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Lean Thinking and Lean Management in Industry 4.0 

Dragutin Lederer 
Dywidag Systems International, Max-Planck Ring 1,  

40764 Langenfeld, Germany 

Abstract 
Lean Thinking and "Lean State of Mind" are not only spreading in existing and new industries: They 
are also having an increasingly deep influence by enhancing our complete lives and our daily work. The 
more our work is linked to industrialization, the more important it is to transform our work and to adjust 
it to the newest industrial situation. The new "Industry 4.0" changes our work in a revolutionary way. 
It does not replace it! In the past, when talking about industrial added value, what was meant was mainly 
the reduction of wastefulness. Today, what is meant is ecological sustainability, and, more recently in 
conjunction with Industry 4.0, optimum networking. The decentralized regulation and integration of 
intelligent objects that accompanies Industry 4.0 represents a revolutionary paradigm shift with the 
focus still being on waste free processes.The underlying hypothesis of creating leaner and waste-free 
processes by digital networking and of enhancing resource efficiency from an economical, 
psychological and lastly also ecological point of view can only be successfully realized using Lean 
Thinking and "Lean State of Mind". The present paper shows how important Lean Thinking is in the 
new Industry 4.0. 

Keywords: Lean Management, Lean Thinking, Connecting Value Stream, Network Industry, Industry 
4.0, Cyber-Physical Systems (CPS), Internet of Things (IOT) 

1. INTRODUCTION 
Under the definition of "Industry 4.0", "Connecting Production" or "Cyber-Physical Systems" 
[5], a risk for a new paradigm arises: The Connecting Value Stream, which is from both sides: 
point of view of science, as well as from the perspective of industrial economy, declared as the 
fourth industrial revolution, will solve all our existing long combat problems in reduction the 
waste and achieving our goals (Figure 1 [1]).  

 
Figure 1 – Internal and external aims of a company [1] 
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The definition of Lean management, considered alone, is based upon the Lean-Root-Idea: It is 
a process where the wishes of the customer and the customer's needs are met, including 
production without wastes, at lowest cost and with minimum resources. There are various lean 
tools available that help us in Value-Stream to design our processes lean. 

In the Networked Industry 4.0, the key element is the connecting of autonomous, self-
controlling, configure itself, sensor-supported and regional distributed production resources and 
smart properties. We also call this as "Connecting system for intelligent production" or "Cyber-
Physical Systems". Networking may not stop at the borders of the company. It has to reach far 
beyond the boundaries of the individual enterprise. Rather, it is advisable in the consideration 
and analysis to include the overall Value-Stream and entire product lifecycle, to create stable 
corporate positions with high volatility and the value add flexibly customized on changing 
market needs. With the inclusion of suppliers and customers, the potential of the vertical and 
horizontal integration can be opened up effectively. 

In spite of the revolutionary character of "Connecting Production", the way to Connecting 
Value-Stream can take place only gradually step-by-step due to the environment with natural 
current state of processes and structures. One of the biggest issues is how to change a firmly 
rooted culture to match our desired targets. 

It is clear that the Connecting Value-Stream will not solve our problems and inefficiencies 
in processes and procedures. The connecting alone, without the process optimization, process 
modification and process adjustment will just cause the cost but not, or not in fully potential, 
will cause the value creation and improvement. 

For this reason, it is indispensable, and regarded as the prerequisite for the Network Industry 
4.0, that the processes are optimized before. These can be optimized only with Lean Thinking 
and Lean Management based on reduction and minimization of waste. 

2. POTENTIAL OF THE INDUSTRY 4.0 (A CONNECTING VALUE STREAM 
POTENTIALS) 

Industry 4.0 currently dominates the discussions in many companies. However, the fourth 
industrial revolution is only at the beginning. In the light of diverse opportunities and the 
international scramble for leadership in industry 4.0, companies are invited and required to take 
advantage of the new opportunities and quickly implement the present ideas into reality. Each 
change, as well as the implementation of an industrial revolution has ultimately the goal of a 
rising productivity and optimized resource efficiency. There are no changes without this basic 
background! Nearby, it is to expect that new changed business models occur. The 
implementation of such new business models can create valuable competitive advantages for 
companies. 

Basic questions which are at the same time the ground targets of the Industry 4.0 lie here in 
the focus: 

1. How can the Connecting Value-Stream change the existing processes in a positive 
manner? 

2. How does the Connecting Value-Stream contribute to an increasing productivity? 
3. How does the Connecting Value-Stream increase the economic and ecological efficiency 

of resources? 
4. What potential can be deflected from Connecting Value-Stream for new business models? 
5. What potential can be derived for new businesses and markets? 

Changes apply all relevant dimensions and areas: 

 Technologies and systems, 
 Organization and processes 
 Management and manpower, and 
 Business models. 

The digitalization changed all areas of a company. The developments relating to the 
digitalization cannot be considered detached from each other. 

3. POTENTIAL OF LEAN MANAGEMENT AND LEAN THINKING 
When we speak about changes from "lean" point of view, there are 3 truths and guarantees that 
we have to have always in mind: 
 Guarantee #1: change will not stop — it will go only even faster. 
 Guarantee #2: independent of how good planned, a change will never run smooth and 

without problems 
 Guarantee #3: Everybody is responsible that change is carried out and implemented 

Considering the definition of lean, that Lean is a process in which the customer requirements 
and wishes are met in desired time, at a minimum cost and at the minimum of the 
required/expected quality, lean is a process in which the wastes are minimized and the value 
added stream is maximized. Hereby, one single fundamental lean goal is possible to define as: 
Problem-solving and continuous improvement in all levels and segments of the business 
process. 

Lean does not bring the results and the goals in the focus. Rather, Lean optimizes the 
processes that lead to results! Regarding the resources in lean treatment and lean environment, 
the focus is on management and creating a culture of problem solvers. The basic idea and the 
basic lever for the management is: I'm not a "problem solver", I educate and qualify others as 
"problem solvers"! This creates the essential foundation for sustainable results through kaizen 
(guided by A3 thinking) and for bold innovations (guided by Hoshin planning) to achieve 
dramatic and enduring gains in every organization. [2].The people are the only ones who can 
devise, define and set a lean process. In doing so, there are all lean tools, from basic tools up to 
development & growth tools (Figure 2) available. 

 
Figure 2 – Main lean tools groups [1] 

Lean management and lean thinking was in itself, an innovation. You could confidently say 
today, it was a process- and thought- revolution, because this innovation is constantly observed: 
it was not, it is actual here, in every single decision! Each process created under "Lean" is an 
innovation! Each new process is different and better than the previous. This is the revolutionary. 

Numerous studies have shown that Lean Management and Lean Thinking speed up also the 
improvements in financial performance in practice. [3] 
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4. THE CONDITION FOR THE CONNECTING VALUE STREAM, DIGITAL- 
TRANSFORMATION 

The successful implementation of the digitization of connected resources and value streams can 
be successfully realized only in a prepared company. For this purpose, there are 3 essential 
basic requirements (Figure 3). 

 
Figure 3 – Company – basic requirements for the Connecting Value-Stream 

4.1.  Lean processes 
As a precondition for the digital networking and the Connected Value-Stream, the processes 
must be free of wastes. The company must be the lean transformation undergone. Lean 
processes are transparent. Creating transparency is the most important prerequisite to 
implement industry 4.0. 

The second most important requirement in addition to transparency is the reduction in 
complexity and the reduction of variances. The processes for the Connecting Value-Stream 
have to be prepared based on these two requirements. 

4.2. Lean management 
Management, as leading and supporting link of the new business models, must be open for the 
changes through lean transformation and it have to be ready, through Hoshin-planning to create 
the clarity. Management has to be ready to take responsibility and push as well as track the 
implementation. The overall responsibility for all developments and creations by Industry 4.0 
must be of the Executive Board. Industry 4.0 will radically change the manner and art how we 
are working todays. The highest requirement on the management, which can be easily ensured 
with "Lean Thinking", is "thinking outside the box"! 

4.3.  Lead with respect 
At last, the successful implementation of each project, as well as continuous optimizations and 
improvements is dependent of all structures, i.e. employees in vertical and horizontal planes. 

For this purpose, all employees need to be educated in a corporate culture. This uniform 
corporate culture is to achieve with 7 aspects of the basic behavior of management culture, 
described in the book "Lead with respect" [3]: 

1. Go and See for Yourself 
2. Create Meaningful Challenge 
3. Effective Listening 
4. Teaching and Coaching 
5. Supporting Others 
6. Fostering Teamwork 
7. Learning as a Leader 

In the same time, the "Problem solving & root cause analyzing" have to be successfully installed 
at all levels (figure 4). 

 
Figure 4 – Problem solving & Root Cause Analyzing [1] 

If we named the industry based on Lean Management and Lean Thinking as "Lean Industry", 
than it can be said that the "Lean Industry" is the front door for the Industry 4.0. Without this 
front door, the actual entrance into the networked industry can never happen properly and in 
the right ways. 

5. THE WAY TO A NETWORKED VALUE ADED AND VALUE STREAM 
The necessary technologies for implementation of Industry 4.0 exist already today in many 
areas of automatic controled technologies. Nevertheless, to a completely linked up, intelligent 
production line with communication between person, machine, tools and work piece is still a 
long way to go. Worldwide complete linked up solutions are still rar   e. Digital components 
are necessary to connect the physical with the digital world on a real-time basis. The way to the 
conversion of a Connecting Value-Stream or "Digital Transformation" is alike to the Lean 
Conversion or "Lean Transformation Process". The conditions for a successful conversion are 
the same ones (Figure 5). 
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Figure 5 – The prerequisites for the successful implementation of Connecting Value-Stream 

The way to Connecting Value-Stream should be distributed in 3 main steps. How far these three 
steps can be moved partially or completely in parallel depends on the actual status of the 
conditions for the interlinking and our readiness. 

Independently in which step we are or in which step the activities are set, many interrogative 
positions must be answered (Figure 6). 

 
Figure 6 – Fundamental questions for the implementation of industry 4.0  

As Lean management or Lean Thinking can be used in all business levels and internal 
commercial processes, the internal interlinking, as a Step-I can be also realised in the same way 
(Figure 7) 

 
Figure 7 – Internal transactional process areas 

As already mentioned in chapter 1 – Introduction, the interlinking may not stop through the 
connection of the internal processes and resources. The interlinking with the suppliers comes 
as Step-II. The connection of the internal processes, Step-I, lies in our hands. The notification, 
speed and acceptance of the implementation, depends on us. Step-II, the interlinking with the 
suppliers depends also mainly on us: finally, we are the customers of our suppliers and can 
therefore influence the conversion substantially. In the Step-II the purchase / Supply Chain 
becomes the pioneer and driving force. It is a pacemaker of this process. Its experience helps 
to implement successfully the new quality in the cooperation between different companies. 
The goal is to speed up innovations together for the purposes of an Connecting Value-Stream. 
This approach goes over the already in-plant optimisation measures. In addition, the "Internet 
of Things" demands even stronger the strategical procurement: New alliances and 
partnerships will be necessary for the realisation of customised solutions. Customary products 
and become "intelligent" and with it to core components of industry 4.0. For their 
implementation, the process competence and market expert's assessment of the purchase is 
inalienable. 

The conversion of the Step-III – the interlinking with our customers depends in the essentials 
on our skill and conviction ability to persuade our customers of common advantages of such an 
interlinking. In this task, the sales and marketing are in the foreground as a pioneer! 

6. THE BENEFITS OF CONNECTING VALUE-STREAM (WHAT OFFERS THE 
INDUSTRY 4.0 TO LEAN INDUSTRY) 

Big Data and technologies on the data processing are vital key technologies of the digitization 
and above all preferential in connection with the interlinking. The common look of all actors 
of an enterprise, as well as a Supply Chain on the same data amount with the same possibilities 
for the analysis, improves the communication together and leads to quick decisions. The 
vertical and horizontal interlinking (by technologies) allows the change of the functional view 
to the process view in all levels and in all areas. The digitization of the purchase and the whole 
procurement portfolio are only thereby unconditionally possible. The vertical and horizontal 
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interlinking causes the process view. On the other side the application of technologies and 
systems causes the interlinking. The interlinking is here the determining size. Only the 
exchange of know-how with others, in a surrounding based on changes leads to profit from 
the advantages of the digitization. The production from tomorrow must be highly adaptable: 
down to loose size 1 with the concurrent efficiency of the mass production. A Connecting 
Value-Stream with linked up processes is in addition to Lean management of great 
importance. 

7. THE OBSTACLES TO THE IMPLEMENTATION OF INDUSTRY 4.0 
The creating of transparency is the most important condition to be able to implement Industry 
4.0. To create transparency means to provide the knowledge in a clear structure. At the same 
time, missing of transparency i.e. lean processes is the main hindrance to the implementation 
of Industry 4.0. Still a lot of clarification must be pursued to diminish existing hurdles on the 
subject "Industry 4.0". This enables the enterprises, to concern the conversion of Industry 4.0. 
The institution in charge of the process must adapt his own structures and processes to the 
digitization. The processes must freely be from wastes – possibly pure added value processes. 
This responsibility must react in future on a real-time basis in order to give expressive 
information. In addition the processes have to be digitized as much as possible to be able to 
concentrate upon core processes. 

The handling with Big Data and data as well as the application of assistance systems or 
Augmented Reality solutions support, e. g. the digitization of the purchase. The institution in 
charge of the process must manage a partly changed, increasingly digitized product portfolio 
(procurement portfolio / market portfolio). 

Not only the processes of the production, but also the processes in purchase and distribution 
as well as procured and expelled products are covered by the change of the digitization. Beside 
a changed product portfolio, the suitable machines, tools and raw materials must also be 
provided for the production of new products. Hence, the need to develop new commercial 
models exists in all levels. 

New commercial models on the basis of new technical possibilities must be identified on 
time and be developed. Advanced robotics, reproductive manufacturing, and mobile broadband 
Internet, new high-capacity materials, Big Data and Cyber Security are examples of the 
pioneers of the layout to the slender, linked up i.e Lean&Connecting production. 

The better the enterprise is prepared for the conversion of the Connecting Value-Stream, the 
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and implement it in term of "Lean"? A tool which enable us collecting the facts even faster and 
faster to be able the defined Lean Processes properly to control and regulate? Which enable us 
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Or is the connecting value stream an independent renewal in existing industry, justly called 
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The question is what the base is and what is the build up? The future will give the correct 
answer! However, it is important and essential that these two developments, "Lean 
Management"&"Lean Thinking" and "Industry 4.0" may not be considered separately. These 
two belong together, and they need to be further developed in common iteration. 

But for sure, only the company that has the following two issues already successfully 
established (Figure 9), has the significant advantages in the implementation of Connecting 
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An example from the practice at the end of this analysis clearly shows that: 
"Twenty-two years ago, the three Ci&T founders chose the company’s name to represent its 

core principles: Collaborate, Innovate, and Transform. Today, Ci&T is a global company 
providing digital technology services that enable customers like Coca-Cola, Google, Johnson 
& Johnson, and Walmart to take advantage of continuous waves of technology-based 
transformations. In order to navigate a rapidly changing environment while maintaining a high 
growth rate (over 35% YoY), Ci&T started on a lean journey in 2007, embracing lean as its 
core management system, covering the work of 100% of the company’s employees. The 
transformation began at the senior level with hoshin kanri and evolved to encompass all 
employees worldwide across delivery teams and support areas. Ci&T is again drawing on the 
principles of collaboration, innovation, and transformation by helping its customers to 
incorporate lean principles into their own management cultures and operational models. For 
Ci&T, lean is the foundation of a consistent and sustainable digital transformation" [2]. 

9. CONCLUSION 
Lean is not only a fundamental basis for the cost saving and efficiency in business processes in 
all levels, but it is an essential indispensable philosophy and kind of behavior towards growth. 
Thus, Lean management is, and it remains undivided with networked Industry 4.0. Lean 
Management is a basis for the successful implementation and full use of the Industry 4.0. In the 
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Industry 4.0, the industrial value added has to be waste-free, environmentally sustainable, and 
optimally connected. 

Industry 4.0 and industrial Internet (Internet of Things – IOT) open new paths which cannot 
guide in full and whole extent to the targets and results, without Lean Thinking and without 
Lean Management. On the contrary: in order to be able to fully use and implement up-to-date 
technologies, the processes within the plant must be freed of waste, which is why the Lean 
Conversion Process must be started at an earlier stage! [1]. 
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Abstract 
Sustaining continuous improvement (CI) in organizations requires changes in company strategy as well 
as changes in daily routines. Sustaining CI also requires discipline, focus and hard work throughout 
the entire organization. Sustaining CI can be achieved in many different ways but this article only 
presents 4 different existing successful models and analyse their similarities and differences. The CI 
models that will be analysed are: Toyota Kata, Scrum, Kaizen, and Bosch. The different approaches to 
sustaining CI will be analysed using the following three dimensions: CI Entities; CI Events and CI 
Tools. 

Keywords: Sustaining Continuous Improvement, Lean Thinking, Kaizen, Toyota Kata, Scrum  

1. INTRODUCTION 
The development of the Toyota Production System [1][2] represented one of the most important 
milestones in production history. The changes in the production paradigm promoted by it are 
still shaping organization around the world. This production approach, also known nowadays 
as Lean Production [3] follows concepts, principles and tools that result in gains in production 
performance as well as in global business performance. One of the most important principle of 
the Lean Thinking (from a list of five principles as thinking as identified by [4]) is "pursuing 
perfection" or "continuous improvement". This principle is frequently recognized as the most 
difficult principle to be materialized in organizations [5]. Sustaining continuous improvement 
(CI) in organizations requires changes in company strategy as well as changes in daily routines 
of everyone. It requires discipline, focus and hard work throughout the entire organization. 
Using the word "Sustaining" can be argued to be redundant since Continuous Improvement 
already suggests that it happens in a sustaining way. Nevertheless in this article the "sustaining" 
word is used to clarify the idea since many times the term "continuous improvement" is used to 
address isolated improvements. 

The objective of this study is to analyse some of the most popular models to sustaining 
continuous improvement and identify differences and similarities. CI can be achieved in many 
different ways but in this article only 4 different existing successful approaches will be analysed 
by their relevant specificities. The models that will be analysed are: Toyota Kata [6]; Scrum 
[7]; Kaizen [8]; and Bosch Production System model [9]. The different approaches to sustaining 
CI will be analysed using the following three dimensions: CI Structure and Entities; CI Events 
and CI Tools. 
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2. SELECTED SUSTAINING CI MODELS 
Achieving sustaining continuous improvement is very difficult to be reached by traditional 
companies because it requires real changes in the way people conduct their daily work. Every 
level of the organization must be involved and committed around the same vision as well as 
following aligned objectives. The CI models analysed here share a common source, the Toyota 
Production System philosophy, although being developed in different ways. The Toyota Kata 
model is included in this study because it intends to represent the Toyota culture and practices, 
the model is very well defined and public, and the author as well as the Toyota Kata community 
are very keen into spreading their knowledge for the benefit of all [10]. The Scrum model is 
also very well defined and public, and although being developed in a specific environment (the 
software industry) its application is growing very fast and can be applied successfully in other 
type of industry. The kaizen model was selected for this study because it is known and popular 
around the world, it is implemented in many important companies by the Kaizen Institute, and 
also because it is an organization with connections to our university. Finally the Bosch model 
was selected to represent a model from a specific company and this particular company is our 
partner in many research projects. Very little information is published about Kaizen and Bosch 
model, most of what is shared in this article about those two models was obtained by direct 
observation and conversation with people involved. 

2.1 Toyota Kata 
Mike Rother has concentrated all his learnings concerning the Toyota’s way of working in the 
"Toyota Kata" (TK) concept [6], so other organizations could apply Toyota’s continuous 
improvement methodologies in their own organizations. The author makes available to 
everyone plenty of relevant TK material in a website [10] with an interesting sense of sharing 
of knowledge. One of the ideas of TK is bringing scientific method into straight forwards 
practice. TK is also based on the fact that if everyone in a company makes small improvement 
steps every day in the right direction the expected mid-term and long-term results are amazing. 

At the core of Toyota Kata, there is the notion of target condition, which is guided by the 
overall statement in the form of a vision (direction). The target condition is eventually achieved 
via the continuous efforts that have been put into the improvement of performance. In addition, 
a ‘Kata’ is a structured routine that is practiced purposefully to form new skills and supporting 
habits. For instance, "Through many repetitions of the Kata it is possible to imprint the 
behavioural patterns to an extent that they become second nature" [11]. 

A "Kata" is a structured routine that is practised purposefully to form new skills and 
supporting habits. Described as a particular behaviour routine, habit or pattern of thinking, 
Toyota employs to improve processes (improvement kata) and to coach leaders (coaching kata). 
Current neuroscience research supports the idea that through repeated practice of a routine 
(Kata) our brain can rewire to new ways of thinking and habits due to the plasticity of our 
brains. Therefore, "Toyota Kata" aims to provide routines (Katas) to practice, which will 
become over the time and a significant number of repetitions, second nature actions. 

‘Toyota Kata’ consists of a four-part system: 1. Vision; 2. Challenge; 3. The Improvement 
Kata; 4. The Coaching Kata. The first two parts are related to understanding the direction of 
improvement activities (vision and challenge), and the last two are behavioural routines (Katas) 
for improving and teaching/ coaching/ managing improvement. Teams of workers perform 
daily meeting with a coach in order to discuss the results from the last PDCA cycle and to plan 
a new improvement. The coaches are also coached by a second level coaches. The coaching 
kata is a routine in which a coachee is coached in the use of the improvement kata through daily 
striving and guided experimentation toward the achievement of one target condition after 

another. It ensures a consistent routine and a common sense of purpose in the pursuit of the 
production vision throughout Toyota 

2.2 Scrum 
Scrum, very much inspired in the concepts of the Toyota Production System [7] is defined as a 
flexible framework which aims to optimize predictability and control risk and can incorporate 
different processes and techniques [12]. Although originally formalized for software 
development projects, it can be applied in any complex, innovative scope of work [13]. The 
most relevant roles of Scrum are the Scrum Team, The Product Owner, and the Scrum Master. 
The Scrum Team is normally small (5-9 people) and do not include the Product Owner and 
Scrum Master. These Teams are cross-functional, meaning that each member must understand 
his/her role as well as the tasks for create each product increment [14]. Given their autonomy, 
these teams are considered self-organizing and all the recognitions are never for individual team 
members but for the team as a whole. 

The Product Owner represents the external stakeholder interests [15], allowing the 
maximization of the delivered value for the costumers and the approval of the performed work. 
He or she is the one responsible to define requirements and document them as user stories in 
the Product Backlog, which is an ordered list of everything that is known to be needed in the 
product. 

The Scrum Master is characterized as a "servant-leader" [12], overseeing the Scrum process 
and ensuring that the team uses the full range of Scrum appropriate agile values, practices and 
rules. Bass [16] identified six Scrum Master activities in a large-scale distributed organizational 
context: process anchor, stand-up facilitator, impediment remover, sprint planner, scrum of 
scrums facilitator and integration anchor. Thus, Scrum Master aims to maximize the value 
created by the Scrum Team, working constantly to reduce product risk through the incremental 
delivery of features, rapid response to development obstacles, and continual tracking of the 
delivery of backlog items [14]. 

2.3 Kaizen 
The Japanese word "kaizen" simply means "change for better" and is commonly associated to 
continuous improvement in Lean type programmes. Masaaki Ima, the founder of the Kaizen 
Institute, made this word famous though his books [8], [17], [18]. He also promoted the Kaizen 
word around the world through the Kaizen Institute consultancy work in many important 
companies. The Kaizen philosophy is based on the principles, concepts, and tools of the TPS 
approach to production and as the TPS is a people based system with standardisation being an 
essential feature [19]. Kaizen is based on the process of gradual change bringing improvements 
not only in the production but also in the management area. 

The Kaizen Model to sustain continuous improvement rests in the following four pillars [20]: 
Daily Kaizen, Project Kaizen, Support Kaizen, and Leaders´ Kaizen. The Daily Kaizen provides 
the involvement of the workers in the continuous improvement. The workers are organized in 
working teams (natural teams) and they are responsible to follow the standards and stabilize de 
performance levels. These teams must have a team board and daily meetings to monitor the 
performance, keep the workspace organized, and identify problems and improvement 
opportunities. 

The Project Kaizen is a more disruptive feature of the CI and is responsible to make changes 
in the process in order to improve standards and performance. The project kaizen is carried out 
by multifunctional teams (project teams) that are created to a specific project and then 
disaggregated at the end of the project. Kaizen events, very popular in lean programmes lexicon, 
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can be included in this pillar. A Kaizen event can be defined as "a focused and structured 
improvement project, using a dedicated cross-functional team to improve a targeted work area, 
with specific goals, in an accelerated timeframe" [21]. 

The Support Kaizen is provided by a team of managers with good knowledge and experience 
in kaizen philosophy and tools to provide support and guidance to the natural teams as well as 
to project teams. The support team, or also referred as Kaizen team in some companies, is 
responsible to train and monitor the performance of the natural and project teams performing 
regular visits to do support as well as auditing the teams. 

The Leaders´ Kaizen is a team of people in the company leadership that must be aligned 
with the kaizen philosophy and is responsible de define the kaizen strategy for the company, 
the vision and mid-term objectives. 

2.4 Bosch Production System 
The Continuous Improvement System (CIP) at the Bosch Production System can be subdivided 
into two pillars: System-CIP and Point-CIP [9]. The System-CIP aims to capture the current 
value stream status with standardized diagrams and then establish future state value stream 
design. System-CIP is a top down management process responsible to stablish goals, projects 
and standards which ensures the improvement of the entire system. Point-CIP is focused on 
teams of workers aiming process stabilization and improvement, in a daily basis, of the existing 
standards. Point CIP requires the employee involvement [22] in a systematic and sustained 
approach to solve the problems and comprises five key elements: Standards, Process 
Confirmation, Quick Reaction System, Structured Communication, an Sustained Problem 
Solving. Standards are a major element as it allows the employees’ evaluation pointing out 
possible deviations from the sought performance. The second element, process confirmation, 
guarantees the fulfilment of stablished standards. Periodic confirmation audits are conducted 
by team members and the process responsible who evaluates the employees’ performance with 
a checklist, created to the process which includes its key steps. These audits allow the 
identification of the deviations and register possible improvement chances. In case deviations 
are spotted, an immediate action plan takes place. A quick reaction system is composed by three 
elements: a clear display of the reaction limits in the work station, a flawless and fast 
communication channel to ask for help, a contact matrix that allows the contact of specific 
people depending on the type of problem. Structured communication supports the sharing of 
information across all the organization levels. The sustained Problem Solving element aims to 
identify and eliminate the root causes of the problems. All the information regarding audits’ 
results and key process indicators are discussed in meetings, whose frequency is flexible, and 
displayed in the Point CIP board. 

3. COMPARATIVE ANALYSIS 
The comparative analysis of the presented CI models is based on three different dimensions: CI 
structure and entities; CI tools; and the CI events. CI entities are the entities, (teams or 
individuals) formally involved in the CI processes. The CI tools are the tools or artefacts used 
by CI entities in the process of sustaining CI. Finally the CI events are the events defined to 
occur systematically to preserve the CI process. 

Since all of these models were inspired or based on TPS concepts and principles it is 
expected that all of them share some commonalities. One concept that is clearly common is the 
concept of team work and team empowerment. This represents probably the main key for 
continuous improvement, bringing everyone to the responsibility of helping the continuous 
improvement effort. Table 1 compiles the CI entities that are present in each CI model. All CI 

models consider teams of workers as well as the team leader entity. Project teams are 
multidisciplinary teams created to make significant improvement in the process and then 
extinguished at the end of the project. These teams are not encouraged by Toyota Kata and not 
applied in Scrum. 

Table 1 – CI structure and entities of each CI models. 

 Toyota Kata SCRUM Kaizen Bosch 
CI structure Teams; Team 

leader; Coaches 
Teams, Scrum 

master; Product 
Owner 

Leaders; 
Support; 

Project; Daily 

System CIP; Point 
CIP; Daily 

Management 
Teams  Teams Scrum Teams Natural teams Teams 

Team leader yes yes yes yes 

Project teams Not encouraged Not applied Project Teams System CIP projects 

Support level Coaches and 2nd 
Coaches 

Scrum Master Support Team System CIP 

 
Support teams, responsible to assist the teams of workers with knowledge and experience on 
lean concepts and tools, are very well established on Kaizen model but other solutions are found 
on the other models. In Toyota Kata model a coach is assigned to assist and guide teams of 
workers in their role in CI. A similar role is performed by the scrum master in the Scrum model. 
The Bosch model use different entities acting as coaches. 

Table 2 – The artefacts of each CI model. 

 Toyota Kata SCRUM Kaizen Bosch 
Team boards Team board Team board Team board Point CIP board 
Team performance 
monitoring yes Burndown chart yes Yes 

Visual management yes Scrum board yes  Yes 
Improvement tools Action-Item List; 

PDCA PDCA PDCA; A3; and 
others 

PDCA; A3; and 
others 

Suggestion systems Not encouraged Not specified Not detected yes  
 
Table 2 presents the different CI models regarding the main artefacts adopted. Team boards, 
team performance monitoring and visual management are commonly used by all presented 
models. PDCA practices are also commonly used in all models, although in the Scrum model 
the PDCA is the core of the methodology. The sprint planning, the sprint performance, the 
sprint review and the sprint retrospective are exactly the PDCA cycle. The suggestion systems 
very common in many companies, are not specified or not encouraged by three CI models but 
are observed in Bosch plants. 

Daily meetings is also a common feature in all four CI models as shown in table 3. Other 
less frequent meetings are also expect to happen in all CI models. Sporadic improvement events 
or projects are expected to exist in the Kaizen model as well as in the Bosch model but not 
encouraged in the Toyota Kata model. In the Scrum model the Scrum master may promote 
sporadic events to improve team spirit or to improve team work skills in team members. Finally, 
audits are part of the CI model in the Kaizen model but are not specified in the Toyota Kata nor 
the Scrum model. Audits were observed in Bosch practice. 
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can be included in this pillar. A Kaizen event can be defined as "a focused and structured 
improvement project, using a dedicated cross-functional team to improve a targeted work area, 
with specific goals, in an accelerated timeframe" [21]. 
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3. COMPARATIVE ANALYSIS 
The comparative analysis of the presented CI models is based on three different dimensions: CI 
structure and entities; CI tools; and the CI events. CI entities are the entities, (teams or 
individuals) formally involved in the CI processes. The CI tools are the tools or artefacts used 
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Scrum Master Support Team System CIP 

 
Support teams, responsible to assist the teams of workers with knowledge and experience on 
lean concepts and tools, are very well established on Kaizen model but other solutions are found 
on the other models. In Toyota Kata model a coach is assigned to assist and guide teams of 
workers in their role in CI. A similar role is performed by the scrum master in the Scrum model. 
The Bosch model use different entities acting as coaches. 

Table 2 – The artefacts of each CI model. 
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Team boards Team board Team board Team board Point CIP board 
Team performance 
monitoring yes Burndown chart yes Yes 

Visual management yes Scrum board yes  Yes 
Improvement tools Action-Item List; 

PDCA PDCA PDCA; A3; and 
others 

PDCA; A3; and 
others 

Suggestion systems Not encouraged Not specified Not detected yes  
 
Table 2 presents the different CI models regarding the main artefacts adopted. Team boards, 
team performance monitoring and visual management are commonly used by all presented 
models. PDCA practices are also commonly used in all models, although in the Scrum model 
the PDCA is the core of the methodology. The sprint planning, the sprint performance, the 
sprint review and the sprint retrospective are exactly the PDCA cycle. The suggestion systems 
very common in many companies, are not specified or not encouraged by three CI models but 
are observed in Bosch plants. 

