quality, Minimum waste and variation

Process Innovation Variation Innovation
(Lean) (Six Sigma)
Inwvolvemnent :
Project team Variation Process
Bpesd | it efforts. for continuous Del':m Flow
Improvement

Standardization & Facts by Data

Figure 1 — Combining Lean and Six Sigma - House of Lean Six Sigma

Another point of view for LSS is that LSS allows not only process innovation
with speed and waste reduction (by Lean), but also process efficiency with
variation & defects reduction and efficient process flow (by Six Sigma). This
concept may be called ‘Lean Design for Six Sigma’ which goes to ‘LSS Process

Management’. This concept is graphically shown in Figure 2 for the essence of
LSS.

Lean Six Sigma

Lean |£$ Lean Six Sigma ﬁ

2 Methods Process

2 Management

[«
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w

w
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o Lean Design for Six Sigma

o Six Sigma Methods

Process Efficiency

Figure 2 — The Essence of Lean Six Sigma for its Process Management
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2 THE 4TH INDUSTRIAL REVOLUTION AND ITS IMPACT ON
QUALITY MANAGEMENT

The 4th IR is now with us, and it is characterized by a convergence of physical
and cyber technologies to produce intelligent digital transformation. While the
term Industry 4.0 has been used since 2011 for referring and addressing the
widespread integration of advanced information and communication technology
for industrial purposes, Professor Schwab (2015) first introduced the term of 4th
IR, and the major theme of the 2016 World Economic Forum was the impact of
the 4th IR. However, we can also find cases where other people ‘warned’ the
arrival of a new industrial revolution. For instance, prior to Schwab (2015),
Cameron (2014) delivered a speech referring to the emergence of internet of
things (IoT), ‘a new industrial revolution that will boost productivity, keep us
healthier, make transport more efficient, reduce energy needs and tackle climate
change’.

While previously recognized, industrial revolutions are all characterised by their
significant capability to transform businesses, industrial structures, workforces,
and even society in broad aspects, we are now witnessing a new wave of
industrial revolution. We now live in a world in which billions of people can be
connected to each other through mobile devices with unlimited access to
knowledge with the help of emerging technologies such as artificial intelligence
(AD), Big Data, robotics, IoT, cloud computing and more. The 4th IR is really
changing all aspects of human life including the culture of Quality Management
in industry as mentioned in Park et al. (2017).

The 1st IR began in England in the late 18th century, and introduced steam-
powered and mechanized production. The Second began in the U.S. in the early
20th century, and introduced electric power and mass-production processes. The
Third, which also began in the U.S. in the middle of the 20th century, introduced
computers and the digitalization of technology. The 4th IR, which began in the
early 21st century, and its characteristics with regard to QM, are shown in
Figure 3. As far as production strategy is concerned, mass customization and
personalized production will be popular in the 4th IR, since fast IT, customer Big
Data and smart factory implementation become available. Before the 4th IR,
machine production, mass production and lean production were the major
production strategies. In the 4th IR, the speed of production, after delivery
service, feedback of customer demands and others, will become increasingly
important factors in QM.
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Figure 3 — The Four Stages of IR, Production Strategy, Quality Goal
and Quality Strategy

From the evolution of quality in Figure 3 we have observed that the quality goals,
scopes and focusing areas have been changing constantly in accordance to the
environmental and technological changes (Dahlgaard and Dahlgaard-Park, 2006).
For example, Quality Goals was changed or expanded from the 1st IR to the 4th
IR as follows: Quality Control (QC), Quality Assurance (QA) and Quality
Management (QM), Management of Quality (MQ), and finally we may say that
the goal of quality in this 4th IR includes Quality Responsibility (QR). In the 4th
IR era, not only the personalized service quality, but also the design, safety and
brand quality become more important than before. With innovative technology
for connectivity and smart computation, the ability to trace quality for each
customer is being maximized in all product and service characteristics. Quality
responsibility (or accountability) to all customers, the environment and society
are required. For this purpose, the concept of social responsibility, introduced by
ISO 26000, is added to quality responsibility. Also the concept of ‘green’ LSS
will be pursued to make the world be a better living place. More explanation
about “green LSS” is required.

The changes/ evolution in quality strategies according to the four stages of IR are
from inspection, audit and standards, innovation, to Open Quality for the 4th IR.
The changes in quality goals and strategies are results of purposeful efforts paid
by organizations in order to improve both the internal processes and the external
relationships of organizations. The managerial framework of TQM that emerged
in the last part of the third stage can be considered as a kind of culmination that
provided comprehensive tools and techniques, and principles for achieving
organizational wide improvements. For instance principles of customer focus,
relationship with suppliers, competitors, communication and deal with quality
improvements specifically in relationships outside the organization, while other
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principles such as top management commitment, leadership, focus on employees,
process management focus on the improvement of internal aspects of
organizations are basic principles (Singh and Smith, 2004). When combining all
TQM principles, tools and techniques, the organizations can be equipped with a
managerial framework, which can be applied to strengthen efficiency as well as
effectiveness and due to that TQM has been considered to be a holistic
management framework (Dahlgaard-Park et al., 2013).

Chesbrough (2011; 2012) referred to closed innovation when the processes,
products and services are the results of internal organizational innovation. That’s
why closed innovation is also called as vertical development because the
innovation is happening within the organizational boundary. However open
innovation is characterized by the integration of external knowledge with the
internal knowledge of the organization, and due to that the issue of continuously
identifying and measuring customer needs and desires in a cost effective way has
been recognized to be one of the biggest challenges when implementing open
innovation (Van de Vrande et al., 2009). Encouraging the customers and
involving other external stakeholders in the innovation processes along with
encouraging, motivating and involving employees has been equally emphasized,
since the innovation process requires a combination of internal and external
knowledge (West and Gallagher, 2006). The close relationship with the
customers and the constant work with them have been emphasized as a critical
success factor of the open innovation, not only in production but also in services
(Chesbrough, 2003; 2012).

Identifying customers’ needs and desires and thereby involving customers for
gaining customer satisfaction has long been recognized to be the most important
goal, and internal process improvements, focus on employees as well as other
internal improvements activities have been targeted to support that goal within
the TQM framework. In this way we can say that there are many similarities and
close relationship between TQM and open innovation approaches. In many ways,
the implementation of TQM nurtures and creates a proper organizational culture
that is also recognized to be necessary for open innovation (Maistry, Hurreeram
and Ramessur, 2017). Based on this background we propose using the term,
‘open quality’ as a new quality strategy. The open quality will be a good and
proper solution for organizations in responding to multiple challenges emerged
by not only the rapid technological development but also by the increasing
globalization.

Open quality accounts for all quality characteristics of any product and service
that are designed, produced, marketed, and sold based on open and transparent
approaches. The word ‘open’ is used here to guarantee that the data generated in
each section of a company are open to the other sections of the company.
Furthermore, the data generated for a particular product of a company are open to
external stakeholders/companies to openly promote the overall quality and
productivity of the product. This goal can be attained through an open quality
system where key factors such as speed, creativity, data analytics, and Al are
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combined to provide a comprehensive approach for meeting dynamic consumer
requirements.

Quality of data and software will be a critical issue in the 4th IR era, because
most technologies such as Big Data, Al and IoT are all based on data and
software. Eventually, the data and QM supporting software becomes more
important; simple and smart QM systems will be necessary. A well designed
simple and smart QM system for handling data and software may have the
highest value in the 4th IR era.

3 NEW PARADIGM OF LEAN SIX SIGMA AND ITS ENABLERS

It is the authors’ belief that the new paradigm of LSS will be ‘3S LSS’ where 3S
means ‘Simple, Speedy and Smart’. The new directions of the ‘35S’ are
summarized in Figure 4 together with their innovation enablers. For the simple
LSS, we need an easy problem-solving roadmap, and simple and open
procedures. Use of traditional easy tools of Six Sigma and Lean such as DMAIC
phases, project team activities of green belts and black belts, value stream
mapping, 5S (Sort, Set in order, Shine, Standardize and Sustain), etc. Also simple
statistical modelling for prediction is much simpler by using statistical software
such as R, SAS, Minitab and so on.

We can observe that the speed itself has become an important characteristic of
Quality Management which we believe will be even more important in the future.
To achieve speedy LSS, speedy on-site improvements based on ‘Open Data’ will
be necessary. Also project activities should provide speedy improvement in short
time. The use of new methodologies such as Big Data, Al and IoT will be
introduced, and some type of business customer platforms will be extensively
practiced.

For the smart LSS, mass customized ‘Smart Factory’ methods for business
improvement will be adopted, and LSS associated with smart ‘green’ initiatives
will be introduced. Also Al and Big Data assisted LSS activities for quick and
correct action will be used.

There are many 3S LSS innovation enablers, and some of them are listed in
Figure 4. The first one is ‘IT based open quality system for speedy multi-way
information flow’, which emphasizes that the open, speedy and multi-way
simultaneous information (quality, productivity, customer demand, waste, value
stream, etc.) flow among all stages (plan, design, production, marketing, sales,
etc.) of company business is an important 3S LSS innovation enabler. The lastly
listed one is ‘intensive use of the 4th IR technologies such as Big Data, Al and
IoT".
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- Easy problem-solving ' LSS-oriented speedy * Mass customized
Roadmap, Simple and on-site improvement ‘Smart Factory’ method
open procedures based on Open Data for biz improvement

' Use of traditional easy * Speedy improvement - LSS associated with
tools of Six Sigma and in a few months smart green initiatives
Lean

* Use of new methodology * Al and Big Data assisted

* Simple statistical based on Big Data, Al and LSS activities

modeling for prediction business customer platform

IT based Open Quality System for speedy multi-way information flow

Collaboration & Shared value, SocialfQuality) Responsibility

35 Lss

Enablers
Small group activities for Creativity & Training FProgram

o ETELLE Smart mass customization and smart green LSS |

Intensive use of the 4 IR technologies such as Big Data, Al and foT

Figure 4 — The Four Stages of IR, Production Strategy, Quality Goal
and Quality Strategy

In the 1990s the internet technology was the most powerful in changing the
society. It seems that in the 4th IR, AI will become the most powerful technology
to change almost everything including the industry. For instance, Al in a hospital
can read several thousand MRI pictures in a few minutes, and can diagnose the
patients much better than the doctors. There are at the moment no limits for the
number of possible Al related LSS projects which LSS may handle and many
countries have announced new intended or already initiated Al initiatives. In
USA for example, the Trump administration has announced that the most
important technology in a generation is Al, and announced the Executive Order
on ‘Maintaining American Leadership in AI’ (issued on February 11, 2019).

Table 2 — The Simple Approach for the DMAIC Process in the New Paradigm of
Lean Six Sigma

Phases Standard 15 steps in the past LSS Simplified 5 steps for ‘3S LSS’
Define 1. Project selection 1. Problem definition
2. Project definition
3. Project approval
Measure 4. Confirm Y’s 2. Goal setting and confirmation
5. Confirm Baseline of Y’s of Y’s and X’s
6. Confirm potential causes(X’s)
Analyse 7. Collect data 3. Analysis of data and selection
8. Analyse data of true causes
9. Select vital few X’s
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Phases Standard 15 steps in the past LSS Simplified 5 steps for ‘3S LSS’
Improve 10. Establish improvement plan 4. Optimization and
11. Optimize vital few X’s Improvement
12. Validate improved results
Control 13. Establish control plan 5. Standardization and control
14. Execute control plan plan

15. Documentation

As an example of simple LSS, we propose an easy problem-solving roadmap for
DMAIC to be used in all business areas. In the past the standard of 15 steps have
been used for the DMAIC process, but in the simple LSS much simpler 5 steps
may be used as shown in Table 2.

Figure 5 shows another example of a ‘simple, speedy and smart’ manufacturing
management process based on IT infra, in which LSS activities can work to
reduce wastes and variability. Any LSS project team may work on this process to
make the management simple and transparent, and to build speedy decision
systems based on sound ethics and group innovation culture. In the process,
several management systems are involved such as product data management
(PDM), supplier relationship management (SRM), manufacturing execution
system (MES), global logistics system (GLS), customer relationship management
(CRM), advanced planning system (APS) and enterprise resources planning
(ERP), and SCM.

" . . Support of supply chain management{SCM)
Purpose Smart 1T inko o:srrmm opecation Solty ‘ By simple, speedy and smart
efficiency decision system

Smart IT

Infra
scope

Figure 5 — An Example of Integrated Field Management Processes which 3S LSS
Can Work on
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4 A CASE STUDY OF 3S LSS IN KOREA

In this section the authors will shortly introduce a case study from Korea, where
the 3S LSS concepts are practiced. Amore Pacific, which is the leading cosmetics
company in Korea, started to implement Six Sigma in 2003 to “strengthen itself
as a global company which satisfies the customers essential needs, and to attain a
higher level of management capacity” (Amorepacific, 2020).

Kim and Ree (2017) explained that Amore Pacific introduced Lean
manufacturing in 2016 to optimize not only process innovation with speed and
waste reduction but also the ways to work for all business areas. The company
combined Six Sigma with Lean and called the combined strategy ‘Lean Sigma’.

Table 3 shows the ways of LSS implementation in Amore Pacific. The typical
methodologies of Six Sigma, DMAIC and DFSS are modified to Lean concepts
(Lean DMAIC, Lean DFSS, Lean Sales), and Lean QSS (Quick Six Sigma) is
proposed and implemented by Amore Pacific. Table 3 also shows that the two
concepts of ‘speedy’ and ‘smart’ are reflected in the ‘Lean Sigma’ framework.
Amore Pacific also argues that it combines Six Sigma and Lean to make a
simpler version of process management called ‘Lean Sigma’. The company also
declares that IT supported management makes Lean Sigma activities simpler than
before. The authors found out, that the basic concepts of ‘3S LSS’ are already
been practiced in Amore Pacific, and Amore Pacific has achieved a big success
in management innovation by using the new concept of LSS.

Table 3 — The new Concept of Lean Six Sigma in Amore Pacific

Business Area Lean Six Sigma (speedy and smart improvement)

Lean Lean Lean Lean |Remarks
DMAIC |[DFSS |Sales |[QSS

R&D R&D process improvement
o ®)

New product development

Marketing (Sales) New concept design for
marketing and

© o o Lean-oriented sales services

improvement

Manufacturing/Logistics o) o) o) Lean-oriented on-site
improvement in two-month

Management Support/IT Lean-oriented 6 sigma
(@) O improvement, and IRT
supported smart management
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5 IMPORTANT ASPECTS OF THE 3S LSS AS A NEW
PARADIGM OF LEAN SIX SIGMA

Some of the important aspects of the new paradigm of LSS explained above are
as follows.

(1) The important characteristics of the 4th IR such as mass customization,
quality responsibility, open quality and smart factory will be incorporated
into the 3S LSS. In practice it will be necessary for the 3S LSS activities to
be simple, speedy and smart to match well to the characteristics of the 4th IR.

(2) The use of Al, Big Data and IoT will be more emphasized in the 3S LSS.
Also the quality of data and software system will be of significant value.

(3) Corporate Social Responsibility (CSR) and Creating Shared Value (CSV)
will become important concepts of the 3S LSS, and they will be combined to
reflect quality responsibility.

(4) Speedy multi-way information flow for the 3S LSS activities will be more
popular in all stages of production system (plan, design, production,
marketing, sales) by use of IT, Big Data, Al and IoT.

(5) The 3S LSS experts will be more likely also data scientists in the future,
because quality information can be mostly controlled by data analytics.

(6) Business platform companies will occupy more markets. The 3S LSS
activities to improve the quality of platform will be more focused. Al
platform software such as Google’s ‘Al Assistant’ will be more powerful for
business handling.

(7) Combining Al, Big Data, IoT and Cloud will begin to dominate the world
market. The 3S LSS activities to improve the quality of such convergent
technologies will be a major issue of quality management in the future.

To make the 3S LSS activities successful in the future, we need 9R success
factors for the new paradigm LSS. They are as follows.

(1) Right style: Develop simple, speedy and smart style LSS which is suitable
for the 4th IR.

(2) Right leadership: Get the top managers involved.

(3) Right participation: Keep the message simple and clear, and request the
participation of all employees.

(4) Right project: Select the right projects and train capable black belts to
concentrate on project team efforts.

(5) Right result: Focus on speedy (short-term) results and long-term growth.

(6) Right communication: Communicate, publicize and award results, and admit
setbacks.

(7) Right link: Link customers and your processes.
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(8) Right training: Make learning an ongoing activity, and make an investment
to make it happen.

(9) Right tool: Use LSS tools wisely including Big Data, Al and IoT of the 4th
IR technologies.

6 CONCLUSION

The 4th IR is changing the concept of QM as well as the concept of LSS. If a
company is not well aware of the big change influenced by the 4th IR, the future
prospect of its QM and LSS is not bright. It is suggested that the direction of the
new paradigm of LSS will be ‘simple, speedy and smart’, which may be called
the 3S LSS’ paradigm. Simple open procedures and simple statistical modelling
will be mainly used. Speedy on-site improvement based on Open Data, and Big
Data and Al assisted new methodology will be favoured. Also mass customized
‘Smart Factory’ method and LSS focused on smart green initiatives will be
emphasized. For successful implementation of the new paradigm of LSS, 9R
success factors are suggested.

The promotion of Six Sigma, Lean or Lean Six Sigma all over the world has
been stabilized, and is somewhat decreasing. It is the authors’ belief that LSS
quality initiatives and practices need to be changed to accommodate the trend of
the 4th IR. It is our hope that this article may give some valuable insights to
many quality experts for quality and innovation management promotion in this
rapidly changing society. Also, since we are in the beginning stage of the 4th IR,
there are not many research papers which study the impact of this revolution to
QM and LSS. The authors expect that the near future will bring many
challenging issues for the new directions of QM as well as LSS.
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ABSTRACT

Purpose: The paper offers a set of original information based on critical analysis
of description two last versions of excellence models presented by the European
Organisation for Quality Management (EFQM). The principle goal is to present
the main advantages and weaknesses of the latest version of The EFQM Model,
especially from a practical point of view with respect to a Quality 4.0 era.

Methodology/Approach: Comparative analysis of two relevant documents
(EFQM, 2012; EFQM, 2019a) was used as a key method. Discussions with 18
quality professionals from Czech production organisations served as a
complementary approach.

Findings: The basic structure of a new model was completely changed. But the
description of certain recommendations by way of guidance points are superficial
and confusing. It lays stress on the necessity to transform organisations for the
future as well as on comprehensive feedback from key stakeholders.

Research Limitation/implication: The latest version of The EFQM Model was
published in November 2019, and general knowledge related to this version is
naturally limited. Published studies or publicly available experience completely
absent. That is why a more in-depth literature review focused on the latest
version of The EFQM Model could not be included in this text.

Originality/Value of paper: The paper brings an original set of information that
was not published yet before. The value of this set should be examined not only
from theoretical but primarily from a practical viewpoint.

Category: Viewpoint

Keywords: excellence; EFQM model; Quality 4.0; feedback; organisation
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1 INTRODUCTION

Nowadays, the most of organisations throughout the world must strive to be more
and more competitive. In some ways, the TQM philosophy is really recognised
as an inspiring idea which supports this effort. So called Business Excellence
Models (BEMs) have arose as efficient tools in this field more than 30 years ago
(let me remind only the first version of The European Model for TQM
established by EFQM in 1991). So called “organisational excellence” concept is
very frequently discussed nowadays. American Society for Quality (ASQ, 2015)
defines the term “organisational excellence” as ongoing efforts to establish an
internal framework of standards and processes intended to engage and motivate
employees to deliver products and services that fulfil customer requirements
within business expectations”. M. Webster (2016) argues that “organisational
excellence is delivering, and sustaining the delivery of, outstanding value to all
key stakeholders”. And according to experts from EFQM: “Excellent
organisations are those that achieve and sustain outstanding levels of
performance that meet or exceed the expectations of all their stakeholders”
(EFQM, 2012). Anyway, excellent organisations have some facets as
sustainability, profitability, social responsibility, reputation and good
governance. Some other features of the excellent organisations have been already
described by Nenadil, Vykydal and Waloszek (2018) for example.

In Europe, The EFQM Excellence Model is the most known and implemented
version of BEMs throughout the years. The original version of The European
Model for TQM was upgraded by repeatedly way and next-to-last version from
2012 (EFQM, 2012) was fully accepted by management community (not only in
Europe!) as the most advanced tool for achieving a long term success and
excellent level of an organisational performance. The latest version of this model
has been designed from years of experience in changing markets to understand
the benefits of organisational analysis, future forecasting and predictive
intelligence in driving true transformation. It was launched in November 2019 to
replace version from 2012.

2 RESULTS AND FINDINGS

Following results and findings were obtained on basis of comparative analysis of
two relevant documents (EFQM, 2012; EFQM, 2019a) describing concepts,
frameworks and criteria included into last two versions of the model. Presented
results and findings will cover four areas of interest that follow.

2.1  Official Title of the Model
Version 2012: The EFQM Excellence Model.
Version 2020: The EFQOM Model.

Omitting the word “Excellence” at the model’s version 2020 can not be evaluated
as positive item! After all, from core semantic perspective: any model must be a
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model of something and the new title could be nothing to say and confusing for a
lot of managers without relevant quality background!

2.2  Overall Model Structure

The EFQM Excellence Model (EFQM, 2012) has comprised three integrated
components:

* The Fundamental concepts of Excellence. They were about eight core
principles of organisational excellence: adding value for customers,
creating a sustainable future, developing organisational capability,
harnessing creativity and innovation, leading with vision, inspiration and
integrity, managing with agility, succeeding through the talent of people,
sustaining outstanding results.

* The Criteria as a framework to help organisations convert fundamental
concepts into practice (9 main and 32 partial criteria were included into
this framework).

* The RADAR logic as dynamic assessment framework that allows to
calculate overall organisational excellence level (maturity) through
pointing and discovering areas for next improvement of the management
system.

On the contrary, The EFQM Model (EFQM, 2019a) does not comprise concepts
of excellence explicitly, but they are hidden and integrated into all new sections
of the model. The RADAR logic is mostly kept there in original way, also as
natural part of the model. Such simplification of overall model’s structure wants
all managers to perceive as beneficial feature with regard to its practical
implementation.

2.3  Framework of the Criteria

Let us suppose a framework of criteria, so typical for previous The EFQM
Excellence Model is commonly known (see EFQM, 2012; Oakland, 2014; Kanji,
2015) and many others. In comparison, the new model is based on completely
changed framework. Now, it consists from three key sections:

* Direction (Why do it?);

e Execution (How do it?);

e Results (What is achieved?).

See Figure 1, the logical linkages among these three sections are evident and they
seem to be easy to understand for all, who are engaged in practical development
of management systems.
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Figure I — Structure of the EFQM Model (Adapted According to EFQOM, 2019a)

Instead nine main criteria which created framework of previous The EFQM
Excellence Model, the new model is inclusive of seven main criteria:

1. Purpose, vision and strategy (5 partial criteria are included in this
criterion);

2. Organisational culture and leadership (4 partial criteria are included in this
criterion);

3. Engaging stakeholders (5 partial criteria are included in this criterion);
4. Creating sustainable value (4 partial criteria are included in this criterion);

5. Driving performance and transformation (5 partial criteria are included in
this criterion);

6. Stakeholder perception (there is no partial criterion);
7. Strategic and operational performance (there is no partial criterion).

Their matching with key sections is visible from Figure 1. Pointing identifies
importance of each main criterion. Total amount of poins (1,000 p.) is the same
as when scoring organisation’s maturity (through self-assessment or external
assessing) against The EFQM Excellence Model, version 2012.

In addition, the interactions of the strategic nature of the model (presented by
criteria 1 and 2) and operational performance (criteria 3 — 5) or all organisation’s
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results (criteria 6 and 7) represent really remarkable feature that is more evident
when compare the previous version of the excellence model. Cause and effect
links are much more visible in the new model and it could contribute to the wider
acceptance by all levels of managers and academics. Another impressive change
bears on the term “sustainable value”. It replaces such words as “product” or
“service” predominantly. In spite of the “sustainable value” could be less tangible
for very practitioners, this term is more generic and underlines necessity to
produce and deliver outputs that bring the real value not only for customers but
also for another interested parties. And the last logical and positive change: all
results regarding to the stakeholders perception (and obtained through effective
feedback) are concentrated into one main criterion 6 now. That is remarkably
different from the previous The EFQM Excellence Model, where such results
were scattered into three different result criteria.

2.4  Criteria Description through Guidance Points

From practical viewpoint, a set of so called “guidance points” represents
certainly the most important part of each version of EFQM descriptive
documents. This set has been developed as a result of the best practice sharing
and it was recognised as an inspiring know-how related to each partial criterion
of the model. And to tell the truth, the main weaknesses of The EFQM Model,
version 2020 are hidden right there! Now, on basis of my personal investigation I
would like to call attention only to some of them:

* A quite new term “ecosystem” occurs repeatedly within some guidance
points. This term is explained as: “fundamental principle of an ecosystem
is interdependence, i.e. something that happens in one part of the system
may affect other parts within the system. In the context of the organisation
there are many factors external to it that affect how it operates”. See
chapter Glossary at (EFQM, 2019a). What does it mean? It is obvious the
term “ecosystem” is not considered from environmental point of view at
all! It is used for external issues of the context of the organisation in sense
of ISO 9001 standard (ISO, 2015). And it stands to reason, this could be
rather confusing matter in practice!

* A serious recommendation oriented to designing and implementation of a
performance management system can be found within criterion 1 of The
EFQM Model now. It seems to be nice and rational but some managers
could draw the line between an overall management system and the
performance management system — what is nonsense of course.

* Comparing the previous version of the model, the latest version
underestimates a comprehensive approach to the human resources
management. For example, there are no recommendations related to:
defining the skills, competencies and people performance level, inspiring
people participation of activities that are beneficial for wider society, a
teamwork promotion, etc.
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* The guidance points are frequently described only in general, what could
be hardly to understand by practitioners. Many wordings are all but
tangible. A following formulation included into description of the partial
criterion 4.4 (titled as Define and Implement the Overall Experience)
should serve as an example: “An outstanding organisation takes advantage
and opportunities to personalise the overall experience for its target
groups, as well as the specific products, services and solutions” (EFQM,
2019a).

* At The EFQM Model, version 2020 is no recommendation leading to
measuring and optimising the impact of organisation’s operations, product
lifecycle and services on public health, safety and the environment. The
organisation’s role in area of social responsibility moves downwords in
reality.

* An accent on framework of key processes using for efficient
organisation’s strategy implementation is also missing, as well as
underlining the role of a process owners, which can lead to
underestimating of a process approach as a basis for any management
system development and improvement.

* The necessity of benchmarking activities focused especially on
performance indicators is visibly repressed at the guidance points of the
latest version of the model, even though benchmarking is still mentioned
as one pillar of The RADAR logic.

* Unlike The EFQM Excellence Model (EFQM, 2012), any recommended
shortlist of suitable indicators completely absents at The EFQM Model
(EFQM, 2019a) within description of new results criteria 6 and 7. We can
read only about general areas (as a delivery of overall customer
experience, a social and environmental responsibility, an achieving gender
balance, a partners experience of dealing with the organisation, a financial
performance, an achievements in driving transformation, etc.).

Apart from weaknesses mentioned above, we can discover many other
shortcomings mostly tied to difficult understanding of various formulations,
missing definitions of terms etc.

But on the contrary, when reviewing a new set of the guidance points, we are
able to register also some positive changes in comparison to The EFQM
Excellence Model (EFQM, 2012). The list of the most interesting and useful
items follows:

(+) Probably, the most important change is associated with a support and
providing creativity and innovation. Minimally 8 different guidance points
related to the creativity and innovations are newly concentrated into
special partial criteria 2.3 and 5.3 as a response on fact that a lot of a
European companies have got into the slow lane in this area.
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(+) Other underlined relationships bear on so called business and governing
stakeholders as investors, funding organisations, regional bodies, public
authorities etc. An outstanding organisations should make sure such
relationships are mutually beneficial.

(+) What differentiates the organisation from others, including competitors,
this should be recognised and communicated as a natural part of values
delivered to various stakeholders, including customers and partners.

(+)Certain recommendations related to the risks identification, analysis,
evaluation and treatment go beyond mere financial risks at the latest
version of The EFQM Model. Now, the risk management should cover all
categories of risks, including legal, societal, cyber security, etc.

(+) An asset management should reflect a Circular economy principles in case
a certain infrastructure must be disposed.

3 THE EFQM MODEL, VERSION 2020 AND THE QUALITY 4.0
CONCEPT

We are able to notice also another two remarkable changes by way of quite new
items among all guidance points in the latest version of The EFQM Model:

(+) Partial criterion 5.2 is strongly oriented to necessity to transform current
organisation for the future.

(+)Main criterion 6 (Stakeholders perception) is fully based on a
comprehensive feedback from key stakeholders. Their perceptions should
be obtained from number of sources, including social media, advocacy,
etc.

These recommendations ought to be seen as a nice challenge faced the Quality
4.0 concept, especially in area of B2B relations.

Quality 4.0 is an immediate reference to Industry 4.0. Unfortunately, none
serious articles can be referred in this area at present. This topic is too fresh and
therefore the discussions and information sharing are mostly held through
Internet blogs, for example Jacob (2017a), Koépper et al. (2019), Rigert and
Writer (2020). The most valuable studies in area of Quality 4.0 are probably
performed by LNS Research Company. According its investigations, the most of
industrial companies will have to be transformed towards Industry 4.0 during
next five years, including quality management conversion (Jacob, 2017b). When
study these sources, we can identify following features of the Quality 4.0
concept:

* This term comes from Industry 4.0 and it covers all issues of an advanced
quality management at digital era.
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e It is not closed-ended term. It should be seen as a certain umbrella term,
that openly describes a new-data driven approach to manage of all quality
requirements.

* Four main areas to address by Quality 4.0 are frequently stressed: design
and development, production, service and company culture. Especially,
the last item must be recognised at our environment — see Zgodavova,
Hudec and Palfy (2017) for more details.

* A special attention is paid to the methods and tools enabling agile B2C
communication and efficient feedback.

* An extensive IT support is crucial precondition for Quality 4.0 practical
establishing.

* A reliable and quick connectivity as well as interaction among machines,
people, organisational units and stakeholders are not aim, these
connections are looked upon a means for effective and efficient quality
improvement and innovations.

* The Quality 4.0 effectively blends new technologies (cloud computing,
big data, artificial intelligence, machine learning, Internet of things, etc.)
with proved quality management methods and tools.

e The TQM philosophy (including active participation of all staff) is
respected as a natural part of Quality 4.0.

* A transformation from traditional quality management to the Quality 4.0
concept will take huge financial resources, people knowledge and time
too.

* So called “Closed-Loop Quality Management Systems” are generally
considered as suitable basis for sequential implementation of the Quality
4.0 concept, not only within B2B area.

The last item deserves some additional remarks. K. Sundaram (2018) argues the
organisations belief that traditional quality management systems are increasingly
making a move towards the more future-ready and a closed-loop approach is
expressed there. Goulévitch (2018) lists eight examples of how the closed-loop
quality management systems should function, including transparency in
production processes, traceability, integrating with information systems,
facilitating Lean processes, etc.. Lim (2020) underlines that the Quality 4.0 and
the closed-loop quality management enable to transform the conventional quality
management in real time. Since an exact definition of the closed-loop quality
management system is not available till the time, let me see it as a natural part of
the overall organisation’s management system based on advanced quality
management principles that enables to connect all quality management processes
and performance data with aim to improve the organisational quality and achieve
the organisational excellence. The closed-loop quality management systems
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should be created and developed as a comprehensive mixture of an internal,
external, horizontal and vertical loops. These loops must naturally:

* cover all organisational levels, from strategic to shop floor,

* connect the organisation with all key stakeholders, not only with
customers,

* be tailored according specific organisational environment and should
represent a unique set of processes,

* be based on agile feedback loops in advance.

At present, such quality management systems are in progress, especially at
automotive industry. But when we use the Industry 4.0 Maturity Index
perspective, distinguishing six stages in the Industry 4.0 development, such as
computerisation, connectivity, visibility, transparency, predictive capacity and
adaptability — (see Shuh et al., 2017), such effort is mostly at the beginning.

4 CONCLUSION

The organisational excellence cannot be considered as overcomplicated matter.
On the contrary, it must be seen as a nice opportunity for sustainable business
success! Therefore, various excellence models are expected to play a crucial role
at this effort. According to our investigations and when consulting the latest
version of The EFQM Model, we are able now to declare some final remarks
concerning possible implementation of this model with respect for current trends
covered by the Quality 4.0 concept:

a) The EFQM Model will stay a very advanced and generic tool for any
organisation striving to be successful on the excellence journey.

b) Huge group of creators (nearly 2000 change experts and leaders from 60
diverse organisations (EFQM, 2019b; EFQM, 2019a)) had original aim: to
shift the new model from being only assessment tool to one that offers a
vital framework and methodology to help with changes and
transformation. Under my opinion, this goal was achieved only partially.

¢) Basic structure of The EFQM Model was completely changed (see Fig. 1).
The arrangement, which covers three key sections and seven main criteria,
is undoubtebly a positive and radical shifting — it is more logical and
simplier in comparison to The EFQM Excellence model, version 2012.
But this advantage is called into question through following shortcomings:

d) Some terms used there are unclear, defined by inproper way only (or not
defined at all) what can cause a confusion for a lot of practitioners and
make troubles within the model implementation.

e) The description of many guidance points is superficial only, ambiguous
and less concrete.

ISSN 1335-1745 (print) ISSN 1338-984X (online)



26 QUALITY INNOVATION PROSPERITY / KVALITA INOVACIA PROSPERITA 24/1 — 2020

f) Some important recommendations absent completely within sections
Direction or Execution, for example in area of the human resources
management, the process approach establishing, etc.

g) Any recommended set of suitable performance indicators is absolutely
missing in section Results.

h) A long-term orientation to the Quality 4.0 concept is not mentioned by
explicit manner at The EFQM Model, it is slightly hidden, but it is
incorporated through stressing a necessity to transform current
organisations for the future as well as on a comprehensive feedback from
key stakeholders. The closed-loop quality management systems can be
seen as efficient contribution to such transformation.

Briefly to say: the latest version of The EFQM Model is not better or worse in
comparison to the version from 2012. Simply expressed: it is else one.
Advantages and weaknesses are mutually balanced there and only a near future
will show if this model is valuable tool for digital transformation of the
organisations and their management systems. While the previous versions of
excellence models were matter of people engagement, education, training and
motivation in advance, a combination of the organisational excellence and the
Quality 4.0 concept will require also considerably investments and a quite new
work position development. Anyway, a huge challenge occurs in front of us!
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ABSTRACT

Purpose: The purpose of this study is to examine the significance and the role of
supplier rating as a formalised supplier quality measure to achieve better-
negotiated prices and to identify price premium resulting from improved rating.

Methodology/Approach: Data from real B2B environment of electronic reverse
auction SW solution ProeBiz were obtained and processed. Data from the reverse
rating approach were used where the default rating value is 1 and improvements
of rating lead to decreasing the rating value. Except standard descriptive
statistics, non-parametric correlation and Kruskal-Wallis tests, the knowledge
discovery techniques by decision trees CHAID algorithm were used.

Findings: From our empirical research results, there is the evidence of a
significant positive relation of supplier quality or rating improvements on a
negotiated price for suppliers. Improving rating from the default value (1.00) to
(0.98-0.95) can lead to better- negotiated prices for suppliers in English auction
expressed as price premium in the value of 4%.

Research Limitation/implication: Research has several limitations, esp. in the
size of the sample and sectorial view as the research is based on data from
construction, electro-mechanics and logistics sector.

Originality/Value of paper: The paper is original and not published in other
publications.

Category: Research paper

Keywords: rating; supplier quality; electronic reverse auction; price premium;
e-procurement
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1 INTRODUCTION

There is now a wide range of concepts and theories that analyse the economic
aspect of trust in society. The importance of trust for society is being investigated
by many sociologists, economists, political scientists and others. From the
economic point of view, it is considered primarily as a factor that influences the
dynamics and formation of economic processes, reduces transaction costs and
eliminates barriers to cooperation.

Fukuayma (1995) discusses that differences in the economic performance of
individual countries result from differences in their propensity to build trust-
based relationships. Trust involves accepting the risk of interaction. If we
perceive trust as intellectual property of an individual, its determinants are
primarily the personal, value and emotional characteristics of the individual. On
the other hand, “trust is perceived as systemic ownership of the company and its
central institutions”.

The importance of trust has been confirmed in researches from many scientific
disciplines such as sociology, political science, economics, philosophy and in
various areas of management. In management, trust is perceived as an important
factor affecting communication, leadership, negotiation, working relationships,
etc..

Knack and Zack (2003) discuss that “greater interpersonal confidence affects the
decline in transaction costs associated with investment activities in the country,
ultimately affecting economic growth”.

The conclusions of many scientific papers on the study of trust and its position in
the economy clearly show that “high-confidence companies have a higher rate of
investment and growth”.

On the basis of a summary of the above statements, we can assume that a high
level of confidence in a country has a positive effect on the development of some
macroeconomic indicators. Although the modern socio-economic approach to
trust is often criticized because of the ambiguity of the conclusions, it is probably
the most successful modern concept in economic theory in recent decades
(Locke, 2001).

Many economists are currently discussing how to achieve an optimum level of
confidence and thus stimulate its economic growth. However, several studies are
shifting this issue into B2B relations and examining how trust in supplier quality
can determine the economic performance of B2B relations and total corporate
performance (Santos, Murmura and Bravi, 2019; AlMaian et al., 2016; Charki
and Josserand, 2006). The purpose of the vendor rating is to manage, measure
and improve the quality level of the supplier’s performance.

Although many studies are focused on how to measure or apply rating systems to
measure supplier quality, only a few are examining the following impact of this
quality measurement values on negotiation results and vendor selection.
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The diagram in Figure 1 illustrates the possible effects of trust on some key
factors such as e.g. investment, human capital management, transaction costs,
collective organization and collaboration, all of which determine economic
prosperity and economic growth.
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Figure 1 — Trust and Its Economic Importance (Lekovic, 2012)

2 IMPACT OF RATING AND TRANSPARENCY

The result of a transparent process is to build stable and healthy relationships
with suppliers. However, in many cases, the use of e-auctions to select a supplier
disrupts long-term relationships with current suppliers. There is the possibility of
using e-auctions as a tool for researching the market prices of purchased goods
and services. Buyers can use this information to negotiate with the current
supplier about better purchasing conditions.

From this point of view, a company must consider how the change will have the
influence — deterioration of relations with current suppliers.

It should be considered whether they are strategic or non-strategic suppliers, i.e.
regular suppliers. It is not advisable to use e-auctions for strategic suppliers.
Mainly, these are suppliers of critical and low-value goods and services. For non-
strategic suppliers, however, the use of e-auctions is more than just a good
choice. In such cases, the buyer’s power to negotiate is increasing, the supply
markets are differentiated and allow the use of negotiation tactics (Schwarts,
2001). Such “tactical” and premeditated actions to abuse the other party result in
worsened supplier-customer relations.

Beall et al. (2003) pointed to the paradox that more vendors than buyers believe
in a deteriorated supplier-supplier relationship due to the use of e-auctions. In e-
commerce, the established mechanism is a rating, which makes it possible to
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evaluate a partner’s behaviour after a business transaction. The rating can thus be
considered a mirror of distrust and reflection of past experience (Tsai and Chow,
2011; Dorcak, Pollak and Szabo, 2014; Szabo, 2015; Santos, Murmura and
Bravi, 2019; AlMaian et al., 2016).

The rating system is based on the feedback that is given at the end of each
completed transaction and tells the participant’s behaviour during the transaction.
All submitted evaluations are accumulated into one value, which serves to
support decision-making in the selection of the final supplier. Delarocas (2006)
argues that this is a feedback system in which information and experience are
shared in order to limit future unfavourable choices. Most often it is a numerical
rating or star rating, supplemented by a verbal description of the course of trade.
At present, such an evaluation mechanism is (according to our information)
implemented and used in the evaluation of e-auction in only a few companies.

The evaluation of suppliers has an impact in two main ways:

* The rating has a discriminatory effect, in that it helps to distinguish
differences between suppliers and thus you would better avoid it.

* The rating has a predictive effect, in the sense that a rating that has already
been received indicates that it will be successful in the future. Reputations
very important information in two points of view. It:

— assists the e-auction participant (advertiser, buyer) in the decision-
making process among several sellers who have submitted
relatively similar offers for the same product.

— supports the process of eliminating occasional (negative) supplier
behaviour which would be unprofitable in the long term as it would
lead to the rating downgrade and discouraging business partners
from future cooperation.

3 METHODOLOGY

The database used after modification contains 110 records from e-auctions which
were realised mainly in the fields of construction, electrical material and
transport services. All 110 records were realised by electronic reverse auction
ERMMA with information of supplier rating.

The database is gathered from e-auction SW provider NAR Marketing, as the
biggest central European company in this field. Although the data are much
bigger, the samples with real rating usage were only in 110 procurements. It is
interesting, that they are only from 3 sectors (esp. logistics).

The supplier rating is used for negotiation in an electronic reverse auction in the
way, that the individual bids/prices of the bidders are multiplied by their rating
value. It means, each supplier starts with rating 1 and in the case, the supplier is
satisfied with the supplier, he will decrease the rating of supplier and vice versa.
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The mechanism of rating implementation in electronic negotiation is set up in the
way, that the price of supplier is multiplied by the rating and in this situation, the
lower rating improves the final price and helps suppliers to get on higher ranks.

Table 1 — The Description of Research Sample

N Minimum | Maximum Mean Std. Deviation
Auction savings 112 -0.0110 0.4773 0.071880 .0965243
NoParticipants 112 1 16 8.74 2.955
WinnerRating 112 0.950 1.030 0.96393 0.023341
WinnerRatingPosition | 112 0.986 1.026 1.00112 0.009007
AvgRating 112 0.95 1.01 0.9628 0.02079
MedianRating 112 0.95 1.01 0.9587 0.01929
Valid N (listwise) 112

4 RESEARCH AND DISCUSSION

Within this study, we are examining the role of rating as one of the transparency
settings on final auction performance measured by the winning contract at the
negotiated price.

For this purpose, we have to analyse the relation between rating values against
winning price reduction (auction savings). In our sample, we have two types of
savings: total and auction saving. Total savings are calculated from multi-round
negotiations, where the first round is still a market survey (using sealed bids).
The best price is used as an input price for ERMMA negotiation in the second
round.

For our analysis, on the base of attributes directly gathered from the database, we
have also calculated derived attributes useful for our working question:

* NoParticipants — the number of participants involved in the procurement
process;

*  Winnerbid — the volume or price of the winner within the negotiation;
* AllRatingsWinner — the rating of the winner;

* WinnerRatingPosition — rating position within the interval of all
participants’ ratings calculated as AllRatings Winner/AvgRating;

* AvgRating — average rating within all participants in a specific
negotiation;

* MedianRating — the median of ratings of all participants in a specific
negotiation.
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As we see from the non-parametric correlation test using Spearmann in Table 2,
almost all attributes were correlated with auction savings on a significant level.
Only winner rating position is not relevant. The highest correlation from rating
attributes is visible by the rating of the winner as the most generic, although the
knowledge behind will be explained later.

Table 2 — The Correlation Matrix

No Winnerbid All Winner Avg | Median
Participants Ratings Rating Rating | Rating
Winner Position
Auction savings | Coeff 0.222 -0.403 0.363 0.142 0.392 0.273
Sig. 0.020 0.000 0.000 0.140 0.000 0.004
NoParticipants | Coeff 1.000 0.150 0.123 -0.190 0.355 0.242
Sig. . 0.114 0.197 0.045 0.000 0.010
Winnerbid Coeff 1.000 -0.259 -0.244 -0.173 | -0.189
Sig. . 0.006 0.010 0.068 0.046
AllRatings Coeff 1.000 0.570 0.769 0.808
Winner
Sig. . 0.000 0.000 0.000
WinnerRating Coeff 1.000 0.012 | 0.211
Position
Sig. . 0.904 0.025
AvgRating Coeff 1.000 | 0.661
Sig. . 0.000

As we have only 4 significant levels of ratings (the most negative 1.03 has only
one winner in one procurement record) looking as an ordinal attribute we have
applied non-parametric Kruskal-Wallis test to identify if there exist significant
differences in statistical distributions against auction savings achieved. The result
shows, that it is statistically significant on 0.03 level. When we are looking
deeper in the descriptive statistics using boxplots, comparing winners’ ratings
with auction savings we can see, that the difference is quite clear and it provides
the information that increasing winners rating leads to increased auction savings.
It means, that to win the tender the supplier with a higher rating has to reduce his
price significantly against suppliers with better rating values.
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Figure — I Boxplot Analysis of Ratings vs. Savings

When comparing these results to the median of the whole sample which is 0.428,
these statistics also provide additional information.

Table 3 — The Description of Research Sample

Auction savings
Mean Median Mean total Median total
AllRatingsWinner 0.95 0.0471 0.0388 0.719 0.428
0.98 0.0585 0.0571 0.719 0.428
1.00 0.1061 0.0587 0.719 0.428
1.01 0.1822 0.1209 0.719 0.428
1.02 0.2554 0.2753 0.719 0.428
1.03 0.4572 0.4572 0.719 0.428

We can see, that the value of positive rating brings suppliers price premium, e.g.
ratings on average 0.95 help the supplier to achieve on average 24.8% price
premium or more realistically using median of 4% price premium. To support
these results we were also using knowledge discovery techniques, esp. decision
tree CHAID algorithm using entropy reduction approach for the classification of
the most significant rules in the dataset. Results are presented in Figure 1.
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Figure 2 — Decision Tree (Rules) Results Using CHAID Algorithm

Using a decision tree or decision rules algorithm and interactive model by SPSS
Clementine SW, the model presents the most significant decision rules on the
significance of the rating related attributes with all inputs mentioned above. We
see, that on the base of F-test, there are two significant basic clusters of rules
(again, the third cluster is based only on one observation) where the most
significant is the rating of the winner in two classifications. The simplified
presentation should be stated as follows: in the case of a higher rating than one
(default/neutral rating), the price premium rises to the value of 5%. Although in
this sample there is also an interesting conditional rule that provides the
information where the better average rating of suppliers within specific
negotiation leads to an additional 1% premium.

S CONCLUSION

This study was focused on empirical research into the role of ratings as a measure
of supplier quality in B2B procurement negotiations based on data from real
reverse auction environment in Slovak and Czech Republic.
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Research results using also decision trees CHAID algorithm revealed significant
importance of the supplier rating on the possibility to achieve price premium.
From our analysis, we can formulate the conclusion, that improving rating can
lead to 4% price premium for a supplier. This result shows the role of improved
supplier quality and its potential to negotiate better contract condition.
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ABSTRACT

Purpose: This article proposes and analyses the potential use of IoT solutions for
detecting water consumption not only from technical, but also from the business
and financial points of view. This topic is important because by solving this
problem, companies may save a lot of money and this paper provides financial
analysis, which answers question, if the implementation is or is not meaningful.

Methodology/Approach: Source data used in this paper come from an extensive
survey among fifty experts from the energy supply industry in the Czech
Republic during two-round workshops. One of the most attractive application has
been appointed “monitoring of utility consumption” — for this article the water
metering.

Findings: We have reached the conclusion that an isolated implementation of
IoT technologies is much more expensive than the current solution that are based
on human labour, periodical inspections of meters by people. This is caused
mainly by high prices of the sonic/mechanical metering devices supporting IoT
functionality.

Research Limitation/implication: Workshops and research work were realised
in conditions in the Czech Republic. Principles of application opportunities and
of its implementation are general, but the final decisions about their importance
can be influenced by the specifics and situation in the Czech Republic.

Originality/Value of paper: The value of the paper comes from the workshops
where were defined important application opportunities for definition of the
priority for each of defined application opportunities.

Category: Research paper

Keywords: Internet of Things; energy industry; utility measurement; Smart City;
economic evaluation
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1 INTRODUCTION

The potential of applications that are generally referred to as Internet of Things
(IoT) has developed gradually — from its use in detecting the level of beverage
cooling (Torre, Rad and Choo, 2019), to its application in systems with Radio-
Frequency Identification (RFID) technologies all the way to nowadays it’s very
important role in the world of information and communication technologies
ICT).

By the year 2013, IoT had developed into a system that combines a very big
quantity of different technologies with various functions. These technologies use
different communication protocols on the basis of wireless data transmission,
which is an important, but also very limiting, factor. For instance, sensors, GPS
and mobile equipment, devices monitoring the movement of equipment, their
remote switching off or on, etc. (Al-Roubaiey et al., 2019).

IoT can be perceived as an evolution of Internet which is characterized by the
integration of not only mobile devices but also other things like sensors
connected to cars, home appliances, different objects into one interconnected
mesh (Perera et al., 2015).

As in the other areas, we recognize various definition of IoT. The first definition
of IoT is defining IoT as a dynamic global network infrastructure, with self-
configuring capabilities based on standard and interoperable communication
protocols where physical and virtual “Things” have identities, physical attributes
and virtual personalities and use intelligent interfaces and are seamlessly
integrated into the information system, has been generally accepted during the
past two years (Van Kranenburg, 2008). The second definition, created by IEEE,
defines (Minerva, Chebudie and Rotondi, 2015) Internet of Things as a:
“network of objects with embedded sensors connected to the Internet.
Connectivity is one of the basic pillars of loT” .

We can recognize huge amount of areas, where can be IoT used to improve
quality of life and quality of provided services. One of the key areas with high
added value of implementation IoT for end user (or companies) is metering of
utility consumption.

Metering utility consumption with the use of IoT is an important opportunity in
the “Smart Environment” area.

One of the areas of implementation of IoT technologies, which is part of the
“Smart environment” concept, is their use in the production and distribution of
gas, potable water and electric power — utilities in general. We have conducted a
survey concerning the applicability of individual solutions in this area from a
technological and economic perspective (Maryska et al., 2018). This article
focuses on one application opportunity — inspection — specifically on the
detection of utility consumption, which can also help to detect fraud and long-
term trends for the purposes of planning sufficient production capacities.
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Electronic water meters with the function of remote reading help to reduce both
non-technical water losses and the cost of physical reading of water
consumption. Non-technical losses, also referred to as commercial losses, include
e.g. un-metered fixed consumption, metering mistakes, billing or recording
mistakes, incorrect meter installation, consumption below the sensitivity limit of
water meters, water meter blocking, etc.

This concept is important for end users also. Current users prefer real-time access
to information about their consumption of utilities, about situation in home
(usually accessible via concept Smart home) etc. These concepts are closely
related to visualization and real-time data analysis, which are another scientific
topic solved in the area of IoT.

Except application areas we must mention, that application of IoT is closely
connected with other negative factors, for example IoT security challenges (Jain
and Singh, 2019; Nouichi et al., 2019; Moin et al., 2019), data security (Sitton-
Candanedo, 2019), real-time data analytics (Fernandez et al., 2019), energy
consumption of IoT devices (Gunturi and Reddy, 2018; Liu et al., 2019), service
innovation (Lee, Kao and Yang, 2014).