Daily meetings is also a common feature in all four CI models as shown in table 3. Other 
less frequent meetings are also expect to happen in all CI models. Sporadic improvement events 
or projects are expected to exist in the Kaizen model as well as in the Bosch model but not 
encouraged in the Toyota Kata model. In the Scrum model the Scrum master may promote 
sporadic events to improve team spirit or to improve team work skills in team members. Finally, 
audits are part of the CI model in the Kaizen model but are not specified in the Toyota Kata nor 
the Scrum model. Audits were observed in Bosch practice. 



LEAN Spring Summit 2018 • May 24 – 25 2018, Opatija, Croatia

Copyright © Culmena, Zagreb16

Table 3 – CI events of each CI model. 

 Toyota Kata SCRUM Kaizen Bosch 
Daily meetings Daily meeting 

with coach 
Daily meetings Daily kaizen Daily 

management 
Other regular 
meetings 

Weekly or 
biweekly meeting 

with manager 

Sprint planning, 
Sprint reviews 

Project team 
meetings 

Point CIP 
meetings 

Improvement 
projects and 
events 

Improvement 
events are not 

encouraged  

Social and 
training events 

promoted by the 
Scrum Master  

Project and 
Kaizen Events 

System CIP 
projects 

Regular Audits Not specified Not specified yes Detected 

4. CONCLUSIONS 
Four different models to sustain continuous improvement were briefly presented and analysed 
to identify similarities and differences. Most of the information regarding to Toyota Kata and 
Scrum models was retrieved from publications while the information regarding Kaizen and 
Bosch models was partially obtained from publications while mostly came from direct 
observation in plants. Since all of those models are based or inspired on Toyota practices would 
be natural that some similarities would be found. The most significant similarities among all 
four models are: Team work; workers organized in teams; involvement of everyone in the CI 
effort; daily meetings; the use of team boards; team performance monitoring; and visual 
management practices. Other similarities are: all of the CI models have ways of supporting the 
teams, either from support teams or from coaches; improvement tools are applied such as PDCA 
methodology; and regular meetings other than daily meetings. Some differences were also 
detected in the CI models analysis. One clear difference is related to the expected use of 
improvement events in the CI model. Both Kaizen and Bosch model include the user of 
improvement project or events while Toyota Kata model does not encourage its use and Scrum 
does not mentioned it the published material. In terms of support structure both Toyota Kata 
and Scrum are more based on coach work while the other two models are more based on support 
systems giving direct instruction to teams in "Gemba" as well as using audits to monitor process 
performance. 

5. ACKNOWLEDGEMENTS 
This work has been partially supported by projects COMPETE-POCI-01-0145-FEDER-007043 
and FCT-UID-CEC-00319-2013, from Portugal. 

6. REFERENCES 
[1] Ohno, T., Toyota Production System. 1988. 
[2] Monden, Y., "Total Framework of the Toyota Production System," in Toyota Production 

System: An Integrated Approach to Just-In-Time, 1998. 
[3] Womack, J. P., D. T. Jones, and D. Roos, "The Machine that Changed the World: The 

Story of Lean Production," World. pp. 1–11, 1990. 
[4] Womack, J. P. and D. T. Jones, Lean thinking: Banish Waste and Create Wealth in Your 

Corporation. Productivity Press, 1996. 

[5] Janee Ali, A., A. Islam, and L. Poon Howe, "A study of sustainability of continuous 
improvement in the manufacturing industries in Malaysia," Manag. Environ. Qual. An 
Int. J., 2013. 

[6] Rother, M., "Toyota KATA," McGraw-Hill, 2010. 
[7] Sutherland, J., Scrum: The Art of Doing Twice the Work in Half the Time. Penguin 

Random House, 2014. 
[8] Imai, M., Kaizen: The Key To Japan’s Competitive Success. McGraw-Hill Education, 

1986. 
[9] Rodrigues, E. J., P. A. Alexandrino, and M. Carvalho, Implementation of a Logistics 

Process Improvement System – a Case Study, vol. 1. 2013. 
[10] Rother, M., "Toyota Kata website." [Online]. Available: http://www-

personal.umich.edu/~mrother/Homepage.html. [Accessed: 22-Mar-2018]. 
[11] Toivonen, T., "Continuous innovation – Combining Toyota Kata and TRIZ for sustained 

innovation," in Procedia Engineering, 2015, vol. 131. 
[12] Sutherland, J. and K. Schwaber, "The Scrum Guide, the Definitive Guide to scrum: The 

Rules of the Game," 2017. [Online]. Available: https://www.scrumguides.org/scrum-
guide.html. 

[13] Schwaber, K. and M. Beedle, Agile Software Development with Scrum. 2002. 
[14] Rising, L. and N. S. Janoff, "The Scrum Software Development Process for Small 

Teams," IEEE Softw., 2000. 
[15] Schwaber, K., Agile Project Management with Scrum. 2004. 
[16] Bass, J. M., "Scrum master activities: Process tailoring in large enterprise projects," in 

Proceedings – 2014 IEEE 9th International Conference on Global Software 
Engineering, ICGSE 2014, 2014. 

[17] Imai, M., "Kaizen Wave Circles the Globe," Tokyo Bus. Today, 1990. 
[18] Imai, M., Gemba Kaizen: A Commonsense, Low-cost Approach to Management. 

McGraw-Hill, 1997. 
[19] Wittenberg, G., "Kaizen—The many ways of getting better," Assem. Autom., 1994. 
[20] Miller, J., M. Wroblewski, and J. Villafuerte, "Creating a Kaizen culture: align the 

organization, achieve breakthrough results, and sustain the gains," Quality Progress. 
2014. 

[21] Farris, J. A., E. M. Van Aken, T. L. Doolen, and J. Worley, "Learning from less 
successful kaizen events: A case study," EMJ – Eng. Manag. J., 2008. 

[22] Furmans, K. and P. Dehdari, "An empirical study about the effectiveness of lean 
empowerment in warehouses," in Progress in Material Handling Research, 2014. 

 



José Dinis-Carvalho, Cláudia Santos:  
Comparing Sustaining Continuous Improvement Models 

Copyright © Culmena, Zagreb 17
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methodology; and regular meetings other than daily meetings. Some differences were also 
detected in the CI models analysis. One clear difference is related to the expected use of 
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Abstract 
Recent advances in Information and Communication Technologies (ICT), together with concept of 
Cyber-Psychical System (CPS) that enables the concept Industry 4.0, forced manufacturers even more 
to adapt their production flexibility to turbulent global market. Production in high-volume batches is 
replaced with high-mix/low-volume production, which demands excessive information flow throughout 
production facilities. Following balancing process of an assembly line reported in this article, a concept 
for industry 4.0 elements implementation in order to establish cognitive assembly line is presented. This 
paper deals with the process mapping, balancing the assembly line, and defining basic Industry 4.0 
elements towards assembly line for product variety. 

Keywords: Balancing an assembly line, Industry 4.0, production variety, Information and 
communication technologies 

1. INTRODUCTION 
Today, the evolution of Information and Communication Technology (ICT) together with the 
Cyber Psychical System (CPS) represents the foundation of the new industrial revolution, called 
Industry 4.0 [1]. The aim of this new industry is to achieve a complete digitalization of the 
production process within which the information from all connected system is closely 
monitored and synchronized between the physical factory floor and the cyberspace, in order to 
achieve continuous improvement and networking of all processes. In order to successfully 
respond to new challenges of Industry 4.0 and thus ensure their own survival, enterprises must 
work continuously to find new methods, technologies and skills. Workers are the main value of 
every company on the road to that. With their knowledge and competences, they enable the 
company to successfully face with set of requests. In order to workers acquire practical 
experience and upgrades the necessary knowledge and competences, enterprises need to 
continuously invest in worker education. One of the ways this can be achieved is the concept 
of the Learning Factory. 

In this paper, the focus will be given on the new car gearbox assembly line that was designed 
as a part of the Lean Learning Factory (LLF) at the Faculty of electrical engineering, mechanical 
engineering and naval architecture (FESB) at University of Split [2]. The Learning Factory 

concept represents a simulation of the actual factory environment through selected specific 
equipment [3]. Its goal is to help bring the real world into the classroom, thus providing practical 
experience and skills for students, as well as for industry engineers, in order to enable them to 
gain knowledge of the latest techniques and methods in the field of production organization. 
The assembly line is intended to assemble the gearbox that represents the final multi-stage 
product. The goal is to balance and optimize mentioned assembly line. As the basis for 
conducting the balancing process, the processes times are gathered by manual stopwatch at each 
assembly station. 

After the implementation of the balancing and determined improvements needed, in the most 
basic terms, the processes times are gathered again by manual stopwatch, and the process times 
are compared with those from current state. 

This procedure of balancing line is time consuming and has many shortages. The first one is 
that two persons are needed on one work station to precisely measure process time. If one 
person is doing the assembly process and time measurements, the process time is slightly 
increased, and there is a possibility of skipping some of the products assembled. The second 
one is lack of products for assembly on some work stations, as workloads are not equal at every 
work stations. In that case, start and finish of assembly process has to be checked and written 
down. If there are unfinished parts on working station, process could not be continued on 
following product due to lack of space. The third one is that it is not easy to assembly product 
variety without extensive working plans on papers and even guidance by educators on working 
stations. The fourth one, but not the least one, is the fact that experience of workers is increasing, 
thus reducing process times over the time. Therefore, the next step for improving and creating 
an intelligent assembly line will be presented. It will involve the application of RFID 
technology, and low cost Industry 4.0 equipment for time measuring, log of data, analyzing the 
variance and pointing the worker which product variant has to be assembled. 

2. ASSEMBLY PROCESS 
The assembly process is the sequence of successive and/or comparatively related activities or 
operations that are performed by humans and/or machines, with the aim of achieving the 
formation of a predefined structure. It consists of three components: 
 assembly operations (assembling, handling, controls, adjustments and special 

operations), 
 a flow that defines the sequence of the execution of the assembly processes and 
 a structure that is expressed by the possibility of process division, so that the parts of the 

process can be performed independently of each other and in parallel time. 
Assembly is any activity which goal is merging two or more objects in whole, for the particular 
purpose. 

Assembly objects, or built-in elements, are individual parts, assemblies and formless 
substance: 
 The parts are geometrically defined structures created by the processing of some raw 

materials, from one piece. 
 The assemblies are geometrically defined structures made of at least two assembly 

elements. A relationship between the assembled elements of a certain substance is 
achieved by the compounds. The final assembly is a product. 

 Formless substances are gases, liquids, powders and granules. 
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Cyber Psychical System (CPS) represents the foundation of the new industrial revolution, called 
Industry 4.0 [1]. The aim of this new industry is to achieve a complete digitalization of the 
production process within which the information from all connected system is closely 
monitored and synchronized between the physical factory floor and the cyberspace, in order to 
achieve continuous improvement and networking of all processes. In order to successfully 
respond to new challenges of Industry 4.0 and thus ensure their own survival, enterprises must 
work continuously to find new methods, technologies and skills. Workers are the main value of 
every company on the road to that. With their knowledge and competences, they enable the 
company to successfully face with set of requests. In order to workers acquire practical 
experience and upgrades the necessary knowledge and competences, enterprises need to 
continuously invest in worker education. One of the ways this can be achieved is the concept 
of the Learning Factory. 

In this paper, the focus will be given on the new car gearbox assembly line that was designed 
as a part of the Lean Learning Factory (LLF) at the Faculty of electrical engineering, mechanical 
engineering and naval architecture (FESB) at University of Split [2]. The Learning Factory 

concept represents a simulation of the actual factory environment through selected specific 
equipment [3]. Its goal is to help bring the real world into the classroom, thus providing practical 
experience and skills for students, as well as for industry engineers, in order to enable them to 
gain knowledge of the latest techniques and methods in the field of production organization. 
The assembly line is intended to assemble the gearbox that represents the final multi-stage 
product. The goal is to balance and optimize mentioned assembly line. As the basis for 
conducting the balancing process, the processes times are gathered by manual stopwatch at each 
assembly station. 

After the implementation of the balancing and determined improvements needed, in the most 
basic terms, the processes times are gathered again by manual stopwatch, and the process times 
are compared with those from current state. 

This procedure of balancing line is time consuming and has many shortages. The first one is 
that two persons are needed on one work station to precisely measure process time. If one 
person is doing the assembly process and time measurements, the process time is slightly 
increased, and there is a possibility of skipping some of the products assembled. The second 
one is lack of products for assembly on some work stations, as workloads are not equal at every 
work stations. In that case, start and finish of assembly process has to be checked and written 
down. If there are unfinished parts on working station, process could not be continued on 
following product due to lack of space. The third one is that it is not easy to assembly product 
variety without extensive working plans on papers and even guidance by educators on working 
stations. The fourth one, but not the least one, is the fact that experience of workers is increasing, 
thus reducing process times over the time. Therefore, the next step for improving and creating 
an intelligent assembly line will be presented. It will involve the application of RFID 
technology, and low cost Industry 4.0 equipment for time measuring, log of data, analyzing the 
variance and pointing the worker which product variant has to be assembled. 

2. ASSEMBLY PROCESS 
The assembly process is the sequence of successive and/or comparatively related activities or 
operations that are performed by humans and/or machines, with the aim of achieving the 
formation of a predefined structure. It consists of three components: 
 assembly operations (assembling, handling, controls, adjustments and special 
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 a flow that defines the sequence of the execution of the assembly processes and 
 a structure that is expressed by the possibility of process division, so that the parts of the 

process can be performed independently of each other and in parallel time. 
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Figure 1 shows the case study of plant assembly for which, with the increase of the built-in 
elements of the assembled product, complexity increases. 

 
Figure 1 – Distribution of built-in elements in relation to the complexity of the assembly plant [4] 

The basic problem that needs to be faced during the designing of the assembly line is how to 
maximize the utilization of workers. The solution for balancing of the working tasks includes 
the synchronization of the duration of the execution of individual operations, which can be 
achieved by balancing the assembly line. By balancing and improving all elements, such as 
time for assembly, the layout of workstation, time wastes and many others, technical and 
economical acceptable solutions can be achieved. 

Figure 2 shows the example of variability of assembly processes times before the balancing 
procedure and after the balancing process is implemented. 

 
Figure 2 – Assembly process times variability before and after balancing 

Balancing of the assembly line is an active area of optimization and enhancement research in 
operation management. The initial stage of constructing and designing of assembly lines was 
focused on the cost efficiency of mass production of standardized products, which later has to 
be transferred in high mix/low volume assembly process [5]. 

3. BALANCING A GEARBOX ASSEMBLY PROCESS 
The gearbox presented in this study is a mechanical device that is a part of a car. It transfers 
energy from one system to another and it is used to increase the torque by decreasing the speed 
of rotation. The gearbox is made up of a large number of different gears and other parts. With 
the levers, different gears are brought to the desired mutual relationship. Thus, by shifting gear 
knobs, levers change their position which results in changes in transmission ratios. Figure 3 
shows the outer and inner look of the gearbox. 

 
Figure 3 – Gearbox 

3.1. Current state 
Before the implementation of the balancing process, it is necessary to prepare the initial plan of 
the assembly process. The plan is an imaginary series of actions that help in achieving the target 
state from the initial state. In the assembly process, the initial state is a set of built-in elements 
(parts, assemblies, formless substances), and the target state is a product. The total volume of 
work needed for product assembly can be divided into a series of the smallest elements of work 
that are executed on only one working station. 

By dividing the assembly process into the batches of work elements for every workstation, 
which are logically connected, the exact contents of the labor and the time for its execution are 
determined. After the analysis of the product structure and after the determination of elements 
of work, a graphic representation of the structure of the assembly products, was made. 
Generally, the product structure describes the layout of the built-in elements and their mutual 
relationships within the product. It also gives information about the depth of the product 
division, the number of assemblies and their dependence. Figure 4 shows the initial tree of the 
gearbox construction. Squares are presenting assemblies, circles designate parts, or built-in 
elements, while the number in brackets beside each part designate the quantity of built-in 
elements. For example, S0 stands for a finished product, i.e. assembled gearbox with the zero 
degrees of installation. S1 stands for a gearbox without cover and other parts that are indicated 
in the circles (from part 9 to 9.7). Each number represents the order of assembly of the mounting 
elements. The aim of the structuring process is to pay attention to the ability to form assemblies, 
in the purpose of work division to achieve timely and spatially independent assembly processes. 
All that leads us to the shorten production cycles and increase profits. 

Gearbox is a multi-stage product, which means that the assembly process takes place in 
several steps. In this paper, a degree of installation is 6, which means that the gearbox assembly 
process is conducting in six operations steps, on six work stations. The detail of the initial 
assembly line is shown in Figure 5. 
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Figure 1 – Distribution of built-in elements in relation to the complexity of the assembly plant [4] 
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Figure 4 – The initial tree for the construction of the gearbox 

 
Figure 5 – The assembly line in the current state 

The time gathering procedure was performed on a series of 13 products on each station. The 
time taken in seconds is shown in Table 1. 

Table 1 – The assembly processes times gathered before the balancing process 

Record No. 
Assembly workstations 

1st 2nd 3rd 4th 5th 6th 

1 155 693 250 169 483 374 

2 143 583 396 166 449 373 

3 124 580 276 192 444 432 

4 127 469 200 159 389 319 

5 127 493 194 161 401 317 

6 140 434 213 139 398 308 
7 113 450 201 113 369 288 

8 112 388 216 112 347 262 

9 115 387 168 106 334 268 

10 107 420 180 96 302 307 

11 107 412 184 100 305 279 

12 90 396 193 116 331 240 
13 80 407 133 96 353 226 

 
In Table 1, the first three measurements are discarded and a series of following 10 products are 
used for further calculation. The reason for this is a large difference in the duration of the first 
few recordings compared to other times due to initial workers worm-up. 
By further analysis, average working time of each operation, the standard deviation, as well as 
the percentage of variability is calculated. The equation for the mean (average) duration of each 
particular operation is as follows [6]: 
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where: 
t  – mean (average) sample time 
ti – time of sample i (i=1, 2, 3,…n) 
n – the number of elements in the sample 

Table 2 shows obtained results by using the previous equation, together with the results of the 
percentage of variability and the results of standard deviation, which is calculated according to 
the formula: 
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The coefficient of variability shows the percentage of standard deviation in the arithmetic 
mean, and is proportional to the standard deviation and is inversely proportional to the 
arithmetic mean. It is calculated according to the formula: 

100 %V
t

σ ×
=  (3) 

Table 2 – Arithmetic means, standard deviations, and percentages of variability before balancing 

 
Assembly workstations 

1st 2nd 3rd 4th 5th 6th 

Mean time ( t ) 119 470 216 133 369 307 

Standard deviation (σ) 18,93 90,19 62,12 31,68 46,80 55,79 

Variability percentage (V) 16% 19% 29% 24% 13% 18% 

 
The obtained results are shown graphically in Figure 6. 

 
Figure 6 – The mean time and standard deviation before balancing on work stations 

3.2 Future state 
According to the previously obtained data that are shown in Table 2 and in Figure 6, a 
significant imbalance between the existing workstations was noted. That imbalance indicates 
the need for implementations of the processes for balancing the assembly line, in order to 
equalize, as much as possible, the working time of individual workstations, i.e. to avoid an 
improper division of work elements between the stations. In this case the utilization of all 
workers is below the desired 100%, and the bottleneck is on work station 2. 

In order to achieve the desired balance, during the preparation for the balancing process, a 
decision for implementing the improvement processes together with the balancing process was 
adopted. 

Improvement suggestions for achieving the desired future state are: 
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 reduction of the workstations number from the existing 6 to 5, by merging the 1st and 
the 3rd workstation due to their low loads in comparison to the other work stations, 

 switching the bearing assembly from 5th to 4th workstation, i.e. on the current 3rd 
workstation, in order to reduce its loads and achieve the approximately desired 
uniformity, 

 adoption of the pneumatic screwdriver on the second and the last workstation in order to 
reduce the manual tightening of a large number of screws, 

 adoption of conveyor between the workstations with the aim of facilitating the transport 
of the assembly object from one workstation to another, 

 arrangement of workstations on both side of conveyor, so as to ensure that all built-in 
elements that are assembled on the gearbox from the left side are on the left side of 
conveyor, while all built-in element, that are assembled on the right side of the gearbox, 
are on the right side of the conveyor thus achieving easier and unobstructed work, but 
also the smaller total length of assembly line. 

After the applications of the proposed improvements and implemented balancing process, the 
recordings time of individual operations were repeated. The new times obtained in seconds are 
given in Table 3. 

Table 3 – The assembly processes times gathered after the balancing process 

Record No. 
Assembly workstations 

1st 2nd 3rd 4th 5th 

1 327 376 189 369 296 

2 283 380 159 381 271 

3 353 347 181 394 210 

4 314 295 133 327 239 

5 283 317 126 349 184 
6 328 304 132 314 200 

7 287 320 116 285 229 

8 291 230 120 314 162 

9 283 319 136 311 201 

10 221 214 116 313 148 
 
In the same way as in the previous measurement, based on recorded times, mean time, standard 
deviation, as well as percentage of variability are calculated after the balancing process. Their 
values are given in Table 4 and the corresponding graphs are made (Figure 7). Figure 8. shows 
the assembly line after the implementation of the all improvements. 

Table 4 – Arithmetic means, standard deviations, and percentages of variability after balancing 

 
Assembly workstations 

1st 2nd 3rd 4th 5th 

Average time ( t ) 297 310 141 336 214 

Standard deviation (σ) 34,19 51,70 25,13 33,84 43,78 

Variability percentage (V) 11% 17% 18% 10% 20% 
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Figure 7 – The mean time and standard deviations after balancing and  

improvements on work stations 

 
Figure 8 – The assembly line after the improvement processes 

4. TOWARDS EQUIPPING AN ASSEMBLY LINE WITH INDUSTRY 4.0 
By comparing the results before and after the balancing and improvement processes of the 
assembly line, a significant difference is noticeable. The difference is primarily reflected in the 
employability of workers that are now closer to the desired state (Figure 8, Figure 11), but also 
in reducing the total assembly time of one gearbox which dropped from average 27 min down 
to 22 min. By observing data in Table 4, it can be noted that the variability percentage of each 
particular operation is still high. To reduce it, it is necessary to increase the number of 
recordings, and even better organize workstations. All this leads to the conclusion that it is 
necessary to make further improvements to the mentioned assembly line, as even this 
experimentation was time consuming. Above mentioned improvement, and implementation of 
Lean management tools are prerequisite for implementing Industry 4.0 equipment. 

For achieving the further improvement in the production process, which implies the 
establishment of an intelligent gearbox assembly line, radio-frequency identification (RFID) 
technology will be applied. It will be used in data gathering process and in calculation of lead 

297 310

141

336

214

34,19 51,70 25,13 33,84 43,78

1 2 3 4 5

The mean time and standard deviation on working station 1 to 
5

Mean time Standard deviation

time, downtimes due to the lack of product to be assembled and waiting times between 
workstation. RFID technology can be considered as the successor of barcode technology that 
occurred in the period of the Computer Integrated Manufacturing (CIM) due to the need to 
monitor real-time production, i.e. because of the necessity for collecting data in the production 
process. The reason for its occurrence and today's wide application lies in the numerous 
advantages that RFID technologies have in relation to bar code technology, like a wider range 
of readings, greater storage capacity and the ability to add, delete and modify information in 
RFID tag [7,8]. As the name implies, this technology uses a radio frequency to exchange data 
between portable devices and computers. Therefore, RFID technology can be defined as an 
automated identification technology consisting of RFID readers and RFID tags [7]. The RFID 
reader represents an antenna of a certain range that reads tags, and RFID tags represent elements 
(e.g. cards, circles) that contain all the necessary information about the object to which they are 
related. By passing RFID tags across the range of RFID readers, RFID tags are read or recorded 
by certain data. 

In the gearbox assembly line, on the five workstations, the elements of information-
communication technology will be applied. That will enable the connection of the physical 
assembly line with the computer. At each assembly station, RFID technology will consist of an 
antenna, RFID tags (cards), electronic board Arduino Mega 2560 and LCD screen (Figure 13). 
Each gearbox wooden plate used for transportation will be assigned with a unique identification 
tag. RFID antennas at the beginning and at the end of each operation will enable the collection 
of all relevant process data for every tracked product, thus enabling real-time monitoring of the 
production process of the assembly line of the gearbox. This will ensure the automation data 
gathering process of almost the entire assembly line, but it will also lay the foundations for 
faster identification of losses (such as idle time, unnecessary transport, oversupply, waiting 
time, etc.) which will then be solved. 

 
Figure 4 – Low cost RFID technology that will be implemented on working stations 

5. CONCLUSION 
The goal of every modern production company is to ensure long-term survival in a merciless 
market competition. In order to do this, each company must keep up with the new trends and 
requirements that the market and continuous development of technology sets up. The 
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development of technology today has led to the use of new technologies and organizational 
structures defined by Industry 4.0. To help companies to adapt to a newly created situation, i.e. 
in order to gain knowledge and practical application for the further development and 
advancement of their processes and organizations, constant education of their employees is 
required. The concept of Learning Factory is proved to be a successful way of educating 
employees. This paper deals with the Learning Factory assembly line for the gearbox. The main 
problem of this assembly line was to achieve the desired balance of operation times in 
individual workstations using Lean management tools. The current imbalance in the times and 
burdens of individual work leads to unused human potential in the assembly process, which, as 
a chain reaction, leads to a longer time of total production, employee dissatisfaction, and 
ultimately to a lower quality of the products. A lower quality means an unsatisfied customer, 
and an unsatisfied customer means a drop in competitiveness on the market. By carrying out 
balancing and improvement processes, the desired balance at the workstations was obtained, 
and the total duration of the production cycle was reduced. Despite the positive effects of the 
above-mentioned processes, the overall assembly process is still not optimized. For further 
improvements, Industry 4.0. elements are planned to be installed which will speed up the 
experimentation time, necessary for faster implementation of innovative integrative procedure 
for management of production and service improvement process. Therefore, it was decided in 
this stage of integrative procedure to continue with the improvement processes of the assembly 
line that begins with the introduction of RFID technology. 
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Abstract 
Managing innovation paradox can be one of crucial aspect for the survival of many companies. This 
topic has been heavily analyzed in literature and consequently many new terms and constructs emerged. 
Parallel with the growth of literature some of the key terms became too broad and vaguely defined. The 
aim of this paper is to synthetize the definitions and meanings of the concepts that are key to 
understanding contextual ambidexterity and innovation paradox. Another aim of the paper is to present 
a literature review of papers that deal with the question: How do organizations that want to achieve 
contradictory goals such as simultaneously pursuing incremental and radical product innovation, work 
on their ability to achieve those goals, that is, how companies achieve contextual ambidexterity. The 
paper is also focused on the role of organizational culture in the search for contextual ambidexterity 
and its influence on the relationship between contextual ambidexterity and innovation paradox inside 
an organization. 

Keywords: contextual ambidexterity, innovation paradox, organizational culture 

1. INTRODUCTION 
[1] state that one of the key issues involving ambidextrous organizations are poor definitions of 
its core concepts. This happens often with popular topics that become a subject of a large body 
of research, and usually leads to the loss of a clear definition of constructs being researched. 
Put differently, authors tend to name different topics of research in the same way. One example 
are the constructs of exploration and exploitation that are the key of studying ambidexterity. 
However, there is a lack of clear definition of these constructs in relevant research papers, and 
even when there is one it usually differs greatly between different papers. 

The main research question of this paper is: How can organizations that want to achieve 
opposite goals such as incremental and radical innovation at the same time increase the 
organizational capability to create both types of innovation? In order to answer this question, 
a clarification of the concept of ambidextrous organization and innovation paradox is given in 
the paper. The influence of organisational culture on organisational ambidexterity is analysed 
as well. In other words, this paper focuses on explaining the role of organizational culture in 
search of contextual ambidexterity and solving the problem of innovation paradox within an 
organization. 
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The goals of this paper are: 
 To analyse how organizational culture influences contextual ambidexterity 
 To describe the relationship between contextual ambidexterity and innovation paradox 
 To determine the influence organizational culture has on solving the problem of 

innovation paradox 
The scientific contribution of the paper can be found in the following categories 
 Theoretical contribution has been made in the area of analysing ambidexterity in 

organizations 
 The similarities and differences between the constructs of organizational ambidexterity 

and innovation paradox were defined 
 A theoretical extension of the relationship between organizational culture, 

ambidexterity and innovation paradox has been given 

2. THE CONCEPT AND CHARACTERISTICS OF INNOVATION PARADOX 
In order to better explain what innovation paradox is, first, the concept of ambidextrous 
organization, which has many similarities with the innovation paradox, was conceptually 
defined. The ambidextrous organization is a hot topic in management literature for a while now 
[1, 2, 3]. 

Ambidexterity in its broader meaning supposes an organizational capability to 
simultaneously take opposing actions [2]. Two most commonly used concepts when discussing 
ambidexterity are exploitation and exploration as well as radical and incremental innovation [1, 
2, 4, 5]. Other opposing activities are also usually identified with ambidexterity such as 
alignment and adaptability [2] or effectiveness and flexibility [6]. The ambidextrous 
organizations at its core presupposes a finding of an optimal balance between exploiting 
existing resources (exploitation) and finding resources that will assure competitive ability of 
the organization in the future (exploration). In search of ambidexterity, exploration and 
exploitation can be seen as two ends of the same continuum (balanced approach) or through a 
combined approach in which exploitation and exploration are viewed as two separate wholes 
and should be maximized separately within the organization. 

Ambidexterity is a capability organizations develop in order to find an optimal balance 
between exploitation and exploration. Exploitation and exploration are two examples of 
organizational learning [7], the first being based on advancing existing capabilities and using 
existing resources and the second focused on searching for new opportunities. Exploration can 
be usually found together with the concepts of: radical innovation, variation, risk taking, 
experimenting, game, flexibility, discovery, external orientation and adaptability in the 
literature. Exploration is focused on innovation, risk and experimentation in order to find new 
markets and buyers. The results of this type of activities can be seen in a longer time period, 
which is another challenge for the organization since it increases the risk of investments never 
paying off. On the other hand, patenting new ideas and generating new products is a critical 
factor for organizational adaptation to environmental changes and long term survival. 
Innovative organizations focused on these type of outputs can take significant portions of the 
market from the competition and increase their own value. Therefore, innovation oriented 
organizations continuously search for ways of increasing their performance through explorative 
activities. [8] call exploration the "fashion of investing" in which R&D departments take part 
in building organizational technical capacities. 

Exploitation is closely related to the concepts of incremental innovation, adjustment, 
finishing, productivity, efficiency, selection, implementation, execution, internal orientation, 
alignment. Exploitation emphasizing strategy is focused on meeting current customer needs. In 
this way, existing customers tend to buy more of companies products and services and develop 
a positive attitude towards the organization. Frequent transactions with existing customers help 
organizations become more efficient in satisfying existing needs and yielding higher profit 
margins. Greater turnover and profit usually ends up re-invested in existing organizational 
capacities therefore binding it to its existing customer base even more, leading to even shorter 
time of return of these investments and ever-greater organizational efficiency. A synonym for 
exploitation according to [8] is "harvest mode" in which R&D department together with other 
functional parts of the organization is focused on providing special service to its existing 
customer base which is being "exploited". 