Mentioned solutions are part of one specific term, which is “Smart City”. The
Smart City has a lot of definition. According to the European Commision, a
Smart City is a place, where the standard networks and services are made more
efficient with the use of digital and telecommunication technologies for the
benefit of its inhabitants and business. The primary goal of a Smart City is to find
a concept that makes it possible for facilities to ensure sustainable growth, an
excellent quality of life, safety and efficient use of energies (Lombardi et al.,
2012).

2 PROBLEM FORMULATION

The use of 10T in this industry (Basl and Doucek, 2019) and the “Smart City”
concept is very topical. One of the important applications include the monitoring
of utility consumption for the purposes of automatic invoicing and fraud
detection. The goal of this article is to propose and analyse the potential use of
IoT solutions for detecting actual water consumption.

A similar principle can be then applied to other areas as well, e.g. the reading of
energy consumption, the identification of broken seals, etc. For this reason, this
is a very topical matter because by solving this problem, companies may save a
lot of money.
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3 METHODOLOGY

The basic data identified for this article mostly come from an extensive survey
among experts from the energy supply industry in the Czech Republic. The
survey among 50 experts from different business companies and universities was
conducted at the turn of 2016 and 2017.

To obtain relevant data, over 67 two-round workshops were conducted. The first
round included 50 structured workshops, using questionnaires. Our
questionnaires for asking questions and identifying technologies for IoT and
business opportunities were based on the technique of guided questioning, with
the use of open and closed questions (Rezankova, 2010).

Once all 50 workshops were finished, we processed and evaluated the data from
the questionnaires that helped us to combine any identified duplicate application
opportunities and to create a set of unique application opportunities.

In the second round of 17 workshops, experts and academicians evaluated 124
identified unique application opportunities and assigned to them priority from 1
to 3, where 1 was the most important and 3 the least important in terms of
implementation.

It is important to add that the list of identified opportunities may always change,
depending on workshop participants and actual changes of information
technologies in IoT.

We extrapolated the results collected from the workshops to other utility supplies
where we assume a situation similar to that in the energy supply industry (Abbate
et al., 2019).

4 RESULTS

A complete detailed overview of the results is provided and commented on in the
article (Maryska et al., 2019). Using the three-level priority scale, we identified
16 application opportunities with priority 1, 20 application opportunities with
priority 2 and 25 application opportunities with priority 3. We identified
additional 63 application opportunities but we did not assign any priority to them
due to differently evaluated factors, such as importance, costs, implementation
speed, societal benefits, etc.

In this article we focus on one of the application opportunities with priority 1,
specifically on “automatic reading of water consumption” that provides for many
other uses, on the condition that it is done on a regular basis.
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The entire systematic solution for detecting the integrity of seals can be divided
into five steps as already mentioned in the article (Doucek, Maryska and
Nedomova, 2019) focused on the integrity of seals. The five identified steps are
as follows:

¢ Technical solution;

* Sensors;

¢ Communication in the IoT network;
*  Work with data prior to transmission;

*  Power supply.

4.1 Technical Solution — Description

An electronic water meter is a device that contains an electronic chip that collects
data about the volume of consumed water and transmits such data to the end
recipient. In this case, the standard mechanical water consumption reading is not
used and water consumption/through-flow is metered based on ultrasound
transmission between two elements inside the electronic water meter. Identified
data are electronically transmitted to the remote end recipient, or more precisely,
to a cloud database where they are processed for the end recipient by the data
service provider.

Provider of Utility
Services and Delivery

Cloud Services Provider
Data, data

analysis

Cloud Services

Standard Communication,

Complaint
« 4 4 " \
i ata Dehtery from ‘i ensors i

Figure 1 — Communication Concept for loT Technology
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4.2 Sensors

A sensor means a general device that can be used to identify the actual
consumption of utilities and to transmit information about a seal or electronic
water meter that was tampered with.

It is always a single-purpose device and cannot service more than one water
meter, contrary to sensors detecting broken seals.

We propose to use as a transmission [oT network NB-IoT because it is protected
against interaction of devices or SIGFOX because, based on conducted tests, it is
much more resistant against interference than other low-energy IoT networks.
NB-IoT and SIGFOX are the only networks with sufficient all-state coverage
(Kim and Kim, 2019). Interference is a key factor because one apartment can
have, and usually has, several water meters. One electronic hot and cold-water
meter must be placed on every ascending pipe.

What is also important about these solutions is that the device sends a message
with information about battery voltage both during transmission and in idle state
together with the chip temperature on a regular basis, usually every 24 hours.
Another important part is the unique identification of the sensor (its ID).
However, the most important information is the actual water consumption
identified at the time of transmission. Every sent message is signed and encoded
into a hash message by the algorithm AES128. This guarantees the integrity of
the transmitted message.

In the context of the aforesaid single-purposiveness, we should say that thanks to
the different method of working with identified data and thanks to installed seals
for tampering validation, electronic water meters also provide other functions
such as:

* Identification of cracks in the water supply network behind the user’s
water meter;

*  Water meter tampering or blocking;

*  Water supply failure/interruption e.g. due to water meter de-installation or
attempted fraud;

¢ Reverse water flow — in this case, reverse water flow does not reduce the
volume of consumed water as in the case of standard mechanical water
meters.

4.3 Communication in the IoT Network

The device in IoT networks usually does not register in the network when
sending data. The device sends the message immediately upon the data
transmission request. No confirmation of message receipt is usually required in
the IoT network. The robustness and guaranteed likelihood of message delivery
is achieved thanks to four mechanisms that are described in detail in the article
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(Doucek, Maryska and Nedomova, 2019). The key factors are: triple
transmission, a high penetration of base stations for signal reception, the use of
message identifiers with incremental ID.

4.4 Work with Data Prior to Transmission

It is often discussed whether or not it is necessary to process the data prior to
transmission. In the case of this type of message and communication, it is not
necessary to pre-process the data in any major way. A defined information
message is transmitted from the sensor only if the status changes or a specific
event occurs, such as e.g. time or tampering with the water meter, etc.

4.5 Power Supply

Power supply is another important parameter of IoT solutions (Gomez et al.,
2019). A battery is usually used for this type of sensor. Considering how the
battery is used, its expected useful life is up to 16 years (Gomez et al., 2019). For
the cost-effectiveness purposes, let’s assume that its useful life is 15 years. The
device is designed as low-energy because it is independent of any external source
of energy to ensure that the device could not be tampered with during a power
outage (Abbas and Yoon, 2015).

5 RESULTS AND DISCUSSION

All prices are based on market and internet research among companies
developing IoT solutions and companies, which are using these IoT solutions
(utilities providers).

Based on our survey among sensor manufacturers, the price of an IoT device
with the function of electronic data transmission and sonic metering of water
consumption and with an expected 15-year useful life is about 5,000 CZK. An
alternative is a standard mechanical water meter with the function of electronic
data transmission; the investment cost of the water meter with a S-year useful life
is about 600 CZK and the investment cost of the set for remote reading with an
unlimited useful life is about 2,500 CZK. In both cases, it is necessary to add
installation and operating costs of the device in the IoT network. Installation
costs are about 200 CZK per device (regardless of the type of device), operating
costs are about 100 CZK per year (regardless of the type of device), the cost of
device validation every five years is about 200 CZK (only for the sonic metering
option).

Assuming a 15-year useful life, total annual costs are as follows:
* In the case of sonic metering:
5,000 CZK + 3x200 + 2x200 + 15x100 = 7,500 CZK/15 years

=500 CZK average annual operating and investment costs.
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* In the case of mechanical metering:
3x600 CZK + 2,500 CZK + 3x200 + 15x100 = 6,200 CZK/15 years
=410 CZK average annual operating and investment costs.

When speaking of costs, we must always take into consideration benefits,
proceeds or his reduction of other related costs.

When there are no technologies or no technologies are used that automatically
inform the utility provider about the condition of the device, the device must be
checked by a person to ensure its integrity and to identify utility consumption
(water, electric power, gas).

Contrary to electrometers that are usually in hallways and thus generally
accessible, water meters are always inside buildings/apartments. Therefore, it
takes much longer to read/check water meters than electrometers. However, more
devices can be check in one apartment since they are placed on every ascending
pipe for hot and cold water.

For our analysis, it is necessary to take into account the price of a mechanical
water meter with a 5-year useful life, which is on average 500 CZK, and the cost
of its replacement. The installation of a new water meter costs 200 CZK.
Considering the 15-year cycle, the average annual price of a standard water meter
is 3x500 + 3x200 = 2,100/15 years = 140 CZK + the cost of reading.

Let’s assume that an average three-room apartment has three hot water meters (in
the kitchen, bathroom and WC) and one cold water meter.

Let’s assume that one person can check on average 30 apartments during one
work shift, i.e. about 120 water meters (four apartments and 16 water meters per
hour during an 8-hour work shift). It is an average value; more meters can be
checked in a housing development in a big city than in a less densely populated
location where it takes several or even dozens of minutes to get from one meter
to another. The same applies to the number of water meters in a family home that
usually has only two water meters, one cold water meter and one hot water meter.

Therefore, one person can check about 600 apartments per month, i.e. about
7,000 apartments per year. If we assume about 500,000 apartments, i.e.
2,000,000 water meters, we will need at least 70 employees who will check and
monitor the situation. Considering the average wage in Prague, which is about
40,000 CZK, it amounts to 34 million CZK in annual costs (when considering the
company’s costs and disregarding bonuses). To this amount, we must add the
employee’s cost of transportation between metering stations and the ineffective
loss of his time, etc. The annual costs will be about 70 million CZK. The average
annual cost of checking one apartment is about 140 CZK for one reading, i.e.
35 CZK per water meter.

If we add the identified amount of 35 CZK to the cost of standard water meters,
we will get the average annual cost of about 175 CZK per water meter as
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compared to 410 CZK or 500 CZK for both options of remote electronic water
meter reading.

If we assume a one-off replacement of all water meters with new sonic electronic
water meters, the cost will be extreme. Investment and operating costs for 15
years will amount to approximately 15 billion CZK, which we calculated as
follows: the number of apartments x the average number of water meters per
apartment x average annual investment and operating costs for 15 years, i.e.
about 1 billion CZK per year.

If we assume a one-off replacement of all water meters with new mechanical
water meters with remote reading, investment and operating costs for 15 years
will amount to approximately 12.3 billion CZK, i.e. approximately 820 million
CZK per year.

If we assume a one-off replacement of all water meters with new mechanical
water meters, investment and operating costs for 15 years will amount to
approximately 4.2 billion CZK, i.e. approximately 280 million CZK per year.
When we add another 85 million CZK for manual reading, annual costs will
amount to approximately 370 million CZK, i.e. not quite 37% of the cost of
electronic reading in the case of sonic meters and 45% in the case of mechanical
water meters with remote reading.

This shows that a switch to either option of remote water meter reading is not
currently profitable. Nevertheless, we must also take into account potential
savings resulting from a timely detection of fraud, the cost of collecting the due
amount or potential court fees and legal fees, etc. as well as a higher service
value for customers because we can inform them about a water leak. However, it
is difficult to calculate this without knowing well the data.

If we assume that the checking and reading takes place twice a year, the cost of
reading goes up and the disadvantage of remote reading diminishes.

6 CONCLUSIONS

Based on the forecast of the Gartner Company (Panetta, 2017), we can expect a
mass expansion of applications of different comprehensive “Smart City” projects
that will be based on IoT technologies. These technologies can be applied in
different areas of human activities, e.g. an IoT device monitoring the movement
of vehicles to prevent unnecessary trips (Campero-Jurado et al., 2019), a device
monitoring parking lot occupancy, a device monitoring excessive noise and many
others (Jia et al., 2019).

In this article, we focused on one specific application opportunity, which is the
use of IoT sensors monitoring utility consumption (water, gas, electric power as
well as the volume of transmitted data). In our case, it is the application for
monitoring water consumption with the use of water meters based on IoT
technologies. End customers have water meters allowing on-line reading of water
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consumption. It also makes it possible to detect any potential attempt to illegally
tamper with water consumption, such as water meter blocking, reverse water
flow, etc.

The main benefits of these solutions are as follows:
* Immediate identification of tampering with a water meter;
* Online information about actual consumption;
* [Easy installation;

¢ Additional services, such as information about the risk of a water leak, etc.

Negative factors include the limited useful life of the device, which is usually 15
years. This disadvantage is however compensated by the fact that e.g. mechanical
water meters are replaced once every five years. Gas meters and electrometers
are replaced about this often as well.

The current cost of implementation of the innovative solutions is another
negative factor. The calculations in this article clearly show that the solutions are
modern but the cost of their implementation currently hinders their mass
expansion.

The volume of radio communications mainly in densely populated locations
represents another risk factor because it could interfere with the signal
transmitted from water meters and even with the entire network. Potential
interference could be also caused by bad weather — heavy rain, fog (Venticinque
and Amato, 2019) or snow.

Identified results are highly dependent on current market prices, nevertheless
importance of this analysis is emphasise by the fact, that Metering the
Consumption of Utilities was identified by Czech citizens as top priority of IoT
implementation.

Our results are confirms, that before any decision the proper economic analysis
(for example cost benefit analysis) has to be done. This analysis should show that
not all IoT technology models are cost effective.
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ABSTRACT

Purpose: The article aims to identify approaches influencing impact of
organisational culture on development of innovation potential in organisations.

Methodology/Approach: The data were obtained by questionnaire survey in
organisations operating in the Czech Republic (n = 207) that represented all
sectors of Czech economy.

Findings: In today’s highly competitive environment, organisations need to
focus on setting an organisational culture that will support the development of all
employees’ knowledge and potential. The results have shown that the surveyed
organisations are characterised by two basic approaches to setting the
organisational culture for creating innovations: either an emphasis on
relationships and collaboration or an emphasis on productivity.

Research Limitation/implication: The limit of the article may be seen in a
relatively small sample of respondents; however, with respect to the stratified
sampling the sample is representative.

Originality/Value of paper: The contribution of this paper lies in the
identification and evaluation of approaches to support innovation potential based
on type of organisational culture. The practical contribution lies in identification
of approaches used to set efficient organisational culture and in presenting
concrete results from real organisations that redesigned their culture and
identified efficient variables for its design and implementation. The results are
important for development of efficient approaches to organisational culture.

Category: Research paper

Keywords: quality; efficiency; innovation; organisation; productivity; approach
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1 INTRODUCTION

In today’s competitive environment innovations developed in organisations help
to develop competitiveness. Innovations support improvement of processes and
increase product efficiency. Innovations drives competitive advantage thanks to
development of new products, services, efficient process set-up, etc. that enable
organisations to meet customer needs in the shortest time and as best as possible
(Adams, et al.,, 2019; Corstjens, Carpenter and Hasan, 2019; Grinza and
Quatraro, 2019; Bocken et al., 2014).

The growing importance of information, knowledge and innovation in today’s
competitive environment has brought fast process of interrelated changes
impacting each employee of an organisation, individual teams and the entire
organisation (Cerne, Jaklic and Skerlavaj, 2013; Avolio, Walumbwa and Weber,
2009). To develop innovation potential, every organisation needs knowledge,
new skills, flexible working conditions and setting of organisational climate and
culture that support development of innovations and each individual’s innovation
potential. Every employee is a bearer of knowledge and has potential that an
organisation can use to its advantage. So far, research results show that
innovation activities of organisations are limited by lack of qualified human
resources in organisations (Hitka et al., 2017; Diesel and Scheepers, 2019; Acebo
and Viltard, 2018; Kampf, Hitka and LiZbetinovéa, 2019; Kiron et al., 2013).

Skilled human resources, individual employees of organisations, are absolutely
necessary and irreplaceable when creating innovations, quality research and
development, and implementing innovation processes. However, employees’
knowledge, skills and abilities must be developed continuously (Urbancova,
2013; Stachova and Kachanakova, 2011). Therefore, it must be stated that in
order to remain competitiveness, it is essential that employees need to be able to
continue their learning, improve their qualifications and capitalise their potential
(Nidumolu, Prahalad and Rangaswami, 2009; Cerne, Jaklic and Skerlavaj, 2013;
Avolio, Walumbwa and Weber, 2009). The right set up of organisational culture
plays important role in organization and has important implications for
managerial action in area of employee development and using of their potential.
However, research on the links between culture and innovation remains limited.

The article aims to identify approaches influencing impact of organisational
culture on development of innovation potential in organisations.

The article consists of four main parts. The first part summarise theoretical
assumptions and leads to synthesis of the latest research findings in the given
field. Chapter Methodology describes research methods and procedures. Results
present research outcomes and implications. Discussion presents comparison of
achieved results with similar researches in the studied field. Particular
recommendations for organisations are presented in Conclusions section.
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1.1 Theoretical Background

The shorter expiry-time of information, constant need to expand knowledge and
skills and rapid development of ICT have completely rebuilt labour market by
reducing number of low-skilled jobs and increasing number of jobs with high
demands of skills, competences and education together with necessity of
flexibility. This has resulted not only in the change in the work life in
organisations but also in a greater emphasis on continuous development of every
individual and focus on innovations (Geradts and Bocken, 2019; Jin, Navare and
Lynch, 2019; Huo, Motohashi and Gong, 2019). The cultural context in which an
organisation operates influences the level of innovation (Lijauco et al.,
2020). Organisations need to adapt to modern trends in management, continual
changes in markets and external environment, and these changes must be
reflected in an organisational environment setting (Chen et al., 2018; Stankiewicz
and Lychmus, 2017). Also, organizational sustainability significantly intervenes
in the interaction of organizational culture and innovation (Srisathan, Ketkaew
and Naruetharadhol, 2020). It is necessary to realise that innovation is in its core
applied new knowledge, which is a valuable organisational resource linked to
human element, since the bearer of knowledge is always and employee.

In the globalised economic environment, not only organisations but also entire
states compete, and their competitiveness no longer depends solely on material
resources, but primarily on employee knowledge, knowledge creation, its
preservation and sharing, and, last but not least, its use. Continuous development,
increasing individual knowledge, skills, qualifications and experience will
improve the innovation potential of individuals, teams and organisations in all
types of innovation that are distinguished in practice which is confirmed by
atuhors (Leopold, 2019; Hollensbe et al., 2014; Cerne, Jaklic and Skerlavaj,
2013; Bocken et al., 2014; Stachova, Stacho and Vicen, 2017).

First and foremost, employees can help their organisation to effectively set
processes (process innovations) by implementation of their ideas, for example by
introducing new or improved production or delivery methods. Employee
commitment to organisational culture impacts knowledge creation, and openness
to change, and positively influence employees’ knowledge creation (Chai, Song
and You, 2020). Significant effect of organizational culture on organizational
sustainability in cultural characteristics and to maintain the core business
competencies as marketing, operations, customer orientation, and financial
management (Srisathan, Ketkaew and Naruetharadhol, 2020). This innovation
type can lead to reduction in material consumption and labour costs for the
organisation and to improvement in working conditions for employees, etc. The
result is a profit growth, possibility to launch new variants of the marketing
strategy compare to competition, etc. In addition, employees can use their ideas
to assist in marketing innovations by introducing new marketing methods that an
organisation has not used yet (e.g. redesigning product and its packaging, placing
it on the market through new sales channels, new pricing strategy, etc.). To use
current innovations and to support employees’ potential for new innovations, the
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type of organisational innovation is very important. In this area, a new
organisational method is introduced in business practices of the organisation, in
structure of jobs or in external relations (e.g. by creating a new type of
cooperation with suppliers). Last but not least, it is necessary to mention product
innovations that improve organisation’s market position (Grinza and Quatraro,
2019; Adams et al., 2016; Bocken et al., 2014). The fact that an organisation
comes up with anew product or service brings about several advantages,
primarily in building a brand, not only of the product/service, but also the
employer’s brand.

Without employees and their knowledge, however, organisations will find it very
difficult to achieve innovations, as innovators are mostly talents that need to be
constantly developed and supported in their creativity and their activities by
suitable set working and organisational conditions (Urbancova, 2013). It is
necessary to realise that organisation’s performance is not exceeding based on its
resources it has, but it depends mainly on quality of its employees. People
working in organisation and having the same values as management are the most
valuable capital. When managing innovations themselves, it is necessary to
maintain a rational attitude of organisation’s management towards innovations,
i.e. to continually model situations of threats, to consider risks, and last but not
least, to think about new products and innovation of every area In organisation.
Again, it is up to employees - high-quality managers to reveal weak, sometimes
hidden signals that customers send to express their needs, and to be able to search
for them. In other words, nowadays it is impossible to innovate within
organisations without high-quality employees (Lenihan, McGuirk and Murphy,
2019; Wei, Kang and Wan, 2019; Geradts and Bocken, 2019; Acebo and Viltard,
2018).

Culture is usually manifested through the beliefs and values related to various
organizational aspects which influence the overall performance, outputs and
innovations in an organisation (Lijauco et al., 2020). To ensure that employees
can be continuously developed, it is necessary to set the appropriate
organisational culture which supports employee development and considers
reasonable expenses on development. The expenses dedicated to employee
development can be considerd as an investment that will return to organisation
(Liao, 2018; Messick et al., 2019). If organisational climate and organisational
culture are set improperly inefficient use of working time, problems and conflicts
in the workplace, employee turnover and ineffective communication can occur
instead of innovations and progressive use of employees’ innovation potential
and labour productivity (Leopold, 2019; Kiron et al. al., 2013; Nidumolu,
Prahalad and Rangaswami, 2019). From the organisation’s perspective, current
organisational culture should be in harmony with strategically designed
organisational culture. The nature of current organisational culture can be
overcome by changes in organisation’s economic, social or technical
environment and by change in its market position by a takeover or merge
(Messick et al., 2019; Wei, Kang and Wan, 2019; Acebo and Viltard, 2018).
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The relationship between organisational culture and innovation has recently been
increasingly monitored and researched by many authors worldwide. Many
researchers focus on research in various environments and sectors, regions and
states, especially in developed countries, but there are also studies mapping the
influence of organisational culture on innovation in developing countries, as
reported by Sanchez-Béiez, Fernandez-Serrano and Romero (2019), Biischgens,
Bausch and Balkin (2013), and Lemon and Sahota (2004). However, research in
this area in the Czech Republic has not been conducted yet. Since organisational
culture is specific to every organisation and represents a fundamental principle of
functioning of an organisation, it is necessary to pay attention to it. The
effectiveness with which culture is used in an organisation is reflected in
organisation’s ability to achieve results and innovations (Martins and Terblanche,
2003). The external organisational culture, i.e. the one perceived by competitors,
potential customers and employees plays an important role in every organisation.
Every organisation is perceived by its stakeholders through selected elements of
culture and one of them is employee development and innovation potential.
These elements of culture influence the brand of an organisation either in a
positive or negative sense. This impacts an organisation’s position in the market
and also possible recruitment and retention of high-quality and talented
employees with potential. To develop their innovation potential, organisations
need knowledge, abilities and skills of their employees. Therefore, innovations
can only be achieved when employees’ potential is continuously developed and
increased. Based on above mentioned, this article deals with setting a suitable
organisational culture that supports employee development and their innovation
potential.

2 METHODOLOGY

The data were obtained by quantitative research focused on innovations and
innovation potential by means of a questionnaire survey in n = 207 organisations.
In total, 860 e-mails to owners or management of organisations were sent out,
207 returned. The e-mail return rate was 24.06%. The sample was selected from
the Albertina database of organisations. The quota sample size was defined using
the Krejcie and Morgan (1970) formula (N = 2,700,000) from Albertina
database, with required confidence level at 95% (standard value of 1.96), the
acceptable deviation rate = 0.03 and the expected deviation rate r = 0.04). Using
this statistical approach to the sample size based on the above-mentioned rates
was met by the conducted survey (n = 207). The minimum number of
respondents was set at 164.

The questionnaire was filled by middle or higher management of addressed
organisations, in case of smaller organisation the owner himself filled the
questionnaire (the responses therefore reflected the point view of organisational
heads/owners/managers). The questionnaire respected the ethical aspect and
anonymity of respondents. The survey contained 16 questions: 4 identification
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questions (sector, area of business activities, size, part of a larger organisation)
and 12 research questions which are further processed evaluated in this article.
All questions were closed-ended (allowing only one response, multiple choice)
and with more response options.

Pilot survey was used to test the questionnaire. Small sample of organisational
representatives were asked to fill the questionnaire and the questions and possible
answers were discussed with them. Based on this feedback, the final
questionnaire was adjusted and finalized.

The questionnaire focused on the following areas: importance of innovations in
organisation, importance of development and maintain innovative culture,
support of innovative culture in organisation, sources used to stimulate
innovation, problem solving at individual level in organisation, common way of
project and task solving, top areas of innovation in organisation, identification of
groups of employees involved in innovation process, procedure of employee
involvement in innovation processes, characterization of a typical manager
focusing on innovations, importance of ergonomics in organisation, system of
ergonomics in organisation and ways of its ensuring.

The structure of respondents (n = 207) was as follows:
e Sector: 81.6% — private; 18.4% — public;

* Internationalisation: 45.4% — international organisation; 12.6% — local
organisation; 27.5% — national organisation; 14.5% — regional
organisation;

* Part of group of organisations: 44.9% is part of a larger group; 55.1% is
single owned;

» Size of the organisation: 21.3% with 1 — 9 employees; 26.1% with 10 — 49
employees; 23.2% with 50 — 249 employees; 29.5% with 250 and more
employees.

The following null hypotheses were tested:

Hol: There is no significant dependence between focus of organisational culture
and sector where an organisation operates.

Ho2: There is no significant dependence between focus of organisational culture
and market (national vs. international).

Ho3: There is no significant dependence between focus of organisational culture
and ownership of an organisation.

Ho4: There is no significant dependence between focus of organisational culture
and size of the organisation (number of employees).