In the absence of industrial revolutions, efficient production and incremental innovation 
related to exploitation is what determines winners on the market. Incremental innovation is the 
backbone of any organization's long-term survival. However, the philosophy of incremental 
innovation is opposed to the philosophy of radical innovation that demands more environment 
research as well as experimentation with available technologies and business models. The 
danger usually lies in leaning too much to just one side. Over leaning on exploitation is referred 
to as "competence trap" and over leaning on exploration as "failure trap" [3, 4 ,9]. [9] describe 
competence trap as taking the maximum out of the existing organizational competencies, 
leading to maximum profit but also to a stagnation that can be dangerous in the case of sudden 
market or technological changes. Failure trap on the other hand implies an over commitment to 
search for new projects in which the organization potentially makes one mistake after the other, 
forgetting its existing competencies in the process. 

There are three approaches to creating an ambidextrous organization: sequential, structural 
and contextual [1]. According to sequential ambidexterity, an organization should adapt its 
structure to the conditions of the environment and at certain times put more emphasis on 
exploration while on other times put more emphasis on exploitation. This strategy is also 
referred to as the strategy of punctuated equilibrium. In this strategy, the emphasis is on 
organizational structure that can change quickly, unlike organizational culture. Structural 
ambidexterity or architectural ambidexterity [5] is an approach in which exploration and 
exploitation are achieved at the same time but in different organizational units. This approach 
is related to different competencies, systems, incentives, processes and culture that need to be 
coordinated at the same time. Open innovations are frequently viewed as a part of this approach 
since organizations can let partner organizations take care of exploration while itself is only 
focused on exploitation or vice versa. Unlike the first two approaches, contextual ambidexterity 
tries to solve the issue of achieving ambidexterity at the individual level. Contextual 
ambidexterity implies processes and systems that allow individuals to decide for themselves 
how to divide their time between the activities of alignment (exploitation) and adaptability 
(exploration) [2]. The organizations trying to achieve contextual ambidexterity should have a 
strong emphasis on results (allowing managers to do what it takes in order to achieve results) 
as well as social support (allowing managers enough freedom and security). 

In their description of contextual ambidexterity [6] give an example of Toyota in which 
workers can follow the usual routine on insist in changing the routine if they have a sound 
reason for it. For the authors, this is an example of exploitation versus exploration, and 
organizational context allows workers to do both. It can therefore be stated that alignment and 
adaptability, attributed to contextual ambidexterity are actually a function of organizational 
culture promoting both flexibility and control [10]. Contextual ambidexterity is close to what 
[5] call integration, or having a goal of achieving contradictory goals at the same moment and 
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2. THE CONCEPT AND CHARACTERISTICS OF INNOVATION PARADOX 
In order to better explain what innovation paradox is, first, the concept of ambidextrous 
organization, which has many similarities with the innovation paradox, was conceptually 
defined. The ambidextrous organization is a hot topic in management literature for a while now 
[1, 2, 3]. 

Ambidexterity in its broader meaning supposes an organizational capability to 
simultaneously take opposing actions [2]. Two most commonly used concepts when discussing 
ambidexterity are exploitation and exploration as well as radical and incremental innovation [1, 
2, 4, 5]. Other opposing activities are also usually identified with ambidexterity such as 
alignment and adaptability [2] or effectiveness and flexibility [6]. The ambidextrous 
organizations at its core presupposes a finding of an optimal balance between exploiting 
existing resources (exploitation) and finding resources that will assure competitive ability of 
the organization in the future (exploration). In search of ambidexterity, exploration and 
exploitation can be seen as two ends of the same continuum (balanced approach) or through a 
combined approach in which exploitation and exploration are viewed as two separate wholes 
and should be maximized separately within the organization. 

Ambidexterity is a capability organizations develop in order to find an optimal balance 
between exploitation and exploration. Exploitation and exploration are two examples of 
organizational learning [7], the first being based on advancing existing capabilities and using 
existing resources and the second focused on searching for new opportunities. Exploration can 
be usually found together with the concepts of: radical innovation, variation, risk taking, 
experimenting, game, flexibility, discovery, external orientation and adaptability in the 
literature. Exploration is focused on innovation, risk and experimentation in order to find new 
markets and buyers. The results of this type of activities can be seen in a longer time period, 
which is another challenge for the organization since it increases the risk of investments never 
paying off. On the other hand, patenting new ideas and generating new products is a critical 
factor for organizational adaptation to environmental changes and long term survival. 
Innovative organizations focused on these type of outputs can take significant portions of the 
market from the competition and increase their own value. Therefore, innovation oriented 
organizations continuously search for ways of increasing their performance through explorative 
activities. [8] call exploration the "fashion of investing" in which R&D departments take part 
in building organizational technical capacities. 

Exploitation is closely related to the concepts of incremental innovation, adjustment, 
finishing, productivity, efficiency, selection, implementation, execution, internal orientation, 
alignment. Exploitation emphasizing strategy is focused on meeting current customer needs. In 
this way, existing customers tend to buy more of companies products and services and develop 
a positive attitude towards the organization. Frequent transactions with existing customers help 
organizations become more efficient in satisfying existing needs and yielding higher profit 
margins. Greater turnover and profit usually ends up re-invested in existing organizational 
capacities therefore binding it to its existing customer base even more, leading to even shorter 
time of return of these investments and ever-greater organizational efficiency. A synonym for 
exploitation according to [8] is "harvest mode" in which R&D department together with other 
functional parts of the organization is focused on providing special service to its existing 
customer base which is being "exploited". 

In the absence of industrial revolutions, efficient production and incremental innovation 
related to exploitation is what determines winners on the market. Incremental innovation is the 
backbone of any organization's long-term survival. However, the philosophy of incremental 
innovation is opposed to the philosophy of radical innovation that demands more environment 
research as well as experimentation with available technologies and business models. The 
danger usually lies in leaning too much to just one side. Over leaning on exploitation is referred 
to as "competence trap" and over leaning on exploration as "failure trap" [3, 4 ,9]. [9] describe 
competence trap as taking the maximum out of the existing organizational competencies, 
leading to maximum profit but also to a stagnation that can be dangerous in the case of sudden 
market or technological changes. Failure trap on the other hand implies an over commitment to 
search for new projects in which the organization potentially makes one mistake after the other, 
forgetting its existing competencies in the process. 

There are three approaches to creating an ambidextrous organization: sequential, structural 
and contextual [1]. According to sequential ambidexterity, an organization should adapt its 
structure to the conditions of the environment and at certain times put more emphasis on 
exploration while on other times put more emphasis on exploitation. This strategy is also 
referred to as the strategy of punctuated equilibrium. In this strategy, the emphasis is on 
organizational structure that can change quickly, unlike organizational culture. Structural 
ambidexterity or architectural ambidexterity [5] is an approach in which exploration and 
exploitation are achieved at the same time but in different organizational units. This approach 
is related to different competencies, systems, incentives, processes and culture that need to be 
coordinated at the same time. Open innovations are frequently viewed as a part of this approach 
since organizations can let partner organizations take care of exploration while itself is only 
focused on exploitation or vice versa. Unlike the first two approaches, contextual ambidexterity 
tries to solve the issue of achieving ambidexterity at the individual level. Contextual 
ambidexterity implies processes and systems that allow individuals to decide for themselves 
how to divide their time between the activities of alignment (exploitation) and adaptability 
(exploration) [2]. The organizations trying to achieve contextual ambidexterity should have a 
strong emphasis on results (allowing managers to do what it takes in order to achieve results) 
as well as social support (allowing managers enough freedom and security). 

In their description of contextual ambidexterity [6] give an example of Toyota in which 
workers can follow the usual routine on insist in changing the routine if they have a sound 
reason for it. For the authors, this is an example of exploitation versus exploration, and 
organizational context allows workers to do both. It can therefore be stated that alignment and 
adaptability, attributed to contextual ambidexterity are actually a function of organizational 
culture promoting both flexibility and control [10]. Contextual ambidexterity is close to what 
[5] call integration, or having a goal of achieving contradictory goals at the same moment and 
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at the same place. For [2] in structural ambidexterity, there are departments within an 
organization that deal with exploration and exploitation separately, while contextual 
ambidexterity implies that same departments are pursuing both strategies at the same time. 
Contextual ambidexterity is made at the same time of both alignment and adaptability. 
Alignment implies a possibility of channelling all activities taken up by the members of a 
department towards a common goal while adaptability implies the possibility of swift 
adjustment to the changing demands in the environment. Put differently, alignment is usually 
related to incremental and adaptability to radical innovation [11]. The biggest difference 
between contextual and structural ambidexterity is the fact that contextual ambidexterity does 
not require building dual structures in the organization. It does however; require processes and 
systems that allow individuals the possibility to choose the manner in which they will resolve 
the conflict between the goals of alignment and adaptability. 

One of the key findings in recent ambidexterity research is that there is no trade-off between 
alignment and adaptability at the level of an organizational unit, that is, individuals can, in a 
certain way take part in both exploration and exploitation. [12] states in his horizontal model 
that there are two ways of managing the relationship between exploration and exploitation. The 
first one is based on vertical separation and rests on the assumption that certain parts of the 
organization take part in exploration while others are focused on exploitation. The horizontal 
model on the other hand allows every organizational department that has contact with the 
market and technology sources to find new opportunities. 

However, a number of authors state that the best way to achieve organizational ambidexterity 
is to combine all three approaches [1,2 ]. Ambidexterity can be studied at the level of an 
organization, department, project or individual. [3] have stated that the influence of 
organizational ambidexterity on performance is stronger as the level of aggregation grows. [2] 
state that ambidexterity at the organizational level is needed in order for ambidexterity at 
individual or team level to manifest itself. [3] also point out that the effects of ambidexterity on 
individual or team level can possibly not manifest themselves unless they are complemented 
by corresponding structures, processes or incentives at the organizational level. 

A term that is commonly mentioned in the context of ambidextrous organizations and 
innovation is the innovation paradox [4, 5, 13]. Paradox can be defined as an idea that includes 
two opposite thoughts or propositions that, no matter how contradictory they may be, are 
equally necessary in order to achieve a greater insight into a truth or a problem than any other 
collected fact [14]. The literature on ambidextrous organizations has gradually moved from 
viewing exploration and exploitation as mutually exclusive dimensions and came to a 
standpoint of paradox in which both dimensions are equally necessary. [3] have stated that a 
combined approach, in which exploration and exploitation are viewed as separate wholes in the 
organization, has shown greater influence on organizational performance than viewing them as 
a part of the same continuum. This approach is very close to the perspective of paradox. A 
number of other authors [15, 16, 17] state that there is a synergy between exploration and 
exploitation, and organizations will maximize their business performance through their 
simultaneous use. Although some authors [13] tend to equate ambidextrous organizations and 
innovation paradox, [5] state that ambidextrous organization includes three fundamental 
innovation paradoxes found on the following levels: 
 strategy (profit or revolution), 
 customer orientation (strong or weak link) 
 Personal motivation (passion or discipline). 

Since contextual ambidexterity implies simultaneous exploitation and exploration within a 
single business unit or individual, it is to be expected that organizations with greater contextual 

ambidexterity at all levels will have better results in managing innovation paradox. 
Conceptually, integrating exploitation and exploration will increase the performance of the 
organization by allowing it to be "innovative, flexible and effective at the same time while not 
losing the benefits of stability, routine end efficiency" [18]. According to the above stated, the 
integration of exploration and exploitation, that is conceptual ambidexterity will allow better 
management of innovation paradox within an organization. Concerning this, an organization 
needs to have corresponding organizational culture that can enable it. 

3. ORGANIZATIONAL CULTURE, AMBIDEXTROUS ORGANIZATION AND 
INNOVATION PARADOX 

Organizational culture is an important antecedent for a number of organizational outcomes, 
such as organizational innovativeness and ambidexterity. The study of culture has its roots in 
the field of anthropology, [19, 20, 21, 22] wrote first papers on organizational culture. There 
are a number of key features of organizational culture. It is a shared phenomenon [23, 24] it has 
multiple visible and invisible lairs [23] and it changes relatively slowly through time [24], [25] 
defines organizational culture as "key values, norms, artefacts and patterns of organizational 
behaviour that govern the way in which individuals within an organization collaborate and 
invest energy in their tasks and organization as such". 

In order to better understand the constructs in this paper, it is important to define the 
difference between contextual ambidexterity, organizational context and organizational culture. 
Earlier papers [26] explain organizational context as an invisible set of stimulus and pressures 
that shape individual and collective behaviour within an organization. [27] on the other hand, 
define organizational context as a complex concept made up of loose cultures and processes 
related to explorative activities and radical innovation on one side and strict cultures and 
processes related to exploitative activities and incremental innovation on the other side. [28] 
similarly defines organizational culture as an informal or invisible part of organizational context 
that complements formal or structural organizational component made up of processes and 
systems. In light of everything that was written, organizational culture can thus be defined as 
an important organizational factor and a subset of organizational context. Contextual 
ambidexterity on the other hand is an organizational capability that is complex, spread out 
through the organization and takes a lot of time to develop as well as a bottom-up approach and 
the participation of individuals within an organization as parts of organizational culture and 
context [29]. 

[30] state that in order to achieve long-term survival an organization needs to be able to host 
contradictory structures, processes and cultures. [31] deem that large companies can manage 
the innovation paradox by simply copying some of the management methods used by small 
organizations thus becoming "start up corporations". The key to this transition are adequate 
organizational culture as well as leadership type. 

Number of authors state the importance of culture as the key to managing innovation [4, 32]. 
Organizational culture effects innovation in two ways: through socialization [33, 34] and 
through principal values, assumptions and beliefs that become guidelines for behaviour inside 
organizations [35]. Key features of organizational culture that lead to greater innovation in the 
organization are creativity, risk taking, individual freedom, teamwork and external orientation 
[36]. According to [37], values supporting innovation are not enough to increase organizational 
innovative performance since they need to be complemented by norms and artefacts for 
innovation and innovative behaviours inside the organization. [38] states balanced autonomy, 
personalized recognition of merit, integrated socio-technological system and continuous slack 
resources as key characteristics of innovative organizational cultures. [39] define radical 
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at the same place. For [2] in structural ambidexterity, there are departments within an 
organization that deal with exploration and exploitation separately, while contextual 
ambidexterity implies that same departments are pursuing both strategies at the same time. 
Contextual ambidexterity is made at the same time of both alignment and adaptability. 
Alignment implies a possibility of channelling all activities taken up by the members of a 
department towards a common goal while adaptability implies the possibility of swift 
adjustment to the changing demands in the environment. Put differently, alignment is usually 
related to incremental and adaptability to radical innovation [11]. The biggest difference 
between contextual and structural ambidexterity is the fact that contextual ambidexterity does 
not require building dual structures in the organization. It does however; require processes and 
systems that allow individuals the possibility to choose the manner in which they will resolve 
the conflict between the goals of alignment and adaptability. 

One of the key findings in recent ambidexterity research is that there is no trade-off between 
alignment and adaptability at the level of an organizational unit, that is, individuals can, in a 
certain way take part in both exploration and exploitation. [12] states in his horizontal model 
that there are two ways of managing the relationship between exploration and exploitation. The 
first one is based on vertical separation and rests on the assumption that certain parts of the 
organization take part in exploration while others are focused on exploitation. The horizontal 
model on the other hand allows every organizational department that has contact with the 
market and technology sources to find new opportunities. 

However, a number of authors state that the best way to achieve organizational ambidexterity 
is to combine all three approaches [1,2 ]. Ambidexterity can be studied at the level of an 
organization, department, project or individual. [3] have stated that the influence of 
organizational ambidexterity on performance is stronger as the level of aggregation grows. [2] 
state that ambidexterity at the organizational level is needed in order for ambidexterity at 
individual or team level to manifest itself. [3] also point out that the effects of ambidexterity on 
individual or team level can possibly not manifest themselves unless they are complemented 
by corresponding structures, processes or incentives at the organizational level. 

A term that is commonly mentioned in the context of ambidextrous organizations and 
innovation is the innovation paradox [4, 5, 13]. Paradox can be defined as an idea that includes 
two opposite thoughts or propositions that, no matter how contradictory they may be, are 
equally necessary in order to achieve a greater insight into a truth or a problem than any other 
collected fact [14]. The literature on ambidextrous organizations has gradually moved from 
viewing exploration and exploitation as mutually exclusive dimensions and came to a 
standpoint of paradox in which both dimensions are equally necessary. [3] have stated that a 
combined approach, in which exploration and exploitation are viewed as separate wholes in the 
organization, has shown greater influence on organizational performance than viewing them as 
a part of the same continuum. This approach is very close to the perspective of paradox. A 
number of other authors [15, 16, 17] state that there is a synergy between exploration and 
exploitation, and organizations will maximize their business performance through their 
simultaneous use. Although some authors [13] tend to equate ambidextrous organizations and 
innovation paradox, [5] state that ambidextrous organization includes three fundamental 
innovation paradoxes found on the following levels: 
 strategy (profit or revolution), 
 customer orientation (strong or weak link) 
 Personal motivation (passion or discipline). 

Since contextual ambidexterity implies simultaneous exploitation and exploration within a 
single business unit or individual, it is to be expected that organizations with greater contextual 

ambidexterity at all levels will have better results in managing innovation paradox. 
Conceptually, integrating exploitation and exploration will increase the performance of the 
organization by allowing it to be "innovative, flexible and effective at the same time while not 
losing the benefits of stability, routine end efficiency" [18]. According to the above stated, the 
integration of exploration and exploitation, that is conceptual ambidexterity will allow better 
management of innovation paradox within an organization. Concerning this, an organization 
needs to have corresponding organizational culture that can enable it. 

3. ORGANIZATIONAL CULTURE, AMBIDEXTROUS ORGANIZATION AND 
INNOVATION PARADOX 

Organizational culture is an important antecedent for a number of organizational outcomes, 
such as organizational innovativeness and ambidexterity. The study of culture has its roots in 
the field of anthropology, [19, 20, 21, 22] wrote first papers on organizational culture. There 
are a number of key features of organizational culture. It is a shared phenomenon [23, 24] it has 
multiple visible and invisible lairs [23] and it changes relatively slowly through time [24], [25] 
defines organizational culture as "key values, norms, artefacts and patterns of organizational 
behaviour that govern the way in which individuals within an organization collaborate and 
invest energy in their tasks and organization as such". 

In order to better understand the constructs in this paper, it is important to define the 
difference between contextual ambidexterity, organizational context and organizational culture. 
Earlier papers [26] explain organizational context as an invisible set of stimulus and pressures 
that shape individual and collective behaviour within an organization. [27] on the other hand, 
define organizational context as a complex concept made up of loose cultures and processes 
related to explorative activities and radical innovation on one side and strict cultures and 
processes related to exploitative activities and incremental innovation on the other side. [28] 
similarly defines organizational culture as an informal or invisible part of organizational context 
that complements formal or structural organizational component made up of processes and 
systems. In light of everything that was written, organizational culture can thus be defined as 
an important organizational factor and a subset of organizational context. Contextual 
ambidexterity on the other hand is an organizational capability that is complex, spread out 
through the organization and takes a lot of time to develop as well as a bottom-up approach and 
the participation of individuals within an organization as parts of organizational culture and 
context [29]. 

[30] state that in order to achieve long-term survival an organization needs to be able to host 
contradictory structures, processes and cultures. [31] deem that large companies can manage 
the innovation paradox by simply copying some of the management methods used by small 
organizations thus becoming "start up corporations". The key to this transition are adequate 
organizational culture as well as leadership type. 

Number of authors state the importance of culture as the key to managing innovation [4, 32]. 
Organizational culture effects innovation in two ways: through socialization [33, 34] and 
through principal values, assumptions and beliefs that become guidelines for behaviour inside 
organizations [35]. Key features of organizational culture that lead to greater innovation in the 
organization are creativity, risk taking, individual freedom, teamwork and external orientation 
[36]. According to [37], values supporting innovation are not enough to increase organizational 
innovative performance since they need to be complemented by norms and artefacts for 
innovation and innovative behaviours inside the organization. [38] states balanced autonomy, 
personalized recognition of merit, integrated socio-technological system and continuous slack 
resources as key characteristics of innovative organizational cultures. [39] define radical 
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innovation culture as a construct made up from autonomy, cannibalization, proactivity and risk 
taking. Autonomy is defined as enabling enough freedom to the employees for them to 
experiment with their own ideas. Cannibalization is the willingness of an organization to 
sacrifice a part of its current sales in favour of new products. Proactivity is related to the 
development of predictive techniques for the development of consumer needs that are yet to be 
created or are still undiscovered. Risk taking is referred to as the lack of punishment in the case 
of failure. 

The role of culture in solving innovation paradox is commonly identified as the role of 
contextual ambidexterity, and some authors tend to equate organizational culture and 
organizational context [4]. [2] have found a positive relationship between organizational 
context, characterized by a combination of performance management and social support on one 
and ambidexterity on the other side. They also state that ambidexterity can be viewed as a 
mediator between organizational context and business performance. [40] conclude that the most 
efficient way to stimulate ambidexterity is to give higher priority to long-term organizational 
context in favour of the short term context. This implies that creativity and risk taking should 
have an advantage over formalization and performance based management. 

One of the first papers studying the relationship between organizational context and 
contextual ambidexterity is the one by [2]. The authors view organizational context as processes 
and systems of a business unit, but they do not take into account norms and values influencing 
contextual ambidexterity [29]. Based on this paper, a number of authors have asked the question 
what type of organizational culture helps to develop structures and processes in the organization 
that have a positive influence on the development of contextual ambidexterity [27, 41]. 

One of the cultural changes necessary for successful management of the innovation paradox, 
as stated by [13], is to discard the "not invented here" syndrome and replace it by successful 
learning out of any source. [4] explain how collective organizational culture can help manage 
the tension between exploration and exploitation, that is, help create ambidextrous innovation. 

[29] define ambidextrous organizational culture as a second order construct consisting of 
organizational diversity and shared vision. Organisational diversity is defined as a set of 
organizational values and norms that support and tolerate differences within an organization, 
and recognize and reward different individual skills and knowledge [42]. Shared vision on the 
other side is a set of organizational values and norms positively influencing active participation 
of all members of the organization in the development, dissemination and implementation of 
organizational goals [43, 44]. It is through contextual ambidexterity, viewed as an 
organizational capability, that ambidextrous organizational culture, viewed as an organizational 
resource, helps solve the innovation paradox on all levels of an organization [29]. 

4. CONCLUSION 
A number of key constructs and their relationship has been analysed in this paper. Contextual 
ambidexterity is the ability of an organization to simultaneously conduct activities of 
exploitation and exploration. This capability is held by individuals inside an organization, at 
the level of a business unit and at the organizational level. Innovation paradox is a phenomenon 
that organizations face, and it signifies the fact that organizations will achieve the best business 
results by conducting contradicting activities of exploitation and exploration. It can be viewed 
in three perspectives. Strategy perspective is related to simultaneously trying to achieve the 
goals of achieving profit with existing products and creating a revolution through the 
introduction of new products. From the customer orientation perspective an organization needs 
to keep the existing customers while trying to attract new ones. Individual perspective of the 
innovation paradox is reflected in the choice of an individual within an organization that can 

choose to follow his passion and ideas regardless of organizational goals, or be disciplined and 
aligned with the organization. A greater level of contextual ambidexterity present on all levels 
of an organization will help manage the innovation paradox. 

On the other hand, the level of contextual ambidexterity will be highly dependent on the 
organizational context. The organizational context is a broader term that is made up from 
processes and systems within an organization as well as organizational culture. The focus of 
this paper is the influence of organizational culture on the level of contextual ambidexterity, 
and indirectly, on the management of the innovation paradox inside an organization. A number 
of authors claim that features of an organizational culture positively influencing the 
development of contextual ambidexterity are a higher level of organizational diversity, shared 
vision and collectivism ([29,4]. The success of promoting a strategy that emphasizes 
exploration and exploitation simultaneously is related to both organizational culture and 
national culture. [8] thus claim that western countries such as the USA have more success in 
exploration while Japan and other Asian countries have more success in exploitation. 

Innovation paradox has been studied in the context of organizational structure as well. A 
decentralized organizational structure was shown to be beneficial for exploration, while a 
centralized structure helps exploitation and commercialization [4]. The influence of 
organizational structure on the relationship between ambidexterity and innovation paradox 
could be a potentially interesting stream for future research. 

Future research should also focus on case studies of organizations that need both exploration 
and exploitation for survival. It can be expected that organizations in stabile industries put more 
emphasis on exploitation, while those operating in dynamic markets focus more on exploration. 
However, the way in which organizational culture adapts to and reflects these specifics has still 
not been researched properly. 
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Abstract 
The expert system application within the decision-making process is not novelty, but the wide spread of 
its implementation has not been recognized yet even though the software itself is universally applicable. 
The use of expert system provides decision support regarding easy identification of problems and the 
link between observed parameters, according to a literature review. The issues of many organizations 
are related to engaging the right person with the right skills on the right position, which actually 
represents the eighth loss of the lean concept. This paper presents a case study of expert system 
application on the example of making decisions on the employee work quality in periodical technical 
inspection stations and considers possible advantages of applying the expert system and the impact on 
improving the decision-making process, which ultimately provides greater transparency and efficiency 
of the process. 

Keywords: Expert system; Lean concept; Employee performance; Decision-making; Data analysis 

1. INTRODUCTION 
The modernization of today's society, every day life and business world above all, has resulted 
in great requirements from end-users, as well as by all other participants in various processes. 
The emergence of concepts such as Industry 4.0, Internet of Things, Business Intelligence, Big 
Data etc. combined with the lean method entails exact expectations and alters the conventional 
way of operating processes within different types of organizations. The emphasis is, above all, 
on the speed and the shortest time necessary to complete activity. Furthermore, the need is for 
making quick decisions that are crucial for many processes. However, it is not only important 
to make a decision as soon as possible. They must be correct and quality as well. In order to 
achieve that, more effort should be made into data analysis and their interpretation. 

Although we are surrounded by a large amount of data, they do not represent much until 
they are processed appropriately. Only after that, data become information that, in combination 
with experience, becomes knowledge and provides the foundation for constraint definition and 
quality decision-making. Although in the past, decisions were made only by people who have 
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experience within a specific area, which makes them experts in that area, the tendency is to 
simulate such thinking and resonance into the computer so that even the less skilled ones could 
make conclusions and decisions regarding defined parameters in order to avoid interruptions 
and waiting within various activities. For that reason, the result was occurrence of decision-
making support systems. Decision-making support systems are systems that have the ability to 
make logical conclusions and have been developed to help decision-makers while solving 
problems considering predefined constraints in order to accelerate decision making in processes 
and ultimately increase their efficiency [1]. Abovementioned systems were the foundation for 
expert systems development which imitate human intelligence and present a branch of artificial 
intelligence. Intelligence is defined as the ability to learn and understand, solve problems and 
make decisions. Intelligent machine should help people in making decisions, seek information 
and understand the meaning of the word itself [2]. 
Expert systems are very useful decision-making information systems that are being used in 
engineering, science, health and many business processes. The expert system is a computer 
system that simulates the human ability for decision-making. The most popular and widely used 
ones are rule-based expert systems. They are designed to solve complex problems using 
knowledge that is expressed in the form of predefined rules [3]. 

 
Figure 1 – The rule-based expert system structure [4] 

Rule-based expert systems can greatly facilitate designing for a particular purpose in a 
particular area by engaging new generations developed as the shells of expert systems within 
which the knowledge has been removed and the user in the form of rules extract knowledge. 
The Figure 1 shows components of a rule-based expert system. Regarding their structure, it is 
easier for users to implement the expert system within the business process because the only 
task when applying such a system is to add knowledge in the form of rules and thereby enable 
relevant parameter and data to solve the problem [4]. 

The Expert system application supports strategic decision-making in various areas. Although 
they were used in manufacturing and diagnostic areas primarily, expert systems can help in 
problems identification and in correlation finding between specific parameters. Furthermore, 
they can achieve better development and improve performance in various types of industries. 
The continuous improvement of the process and its performance presents the main objective of 
the lean concept and is also essential regarding modernization of the processes and systems 
within the different types of industries. Lean management development has proposed a seven 
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in great requirements from end-users, as well as by all other participants in various processes. 
The emergence of concepts such as Industry 4.0, Internet of Things, Business Intelligence, Big 
Data etc. combined with the lean method entails exact expectations and alters the conventional 
way of operating processes within different types of organizations. The emphasis is, above all, 
on the speed and the shortest time necessary to complete activity. Furthermore, the need is for 
making quick decisions that are crucial for many processes. However, it is not only important 
to make a decision as soon as possible. They must be correct and quality as well. In order to 
achieve that, more effort should be made into data analysis and their interpretation. 

Although we are surrounded by a large amount of data, they do not represent much until 
they are processed appropriately. Only after that, data become information that, in combination 
with experience, becomes knowledge and provides the foundation for constraint definition and 
quality decision-making. Although in the past, decisions were made only by people who have 
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experience within a specific area, which makes them experts in that area, the tendency is to 
simulate such thinking and resonance into the computer so that even the less skilled ones could 
make conclusions and decisions regarding defined parameters in order to avoid interruptions 
and waiting within various activities. For that reason, the result was occurrence of decision-
making support systems. Decision-making support systems are systems that have the ability to 
make logical conclusions and have been developed to help decision-makers while solving 
problems considering predefined constraints in order to accelerate decision making in processes 
and ultimately increase their efficiency [1]. Abovementioned systems were the foundation for 
expert systems development which imitate human intelligence and present a branch of artificial 
intelligence. Intelligence is defined as the ability to learn and understand, solve problems and 
make decisions. Intelligent machine should help people in making decisions, seek information 
and understand the meaning of the word itself [2]. 
Expert systems are very useful decision-making information systems that are being used in 
engineering, science, health and many business processes. The expert system is a computer 
system that simulates the human ability for decision-making. The most popular and widely used 
ones are rule-based expert systems. They are designed to solve complex problems using 
knowledge that is expressed in the form of predefined rules [3]. 

 
Figure 1 – The rule-based expert system structure [4] 

Rule-based expert systems can greatly facilitate designing for a particular purpose in a 
particular area by engaging new generations developed as the shells of expert systems within 
which the knowledge has been removed and the user in the form of rules extract knowledge. 
The Figure 1 shows components of a rule-based expert system. Regarding their structure, it is 
easier for users to implement the expert system within the business process because the only 
task when applying such a system is to add knowledge in the form of rules and thereby enable 
relevant parameter and data to solve the problem [4]. 

The Expert system application supports strategic decision-making in various areas. Although 
they were used in manufacturing and diagnostic areas primarily, expert systems can help in 
problems identification and in correlation finding between specific parameters. Furthermore, 
they can achieve better development and improve performance in various types of industries. 
The continuous improvement of the process and its performance presents the main objective of 
the lean concept and is also essential regarding modernization of the processes and systems 
within the different types of industries. Lean management development has proposed a seven 
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types of waste model that was designed and observed within the production environment, and 
referred to the following: 
 Overproduction, 
 Overprocessing, 
 Defects, 
 Inventory, 
 Motion, 
 Transport and 
 Waiting. 

By time there was an increasing tendency for lean concept implementation within non-
productive activities, which led to the introduction of the eighth type of waste related to the 
non-utilizing talent. According to mentioned, the emphasis was on human factor within the 
processes. The issues of many organizations are related on engaging the right person with the 
right knowledge on the right position at the right time, which in fact represents the eighth loss 
of the lean concept and therefore is the most important one. If a person with certain skills and 
abilities is employed in a workplace where he or she cannot develop his or her potential or his 
or her skills are not adequate, the process efficiency will be significantly reduced. Equally, 
decision-making regarding the human factor work quality is quite complex and can only be 
done by those who have adequate knowledge of all activities within observed processes. Since 
the application of the expert system in the field of human factor performance monitoring has 
not been realized so far, as shown in literature review, this paper presents the application of 
such a system in the case study of the periodical technical inspection station (in paper PTIs) 
employees (i.e. roadworthiness controllers – in paper NTI) performance monitoring, 
considering all relevant papers in this research area. 