The results were analysed using statistical tools — the dependence test (¥2) and
the power of dependence test (Cramer’s V). In cases where the determined p-
value was below the significance level of a = 0.05, the null hypothesis was
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rejected because data demonstrated statistical dependence between qualitative
variables. In such cases, the strength of dependence was determined using
Cramer’s V coefficient. The strength of correlation was interpreted in accordance
with the categories of De Vaus (2014). For the purposes of the dependence test,
the responses in the questionnaire were merged into dichtomic structure (answer
was marked or was not marked).

To identify further relationships between variables, factor analysis (multivariate
statistics) was used based on adequate quality of dependencies found in the data
matrix. The factor analysis was conducted after the correlation analysis and the
principal component analysis. We used the Varimax method and the Kaiser-
Guttman rule for selection of significant variables to form factors according to
Anderson (2009). The factor was considered for further evaluation only if the
value was greater than 1 (initial loading); values of variables exceeding 0.3 were
considered significant to form the factor.

The statistical software used to evaluate the data was IBM SPSS Statistics 24.

3 RESULTS

Based on the results, it can be summarised that the surveyed organisations have
their organisational cultures set to support knowledge and experience sharing
among employees in order to strengthen innovation potential of individuals,
teams and the entire organisation. Representatives of organisations were asked
which operating areas were innovated. Representatives could select more
answers. The results shown that organisations surveyed mostly innovated
working procedures (24.9%), quality of work (19.3%), labour productivity
(16.7), and the portfolio of products and services (12.7%).

To specify setting of organisational culture in line with the focus on the type of
innovations, dependencies between organisational characteristics were
determined, see Table 1.

The Table 1 shows dependencies between setting of organisational culture and
the fact whether the organisation is part of a multinational company and size of
the organisation (the strength of dependence ranges from 0.192 to 0.323, which is
a weak to medium dependence).

The results show that setting of organisational culture affects the decline in
labour productivity (5.6%), efficient use of working time (14.8%), problematic
interpersonal relationships in the workplace (16.7%), high staff turnover (11.1%),
insufficient communication between individual organisational units (22.2%),
discrepancy between the current culture of organisation and strategically needed
organisational culture (7.4%), overcoming the nature of current organisational
culture by changes in economy, social or technical environment of organisation
(16.7%) and change in the market position of organisation by an acquisition
and/or merge (5.5%).
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Table 1 — Dependencies between Focus of Organisational Culture and Selected
Qualitative Characteristics (Source: Authors’ Own Calculation based on Survey)

Focus of Absolute % Dependence of the organisation on:

.. £ .
g;%iﬁlli?ltrlg requencies Sector Market Ownership Size

Relationship (p-value/Cramer’s V)

Orientation 51 24.6 NO YES YES YES
on results (0.880) | (0.022/0.211) | (0.003/0.201) | (0.000/0.323)
Orientation 44 21.3 NO NO (0.103) YES YES
on customer 0.177) (0.005/0.192) | (0.021/0.211)
Orientation 48 23.2 NO NO (0.282) NO (0.142) YES
on quality 0.441) (0.006/0.237)
Orientation 28 13.5 NO NO (0.164) YES YES
on (0.652) (0.001/0.233) | (0.004/0.246)
innovation
No focus on 36 17.4 X X X X
innovation

To examine the mutual relationships between variables in more detail, the data
were processed using multivariate statistics according to Anderson (2009); the
factor analysis identified 2 factors influencing aspects of organisational culture
(see Table 2).

Table 2 — Variance Explained by Factors (Source: Authors’ Own Calculation
based on Survey)

Factor Total Variance Total % of Variance Cumulative % of Variance
1 3.977 49.717 49.717
2 1.131 14.134 63.851

The factor analysis identified 2 significant factors combining analysed variables.
The first factor explains approximately 50% of the sample, the second factor
14%. Table 3 shows the results of the factor analysis in detail. The areas
described in methods section on organisational culture were examined.

According to the results shown in Table 3, respondents in the sample can be
divided into two groups. The first group of variables comprises variables of
organisational climate setting, primarily based on interpersonal relationships
(0.743), appropriate communication (0.858) and changes in the social, economic
and technical environment of organisation that affect staff turnover (0.779).
These areas, including communication, relationships and staff turnover,
contribute to the primary reason to reset organisational culture of almost half of
surveyed organisations. The identified factor can be named “Organisational
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Culture Supporting Collaboration” and it explains 49.717% of sample. It is
obvious that variables related to employees and their satisfaction within
organisation are essential. The lack of emphasis on communication and
relationships often results in staff turnover. If an organisation realizes this
mistake, a new setting of organisational culture is effective tool to eliminate
negative areas. This leads to ideal use of human resources that subsequently
creates innovations. A functioning organisational culture involving collaboration,
high-quality relationships and communication leads to knowledge and
information sharing, creativity and value creation for an organisation.

Table 3 — Resultant Factors Determined by the Varimax Method (Source:
Authors’ Own Calculation based on Survey)

Variable Factor 1 Factor 2
Decline in labour productivity 0.062 0.903
Efficient use of working time 0.464 0.711
Problematic interpersonal relationships in the workplace 0.743 0.174
High staff turnover 0.779 0.175
Insufficient communication between individual 0.858 0.316

organisational units

Discrepancy between the current culture of organisation 0.235 0.769
and strategically needed organisational culture

Overcoming the nature of current organisational culture by 0.473 0.430
changes in economy, social or technical environment of

organisation

Change in the market position of organisation, acquisition 0.662 0.134

and/or merge

Total % of Variance 49.717 14.134
Name of the factor Culture Culture
supporting supporting

collaboration productivity

In contrast, the second identified factor involves re-setting of the organisational
culture based on decrease in the labour productivity (0.903), efficient use of
working time (0.711) and setting of a strategically effective organisational
culture (0.769). The factor focuses on development of employee potential
through a suitable working environment that supports knowledge and experience
sharing and innovation potential. The identified factor that characterises
approximately 15% of sample can be named “Organisational Culture Supporting
Productivity”. It can be stated that in this case organisational culture is set up to
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increase labour productivity, not the area of internal collaboration, as was the
case of the first factor.

Both factors characterise the strategic approach of using organisational culture to
enhance organisation’s ability to work more efficient and to generate
innovations. Either in terms of interconnection and collaboration of employees,
or in terms of efficient use of time and thus increasing the labour productivity.
The results develop practice in defining key criteria of innovative approach to
build organisational culture and its efficient use to support innovations. The
results may inspire other researchers to conduct further research in other
conditions and deepen the knowledge of the relationship between organisational
culture and innovation potential.

4 DISCUSSION

Nowadays, innovation is an indisputable part of modern society and a
prerequisite for long-term competitiveness, both for individual organisations or
states, as confirmed by conclusions of Kiron et al. (2013) or Grinza and Quatraro
(2019). Innovation is an intentionally proposed change, with which, however,
only employees of organisations can come up with, as stated by authors
Urbancova (2013), Hitka et al. (2019). The change organisations focus on
depends on abilities of employees and it relates to products and services,
manufacturing processes or management methods used in an organisation for the
first time. In the official statistical survey of the Czech Statistical Office,
innovations in organisations are monitored at the technical (product and process)
and non-technical (marketing and organisational) levels.

As stated by the Czech Statistical Office (2019), the innovation activity of
organisations in the Czech Republic in 2016 increased for the first time since the
economic crisis, mainly due to the growing efforts of small organisations. Also,
for the first time, more financial resources were invested in the research and
development than in the so-called non-knowledge innovations. But it is still not
enough to match the European Union average.

Czech Statistical Office (2019) also published innovation activities of Czech
organisations from 2014 to 2016. The data clearly show that in the mentioned
period 46.3% of Czech organisations innovated their products, processes,
marketing or organisational methods. Compared to the period of 2012-2014, this
is an increase in innovation activity of organisations by 4%. Thus, the negative
trend of a decline in innovation activities brought about by the economic crisis in
2008 has stopped. However, it is necessary to realise that organisational culture
and organisation’s external presentation are a tool to support innovations. Based
on research results, suitable organisational culture:

e creates organisation’s “image”, provides and facilitates a clear view of an
organisation,
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* increases organisation’s attractiveness,

» creates and strengthens customer orientation, high quality of products and
services,

* increases customer loyalty and satisfaction with organisation’s products
and services, and

» clarifies relationship between organisation and external stakeholders.

These results were also obtained by analysis made in this article. Organisations
work with their culture for greater loyalty, strengthening relationships, better
quality of work and improvement of organisation’s climate.

In today’s highly competitive environment, continuous and sustained innovation
means not only innovation of products and processes, but also the development
of human talents and management, as confirmed by the results that have shown
the importance of setting the organisational culture in order to support knowledge
and experience sharing among employees with a view to strengthening
innovation potential of individuals, teams and the entire organisation, as was also
evidenced by the research by Geradts and Bocken (2019), Chen et al. (2018), and
Leopold (2019).

S CONCLUSION

The organisational culture has significant impact on employee development as
well as on their innovation potential. The research results show that
organisation’s focus on a particular type of innovation is influenced by the
organisation’s size and ownership. Innovations are supported in all sectors of
Czech economy. Results identified two factors that characterise level of
innovation potential based on employee development. Firstly, it is suitable
setting of organisational culture to support collaboration (49.7% of the sample)
and setting of organisational culture to support productivity (14.1% of sample).
The first factor involves importance of high-quality relationships and
communication among employees to increase the organisation’s success and
innovation potential. The second factor points to the approach of productivity
increase through appropriate setting of organisational culture. Such elements
operate as a significant mediator contributing to performance to manage
innovation.

The results can improve practical approaches in defining the key criteria of
building organisational culture and its efficient use to support innovations. The
contribution of this paper lies in identification of approaches to organisational
culture that may support innovation potential. The practical contribution lies in
presenting concrete results from real organisations that redesigned their culture
and identified efficient variables which affect the resultant approach to increase
innovation potential. Application of approaches found by factors improves
development of innovation and organisational culture.

ISSN 1335-1745 (print) ISSN 1338-984X (online)



QUALITY INNOVATION PROSPERITY / KVALITA INOVACIA PROSPERITA 24/1-2020 65

As a practical contribution, this paper suggests managers to realise the crucial
elements of organisational culture, such as relationships, communication, and
organizational climate, to improve performance by combining organisational
efficiency in their strategic decisions made during the innovation processes.

The limits of the article may be seen in a relatively small sample of respondents;
however, with respect to the stratified sample representing the real structure of
organisations in the Czech Republic the sample can be stated as sufficient. The
results may inspire other researchers to conduct further research in other
conditions and deepen knowledge about relationship between organisational
culture and innovation potential.
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ABSTRACT

Purpose: The development of an innovative economy is constrained by the
problems of science funding, modernization of scientific institutions and
innovative training of specialists. This article focuses on the problem of
evaluating the effectiveness of the innovation infrastructure of the Republic of
Kazakhstan using a systematized set of performance indicators.

Methodology/Approach: Approaches to assessing innovation infrastructure
have been analysed. Based on the analysis, correlation and regression assessment
model has been developed.

Findings: A forecast has been made for innovative infrastructure development
based on the obtained performance indicators. This forecast is of high practical
significance, as it allows predicting the outcomes of innovation.

Research Limitation/implication: In the light of globalization, it is extremely
urgent to develop an innovative economy along with regional innovation
systems. If combined, these systems can accelerate the innovation processes in
the regions, ensure competitiveness and expedite the socio-economic
development. The formation of an innovative economy should be in line with the
productive forces and production relations.

Originality/Value of the paper: Through categorization, this study establishes a
set of underlying indicators, which are used to measure the performance of the
innovation infrastructure. A model of correlation and regression analysis is built,
which allows evaluating the effectiveness of the innovation infrastructure of
Kazakhstan.

Category: Research paper

Keywords: efficiency; forecast; infrastructure; innovation; national economy
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1 INTRODUCTION

Currently, the effective use of innovative potential, which is the basis of an
innovative economy, is becoming one of the prerequisites for achieving
sustainability and quality of economic growth throughout the world. The main
problem is to determine the factors, criteria and indicators of innovation
infrastructure, build a mathematical model for evaluating effectiveness based on
correlation and regression analysis and develop forecasts for innovation
infrastructure development. The main difficulties in fulfilling the innovative
potential are related to the lack of organizations’ own funds, limited budget and
extra-budgetary financing, including borrowed funds. At the same time, foreign
direct investment in most cases brings innovations in the form of technology
transfer, new approaches to management, etc. In this regard, when developing an
innovative strategy, it is necessary to synchronize it with the investment policy.
All this leads to the creation of an investment and innovation climate in the
country where certain changes are necessary in the taxation system, distribution
of investment preferences, protection of property rights and interests of all
participants in the business process.

Scientific and technical developments do not always become innovative
products, which are ready for production and effective implementation. The
activation of innovative activity requires, on the one hand, coordination of
actions of all public administration bodies and, on the other hand, the integration
of all interested parties in the implementation of innovations, attracting
investments, creating conditions conducive to the innovation process and
introducing the achievements of science and technology to the country’s
economy.

The study aims to systematize performance indicators for the innovation
infrastructure of Kazakhstan and to build a model for the assessment of its
effectiveness.

In modern economic analysis, econometrics is one of the major directions that
uses empirical methods to evaluate economic relationships (Aliyev and
Shahverdiyeva, 2018). The Innovation Scoreboard divides European countries in
four groups according to their innovation performance and captures 80
indicators, distinguishing between four categories of economic knowledge
(Dogru, 2020).

Another assessment methodology focuses on comparable factors, which
influence innovativeness. This methodology is based on the index method that
includes the following indices: access to financing; innovation activity; best
practices; internationalization; activity in the field of intellectual property
(Simeonova-Ganeva et al., 2013). These indices allow the implementation of
descriptive statistics, frequency allocations and rank criteria for the examination
of correlations between factors. They also allow the creation of new models for
multiple linear regressions to access the impact of factors involved in the
innovation process (Kalaydzhieva, 2016).
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Existing approaches use indicators characterizing the innovative potential of the
country, the functional index allows evaluating the functional efficiency, while
the resource and structural indices describe the state of the innovative
infrastructure. However, no comparison was provided for the infrastructure
efficiency and safety. Besides, methods using expert estimates deliver less
accurate and reliable results (Kharitonova and Krivosheeva, 2012; Fomina et al.,
2019).

In modern economic literature, the study and evaluation of the innovative
potential of industrial enterprises receive increasing attention. Previous studies
described a diverse methodology for assessing the innovative development of a
region and a strategic management system (Kortelainen and Littild, 2013; Tafti,
Jahani and Emami, 2012). A set of indicators, developed by Kazantsev (2012),
do not fully improve the accuracy of quantitative measurements. Rauter et al.
(2019) studied openness of firms’ economic innovation measures (Stefan and
Bengtsson, 2017) in the context sustainable development. Organizational culture
affects openness in innovation (Brettel and Cleven, 2011; Wiener, Gattringer and
Strehl, 2018), it also influences sustainability of innovative companies
(Globocnik, Romana and Baumgartner, 2020). The company’s strategy in terms
of the influence of internal and external factors is fundamental to improving the
effectiveness of innovation (Faems et al., 2010). Openness in innovation implies
a loss of control, managerial and organizational complexity, and, consequently,
increased costs (Manzini, Lazarotti and Pellegrini, 2017). Despite the existence
of various forms of open innovation approaches (Hossain, 2010; Mustaquim and
Nystrom, 2014), there is a need to change the design of goods, services and
processes in accordance with the sustainable development requirements of both
customers and non-governmental organizations and the state (Ketata, Sofka and
Grimpe, 2015; Tsai and Liao, 2017).

Framework Programs (FP) of European Commission finance research projects of
consortia in the field of innovation, whose partners consist of representatives of
firms (SMEs and large firms), universities, government research centers and
government agencies from different countries (Barajas, Huergo and Moreno,
2012). Firstly, FP projects are funded through grants from the European
Commission and own funds of the consortium partners. Direct financial
assistance to R&D through grants stimulates socially significant projects.
Secondly, FP encourage R&D collaboration between partners, through which
revenue increases in such consortia (Nepelski, Van Roy and Pesole, 2019). FP
influence the mission of creating new opportunities in the market and the further
development of industries (Audretsch and Link, 2016; Leyden, 2016; Mazzucato,
2016). The problems of management of industrial enterprises in general and, in
particular, the problems of management of their sustainable innovative
development were investigated in the works (Amah, 2017; Sorokin and Novikov,
2019; Tuguskina, 2019; Usov et al., 2018; Ustinova and Sirazetdinov, 2017).
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The article aims to investigate the following:
* assessment methods of innovative potential;
* the formation of a strategy for company’s innovative development;

* most effective methods of innovative infrastructure development.

2 METHODS

For the innovation infrastructure of Kazakhstan, performance indicators were
systematized by categorizing activities that take place within the innovation
infrastructure: financial, information provision & consulting, production &
research, employment & salary payment (Table 1).

Table 1 — Indicators for Assessing Innovation Infrastructure in Terms of
Effectiveness (Source: Developed by the Authors)

Financial
Activity (F)

Information Provision
& Consulting (I)

Production & research

P)

Employment

&salary payment (E)

F1. Internal R&D
costs

I1. Number of advanced
technologies created

P1. Number of research
organizations

E1. Number of

researchers

F2. R&D work
scope

12. Total protection
documents issued

P2. Fixed assets for
R&D

E2. Average salary for

a researcher

F3. Innovation
spending

I3. Exports of
innovative products

P3. Volume of brand
new products

E3. Number of
advanced researchers

4. Total protection
requests issued

P4. Internal equipment-
related costs

Data from 2012-2019 reports of the Agency of the Republic of Kazakhstan on
Statistics (hereinafter, the Statistics Agency) were processed to fit groups
described earlier. A correlation and regression analysis was performed and the
correlation coefficients, paired and general, were calculated. All calculations
were carried out using the Microsoft Excel software (Table 2).

Table 2 — The Set of Indicators to Find Dependence between the Volume of
Innovative Products and Factors of Innovation Infrastructure (Source: Author’s
Own Elaboration Adapted from Reports of the Statistics Agency)

Indicator, 2012 2013 2014 2015 2016 2017 2018 2019
million tenge

Total volume

of innovative | 65,020.| 74,718.| 120,408.| 156,039.| 152,500.| 111,531.| 82,597.| 142,166.
products 40 50 40 90 60 60 40 80
FI.

Internal R&D | 11,643.| 14,579.| 21,527.| 24,799.| 26,835.| 34,761.| 38,988.| 33,466.
costs 50 80 40 90 50 60 40 82
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Indicator, 2012 2013 2014 2015 2016 2017 2018 2019
million tenge

F2.

R&D work 14,374.| 18,549.| 29,591.| 35,571.| 37,041.| 40,172.| 36,998.| 44,577.
scope 60 50 30 60 80 50 40 90
F3.

Innovation 26,933.| 35,360.| 67,088.| 79,985.| 83,523.| 11,3460.| 61,050.| 235,501.
spending 10 30 90 90 40 10 90 70
11.

Number 533.00| 599.00 787.00 920.00 702.00 823.00| 487.00| 1,037.00
of advanced

technologies

created

2.

Total 3,211. 2,870. 4,034. 4,097. 3,071. 5,382. 5,707. 6,358.
protection 00 00 00 00 00 00 00 00
documents

issued

13.

Exports of 43,944.| 48,076.| 65,686.| 81,149.| 82,841.| 60,655.| 34,259.| 73,393.
innovative 80 00 10 90 60 70 50 50
products

.

Total protection | 5,782. 6,045. 5,168. 6,118. 6,175. 6,237.| 0,5725. 5,946.
requests issued 00 00 00 00 00 00 00 00
Pl.

Number 273.00| 295.00 390.00 437.00 438.00 421.00| 414.00 424.00
of research

organizations

P2.

Fixed assets 9,037.| 12,396. 14,584. 19,247. 18,782. 19,176.| 22,003 22,810.
Jor R&D 30 60 20 70 00 70 27 90
P3.

Volume of 9,538.| 21,384.| 44,133.| 88,416.| 107,585.| 89,650.| 71,591.| 12,4587.
brand new 90 70 10 50 80 30 50 50
products

P4.

Internal 827. 1,475. 3,188. 3,416. 1,978. 3,254. 1,131. 1,197.
equipment- 40 50 90 00 10 40 00 40
related costs

El

Number of 9,899.| 10,382. 11,910. 12,404. 11,524. 10,780.| 10,095.| 10,870.
researchers 00 00 00 00 00 00 00 00
E2.

Average salary | 29,348.| 34,946.| 41,512.| 51,400.| 64,108.| 81,810.| 90,325.| 103,571.
Jor aresearcher 00 00 00 00 00 00 00 00
E3.

Number 3,761. 3,753. 4,124. 4,304. 4,224, 4,052.| 4,072. 4,388.
of advanced 00 00 00 00 00 00 00 00
researchers
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The strongest correlations with the volume of innovative products and the
minimal correlations among themselves were established. By assessment, the
most significant factors are the internal R&D costs (F1), the number of new
technologies and solutions created (I1), the export of innovative products (I3),
the internal equipment-related costs (P4), and the number advanced researchers
(E3).

These indicators were applied in the subsequent regression analysis (Table 3) and
substituted as coefficients in the following equation:

Y = 0.196x1 — 24.903x2 + 1.368x3 + 2.35x4 + 68.434x5 — 241745 ey

Where: Y — the volume of innovative products, million tenge; X/ — the internal
R&D costs, million tenge; X2 — the number of new technologies created; X3 — the
export of innovative products, million tenge; X4 — the internal equipment-related
costs, million tenge; X5 — number advanced researchers.

Table 3 — Results of the Correlation-Regression and Variance Analysis of
Performance Indicators (Source: Author’s Own Elaboration)

Regression statistics Analysis of Variance
Multiple R 0.999| Source DF SS MS F P
R-squared 0. 998|Regression 5 8,992,310,933.| 1,798,462,186. 180.980/0.006
531 706

Adjusted 0.992|Residue 2 19,874,681. 9,937,340.

R-squared 749 874

Standard 3,152.355|Total 7 9012185615.

error 280

Coefficients | Standard t- P-value 95% 95%
error | statistic lower upper

Y- -241,745.823 50,970.] -4.743 0.042| -461,052.664 -22,438.
intersection 147 981

01 0.195 0.244 0.800 0.508 -0.855 1.246

El -24.903 11.510| -2.164 0.163 -74.428  24.622

E3 1.368 0.172 7.942 0.015 0.627 2.109

I4 2.350 1.435 1.638 0.243 -3.823 8.523

E3 68.434 16.110 4.248 0.051 -0.880 137.748

3 RESULTS

The results of regression analysis are presented in Table 3. As it turned out, only
three factors have the strongest influence on the effectiveness of innovation
infrastructure: the number of advanced researchers; the internal equipment-
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related costs; and the volume of innovative products. The more advanced
researchers involved per a unit of output, the higher the mean volume of
innovative products. One advanced researcher equals 68.43 million tenge. When
internal costs of the equipment grow extra 1 million tenge, the innovative
products generate additional 2.35 million tenge. If exports rise 1 million tenge,
then the industry will produce additional 1.4 million tenge.

The effectiveness assessment model allows to predict the potential state of the
innovation infrastructure. This requires knowledge about the behavior of the
given factors.

To predict the buoyancy of indicators necessary, the following equations were
applied:

e for Fl:
Y =10926X0.593, )

with a coefficient of determination R2 = 0.954 that indicates high accuracy;

» for I1, a logarithmic function:

Y =132.41In(x) + 560.4Y, 3)

» forI3:
Y =771.1x3 — 12168x2 + 57003x — 9908, 4)

» for P4:
Y =—175.7x2 + 1577x — 557.1, (5)

» for E3:
Y = 67.71x + 3780. (6)

Based on these calculations, the values of performance indicators were
forecasted. Afterwards, the regression equation (1) was applied to forecast the
volume of innovative products (Table 4). As a result average annual growth rate
of the volume of innovative products was 13.6%. The average annual growth
rates for other indicators were as follows. The internal R&D costs are projected
to grow 5.1%. The number of new technologies and solutions will increase by
1.08%. The exports of innovative products are expected to rise 16.2%. The
internal equipment-related costs will become higher by 30.5% and the number of
advanced researchers will grow 6.4%.
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Table 4 — The Effect of Performance Indicators on the Volume of Innovative
Products (Source: Author’s Own Elaboration)

Year Volume of Innovative F1 I 13 P4 E3
Products — Forecast

2007 66,692.51 | 11,643.50| 533.00 43,944.80  827.40 3,761.00
2008 72,248.54 14,579.80|  599.00 48,076.00 147550 3,753.00
2009 122,427.70 | 21,527.50|  787.00 65.686.10| 3,188.90 4,124.00
2010 153,759.98 24,799.80|  920.00 81,149.90 3,416.00 4,304.00
2011 153,046.26 26,835.50|  702.00 82,841.60 1978.10 4,224.00
2012 112,456.93 |34,761.60|  823.00 60,655.70| 3,254.40 4,052.00
2013 81.917.2538,988.40| 487.00 34,259.50 1,131.00 4,072.00
2014 142,460.35 | 33,466.60| 1,037.00 73,393.50 1,197.40 4,388.00
2015 149,610.47 | 40,209.35|  851.31 79,642.90  422.88 4,307.37
2016 198,253.04 42.801.72|  865.26 114,422.00|  22.00 4,334.38
2017 277.505.59 4529049 | 877.88 171,131.10 -49.88 4.358.82
2018 394,015.54 47,688.72| 889.40 254,396.80 33096 4381.13
2019 554,423.84|50,006.86 |  900.00|368,845.70 | 1,288.24 | 4,401.65

The effectiveness assessment model introduced in the study allows to predict the
volume of innovative products. Such application justifies the practical
significance of this model.