1.1 Literature review 
In addition to various scientific disciplines, the health is a broad area of the expert system and 
artificial intelligence application, both in the field of diagnostics and decision-making based on 
predefined parameters, early diagnosis of the disease are of paramount importance. Although 
the practice so far was to make diagnoses based on the perception and experience of doctors, 
data collected within the database were not taken into consideration. A decision-making expert 
system was developed by applying data mining techniques using algorithms C4.5 and KNN as 
part of the paper [5], thus a C4.4 algorithm achieved a better result of 90.43% due to the fact 
that the decision tree contains vectors of numeric and categorical features while the KNN only 
contains numeric feature vectors. Research [6], conducted to improve the response rate from 
the practitioner doctors to poisoning cases in the Philippines, allowed the 96% of accurate 
diagnosis. The CLIPS expert system shell was applied in the paper and a web interface was 
developed to maintain a knowledge base, enabling mutual interaction with the expert system 
by user – practitioner doctor and knowledge engineer – a toxicologist who complements the 
knowledge base. In this case, the expert system application has achieved fast reactions, which 
is extremely important for a system that has certain parts dislocated – a case of a large islands 
number of the Philippines. Junkes-Cunha et al. [7] used an Expert Sinta expert system to 
evaluate the sit-stand activities, which enabled the decision-making process automation and 
ultimately resulted in the standardization of the process itself, which could also be used for 
educational purposes. 

Decision-making have been widely applied in the field of civil engineering due to the fact 
that all problems have to be resolved as soon as they are identified. A case study example of 

pool construction in Turkey [8] shows the successful application of "Expert Choice" software 
based on the AHP Multiple Criterion Method when selecting the appropriate contractor and a 
nine-phase model is shown. 

The application of the TOPSIS expert system based on fuzzy logic combined with neural 
networks is illustrated in the paper [9] on the example of a new perfume bottle design that made 
it possible to determine the optimal combination of parameters for creating a new product 
design, making it easier to make decisions. The combination of TOPSIS methods with neural 
networks makes it easier and more successful to design the product in process. 

Preliminary results of the expert system application for the weapon system presented in the 
paper [10] found that only the introduction of the expert system in the processes appears to be 
approved. However, certain aspects need to be improved and the application of fuzzy logic can 
greatly affect the improvement of the process if there is a lack of information. Due to the lack 
of fuzzy expert systems application which are formatted in the web interface, paper [11] on the 
example of student success evaluation for the upcoming year shows the design and advantages 
of their application. Microsoft Visual Studio and Microsoft SQL Server have been used to 
design the application system, enabling the expert system implementation within the process 
without the additional investment costs in the recent expert system shells. 

As the performance monitoring of any process has always been imperative, the human factor 
performance monitoring is the greatest problem, mostly because every human being is unique 
to himself and its impact on the process and system can only be viewed as a single factor that 
is difficult to understand. For this reason, the fuzzy logic application, which can in greatly 
represent human resonation, imposes as an excellent method for assessing the performance and 
work quality of individuals within the observed process. Kaur et al. [12] have demonstrated the 
application of fuzzy rules within the expert system by analyzing the student performance so 
that they established that the process only is not crucial for performance evaluation, but also 
the performance of the constituent parts of the process, in other words the human factor. The 
fuzzy logic implementation within expert systems provides dealing with complex systems 
which functionality is incomprehensible and the ability to respond quickly when there is no 
universal solution. 

The paper [13] by applying JESS expert system for the sale mobile data analysis of the 
fashion market in combination with the existing ERP system, enabled easier decision making 
and strategy formulation. The expert system application facilitated an access to information 
both by general managers and by employees who have been dislocated, which allowed a better 
insight into the process and suggest the desired course of events. 

Er et al. in the paper [14] through the Crystal expert system shell by Intelligent 
Environments, have been selected a number of rule-based system application benefits when 
choosing the cast components. Although application of such systems significantly facilitates 
processes, the fact is that much more time is necessary to develop applications that would be 
applied by users with minimal prior knowledge. The expert system power lies in the knowledge 
base where the knowledge is collected by human experts in specific domains. The knowledge 
base provides thinking replication and reasoning, considering defined rules and facts. The point 
of using the expert system is decision-making brought by an expert in a specific field. The 
research conducted in [15] enabled insight into fuzzy expert systems across various research 
areas, whereby authors pointed out softwares like MATLAB, SQL server, CLIPSS. The fact is 
that mentioned expert systems are generated by code programming within software packages. 
However, the meaning of expert systems is the ability to apply them by people who don't have 
programming skills, which suggest that expert systems themselves should be more accessible 
to end-users. 
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types of waste model that was designed and observed within the production environment, and 
referred to the following: 
 Overproduction, 
 Overprocessing, 
 Defects, 
 Inventory, 
 Motion, 
 Transport and 
 Waiting. 

By time there was an increasing tendency for lean concept implementation within non-
productive activities, which led to the introduction of the eighth type of waste related to the 
non-utilizing talent. According to mentioned, the emphasis was on human factor within the 
processes. The issues of many organizations are related on engaging the right person with the 
right knowledge on the right position at the right time, which in fact represents the eighth loss 
of the lean concept and therefore is the most important one. If a person with certain skills and 
abilities is employed in a workplace where he or she cannot develop his or her potential or his 
or her skills are not adequate, the process efficiency will be significantly reduced. Equally, 
decision-making regarding the human factor work quality is quite complex and can only be 
done by those who have adequate knowledge of all activities within observed processes. Since 
the application of the expert system in the field of human factor performance monitoring has 
not been realized so far, as shown in literature review, this paper presents the application of 
such a system in the case study of the periodical technical inspection station (in paper PTIs) 
employees (i.e. roadworthiness controllers – in paper NTI) performance monitoring, 
considering all relevant papers in this research area. 

1.1 Literature review 
In addition to various scientific disciplines, the health is a broad area of the expert system and 
artificial intelligence application, both in the field of diagnostics and decision-making based on 
predefined parameters, early diagnosis of the disease are of paramount importance. Although 
the practice so far was to make diagnoses based on the perception and experience of doctors, 
data collected within the database were not taken into consideration. A decision-making expert 
system was developed by applying data mining techniques using algorithms C4.5 and KNN as 
part of the paper [5], thus a C4.4 algorithm achieved a better result of 90.43% due to the fact 
that the decision tree contains vectors of numeric and categorical features while the KNN only 
contains numeric feature vectors. Research [6], conducted to improve the response rate from 
the practitioner doctors to poisoning cases in the Philippines, allowed the 96% of accurate 
diagnosis. The CLIPS expert system shell was applied in the paper and a web interface was 
developed to maintain a knowledge base, enabling mutual interaction with the expert system 
by user – practitioner doctor and knowledge engineer – a toxicologist who complements the 
knowledge base. In this case, the expert system application has achieved fast reactions, which 
is extremely important for a system that has certain parts dislocated – a case of a large islands 
number of the Philippines. Junkes-Cunha et al. [7] used an Expert Sinta expert system to 
evaluate the sit-stand activities, which enabled the decision-making process automation and 
ultimately resulted in the standardization of the process itself, which could also be used for 
educational purposes. 

Decision-making have been widely applied in the field of civil engineering due to the fact 
that all problems have to be resolved as soon as they are identified. A case study example of 

pool construction in Turkey [8] shows the successful application of "Expert Choice" software 
based on the AHP Multiple Criterion Method when selecting the appropriate contractor and a 
nine-phase model is shown. 

The application of the TOPSIS expert system based on fuzzy logic combined with neural 
networks is illustrated in the paper [9] on the example of a new perfume bottle design that made 
it possible to determine the optimal combination of parameters for creating a new product 
design, making it easier to make decisions. The combination of TOPSIS methods with neural 
networks makes it easier and more successful to design the product in process. 

Preliminary results of the expert system application for the weapon system presented in the 
paper [10] found that only the introduction of the expert system in the processes appears to be 
approved. However, certain aspects need to be improved and the application of fuzzy logic can 
greatly affect the improvement of the process if there is a lack of information. Due to the lack 
of fuzzy expert systems application which are formatted in the web interface, paper [11] on the 
example of student success evaluation for the upcoming year shows the design and advantages 
of their application. Microsoft Visual Studio and Microsoft SQL Server have been used to 
design the application system, enabling the expert system implementation within the process 
without the additional investment costs in the recent expert system shells. 

As the performance monitoring of any process has always been imperative, the human factor 
performance monitoring is the greatest problem, mostly because every human being is unique 
to himself and its impact on the process and system can only be viewed as a single factor that 
is difficult to understand. For this reason, the fuzzy logic application, which can in greatly 
represent human resonation, imposes as an excellent method for assessing the performance and 
work quality of individuals within the observed process. Kaur et al. [12] have demonstrated the 
application of fuzzy rules within the expert system by analyzing the student performance so 
that they established that the process only is not crucial for performance evaluation, but also 
the performance of the constituent parts of the process, in other words the human factor. The 
fuzzy logic implementation within expert systems provides dealing with complex systems 
which functionality is incomprehensible and the ability to respond quickly when there is no 
universal solution. 

The paper [13] by applying JESS expert system for the sale mobile data analysis of the 
fashion market in combination with the existing ERP system, enabled easier decision making 
and strategy formulation. The expert system application facilitated an access to information 
both by general managers and by employees who have been dislocated, which allowed a better 
insight into the process and suggest the desired course of events. 

Er et al. in the paper [14] through the Crystal expert system shell by Intelligent 
Environments, have been selected a number of rule-based system application benefits when 
choosing the cast components. Although application of such systems significantly facilitates 
processes, the fact is that much more time is necessary to develop applications that would be 
applied by users with minimal prior knowledge. The expert system power lies in the knowledge 
base where the knowledge is collected by human experts in specific domains. The knowledge 
base provides thinking replication and reasoning, considering defined rules and facts. The point 
of using the expert system is decision-making brought by an expert in a specific field. The 
research conducted in [15] enabled insight into fuzzy expert systems across various research 
areas, whereby authors pointed out softwares like MATLAB, SQL server, CLIPSS. The fact is 
that mentioned expert systems are generated by code programming within software packages. 
However, the meaning of expert systems is the ability to apply them by people who don't have 
programming skills, which suggest that expert systems themselves should be more accessible 
to end-users. 
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The initial shells that were used in the expert systems design had some drawbacks, from 
which the main was the fact that they were based on a pure programming code without any 
graphical interface. For that reason they were not "user friendly". It was the appearance of the 
Visi Rule shell that overcome the numerous disadvantages by using a simple graphical display 
of defined rules, using the flowchart in combination with textual descriptions. The Visi Rule 
application with Internet of Things technologies intersection, which is presented in paper [3] 
through a smart beverage dispenser case study. The paper emphasizes the advantage of using 
Visi Rule because of the fact that the programmed code can be executed and implemented 
within other programs and processes. The paper [2] proposed a Flex shell combined with Visi 
Rule in a lean supply chain research area for example of developing knowledge system. Naik 
et al. [1] have demonstrated the successful Visi Rule expert system application on the example 
of legal decision-making for acquiring immovable property in India, enabling the adoption of 
correct decisions based on an empirical approach integrated with the rules and legislation that 
actually defines every process. In this way, it was also possible for end users who do not have 
the necessary knowledge, to make adequate decisions. 

Although there are many methods of the employee work performance evaluation, those are 
mostly observed from the context of human resources management. The 360 degree method is 
one of the most popular and the authors in [16] have combined it with the fuzzy expert system. 
Although that was an excellent method for the employee performance evaluation, the expert 
system developed in the MATLAB software interface has provided results only in the form of 
employee performance levels. Expert systems introduction, apart from supporting the decision-
making process, has resulted in better visualization of the research, so that the results can also 
be presented to people who are not involved in these processes. Authors in [17] have presented 
the expert system application through a mathematical approach using design of experiments 
within regrutation process and competence identification, thus encompassing an area that has 
been inherent to psychology and human resource management. 

According to the aforementioned, the Visi Rule software environment, which is 
characterized by simple graphics, is the best solution and is therefore used in this paper. 
According to a current state in the research area presented through the literature review, this 
paper presents the expert system application, using the Visi Rule expert system shell in order 
to facilitate decision-making regarding PTIs employees work quality, thus achieving a new area 
of the expert system application. Accordingly, paper objectives are as follows: 
 to demonstrate the expert system application on the example of the human factor 

performance evaluation, 
 to define the advantages and disadvantages of the specific expert system application and 
 to identify the possibility of further research in the context of the work itself. 

2. METHODS 
This paper presents a case study of the expert system application on the example of the PTIs 
employee performance decision-making. PTIs employees that carry out vehicle technical 
inspections, i.e. roadworthiness controllers (in paper NTIs), as well as all employees within 
various companies and organizations, often perform works which course and way of performing 
is precisely prescribed by work instructions and legal regulation, in an inherent way that can 
result in intentional or unintentional errors. Although the most business procedures are designed 
to reduce the subjectivity of individuals, there are often anomalies arising from the technical 
inspection result manipulation or from making wrong decisions regarding misunderstood facts. 

The above mentioned considerably affects the system efficiency and therefore all possible 
anomalies have to be identified. 

According to a literature review, it was determined that the Visi Rule software designed by 
the LPA Toolkits company is an optimum expert system, or expert system shell which provides 
easy designing for people with minimal programming skills by dragging objects to the expert 
system workplace. By dragging objects, the expert system generates Prolog code in the 
background which can easily determine whether there is an error in the entity relationship or in 
commands. 

The implementation of expert system designing activities within this paper is shown in 
Figure 2. In order to determine which parameters determine the NTIs work quality and by which 
it will be necessary to formulate the rules within expert system, it was important to analyze the 
technical inspection process first. Then an expert was selected for the decision-making process 
on the work quality. Based on his guidelines, key parameters for rules formulation were defined. 
Moreover, regarding the parameter definition, data were collected for one periodical technical 
inspection station regarding periodical technical vehicle inspection of passenger cars conducted 
by 11 NTIs employed in the observed PTIs, for a period of one year. The sample data were 
statistically analyzed to determine which parameters have an impact on roadworthiness and in 
which range parameters should be. Constraints definition was crucial for the parameter range 
determination that are key to NTIs work performance evaluation. Finally, rules were defined 
within the expert system shell by using the flowchart. In order to verify the expert system, 
validation was conducted regarding previously established facts about 11 NTIs work quality 
within the observed sample. 

 
Figure 2 – Implementation of expert system design activities 
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The initial shells that were used in the expert systems design had some drawbacks, from 
which the main was the fact that they were based on a pure programming code without any 
graphical interface. For that reason they were not "user friendly". It was the appearance of the 
Visi Rule shell that overcome the numerous disadvantages by using a simple graphical display 
of defined rules, using the flowchart in combination with textual descriptions. The Visi Rule 
application with Internet of Things technologies intersection, which is presented in paper [3] 
through a smart beverage dispenser case study. The paper emphasizes the advantage of using 
Visi Rule because of the fact that the programmed code can be executed and implemented 
within other programs and processes. The paper [2] proposed a Flex shell combined with Visi 
Rule in a lean supply chain research area for example of developing knowledge system. Naik 
et al. [1] have demonstrated the successful Visi Rule expert system application on the example 
of legal decision-making for acquiring immovable property in India, enabling the adoption of 
correct decisions based on an empirical approach integrated with the rules and legislation that 
actually defines every process. In this way, it was also possible for end users who do not have 
the necessary knowledge, to make adequate decisions. 

Although there are many methods of the employee work performance evaluation, those are 
mostly observed from the context of human resources management. The 360 degree method is 
one of the most popular and the authors in [16] have combined it with the fuzzy expert system. 
Although that was an excellent method for the employee performance evaluation, the expert 
system developed in the MATLAB software interface has provided results only in the form of 
employee performance levels. Expert systems introduction, apart from supporting the decision-
making process, has resulted in better visualization of the research, so that the results can also 
be presented to people who are not involved in these processes. Authors in [17] have presented 
the expert system application through a mathematical approach using design of experiments 
within regrutation process and competence identification, thus encompassing an area that has 
been inherent to psychology and human resource management. 

According to the aforementioned, the Visi Rule software environment, which is 
characterized by simple graphics, is the best solution and is therefore used in this paper. 
According to a current state in the research area presented through the literature review, this 
paper presents the expert system application, using the Visi Rule expert system shell in order 
to facilitate decision-making regarding PTIs employees work quality, thus achieving a new area 
of the expert system application. Accordingly, paper objectives are as follows: 
 to demonstrate the expert system application on the example of the human factor 

performance evaluation, 
 to define the advantages and disadvantages of the specific expert system application and 
 to identify the possibility of further research in the context of the work itself. 

2. METHODS 
This paper presents a case study of the expert system application on the example of the PTIs 
employee performance decision-making. PTIs employees that carry out vehicle technical 
inspections, i.e. roadworthiness controllers (in paper NTIs), as well as all employees within 
various companies and organizations, often perform works which course and way of performing 
is precisely prescribed by work instructions and legal regulation, in an inherent way that can 
result in intentional or unintentional errors. Although the most business procedures are designed 
to reduce the subjectivity of individuals, there are often anomalies arising from the technical 
inspection result manipulation or from making wrong decisions regarding misunderstood facts. 

The above mentioned considerably affects the system efficiency and therefore all possible 
anomalies have to be identified. 

According to a literature review, it was determined that the Visi Rule software designed by 
the LPA Toolkits company is an optimum expert system, or expert system shell which provides 
easy designing for people with minimal programming skills by dragging objects to the expert 
system workplace. By dragging objects, the expert system generates Prolog code in the 
background which can easily determine whether there is an error in the entity relationship or in 
commands. 

The implementation of expert system designing activities within this paper is shown in 
Figure 2. In order to determine which parameters determine the NTIs work quality and by which 
it will be necessary to formulate the rules within expert system, it was important to analyze the 
technical inspection process first. Then an expert was selected for the decision-making process 
on the work quality. Based on his guidelines, key parameters for rules formulation were defined. 
Moreover, regarding the parameter definition, data were collected for one periodical technical 
inspection station regarding periodical technical vehicle inspection of passenger cars conducted 
by 11 NTIs employed in the observed PTIs, for a period of one year. The sample data were 
statistically analyzed to determine which parameters have an impact on roadworthiness and in 
which range parameters should be. Constraints definition was crucial for the parameter range 
determination that are key to NTIs work performance evaluation. Finally, rules were defined 
within the expert system shell by using the flowchart. In order to verify the expert system, 
validation was conducted regarding previously established facts about 11 NTIs work quality 
within the observed sample. 
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3. RESULTS AND DISCUSSION 
PTIs work processes include a large number of various subprocesses that ensure effectiveness 
of the technical inspection system, which ultimately affect on increasing traffic safety as well. 
The analysis of periodical technical inspection process was carried out by observing process 
itself. It provided an insight on all process activities. According to the above mentioned, the 
periodical technical inspection process could be divided into three parts which determine the 
way of making decisions, as follows: 
 Visual vehicle inspection, 
 Vehicle inspection using devices and equipment and 
 Work in the information system. 

By checking parts and assemblies on the vehicle, the NTI determines their condition and, if 
there are any deficiencies, determines whether they affect on vehicle passing on technical 
inspection. If determined deficiencies are in great extent, the vehicle is declared defective and 
can not pass technical inspection. Furthermore, the vehicle must not participate in road traffic. 
As NTIs are the key factor in making decisions about the vehicle technical condition it is 
obvious that the decision-making process is a subject to a subjective assessment. The decision, 
apart from the technical condition and age of the vehicle, is largely influenced by the 
knowledge, experience and intentions of each NTI. However, the NTIs performance can easily 
be determined by defining parameters after processing and analyzing data that are being 
collected within the database. 

People who make decisions regarding the NTIs work quality are considered as experts in 
this work area. In order to make all adequate conclusions and establish the basis for rules 
formulation which will be implemented within the Visi Rule expert system, an interview with 
an expert was conducted. According to the interview, it was determined that the NTIs work 
quality is estimated on the basis of three parameters – the average technical inspection duration, 
the average vehicle age of inspected vehicles and defective vehicles considering all inspected 
vehicles, as shown in figure 3. In addition, the expert pointed out permitted deviations of the 
observed parameters regarding average values and at which moment the deviation indicates on 
the possibility of unprofessional work. 

 
Figure 3 – The work quality evaluation considering three parameters 
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The statistical analysis was performed on the sample of 24 035 passenger car vehicles. Data 
were preprocessed to extract the outliers pertaining to irregularities in the technical inspection 
duration. Furthermore, every technical inspection duration, which implies a time from applying 
for technical inspection to result entering in information system, more than 60 minutes is 
considered as anomaly within the process. For this reason, all technical inspection durations 
that last longer than 60 minutes, which is a possible waiting time, were deducted from the 
calculation and the new sample size included 22 804 vehicles. 

Based on the processed data, the average values of defined parameters for each NTI were 
calculated (Table 1) in order to establish the basis for rules formulation and for decision-making 
of work performance considering predefined rules. 

Table 1 – The average values of defined parameters for 11 NTIs 

NTI Average TI duration 
(min) 

Average vehicle age 
(year) 

Percentage of 
deficiences 

(%) 
NTI1 29,27 10,93 22,85 
NTI2 30,42 10,07 21,02 
NTI3 29,51 9,53 20,72 
NTI4 29,27 9,06 20,01 
NTI5 32,24 13,36 21,46 
NTI6 31,62 11,23 19,21 
NTI7 26,76 11,08 21,31 
NTI8 30,78 13,15 21,99 
NTI9 33,03 14,06 19,91 

NTI10 27,31 12,89 20,61 
NTI11 30,18 12,05 20,58 

 
The basis for expert system rules designing were, above all, legal regulations and regulations 
prescribed by professional instructions. Based on that, technical inspection duration may not be 
shorter than 15 minutes and each duration of more than 60 minutes may indicate on possible 
problems so therefore is not relevant for the average value calculation. Besides legal 
regulations, average annual values represent a reference value. 

However, the deviation of average values for observed PTI station in comparison with 
annual average values at the level of all Croatian PTI stations implicates on the work quality of 
the observed PTI station. If the employee work performance is evaluated, it is important then 
to compare defined parameter values of each NTI with the average values of the observed PTI 
station. For this reason, the reference values for decision-making regarding NTI work 
performance were average values of observed PTIs. 

According to the collected data of the observed sample, average values were as follows: 
 The average technical inspection duration: 29,78 min 
 The average vehicle age: 11,47 years 
 The percent of defective vehicles: 20,95 % 

Within the Visi Rule shell the 14 rules have been designed that consisted of three levels. The 
first level included a comparison with the average technical inspection duration value, followed 
by a comparison with the average vehicle age at the second level and the percentage of defective 
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3. RESULTS AND DISCUSSION 
PTIs work processes include a large number of various subprocesses that ensure effectiveness 
of the technical inspection system, which ultimately affect on increasing traffic safety as well. 
The analysis of periodical technical inspection process was carried out by observing process 
itself. It provided an insight on all process activities. According to the above mentioned, the 
periodical technical inspection process could be divided into three parts which determine the 
way of making decisions, as follows: 
 Visual vehicle inspection, 
 Vehicle inspection using devices and equipment and 
 Work in the information system. 

By checking parts and assemblies on the vehicle, the NTI determines their condition and, if 
there are any deficiencies, determines whether they affect on vehicle passing on technical 
inspection. If determined deficiencies are in great extent, the vehicle is declared defective and 
can not pass technical inspection. Furthermore, the vehicle must not participate in road traffic. 
As NTIs are the key factor in making decisions about the vehicle technical condition it is 
obvious that the decision-making process is a subject to a subjective assessment. The decision, 
apart from the technical condition and age of the vehicle, is largely influenced by the 
knowledge, experience and intentions of each NTI. However, the NTIs performance can easily 
be determined by defining parameters after processing and analyzing data that are being 
collected within the database. 

People who make decisions regarding the NTIs work quality are considered as experts in 
this work area. In order to make all adequate conclusions and establish the basis for rules 
formulation which will be implemented within the Visi Rule expert system, an interview with 
an expert was conducted. According to the interview, it was determined that the NTIs work 
quality is estimated on the basis of three parameters – the average technical inspection duration, 
the average vehicle age of inspected vehicles and defective vehicles considering all inspected 
vehicles, as shown in figure 3. In addition, the expert pointed out permitted deviations of the 
observed parameters regarding average values and at which moment the deviation indicates on 
the possibility of unprofessional work. 
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The statistical analysis was performed on the sample of 24 035 passenger car vehicles. Data 
were preprocessed to extract the outliers pertaining to irregularities in the technical inspection 
duration. Furthermore, every technical inspection duration, which implies a time from applying 
for technical inspection to result entering in information system, more than 60 minutes is 
considered as anomaly within the process. For this reason, all technical inspection durations 
that last longer than 60 minutes, which is a possible waiting time, were deducted from the 
calculation and the new sample size included 22 804 vehicles. 

Based on the processed data, the average values of defined parameters for each NTI were 
calculated (Table 1) in order to establish the basis for rules formulation and for decision-making 
of work performance considering predefined rules. 

Table 1 – The average values of defined parameters for 11 NTIs 

NTI Average TI duration 
(min) 

Average vehicle age 
(year) 

Percentage of 
deficiences 

(%) 
NTI1 29,27 10,93 22,85 
NTI2 30,42 10,07 21,02 
NTI3 29,51 9,53 20,72 
NTI4 29,27 9,06 20,01 
NTI5 32,24 13,36 21,46 
NTI6 31,62 11,23 19,21 
NTI7 26,76 11,08 21,31 
NTI8 30,78 13,15 21,99 
NTI9 33,03 14,06 19,91 

NTI10 27,31 12,89 20,61 
NTI11 30,18 12,05 20,58 

 
The basis for expert system rules designing were, above all, legal regulations and regulations 
prescribed by professional instructions. Based on that, technical inspection duration may not be 
shorter than 15 minutes and each duration of more than 60 minutes may indicate on possible 
problems so therefore is not relevant for the average value calculation. Besides legal 
regulations, average annual values represent a reference value. 

However, the deviation of average values for observed PTI station in comparison with 
annual average values at the level of all Croatian PTI stations implicates on the work quality of 
the observed PTI station. If the employee work performance is evaluated, it is important then 
to compare defined parameter values of each NTI with the average values of the observed PTI 
station. For this reason, the reference values for decision-making regarding NTI work 
performance were average values of observed PTIs. 

According to the collected data of the observed sample, average values were as follows: 
 The average technical inspection duration: 29,78 min 
 The average vehicle age: 11,47 years 
 The percent of defective vehicles: 20,95 % 

Within the Visi Rule shell the 14 rules have been designed that consisted of three levels. The 
first level included a comparison with the average technical inspection duration value, followed 
by a comparison with the average vehicle age at the second level and the percentage of defective 
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vehicle considering the total number of inspected vehicles at the third level. Based on the 
established and designed rules that enabled the basis for flowchart designing within the Visi 
Rule shell, the decision-making support model has been designed for making decisions 
regarding NTI work quality, as shown in Figure 4. 

 
Figure 4 – Designed model within Visi Rule shell 

After flowcharts have been created and commands defined, the background Prolog code was 
automatically generated and IF-THEN rules as well. By executing generated source code, the 
input window for entering the first parameter – the average value of technical inspection 
duration has been shown (Figure 5). 

 
Figure 5 – The input window for the average technical inspection duration value entry 

In the end, it was necessary to determine whether the model proposes the right decision based 
on entered parameters, i.e. to validate the model. In order to conduct a successful validation of 
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in the conventional way, by comparing values with average reference values in order to verify 
the code. Even that on the one hand decisions made in the conventional way are mostly correct, 
on the other hand that process is time consuming because of a detail data analysis and parameter 
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NTI1 29,27 10,93 22,85 -0,51 -0,54 1,90 

NTI2 30,42 10,07 21,02 0,64 -1,4 0,07 

NTI3 29,51 9,53 20,72 0,27 -1,94 -0,23 

NTI4 29,27 9,06 20,01 -0,51 -2,41 -0,94 

NTI5 32,24 13,36 21,46 2,46 1,89 0,51 

NTI6 31,62 11,23 19,21 1,84 -0,24 -1,74 

NTI7 26,75 11,08 21,31 -3,03 -0,39 0,36 

NTI8 30,78 13,15 21,99 1 1,68 1,04 

NTI9 33,03 14,06 19,91 3,25 2,59 -1,04 

NTI10 27,31 12,89 20,61 -2,47 1,42 -0,34 

NTI11 30,18 12,05 20,58 0,4 0,58 -0,37 

PTIs 29,78 11,47 20,95    

 
Extreme deviations are ranked in two colors, of which: 
 Green – indicates on better work performance than the average for the observed 

parameter and 
 Red – indicates on worse work performance than the average for the observed 

parameter. 
Regarding Table 2, a statistical analysis of parameters has found that NTI9 achieved the worst 
results, which implicates on possibility of poor and work quality and unprofessional 
performance. 

In order to validate the expert system model the NTI9 parameters have been taken as an 
example. Once all required parameter values have been entered, the generated code has 
displayed a message suggesting a decision for decision-making, as shown in Figure 6. 



Iva Mikulić, Dragutin Lisjak, Nedeljko Štefanić:  
The Impact of Expert System Implementation on Improving the Decision-Making Process 

Copyright © Culmena, Zagreb 47

vehicle considering the total number of inspected vehicles at the third level. Based on the 
established and designed rules that enabled the basis for flowchart designing within the Visi 
Rule shell, the decision-making support model has been designed for making decisions 
regarding NTI work quality, as shown in Figure 4. 

 
Figure 4 – Designed model within Visi Rule shell 

After flowcharts have been created and commands defined, the background Prolog code was 
automatically generated and IF-THEN rules as well. By executing generated source code, the 
input window for entering the first parameter – the average value of technical inspection 
duration has been shown (Figure 5). 

 
Figure 5 – The input window for the average technical inspection duration value entry 

In the end, it was necessary to determine whether the model proposes the right decision based 
on entered parameters, i.e. to validate the model. In order to conduct a successful validation of 
the model, for each of the 11 NTI, it was necessary to make a decision on the work performance 
in the conventional way, by comparing values with average reference values in order to verify 
the code. Even that on the one hand decisions made in the conventional way are mostly correct, 
on the other hand that process is time consuming because of a detail data analysis and parameter 
comparison should be made in advance. 

Table 2 – Average values of defined parameters for all NTI 
 Average 

TI 
duration 

(min) 

Average 
vehicle 

age 
(year) 

Percentage 
of 

deficiences 
(%) 

Deviation 
from 

average TI 
duration 

(min) 

Deviation 
from 

average 
vehicle age 

(year) 

Deviation 
from 

percentage 
deficiences 

(%) 

N
TI

 

NTI1 29,27 10,93 22,85 -0,51 -0,54 1,90 

NTI2 30,42 10,07 21,02 0,64 -1,4 0,07 

NTI3 29,51 9,53 20,72 0,27 -1,94 -0,23 

NTI4 29,27 9,06 20,01 -0,51 -2,41 -0,94 

NTI5 32,24 13,36 21,46 2,46 1,89 0,51 

NTI6 31,62 11,23 19,21 1,84 -0,24 -1,74 

NTI7 26,75 11,08 21,31 -3,03 -0,39 0,36 

NTI8 30,78 13,15 21,99 1 1,68 1,04 

NTI9 33,03 14,06 19,91 3,25 2,59 -1,04 

NTI10 27,31 12,89 20,61 -2,47 1,42 -0,34 

NTI11 30,18 12,05 20,58 0,4 0,58 -0,37 

PTIs 29,78 11,47 20,95    

 
Extreme deviations are ranked in two colors, of which: 
 Green – indicates on better work performance than the average for the observed 

parameter and 
 Red – indicates on worse work performance than the average for the observed 

parameter. 
Regarding Table 2, a statistical analysis of parameters has found that NTI9 achieved the worst 
results, which implicates on possibility of poor and work quality and unprofessional 
performance. 

In order to validate the expert system model the NTI9 parameters have been taken as an 
example. Once all required parameter values have been entered, the generated code has 
displayed a message suggesting a decision for decision-making, as shown in Figure 6. 



LEAN Spring Summit 2018 • May 24 – 25 2018, Opatija, Croatia

Copyright © Culmena, Zagreb48

 
Figure 6 – The message that indicates on successful expert system validation 

Obviously, successful validation of the model has been achieved and the expert system has 
recognized that there is a possibility of a poor quality and unprofessional performance by NTI9. 

4. CONCLUSION 
Expert systems as decision-making support systems do not represent a novelty, but there is not 
a wide spread of their application in the research area even though the software itself is 
universally applicable. The literature review has pointed to the fact that applying rules and facts 
input to a web interface a mutual interaction is accomplished that solves the problem of 
dislocating parts of the system and enables a quick response. In addition, standardization of the 
process is achieved by designing an expert system and rules within it. However, the basis for 
the expert system implementation within the process is the previous elimination of all types of 
wastes within the process. The main expert system advantage, as established in this paper, is 
the ability to "imitate" human thinking and to identify facts that are of paramount importance 
for solving problems and making decisions within various areas. Applying this software does 
not only contribute to process facilitation and accelerate it, but the biggest advantage is reducing 
errors, providing greater transparency and increased process efficiency. The expert system 
implementation is of great importance in the process where subjectivity is a dominant human 
factor feature. However, it is quite clear that subjectivity is difficult to measure because 
decisions are often made based on instinct and experience. For this reason, expert systems can 
facilitate procedures for determining parameter values that can indirectly indicate errors and 
defects within the process. However, on the other hand, the expert system itself is quite 
subjective as it is based on the knowledge and experience of an expert. Moreover, the expert 
system can not be independent as a phase within the decision-making process because the 
generated code will never be able to predict all situations, particularly in the context of the 
impact of human factors in the process. 

The Visi Rule expert system shell application within the decision-making process of NTIs 
work quality has established that it can ease the process that had previously taken a lot of time, 

thus affecting the greater efficiency achievement. However, the data analysis has a fairly 
significant influence on the parameter definition because it is necessary to ascertain how many 
parameters have been defined and their causal relationship with the final outcome. Moreover, 
it is necessary that all considered data are correct. Previously mentioned is of great importance 
due to the fact that the person who makes decisions is often quite subjective, as well as realistic 
expectations when it comes to the human factor. For this reason, the best way to determine the 
parameters and the rules, and their tolerated ranges are certainly a combination of expert 
experience and statistical data analysis. 

For the purpose of further research, the tendency is to improve the expert system in a way 
that, apart from the observed parameters, all others that have a great impact on the work quality, 
which are not taken into consideration are determined. A larger number of parameters reduce 
the possibility of making the wrong decision. Although in this paper the expert system 
accelerate decision-making, end users still have to manually enter the data. Therefore, the idea 
for the future research would consider data uploading and simultaneous analysis in order to 
calculate the average values that would be automatically entered within the expert system. That 
would improve expert system and increase its efficiency. 
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Industry 4.0 – New Challenges for Public  

Water Supply Organizations 

Davor Poljak 

Abstract 
Encouraged by high-tech industrial strategies based on concept of industry 4.0, most of producers 
constantly improve and adapt rapidly theirs products to technological achievements in business 
digitalization. Today's products are advanced and customized to integrate into unique, interactive cyber 
physical systems. Under the influence of such evolution, many organizations, including water supply 
organizations, face the new opportunities and challenges of changes. The first challenge is to transform 
the water supply system into a unique CPS system. Another challenge is to adapt the organization to 
work in a Big Data environment. The third challenge is the organization's readiness to apply smart 
predictive informatics tools to manage big data. Water supply organizations, faced with the pressure of 
business sustainability on the one hand, and with new knowledge, technology and opportunities on the 
other hand, must change the established patterns of behavior to higher evolutionary level. This paper 
deals with the trends of transformation of water supply organizations to address the inevitable 
challenges caused by business digitisation according to the concept of industry 4.0. 

Keywords: Public water supply; Industry 4.0; Cyber Physical Systems – CPS; Big Data; Predictive 
analytics; 

1. INTRODUCTION 
Every industrial revolution brings new knowledge and technology that ultimately result in 
radical changes in manufacturing capabilities and complexity of production systems. From 
machines powered by water and steam, in second step it intensifies and jumps over to the use 
of electricity, on third step with the help of computer technology it switches to the automation 
of production processes. The fourth industrial revolution, driven by the intense development of 
IT technologies and telecommunications, has been promoted in 2011 at the Hannover Industry 
and Technology Fair. Industry 4.0 has been promoted by working group of the German 
Academy of Science and Engineering [1]. In the same year, this initiative became a strategic 
initiative of the German government and has been included in the "High Technology Action 
Plan by 2020". 

Meanwhile, Industry 4.0 is becoming globally accepted. Despite the great interest in Industry 
4.0 concept around the world, there are no officially recognized definitions for it. It is described 
as the "integration of complex physical machines and devices with networked sensors and 
software used for forecasting, controlling and planning better business and social outcomes" 
[2]. Intensive development of science, digital and ICT technology also enabled the intensive 
development and availability of smart technologies based on Cyber-Physical Systems (CPS). 
Simply put, CPS is a system that has a link between the digital world (Cyber) and the real 
(Physical) world. CPS is used as a human-machine interface to achieve simple and efficient 
communication between the user and the machine or the whole production plant [3]. Today, 
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business processes based on the Concept of Industry 4.0, the system elements are interacted 
together as a collaborative community. Such evolution requires the use of advanced tools to 
systematically collect and process data in coherent and accurate information that can make 
optimal business decisions [4]. 

Encouraged by high-tech industry strategies based on the industry's 4.0 concept, where the 
German industry predominates, most manufacturers continuously improve their products and 
adapt quickly to the technological achievements in digitalization of business. The potential of 
new SMART products exponentially increases. This fact also applies to the manufacturers of 
water supply systems, which are, generally speaking, have made a real upgrade in technology 
and have offered the market a range of products as are pressure meters, flow meters, 
consumption meters, sensors, actuators and other sophisticated equipment with a range of 
advanced functions. Today's water supply systems are advanced and customized to connect 
each other over internet of things (IoT) to the unique interactive CPS. Under the influence of 
such evolution, many manufacturing and service organizations, including water supply, are 
faced with new opportunities and challenges of change. 

Water supply organizations face the challenge of establishing a balance between the 
efficiency of water supply networks and the efficiency in using natural, human, financial and 
other resources and are responsible for achieving the goals of sustainable business. The problem 
of efficiency and sustainability of public water supply is a global problem, and water losses are 
generally considered an important issue. In the European Commission reference document [5], 
water is a valuable natural resource that must be managed in a sustainable manner, and all the 
losses of this resource should always be minimized. This paper deals with the trends of 
transformation of water supply organizations in Big Data environments as well as their 
readiness to use smart and predictive IT tools for possible improvement, transparency and 
efficiency of business. 

2. FOURTH INDUSTRIAL REVOLUTION – CONCEPT INDUSTRY 4.0 
In the second half of the 18th century, with the intensive application of steam energy and water 
energy, manual production began to be mechanized. That activities started a development of 
production systems that from the end of the 18th to the middle of the 19th century has 
thoroughly altered the earlier political, economic and social systems in most parts of the world. 
Such an intense change caused by new knowledge and technologies is uniquely called the 
"Industrial Revolution". In the second half of the 19th century, with the use of electricity, further 
intensive changes (mass production) were launched, uniquely called "Second Industrial 
Revolution". The third industrial revolution took place in the second half of the 20th century, 
when production was automated by using electronics and information technology [6,7]. The 
fourth industrial revolution has been initiated with the development of the Internet, wireless 
communications and the application of smart (CPS) Cyber Physical Systems [8]. 

Industry 4.0 concept is a strategic approach to the integration of advanced Internet-based 
control systems that allow people and machines to connect at anytime, anywhere, with anyone 
and anything in the unique complex system. Industry 4.0 describes the growing integration of 
the ICT sector into production and service systems, which means that it complements the 
Lean production principles already established to respond to and meet future customer 
requirements [9]. 

In the new Germany's strategy of high technology and innovation is written, "The goal is as 
soon as possible to turn good ideas into innovative products and services". The German 
Industrial 4.0 initiative aims to support the integration of new product design into production 
processes with the aim of creating smart products that are the basis for smart service creation 

[10]. Technological development and new discoveries in the past two decades, such as RFID 
(Radio Frequency Identification Data) technology, GPS (Global Position System), GIS (Geo 
Information System), smart (SMART) sensors, actuators and measurers, will enable us to 
continuously collect and process data in real-time. As a result of these opportunities new 
disciplines as Big Data, Predictive Analytics has been recognized, which are further develop 
precisely in order to make better use of available data and to ensure better inputs into the 
managed processes [11]. The importance of automation in the industry has increased 
dramatically over the last few years. Industrial communication is one of the keys to increasing 
efficiency, reducing overall operating costs, improving productivity, and maybe the most 
important is growth of competitiveness. Huge potential, especially in the field of wireless 
communications, opens up new perspectives for partial modernization of the plant, up to the 
optimization of complex logistic or production processes [12]. 

2.1 IoT – Internet of things 
The incoming wave in computing development will be far beyond the traditional desktop area. 
Internet of things (IoT) means connecting devices over the Internet. In this paradigm, many 
objects that surround us will be networked in one or another form. Radio Frequency 
Identification (RFID) and Sensors Network Technology will radically grow to meet challenge 
in which information and communication systems are invisible to the environment around us. 
This scenario results in the generation of huge amounts of data that must be stored, processed 
and presented in a flawless, efficient and easy-to-understand format. With the growing presence 
of WiFi and 4G-LTE wireless internet access, evolution towards the ubiquitous information 
and communication networks is already apparent [12]. 

Internet of Things is a network of physical objects that incorporate built-in technology to 
sense and communicate, and to interact with their internal states or external environment. IoT 
is at the focus of efficient wireless protocols, improved sensors and cheaper processors. 
Numerous of start-up companies have been started with the purpose to develop the required 
management and application software, that is why the concept internet of things is very actual 
and becoming non-replaceable. Taking into account these findings, it can be concluded that the 
area of public water supply is insufficiently followed by the advancement of new knowledge 
and technology. Applying the principles of lean management, and smart (SMART) ICT 
technologies, expands horizons for new researches and application possibilities [13]. 

2.2 CPS – Cyber Physical Systems 
Cyber Physical Systems are defined as transformative technology for managing interconnected 
systems between physical devices into real world and computer's capabilities in cyber world. 
The latest technological achievements that result with increased availability and capabilities of 
sensors, data collection systems, computer networks and the competitive nature of today's 
industry, push organizations to change the established way of thinking and acting. 
Consequently, the increasing use of sensors and computer networks has resulted in continuous 
generation of large data volumes known as Big Data [3]. In such an environment, CPS can be 
further developed to manage Big Data and exploit the interconnection of machines in order to 
achieve the goal of intelligent, flexible and auto adaptive machines [14]. Furthermore, through 
the integration of CPS with production, logistics and services into present industrial practice, 
today's organizations will be transformed into future factories based on concept of Industry 4.0 
with significant economic potential [15]. 

Since CPS is in its initial stage of development, it is necessary to clearly define the CPS 
structure and methodology as guidelines for its implementation in the industry. To meet initial 
requirements, a unique framework for general application has been designed. Furthermore, 
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business processes based on the Concept of Industry 4.0, the system elements are interacted 
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and becoming non-replaceable. Taking into account these findings, it can be concluded that the 
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and technology. Applying the principles of lean management, and smart (SMART) ICT 
technologies, expands horizons for new researches and application possibilities [13]. 

2.2 CPS – Cyber Physical Systems 
Cyber Physical Systems are defined as transformative technology for managing interconnected 
systems between physical devices into real world and computer's capabilities in cyber world. 
The latest technological achievements that result with increased availability and capabilities of 
sensors, data collection systems, computer networks and the competitive nature of today's 
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further developed to manage Big Data and exploit the interconnection of machines in order to 
achieve the goal of intelligent, flexible and auto adaptive machines [14]. Furthermore, through 
the integration of CPS with production, logistics and services into present industrial practice, 
today's organizations will be transformed into future factories based on concept of Industry 4.0 
with significant economic potential [15]. 
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structure and methodology as guidelines for its implementation in the industry. To meet initial 
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appropriate algorithms and technologies are proposed on each layer of the system to work with 
a unique structure and achieve the desired functionality of the entire system for improved 
efficiency, reliability and product quality [6]. 

Building up the CPS structure into organizations is proposed at 5 levels. Namely 5C 
architecture provides us step-by-step guidance for the development and implementation of CPS 
in the manufacturing organization. However, such a request is very abstract and not sufficiently 
specific for general implementation. In contrast, here 5C architecture clearly demonstrates how 
to construct CPS from initial data collection through analytics to final value creation. Figure 1 
shows a detailed 5C architecture of CPS implementation [6]. 

 
Figure 1 – 5C architecture for implementation of Cyber-Physical System [6] 

2.3 Data acquisition and data processing 
"Big Data" today attracts great attention in the IT world. Rapid growth internet and digital 
economy has triggered exponential growth in demand for storage the data and data analytics. 
The IT industry is faced with a huge challenge in protecting and analyzing these increased 
amounts of information. The reason why organizations are collecting and storing more data 
than ever before is because their business depends on it. The type of information that is created 
is no longer traditional database-based data as a basic structured document, but data that 
includes documents, images, audio, video and social media known as unstructured data or "Big 
Data" [16]. 

"Big Data" are a set of data that is so extensive and complex that traditional applications for 
processing data are not adequate for solving them. Big data challenges include data acquisition, 
data storage, data analysis, searching, sharing, transfer, visualization, query, update, privacy 
and data source. There are several approaches related to Big Data: Access from data volume 
position, access from data diversity level, and access from data availability levels [4]. 

Data sets are rapidly growing, partly because they are increasingly collecting with cheap and 
diverse internet tools by devices such as mobile devices, software diaries, cameras, 
microphones, RFID readers, wireless network sensors, and many other ways. The technological 
capacity of world technology per capita for information storage is approximately doubling 
every 40 months since the 1980's of the last century. Since 2012, 2.5 exabyte (2.5 × 1018) data 
are generated every day. The IDC report predicts an exponential growth in global data volumes 
of 4.4 zettabyte to 44 zettabyte between 2013.-2020. [16]. 

2.4 Predictive Analytics 
Recently, the term "Big Data" refers also to the use of predictive analytics, user behavioral 
analysis, or some other advanced data analysis methods that exclude data value. There is no 
doubt that the available data quantities are really great, but this is not the most important feature 
of this new data ecosystem [17]. Analysis of data sets can find new correlations with spot-
business trends, disease prevention, fights against crime and so on and so on. Scientists, 
business executives, doctors, marketing experts, and governments regularly faced with 
difficulties caused by a large amount of data in areas such as internet search, finance, urban 
computing, business information technology, science, meteorology, biology, environmental 
research, complex physical simulations. That could be counted as a never-ending story because 
all branches of science are faced with this phenomenon [17]. 

Big Analytics is a way of extracting value from these huge amounts of information, and it 
triggers new market opportunities and increases competitiveness. Today, discussions are being 
held on various technologies that work together as a system of Big Data analysis that can help 
predict future amounts, gain insights, take proactive actions, and provide the best position for 
better strategic decision making [16]. 

3. INDUSTRY 4.0 IN PUBLIC WATER SUPLLY SYSTEM 
The water supply term implies catching, treating, transporting and distributing water used for 
drinking, food preparation, hygiene and economic needs, from its wells to the final consumer. 
With accelerated population growth, urbanization and already present effects of climate change, 
it is increasingly difficult to ensure and maintain sufficient quantities of drinking water. In the 
European Commission reference document [5], water is a valuable natural resource that must 
be managed in a sustainable manner, and all the losses of this resource should always be 
minimized. Water supply organizations face the challenge of establishing a balance between 
the efficiency of distribution water supply networks and the efficiency in using natural, human, 
financial and other resources and are responsible for achieving the goals of sustainable business. 
The problem of efficiency and sustainability of public water supply is a global problem, and 
water losses are generally considered an important issue. 

In the battle with water losses, a number of more or less effective methodologies have been 
developed. Those Methodologies follow the best international water losses management 
practices and allow for an assessment of the benefits that can be achieved, for example, by 
pressure management in water distribution systems (WDS). Based on the analysis of the 
minimum night flow and the concept of FAVAD (Fixed Area and Variable Area Discharges), 
and by using simulation mathematical hydraulic models to find and understand the network 
behavior under different pressure conditions. By the simulation analyses we find a very useful 
informations how pressure control can significantly change the conditions in the distribution 
network. Therefore, special attention has to be paid to pressure management projects [18] in 
the battle with water losses. 

Water supply organizations in their efforts to improve their business use different approaches 
that are mostly reduced to repairing failures in the battle against water losses in water supply 
systems. However, water loss management is only successful if it is introduced as part of an 
overall sustainable package of measures defined by the long-term strategy. By digitizing the 
water supply system by introducing actuators and smart pressure meters, flow meters and 
consumption meters based on new ICT technologies within the concept of industry 4.0, the 
water supply management system gets a completely new dimension. Monitoring and control of 
pressure, flow and consumption in real time is a great step forward in the struggle with water 
losses [19]. By real time measurement of the system parameters is finally possible useful using 
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appropriate algorithms and technologies are proposed on each layer of the system to work with 
a unique structure and achieve the desired functionality of the entire system for improved 
efficiency, reliability and product quality [6]. 

Building up the CPS structure into organizations is proposed at 5 levels. Namely 5C 
architecture provides us step-by-step guidance for the development and implementation of CPS 
in the manufacturing organization. However, such a request is very abstract and not sufficiently 
specific for general implementation. In contrast, here 5C architecture clearly demonstrates how 
to construct CPS from initial data collection through analytics to final value creation. Figure 1 
shows a detailed 5C architecture of CPS implementation [6]. 
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"Big Data" are a set of data that is so extensive and complex that traditional applications for 
processing data are not adequate for solving them. Big data challenges include data acquisition, 
data storage, data analysis, searching, sharing, transfer, visualization, query, update, privacy 
and data source. There are several approaches related to Big Data: Access from data volume 
position, access from data diversity level, and access from data availability levels [4]. 

Data sets are rapidly growing, partly because they are increasingly collecting with cheap and 
diverse internet tools by devices such as mobile devices, software diaries, cameras, 
microphones, RFID readers, wireless network sensors, and many other ways. The technological 
capacity of world technology per capita for information storage is approximately doubling 
every 40 months since the 1980's of the last century. Since 2012, 2.5 exabyte (2.5 × 1018) data 
are generated every day. The IDC report predicts an exponential growth in global data volumes 
of 4.4 zettabyte to 44 zettabyte between 2013.-2020. [16]. 
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Recently, the term "Big Data" refers also to the use of predictive analytics, user behavioral 
analysis, or some other advanced data analysis methods that exclude data value. There is no 
doubt that the available data quantities are really great, but this is not the most important feature 
of this new data ecosystem [17]. Analysis of data sets can find new correlations with spot-
business trends, disease prevention, fights against crime and so on and so on. Scientists, 
business executives, doctors, marketing experts, and governments regularly faced with 
difficulties caused by a large amount of data in areas such as internet search, finance, urban 
computing, business information technology, science, meteorology, biology, environmental 
research, complex physical simulations. That could be counted as a never-ending story because 
all branches of science are faced with this phenomenon [17]. 

Big Analytics is a way of extracting value from these huge amounts of information, and it 
triggers new market opportunities and increases competitiveness. Today, discussions are being 
held on various technologies that work together as a system of Big Data analysis that can help 
predict future amounts, gain insights, take proactive actions, and provide the best position for 
better strategic decision making [16]. 

3. INDUSTRY 4.0 IN PUBLIC WATER SUPLLY SYSTEM 
The water supply term implies catching, treating, transporting and distributing water used for 
drinking, food preparation, hygiene and economic needs, from its wells to the final consumer. 
With accelerated population growth, urbanization and already present effects of climate change, 
it is increasingly difficult to ensure and maintain sufficient quantities of drinking water. In the 
European Commission reference document [5], water is a valuable natural resource that must 
be managed in a sustainable manner, and all the losses of this resource should always be 
minimized. Water supply organizations face the challenge of establishing a balance between 
the efficiency of distribution water supply networks and the efficiency in using natural, human, 
financial and other resources and are responsible for achieving the goals of sustainable business. 
The problem of efficiency and sustainability of public water supply is a global problem, and 
water losses are generally considered an important issue. 

In the battle with water losses, a number of more or less effective methodologies have been 
developed. Those Methodologies follow the best international water losses management 
practices and allow for an assessment of the benefits that can be achieved, for example, by 
pressure management in water distribution systems (WDS). Based on the analysis of the 
minimum night flow and the concept of FAVAD (Fixed Area and Variable Area Discharges), 
and by using simulation mathematical hydraulic models to find and understand the network 
behavior under different pressure conditions. By the simulation analyses we find a very useful 
informations how pressure control can significantly change the conditions in the distribution 
network. Therefore, special attention has to be paid to pressure management projects [18] in 
the battle with water losses. 

Water supply organizations in their efforts to improve their business use different approaches 
that are mostly reduced to repairing failures in the battle against water losses in water supply 
systems. However, water loss management is only successful if it is introduced as part of an 
overall sustainable package of measures defined by the long-term strategy. By digitizing the 
water supply system by introducing actuators and smart pressure meters, flow meters and 
consumption meters based on new ICT technologies within the concept of industry 4.0, the 
water supply management system gets a completely new dimension. Monitoring and control of 
pressure, flow and consumption in real time is a great step forward in the struggle with water 
losses [19]. By real time measurement of the system parameters is finally possible useful using 
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of mathematical hydraulic models. The model calibration must be performed before any 
simulation and conclusion. In the systems with 40% or more water losses, it simply has not 
possible and such models were generally unusable. Real-time measurements on a sufficient 
number of pipe crossing make perform a high-quality calibration possible and take advantage 
of the full potential of the hydraulic model and the related predictive tools. These have also 
been recognized by the manufacturers of water supply equipment and have offered to market 
very modern sophisticated products designed precisely on the basis of the concept of Industry 
4.0. Figure 2 shows flow and consumption meters and their advanced features. 

   
Figure 2 – a) Flow and consumption meters b) Advanced functions of SMART meters 

Under the pressure of new knowledge, technology and the availability of SMART equipment, 
water supply organizations are forced to quickly adapt and change the usual way of thinking 
and acting. However, the complexity of the changes becomes a huge problem because it 
requires organizing the fast and radical adjustments. Collecting, storing, processing and 
managing, the present big amount of data, and the ability to use predictive tools requires 
additional equipment and human resources capable for incoming challenges. Figure 3 shows 
the actuators and meters arranged in DMA (District Meter Area) zone. 

 
Figure 3 – Actuators and meters arranged in the DMA zone 

Unfortunately, water supply organizations traditionally are very conservative, to slow and 
ineffective to accept new knowledge and technology. There are several key factors that limit 
the necessity of changes: 
 Competence of the leadership to the changes 
 Formal organization 
 Culture of organization 
 Employees 

Primarily, leadership needs to recognize the necessity of adapting water supply organizations 
in front to the changes that have occurred, and as soon as possible have to initiate changes and 
build appropriate CPS infrastructure, improve IT equipment to be capable of receiving, storing 
and processing large amounts of data, and not less important, amplify human resources to new 
employees whose knowledge and experience will enable this sequence of changes. 

How relevant is that current theme we can see in article [20], in which authors developed a 
model for assessing organization's readiness to the unavoidable changes caused by the Industry 
4.0 concept. Manufacturing companies are currently facing great challenges with regard to 
"devastating" concepts such as Internet of things, Cyber Physical Systems, or Cloud-based 
Manufacturing, recognizable under the unique name as a concept Industry 4.0. Consequently, 
increasing complexity at all levels of the company creates uncertainty about the appropriate 
organizational and technological capabilities and appropriate strategies for their development. 

4. CONCLUSIONS 
Responsibility for water supply organizations is regulated by the Directives, Laws and 
Regulations. The management of water supply organizations and local self-government are 
under great pressure from the public and legal regulations to establish the environmental, social 
and economic sustainability of the business, that are in bad circumstances under large water 
losses in water supply systems. At the same time, under the influence of high technology 
strategies based on the concept of Industry 4.0, water supply equipment manufacturers have 
offered the market highly sophisticated equipment. 

Under the pressure of the market, water supply organizations are faced with the challenges 
to change the steady manner of behavior and inevitable adaptation to the concept of Industry 
4.0. Traditionally conservative water supply organizations "suddenly" came under the pressure 
of new challenges. The first challenge is to transform the water supply system into a unique 
CPS system. Another challenge is to adapt the organization to work in environment of a large 
amount of data. The third challenge is the organization's readiness to apply smart predictive IT 
tools. Only quick and effective response to these challenges will give the chance to water supply 
organizations to act responsibly and initiate a sequence of unavoidable measures to improve 
business efficiency. 
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Abstract 
Average annual mileage for motor vehicles is an important data for determining vehicle service 
intervals, estimating road usage and exhaust emissions, and assessing the habits and behaviour of 
vehicle owners. Average annual mileage is calculated on the basis of the data recorded, for the most 
part manually, in the information systems during activities such as servicing, tire replacement, 
periodical technical inspections, payment of various fees, etc. Manual data input is certainly prone to 
administrative errors, but the real-life use of vehicles entails situations resulting in vehicle data that 
can easily be misinterpreted as extreme values to be removed from the calculation. Therefore, this paper 
puts forward a proposition on how to analyse available odometer data regarding data distribution and 
determination of extreme values for the purpose of obtaining as realistic average mileage values as 
possible that will serve as a good basis for some other analyses. This paper will describe a simple 
analysis of odometer values collected during a periodical technical inspection. 

Keywords: odometer reading, average annual mileage for motor vehicles; boxplot analysis; Hampel 
analysis; outlier detection 

1. INTRODUCTION 
Although new types of vehicles have been subject to the obligatory requirement of odometer 
installation for the purpose of their type approval only following 1 September 2017 [1], the data 
collected by and displayed on such odometer is often the primary indicator of the need for 
regular vehicle services based on which the manufacturers determine vehicle servicing 
intervals. In addition, the measurement of the distance travelled (mileage) helps estimate 
whether a vehicle was used extensively or less extensively, as well as whether the inspection of 
a vehicle's technical roadworthiness requires more or less attention. Based on a vehicle's 
mileage, it is possible to estimate the vehicle's residual operational and monetary value, as well 
as to assess the vehicle's impact on roads and environment. 

Given that mileage is an important data for every vehicle, it is necessary to calculate the 
average distance travelled by vehicles in a community (country, city, municipality, etc.) for the 
purpose of measuring as realistically as possible the impact of such vehicles on the community 
in terms of traffic safety, air quality, road maintenance, etc. 

A number of issues have proven an obstacle to obtaining reliable and realistic results in the 
course of recording and processing mileage data. Some of the issues concerned are the 
following: 

1. The records are not created in equal periods, 
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2. Administrative errors are made in the records, 
3. Certain groups of vehicles travel the distance that is considerably larger or smaller than 

the average (e.g. sales representatives' vehicles, classic cars) and 
4. Odometer tampering. 

For that reason, this paper proposes a series of measures to be taken in order to come as close 
as possible to the actual average mileage by processing odometers readings. 

1.1 Literature review 
Paper [2] analyses the ownership and use of vehicles in relation to different levels of household 
income in Paris. The authors of the paper have found that the average mileage varies depending 
on the income level and that the average annual mileage has been decreasing significantly since 
2000. They have established that people with higher household incomes travel the average 
distance of 10 000 km per year, whereas people with lower incomes travel 8000 km per year. 
This suggests that the data on odometer readings is of great importance for the estimation of 
vehicle usage, among other things. Likewise, the use of vehicles in terms of adverse effects of 
vehicle emissions is largely determined by average mileage, as is shown in paper [3]. The 
authors of the said paper propose a formula based on the average mileage of 15 000 km to be 
used to calculate ammonia emission factor (NH3). Furthermore, the authors of paper [4] have 
examined the impact of vehicle maintenance and technical inspection on the vehicle's technical 
roadworthiness and established that the vehicles with a greater mileage have more often been 
declared technically defective, as expected. Similarly, they have showed that the average 
mileage ranges from 15 000 to 20 000 km. It is obvious that the information on average mileage 
is of the utmost importance and, accordingly, should be recorded more precisely and stored to 
ensure appropriate conclusions and adequate relevant actions. 

A more accurate input of the data on vehicle odometer readings requires primarily a proper 
analysis of such data to determine which values are outliers considering that they significantly 
affect the statistical results and are not easily determined. There are three data entry methods 
which have been examined in paper [5] that shows the impact of data entry method on data 
accuracy and statistical results. The paper contains an example of data entry carried out by 
selected subjects who used three methods, the double entry method proving to be the best one 
due to the minimum number of errors. The authors of paper [6] have used the example of 
Microsoft Excel software with limit data entry to illustrate that the elimination of extreme 
values facilitates time savings and reduces the effort and stress resulting from continuous 
correction of data to be ultimately used for adequate analysis. Moreover, from the lean concept 
perspective, the double entry method is listed as the most accurate, as well as the most expensive 
and time-consuming method despite the aforementioned benefits. For this reason, with the 
funds needed to introduce the double entry method redirected into the development of more 
productive tools that would enable the desired data quality, a single data entry is considered 
sufficient. Paper [7] proposes the ADDER algorithm as an alternative to the double data entry. 
The use of the algorithm resulting in an improvement has presented an excellent alternative for 
cutting costs and maintaining the quality of input data. However, the paper has not addressed 
other measures needed to ensure the desired data quality. 

Although few papers investigate the methods of limiting data entry, which stems from the 
fact that the data to be analysed is very often historical rather than real-time, the authors of 
paper [8] propose a new method of outlier data mining for data analysis by using the decision 
tree algorithm. Paper [9] proposes four approaches to outlier detection, where the proposed 
model is based on statistical data pre-processing, primarily because statistical data processing 
allows the identification of data distribution parameters such as mean value, variance and 

median, for the purpose of determining the required range for all data. The research presented 
in paper [10] proposes a fuzzy logic-based outlier detection method within medical databases 
aimed at solving the data inconsistency problem in the very data entry. Unlike conventional 
outlier detection methods, the fuzzy logic method enables imitation of human reasoning, thus 
allowing early-phase error detection which improves data quality and yields savings. 