4 DISCUSSION

Supporting small innovative organizations is one of many ways to boost
innovation activity and innovative susceptibility of the regions. Unlike developed
countries, small innovative businesses in Kazakhstan do not drive the innovative
growth and do not receive significant inflows of investment. At the present stage
of economic development, various countries tend to provide various kinds of
support, from innovation, to legal, organizational and financial. Kazakhstan is no
exception here. The Government of the Republic of Kazakhstan established an
effective innovation policy, which embraces issues related to the creation and
implementation of innovations, promotion of innovations in foreign markets, and
international cooperation in the field of innovation. Diverse indicators for R&D,
e.g., the R&D personnel ratio, have positive effects on product and process
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innovations, while process innovations affect R&D intensity (Song and Oh,
2015). Business investment (Sosnowski, 2014) is defined as the primary
indicator for measuring innovation activity and recognition of innovation
corporations. R&D expenditures result in new knowledge and ties between
various organizations, research institutes or universities (Cavdar and Aydin,
2015). Innovations such as those incorporated to improve production mediate the
impact of R&D on further advances (Raymond and Saint-Pierre, 2010). Overall,
high investment in innovation enhances innovation effectiveness (De Fuentes et
al., 2015).

Innovative development requires an application of systematic approach, as it is
not considered in terms of unilateral cause-and-effect relationships leading from
R&D to innovation (Doskaliyeva and Orynbassarova, 2016). It presents
interaction and feedback within the set of economic, social, organizational,
financial and other factors that determine both the development of science-
intensive industries and the commercialization of innovative activities
(Manaenko, 2013). To promote investment and technological innovation
activities, it is advisable to apply mechanisms and regulatory instruments,
including models based on public-private partnership in the field of investment
(Sun, Mitra and Simone, 2013). In particular, many well-known researchers
made significant contribution to the theoretical foundations of innovation and
investment processes (Bleda and Del Rio, 2013; Blind, 2016; Bloch and Bugge,
2013; Geels, 2013).

Industrial production occupies a significant place in the structure of GRP of the
region — 41%. Figure 1 shows the GRP of East Kazakhstan region in 2016-2018.

3500+ 3433.3

1 3095.2
3000+

2793.9
2500 ~
2000 ~
1500

1000

GRP, billion tenge

500

0

2016 2017 2018

Figure 1 — The GRP of the East Kazakhstan Region in 2016-2018, billion tenge

In the region, there are car, bus and tractor assembly plants located, where,
starting from the nodes and assemblies to the last screw, there is an urgent need
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to create production of the manufacturing of components for these assembly
plants.

About 1.6 million hectares or 5.6% of the region territory is covered with high-
trunk forests, which are represented by such species as fir, larch, spruce, cedar,
aspen and birch, and where about 70% of the business wood of Kazakhstan is
concentrated. At the same time, the woodworking industry, which was quite
developed in the past, currently has a significant decline and needs to be restored.
In order to develop small and medium-sized businesses using the resource
potential of the forestry of the region, it is planned to implement two investment
projects for processing low-speed, small-scale timber within the framework of
the state program of industrial and innovative development. In 2018, the project
“Reconstruction and development of woodworking and plywood-producing
enterprises” was put into operation.

Agriculture is also a fairly developed sector of the economy today. In order to
increase the productivity of animals, it is important to increase the efficiency of
pastures in this direction. The volume of gross agricultural output compared to
the corresponding period last year increased by 15.1% and amounted to 45.1
billion tenge. According to the index of physical volume of gross agricultural
output, the region is on the 4th place in the Republic of Kazakhstan. The
dynamics of agricultural development in terms of gross output in 2016-2018 is
shown in Figure 2.

506.7
500+ 472

415

million tenge

2016 2017 2018

Figure 2 — The Gross Output of Agriculture 2016-2018 years, million tenge

However, due to the low water content, many pastures are not used effectively. In
this regard, it is required to provide them with cattle drinking water through the
drilling of deep water wells.

The agriculture of the region is mainly represented by animal husbandry, and
there are rural regions that are exclusively engaged in animal husbandry. At the
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same time, enterprises for deep processing of livestock products are not
developed in these regions.

The existing enterprises for processing of agricultural products also do not meet
the existing requirements on the level of technological equipment and technology
and require reconstruction and modernization.

The region has an inexhaustible potential of energy opportunities. In the annual
(about 8 billion kWh) volume of electricity generation, about 70% is accounted
for by hydroelectric power plants, and the rest by thermal power plants.

Small business is the most important component of the economy of the region
and one of its main reserves (14% of the total number of Kazakhstan). The
quantitative indicators are shown in Table 5.

Table 5 — Number of Existing Small and Medium-Sized Businesses in the Regions

Name of cities and areas Number of operating SMEs, units
2016 2017 2018

Total 87,041 79,966 87,678
Ust-Kamenogorsk 27,204 26,424 28,466
Semey 21,343 18,047 20,880
Ridder 2,907 2,615 2,758
Kurchatov 555 468 486
Abay district 970 888 960
Ayagoz district 3,576 3,391 3,677
Beskaragai district 964 892 908
Borodulikha district 1,420 1,312 1,379
Glubokovsky district 2,398 2,273 2,354
Zharma district 1,822 1,566 1,715
Zaysan district 2,379 2,450 2,751
Katon-Karagaysky district 2,255 2,121 2,189
Kokpektinsky district 1,633 1,621 1,794
Kurchumsky district 1,684 1,633 1,715
Tarbagatai district 2,823 2,829 3,176
Ulan district 2,001 1,890 2,066
Urjar district 4,339 4,039 4,433
Shemonaiha district 2,586 2,341 2,508
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The number of registered small and medium-sized enterprises (SMEs) is 111.0
thousand units or 99.9% by 2017. The number of active entities in the SME
sector amounted to 87.7 thousand units or 109.6% by 2017. In 2018, the volume
of output by SMEs amounted to 995.6 billion tenge, with an increase of 95.4
billion tenge or 110.6% to the corresponding period of 2017 (900.2 billion
tenge). The index of physical volume (IFO) of output by SMEs — 104.6%.

Describing the effectiveness of the use of budget funds for research and
development in Kazakhstan, it should be noted that at present, the total cost of
research and development is practically not paid back by the cost of the amount
of scientific and technical work performed. The Law of the Republic of
Kazakhstan “On innovation” regulates relations in the field of innovation and
defines the fundamental principles, directions and forms of implementation of
state innovation policy. At the same time, special attention is paid to rapidly
developing areas, in particular information and telecommunication technologies
and electronics.

The system of indices, sub-indices and indicators used to measure technopole’s
performance has a hierarchical structure (Aliyev and Shahverdiyeva 2017;
Shahverdiyeva, 2017). The first category of indicators consists, in fact, of only
one index — the composite technopole index. The second category includes 10
indices, the third category — 106 sub-indices, and the fourth category — 320
macro/micro indicators, which embrace official statistics and other external and
internal factors. The fourth-category of indicators plays a fundamental role in the
expert measurement of the third- and second-category sub-indices, mostly. In this
case, absolute indicators and their specific values are used. The approach varies
depending on the context. A composite technopole index is made up of weight
ratios given by the experts and specific indices that were examined in (Aliyev
and Shahverdiyeva 2017; Bhattacharya and Saha, 2015). To measure technopole
performance, the potential socio-economic indicators of technopole development
are used alongside a correlation-regression analysis. As an investigated indicator,
total innovative product or service production volume in the technopole has been
accepted. Based on the initial values of performance indicators, the econometric
model of technopole performance was established. To identify contributive
factors, a pair correlation matrix has been implemented (Gusarova and
Kuzmenkov, 2016; Shahverdiyeva 2017).

The ranking method used to evaluate complex performance is built around two
categories of resources, production and innovation. For instance, decision on
whether to initiate a technopole depends on the value of five indicators in the
category of production resources (HER-X1, MTR-X2, SCP-X3, FFI-X4, SAF-
X35). Indicators displaying the innovation background (INV-X6, SRE-X7, ECO-
X8, SPD-X9, IRRX10) play an important role in the service-based technopole.
The performance of some technopoles depends on the institutional environment
(BTE-X11, INV-X12, HEA-X13). These factors, which were included in the
regression models, were statistically significant and contributive to the total
volume of products/services. Additional characteristics of the regression model
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allow to predict the performance of technopoles and calculate the volume of
innovative products/services (Aliyev and Shahverdiyeva, 2018).

When comparing the present assessment model with the existing ones, the study
established the common goal of the employment of mathematical methods in the
innovative economy. Techniques used to ensure sustainable economic
development and innovative production growth in technology parks are aimed at
accelerating the formation of a knowledge-based economy.

The novelty of this study is that it identified factors, which, alongside the
production-related costs, have the strongest impact on the performance of the
innovation infrastructure. These factors are the exports of innovative products,
the number of advanced researchers, and innovation spending.

S CONCLUSIONS

Under conditions of globalization, regions will not be able to step on the path of
socio-economic development without innovation strategies. Currently the
development of innovative economy is constrained by problems in the field of
science financing, laboratory modernization activities that are currently in action;
specialist training issues; poor support of education; the lack of innovative
susceptibility of business and low financial opportunities; and by an insufficient
innovation infrastructure in the regions. In this regard, the formation of spatially
localized innovative subsystems with strong bonds that are connecting science,
education, and production is objectively necessary.

Through categorization, this study established a set of underlying indicators used
to measure the performance of the innovation infrastructure. The set consists of
indicators evaluating:

* financial activity: the internal R&D costs; the R&D work scope; and the
innovation spending;

* information provision and consulting: the number of advanced
technologies created; total protection documents issued; the exports of
innovative products; total protection requests issued;

* production and research: the number of research organizations’ fixed
assets for R&D; the volume of brand new products; internal equipment-
related costs;

* employment and salary payment: the number of researchers; average
salary for a researchers; the number of advanced researchers.

A model of correlation and regression analysis was built, which allowed to
evaluate the effectiveness of the innovation infrastructure of Kazakhstan. The
analysis revealed that only three factors have the strongest influence on the
effectiveness of innovation infrastructure: the number advanced researchers; the
internal equipment-related costs; and the volume of innovative products.
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An innovation infrastructure development forecast was made based on the
behaviour of given performance indicators. The volume of innovative products
was projected to increase 2.72-fold over the coming five years, reaching
39,318.59 million tenge in 2025.
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ABSTRACT

Purpose: The paper deals with the differences of supplier performance
management characteristics by different size of the enterprises and sectors of
industry.

Methodology/Approach: The research is based on a questionnaire survey
carried out in 2016-2019 in 366 enterprises. Four hypotheses were formulated,
focused on supplier selection preferences, frequency of supply evaluation,
providing feedback to the suppliers about their performance and quality control.
The results are analyzed by the tests of Chi-square statistics.

Findings: The results show that the enterprises differ in the criteria of the
selection of the supplier, frequency of supply evaluation and providing feedback
to the suppliers about their performance according to their sector industry. In
terms of the size of the enterprises, differences were found only in the evaluation
of suppliers and evaluation feedback. Enterprises did not differ in quality control
of the deliveries.

Research Limitation/implication: The results show that quality is the most
evaluated criterion in the selection of the suppliers. In the future, the importance
of other environmental and Industry 4.0 criteria will grow. It is recommended
combining supplier evaluation and reviews with the feedback to the suppliers to
improve the performance of the suppliers.

Originality/Value of paper: The study compares the enterprises in terms of their
size and industries in the area of supplier performance management
characteristics. These criteria are often not mentioned nor compared in other
publications.

Category: Research paper

Keywords: quality; suppliers evaluation; quality control; preferences
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1 INTRODUCTION

In recent years, the enterprises have had to compete in the magic quadrilateral —
time, cost, quality and service, and continually fought for their market place.
Quality plays a major role in this area, in terms of criteria relating to the selection
and evaluation of the suppliers, relations with the suppliers, quality control and
quality improvements resulting from long-term cooperation. By Shalygin (2018),
the enterprises prefer to choose a supplier because of the possibility to reduce
product costs and to improve product quality. The aim of the enterprises is to
establish long-term cooperation, beneficial for both partners and improving the
operational processes.

The selection of reliable suppliers is a prerequisite for the successful
management of the production process and therefore it is necessary to pay
increased attention to it. Today, the enterprises tend to place the reliability first,
encouraging the emergence of partnerships. The enterprise must be able to
“foster and educate” good suppliers. It means conducting regular evaluations of
contracts concluded during the year, at least once a year. The question of the
frequency of such evaluation is also closely related to the evaluation of suppliers.
The evaluation is based primarily on control of the quality of supplies. Suppliers
should be informed about the outcome and results of the evaluation in various
ways. The paper deals with the supplier performance management in context of
size and sector characteristics of the enterprises.

2 STATEMENT OF A PROBLEM

This section outlines an overview of literature related to the supplier performance
management (SPM). Supplier performance management is “the process
of evaluating, measuring, and monitoring supplier performance and suppliers’
business processes and practices for the purposes of reducing costs, mitigating
risk, and driving continuous improvement” (Gordon, 2008, pp.4). SPM include
delivery, cost and quality performance measurement (Monczka et al., 2015). We
define SPM as a process in which supplier performance is improved by ensuring
quality of selection, evaluation, feedback, quality control and other processes to
achieve the benefits of business relations.

2.1 Preferences for Selecting Suppliers

The selection of suppliers is one of the most important purchasing management
process for many enterprises within the supply chain, including small and
medium sized enterprises (Yadav, Sharma and Singh, 2018). Traditional supplier
selection process covers the requirements of a single enterprise only. Hovewer,
from strategic perspective, the whole supply chain needs and the long-term
supplier relations should be considered (Araz and Ozkarahan, 2007).

Historically, the most important factors considered in supplier selection process
are related to quality, delivery and price. Dicksons’ study (Dickson, 1966) stated
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that quality, delivery, performance history, warranties and production facilities
and capacity are the most important five criteria. Based on his study, Weber,
Current and Benton (1991) later compared the selection criteria. Price was the
highest-ranked factor, followed by delivery, quality, production facilities and
capacity and geographic location. Sonmez (2006) examined the relative
importance of the criteria for supplier selection in different industries in the
literature that appeared between 1985 and 2005 and concluded that the private
sector enterprises do not base their selection decisions solely on the price, and
also other criteria are considered. Deshmukh and Chaudhari (2011) compared the
supplier selection criteria with older findings and concluded that price, quality,
delivery, production facility and capacity and technical capability are still the
most ranked. Similarly, Pal, Gupta and Garg (2013) notice that the basic criteria
typically utilized for selecting the suppliers include pricing structure, delivery,
product quality, and service.

Tahriri et al. (2008) state that after 2003 more attention is given to the qualitative
criteria. Zeydan, Colpan and Cobanoglu (2011) prefer combination of both
qualitative and quantitative indicators. Kar (2014) pointed out that with the
increased complexity more qualitative criteria are popular. Recent studies (Yildiz
and Yayla, 2015) show that quality, delivery, cost, price and service were the
most important supplier selection criteria. According Mwadulo and Munialo
(2019), criteria of selecting suppliers changed over time, but some of the criteria
such as cost, quality and delivery performance remain important. Nowadays, the
importance of ability to integrate IT systems in context of Industry 4.0 (Vrchota
and Pech, 2019) are gradually increasing.

Based on the research, the authors planned to analyze supplier selection
preferences by sector industry and enterprise size. Working hypotheses are the
following:

Hla: The enterprises differ in preferences for selecting the suppliers according to
the sector.

H1b: The enterprises differ in preferences for selecting the suppliers according to
the size.

2.2 Frequency of Evaluation of the Suppliers

There are different procedures for evaluating the suppliers in each enterprise,
which usually differ in criteria and methods used. Some enterprises evaluate their
supplies and manage their performance in a simple way — they just find the right
metrics to put on the scorecards (Gordon, 2008). To evaluate the suppliers and
the supply chain performance, various metrics are used, such as the SCOR®
model (Lima and Carpinetti, 2016), sustainable supplier selection and evaluation
framework (Luthra et al., 2017), benchmarking methods (Souliotis, Giazitzi and
Boskou, 2017), key performance indicators (Parmenter, 2010) and the evaluation
based on balanced scorecard (Thanaraksakul and Phruksaphanrat, 2009). The
main objective of supplier evaluation is to anticipate such events that could result
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in future quality problems. According to ISO 9001:2015 (ISO, 2015) selected
suppliers must be evaluated regularly and the frequency of the evaluation
determined. The frequency is usually performed once a year, but sometimes it
more frequent monitoring may be required. The problem of frequency of
suppliers evaluation analyzed Simpson, Siguaw and White (2002).

Frequency of supplier evaluation is the second topic of the research. Our
hypotheses are to confirm that there are differences by sector industry and size:

H2a: The enterprises differ in suppliers evaluation frequency according to the
sector.

H2b: The enterprises differ in suppliers evaluation frequency according to the
size.

2.3 Providing Feedback to the Suppliers about Their Performance

Reporting the evaluation results provide useful information and feedback to the
suppliers. By ISO 9001:2015 (ISO, 2015), communication to the suppliers should
include controling and monitoring of suppliers performance. It means that the
enterprises obtain feedback relating to quality of products, services and results of
supplier evaluation. Periodic in-depth performance reviews are the key long-term
activities, especially when the enterprise implement the JIT method. These
reviews are typically conducted quarterly and monthly (Giunipero, 1990). The
suppliers should be provided feedback related to the results of the evaluation,
either negative or positive. To avoid the financial and operational issues, the
problems with poor supplier performance should be addressed as soon as
possible (Monczka et al., 2015). Many enterprises, however, usually only inform
their suppliers of negative results or communicate only when they decide to
replace the supplier. The inspections of the enterprises are appropriate.
Replacement of the inferior suppliers is usually not a solution because the new
ones may not be more reliable and the whole cycle may be repeated again.
Therefore, the method of selecting suppliers is rather important. Prahinski and
Benton (2004) analyze how the suppliers perceive supplier evaluation
communication with a producer and providing the feedback.

The difficulty of the feedback may vary by sector industry and enterprise size. So
the following hypotheses are tested:

H3a: The enterprises differ in providing feedback to the suppliers according to
the sector.

H3b: The enterprises differ in providing feedback to the suppliers according to
the size.

2.4 Quality Control of Deliveries

Quality control is an activity in manufacturing of goods or the provision of
a service in the required and uniform acceptable quality that allows full customer
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satisfaction. The main objective of quality control is to prevent production of
defective items and scraps (Jain, 2001). Total Quality Management is ‘“the
process of designing and maintaining an environment conducive for performance
for a group of people working together for attainment of the common objective in
time” (Mukherjee, 2006, pp.17). The term “total” refers to the quality of the
entire enterprise. Term “quality” include quality of product, services, processes,
relationships and term ‘“management” point out the managing and control
processes to fulfil desired customer needs. Quality management use the statistical
control techniques for detect deviations from quality standards. Mutual trust
between the enterprises often leads to the fact that the customer does not check
the quality of the supplies, possibly only at random, and relies on the supplier to
always have done it. This also speeds up the manufacturing process. Regular
suppliers have the certainty of selling their products for several years, however
for such advantage they must strive to gradually reduce their prices.

In case of quality control, the authors tested the differences between industry and
enterprises size. The working hypotheses are as follows:

H4a: The enterprises differ in the way they realize quality control of their
suppliers according to the sector.

H4b: The enterprises differ in the way they realize quality control of their
suppliers according fo the size.

3 METHODOLOGY

The main aim of the paper is to analyze the differences in supplier performance
management characteristics according to different enterprise size and sectors of
industry. In 2016-2019, the authors carried out a questionnaire survey in 366
enterprises. The questionnaire focuses on five main groups of SPM
characteristics: preferences for selecting suppliers, frequency of suppliers
evaluation, providing feedback to the suppliers, and quality monitoring of
deliveries. The research was processed according to two viewpoints:

* by sector (specialization) of the industry (classified by CZ-NACE) into: 1.
Engineering and electro-technical production (CZ-NACE groups 24-30),
2. Production of products for domestic use (CZ-NACE Groups 13-16, 31-
32; households supply), 3. Food production industry (CZ-NACE Groups
10-12), 4. Chemical, paper and non-metallic production (CZ-NACE
groups 17-23), 5. Agriculture (CZ-NACE groups 01-03);

* by enterprise size (according to the number of employees) into: small
enterprises (up to 49 employees), 2. Medium enterprises (50-249
employees) and 3. Large enterprises (over 250 employees).

More than half of the enterprises concerned mechanical engineering enterprises
(51.1%), household goods made up 15.6% and food businesses 14.2%. The other
two fields (Chemical, Agricultural) are represented only in some years (Table 1).
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Table 1 — Research Sample Characteristics (2016-2019) (Source: Author’s Own
Work)

Group | Category of enterprises Number Total
Sector | Engineering and electro-technical production 187 366
Household supplies (next only household) 57
Food production industry 52
Chemical, paper and non-metallic production 49
Agriculture 21
Size Small (1-49 employees) 126 366
Medium (50-249 employees) 128
Large (over 250 employees) 112

The two-sided hypotheses were tested by the statistical analysis in software R
based on the test of equal or given proportions (z-test) with the Yates continuity
correction (Pearson’s chi-squared test statistic). The results are interpreted at
alpha level 0.05. For reasons of clarity, only the significant results, including
achieved level of significance (p-value), are given in the text.

Pa~ DPs
\Npq/n,+pglng M)

Where p4 is the proportion observed in group A with size na, pp is the proportion
observed in group B with size np p and ¢q are the overall proportions.

z=

4 RESULTS

The results of the analysis are summarised and divided into four parts according
to the working hypotheses.

4.1 Preferences for Selecting Suppliers

The authors tested the factors playing the most decisive role in the process of
selecting suppliers (quality, price, speed of deliveries etc.). It was possible to use
three-point scoring (1 = low importance, 2 = middle, 3 = very important). For
better overview, only the preferences scores are presented. As reported by
Table 2, all the enterprises prefer reliability of the delivered items, followed by
the quality. The price is scored as the third most important. Currently, less
emphasize is surprisingly given to speed of delivery and services, in spite of, that
both of these two factors offer a considerable advantage in competition.
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Table 2 — Preferences for Selecting Suppliers (%) (Source: Author’s Own Work)

Category Quality Price Speed Reliability | Services*
Engineering and electro- 28.2 15.8 15.3 30.7 10.0
technical production

Household supplies 30.6 16.5 12.4 30.6 9.9
Food production industry 28.9 18.4 16.7 272 8.8
Chemical, paper and non- 26.1 15.2 15.2 32.6 10.9
metallic production

Agriculture 27.9 26.2 9.8 26.2 9.8
Small (1-49) 274 18.1 12.5 32.7 9.3
Medium (50-249) 28.7 17.5 15.7 28.3 9.8
Large (over 250) 294 15.2 16.0 29.0 10.4

Notes: *Services include activities such as: timely provision of information, suitable before and after sales
services, flexibility to customer wishes, past experience with suppliers, their proposals to any
improvement in cooperation.

The same preferences are revealed as according to the industry sectors, as
reported by the second part of Table 2, with the same factors grouped according
to the enterprise size (number of employees). The results seem to be very similar
as without the preference of the enterprise size.

Hla: The differences between the sectors were statistically proved only for the
price (p-value = 0.0030), in particular between agriculture and engineering (p-
value = 0.0055) and agriculture and chemical production (p-value = 0.0055).
This implies the importance of differences in the sectors by the price only.

H1b: No differences were found by the size of enterprises.

4.2 Frequency of Evaluation of the Suppliers

Regular evaluation of the suppliers in the time interval of one year and less is the
requirement for creating good partnership. Surprisingly, many enterprises do not
perform any periodic evaluation, see Table 3.

H2a: The differences between the sectors of industry were statistically proven for
the annual and longer evaluation frequency (p-value = 0.0071) and for the
evaluation without regular frequency (p-value = 0.0003). Through a deeper
pairwise analysis, it was found that enterprises that do not regularly evaluate their
suppliers are mostly agricultural. These differences are particularly significant
when compared agriculture to food production (p-value = 0.0323), chemical
production (p-value = 0.0323) and engineering and electro technical production
(p-value = 0.0084).
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Table 3 — Frequency of Suppliers’ Evaluation (%) (Source: Author’s Own Work)

Category 1x per year Every Quarterly No regular
and longer 6 months evaluation
Engineering and electro- 422 17.1 16.0 24.6
technical production
Household supplies 23.2 16.1 16.1 44.6
Food production industry 30.8 21.2 25.0 23.1
Chemical, paper and non- 429 22.4 12.2 22.4
metallic production
Agriculture 14.3 9.5 14.3 61.9
Small (1-49) 27.8 15.1 16.7 40.5
Medium (50-249) 352 17.2 17.2 30.5
Large (over 250) 46.8 21.6 16.2 15.3

H2b: The differences by the size of enterprises were found in annual and longer
evaluation frequency (p-value = 0.0092) and in the case of enterprises not
evaluating their suppliers (p-value = 0.0001). In the annual evaluation, this
difference is apparent between the small and the large enterprises (p-value =
0.0110). It is clear that, in particular, the small enterprises do not carry out any
regular evaluation.

Overall, the sectors and the size of the enterprise are relevant for one-year and
longer frequency of evaluation and for the evaluation without regular frequency.

4.3 Providing Feedback to the Suppliers

It is important to provide the suppliers the feedback so that they could react
promptly. A discovered imperfection must be removed by means of mutual
meetings, and inspections. It is not convenient to try replace the supplier quickly,
when the producer is not satisfied. With a new one the situation might repeat. For
this reason, it is necessary to “foster and educate” the suppliers, tell them the
deficiency in their activities. There is always a possibility of improvement in this
area, when only 10-20 % of suppliers are not familiarized with their results
(Table 4). The best situation is in the Engineering and Electro-industry.