The application of the box-and-whisker method significantly facilitates the informative 
display of numeric data ranges by means of information about sample range, median, normal 
distribution and skewness [11]. The method is used in different areas of science, including 
medicine, ecology, education, etc., for the purpose of determining the extreme values within 
the sample. Paper [12] takes the example of analysing data on the impact of modern healthcare 
technologies on the efficiency of quality-enhancing methodologies, including the descriptive 
statistics method, to illustrate the box-and-whisker method that has enabled better data 
visualization and confirmed the results of the descriptive statistics method. Since the application 
of data mining and machine learning classification algorithms quite often fails to show real data 
because of a poor set of data, such sets of data should first be "cleansed" of all inaccurate values. 
For this reason, the authors of paper [13] have applied the Box Whisker method allowing outlier 
exclusion in combination with the MTD method allowing the detection of representative data 
within the sample. The stated methods have enabled better data mining on cleansed data sets, 
which is certainly a result of fewer but better data sets. Paper [14] suggests modifying the 
traditional box-and-whisker method by setting the limits at a certain distance from the median. 
This approach has brought about better results compared to the traditional approach that sets 
the upper and lower limits universally at the precisely determined distance disregarding the 
shape of distribution and sample size. The conventional method of setting the limits has often 
caused the outliers to simply get omitted. Also, in paper [15] Schwertman et al. propose a simple 
limit-forming method allowing greater flexibility in outlier identification and greater method 
sensitivity. Kimber has presented in paper [16] an analysis of skewed data by previous log-
transformation, which eliminated heterogeneity and made the data itself less skewed. As the 
asymmetric distribution is difficult to analyse due to certain real extreme values exceeding 
whiskers and automatically becoming outliers, research paper [17] suggests a modified box-
and-whisker method where the whiskers are adjusted to take into account data skewness. Such 
adjustment results in an easier distinction between regular observations and outliers. 

Paper [18] uses the example of process data on penicillin production for data validation to 
present the fuzzy logic-based method of data outlier detection which has incorporated the 
Hampel method with fuzzy c-means cluster analysis. The Hampel method delivers good 
performance and its simplicity makes it an excellent choice for practical application to concrete, 
realistic data. Paper [19] uses the example of interference detection in solar photovoltaic cells 
to illustrate the comparison between the Hampel method, the box-and-whisker method, and the 
3-sigma method used for outlier detection. The results of this research have showed that the 
box-and-whisker method has the highest accuracy while the Hampel method has the lowest 
sensitivity to outliers as opposed to other methods, which is great for the application to 
asymmetric distribution and the data that are likely to show difficulty in distinguishing between 
real values and outliers. Moreover, both the Hampel method and the box-and-whisker method 
become more reliable with the increase of data. On the other hand, the 3-sigma method is quite 
sensitive to the appearance of outliers. However, the Hampel method may sometimes be 
excessively aggressive despite having the highest tolerance to outliers. Instead of the 3-sigma 
method, the authors of paper [20] have also used the Hampel method for outlier detection within 
the algorithm for determining data input by selected candidates. They have concluded that the 
Hampel method is more robust enabling a simpler outlier detection by replacing the mean value 
and standard deviation with the median and absolute deviation of the median. This approach is 
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2. Administrative errors are made in the records, 
3. Certain groups of vehicles travel the distance that is considerably larger or smaller than 

the average (e.g. sales representatives' vehicles, classic cars) and 
4. Odometer tampering. 

For that reason, this paper proposes a series of measures to be taken in order to come as close 
as possible to the actual average mileage by processing odometers readings. 

1.1 Literature review 
Paper [2] analyses the ownership and use of vehicles in relation to different levels of household 
income in Paris. The authors of the paper have found that the average mileage varies depending 
on the income level and that the average annual mileage has been decreasing significantly since 
2000. They have established that people with higher household incomes travel the average 
distance of 10 000 km per year, whereas people with lower incomes travel 8000 km per year. 
This suggests that the data on odometer readings is of great importance for the estimation of 
vehicle usage, among other things. Likewise, the use of vehicles in terms of adverse effects of 
vehicle emissions is largely determined by average mileage, as is shown in paper [3]. The 
authors of the said paper propose a formula based on the average mileage of 15 000 km to be 
used to calculate ammonia emission factor (NH3). Furthermore, the authors of paper [4] have 
examined the impact of vehicle maintenance and technical inspection on the vehicle's technical 
roadworthiness and established that the vehicles with a greater mileage have more often been 
declared technically defective, as expected. Similarly, they have showed that the average 
mileage ranges from 15 000 to 20 000 km. It is obvious that the information on average mileage 
is of the utmost importance and, accordingly, should be recorded more precisely and stored to 
ensure appropriate conclusions and adequate relevant actions. 

A more accurate input of the data on vehicle odometer readings requires primarily a proper 
analysis of such data to determine which values are outliers considering that they significantly 
affect the statistical results and are not easily determined. There are three data entry methods 
which have been examined in paper [5] that shows the impact of data entry method on data 
accuracy and statistical results. The paper contains an example of data entry carried out by 
selected subjects who used three methods, the double entry method proving to be the best one 
due to the minimum number of errors. The authors of paper [6] have used the example of 
Microsoft Excel software with limit data entry to illustrate that the elimination of extreme 
values facilitates time savings and reduces the effort and stress resulting from continuous 
correction of data to be ultimately used for adequate analysis. Moreover, from the lean concept 
perspective, the double entry method is listed as the most accurate, as well as the most expensive 
and time-consuming method despite the aforementioned benefits. For this reason, with the 
funds needed to introduce the double entry method redirected into the development of more 
productive tools that would enable the desired data quality, a single data entry is considered 
sufficient. Paper [7] proposes the ADDER algorithm as an alternative to the double data entry. 
The use of the algorithm resulting in an improvement has presented an excellent alternative for 
cutting costs and maintaining the quality of input data. However, the paper has not addressed 
other measures needed to ensure the desired data quality. 

Although few papers investigate the methods of limiting data entry, which stems from the 
fact that the data to be analysed is very often historical rather than real-time, the authors of 
paper [8] propose a new method of outlier data mining for data analysis by using the decision 
tree algorithm. Paper [9] proposes four approaches to outlier detection, where the proposed 
model is based on statistical data pre-processing, primarily because statistical data processing 
allows the identification of data distribution parameters such as mean value, variance and 

median, for the purpose of determining the required range for all data. The research presented 
in paper [10] proposes a fuzzy logic-based outlier detection method within medical databases 
aimed at solving the data inconsistency problem in the very data entry. Unlike conventional 
outlier detection methods, the fuzzy logic method enables imitation of human reasoning, thus 
allowing early-phase error detection which improves data quality and yields savings. 

The application of the box-and-whisker method significantly facilitates the informative 
display of numeric data ranges by means of information about sample range, median, normal 
distribution and skewness [11]. The method is used in different areas of science, including 
medicine, ecology, education, etc., for the purpose of determining the extreme values within 
the sample. Paper [12] takes the example of analysing data on the impact of modern healthcare 
technologies on the efficiency of quality-enhancing methodologies, including the descriptive 
statistics method, to illustrate the box-and-whisker method that has enabled better data 
visualization and confirmed the results of the descriptive statistics method. Since the application 
of data mining and machine learning classification algorithms quite often fails to show real data 
because of a poor set of data, such sets of data should first be "cleansed" of all inaccurate values. 
For this reason, the authors of paper [13] have applied the Box Whisker method allowing outlier 
exclusion in combination with the MTD method allowing the detection of representative data 
within the sample. The stated methods have enabled better data mining on cleansed data sets, 
which is certainly a result of fewer but better data sets. Paper [14] suggests modifying the 
traditional box-and-whisker method by setting the limits at a certain distance from the median. 
This approach has brought about better results compared to the traditional approach that sets 
the upper and lower limits universally at the precisely determined distance disregarding the 
shape of distribution and sample size. The conventional method of setting the limits has often 
caused the outliers to simply get omitted. Also, in paper [15] Schwertman et al. propose a simple 
limit-forming method allowing greater flexibility in outlier identification and greater method 
sensitivity. Kimber has presented in paper [16] an analysis of skewed data by previous log-
transformation, which eliminated heterogeneity and made the data itself less skewed. As the 
asymmetric distribution is difficult to analyse due to certain real extreme values exceeding 
whiskers and automatically becoming outliers, research paper [17] suggests a modified box-
and-whisker method where the whiskers are adjusted to take into account data skewness. Such 
adjustment results in an easier distinction between regular observations and outliers. 

Paper [18] uses the example of process data on penicillin production for data validation to 
present the fuzzy logic-based method of data outlier detection which has incorporated the 
Hampel method with fuzzy c-means cluster analysis. The Hampel method delivers good 
performance and its simplicity makes it an excellent choice for practical application to concrete, 
realistic data. Paper [19] uses the example of interference detection in solar photovoltaic cells 
to illustrate the comparison between the Hampel method, the box-and-whisker method, and the 
3-sigma method used for outlier detection. The results of this research have showed that the 
box-and-whisker method has the highest accuracy while the Hampel method has the lowest 
sensitivity to outliers as opposed to other methods, which is great for the application to 
asymmetric distribution and the data that are likely to show difficulty in distinguishing between 
real values and outliers. Moreover, both the Hampel method and the box-and-whisker method 
become more reliable with the increase of data. On the other hand, the 3-sigma method is quite 
sensitive to the appearance of outliers. However, the Hampel method may sometimes be 
excessively aggressive despite having the highest tolerance to outliers. Instead of the 3-sigma 
method, the authors of paper [20] have also used the Hampel method for outlier detection within 
the algorithm for determining data input by selected candidates. They have concluded that the 
Hampel method is more robust enabling a simpler outlier detection by replacing the mean value 
and standard deviation with the median and absolute deviation of the median. This approach is 
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more outlier-resistant resulting in lower sensitivity. The results of the Hampel method presented 
in paper [21] prove that the greatest benefit of using the Hampel method is its simplicity based 
on one-step outlier identification, as well as that it yields excellent results in the most difficult 
cases. 

The literature review has shown that outlier detection within the observed samples is of the 
utmost importance for an adequate statistical analysis that best describes the processes. It has 
also demonstrated the importance of accurate input of the data on odometer readings for 
numerous analyses carried out on the data collected within databases. A large number of 
relevant papers examines outlier detection methods and the restrictions on outliers during input. 
Since the box-and-whisker method and the Hampel method have been used in a large number 
of research papers, delivering excellent results in outlier exclusion in case studies, primarily 
due to lower sensitivity to outliers and simplicity of use, this paper illustrates the application of 
both methods, their mutual comparison and the comparison with the results of a classic 
descriptive statistical analysis. 

2. METHODS 
This paper proposes methods that help minimize the adverse effects on the recording of 
mileage. The methods preferred in this paper have been selected primarily according to the 
criteria of simplicity and practical application to each commercial program. The Hampel 
indicator and boxplot analysis methods for the purposes of this paper have been implemented 
through Microsoft Access and Microsoft Excel software packages. 

2.1 Data preparation 
For the best results of annual mileage calculation for the analysed year and a far more efficient 
outlier elimination, it is necessary to prepare the raw data collected from the database and 
remove all the records (vehicles) with evidently incorrect data from the initial set of data. Data 
preparation preceding the annual mileage calculation for the analysed year and the outlier 
elimination consists of the following: 
1. Odometer readings recorded for vehicles registered and put into circulation in the year for 
which the average mileage is analysed are not included in the analysis because they represent 
the distances travelled by the vehicle outside the country relevant to the analysis (e.g. if the 
analysis refers to the year 2017, odometer readings recorded for vehicles that were registered 
or put into circulation in that year are not included in the analysis) 
2. For vehicles that did not have to undergo periodical technical inspection (PTI) in the years 
prior to the analysed year, the currently recorded odometer reading should be distributed to 
those years as well (e.g. a vehicle's odometer reading was recorded in 2015 when the vehicle 
was first registered. The vehicle did not undergo a PTI in 2016, but its odometer reading was 
recorded in 2017. The difference between the 2017 and the 2015 odometer readings has to be 
equally distributed to each year). 

Consequently, the technical inspection results obtained in the years preceding the years that 
the new vehicles did not have to undergo technical inspection are used in data preparation for 
the average mileage analysis for the vehicles relevant to the analysed year (𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎). This means 
that for each vehicle observed in the 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 year it is necessary to have a record of the odometer 
reading from the preceding year (𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎−1), for vehicles without the odometer reading from the 
preceding year it is necessary to have a record of the odometer reading from the second 
preceding year (Oray-2), and for vehicles without the odometer reading from the second 
preceding year it is necessary to have a record of the odometer reading from the third preceding 

year, etc. Such records are requested for the 𝑛𝑛𝑛𝑛 preceding years in which a certain vehicle 
category did not undergo technical inspection or make a record of the odometer reading (Figure 
1). Differences between the odometer readings from the analysed year and the odometer 
readings from the preceding years are calculated and then divided by the differences in the years 
between the analysed year and the year of the existing previous odometer reading. 

Accordingly, the equation for the calculation of mileage for each individual vehicle with a 
period of over a year between two technical inspections is as follows: 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎−𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎−𝑛𝑛𝑛𝑛
𝑛𝑛𝑛𝑛

 (1) 

For the closest past nth year in which there is a record of the odometer reading for the observed 
vehicle. 

In this manner, it was possible to prepare the data on the mileage per year for each individual 
vehicle, regardless of the year preceding the analysed year in which the vehicle did not have a 
recorded odometer reading. Vehicles without any recorded odometer reading in any of the 
preceding years are not included in the calculation 

 
Figure 1 – For vehicles that did not undergo technical inspection in the preceding years, it is 

necessary to look for records of odometer readings in all the preceding years up to the last 
record of the odometer reading made at the last technical inspection. The difference between 
these two records is divided by the difference between the analysis year and the year of the 
last record of the odometer reading and the obtained result is then distributed to the years 

between those records. 

3. Odometer reading for each year has to be higher than the odometer reading from the previous 
year (for the same vehicle) 

Odometer tampering is unfortunately one of the deviant activities used to deceive new users 
of vehicles. Economies around the world suffer enormous damage due to odometer fraud. Since 
tampered odometers provide incorrect data, during data preparation it is necessary to take into 
account only the vehicles whose recorded odometer readings have been increasing over the 
years, as follows: 

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 > 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎−1 > 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎−2 > ⋯ > 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎−𝑛𝑛𝑛𝑛  (2) 

This way, the vehicles with tampered odometer readings or with odometer readings that have 
not increased over time due to administrative errors or odometer malfunction will not be 
included in the analysis. 
4. Vehicles without a recorded odometer reading in the analysed year are not taken into account 
because it is not possible to calculate annual mileage without this data. The majority of vehicles 
that do not have an odometer reading recorded in 2017 are new 2016 vehicles that were not 
subject to a technical inspection in 2017. These vehicles are, therefore, excluded from the 
analysis. 
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more outlier-resistant resulting in lower sensitivity. The results of the Hampel method presented 
in paper [21] prove that the greatest benefit of using the Hampel method is its simplicity based 
on one-step outlier identification, as well as that it yields excellent results in the most difficult 
cases. 

The literature review has shown that outlier detection within the observed samples is of the 
utmost importance for an adequate statistical analysis that best describes the processes. It has 
also demonstrated the importance of accurate input of the data on odometer readings for 
numerous analyses carried out on the data collected within databases. A large number of 
relevant papers examines outlier detection methods and the restrictions on outliers during input. 
Since the box-and-whisker method and the Hampel method have been used in a large number 
of research papers, delivering excellent results in outlier exclusion in case studies, primarily 
due to lower sensitivity to outliers and simplicity of use, this paper illustrates the application of 
both methods, their mutual comparison and the comparison with the results of a classic 
descriptive statistical analysis. 

2. METHODS 
This paper proposes methods that help minimize the adverse effects on the recording of 
mileage. The methods preferred in this paper have been selected primarily according to the 
criteria of simplicity and practical application to each commercial program. The Hampel 
indicator and boxplot analysis methods for the purposes of this paper have been implemented 
through Microsoft Access and Microsoft Excel software packages. 

2.1 Data preparation 
For the best results of annual mileage calculation for the analysed year and a far more efficient 
outlier elimination, it is necessary to prepare the raw data collected from the database and 
remove all the records (vehicles) with evidently incorrect data from the initial set of data. Data 
preparation preceding the annual mileage calculation for the analysed year and the outlier 
elimination consists of the following: 
1. Odometer readings recorded for vehicles registered and put into circulation in the year for 
which the average mileage is analysed are not included in the analysis because they represent 
the distances travelled by the vehicle outside the country relevant to the analysis (e.g. if the 
analysis refers to the year 2017, odometer readings recorded for vehicles that were registered 
or put into circulation in that year are not included in the analysis) 
2. For vehicles that did not have to undergo periodical technical inspection (PTI) in the years 
prior to the analysed year, the currently recorded odometer reading should be distributed to 
those years as well (e.g. a vehicle's odometer reading was recorded in 2015 when the vehicle 
was first registered. The vehicle did not undergo a PTI in 2016, but its odometer reading was 
recorded in 2017. The difference between the 2017 and the 2015 odometer readings has to be 
equally distributed to each year). 

Consequently, the technical inspection results obtained in the years preceding the years that 
the new vehicles did not have to undergo technical inspection are used in data preparation for 
the average mileage analysis for the vehicles relevant to the analysed year (𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎). This means 
that for each vehicle observed in the 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 year it is necessary to have a record of the odometer 
reading from the preceding year (𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎−1), for vehicles without the odometer reading from the 
preceding year it is necessary to have a record of the odometer reading from the second 
preceding year (Oray-2), and for vehicles without the odometer reading from the second 
preceding year it is necessary to have a record of the odometer reading from the third preceding 

year, etc. Such records are requested for the 𝑛𝑛𝑛𝑛 preceding years in which a certain vehicle 
category did not undergo technical inspection or make a record of the odometer reading (Figure 
1). Differences between the odometer readings from the analysed year and the odometer 
readings from the preceding years are calculated and then divided by the differences in the years 
between the analysed year and the year of the existing previous odometer reading. 

Accordingly, the equation for the calculation of mileage for each individual vehicle with a 
period of over a year between two technical inspections is as follows: 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎−𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎−𝑛𝑛𝑛𝑛
𝑛𝑛𝑛𝑛

 (1) 

For the closest past nth year in which there is a record of the odometer reading for the observed 
vehicle. 

In this manner, it was possible to prepare the data on the mileage per year for each individual 
vehicle, regardless of the year preceding the analysed year in which the vehicle did not have a 
recorded odometer reading. Vehicles without any recorded odometer reading in any of the 
preceding years are not included in the calculation 

 
Figure 1 – For vehicles that did not undergo technical inspection in the preceding years, it is 

necessary to look for records of odometer readings in all the preceding years up to the last 
record of the odometer reading made at the last technical inspection. The difference between 
these two records is divided by the difference between the analysis year and the year of the 
last record of the odometer reading and the obtained result is then distributed to the years 

between those records. 

3. Odometer reading for each year has to be higher than the odometer reading from the previous 
year (for the same vehicle) 

Odometer tampering is unfortunately one of the deviant activities used to deceive new users 
of vehicles. Economies around the world suffer enormous damage due to odometer fraud. Since 
tampered odometers provide incorrect data, during data preparation it is necessary to take into 
account only the vehicles whose recorded odometer readings have been increasing over the 
years, as follows: 

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 > 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎−1 > 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎−2 > ⋯ > 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎−𝑛𝑛𝑛𝑛  (2) 

This way, the vehicles with tampered odometer readings or with odometer readings that have 
not increased over time due to administrative errors or odometer malfunction will not be 
included in the analysis. 
4. Vehicles without a recorded odometer reading in the analysed year are not taken into account 
because it is not possible to calculate annual mileage without this data. The majority of vehicles 
that do not have an odometer reading recorded in 2017 are new 2016 vehicles that were not 
subject to a technical inspection in 2017. These vehicles are, therefore, excluded from the 
analysis. 



LEAN Spring Summit 2018 • May 24 – 25 2018, Opatija, Croatia

Copyright © Culmena, Zagreb64

 
Figure 2 – Distribution of calculated mileages by intervals (reported results up to 156 000 

km) when rules 1 – 4 are applied to the raw data and the overview of the difference in 
prepared data in relation to the raw data 

5. For the purposes of later analysis by one of the proposed methods, it is necessary to determine 
how many kilometres a vehicle can really travel, in extreme cases, in one year. This data is 
essential for the later analysis of the outlier elimination method. The following method of 
determining such mileage is proposed for this paper: 

If a vehicle moves at an average speed of 65 km/h for 8 hours a day, 313 days in a year (with 
the exclusion of Sundays only), it will travel a distance of 162760 km/year. 
6. The use of vehicles by their owners decreases with vehicle age. This is also evident in paper 
[22] where it is stated that the average annual mileage decreases with the lower environmental 
class of the vehicle (newer Euro 6 vehicles have the highest average annual mileage, Euro 5 
vehicles have a lower mileage, etc.), which is directly linked with the average vehicle age. This 
fact should be taken into account when determining the vehicle age limit to be included in the 
analysis. When vehicles are grouped by age, such groups have to show a discernible downward 
trend in vehicle usage. Vehicles that are over 30 years old are rarely used for everyday purposes. 
Such vehicles are mostly vintage vehicles travelling extremely short distances per year and 
vehicles equipped with five-digit odometers, which further contributes to the inaccuracy of 
odometer readings. Therefore, the vehicle age limit should be determined during the analysis, 
with the age limit that is the year followed by divergence of the recorded odometer values. 
Figure 3 thus shows that the recorded odometer values had indicated a downward trend in 
vehicle use until 1958, followed by a noticeable divergence of the recorded values which will 
consequently not be used in the analysis. 
7. Outliers should be determined for each group of vehicles that have the same year of 
manufacture. The older the vehicles get, the fewer the kilometres they travel. Therefore, for 
each year of manufacture, in addition to average mileage, it is also necessary to determine the 
limits of outliers that will be eliminated from the analysis. This paper will use the boxplot 
analysis and the Hampel indicator analysis [23]. 

 
Figure 3 – Graphic overview of the results of the Hampel indicator analysis showing 

divergence of the recorded values of odometer readings after the year 1958 

2.2 Hampel indicator analysis 
The following is calculated for each group of vehicles of the same year of manufacture: 
 median 𝑥𝑥𝑥𝑥� 
 absolute value of the difference between the median and each calculated value of annual 

mileage |𝑥𝑥𝑥𝑥𝑘𝑘𝑘𝑘 − 𝑥𝑥𝑥𝑥�| 
 median difference 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝐴𝐴𝐴𝐴𝑚𝑚𝑚𝑚𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 {|𝑥𝑥𝑥𝑥𝑘𝑘𝑘𝑘 − 𝑥𝑥𝑥𝑥�|} 
 scalable absolute deviation from median difference 𝑆𝑆𝑆𝑆 
 𝐴𝐴𝐴𝐴 = 3 is usually regarded as the threshold parameter so as to make 𝑆𝑆𝑆𝑆 an unbiased 

estimator of σ, but any other threshold parameter is also possible. In this paper, 
threshold parameter 𝐴𝐴𝐴𝐴 is the one for which the highest limit of outliers is within the 
scope of annual mileage value considered realistic, the example of which is given in 
paragraph 4 of this chapter. 

Scalable absolute deviation from median 𝑆𝑆𝑆𝑆 for each group of vehicles of the same year of 
manufacture is calculated by using the following formula 

𝑆𝑆𝑆𝑆 = 1,4826 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝐴𝐴𝐴𝐴𝑚𝑚𝑚𝑚𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 {|𝑥𝑥𝑥𝑥𝑘𝑘𝑘𝑘 − 𝑥𝑥𝑥𝑥�|} (3) 

where 𝑥𝑥𝑥𝑥𝑘𝑘𝑘𝑘 represents the calculated annual mileage for each vehicle from the group of vehicles 
with same year of manufacture. 

Outlier exclusion was carried out according to the following equation: 

if |𝑥𝑥𝑥𝑥𝑘𝑘𝑘𝑘 − 𝑥𝑥𝑥𝑥�| > 𝐴𝐴𝐴𝐴𝑆𝑆𝑆𝑆 ⇒ 𝑥𝑥𝑥𝑥𝑘𝑘𝑘𝑘 represents an outlier 

2.3 Theoretical basis of boxplot analysis 
The boxplot analysis determines the inter-percentiles (boxes) for each year of manufacture and 
these inter-percentiles are then used to determine the distances of the maximum values of annual 
mileages that are not yet considered outliers (whiskers). 
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estimator of σ, but any other threshold parameter is also possible. In this paper, 
threshold parameter 𝐴𝐴𝐴𝐴 is the one for which the highest limit of outliers is within the 
scope of annual mileage value considered realistic, the example of which is given in 
paragraph 4 of this chapter. 

Scalable absolute deviation from median 𝑆𝑆𝑆𝑆 for each group of vehicles of the same year of 
manufacture is calculated by using the following formula 
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where 𝑥𝑥𝑥𝑥𝑘𝑘𝑘𝑘 represents the calculated annual mileage for each vehicle from the group of vehicles 
with same year of manufacture. 

Outlier exclusion was carried out according to the following equation: 
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2.3 Theoretical basis of boxplot analysis 
The boxplot analysis determines the inter-percentiles (boxes) for each year of manufacture and 
these inter-percentiles are then used to determine the distances of the maximum values of annual 
mileages that are not yet considered outliers (whiskers). 



LEAN Spring Summit 2018 • May 24 – 25 2018, Opatija, Croatia

Copyright © Culmena, Zagreb66

In the boxplot analysis, values between the upper and lower percentile, and additionally 
values between the upper and the lower end of whiskers, are regarded as typical values of annual 
mileages, for each vehicle group defined by the year of manufacture. Therefore, for each year 
of manufacture it is necessary to determine 
 upper and lower percentiles 𝑥𝑥𝑥𝑥𝑈𝑈𝑈𝑈 and 𝑥𝑥𝑥𝑥𝐿𝐿𝐿𝐿, 
 upper and lower ends of whiskers 𝑤𝑤𝑤𝑤𝑈𝑈𝑈𝑈 and 𝑤𝑤𝑤𝑤𝐿𝐿𝐿𝐿. 

Percentiles can assume different values depending on the extent of the analysed data included. 
Ends of the whiskers are calculated according to the following formula: 

𝑤𝑤𝑤𝑤𝑈𝑈𝑈𝑈 =  𝑥𝑥𝑥𝑥𝑈𝑈𝑈𝑈 + 𝑂𝑂𝑂𝑂 ∙ (𝑥𝑥𝑥𝑥𝑈𝑈𝑈𝑈−𝑥𝑥𝑥𝑥𝐿𝐿𝐿𝐿) (4) 

𝑤𝑤𝑤𝑤𝐿𝐿𝐿𝐿 =  𝑥𝑥𝑥𝑥𝐿𝐿𝐿𝐿 − 𝑂𝑂𝑂𝑂 ∙ (𝑥𝑥𝑥𝑥𝑈𝑈𝑈𝑈−𝑥𝑥𝑥𝑥𝐿𝐿𝐿𝐿) (5) 

where 𝑂𝑂𝑂𝑂 is usually regarded as 1.5, and the outliers are determined on the basis of calculated 
values 𝑤𝑤𝑤𝑤𝑈𝑈𝑈𝑈 and 𝑤𝑤𝑤𝑤𝐿𝐿𝐿𝐿 as follows: 

Xk > WU = Xk is the upper outlier 

Xk < WL = Xk is the lower outlier 

This paper will compare both methods and show the advantages and disadvantages of their 
application identified in this study. 

3. RESULTS AND DISCUSSION 

3.1 Boxplot analysis 
When the boxplot analysis is performed on the data shown in Figure 2, gradually with 
percentiles of 2.5-97.5, 5-95, and 10-90, the prepared data reflects a trend affecting the use of 
most vehicles. However, only in the analysis of 10-90 does the whisker for the 2016 year of 
vehicle manufacture, which extends to the highest values, reach the realistic values proposed in 
this paper, i.e. 162760 km per year. It is therefore reasonable to accept the analysis of 10-90 
because its whiskers with highest values do not extend to unrealistic values. The selection of 
the analysis of 10-90 has another positive effect, which is a clear indication of the expected 
trend of vehicle use from 2016 to as far as 1962 showing a clear trend towards a decrease in 
vehicle use depending on their year of manufacture. Considering that this trend is diverging 
since 1962 and has involved a small number of vehicles (170 vehicles) that do not have a 
significant impact on the total mean value of the average annual mileage, the year 1962 was 
regarded as the highest age limit. Thus, in the boxplot analysis, criteria for determining the 
limits for the highest values and age limits are the following: 

1. The boxplot analysis with the percentiles in which the highest whisker extends to the 
annual mileage values we consider realistically possible is used for outlier identification. 

2. The furthest year up to which the boxplot analysis shows a continuous downward trend 
of vehicle use is used for the determination of the vehicle age limit. 

This analysis has shown that the highest whisker in the selected percentile of 10-90% is the one 
that refers to the vehicles manufactured in 2016 and that such whisker does not exceed the range 
of the realistic mileage values. Also, the graphic overview has shown that mileage values 
indicate a downward trend until 1962 after which they are irregularly dispersed. 

The upper and lower end of the whisker (Figure 4) are the limits of the calculated mileage 
values that are not yet considered outliers and are used for the limits beyond which all other 

values are considered outliers. Such outliers are thus excluded from the calculation of the mean 
value of mileage in the analysed year. The results obtained after the exclusion of outliers are 
shown in Table 1. 

Limits provided by the boxplot analysis are symmetrically extended from upper and lower 
percentile. This method, therefore, includes all values that are very close to 0. Since there are 
no negative mileage values, the lower ends of the whisker for all groups of vehicles of the same 
year of manufacture will be set to 0. In order to keep the method simple, the very small number 
of vehicles that might show an unrealistically low mileage need not be excluded from the 
analysis as they do not affect the final result. 

 
Figure 4 – Boxplot analysis of the data on annual mileages for vehicles in 2017 after 

determining the whisker extending to the highest value that does not reach unrealistic values 
and after determining the maximum vehicle age limit to be included in the analysis 

3.2 Hampel indicator 
In the Hampel indicator method, the medians and the S values used to determine the upper and 
lower maximum value included in the analysis for each vehicle year of manufacture are 
calculated for each vehicle group defined by the year of manufacture. When determining 
coefficient 𝐴𝐴𝐴𝐴 that is multiplied by the S value, the maximum annual mileages should be in line 
with the mileages we consider realistically possible in one year. The performance of all other 
limits in all other vehicle years of manufacture correlates with the determination of this 
coefficient for the vehicle year of manufacture in which the maximum limit for the calculated 
mileages is observed. In this example, the defined coefficient 𝐴𝐴𝐴𝐴 = 8,5 yields the maximum 
annual mileage limit amounting to 166968.7 km for the 2016 year of manufacture. Limits for 
all other years of manufacture are defined by their S values calculated for each vehicle year of 
manufacture and multiplied by the same coefficient 𝐴𝐴𝐴𝐴 (8.5). 
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In the boxplot analysis, values between the upper and lower percentile, and additionally 
values between the upper and the lower end of whiskers, are regarded as typical values of annual 
mileages, for each vehicle group defined by the year of manufacture. Therefore, for each year 
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3.2 Hampel indicator 
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Figure 5 – Data analysis by Hampel indicator method regarding annual vehicle mileage in 
2017 after determining the S value due to which extreme values will not be unrealistic and 

after determining the maximum vehicle age limit to be included in the analysis. 

Limits provided by the Hampel indicator method symmetrically extend from the median. This 
method, therefore, includes all values that are very close to 0. Since there are no negative 
mileage values, the lower limit will be set to 0 for all groups of vehicles of the same year of 
manufacture. In order to keep the method simple, the very small number of vehicles that might 
show an unrealistically low mileage need not be excluded from the analysis as they do not affect 
the final result. 

3.3 Method comparison 
Results obtained by the described methods are shown in Table 1. 

Table 1 – Results obtained by boxplot method and Hampel indicator method 

Method Average mileage 
in 2017 [km] 

Maximum upper 
limit [km] 

Minimum lower 
limit [km] 

The number of 
included vehicles 

[pcs] 
Raw data1 14874.48 984183 -999899 1748606 
Prepared data2 13278.43 968239 0.5 1413609 
Hampel 12527.96 150873 0.5 1407489 
Boxplot 12407.11 144678 0.5 1403612 

 
It is evident from the results that the average mileage results obtained by both of these 

methods are approximately equal and consistent with the average values of the EU member 
states [24]. The graphic overview of the mean values per years of manufacture obtained by both 
methods (Figure 6) shows an apparent trend towards a decline in vehicle use proportional to the 
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has not been modified in any way whatsoever 
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increase of vehicle age. The results obtained by using both of these methods are so similar that 
one of the results in the graphic overview had to be moved by 2000 km to be able to differentiate 
and compare them in the overview. 

 
Figure 6 – Comparison of mean values per vehicle year of manufacture obtained by the 

boxplot analysis and the Hampel indicator analysis. In this graph, the values obtained by the 
boxplot analysis are increased by 2000 km to facilitate their distinction from the mean values 

obtained by the Hampel indicator analysis. 

Both proposed methods for this analysis yield very similar, if not the same results. The 
difference between the methods is only in the upper limits of values that are not yet considered 
outliers: the boxplot method provides approximately 15% lower (stricter) limits than the 
Hampel method until the 1983 year of manufacture. After that, the Hampel method provides 
limits that are up to 30% lower (stricter) than the boxplot method, which ultimately does not 
result in a significant difference in the average annual mileage. 

4. CONCLUSION 
Calculations of the average annual mileage are mainly based on the calculation of mean values 
from the raw data retrieved from databases where they are stored after being collected through 
various processes such as vehicle technical inspection, vehicle servicing, surveys etc. However, 
data entry errors and outliers that can cause a final result which does not realistically reflect the 
average vehicle use undeniably have a significant impact on the calculation of the average 
value. This paper, therefore, proposes procedures for data preparation and outlier exclusion 
from prepared data. Nearly the same results that have been obtained by the two outlier exclusion 
methods, i.e. the Hampel indicator method and the boxplot analysis, are comparable to the EU 
averages and demonstrate the validity of data preparation procedures and the applicability of 
both methods. However, the proposed methods have caused 350000 incorrect values (almost 
20%!) to be excluded. In order to minimize this percentage, it is necessary to apply additional 
validation and input control methods when collecting data on odometer readings. 
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Abstract 
Industry 4.0 includes the connection of cybernetic and physical systems and the use of the Internet of 
things and services in all business and manufacturing processes of any company. According to recent 
research and studies, maintenance is one of the areas where significant effects of digitization and Industry 
4.0 are expected. The results of the first application of new technologies based on Industry 4.0 indicate 
a significant reduction in maintenance costs and increased availability of equipment and facilities. It can 
be expected that the transformation of the maintenance jobs will continue in the future, which will change 
the nature and content of maintenance operations. For maintenance tasks in the future, maintainers will 
need to adopt new knowledge and skills in using new digital technologies such as virtual and extended 
reality, big data analysis, autonomous devices, artificial intelligence, 3D printing and other. 

Key words: Industry 4.0, Cyber-physical systems, Manufacturing, Predictive Maintenance 

1. INTRODUCTION 
On Hannover Fair 2011, concept of Industry 4.0 and Smart manufacturing are first time 
mentioned. This concept is based on connection between physical world (through sensors and 
actuators) and virtual world of information processing and in literature is known as Cyber-
physical system (CPS). The constituents of CPS usually are software systems, communication 
technology, sensors and actuators that interact with the real world. In many cases, Cyber-
physical system includes embedded technologies that incorporate elements of control logic and 
real-world interaction. 

Main goals of this paper are: 
 Research how Industry 4.0 and digital technologies will develop and improve 

maintenance function in manufacturing companies 
 How Industry 4.0 will modify current maintenance strategies (Preventive Maintenance, 

Corrective Maintenance, Predictive Maintenance, Condition Based Maintenance, 
Reliability Centred Maintenance, Total productive Maintenance…) 

 Consider the possibility of developing in future a new maintenance strategy based on 
digitalisation 

The methodology used in paper include systematic literature review and research and case study 
analysis of successful implementation Industry 4.0 in maintenance. 

The hypotheses of this paper are: 
 Industry 4.0 and digital technologies will radically transform traditional industry 

maintenance in future and strongly improve key performance indicators like 
availability, maintenance cost, stock value, reliability and others 

 Industry 4.0 will transform Predictive Maintenance in Predictive Maintenance 4.0 
Implementation of Industry 4.0 in industry maintenance will result with cost reduction and 
higher machine availability. According to estimates of National Academy of Science and 
Engineering, digitalization of industrial maintenance will provide annual saving of one trillion 
euros to Germany industry [3]. 

2. INDUSTRY 4.0 AND INDUSTRY MAINTENACE 
Traditional approach in a manufacturing companies that mainly use collected data for 
understanding current way of working, recognise faults and apply appropriate tools to improve 
production processes using best management concept like Lean manufacturing, Six sigma, 
Business Process Reengineering and others, Total Productive Maintenance, Total Quality 
Management and others. In maintenance function are used various tools for calculate Overall 
Equipment Effectiveness indicator which will used for waste recognition and their elimination. 
In contrast, in Smart factory (Figure 1), machines use embedded components, sensors and 
actuators that provide new characteristics like self-awareness, self-predictiveness, self-maintain 
and self-organize [4]. 
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Figure 1 – House of Industry 4.0 [1] 
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In literature, there are many definitions of Industry 4.0. Some of the definitions are given below. 
„The goal of the Industry 4.0 is the emergence of digital factories that are to be 

characterized by following features: smart networking, mobility, flexibility, integration of 
customers and new innovative business models." (Jazdi, 2014). 

„The core idea of Industry 4.0 is to use the emerging information technologies to implement 
IoT and services so that business process and engineering process are deeply integrated making 
production operate in a flexible, efficient, and green way with constantly high quality and low 
cost." (Wang et al., 2016) 

Industry 4.0 may apply in various type of industry like automotive, pharmaceutical, machine 
manufacturing, electronic, chemical, shipbuilding, aerospace, construction and others. Market 
of industrial automations value constantly increase and manufacturing of machines shows 
growth rate which indicate need of implementation of Industry 4.0 in maintenance. Cyber-
physical system, Big data, Artificial intelligence, Internet of things, Virtualization are some of 
digital technology that find application in maintenance (Figure 2.). 

 
Figure 2 – Industry 4.0 technologies [2] 

3. PREDICTIVE MAINTENANCE 4.0 
Predictive management is a set of activities that detect changes in the physical condition of 
equipment in other to carry out the appropriate maintenance work for maximizing the service 
life of equipment without increasing the risk of failure [5]. According to methods of detecting 
the signs of failure there are two methods: Statistical-base predictive maintenance (depends on 
statistical data) and Condition-based predictive maintenance (depends on continuous or periodic 
equipment conditions monitoring). Predictive maintenance, as one of important maintenance 
strategy, based on continuous collecting data from equipment and it is very suitable strategy for 

implementation Industry 4.0 technologies and tools. As it is mentioned in this paper, data is one 
of the most important resource in Industry 4.0. Because of that, Big data and Artificial 
intelligence give one new approach in connecting predictive maintenance and Industry 4.0. This 
process of transformation traditional predictive maintenance and using technologies of Industry 
4.0 (Big data, Internet of things, Internet of services, Artificial intelligence, Smart and connected 
sensors and actuators) promote a new strategy in area of maintenance that is known as Predictive 
maintenance 4.0. Installation of smart and connected sensors in an equipment provides full time 
monitoring, analysis of collected data and timely apply set of predictive maintenance activities. 
Manufactures of machine and equipment were very quickly recognised market potential of 
installation of sensors and other communication components in their products and cooperation 
with big ICT companies (IBM and other) (Figure 3). 

 
Figure 3 – Predictive Maintenance 4.0 [5] 

There are several Predictive maintenance 4.0 practical solution and the main modules contains: 
continually collecting data by sensor and their online analysis, error identification by Artificial 
intelligence methods (machine learning, deep learning), failure prevention, plans and resources 
deployment, documentation and database management, online communication with customer 
and kay performing dashboard. First results of implementation of Predictive maintenance 
indicate on many benefits like reduction in the total cost of ownership (TCO), increase machine 
availability, continuous service improvement, reduction in unplanned downtime and others. 

4. CONCLUSION 
Traditional maintenance goes through dramatically changes and it should be transform in to 
smart maintenance that give more better main maintenance indicators: availability of 
equipment, maintenance cost, reliability and productivity. Manufactures of machine and 
equipment recognised market potential of installation of sensors and communication 
components in their products and through cooperation with big ICT companies produce new 
type of machine that use in many industries. With that, the first hypothesis of this paper is 
confirmed. Process of transformation traditional predictive maintenance and using digital 
technologies of Industry 4.0 promote Predictive maintenance 4.0. as a new maintenance 



Tomislav Brnadić, Nedeljko Štefanić, Marijan Brozović -  Predictive Maintenance 4.0 

Copyright © Culmena, Zagreb 75

In literature, there are many definitions of Industry 4.0. Some of the definitions are given below. 
„The goal of the Industry 4.0 is the emergence of digital factories that are to be 

characterized by following features: smart networking, mobility, flexibility, integration of 
customers and new innovative business models." (Jazdi, 2014). 

„The core idea of Industry 4.0 is to use the emerging information technologies to implement 
IoT and services so that business process and engineering process are deeply integrated making 
production operate in a flexible, efficient, and green way with constantly high quality and low 
cost." (Wang et al., 2016) 

Industry 4.0 may apply in various type of industry like automotive, pharmaceutical, machine 
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Figure 2 – Industry 4.0 technologies [2] 

3. PREDICTIVE MAINTENANCE 4.0 
Predictive management is a set of activities that detect changes in the physical condition of 
equipment in other to carry out the appropriate maintenance work for maximizing the service 
life of equipment without increasing the risk of failure [5]. According to methods of detecting 
the signs of failure there are two methods: Statistical-base predictive maintenance (depends on 
statistical data) and Condition-based predictive maintenance (depends on continuous or periodic 
equipment conditions monitoring). Predictive maintenance, as one of important maintenance 
strategy, based on continuous collecting data from equipment and it is very suitable strategy for 

implementation Industry 4.0 technologies and tools. As it is mentioned in this paper, data is one 
of the most important resource in Industry 4.0. Because of that, Big data and Artificial 
intelligence give one new approach in connecting predictive maintenance and Industry 4.0. This 
process of transformation traditional predictive maintenance and using technologies of Industry 
4.0 (Big data, Internet of things, Internet of services, Artificial intelligence, Smart and connected 
sensors and actuators) promote a new strategy in area of maintenance that is known as Predictive 
maintenance 4.0. Installation of smart and connected sensors in an equipment provides full time 
monitoring, analysis of collected data and timely apply set of predictive maintenance activities. 
Manufactures of machine and equipment were very quickly recognised market potential of 
installation of sensors and other communication components in their products and cooperation 
with big ICT companies (IBM and other) (Figure 3). 

 
Figure 3 – Predictive Maintenance 4.0 [5] 

There are several Predictive maintenance 4.0 practical solution and the main modules contains: 
continually collecting data by sensor and their online analysis, error identification by Artificial 
intelligence methods (machine learning, deep learning), failure prevention, plans and resources 
deployment, documentation and database management, online communication with customer 
and kay performing dashboard. First results of implementation of Predictive maintenance 
indicate on many benefits like reduction in the total cost of ownership (TCO), increase machine 
availability, continuous service improvement, reduction in unplanned downtime and others. 

4. CONCLUSION 
Traditional maintenance goes through dramatically changes and it should be transform in to 
smart maintenance that give more better main maintenance indicators: availability of 
equipment, maintenance cost, reliability and productivity. Manufactures of machine and 
equipment recognised market potential of installation of sensors and communication 
components in their products and through cooperation with big ICT companies produce new 
type of machine that use in many industries. With that, the first hypothesis of this paper is 
confirmed. Process of transformation traditional predictive maintenance and using digital 
technologies of Industry 4.0 promote Predictive maintenance 4.0. as a new maintenance 
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strategy. Installation of smart and connected sensors in an equipment provides full time 
monitoring, analysis of collected data and timely apply set of predictive maintenance activities. 
According to estimates of National Academy of Science and Engineering, digitalization of 
industrial maintenance will provide annual saving of one trillion euros to Germany industry. 
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Abstract 
Conscious businesses and business people choose to follow a value based business strategy, in which 
they are seeking to benefit both human beings and the environment.  They inspire employees, customers 
and investors and engage them on a deeper level, encourage environmental awareness, introducing 
more ethics and moral. The leaders that work under conscious/value based leadership principles are 
needed to develop successful conscious businesses. 

In this paper four basic leadership principles (DEEP) have been analyzed, systemized and classified 
according to the worlds’ best practices. The main goal is raising awareness of conscious leadership 
values and implementing DEEP principles in the organizations to ensure long-term prosperity. 

Keywords: leadership, consciousness, conscious leader, conscious business, Value Based Leadership 

1. INTRODUCTION 
Today, the world is faced with two crises: the morale crisis and a crisis of leadership. The 
consequence of this is the imbalance – from climate to human relationships, from economy to 
educational system, from energy to scientific priorities. The state of chaos is necessary in order 
to restore the natural order, not only in the environment but also in the human nature and nature 
of business, which is essentially spiritual. Everything has to be restored to balance and harmony, 
in accordance with nature and natural laws. The purpose of this paper is to analyze the principles 
of conscious leadership and to offer solutions to the today’s challenges with an emphasis on the 
area of conscious leadership, management and business. Consciousness is defined as: a: the 
quality or state of being aware especially of something within oneself, b: the state or fact of 
being conscious of an external object, state, or fact, c: awareness or especially: concern for 
some social or political cause [1] 

When talking about management, we can define it as a process whose main task is to fulfill 
goals according to a predetermined plan of realization. Therefore, management has one and the 
basic task, and that is to achieve the set goal according to the detailed direction of realization. 
On the other hand, leadership and especially conscious leadership is a process whose action is 
much wider than the realization of set tasks. Unlike management, the leadership process 
depends on several factors that determine its performance, and thus make the basic difference. 
Thus, this process directs great attention to the people in the process, towards the process itself, 
to the purpose and the purpose of setting the goals, according to the moral and ethical factors 
involved in the process. [2] 
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This is only possible if he lives in harmony, and is aware of the spiritual, emotional, mental and 
physical dimensions of man and the accompanying four intelligences (spiritual – SQ, emotional 
– EQ, mental – IQ and physical – PQ). Some authors instead of fourth physical intelligence are 
mentioning systems intelligence – SYQ. Another important type of intelligence, conscious 
leaders have in abundance, is system intelligence. Conscious leaders are natural systems 
thinkers. They can see the bigger picture and understand how the different components of the 
system interconnect and behave over time. [8] 

In the Figure 1 are shown the four key values: consciousness, integration, loyalty and justice. 
Those values are integrated in the organization itself and are implemented and defined in its 
purpose (mission and vision), environment (relationships), leadership (leading ourselves and 
others) and conscious communication. Meeting the needs of all participants within the business 
system ensures its sustainability, which is one of the most important tasks of a conscious leader. 

More and more world experts in management and leadership is introducing transcendental 
leadership, together with transactional and transformational leadership, as one of the new 
leadership models that include spirit as the basis of leadership, and values as spiritual goods. [9] 

If we look at the values in the context of companies and organizations, we can apply the 
same rule that applies to the individual. Company values should come from spiritual grounds. 
Company values are strongly related to the quality of the company's leading people. [10] 

3. CONSCIOUS LEADERSHIP PRINCIPLES 
Although transformation of consciousness is incredibly significant for organizational 
development it has been very rarely spoken about this subject. [11] Four basic principles –
Divine, Ethical, Environmental, Profitable (DEEP principles) were created by analyzing, 
systematizing and classifying values and character strengths. DEEP principles have emerged as 
sets of values essential to a particular principle and are based on Value Based Leadership (VBL). 

Value Based Leadership (VBL) is a basic guideline for all types of personal and business 
leadership. VBL is based on values like consciousness, integrity, contribution, balance, 
excellence, social responsibility, community, loyalty, self-control, honesty, perseverance, 
creativity, teamwork, optimism and spirituality. VBL is indispensable in the first phase of 
business start-up to define mission, vision and business venture activity. It is also of great 
importance for business restructuring and, if necessary, throughout the entire growth and 
business development process. The DEEP Principles have simplified the strategic guidelines 
for a successful growth of conscious business. They provide every business entity, both big and 
small companies, to implement them in a very simple way as each principle combine, balance 
and harmonize one of the areas of company existence. The Principles of Conscious Leadership 
(DEEP) are the principles that, by adopting and implementing, lay the foundations for the long-
term prosperity of the organization and all its stakeholders. DEEP principles are the strategic 
guidelines for personal and business growth and development. 
Divine principle is a first principle that awakens awareness of the spirit (immaterial dimension) 
of a leader and organization and includes respect of nature and all the natural laws. Spiritual 
goods are virtues and value systems of individuals and organizations. Leadership is lifting a 
person's vision to higher sights, the raising of a person's performance to a higher standard, the 
building of a personality beyond its normal limitations. [12] Spiritual dimension of leadership is 
deeply present in the leadership itself if we accept the attitude that leaders should act from the 
virtues and that is the belief or awareness that we are all one. Spirituality is the basic foundation 
of leadership, whether it is leading ourselves or leading others in the organization, or whole 
humanity. Since the purpose of leadership is to guide someone, it is extremely important to pay 

"Leadership is different from management as management is mostly rational or objective 
science. That means that the manager is mostly more pronounced than the leader follows the 
predefined rules. Leadership harmonizes economic criteria with ethics because leadership is 
based on ethics and on material-efficient justice systems.[3] W. Glenn Rowe believes that the 
difference is apparent from the point of view of psychology that managers believe that decisions 
they make are predetermined by the organization within which they operate and that the work 
of that same organization is determined by the industry and the environment within which it 
operates. Rowe explains that as opposed to management, leaders believe in decision-making 
freedom, and the overall leadership process is geared towards achieving goals in the sense of 
changes that affect the organization in the sense of contributing to the changing industry and 
the environment within which they are performing.[4] Also similar to Bennis and Nanus, in 
their paper, one of the more pronounced phrases is emphasized: "Managers are people who do 
things the right way, while the leaders of the people are doing the right things."[5] 

2. CONSCIOUS LEADER 
Today's conscious leader knows that a man is a conscious being who cares about the planet and 
all of its creatures. Beside that respects ethical and moral principles in business and in the 
surrounding environments and in managing organizations and businesses creates opportunities 
and sustainability. The purpose of the conscious leaders is wise and human leadership. 

"The quality of the leader's consciousness, not the intellectual knowledge of marketing, 
strategy, or finance, determines the company's success because of the high quality of 
consciousness recognizing the game of the ego. It is the essence of science and the art of 
leadership. "[6] Leadership is shown through character"[7] wrote Peter Drucker, one of the most 
prominent theoreticians of the management skills of our time. 

Leadership is a set of character strengths that are individual leaders embodying, based on 
their value system and leader’s self-knowledge. On the other hand, we have the processes and 
activities of the leader. A conscious leader is capable of solving today's problems and finding 
solutions in all spheres of life and transferring the core values he has deliberately chosen for 
the business. Conscious leader inspires and encourages people who possess a variety of values 
and personal potentials towards the common goal that is in line with the higher purpose of 
leadership. 

 

Figure 1 – Conscious Leader business model 
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Profitability in the context of conscious leadership is a consequence of conscious business 
rather than cause. Conscious business involves respecting natural legitimacy, ethical and moral 
norms, with the aim of solving the problems of modern society through the organization's 
business, for the common good of all. 

As an example of a conscious business operating under DEEP principles, we will present 
the Croatian startup Bouxtie, founded by Renato Libric which is aklready globally successful. 
[14] In its business model Bouxtie introduced an innovative software solution – digital gift 
cards application as new offer on the market of the gift cards. Introducing this new application 
has withdrawn 90 t of plastics and increased customer satisfaction with steady growth and 
increased revenue and profitability. 

Bouxtie is an example that proves that life and business in line with human values such as 
faith, freedom, integrity, co-operation and concern for all life beings, entails greater 
productivity, the satisfaction of all involved and ultimately viable profitability. In the successful 
leadership the decisive role plays the character and leadership of the leader. 

4. CONCLUSION 
Many organizations go through a continuous process of internal reorganization to improve 
business, improve business processes, increase employee satisfaction, customers and all of the 
environments, reduce costs, increase work efficiency and introduce innovations to a wide range 
of business areas (strategic planning and marketing, project management, staff management, 
teamwork, interpersonal relationships). Most of them have forgotten their spirit, virtues and 
values. Just the virtues or the introduction of DEEP principles based on Value Based Leadership 
are the basic and powerful tool of conscious and successful leadership. 

 

Figure 3 – Process of the Acceptance of the DEEP Principles 

In the Figure 3 it is shown the Process of the Acceptance of the DEEP Principles. The moral 
development leads to the growth in satisfaction, while the growth in satisfaction leads to the 
productivity growth. 

The growth of profits is a result of the productivity growth, and continuous profit growth 
leads to sustainable business and prosperity. The introduction of the DEEP principles in the 
business contributes to the positive transformation and long-term sustainability of business 
organizations as well as their prosperity. 

By introducing the DEEP principles into businesses, it can help and significantly increase 
the level of conscious leadership in all aspects of life as well as business and raise the prosperity 
of the organization. Everything begins with the awareness of leaders who are able to expand 
and deepen their own consciousness and thus implement the introduction of the DEEP 

attention to the analysis of the relationships that are being created. In defining leadership is the 
inevitable presence of the concept of ethics and respecting ethics and moral norms. 

 

Figure 2 – Conscious Leadership principles – DEEP principles 

Ethical principle is about the application of ethics in business. It significantly contributes to the 
company's reputation and success. For many years now in the world, and recently in Croatia, 
information about socially responsible companies is being publicly disclosed. Highly ranked 
companies have become publicly available and together with their reputation, their profit is 
growing.. They become a desirable place to work and attract the workforce of the highest 
quality, have the advantage of signing up new contracts and selecting their associates. Almost 
as a rule of employment, it has become a question of interpersonal relationships, respect for 
human rights, regular income, working hours, insurance. The gross violation of some of these 
rules causes unacceptable losses to individual companies, and it is very difficult to re-establish 
a broken reputation. Public disclosure and disclosure of irregularities has significantly 
contributed to responsible and long-term planning of business strategy and leads to a better 
future. 

Environmental principle encourages ecological and environmental awareness of the 
individual, business, and environment. It points to the importance of relationships within the 
whole organization, all the surrounding environments (investors, external and internal clients, 
employees, suppliers) and the entire ecosystem. The business environment is in harmony with 
its environments, and cares about the interests of the system as the interests of the environment, 
and it is, in the long term, optimaleconomically and ecologically, as well as in ethical and 
spiritual way. [13] 

"Deeper levels of consciousness evoke a wider picture, or a wider whole as it is and how it 
develops. Insight into the whole then helps us choose the right approach to turn it into reality." 

Environmental principle gives us a deeper insight that the whole is composed of multiple 
environments that together make up the largest ecosystem that we can call nature and that 
respecting all the participants within the system can be accepted in wider sense but in the 
business environment we should always be aware and appreciate the nature as the largest 
ecosystem and environment. 

Profitable principle is dealing with harmonization of business with the above principles of 
sustainability that lead to continuous growth and business development and greater 
profitability. The Principle of Profitability is one of the DEEP principles that are of the same 
priority and importance, as often the profitability is understood as the core business principle, 
which is here not the case. 
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principles into the business organization they are leading. If the implementation takes place at 
all levels, it leads to transformation and prosperity in the long run. The conscious leaders of 
today are the largest capital of community and they are the ones that lead us to development, 
prosperity, satisfaction and the common good. 
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Abstract 
Each year the World Economic Forum conducts research on national economies and assesses their 
competitiveness using the index of global competitiveness. The research stated provides a neutral 
picture of the competitiveness of Croatia and other national economies, using various indicators 
consisting of more than one individual component. Based on the ratings of the overall competitiveness 
of the Croatian economy for 2017, individual indicators and the worst-rated components, the overall 
position of Croatian economic competitiveness, in relation to other comparable countries, is analysed. 
Additionally, the major obstacles, as well as actions to be taken to improve competitiveness are 
discussed. 

1. INTRODUCTION 
Through trading goods and services with countries abroad, one becomes a part of the global 
economy by establishing relations with it [1]. With that in mind, the success of the involvement 
of the economy in the global economic flow depends on the level of competitiveness of the 
national economy, compared to the level of competitiveness of other economies. On the global 
level, national competitiveness, or competitiveness of countries, is defined as country's ability 
to realize economic growth faster than other countries, while at the same time increasing the 
prosperity in a way that changes its economic structure and efficiently adopts to the trends of 
international trade [2]. 

Therefore, the following question constantly arises: What is the level of competitiveness of 
the Croatian economy; what measures have been taken in the last few years and what are the 
possible measures that could be taken to increase it? Additionally, one should consider the level 
of competitiveness of Croatian economy in the light of innovation, readiness and openness 
towards utilising new technologies. 

2. DEFINITION OF COMPETITIVENESS 
The term competitiveness has been changing throughout time. Economists have correlated 
competitiveness to availability of natural resources and work force, socio-economic criteria as 
a system of values of a particular society, the role of entrepreneurship, innovation, technology 
etc. However, describing competitiveness in an unscientific way states that the competitive 
advantage is everything which separates us from the rest of the flock of sheep [3]. 
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impact on the overall ranking, however only the factors that place Croatian economy among 
undeveloped countries, such as Sub-Sahara African countries, are taken into consideration for 
the analysis (Attachment 1). 

 

Figure 1 – Competitiveness of Croatia according to individual factor of GCI Index [6]. 

Figure 2, contains results of a survey conducted by the World Economic Forum with 
entrepreneurs in Croatia. The survey covers the most problematic factors of business, precisely 
what are the core barriers to competitiveness of Croatia. 

 

Figure 2 – Disadvantages of competitiveness of Croatia according to  
individual components of GCI Index [6]. 

As it has been considered by the Institute of Economics of Zagreb, throughout history 
different authors as Trabold, Porter, Bienkowski or Reiljan, Hinrikus and Ivanov have defined 
international competitiveness of the national economy [2]. 

Today one can state that international competitiveness of national economy is the ability of 
a country to export its natural, mineral and human resources in production, and its market 
performance, productivity and living standards. However, it is also comprised of those 
international contracts and agreements that the country is a signatory of, along with the 
memberships of a country in different international organizations and similar [4]. 

To be exact, competitiveness is the ability of a country to achieve success on the global 
market which provides better living standards for all. It is a result of various factors, especially 
competitiveness in terms of business and its optimum environment which encourages 
implementation of new products and processes, as well as investments. As a result, all these 
factors lead towards higher productivity and sustainable development [5]. 

Therefore, the definition of competitiveness is not of a strong mathematical importance, but 
rather the development of economic science, technological advancement and processes of 
globalization are changing the factors which define and determine the concept of 
competitiveness gradually throughout time. 

3. CROATIAN COMPETITIVENESS 
Various institutions in the world conduct researches and evaluate competitiveness of individual 
countries according to different aspects. The most popular one however is the World Economic 
Forum and its Global Competitiveness Index, which consists of few reference indicators 
obtained by collecting statistical data and publishing surveys. 

3.1 Croatian competitiveness according to the GCI Index 
During the last 40 years, The Global Competitiveness index has been examining factors 
responsible for motive long-term growth and progress by aiding the decision makers in 
identifying challenges and defining economic politics of economic growth in their countries. 

The table representing the overall sequence of countries based on GCI index (Attachment 1) 
in 2016, which placed Croatia as 74th out of 137 economies, precisely between Armenia and 
Albania. All Eastern European transitional countries are ranked higher than Croatia, as they are 
advancing in fact Estonia is 29th, Poland 39th, and Romania 68th. Croatia is the worst ranked for 
its competitiveness out of all countries that are a part of the European Union. As a matter of 
fact, it has been stagnating around the 75th place for the last five years. Source? 

3.2 Disadvantages of competitiveness 
What are the issues responsible for keeping Croatia at such a low ranking for global 
competitiveness can be seen in a more detailed overview of competitiveness according to the 
specific components of GCI index, as seen in Figure 1. 

Figure 1, shows Croatian competitiveness is pulled towards the low rankings due to a few 
factors of GCI Index, these are: 
 Institutions – ranked 102nd 
 Innovation – ranked 106th 
 Labour market efficiency– ranked 107th 

Figure 1, clearly indicates there are two factors, Labour market efficiency and Financial market 
development, which are ranked slightly below 100th place. Therefore, both have a negative 
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Moreover, we practically live in the Forth industrial revolution, which is characterized by the 
improvements of almost all sectors of society, such as: 
 Transportation –autonomous and driverless cars, drones, the economies of sharing 
 Energetics – smart network, green energy, distributive production 
 Telecommunication – increasing network throughput, virtual offices, virtual reality 
 Distribution – e-commerce is driving growth for logistic services 
 Finance – group financing, virtual currency, Blockchain technology 
 Agriculture –censoring in farming 

134th place ranked in the "Government's procurement of advanced technology products" is 
especially bad. A country which wants to encourage development and digitalization of society 
should be the leader of implementation of modern technology in its autonomous planning and 
supplying processes. 

Public service of energetics and transportation for example, are leaders of modern industrial 
technologies in modern countries. Namely, through development of fast trains, the public 
railways lead the developing of modern industries in France, Germany and Japan. Strategic 
(state's) green energy planning gave rise to tremendous formation of new work places in 
countries such as, Germany and Denmark. Thus, without the collaboration of businesses and 
scientific community, there cannot be research and development in creating new innovative 
products and services. 

Just as in the law of communicating vessels, there is a connection with Innovations and the 
Labour market efficiency, especially between the components of the "Country capacity to 
attract talent " ranked 131st and " Country capacity to retain talent" ranked 135th. Without talent, 
the community lacks in innovation, energy, creativity and braveness for introducing new 
technology in everyday operations. 

3.5.1 Example of implementation of technology by the state owned company 
An example of vision and elaborated strategy of new technology development is introducing 
GSM network in Croatia in the 90s. Croatian post and telecommunications (HPT) started the 
first Croatian mobile network under the name 'Mobitel' established at NMT standard on 11th 
January, 1991. Mobile device with an adequate port were sold for more than 100,000 dinars, 
around 14,400 DM. At that time, it was even possible to buy a car for the same price. 

At the beginning of 1991 Croatia had around 200 mobile network subscribers. By the end of 
the year this number increased to 2,583 users. In 1994 a capacity of analogous NMT network 
was mostly saturated, which started preparations for adoption of new European digital GSM 
technology. On February 1st 1995, Franjo Tuđman, the first president of Croatia, activated 
experimental Croatian GSM network with a famous phone call, while the commercial 
exploitation of the second generation network CRONET started on February 1st 1996. [7]. 

Thus, during the Croatian War of Independence and occupation of Croatia, in a country 
affected by inflation, while financing the war and refugees, the state firm HPT carried out the 
telecommunication revolution. To revise, today, 23 years after the start of the experimental 
GSM network, Croatia is ranked 134th out of 137 observed countries under the component of 
'Government's procurement of advanced technology products'. 

3.6 Barriers to competitiveness 
The most problematic business factors in Croatia, collected through survey done by the World 
Economic Forum in which the Croatian economists, who acted as participants, had to state 5 

Detailed representation of factors of GCI Index is followed up by the Attachment 2, which 
enables more detailed analysis of drawbacks of Croatian competitiveness through each and 
every "problematic" factor. All data set forth, concerns results from 2016. 