H3a: The results show that the differences between enterprises operating in
different sectors are important for providing feedback to the suppliers (p-value =
0.0164) and in case of their replacement (p-value = 0.0038). Replacement is the
start of the process of selecting a new supplier. In this case, it the most important
differences in pairwise comparison are found between the chemical industry and
agriculture (p-value = 0.045). Overall, the impact of the industry is primarily on
providing complete feedback to the suppliers and during their replacement.
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Table 4 — Providing Feedback to the Suppliers (%) (Source: Author’s Own
Work)

Category Complex Negative Only when No feedback
results results only replace

Engineering and electro- 43.5 29.3 16.8 10.3

technical production

Household supplies 25.5 32.7 30.9 10.9

Food production industry 21.6 37.3 23.5 17.6

Chemical, paper and non- 38.3 31.9 10.6 19.1

metallic production

Agriculture 30.0 10.0 45.0 15.0

Small (1-49) 244 28.5 28.5 18.7

Medium (50-249) 355 28.2 21.8 14.5

Large (over 250) 50.0 34.5 10.9 4.5

H3b: When comparing the evaluation results according to the size of the
enterprises, similar results were found, i.e. the differences are in providing
complete feedback to the suppliers (p-value = 0.0003) and in case of their
replacement (p-value = 0.0041). The significant difference was primary between
the large and small sized enterprises. In addition, differences were also found if
enterprises did not acquaint their suppliers with the evaluation results (p-value =
0.0045). This is particularly evident when comparing large and small enterprises
(p-value = 0.0055) or medium-sized (p-value = 0.0389). Obviously, the large
enterprises usually inform their suppliers about the results of the evaluation
process. The results revealed that the size of an enterprise affects the way
in which the enterprises provide the feedback to the suppliers.

4.4 Quality Monitoring of Deliveries

The access to quality monitoring also worth mentioning: Electro-industry
monitors the deliveries regularly, engineering randomly and food processing
industry prefers trusting to its suppliers (Table 5). The statistical analysis failed
to confirm any significant differences in quality monitoring, both in terms of
different sectors of industry (H4a) and the size of the enterprise (H4b). In
conclusion, the approach of the enterprises to quality monitoring is similar,
regardless of their size or the industry in which they operate.
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Table 5 — Quality Monitoring of Deliveries (%) (Source: Author’s Own Work)

Category Regularly Randomly Sometimes* Other
Engineering and electro- 70.0 20.9 6.4 2.7
technical production

Household supplies 73.0 21.6 54 0.0
Food production industry 77.4 16.1 6.5 0.0
Chemical, paper and non- 69.6 17.4 0.0 13.0
metallic production

Agriculture 64.3 14.3 7.1 14.3
Small (1-49) 74.3 14.3 8.6 29
Medium (50-249) 72.4 21.1 53 1.3
Large (over 250) 66.7 232 2.9 7.2

Notes: * “sometimes” means that enterprises trust their main suppliers and check several deliveries only.

S DISCUSSION

This section outlines the results of the study. The key findings are discussed, and
recommendations are provided for the future research. The results show that the
reliability and quality are most important criteria in the selection of suppliers.
Pernica (2004) states that logistics services include, in particular, reliability of
delivery, completeness of supply, reasonable (short) delivery times, pre- and
post-sale services provided, quality of distribution and provision of information.
For production consumption, the weight of reliability is significantly higher. The
importance of reliability is not so obviously discussed in foreign studies. It is the
quality that is considered as the most important criterion. For example, Tan,
Lyman and Wisner (2002) suggest quality, service level, on-time delivery, quick
response and volume flexibility as the critical factors in evaluating supplier
performance. Correct quantity and willingness to change products and price are
also necessary. Ho, Xu and Dey (2010) gathered and analyzed the most popular
evaluating criterion in literature from 2000 to 2008. About 87.18% of all the
papers consider quality to be the most important criterion in selecting a supplier.
This occurs more frequently as expected because enterprises want to satisfy the
customer. According Abdolshah (2013) one of the most important criterion is
quality which could integrate more factors to the evaluation. The meaning of the
term “quality” may thus be broader and include reliability, which may not be
perceived as a different criterion. Therefore, it would be appropriate for the
authors to always specify and define the term “quality” in more details. This, in
principle, can give rise to possibility of better comparison of studies.
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5.1 Sector Industry

From a sectoral perspective, the research results indicate that the enterprises
differ in the criteria for selecting their suppliers (H/a). The enterprises perceive
the importance of prices differently, especially in agriculture. The ideal criteria of
supplier selection in food processing industry are defined by Ramlan et al.
(2016). They investigated that cost, quality, service and delivery are the most
important criteria. The industry was also significant in comparing suppliers’
evaluation frequency (H2a). It was found in particular, that the agricultural
holdings do not carry out a regular evaluation. By Simpson et al. (2002), the
frequency of the routine evaluation varied in most of the cases (59.5%). They
concluded that the suppliers are usually evaluated after each shipment (2.3%),
monthly (15.5%), quarterly (13.3%), semi-annually (6.7%) and annually
(13.3%). Similarly, Watts and Hahn (1993) noticed that about 75.3% of the
enterprises perform the evaluation of suppliers regularly, 6.9% after every order,
10.3% every three months, 8.6% every six months and 44.8% every twelve
months, other 29.3%. These studies do not mention any differences by industry.
Furthermore, in our research, the differences between the sectors are identified in
providing feedback to the suppliers (H3a), particularly in replacing the suppliers,
especially in agriculture. The sector of industry was also particularly important in
the general results survey in the household and food production, where the
suppliers are provided less feedback of the complete results. The enterprises
approach to quality monitoring is similar regardless the industry (H4a).

5.2 Enterprise Size

The results show, that no differences between the enterprises of different size
were found in the criteria for selecting suppliers (HIb) and in the quality
monitoring method (H4b). The size of the enterprise was significant in the
evaluation of suppliers (H2b) in the case of annual and longer frequency
evaluations, and also for the evaluation of the suppliers without a regular
frequency. While the large enterprises prefer a one-year or longer evaluation
period, the small enterprises do not carry out any evaluation. By Vanecek (2013),
the selection process is important only for 36.8% of the small and medium sized
enterprises and evaluation process for 25.4% of them. In the study of Su and
Gargeya (2016), the small and medium-sized enterprises carry out supplier
selection mostly related to the product quality, strategic factors and supplier
responsiveness. Pearson and Ellram (1995) compared the frequency of evaluation
of the suppliers between the small and the large enterprises. The results show that
ad hoc evaluation at buyers’ discretion is 35.6% in the small enterprises, and
17.9% in the large enterprises. Review of performance every year and more
frequent 33.3% in the small enterprises and 57.7% in the large enterprises. The
results of the overall evaluation are then more frequently (H3b) communicated to
their suppliers by the large enterprises, when the suppliers are replaced. The
difference in evaluation frequency can be attributed to a number of factors.
Firstly, there is a lack of workers and absence of a quality department in small
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enterprises. Another problem may be implementation of strategy (if any) or
efficiency of the management system. It is difficult to say if these are the
underlying factors of overall performance. Ghadimi et al. (2016) believe that the
small manufacturing enterprises try to improve their competitive advantage by
increasing their commitment in being environmentally and socially responsible,
increasing their chance to be selected as a supply partner for a large
manufacturing organisation. The competitive advantages of small enterprises are
different from those of large enterprises.

6 CONCLUSION

Quality approach to supplier performance management has increased in
importance during the last decades. Many enterprises have a supplier quality
management function with performance management processes. The paper deals
with the evaluation of supplier performance management s on the basis of two
criteria: sector industry and enterprise size.

The results show that enterprises differ in terms of sector industry in particular in
the criteria of supplier selection, frequency of supplier evaluation and providing
feedback to the suppliers. When comparing supplier performance management,
the enterprises differ only in frequency of supplier evaluation and use of
suppliers evaluation feedback. On the other hand, it is not shown that the the
enterprises differ in the way of quality monitoring as regards the size of the
enterprise and the sector in which they operate.

First, the authors recommend using top rated selection criteria such as quality
(including reliability) and new environmental and technological criteria in the
supplier selection process too. Preferences of selecting criteria may change over
time, especially in fourth era of the industrial revolution, which is characterized
by Industry 4.0, globalization, digitalization and information technology,
robotics, the global supply chains and new environmental requirements.

Second, the authors suggest that supplier evaluation and reviews with feedback
are combined. The objective for evaluating the suppliers is to improve their
performance. Training, consulting and assistance are the most important
challenges of supplier sustainable continuous-development. Implementation of
sustainable changes and development projects brings long-term benefits, higher
quality and comprehensive performance improvement.

The contribution of the research in the paper is mainly related to confirming the
increasing importance of human factor in production. Reliability, consisting
primarily of adherence to agreed contracts, is assessed by the enterprises as
important as quality, which is viewed more technical. The human factor then
influences the regularity of suppliers’ evaluation, and the lack of familiarization
with the overall evaluation, especially in the small and medium-sized enterprises.
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ABSTRACT

Purpose: The purposes of this study are first, to analyze why the process
capability index (Cpk) for drop impact resistance (DIR) does not meet the
specification or less than 1.33, and second, to find out what improvements should
be made to make it meet the specification.

Methodology/Approach: The methodology used was Statistical Process Control
(SPC) through the PDCA cycle, supporting with Cause and Effect Diagram
(CED), Nominal Group Technique (NGT) and “why, what, where, when and
how (SW1H)” method.

Findings: With the above methods, the result of the study was given a positive
impact on the company. The average of DIR was increased from 20.40 cm to
25.76 cm, increased by 26.27% and the standard deviation was reduced from
1.80 to 1.48, and then the Cpk index was increased from 0.48 to 1.79 it means the
process is in control and capable.

Research Limitation/implication: This research was limited only on the two-
piece can aluminum cans manufacturing process, no for three-piece cans
manufacturing. SPC through PDCA cycle is an interesting method for continuous
improvement of process capability in the cans manufacturing industry.

Originality/Value of paper: This study highlights the area of future research
SPC through the PDCA cycle to analyze and optimize process capability.
Therefore, this research is considered to promote and adopt high-valued
methodologies for supporting industry to achieve global competitive advantages.

Category: Case study
Keywords: drop impact resistance; SPC; Cpk; PDCA; SW1H
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1 INTRODUCTION

The Canmaker Magazine Vol 32: February 2019 reported that the beverages cans
demand in the Southern East Asia region is about 7.2% from the total 335 billion
of the global beverages cans demand. Aluminum cans have experienced many
important developments throughout the years, if compared with other packaging
aluminum cans having some advantages such as good in the stackable, easy
opening by full the tab, hermetic sealing, environmental and economic
(Mohamed, 2016).

With all these advantages and a good trend in the market, that condition redirects
in progressively savage challenges to get each other’s chances. Aluminum
beverages cans manufacturing industry located in Jakarta is one of the packaging
industry in Indonesia that has engaged with the challenge to become the cost
leader and also to remain competitive in the global world packaging industry
today, with slightly process changes in tooling geometry of punch sleeve and
activated oven washer dryer zone 2 to achieve the minimum requirement of the
potential capability to be able to produce the aluminum beverages cans with the
new aluminum raw materials (Y1) without any reducing or degradation of the
aluminum cans product quality.

The fact was with Y1 material; from nine critical parameters, there is anyone of
them the potential capability index (Cpk) does not meet the minimum
requirement, the parameter is DIR with the Cpk index achievement was 0.48. The
investigation intends to get the reasons for the faulty. Statistical Process Control
(SPC) through the PDCA cycle and Nominal Group Technique (NGT) are
combining in utilized to find out the root cause and the SW1H method was used
for improvement determinations. As one of the facts in the real industry that the
defected of the products can be reduced effectively by the Integrating of nominal
group technique, Shainin system, and DMAIC methods (Trimarjoko et al., 2019).

Quality improvement is becoming a critical issue in the highly competitive
business environment nowadays, so the products are made need to be upgraded
regularly (Dhounchak and Biban, 2017). Minimizing defects during the process
is one thing that needed to maintain customer loyalty (Realyvasquez-Vargas et
al., 2018). To make high-quality products proper planning and preparation are
categorized as a vital factor (Chakraborty, 2016). The organization needs to
maintain a process and keeping continuous improvement to make good product
quality and minimize defects (Nugroho, Marwanto and Hasibuan, 2017). To
reduce defects and minimize process variation can be used in the DMAIC
method (Ani, Ishak and Shahrul, 2016). The investigation of a problem and the
development of an appropriate solution to the quality improvement process could
be able using quality tools (Nabiilah, Hamedon and Faiz, 2018). Many statistical
tools are available to improve process; one of them is SPC (Statistical Process
Control). SPC could be able to maintain process stability and capability (Saputra
et al., 2019). The deviation or variation of the process can be eliminated, and
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also, the process capability can be increased by applying the DMAIC method
(Sharma and Rao, 2013).

In the competitive business environment, the SPC method could be able to use to
improve the process (Godina, Matias and Azevedo, 2016). Claim from customer
need to be controlled well, SPC is one of the many tools it’s effective in reducing
claim (Solihudin and Kusumah, 2017). Quality could be able to increase by
solving problem happened during the process, and the SPC method can be used
as tools (Devani and Wahyuni, 2017). Product quality must be maintained; it can
be implemented by building the team to aware of SPC (Mangesha, Singh and
Amedie, 2013). Product quality control with the SPC method helps in reducing
defects (Supriyadi, 2018). A process could be evaluated effectively by seeing the
capability process index, which can be used as a managerial decision (Sagbas,
2009). Identifying the critical to the quality of a machining and prioritization
corrective action are strongly needed for the improvement step, and the DMAIC
method can be used to increase capability index level (Sharma, Rao and Babu,
2018). Quality satisfaction can be created through statistical tool
implementations like SPC and FMEA (Rana, Zhang and Akher, 2018). Control
chart standard deviation (S) and (X)) are a statistical tool which can be used to a
created quality products, and it could be able to upgrade to becoming a high-
quality product with controlling the range and capability process coefficient as
the indicator (Fazeli and Sharifi, 2011). To create a quality of the product are
made has to be started from a small issue which was happened on the process or
organization (Tuna, 2018). The quality is essential for the product that was made.
It can be maintained with SPC implementation as robust tools (Bereman et al.,
2014). Quality could be improved by emphasizing all the levels in the company
to discipline to use statistical tools (Sokovi, 2009). The organization or company
need to be aware to avoid mistake or wrong in doing an operation. QC with 7
tools is a switchable tool (Magar and Shinde, 2014). Also, in anticipating
globalization, the product defect must be reduced, Kaizen and PDCA cycle are a
famous tool to make it happened (Darmawan, Hasibuan and Hardi Purba, 2018).
The organization or company that have many product types, a lot of checked
quality parameter and also the materials came from many sources it
recommended to implement the assessment process with monitoring stability and
capability (Ramirez and Runger, 2006).

2 RESEARCH METHODOLOGY

The study aims to find out the factors were causing potential capability index
(Cpk) of DIR for aluminum beverages cans does not meet the customer
requirement or common industrial standard and constructing the steps of
corrective to improve it in minimum 1.33. The conceptual frameworks for this
matter are illustrated in Appendix 1 (Figure A1).

Based on research framework as in Figure 1, for getting potential capability
index (Cpk) is meeting to the customer standard, SPC through PDCA cycle with
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the integration of NGT and SWIH methods are used, supported with some of the
statistical tools such as (X,) R chart, histogram, and fishbone diagram.

3 RESULT AND DISCUSSION

Process improvements must be given high priority and documented. By using
SPC through the PDCA cycle followed with CED and NGT to identify the root
cause, then continued with SW1H methods for determining improvements, the
steps to achieve the above matter as in Figure 1.

Steps/cycle Activity

Plan Data collection, determine research priority and interview.
DO Making a plan and do an improvement with the SW1H method.
Check Stability process (X — R Chart) and process capability (Cpk).
Action Making standardization.
—_— — Do — Act
*Data *Check
Collection _stability )
*Determine *Making a (X, R Chart) *Making
Research plan « Analyze standarize
Priority * Do an Process
* And analysis improvemen Capability
tSWI1H Cpk Index
| \ ) N—|

Plan\/ Check

Figure 1 — Steps of the PDCA Cycle

3.1 Data Collections

Table 1 below is data of capability study for nine (9) critical quality parameters
after any change on the input aluminum material for packaging aluminum
beverages cans manufacture.
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Table 1 — The Capability Study Data of Nine Critical Quality Parameters

Items Sample | Average | Min Max | Stddev. | Cp | Cpk
(n)

1. Finish can height (mm) 180 146.02 | 145.87| 146.15 0.05| 3.04| 2.24
2. Flange width (mm) 180 2.09 1.99 2.19 0.04| 2.06| 1.96
3. Plug Diameter (mm) 60 50.05| 50.01| 50.10 0.002| 340 2.50
4. Axial Load (Lbs) 150 227.8 224 232 1.37| NA| 12.60
5. Buckle Strength (Psi) 150 96.12 94.4 98.3 0.86| NA| 2.35
6. Thin Wall Thickness (mm) 200 0.092 0.09| 0.095 0.001| NA| 2.01
7. Dome Depth (mm) 300 1041| 10.35| 10.46 0.02| 3.94| 1.96
8. Reform Diameter (mm) 300 4478 | 44.776| 44.82 0.01| 3.92| 3.24
9. DIR (cm) 150 20.40| 17.80] 22.90 1.80| NA| 048

3.2 Determining Improvement Priority

The capability study data, as in Table 1, concerning the potential capability index
(Cpk), plotting to the trend chart to get easier in the analysis, as shown in
Figure 2.

Potential Capability Index (Cpk) Aluminum Beverage Cans After
Changed Aluminum Material Input

—o—Cpk —ILSL
25
20
w2 15 12,6
S
© 10
3,24
2,24 , , 2,01 1,33/4\ 0.48
0 —0
Finish  Flange  Plug Axial Buckle Mid wall Dome Reform Drop
Can width Diameter load strength thickness depth diameter impact
Height resistance

Quality Parameters

Figure 2 — Trend chart of Potential Capability Index (Cpk) Aluminum
Beverages Cans With New Aluminum Raw Materials

Showing up Figure 2 above clearly that the DIR parameter is needed to be
improved due to the achievement of the potential capability index (Cpk) was less
than 1.33.
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3.3 Discussion in Determining The Root Cause

The discussion was done with the staff of packaging aluminum beverage cans
plant in Indonesia consisting of production, corporate production, and the Quality
Assurance department. The aim of the discussion is for getting optimum results
in solutions. Table 2 is describing the result of the discussion or brainstorming
regarding the possibility of the root cause for the faulty drop impact resistance
capability with the index less than 1.33.

Table 2 — The Brainstorming Data for the Possibility of the Root Cause for Drop
Impact Resistance Aluminum Beverages Cans Faulty in Achievement Cpk Index
> 1.33

No. | Causes Causes Code
Factor
1 | Annealing or softening of the aluminum materials Material CF1
2 | Aluminum material thickness Material CF1
3 | Washer oven dryer temperature Machine CF2
4 | Temperature Feco oven decorator Machine CF2
5 | Temperature oven IBO Machine CF2
6 | Mat conveyor jam with full cans inside oven dryer washer, Feco Machine CF2
oven deco or IBO oven with duration > 5 minutes
7 | Domer process, the dome depth dimensions Machine CF2
8 | The aluminum thickness of the dome area Tooling CF3
9 | Profile / Geometry tooling of punch sleeve Tooling CF3
10 | Bottom profil reformer, reform diameter dimensions Machine CF2
11 | Air pressure that injected to inside the cans during testing DIR Method CF4
12 | Base plate thickness for testing DIR Method CF4
13 | Operator less knowledge Man CF5
14 | Mistake or wrong in the measurement Man CF5
15 |Lack of lighting Environment | CF6
16 |Body maker speed unstable Machine CF2
17 | SOP not updated Method CF4

By observing Table 2, from 17 items of possibilities were causing for DIR does
not meet to the customer specification in term of the Cpk achievement, to make
clear in analysis the next table will be given classification information in more
specific and details as stratification. Table 3 is describing the cause of the human
(man) factor, the cause of the material factor as in Table 4, the cause of the
method factor is in Table 5, the cause of machine factor is in Table 6, the cause
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of the tooling geometry factor is in Table 7, and the cause of the environment
factor is in Table 8.

Table 3 — Cause of a Human (man) Factor
CFS |[No. |Potential cause Causes factor
1 Operator less knowledge Man
2 Wrong in measurement Man
Table 4 — Cause of Material Factor
CF1 |No. Potential cause Cause factor
1 Annealing or softening material aluminum deformation after Material
Washer Dryer (Yield strength deformation)
2 Thickness of aluminum material Material
Table 5 — Cause of Method Factor
CF4 |No. |Potential cause Cause Factor
1 Air pressure was injected into the cans Method
2 The thickness of the DIR base plate fixture Method
3 SOP not update Method
Table 6 — Cause of Machine Factor
CF2 | No. Potential cause Cause Factor
1 Body Maker speed Machine
2 Washer Dryer temperature setpoint Machine
3 Feco Oven Decorator temperature setpoint Machine
4 IBO Oven temperature setpoint Machine
5 Mat Conveyor Washer Oven Dryer, Pin Chain Feco Oven Machine
Decorator or Mat Conveyor IBO jam or stopped > 5 minutes.
6 Doming Process Machine
7 Bottom Profile Reformer machine. Machine
Table 7 — Cause of Tooling Factor
CF3 |No. |Potential Factor Cause Factor
1 Punch sleeve tooling geometry Tooling
2 The aluminum thickness of the dome area Tooling
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Table 8 — Cause of Environment Factor

CF6 |No. Potential Factor Cause Factor

1 Lack of lighting Environment

From the above stratification data in (Table 3-8), the next step is plotting into the
cause and effect diagram (CED) with the aim to determining the root cause of
why the potential capability index of drop impact resistance parameter for
aluminum beverages cans does not meet to the customer requirement or common
industry standard.

3.4 Creating the CED
CED to determining the possible root cause, as shown in Figure 3.

Analyzed CED as in Figure 3, there were ten (10) the possible root cause of the
potential capability index (Cpk) does not meet to the customer requirement as can
be seen on the rectangular box with dashed lines, details of the possible root
cause are as follows:

(1) Man: The possibility of the operator did wrong or a mistake in measurement
and lack of knowledge.

(2) Material: Yield strength and thickness
(3) Method: Air pressure that injected inside the cans and base plate thickness.

(4) Machine: Temperature Oven Washer Dryer; Conveyor Mat Washer Dryer,
Feco Oven Deco or IBO Mat Conveyor jam or stopped > 5 minutes.

(5) Tooling: Punch sleeve tooling geometry and Aluminum thickness at dome
area.

(6) Environment: Lack of light sources.

Based on the six factors above with ten findings cause were considered as the
potential sources of the cause.
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pn

1. Lack of | 3. Yield strength of i 5. Air pressure was injecte. i
operator | aluminum material.| \ | Into the cans !
knowledge. B e

e 14. Thickness of aluminum ! 6. Thickness of the DIR
2. Mistake | material i
1

base plate fixture.

in measurement] | t-----------------

7. SOP not update.

Potential
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»| index (Cpk) of
_______________ v ) v Bl e (D
L
:14. Bottom Profile Reformer '16.Aluminum thickness i <1.33

______________________ _ __dome area

13. Doming Process, dome depth /7T T
dimensions.

1 12. Mat Washer Dryer, Feco Oven
| Deco or IBO stop >5 minutes

11. Temperature
setpoint IBO Oven
10. Temperature setpoint

Feco Oven Deco

17. Lack of lighting
sources

9. Temperature setpoint
| Oven Washer Dryer
8. Body Maker machine

speed.

Machine Tooling | Environment |

Figure 3 — CED or Fishbone Diagram for DIR Faulty

3.5 Creating the NGT

The next step is determining what the dominant cause for the issue. NGT method
was used, the discussion group with eight members to involve in giving the score
for NGT. All the members were coming from different backgrounds such as
education, age, year of service, and current expertise. With these differences in
the various background, it will be resulted in more accurate in giving the
information, and finally, the correct decision is gotten. The concept of it is as in
Table 9.
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Table 9 — NGT Data Exposure Cause of Cpk below 1.33

Scorer
No Vg;li;le);e Scorer | Scorer | Scorer | Scorer | Scorer | Scorer | Scorer | Scorer ST:‘::i
1 2 3 4 5 6 7 8
1 Vi 4 5 5 4 5 6 5 5 39
2 V2 5 4 6 5 5 5 5 5 40
3 Vs 5 4 5 4 5 5 6 5 39
4 V4 7 8 7 6 5 8 7 8 56
5 Vs 5 5 4 6 4 5 5 6 40
6 Vs 7 5 5 6 6 7 7 8 51
7 4 5 5 5 5 4 5 6 5 40
8 Vs 5 4 5 4 5 6 5 5 39
9 Vo 8 7 8 6 7 8 7 7 58
10 Vio 5 5 4 5 5 5 6 5 40

Notes: Vi: Operator wrong measurement, V,: Aluminum Yield Strength, V3: Aluminum material
thickness, V4: Air pressure that injected inside the cans for test DIR high fluctuations. , Vs: Baseplate
fixture drop impact resistance > 31 mm, Ve: Temperature oven washer dryer too high > 4200F. , V7:
Mat (oven dryer, IBO) and Feco Deco stopped for more than 5 minutes, Vg: Reform diameter

dimensional, Vg: Tooling Geometry of punch sleeve and Vio: Aluminum thickness dome area.

The NGT calculated based on the below equasion:

1
NGT > 2 (Total number of scorer * Caused Variable) + 1 (D)

NGT >~ (8%10) + 1,50 NGT > 41

Interpreted of Table 9 linked to the NGT value with using equasion (1) there are
three (3) potential variable causes have NGT higher or the same 41, that became
a dominant factor of the cause for the Cpk DIR achievement, namely: Air
pressure injected to inside the cans, temperature of oven dryer and tooling
geometry of punch sleeve.

3.6 Making Improvements

After the dominant cause or a vital factor is found, the next step is to determine
the improvement steps.

3.6.1 Quality Improvement Plan (Plan)

By identifying the underlying causes, clarifying why they need to be improved,
what improvements are being made, where or what areas are being corrected,
when actions will be taken, who will improve them, and how to improve them, it
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will be more targeted. More details, improvement plans with the concept SW1H
are described as in Table 10.

Table 10 — Quality Improvement Plan and Action SWIH

No | Cause Why What Where When Who |How

1 | Unstable air |Pressure |The pointer |Regulator | August, Hadi.P | Changed with
pressure, gauge scale has not | drop test |2019 the new one.
which was  |indicator | precise. fixture.
injected into | was
inside the broken.
cans some
time more
than 60 Psi
was
observed.

2. |The Only Reducing Oven July, Farid | Activated
temperature | using one |the washer 2019 oven zone 2
setpoint of | zone for |temperature |dryer. to getting a
washer oven |drying the |to below temperature
dryer too cans. 420°F. oven dryer
hight > below 420°F.
420°F.

3 |Profile or The Punch Punch September | Anton | Modifying
geometry clearance |sleeve nose |Nose 2019 punch nose
tooling of needs to  |radius. Radius R, radius, R,
Punch be dan Ro. punch nose
Sleeve. adjusted radius was

in changed from
matching 0.05 inch to
with new 0.06 inch,
material. and R punch
nose was
changed from
0.042 inches
to 0.05 inch.

3.6.2 Implementation of Quality Improvement (Do)
Air pressure is injected inside the cans before the test of DIR

To avoid air pressure that injected inside the cans before test DIR, the pressure
gauge indicator changed to the new one and doing the routine check for the
function of pressure gauge with monthly bases and put on the calibration
schedule.

Temperature oven washer dryer too high > 420°F

To make oven washer dryer temperature does not exceed 420°F the action has
been done is activated oven dryer zone 2. Detail temperature with activated zone
2 is, as shown in Table 11.
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Table 11 — Details of Oven Washer Dryer Temperature Setpoint

Aluminum Material Thickness Zonel | Zone 2 Drying Time
Current Thickness (Y,) 430°F Idle 1 minute and 26 seconds.
New Thickness (Y1) 385°F 395°F 2 minutes and 52 seconds.

In line with the above data on Table 11, by activating two oven zones on the
typical washer oven dryer, the oven temperature setpoint can be able to set to
395 °F for two minutes and fifty-two secs. The drying effectiveness has been still
good and the particular big impact on the lightweight aluminum is getting safer
to avoid annealing or softening if the machine stoppage or perhaps jam for a
while. Figure 4 below is illustrated typical of oven washer dryer zone 1 and
zone 2.

&o‘\
&
qﬁ\
5%
o
Prewash
Wash
L ) 1st Rinse
y Conversion coating
! ‘:I 2nd Rinse
- Final rinsing with deionized
Oven dryer zone #1
> q Oven dryer zone #2

Figure 4 — Washer and Oven Dryer

Tooling Geometry or Profile Punch Sleeve

Stretching aluminum at dome area point 3 (p3), as shown in Figure 5 was
reached 3.83% from the original thickness, it resulted in the drop impact
resistance became weak.

p2 p3 p4

pl \ ‘ p5

Figure 5 — Measurement Point for Aluminum Thickness Dome Area of Aluminum
Beverage Cans
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Figure 6 below is describing punch sleeve nose radius schematic radius 1 (Ry)
and radius 2 (R»).

R» Ri

Figure 6 — Schematic of Dome Formation for Aluminum Beverages Cans:
R;: Radius 1, R>: Radius 2

Changing details of punch sleeve tooling geometry or profile are as shown in
Table 12.

Table 12 — The Information of Punch Sleeve Tooling Geometry or Profile
Modification

Items Before After
R (Inch) 0.050 0.060
Rz (Inch) 0.042 0.050

3.7 Constructing X and R Chart

X and R Chart was used to control process stability with the final purposes is to
minimize process variations. The below data as in Table 13 is capability study
data for 5 hours running after improvement was done.

The sampling was carried out for 5 hours, from 08:15 a.m. to 12:15 p.m,
followed by the DIR test with the air pressure were injected inside the cans
continuously controlled at 60 Psi, the results of the test as shown in Table 13
above. From these data, we do the calculation to find the central point or Center
Line (CL), Upper Control Line (UCL), the carry control point or Lower Control
Limit (LCL) and its process capability index or Index Capability Process (Cpk).
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Table 13 — Capability Study Data of DIR for 5 Hours Running on October 03,
2019 (cont’s)

Date Time | Machine i ii iii iv v vi X R

03 Oct, 2019 |08:15 1 27.94| 25.40| 25.40| 25.40| 27.94| 25.40| 26.25 | 2.54

25.40| 27.94| 25.40| 25.40| 27.94| 25.40| 26.25 | 2.54

27.94| 25.40| 22.86| 25.40| 25.40| 25.40| 25.40 | 5.08

2
3
4 25.40| 25.40| 22.86| 27.94| 25.40| 27.94| 25.82 | 5.08
5 25.40| 25.40| 25.40| 25.40| 27.94| 27.94| 26.25 | 2.54

09:15 1 27.40| 25.40| 27.94| 25.40| 25.40| 25.40| 26.16 | 2.54

25.40| 25.40| 22.86| 25.40| 27.94| 25.40| 25.40 | 5.08

22.86| 25.40| 25.40| 27.94| 25.40| 25.40| 25.40 | 5.08

27.94| 25.40| 25.40| 22.86| 27.94| 25.40| 25.82 | 5.08

WD B~ W

25.40| 25.40| 27.94| 25.40| 25.40| 25.40| 25.82 | 2.54

10:15 1 25.40| 27.40| 25.40| 27.94| 25.40| 25.40| 26.16 | 2.54

25.40| 27.94| 25.40| 22.86| 25.40| 25.40| 25.40 | 5.08

25.40| 25.40| 25.40| 25.40| 27.94| 25.40| 25.82 | 2.54

25.40| 25.40| 27.94| 25.40| 27.94| 25.40| 26.25 | 2.54

[, T B SN S T B )

22.86| 25.40| 25.40| 25.40| 27.94| 25.40| 25.40 | 5.08

11:15 1 25.40| 25.40| 27.94| 25.40| 25.40| 25.40| 25.82 | 2.54

25.40| 27.94| 22.86| 25.40| 25.40| 25.40| 25.40 | 5.08

25.40| 25.40| 27.94| 25.40| 25.40| 25.40| 25.82 | 2.54

25.40| 25.40| 25.40| 27.94| 22.86| 25.40| 25.40 | 5.08

| B~ W

25.40| 25.40| 22.86| 25.40| 27.94| 25.40| 25.40 | 5.08

12:15 1 27.94| 25.40| 25.40| 25.40| 25.40| 25.40| 25.82 | 2.54

22.86| 25.40| 25.40| 25.40| 25.40| 27.94| 25.40 | 5.08

25.40| 25.40| 25.40| 25.40| 27.94| 25.40| 25.82 | 2.54

25.40| 22.86| 25.40| 25.40| 25.40| 27.94| 25.40 | 5.08

| B~ W N

27.94| 25.40| 25.40| 25.40| 27.94| 25.40| 26.25 | 2.54

>l
-~

25.76 | 3.75

3.7.1 The specification of DIR

The specification of DIR is minimum of 17.78 cm
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3.7.2 Determining the Centre Line (CL), Upper Control Limit (UCL), and Lower
Control Limit (LCL) for X-Chart

Centre Line (CL):
CL =X 2
= 25.765
Upper Control Limit (UCL):
UCL =X + AR 3)

= 25.765 + 0.483(3.759)
= 27.580
Lower Control Limit (LCL):
LCL =X — AR 4)
= 25.765 — 0.483(3.759)

= 23.9494

3.7.3 Determining control limit CL, LCL and UCL for R-Chart
Centre Line (CL):

CL =R &)
= 3.759
Upper Control Limit (UCL):
UCL =DsR (6)

= 2.004(3.759)
= 7.533
Lower Control Limit (LCL):
LCL =DsR (7)
= 0(3.759)
=0

The constant for A2, D3 dan D4 for subgroup number 6 is as in Table 14.
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Table 14 — The Control Chart Constants

Sample A2 A3 d2 D3 D4
Size = m

2 1.880 2.659 1.128 0 3.267
3 1.023 1.952 1.693 0 2.574
4 0.729 1.628 2.059 0 2.282
5 0.577 1.427 2.326 0 2.114
6 0.483 1.287 2.534 0 2.004
7 0.419 1.182 2.704 0 1.924

The above calculation on Eq. (2), (3), (4), (5), (6), and (7) plotted to the chart
using statistical software NWA Analysis v6.3 with the result as on Figure 7.

Histogram - After Improvement
Drop Impact Resistance (Mat. Y1) X-bar
e e B B e e S Y S S rucl
277
255:1‘\?/./‘7“* o A I S Pl
E g . o~ —tel
25
G w5 ssism s s S S A S S S S S S SRS S SR S S SRS S S Hel
T T T T T T T T T T T T T T T T T T T T T T T T T Range
8: ———————————————————————————————————————————————————————————————————————————————————————— tucl
S_
4:— — —\— _ — = — _— —tcl
2_
DATE: I «+ 1 1 « 1 ¥ & &1 & 1+ 0 & 71 & 43 11
TIME: o M w w W m oW R R SR TR LW M R W W R W W w w
X-bar: cl: 2576533 ucl: 27.58195 Icl: 23.94871 Subgrp Size: 6
Range: cl: 37592 uck 7.532797 Ic: 0 Rule Violation

Figure 7 — X-R Chart Drop Impact Resistance After Improvement
of the 3 Dominants Factor

From the control chart in Figure 7, the process statistically was stable; the
indication is there was no point is out from the control limit.

3.8 Calculating the Potential Capability Index (Cpk)

To calculate the potential capability index firstly need to know the standard
deviation, due to the capability index, was decided using Cpk on this research so
the standard deviation directly can be calculated as estimated standard deviation.
The estimated standard deviation could be calculated using the below equation

(8).
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Determining the standard deviation (s):

_ R
Cd2
DIR has only had one side specification (minimum specification), and the Cpk =

Minimum (Cpu, Cpl), due to only one side specification so the Cpk will be the
same with Cpl (Cpk = Cpl). To determining the Cpk, the formula used as on (9).

S ®)

_ (X—LsL)

Cpk )
p 35
25.765—-17.78 25.765—-17.78
Cpk = @778 _ BST5°UTT8) _ 179
3(z) 3353

The Cpk calculation based on the equation (9) is plotted to the histogram using
statistical software NWA Analysis v6.3 with the result as in Figure 8.

Histogram - After Improvement
Drop Impact Resistance (Mat. Y1)
1204 Mean
I |
1001 LSL |
T : -3sp | +3sp
80- X X
- | | |
60; | | |
201 | |
0 v T T T T | L T T I T T _ﬂ_ T Ll |
18 20 22 24 26 28 30
Samples: 150 Cpk: 1.7945 3spLim: (21.316,30.215)
Mean: 25.76533
Std Dev: 1.483263 SpeclLim: (17.78,)
Skewness: 0.10514 Min, Max:  (22.86, 27.94)

Figure 8 — Histogram of Drop Impact Resistance after Improvement

The histogram in Figure 8, given the information that the potential capability
index of DIR after doing action on the three (3) factors that causing faulty in the
potential index capability achievement, is positive with the Cpk index 1.79.

4 STANDARDIZATIONS

Looking at Figure 9 below we can learn that after improvement the average DIR
was increased from 20.40 cm to 25.76 cm, and the potential process capability
index (Cpk) increased from 0.48 to 1.79.
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Cpk Index Achievement Before and After Improvement.
700 Em Average of DIR —@— Cpk Indek. - Lineérny (Average of DIR) 35
6,00 25.76 30
b

>0 204 e s
=400 (| e F 20 =
S0 e S

3’00 ............................... g | l 5

2,00 . 179 -

1,00 / .

0.48
0,00 0
Before After Before After

Figure 9 — The Achievement of Cpk and Average of DIR Test
before Vs. after Improvement

The achievement as in Figure 9, then plotted into the distribution plot, as shown
in Figure 10.

Distribution Plot
DIR Before and After Improvement

0.304 Mean StDev
— 204 18
— — 2576 148

0.25 1

0.20 1

0.15 1

Density

0.10 1

0.05 1

150 175 200 225 250 275 30.0
X

0.00

Figure 10 — Distribution Plot of DIR before and after Improvement

Based on Figure (7, 8, 9, and 10), the process stability and capability results for
the DIR are ideal categorized, and it can be seen in the control and capable
matrix in Figure 11.

ISSN 1335-1745 (print) ISSN 1338-984X (online)



122 QUALITY INNOVATION PROSPERITY / KVALITA INOVACIA PROSPERITA 24/1 — 2020

Capability In Control
Capable
Not Capable

Control

Out of Control

Figure 11 — Matrix in Control and Capable (IC &C) of the Process

After getting the improvement results, then determining the standardization to
maintain the stability and the capability of the process, as shown in Table 14.

Table 14 — Data before and after Improvements as Standardization

punch sleeve does
not match for new
aluminum thickness
material (Y).

R»: 0.042 Inch

Detail x

Ry | ~ Ry
0.042” 0.050”

R»: 0.050 Inch

Detail x

Ry ~ Ry
0.050” 0.060”

No. |Dominant Factors |Before After Standardization

1 Air pressure was Unstable reading on | Changing the Pressure Gauge
injected into the the pressure gauge | pressure gauge Indicator, put in
cans is fluctuated, so | indicator. indicator and put on | calibration schedule
the DIR test results the permanent to make well
becoming unstable. mounting. control.

2 Temperature oven | Cans drying process | Cans drying process |Issue Oven Card,
dryer washer set was using one oven |is using two oven monthly bases, and
point over then zone with setpoint | zones with setpoint | verified by
420°F. temperature 430°F | zone 1: 385° Fand | Engineering and

with curing time 1 | zone 2: 395°F, with | Quality Assurance
minute and 26 curing time 2 Manager.
seconds. minutes and 52

seconds.

3 The tooling Punch Nose Radius | Punch Nose Radius | Revision Technical
geometry of the R;: 0.050 Inch Ri: 0.060 Inch Drawing of Punch

Sleeve. Documents:
0106384, Rev 1 (29-
07-19).
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S CONCLUSION AND RECOMMENDATION

The study was implementing the SPC to analyze the data, PDCA to continuous
improvement, CED to determine the root cause and NGT to determine the
dominant cause factors, and then SW1H method to manage the improvement. It’s
very useful and effective in creating and improves aluminum cans packaging
product quality.

The fact is the average of DIR increased from 20.40 cm to 25.76 cm, the standard
deviation was reduced from 1.80 to 1.48 and the potential process capability
index (Cpk) increased from 0.48 to 1.79, it can be concluded that the process is
stable and capable.

The significant impact for the company was the company to be able to use
aluminum material Y to produce aluminum cans packaging with high-quality
standards.

To maintain the process stability and capability are always meet to the
specification, it needs to be well controlled for the parameters i.e.: 1) Air pressure
which is injected into the inside of the cans when doing the DIR test to make sure
stables. 2) The washer-dryer oven machine the temperature setpoint needs to be
controlled to do not exceed 420° F with two zones oven activation to avoid
aluminum softening or annealing if any machine stops for a while. 3) To avoid
the stretching during the doming process, which is caused by tooling geometry of
the punch sleeve nose radius, it needed to do regular checks to maintain the
clearance is match with the Y| materials.

At the end of this study, further discussion is needed to maintain what has been
successfully achieved. The recommendations for future researchers to make it
better is highly recommended to use the FMEA method because it has an RPN
(Risk Potential Number) index, so it will be more accurate to make justifications
establish the improvements.
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ABSTRACT

Purpose: The implementation of additive manufacturing (AM) or 3D-printer
manufacturing for technical prototyping, preproduction series and short
production series can bring benefits in terms of reducing cost and time to market
in product development. These technologies are beginning to be applied in
different industrial sectors and have a great possibility of development. As these
technologies are still in development, there is a need to define the capacity of the
3D machines to establish minimum standards for producing high-quality parts. In
order to understand the behaviour of the different parameters of the 3D-
manufacturing process and define the numerical prediction models to produce
high-quality parts, the University of Mondragén has carried out the study
presented in this article on a new 3D printer recently purchased for the research
laboratories.

Methodology/Approach: The proposed methodology is based on a design of
experiments (DOE) approach, which serves as a guide for engineers when it
comes to executing any experimental study.

Findings: The study has improved understanding in two areas of action: the
behaviour of 3D technologies and the application of improvement methods based
on the DOE methodology. We identified key factors for optimising the new
technology, including an impression in 3D.

Originality/Value of paper: This study uses a methodological approach to
demonstrate how the 3D printing technology can be enriched with statistical
testing techniques (DOE). It defines numerical prediction models to obtain high-
quality parts with a new AM technology, using a planning process with a
minimum amount of experimentation.

Category: Case study

Keywords: quality improvement; DOE; 3D printer; additive manufacturing
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1 INTRODUCTION

Additive manufacturing (AM) is the formalised term used for rapid prototyping,
which describes a process used to create systems or parts rapidly before the final
presentation of the product. The term ‘3D printing’, describes the processes of
converting a 3D computer-aided design (CAD) model into a stereo lithography
(STL) triangular lattice surface model, and then creating the solid parts through
layer-upon-layer production. In this way, AM changes the way industrial
companies operate. This technology is in the early stages of development, so
manufacturers are prudent.

This process has mainly been used to create prototypes quickly to verify the
details before beginning the formal production process (Gibson, Rosen and
Stucker, 2015). The possibility of obtaining parts with better characteristics is
currently being studied as an alternative production method that can compete
with traditional parts and processes (Narang and Chhabra, 2017; Rayegani and
Onwubolu, 2016).

The implementation of AM for technical prototypes, preproduction series and
short series of production can offer benefits in terms of cost reduction and
reduction of time to market in product development (Khajavi, Partanen and
Holmstrom, 2014; Li, Kucukkoc and Zhang, 2017). These technologies have
applied in different industrial sectors and have a strong potential for
development. Additive manufacturing is increasingly becoming a true production
process, used to create end-use products. That is why speed and quality have also
become increasingly important (Moreau, 2018). One of the industrial sectors
where AM has experienced great development is the equipment goods sector,
which has adopted AM as a method of prototyping and production. In addition,
many of the benefits of AM are related to problems of production: in the
equipment goods sector, for example, in the equipment goods sector, for
example, time reduction and more pressing issues than they are in other industrial
sectors. For this reason, AM is seen as a key manufacturing method for the
equipment goods sector (Moreau, 2018).

To be competitive in the global markets, manufacturers must have complex and
flawless manufacturing processes and reliable supply chains to deliver high-
quality final products. Manufactured components must demonstrate indisputable
performance before use in highly regulated industries, where lives can be
affected. Additive manufacturing products will be increasingly competitive with
improvements in processing, performance, scalability, affordability and
qualification. High-precision computational models will improve the design and
processing of AM products. To enable validation, models must be able to predict
the exact properties of the product reliably based on the processing parameters
(Office of Technology Transition, 2019).

There is currently not enough practice and knowledge available to develop serial
manufacturing processes related to AD technologies efficiently. It is necessary to
have a thorough knowledge of the technologies used and their influence on the
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final properties of the components. Therefore, methods are required to support
the generation of a technological knowledge base and identify the cause—effect
relationships of the AD machines process parameters with the outputs obtained to
establish the minimum standards required to produce high-quality parts (Cruz et
al., 2014; Rayegani and Onwubolu, 2016). For this reason, it is necessary to
analyse and evaluate the capacity of the machines to establish minimum
performance standards (Narang and Chhabra, 2017).

Robust modelling tools, high-performance computing and experimental
observations can help verify existing models and identify new physical processes
and their implications. For this, tools based on modelling of the DOE can help
accelerate the development and modelling of the AD processes and allow
efficient homologation of the manufactured parts. By improving these aspects of
AM, the DOE allows distributed AM to increase the efficiency of the supply
chain significantly (Wiemer et al., 2017).

This article presents the results of a study carried out on a new 3D printer
recently acquired for the research laboratories of the University of Mondragdn.
The main objective of this article is to develop an understanding of the behaviour
of the different parameters of fusion deposition modelling (FDM) technology
framed within AD technologies. To this end, a methodological approach has been
developed to demonstrate how it can be enriched with statistical testing
techniques, such as DOE, and define numerical prediction models to obtain high-
quality parts. The current study focused on the industrial sector of capital goods,
specifically on manufacturing moulds for vacuum-assisted infusion processes.
These moulds are applied in the manufacturing of skateboard and drone
structures.

This article is structured as follows. In section 2, the application of the proposed
methodology in the case of the AM is described. Subsequently, in section 3, a
general overview of AM processes is provided. The DOE development for the
case is discussed in section 4, and the conclusions and final perspectives are
presented in section 5.

2 METHODOLOGY

State of the art DOE offers numerous established algorithms, which can be
applied to various technological development tasks. However, in practice, there
are often serious obstacles that must be overcome to use these algorithms. The
availability of software tools for DOE is not the main problem since there are
numerous software tools for the statistical DOE. In the case in question, an
analysis was conducted with Minitab 18 software, which offers the possibility of
applying the DOE algorithms in a simple way. However, only mathematicians or
engineers with additional qualifications can use these algorithms properly. It is
quite difficult for an engineer to select the best DOE algorithm for a task in
question and parameterise the design. The main reason for this is that
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experimental tasks and the requirements for the necessary analysis results are
quite complex, so many engineers avoid using them. This means that the
potential offered by DOE methods focused on generating maximum knowledge
with minimum effort is not fully utilised (Wiemer et al., 2017).

In addition, in an AM process, the parts produced must simultaneously meet
different types of mechanics and dimensional requirements. To address this
problem, the research community has used the DOE to optimise the individual
manufacturing parameters of the machines. However, the selection of a
combination of machine and process parameters to meet multiple requirements
simultaneously has not been addressed. There is then a need to investigate a
systematic experimental approach to meet multiple production requirements
simultaneously and characterise manufacturing capabilities, as proposed in a
similar manufacturing context (Ituarte et al., 2015). To this end, the methodology
shown in Figure 11 is proposed to address the DOE in the present study (Unzueta
et al., 2019). This serves as a guide for engineers when it comes to execute any
experimental study based on the DOE. The proposed methodology steps are
described in the following paragraphs.
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Figure 1 — Methodology for the Application of the DOE
(Source: Unzueta et al. (2019))
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Phase 1: Define

In this phase, the work team, the process and related information, and the
objective of the experimentation are defined. The team must be composed of
members familiar with the process for analysis who are able to identify the
factors that can influence the response. Usually, the collection of information
consists of identifying the parameters of the normal operation of the process.

Phase 2: Measure

In this phase, the process factors that influence the output are identified and
classified to obtain the maximum information that allows for the minimum
experimental effort. These are classified as controllable factors and non-
controllable factors (noise). The controllable factors include those the
experimenter can consciously modify regarding the level of functioning in each
experiment. For the factors identified as non-controllable, a strategy must be
defined to reduce their influence and attempt to keep them constant.

Phase 3: Plan

To select the appropriate experimental design, it is necessary to consider the
characteristics and limitations of the process:

* The total number of experiments that can be executed considering the
constraints of the process (experimental effort);

¢ The number of factors, controllable and non-controllable;

* The experimental range and levels of experimentation factors.

Depending on the characteristics of the process and the objective pursued, the
appropriate experimental design is selected.

In the flow diagram of Phase 3 (Figure 1), different options are presented based
on the objective pursued:

* To compare different situations, a comparison test can be carried out;

* To analyse the process when there is a limit to the number of experiments
to be executed, a sieving design can be used to discard the less influential
factors;

* To determine the influence of a certain number of factors with sufficient
availability of resources, a characterisation based on factorial designs can
be carried out;

* To optimise and to model the process with significant factors at more than
two levels, a response surface methodology can be used;

* To develop robust processes, the experimental designs of Taguchi can be
used.

Phase 4: Execute experimentation

In this phase, experiments are prepared and executed in the most rigorous and
methodical way possible.
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Phase 5: Analyse the results of the experimentation

The analysis of the results of the experimentation is based on the calculation of
the effects of each factor and the factor’s influence on the response of the
process. The effect of a factor on the response is defined as the variation
observed in the response by varying the level of the factor.

By applying the methodology, it is possible to determine the model of the
process within the experimental zone used. When the calculations are completed,
the coefficients of the polynomial model are defined (without quadratic terms), in
the form shown in equation (1):

Y = o+ BIA + BB + BsC + BiAB + BsAC + BsBC (1)

Where, fo is the average of the result of the experiments. f; is the coefficient of
each factor (half of the calculated effect). The values A, B, and so forth are the
values that each factor or interaction takes (+1, -1).

Phase 6: Improve via confirmation experiments

In this phase, once the optimisation is completed, confirmatory experiments are
carried out to confirm the levels of each factor identified as adequate.

Phases 7-8: Control and standardise

In these phases, once the significant factors and the levels that improve the
response are defined, it is necessary to standardise the process and determine the
controls that ensure the maintenance of adequate levels.

3 ADDITIVE MANUFACTURING

Additive manufacturing is a new group of technologies that, although still
evolving, are projected to exert a profound impact on manufacturing. They can
give industry new design flexibility, and shorten time to market. All AM
technologies involve several processes, but these processes are often similar. In
general, AM technologies involve eight different stages, which include creating
the CAD model, converting this design to the STL format, transferring this
format to the AM machine, configuring the machine, building parts, removing
the pieces produced in the machine, and, if necessary, post-processing and using
applications for additional treatments, such as painting and priming (Kumbhar
and Mulay, 2018; Wong and Hernandez, 2012).

The first task is to develop an idea and to visualise it. It is possible to visualise
any type of product with a CAD model. Next, to avoid issues related to
unreliable products not completely included, it is necessary to change the CAD
model to an STL format, which creates the geometry of the surface of the object
using triangles in three dimensions without any representation of colour, texture
or other attributes of the model. After creating this file, it is necessary to send this
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document to the AM machine to create it immediately. After configuring the
machine, the process will continue with the computer-controlled construction
phase. In this phase, the AM machine begins to produce the object that is
recognised by the machine. Following this step, the producer removes the object
from the machine and cleans it for further processing. Most parts made with
additives will require further processing. In this step, the object is prepared for
the client’s use by painting it, polishing it, sanding it, and so forth (Wong and
Hernandez, 2012).

This technology, which was first introduced in 1987, is still considered new and
continues to be developed with new methods and materials, according to the
sector. Over time, AM has been adopted by new sectors, which means that new
types of AM technologies will continue to be developed. This technology is
already used in many sectors, including architecture, medicine, automotive,
aerospace, transportation, art, energy, commercial products, defence, education
and electronics (Gausemeier, Wall and Peter, 2013; Wong and Hernandez, 2012).

Additive manufacturing has been used in the medical sector almost since its
inception. The first of the AM applications in the medical sector was the use of
computerised tomography to create images of subjects from any angle. In
addition, AM has been applied in different categories of medical applications,
such as for surgical and diagnostic aids, prosthesis development, and
manufacturing related to medicine and tissue engineering (Chepelev et al., 2017;
Tofail et al., 2018).

The aerospace sector is another sector that has used AM since its initial
introduction. The aerospace sector uses complex geometric shapes that are
difficult to produce, requiring many steps to produce a piece; however, with the
application of AM, many steps can be omitted. This is the biggest reason that
AM is favoured in this sector, but there are many other reasons to apply this
technology in this sector as well: AM can be used to produce light parts, complex
shapes and digital parts, and can reduce the cost of production because it does not
produce the same parts required by conventional manufacturing processes
(Lipson et al., 2012). In the automotive sector, AM was also used to produce
parts, but most manufacturers decided not to pursue this technology for the mass
production of automobiles due to the high cost of production (Dwivedi,
Srivastava and Srivastava, 2015).

The materials used in the first applications of AM were plastics, but after further
developments, metals, ceramics and composites of these materials are now also
being used for this technology. Following such developments, AM has continued
to evolve rapidly, and today is applied in many sectors. Metals are being used in
the form of completely molten particles. Specifically, SnS, Ti6Al4V, stainless
steel 316L, 17-4 PH, tool steels, nickel alloys, cobalt alloys and titanium alloys
are examples of metal materials used in AM technology. Polymers also are being
used in AM, which have been used since the introduction of this technology.
Plastics, acrylic plastics, wax, ABS, photo-curable resins, polyamide,
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polystyrene, ULTEM and PC are examples of polymer materials used in AM.
Ceramics are also widely used in AM, but it is difficult to use them to produce
complex parts because they have a high degree of hardness and brittleness.
Specifically, zirconia, silica, alumina, PZT, bioceramic, sand, graphite and
industrial ceramics, such as Si3N4 and Al203, are used. Composites are
engineered or naturally occurring materials made from two or more constituents,
and they are widely used in AM technologies. Some composite materials used
include Fe-Cu, TiC-Ni, steel-Cu, polymer matrix and fibre-reinforced composites
(Guo and Leu, 2013).

There are various ways to classify the AM technologies, such as by baseline
technologies or by their raw material input; however, using one type of
classification seems to provide a better understanding of the technology. In 2010,
the American Society for Testing and Materials (ASTM) group “ASTM F42-
AM?” (Harris, 2019) formulated a set of standards that classify the range of AM
processes into seven categories: vat photopolymerisation, material jetting, binder
jetting, material extrusion, powder bed fusion, sheet lamination and directed
energy deposition (Kumbhar and Mulay, 2018).

Additive manufacturing faces many challenges and barriers; they must be
overcome in order to integrate this technology as amongst the current
manufacturing processes. Some challenges are related to the development of
process control systems in order to incorporate feedback control systems, and
metrics to improve accuracy, reliability and quality. There is also a need to
improve the manufacturing price in order to be able to machine parts on micron
scales or produce quality pieces in terms of surface finishes, which can achieve
the desired tribological and aesthetic properties.

Processing speed is another challenge to overcome in order to develop high-
performance additive processing methods to compete with conventional
techniques. Additionally, the capacity to produce large volumes, both in size and
in the number of pieces produced, must be addressed. Finally, the development
of processes capable of producing products with new metallic materials and
polymers formulated for AM, which provide specific application properties, such
as flexibility, conductivity and transparency, stands out (Office of Technology
Transition, 2019).

4 DESIGN OF EXPERIMENTS: DEVELOPMENT FOR THE
CASE

The results described in the following paragraphs are the consequence of the
application of the DOE methodology on the case study, following the steps
described in section 3.
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Phase 1: Definition of the case study

Fused deposition modelling (FDM) is a leading AM technology that is grouped
into the category of extrusion-based systems used to manufacture solid
prototypes with various materials directly from CAD data. Extrusion is a method
used to create objects of a fixed cross-sectional profile. As the name implies,
extrusion-based systems create parts by successively depositing layers via the
controlled flow of a semi-liquid raw material through a nozzle in the deposition
head assembly. The resulting material will maintain a constant cross-sectional
diameter. Next, the AM machine starts and stops the flow of the material while
scanning to complete the layer and then adds additional layers (Gibson, Rosen
and Stucker, 2015).

The quality and strength of FDM construction parts depend essentially on the
process parameters. To understand the performance and behaviour of FDM
construction parts, the influence of process parameters on the quality of the result
of construction parts must be studied (Venkatasubbareddy, Siddikali and Saleem,
2016). For this case study, the FDM process was used to create the samples. This
process was performed in the laboratories of Mondragén University, as shown in
Figure 2.

Figure 2 — Fused Deposition Modelling Equipment Acquired
by the Laboratories of Mondragén University

The part created for the case study had a standard design analysed by the tensile
test. To verify the mechanical properties of the composite material, the 3D model
of the tensile test specimen was created according to EN ISO 527-2 standard
(IS0, 2012). All the parts were made from polylactic acid (PLA). This material is
a thermoplastic polymer. It is a standard polymer used in 3D printing with FDM
technology. This material has some advantages: it is biodegradable because it is
derived from renewable feedstock, such as starch, and its contraction during the
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cooling phase is weak. It has good geometrical stability during its fabrication,
and it uses low temperature to transform (merger point around 180°C).
Generally, PLA is used for the creation of objects for the food processing
industry or decoration without mechanical stress. In Figure 3, the dimensions of

the sample tested are shown.
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Figure 3 — Dimensions of the Sample Tested

To evaluate the mechanical properties of the created specimens, tensile tests were
carried out in the laboratory of Mondragén University according to EN ISO 527.
The machine used for the tensile test was the Instron by Zwick/Roell, which is

shown in Figure 4.

Figure 4 — Machine Used for the Tensile Test
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Phase 2: Measurement of the case study

The quality and strength of FDM construction parts depend essentially on the
process parameters. To understand the performance and behaviour of FDM
construction parts, the influence of process parameters on the quality of the result
of construction parts must be studied. Numerous studies have been carried out in
this field, where the most important parameter levels of the FDM have been
analysed for different quality characteristics of the construction pieces, including
the thickness of the layer, air space, width of the plot, plot orientation,
temperature and deposition rate (Sood, Ohdar and Mahapatra, 2010; Anitha,
Arunachalam and Radhakrishnan, 2001; Prasad, Krishna and
Venkatasubbareddy, 2014; Venkatasubbareddy, Siddikali and Saleem, 2016).

In the present study, the aforementioned information has been taken as a basis
and brainstorming has been carried out to identify new factors. Strategies to be
followed for each factor have been assigned. Table 1 shows the most important
factors that affect the process and its classifications.

Table 1 — The Most Important Factors that Affect the Process and Their
Classifications

N¢ |[Factor Factor |Classification| Strategy |Expecte| Factor range
type d effect
1 |Extruder temperature| Continuous | Controllable Control Positive 180 - 200 °C
2 INozzle movement Continuous | Controllable Control Negative | 40 mm/sec - 80
speed mm/sec
3 |Thickness of Layer | Continuous | Controllable Control Positive | 0.1 mm - 0.3 mm
4 |Extrusion Width Continuous | Controllable Control Positive 0.55-0.75
5 Test Tube Position Discrete Controllable Control Positive Horizontal -
Vertical
6 |[nternal fill angle Discrete Controllable Control 0°-90°
Nozzle type Discrete Controllable | Use the nozzle, Null 0.6
7 recommended by|influence
the manufacturer|
Material Discrete Controllable Use the same Null Polylactic acid
8 . .
material influence PLA
9 Overlap: last layer — | Continuous | Controllable | Use the same Null 0,15
erimeter value influence
[First layer (speed, ...) | Continuous | Controllable | Use the same Null |Established by the
10 value influence| manufacturing
CNC program
1 IPosition on the table | Discrete Controllable | Use the same Null
(quadrant) position influence
Cooling Continuous Noise Fans running, to
12 0901 the
environment
inside the printer
13 [Ambient temperature | Discrete Noise Randomize
14 {Ambient humidity Discrete Noise Randomize
15 IHumidity, raw Discrete Noise Randomize
imaterial
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The definitions of the controllable factors selected in this study are as follows:

Temperature: Heat degree present to manufacture a product using 3D
machines. Temperatures that are considered suitable by testers are 180°
and 200°.

Speed: Indicates how fast the filament is pulled back from the nozzle. The
lowest level of speed for manufacturing is 40 mm/sec, and the highest
level is 80 mm/sec.

Thickness of layer: The nominal layer thickness for most machines is
around 0.1 mm; however, it should be noted that this is only a general
principle. The reasoning is that thicker layer parts are quicker to build but
are less precise. In trials performed by testers, the lower level of thickness
was 0.1 mm and the higher level was 0.3 mm.

Extrusion width: A process used to create objects of a fixed cross-
sectional profile. A material is pushed through a die of the desired cross-
section. For the current study’s case experiments, the lower and higher
widths were respectively 0.55 and 0.75.

Test tube position: The part orientation on the machine build platform in
which geometries are manufactured horizontally or vertically.

Internal fill angle: The process by which materials are used to fill created
pieces (also known as infill). For the current study’s case experiments, the
special angle was chosen to be 0°-90°.

Table 2 shows a summary of the selected controllable factors.

Table 2 — Summary of Controllable Factors Selected

Cod Variable Experimental .level

Lower Level Higher Level
A Temperature Continuous Controllable
B Speed (Speed of Movement of the Nozzle) Continuous Controllable
C Thickness of Layer Discrete Controllable
D Extrusion Width Discrete Controllable
E Test Tube Position Discrete Controllable
F Infill (solid interior)-Internal fill angle Discrete Controllable

To conclude this phase, the number of replicas necessary to calculate the
experimental error and analyse the significance of the effects and interactions

was

defined. To do this, a hypothesis test was carried out, considering the

deviation of the results (o), the maximum expected effect, the probability of a
type I error (o) and the sample size (or the number of replicas). In the case of this
study, the hypothesis test was performed defining two replicas (common in
industrial processes), an expected effect of 20%, and o = 5%, obtaining a power
of 0.96, which was adequate. As shown in Figure 5, two replicates are sufficient
to obtain a power greater than 80% to observe a change in the response greater

than

15% (stress at the moment of breakage [MPa]).
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Power Curve for 2-Level Factorial Design for Break in Tension(Mpa)
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Figure 5 — Power Curve to Define the Numbers of Replicas

Phases 3-4: Planning and execution of the case study experiment

Following the indications of the methodology described in Phase 3, the case in
question was developed within a context of characterisation, so the experimental
strategy used corresponded with the factorial experimental design. Figure 6
shows different examples of the experimentation carried out.

Figure 6 — Examples of the Experimentation
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Six controllable factors and two levels for each factor were identified, selecting a
fractional factorial design (2%!) of resolution IV and two replicates for a total of
64 experiments. Three answers to be analysed were selected: the Young modulus
(GPa), break in tension (MPa) and breakage deformation. The experimental
design and the results of the experimentation are shown in Figure 7.

peed | Thickness of | E Internal Fill | GP‘(”| Break in
Angle Tension(MPa)
1 180 40 0.1 , Horizontal 0 2,70 24,10 0,01
2 200 40 0.1 , Horizontal 90 3.13 30,71 0,01
3 180 80 0.1 .5 Horizontal 90 2,53 27,42 0,01
4 200 80 0.1 E Horizontal 0 3,07 30,64 0,01
5 180 40 03 , Horizontal 90 3,34 37,85 0,01
6 200 40 03 , Horizontal 0 334 34,10 0,01
7 180 80 03 .5 Horizontal 0 247 25,06 0,01
8 200 80 03 , Horizontal 90 2.82 32,25 0,01
9 180 40 0.1 , Horizontal 90 3.28 42,33 0,01
10 200 40 0.1 Horizontal 0 3,17 42,70 0,02
11 180 80 0.1 Horizontal 0 2,90 45,98 0,02
12 200 80 0,1 Horizontal 90 3,07 53,49 0,03
13 180 40 03 , Horizontal 0 3,31 42,74 0,01
14 200 40 03 , Horizontal 90 3,08 42,57 0,02
15 180 80 03 , Horizontal 90 3.40 55,63 0,03
16 200 80 03 , Horizontal 0 3.60 48,41 0,02
17 180 40 0.1 .5 Vertical 90 2,29 32,06 0,02
18 200 40 0.1 .5 Vertical 0 3,39 39,56 0,02
19 180 80 0.1 , Vertical 0 2.49 31,36 0,01
20 200 80 0.1 , Vertical 90 3.23 43,15 0,02
21 180 40 03 .5 Vertical 0 2,88 37,01 0,02
22 200 40 03 , Vertical 90 2,95 38,03 0,02
23 180 80 03 0,55 Vertical 90 2,38 34,89 0,02
24 200 80 03 0,55 Vertical 0 2,84 35,53 0,02
25 180 40 0.1 0,75 Vertical 0 3,14 45,46 0,02
26 200 40 0,1 0,75 Vertical 90 3,65 55,94 0,05
27 180 80 0.1 0,75 Vertical 90 2.88 40,19 0,02
28 200 80 0.1 0,75 Vertical 0 2,89 37,14 0,02
29 180 40 03 0,75 Vertical 90 3.06 43,49 0,02
30 200 40 03 0,75 Vertical 0 3.27 53,64 0,02
31 180 80 0.3 0.75 Vertical 0 338 42,96 0,02
32 200 80 03 0,75 Vertical 90 3,02 42,54 0,02
33 180 40 0.1 0,55 Horizontal 0 2,64 18,69 0,01
34 200 40 0,1 0,55 Horizontal 90 3,00 18,77 0,01
35 180 80 0.1 0,55 Horizontal 90 324 18,17 0,01
36 200 80 0.1 0,55 Horizontal 0 2,94 20,65 0,01
37 180 40 03 0,55 Horizontal 90 243 17,58 0,01
38 200 40 0.3 0.55 Horizontal 0 3.04 21,80 0,01
39 180 80 03 0,55 Horizontal 0 3.27 20,77 0,01
40 200 80 03 0,55 Horizontal 90 3.20 23,84 0,01
41 180 40 0.1 0,75 Horizontal 90 3.52 50,57 0,02
42 200 40 0.1 0,75 Horizontal 0 312 33,42 0,01
43 180 80 0.1 0,75 Horizontal 0 3.14 38,00 0,01
44 200 80 0.1 0,75 Horizontal 90 3.14 45,55 0,02
45 180 40 0.3 0.75 Horizontal 0 3,56 48,15 0,02
46 200 40 03 0,75 Horizontal 90 3,62 55,75 0,02
47 180 80 03 0,75 Horizontal 90 3.64 56,47 0,02
43 200 80 03 0,75 Horizontal 0 3.44 55,49 0,02
49 180 40 0.1 0,55 Vertical 90 2,12 20,73 0,01
50 200 40 0.1 0,55 Vertical 0 3.83 20,31 0,01
51 180 80 0.1 0,55 Vertical 0 3.53 30,76 0,01
52 200 80 0.1 0.55 Vertical 90 1.86 12,04 0,01
53 180 40 03 0,55 Vertical 0 223 27,14 0,01
54 200 40 03 0,55 Vertical 90 1.39 9.60 0,01
55 180 80 03 0,55 Vertical 90 1.92 18,90 0,01
56 200 80 03 0,55 Vertical 0 2,84 27,87 0,01
57 180 40 0.1 0,75 Vertical 0 2,59 28,99 0,01
58 200 40 0.1 0,75 Vertical 90 2,40 20,93 0,01
59 180 80 0.1 0.75 Vertical 90 1.86 16,94 0,01
60 200 80 0.1 0,75 Vertical 0 1,68 14,05 0,01
61 180 40 03 0,75 Vertical 90 2,54 26,24 0,01
62 200 40 03 0,75 Vertical 0 2,57 34,97 0,04
63 180 80 03 0,75 Vertical 0 2,92 42,06 0,02
64 200 80 03 0,75 Vertical 90 2,70 36,81 0,02

Figure 7 — Experimental Design Matrix (25, 2 replicas)
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Phase 5: Analysis of the results of the case study experimentation

When the experiments were analysed, the data were fitted to a model and
estimated. The effects of the main factors and interaction terms were estimated.
The analysis involved interpreting the influence that each variable had on the
result.

Experimentation can be difficult if too many variables are changed at the same
time. There are many ways to comment on results that are obtained through data
analysis. Pareto charts determine the magnitude and importance of the effects. In
the chart, bars that cross the reference line are statistically significant. The Pareto
chart displays the absolute value of the effects. It can determine which effects are
significant, but it cannot determine which effects increase or decrease the
response. This type of chart helped determines that 20% of the variables were the
most influential for 80% of the results. This information is useful because it helps
focus on the variables that have a significant effect.

The normal probability plot of the standardised effects was used to examine the
magnitude and direction of the effects on one plot. The normal probability plot of
effects shows the standardised effects relative to a distribution fit line for the case
when all the effects are 0. The standardised effects are t-statistics that test the null
hypothesis that the effect is 0. Positive effects increase the response when the
settings change from at low value of the factor at the high value. Negative effects
decrease the response when the settings change from at low value to at high value
of the factor. Effects further from O on the x-axis have greater magnitude and are
more statistically significant. In the following paragraphs, the results for each
analysed response are discussed, for which the Minitab 18 software was used as
support.

First answer: The Young modulus (GPa)

Figure 8 shows a summary of the results for the first answer: the Young modulus
(GPa). It can be observed that the normal plot graphics are the variable test tube
position (E), located at the left side of the graphics, so E has a positive effect on
the Young modulus. The extrusion width (D) is fixed at the right side of the
graph, which means that D has a negative effect on the Young modulus. For the
Pareto chart, after the red line, variables D and E appeared. Thus, E is in the first
place and has a greater effect on that response. The main effect plot graph has
three non-horizontal lines through the x-axis, which are important for the
response and include D, E and F, respectively. On the interaction plot graphs, the
colour and shape of the points differ between statistically significant and
statistically insignificant effects. On this plot, the main effects for factors D and
E are statistically significant at the 0.05 level.

Additive manufacturing is a new group of technologies that, although still
evolving, are projected to exert a profound impact on manufacturing. They can
give industry new design flexibility, and shorten time to market. All AM
technologies involve several processes, but these processes are often similar. In
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general, AM technologies involve eight different stages, which include creating
the CAD model, converting this design to the STL format, transferring this
format to the AM machine, configuring the machine, building parts, removing
the pieces produced in the machine, and, if necessary, post-processing and using
applications for additional treatments, such as painting and priming (Kumbhar
and Mulay, 2018; Wong and Hernandez, 2012).
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Figure 8 — Summary of Results for the First Response Young Modulus (GPa)

Second answer: Break in tension (MPa)

Figure 9 shows a summary of the results for the second answer: break in tension
(MPa). A normal plot analysis indicates that D is located at the left side of the red
line, which indicates that D has a positive effect. At the same time, DE has a
negative impact on the response, referred to as a break in tension. The main
effects graph shows that the lines are not parallel to the x-axis for thickness of
layer (C), extrusion width (D), or test tube position (E); however, clearly, the
effects are more visible for extrusion width (D), which is a significant variable
for that response. With the highest mean of break in tension, the level of
extrusion width is the highest level of the variable at 0.75 mm.

The variables of temperature, speed internal fill angle are in striking distance of
the horizontal mean line in the mean effect graph. Therefore, interaction plot
graphs are useful in determining which level they interact with. For temperature
at the speed of 80 mm/sec, the interaction graph has the highest mean, so, the
temperature is 200°C. As mentioned, DE has at significant effect on the response
break in tension. When the interaction graph is displayed according to
understanding of the integrated effect while variable E is horizontal (symbolised
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by the blue line), variable D has the value 0.75 mm, which is the highest level of
extrusion width.
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Figure 9 — Summary of Results for the Second Response Break in Tension (MPa)

Third answer: Breakage deformation

Figure 10 shows the summary of the results for the second and third answer:
breakage deformation and break in tension (MPa). In the normal plot graph and
Pareto chart, only extrusion width (D) has a significant effect on breakage
deformation. Moreover, the main effect plot has an intense passing line, which
belongs to the extrusion width. The line is not parallel to the X line. Process (D)
has a positive standardised effect. When the process changes from a low level to
a high level of the factor, the response increases. With the highest mean of
breakage deformation, crucial variable D has a significant effect on response and
must be 0.75 mm, which is the highest level of that variable.

In this interaction plot, the lines are not parallel. This interaction effect indicates
that the relationship between temperature and speed depends on the value of the
temperature range. For example, if the speed (B) 40 mm/sec is chosen, then
temperature (A) 200°C is associated with the highest mean breakage
deformation. In other respects, if the speed 80 mm/sec is chosen, then the
temperature 180°C is associated with the highest breakage deformation.
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Figure 10 — Summary of Results for the Third Response Breakage Deformation

Phase 6: Improvement via confirmation experiments of the case study

The optimisation of the process response was carried out by pivoting the values
of variable extrusion width (D) and test tube position (E) together as ‘DE’, which
had a negative effect on the response. At the same time, D had an individual
positive effect on the response. Thus, the variable level of E, which was founded
‘horizontal’, can alter into the ‘vertical’ by minimising the negative effect of
‘DE’ on the response. Other variables were not as significant as D. Therefore,
any type of change in these variables would not affect the response as expected.

The software Minitab 18 allowed us to define the optimal level of the variables,
taking into account all the answers. Figure 11 shows the levels to be programmed
for each of the variables to maximise the results of all the responses. The
proposed levels for all the answers were temperature (A) 180° C; speed (B) 40;
thickness of layer (C) 0.3; extrusion width (D) 0.55; test tube position (E); and
horizontal, internal fill angle (F) 0°. The expected results in these conditions for
each response would be the following: breakage deformation 0.0022, break
tension 56.20, and Young modulus 4.2.
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Figure 11 — Levels for Each of the Variable to Maximise All the Responses
(Minitab 18)

Phases 7-8: Control and standardisation of the case study

Once the significant factors that affect the process were defined, and the levels
that improve the response were indicated, the process was standardised by
establishing controls to maintain the factors at the appropriate levels.
Subsequently, the results were contrasted in the application of two real cases.

To validate and standardised the parameters identified in the study, the results
were contrasted by manufacturing two moulds: one to manufacture skateboards
(Figure 12) and one for drone cases (Figure 13) with the vacuum-assisted
infusion process. Through this application, the validity of the identified
parameters was verified since the manufactured modes were manufactured at the
specified speed and quality levels.

B: Board made with the
mould in the vacuum-
assisted infusion process

_ C: Assembled skateboard
5

A: 3D-printer skateboard

Figure 12 — Mould for a Skateboard
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i C: Manufactured drone case | - D: Assembled drone

Figure 13 — Drone Case Mould

S CONCLUSIONS

This article has demonstrated the importance of the use of experiment design
methods to optimise methodologies through minimal experimental effort. It has
also demonstrated the validity of the standard process followed by showing how
to address the planned experimentation of any industrial process, enabling
efficient use of the experimentation methods so that efforts to develop an
understanding of the process are optimised. The applied methodology also allows
for the development of the ability to deploy an appropriate experimental design
to obtain maximum information with minimum experimental effort.

The best combination of levels for the three analysed outputs was identified,
which was tested by manufacturing real products using the desired technical
characteristics. The ideal combination is temperature (A) 180° C; speed (B) 40;
thickness of layer (C) 0.3; extrusion width (D) 0.55; test tube position (E); and
horizontal, internal fill angle (F) 0°. The results have been confirmed by their
application in the manufacturing of two moulds applied in a vacuum-assisted
infusion process. An analysis was carried out with the Minitab 18 statistical
software to determine how the data might be exploited.

The same experimental setup and analysis techniques can be readily applied to
different 3D technologies, and the corresponding best setting of the various
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control parameters can be obtained. The results of the case study provide a
stimulus for the wider application of experimental techniques in organisations,
which can use the steps of the presented methodology. Future research might
consider how to carry out designs based on the proposed methodology in an
iterative way that guides the execution of the experimental process sequentially,
gradually acquiring knowledge based on previous experimentation.
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