Competitiveness of certain countries is ranked according to the components consisting of a 
single factors, stated are only the worst indicators which suggest absence of competitiveness, 
ranked 100 and below, and in each indicator and bad component (ranked 100 and below), with 
demonstrating ranking of individual components given there are overall 137 ranked economies 
(Figure 1). 

3.3 Institutions 
Institutions factor is overall ranked 102nd and it consists of 21 components in total. The 
following components have the worst ranking: 
 Burden of government regulations – ranked 135th 
 Efficiency of the legal framework in settling disputes–ranked 135th 
 Efficiency of the legal framework in challenging regulations – ranked 135th 
 Transparency of government policymaking– ranked 128th 
 Favouritism in decisions of government officials– ranked 122nd 
 Public trust in politicians – ranked 116th 
 Judicial Independence – ranked 114th 
 Property rights – ranked 113th 
 Diversion of public funds– ranked 105th 
 Protection of minority shareholders' interests– ranked 102nd 
 Efficacy of corporate boards – ranked 101st 

Therefore, out of the total 21 components of Institution factor, 11 are ranked bellow 100. 

3.4 Labour market efficiency 
Labour market efficiency factor is overall ranked 107th and it consists of 10 components in total. 
The following components have the worst ranking: 
 Cooperation in labour-employer relations – ranked 135th 
 Country capacity to attract talent – ranked 135th 
 Effect of taxation on incentives to work – ranked 133rd 
 Hiring and firing practices – ranked 131st 
 Country capacity to retain talent – ranked 131st 
 Pay and Productivity – ranked 101st 
 Reliance on professional management – ranked 101st 

Out of the 10 components of the labour market efficiency factor, 7 components are ranked 
below 100. 

3.5 Innovations 
Innovation factor is overall ranked 106th and it consists of 7 components in total. The following 
components have the worst ranking: 
 Government's procurement of advanced technology products– ranked 134th 
 Capacity for innovation– ranked 120th 
 University-industry collaboration in research and development – ranked 118th 
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We could say we became more aware of most of the illusions, for instance that entering the EU 
will solve all of our economic issues however we still do not take enough action attempting to 
improve competitiveness. 

 

Graph 1 – Competitiveness development of Central and  
Eastern European countries 2008-2013 [9]. 

Comparing the overall ranking of comparable transitional countries of Central and Eastern 
Europe on Graph 1 shows a decrease in competitiveness of all countries, between 2008 and 
2013, as a consequence of the last economic crisis. However, most of the countries went back 
to the value GCI Index presented before the economic crisis started, whilst Croatian economy 
is stagnating. The reasons for it are the absence of reforms which would ease conducting 
business for entrepreneurs and increase competitiveness. 

5. WAYS OF IMPROVING COMPETITIVENESS 
In order to reach an acceptable level of competitiveness, with today's 74th ranking on global 
competitiveness scale, Croatia could, at least medium-term (2020-2025) enter into TOP 45 if it 
desires to decrease lagging behind other countries. The question is where will the other 
countries be the, since they are not stagnating themselves to wait for us to advance. Thus, much 
larger ambition and overall access to public policy is needed from moderate reform 
improvements [9]. 

Assumption is to implement comprehensive reforms through facilitation of administrative 
procedures, strengthening juridical security and efficiency of administration of justice, as well 
as simplification and predictable taxation policy. Henceforth, the entrepreneurial climate would 
be improved, and Croatia would become more attractive to investors. Thus, the goal of reform 
should be: 
 Improving the protection of ownership rights 
 Establishing independent and efficient legal system with an emphasis on judicature 
 Decreasing budgetary spending 
 Simplifying tax system and abolition of non-taxable expenditures 
 Discharging businesses through decreasing overregulation of business 
 Encouraging development of new values (production and sources) 

major obstacles in business fluency (Figure 3). Results reveal the participants' most problematic 
obstacles are: 
 Inefficient government bureaucracy 
 Policy instability 
 Tax regulations 
 Corruption 
 Tax rates 

 

Figure 3 – Key obstacles of competitiveness [6]. 

Interestingly enough, only the small number of participants stated restricted working legislation 
as a major obstacle, however the GCI Index ranked Efficiency of labour market 107th. 

4. WHAT HAS BEEN DONE TO IMPROVE COMPETITIVENESS? 
Besides reforms, which were the consequences of fulfilling conditions for the entry to the 
European Union, there has not been many, almost any, attempts to improve competitiveness. 
In 2004, National board for competitiveness stated the challenges Croatian economy is facing 
through the prism of accession to the European Union: 

Entering the EU and market economy should not be seen as goals, but as assets for 
accomplishing the final goal – creation of competitive economic system in which rich and 
satisfied people participates in. Such major, historical challenge and difficult tasks cannot be 
fulfilled using quick and simple solutions. Croatia already suffered a great financial loss 
because of various delusions. For the last few years, even decades, it has been using this fallacy 
of simple solutions on hand. There are 7 major Croatian illusions: 

1. Entering the EU will solve all of our economic issues. 
2. We have a well-educated labour force of high quality. 
3. We will easily decrease taxes and increase rights. 
4. Croatia is attractive to international investors, who are only stalling at the boarder because 

of the  political situation. 
5. It can guide economic policy without open discussion on exchange rate policy 
6. The state will open workplaces. 
7. The government can solve most of the problems in one mandate [6]. 
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Attachment 1 – Depiction of the Global Competitiveness Index according to the GCI Index [6] 

 

Besides the former, or just because of the need of successful reforms, we should change our 
personal system of values. The most competitive countries in the world are highly developed 
with, when compared to Croatian, completely different value systems. High level of 
competitiveness is the consequence of various valuable cultural values nourished by an 
individual, society and the state [9]. 

To name a few of those values, work ethic and respect, rationality, entrepreneurship, 
efficiency of conducting business, following the law, norms and standards, free market, 
evaluating talents, innovations, competition, sincerity of society, encouraging success ... 

Croatia does not have enough time for transformation of society because technological 
changes affect the world in an unpredictable rate. If action is not taken, due to the fast 
depopulation and demographic ageing, as well as strong tourism, the large issue of pension and 
health care systems and the overall attitude of society, Croatia will, as said by Nenad Bakić, in 
spite of the fast global evolution, remain a rent oriented society without dynamic, and with an 
enormous impact of the state on all societal processes [10]. 

Thus, if Croatia wants to achieve an acceptable level of competitiveness, it has to find 
courage and start moving, promoting new social values and initiate fast and universal social 
changes which shall create a base for free entrepreneurship with minimal inclusion of the state, 
rule of the law and encouragement of competition and innovations. 
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Abstract 
Industry 4.0 is a term for 4th industrial revolution which started with automation and data exchange in 
manufacturing. In cyber-physical systems all machines are connected as well as manufacturing 
equipment and storage systems in order to exchange information electronically to respond to new 
market trends. Croatian industry needs to stay competitive and keep up with the worlds new market 
trends in implementing Industry 4.0 in companies. Research in this paper will present the readiness of 
Croatian companies to implement Industry 4.0. The main goal is to suggest prerequisites that should be 
fulfilled before even considering implementing Industry 4.0 in Croatian industry. They will facilitate the 
gap and shorten the time necessary to start the implementation. 

Keywords: Industry 4.0, Croatian industry, Maturity index, Productivity, Process 

1. INTRODUCTION 
The vision of Industry 4.0 encompasses the application of modern technologies within the 
various industries and organizations, both professional and academic. The authors in [1] stated 
that „Industry 4.0 is a future project in the high-tech strategy of the German Federal 
Government". The mentioned concept was introduced in 2011 in Germany to improve 
competitiveness of its industries and to keep production on its own ground despite lower 
production costs in third world countries. When the concept Industry 4.0 is mentioned, the 
emphasis is on „smart". It primarily refers to the application of technology that enables 
automation and rapid data exchange. 

 
Figure 1 – The emergence of Industry 4.0 [2] 
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The emergence of disruptive technologies such as Internet of Things, Internet of Services, Big 
Data, Cloud computing, etc. led to the fusion of physical and virtual segments so that all 
machines, equipment and storage systems are connected in order to exchange all necessary 
information to respond on customer requirements, which finally presented the Cyber-physical 
systems (CPS). The term Industry 4.0 stands for the fourth industrial revolution which is a result 
of the widespread application of CPS as shown in Figure 1 [2]. 

More and more EU countries have already created initiatives and platforms for Industry 4.0 
application within their industry which resulted with transformation of industries. Their 
Industry 4.0 strategy led to the development of technology roadmaps and research agendas [3]. 
Some of them are Spain, UK, France, Italy, Germany, the Czech Republic, Sweden and the 
Netherlands. However, they are facing challenges regarding modern technology adoption, 
which is caused by the low adoption rate of digital technologies of 41 % [4]. 

Even that Croatian maturity index is low, it is important to consider all possibilities for 
improving Croatian industry. The modern technology application, regarding fourth industrial 
revolution, is one of them. The aim of this paper is to propose a model that is considering all 
necessary prerequisites for implementing Industry 4.0 in Croatian industries. The basis for 
model definition was INSENT project that was conducted to present the industrial maturity of 
Croatian companies and Croatian readiness for Industry 4.0 implementation. This paper 
presents the INSENT project review and all arising conclusions that were foundation for the 
proposed model. 

2. LITERATURE REVIEW 
The advent of Industry 4.0 paradigm presented a new opportunity to achieve more flexible and 
more efficient systems. Long et al. [1] in their paper highlighted the advantages of Industry 4.0 
regarding dealing with potential delays, interrupts and stoppages. Why is potential ahead? 
Technology inherent to Industry 4.0 provides solving all problems before they even occur. 
However, the authors state that flexibility of production system is still a big challenge. 
According to [5], the key factor for providing successful changes of the process due to Industry 
4.0 philosophy is interoperability among actors, sensors and heterogeneous systems. Moreover, 
it is important to enable intelligent human-to-machine and machine-to-machine cooperation by 
using modern technology. 

Due to the lack of the conceptual framework for Industry 4.0 implementation, Zheng et al. 
in their work [2] proposed a framework of Industry 4.0 smart manufacturing systems, but also 
presented some demonstrative scenarios and reviewed the modern technologies that are 
preconditions for Industry 4.0. However, the proposed concept refers exclusively to the 
development and usage of modern technology within the process/organizations. Also, it does 
not consider all perspectives of introducing the concept of industry 4.0. 

The paper [6] identifies the relative importance of key enabling factors for implementing 
industry 4.0. Authors provided the technological readiness perspective only. Furthermore, they 
suggest that process-related objectives are more important than economic-related and 
environmental-related. It is evident that by fulfilling process-related objectives, economic-
related objectives are realized as well. Research findings concluded that process-related 
objectives are crucial for technological readiness. The human-related objectives were not 
considered, although they are an extremely important factor in the process. Morrar et al. [7] 
oppose it and advocate diffusion of technical and socioeconomic aspect. 

The research shown in [8] stated, on the example of smart manufacturing concept 
implementation in the German textile industry, that introduction of such technologies requires 
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adequate skills in various phases. For this reason, in order to enable successful implementation, 
the authors proposed the development of Augmented reality (AR)-based assistance systems. 
However, processes should be standardized first, otherwise the implementation was sentenced 
to destruction. 

The research shown in [9] determined that the absolute advantage of carrying out the re-
industrialization in Canada are educated and skilled employees. Moreover, it was outlined that 
science-based organizations that are applying the latest technologies and are employing the 
largest number of highly skilled personnel, are making technological changes more 
successfully. 

The authors [10] in a pilot study of Industry 4.0 regarding the readiness of Czech companies, 
concluded that Czech companies have a quite high awareness but only at upper-level 
management. The problem is that the Industry 4.0 is a novel approach and therefore causes 
distrust and fear. Furthermore, modern technology requires large investments and a clear 
strategy. 

Nedomlelova et al. [11] discussed the idea of Industry 4.0 implementation, in terms of 
readiness, in a Czech Republic region Usti nad Labem, which is an area with a number of major 
socioeconomic problems. They identified four key factors that point out necessary changes 
regarding successful implementation. These factors are related to research, development and 
innovation, human resources, education and infrastructure. The research also concluded that 
the lack of capacity and an insufficient involvement of the stakeholders are the main reasons 
for poor readiness. 

The paper [12] stresses the difficulties regarding Industry 4.0 implementation without 
previous change in the society mindset and territory as well. Six principles of successful smart 
organizations were stated as follows: virtualized processes, interoperable systems, 
decentralized decisions, real-time analysis and decision-making, service-oriented organizations 
and modularity and flexibility. Santos et al. [3] agreed with those principles – design principles 
in combination with technologies, to provide the successful model. However, it is important to 
consider the impact of its implementation. 

Stojkic et al. in their research [13] established that Industry 4.0 concept can not be applied 
directly in Croatian industry. For this reason, it is important to consider which would be a 
prerequisite or prerequisites for the successful introduction of equivalent modern technologies. 

Literature review leads to conclude that the field of the industry 4.0 implementation as the 
field of research is quite novel. Most researchers point out the many benefits of using the 
industry 4.0 and elevate it to a higher level than just modern technology implementation in 
processes. However, as the concept is recent, there is no conceptual model and uniform 
perspective for applying it. In addition, most papers present a case study of Industry 4.0 concept 
due to territory readiness. The aim of this research is to identify prerequisites for successful 
Industry 4.0 implementation and to propose an adequate conceptual model for Croatian 
industry. 

3. METHODS 
As mentioned above, research in this paper will present the readiness of Croatian companies to 
implement Industry 4.0 in order to suggest prerequisites that should be fulfilled before even 
considering implementing Industry 4.0 in Croatian industry. The research used in this paper 
was made by Professor Ivica Veža and his team for the purpose of INSENT project [14] HRZZ-
1353 Innovative Smart Enterprise (INSENT) [14] at the Faculty of Electrical Engineering, 
Mechanical Engineering and Naval Architecture in Split. 

Research started with sending questionnaires in Croatian industrial companies. The goal was 
to collect data from as many companies as possible. The questionnaire was emailed to 1,936 
Croatian companies. Companies were from all regions of Croatia. Size of companies were from 
micro, small, medium to large companies. 

A questionnaire was designed in a way to provide companies with questions that would 
follow process activities from product development, through planning and management, 
production to quality assurance. 

Thus, nine basic questions were defined [12]: 
1. Choose the answer that best describes the product development in your production system 
2. Choose the answer that best describes technology that dominates in your production 

system (PS) 
3. Choose the answer that best describes managing with work orders that dominates in your 

PS 
4. Choose the answer that best describes the traceability tracking of production that 

dominates in your PS 
5. Choose the answer that best describes managing with material supplies that dominates in 

your PS 
6. Choose the answer that best describes managing with supplies of finished products that 

dominates in your PS 
7. Choose the answer that best describes quality assurance that dominates in your PS. 
8. Choose the answer that best describes the Product Lifecycle Management – PLM in your 

PS 
9. Choose the answer that best describes the use of the Toyota Production System TPS and 

Green and Lean Production concept in Your PS 
For each of these nine questions, it was possible for the respondent to determine the industry 
level from 1.0 to 4.0 [14]: 
1. Industry 1.0: Oral communication man – man (manager explains work orders to workers) 
2. Industry 2.0: Written communication man-man (manager submits a written work order to 

the worker) 
3. Industry 3.0: Communication man – machine (operator controls CNC machines or a 

production line) Machine to Machine – M2M 
4. Industry 4.0: Intranet Communication 
Results of these nine questions will give insights into the current state of Croatian companies 
and provide the basis for defining all prerequisites. 

4. RESULTS AND DISCUSSION 
After sending a questionnaire to 1 936 Croatian companies, 161 companies responded and filled 
out the questionnaire. This data corresponds to a sample of 8%. Furthermore, 79% of the 
companies mentioned their names, 21% remained anonymous. The highest number of 
responses (37%) was obtained from management boards of companies [14]. 

According to the size of the company, the following answers were received [14]: 
 Micro company (5-9 employees) 14% 
 Small company (10-49 employees) 39% 
 Medium-sized (50-249 employees) 30% 
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 Large company (more than 250 employees) 17% 
Results show that the industrial maturity of Croatian companies is 2.15, which represents a very 
low level (Figure 2). Considering that the questionnaire filled out a large number of Croatian 
companies that are at the highest level of industrial maturity, it can be concluded that the 
average maturity of a company is smaller than the stated 2.15. 

 
Figure 2 – The Level of Industrial Maturity for specific segments of manufacturing and 

average of Croatian industry [14] 

Considering that the respondents could determine the industry level from 1.0 to 4.0, results 
show that unfortunately not even one company has a maturity index bigger than 3.5 (Figure 3). 

 
Figure 3 – The Level of Industrial Maturity of the Croatian companies [14] 

5. CONCLUSION 
From all the companies that participated in the research of INSENT project, not even one 
company could be positioned in the field of Industry 4.0. Limitation is that many companies 
did not participate in this research and it is a possibility that some of them could be in the field 
of Industry 4.0. Most of the companies are still in the field of Industry 2.0 and that is very 
concerning. It is obvious that the direct model of Industry 4.0 cannot be applied, but 
prerequisites are very much needed. However, it is important to consider another perspective 
of industry, which is, in Croatia, more developed than production industry – the service 
industry. Application of Industry 4.0 concept and all inherent technologies is possible in the 
service industry and the public sector as well. In addition, the conceptual model for successful 
application of Industry 4.0 should be universal, equally applicable in both production and other 
types of industries. 

Our suggestion is that Lean methodology or any other methodology that increases the 
process efficiency should be implemented in companies before even considering the Industry 
4.0 implementation. That will provide elimination or reduction of all non-value added activities 
and transform existing processes. Thus, processes will be prepared for the implementation of 
innovations. The process analysis regarding lean concept should combine three segments – 
human factor, activities and equipment, which is shown in Figure 4. 

 
Figure 4 – The proposition of three segmented process analysis 

The conceptual model of defined prerequisites for successful Industry 4.0 application 
encompasses the interoperability of all three segments, as shown in Figure 5. The proposed 
preliminary model could provide better identification of existing problems and focus on 
possible ones regarding modern technology's introduction within everyday work in various 
organizations. Early identification allows a better response and sometimes prevention as well, 
which is of high priority. 

 
Figure 5 – Prerequisites for successful Industry 4.0 application 

The next step of the research should focus on detailed analysis of all additional prerequisites in 
order to achieve a more accurate model for the successful introduction of modern technology 
and the concept of Industry 4.0 in various industries and companies. Furthermore, it should 
provide an elaborated strategy for introducing these novelties on the Croatian territory within 
companies. 
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encompasses the interoperability of all three segments, as shown in Figure 5. The proposed 
preliminary model could provide better identification of existing problems and focus on 
possible ones regarding modern technology's introduction within everyday work in various 
organizations. Early identification allows a better response and sometimes prevention as well, 
which is of high priority. 

 
Figure 5 – Prerequisites for successful Industry 4.0 application 

The next step of the research should focus on detailed analysis of all additional prerequisites in 
order to achieve a more accurate model for the successful introduction of modern technology 
and the concept of Industry 4.0 in various industries and companies. Furthermore, it should 
provide an elaborated strategy for introducing these novelties on the Croatian territory within 
companies. 
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Abstract 
In recent years, the term Industry 4.0 has been increasingly used as the paradigm of the fourth industrial 
revolution, since it represents an evolutionary process of manufacturing production which goes beyond 
and redefines the concept of automation through a more effective use of sensor technology that ensures 
full integration at all level. Many European Countries have implemented programs that promote the 
adoption of Industry 4.0 solution to increase the effectiveness of the transformation. Croatia is currently 
preparing a set of measures dealing with all the related aspects, from investments to skills to industrial 
research. Together with the set of tools to increase the effectiveness of transformation, it is important to 
have an effective transfer of knowledge from research institutions to companies. The Industry 4.0 
workshop developed by the Mittelstand 4.0 Competence Centre in Augsburg, Germany, is an effective 
tool to do that. 

Keywords: Industry 4.0, production, transformation, workshop, knowledge transfer 

1. INTRODUCTION 
Industry 4.0 is a term that was first used by the German Government in 2011, in a strategic 
investment program aimed at boosting the manufacturing sector based on high-tech strategies 
[13]. The concept has launched the fourth technological revolution, which is based on the 
applications and technologies that include cyber-physical systems (CPS), the Internet of Things, 
and the Internet of Services [11, 14], based on perpetual communication via Internet that allows 
a continuous interaction and exchange of information not only between humans and human and 
machine, but also between the machines themselves [6]. It has become the synonym of CPS, 
i.e. devices able to interact intelligently and to transmit their signals via the Internet; it achieves 
strong interconnect of production systems as they no longer need to be physically close [17]. In 
addition to Germany, many Countries have implemented programs promoting the adoption of 
4.0 solutions. These Countries include France, the Netherlands, Sweden, the United Kingdom 
and Italy. The Boston Consulting Group in 2016 [19] studied the status of adoption in Germany 
and the US; they focused on a survey of more than 600 managers and senior executives 
representing 312 German and 315 US companies. The result of the study showed that, so far, 
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companies in the two countries have implemented Industry 4.0 technologies at approximately 
the same pace. However, German companies appear to be better prepared to implement these 
advances in the coming years, and they have higher ambitions, which could give them an edge 
as adoption proceeds. Overall, companies see the lack of qualified employees as their biggest 
challenge in implementing Industry 4.0., together with Data security and significant investment 
required for new digital technologies. In our paper, we will in more detail discuss the German 
case. 

To handle the fundamental transition to Industry 4.0 the Federal Ministry for Economic 
Affairs and Energy of the German government has introduced the funding initiative 
"Mittelstand 4.0 – Digital Production and Work Processes". Its purpose is to enable small and 
medium-sized enterprises (SME) to fully exploit the advantages of digitalization, networks and 
Industry 4.0 applications. Therefore 23 competence centers and agencies all over Germany have 
been founded. Their aim is to sensitize, inform and qualify companies through concrete training 
and demonstration material, case studies and testing facilities in their region [5]. 

2. WORKSHOP "ARBEIT 4.0" 
The Mittelstand 4.0 Competence Centre in Augsburg provides services in the fields of digital 
business models, automation, Logistics 4.0 and Work 4.0. The responsibilities are split among 
partners of the competence center the Fraunhofer IGCV (Augsburg), the Cluster Mechatronik 
& Automation (Augsburg), Fortiss GmbH (Munich), the Technical University of Munich 
(Munich), the Verband Deutscher Maschinen- und Anlagenbau (VDMA) Bayern (Munich) and 
the Fraunhofer IIS (Nuremberg) [12]. 

One way to provide information about these topics are workshops given by the partners. 
Therefore, a knowledge transfer from the research institutions to the companies is achieved. 
The workshops range from basic topics about digitalization, advanced training about the four 
core topics to specific information about assistance systems or the like. The advanced workshop 
"Arbeit 4.0 – Wie sieht die Arbeit der Zukunft aus?" ("Work 4.0 – What will work look like in 
the future?") which was designed at the Technical University of Munich covers the changes 
regarding production workers. In our paper we will discuss further more the development, 
implementation and evaluation of the workshop. 

2.1 Development of the workshop 
A workshop consists of the didactical methods which are used to transfer the knowledge and 
the content. There are influencing factors on how successful the knowledge transfer is. The 
more sensory stimuli are used during the learning process the easier it is to remember the 
achieved knowledge. This varies from approximately 20% by only listening to up to 90% if the 
participants have to use their new skills in practical examples [16]. Additionally, there are seven 
learning styles which influence the effectiveness of learning (visual, audio, verbal, physical, 
logical, social and solitary type). These learning styles group common ways that people learn 
and are not limited to one per person. By addressing different styles, it is easier to remember 
the knowledge transferred during the workshop [2]. Next to these learning styles the DISG-
model defines four learning types: steady, proactive, dominant and conscientious [16]. To 
motivate the participants of the workshop to take active participation all these aspects have to 
be kept in mind while creating it. 

While planning the workshop the crucial point is the definition of the learning goals, as they 
define the knowledge which the participants should have internalized after the workshop. 
Through them the planning phase can be structured, during the workshop they provide 
orientation and afterwards they help with the evaluation. Learning goals (cognitive, affective 

and psycho-motoric) are systemize through type of learning goal, level of difficulty and degree 
of concretization. The degree of concretization of the learning goals helps to evaluate the 
learning success afterwards [15]. The transition from roughly to specific defined goals is fluent. 
The learning goals for the workshop "Work 4.0" are shown in Table 1. 

Table 1 – Learning goals of the workshop "Work 4.0" 
Learning goal To recognize implementation possibilities for Work 4.0 and 

know where additional information can be found. 

Cognitive goals Affective goals Psycho-motoric goals 

Rough goals 
C.1 Understand the term "Work 
4.0" 

Rough goals 
A.1 Recognize applications 
and technologies of Work 
4.0 

Rough goals 
P.1 Evaluation of 
improvement measures on 
the basis of the "Industrie 
4.0" VDMA guideline 

Specific goals 
C.1.1 Know technical terms of 
Work 4.0 
C.1.2 Know examples for Work 4.0 

Specific goals 
A.1.1 Identify the benefits of 
Work 4.0 for companies 
A.1.2 Identify technologies 
and types of work of Work 
4.0 and know their benefits 

Specific goals 
P.1.1 Understand and use 
the "Industrie 4.0" VDMA 
guideline 

 
Next to the didactical methods, the content of the workshop has to be defined. To understand 
the meaning of Industry 4.0 a summarization of the preceding industrial revolutions is 
necessary. The first industrial revolution marks the beginning of the industrialization. The 
production of goods was revolutionized by inventions like the weaving loom and the usage of 
steam power [10]. During the second industrial revolution at the beginning of the 20th century 
division of labor, standardization, precision manufacturing and assembly lines were introduced 
through electrification and mechanization [8]. The third industrial revolution is based on further 
development in electronics and information technology. The computer enabled a new level of 
productivity and flexibility [8]. All these preceding industrial revolutions have in common that 
there was a fundamental change in technology, organization and humans in production. The 
focus lays more and more on the capabilities of humans to solve problems and innovate than 
the mere workforce he is able to provide. The experience with these transitions has to be taken 
into account during the shift to Industry 4.0. 

To finalize the content a definition of Work 4.0 has to be developed. In contrast to the 
preceding industrial revolutions the fourth one is proclaimed. The goal of this project is the 
Smart Factory, an intelligent and self-organizing factory. Smart Factory is described as highly 
flexible, adaptable and resource efficient. Additionally, it provides ergonomic workplaces and 
integrates customers and partners into the value-added chain. This is made possible by CPS [9]. 
CPS combines virtual and physical production elements. This enables intelligent and self-
configuring production plants and the appropriate control technologies. The human monitors 
the production process as an augmented operator. The operator takes control in all crucial 
decisions [4]. Through the connection of all relevant production elements transparency 
throughout the process is achieved. This enables short reaction times to all deviations and 
arising problems, provided that the workers are qualified. The transition to Industry 4.0 will be 
step by step implemented in companies without replacing existing technologies and structures 
completely [10]. 
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companies in the two countries have implemented Industry 4.0 technologies at approximately 
the same pace. However, German companies appear to be better prepared to implement these 
advances in the coming years, and they have higher ambitions, which could give them an edge 
as adoption proceeds. Overall, companies see the lack of qualified employees as their biggest 
challenge in implementing Industry 4.0., together with Data security and significant investment 
required for new digital technologies. In our paper, we will in more detail discuss the German 
case. 

To handle the fundamental transition to Industry 4.0 the Federal Ministry for Economic 
Affairs and Energy of the German government has introduced the funding initiative 
"Mittelstand 4.0 – Digital Production and Work Processes". Its purpose is to enable small and 
medium-sized enterprises (SME) to fully exploit the advantages of digitalization, networks and 
Industry 4.0 applications. Therefore 23 competence centers and agencies all over Germany have 
been founded. Their aim is to sensitize, inform and qualify companies through concrete training 
and demonstration material, case studies and testing facilities in their region [5]. 

2. WORKSHOP "ARBEIT 4.0" 
The Mittelstand 4.0 Competence Centre in Augsburg provides services in the fields of digital 
business models, automation, Logistics 4.0 and Work 4.0. The responsibilities are split among 
partners of the competence center the Fraunhofer IGCV (Augsburg), the Cluster Mechatronik 
& Automation (Augsburg), Fortiss GmbH (Munich), the Technical University of Munich 
(Munich), the Verband Deutscher Maschinen- und Anlagenbau (VDMA) Bayern (Munich) and 
the Fraunhofer IIS (Nuremberg) [12]. 

One way to provide information about these topics are workshops given by the partners. 
Therefore, a knowledge transfer from the research institutions to the companies is achieved. 
The workshops range from basic topics about digitalization, advanced training about the four 
core topics to specific information about assistance systems or the like. The advanced workshop 
"Arbeit 4.0 – Wie sieht die Arbeit der Zukunft aus?" ("Work 4.0 – What will work look like in 
the future?") which was designed at the Technical University of Munich covers the changes 
regarding production workers. In our paper we will discuss further more the development, 
implementation and evaluation of the workshop. 

2.1 Development of the workshop 
A workshop consists of the didactical methods which are used to transfer the knowledge and 
the content. There are influencing factors on how successful the knowledge transfer is. The 
more sensory stimuli are used during the learning process the easier it is to remember the 
achieved knowledge. This varies from approximately 20% by only listening to up to 90% if the 
participants have to use their new skills in practical examples [16]. Additionally, there are seven 
learning styles which influence the effectiveness of learning (visual, audio, verbal, physical, 
logical, social and solitary type). These learning styles group common ways that people learn 
and are not limited to one per person. By addressing different styles, it is easier to remember 
the knowledge transferred during the workshop [2]. Next to these learning styles the DISG-
model defines four learning types: steady, proactive, dominant and conscientious [16]. To 
motivate the participants of the workshop to take active participation all these aspects have to 
be kept in mind while creating it. 

While planning the workshop the crucial point is the definition of the learning goals, as they 
define the knowledge which the participants should have internalized after the workshop. 
Through them the planning phase can be structured, during the workshop they provide 
orientation and afterwards they help with the evaluation. Learning goals (cognitive, affective 

and psycho-motoric) are systemize through type of learning goal, level of difficulty and degree 
of concretization. The degree of concretization of the learning goals helps to evaluate the 
learning success afterwards [15]. The transition from roughly to specific defined goals is fluent. 
The learning goals for the workshop "Work 4.0" are shown in Table 1. 

Table 1 – Learning goals of the workshop "Work 4.0" 
Learning goal To recognize implementation possibilities for Work 4.0 and 

know where additional information can be found. 

Cognitive goals Affective goals Psycho-motoric goals 

Rough goals 
C.1 Understand the term "Work 
4.0" 

Rough goals 
A.1 Recognize applications 
and technologies of Work 
4.0 

Rough goals 
P.1 Evaluation of 
improvement measures on 
the basis of the "Industrie 
4.0" VDMA guideline 

Specific goals 
C.1.1 Know technical terms of 
Work 4.0 
C.1.2 Know examples for Work 4.0 

Specific goals 
A.1.1 Identify the benefits of 
Work 4.0 for companies 
A.1.2 Identify technologies 
and types of work of Work 
4.0 and know their benefits 

Specific goals 
P.1.1 Understand and use 
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Next to the didactical methods, the content of the workshop has to be defined. To understand 
the meaning of Industry 4.0 a summarization of the preceding industrial revolutions is 
necessary. The first industrial revolution marks the beginning of the industrialization. The 
production of goods was revolutionized by inventions like the weaving loom and the usage of 
steam power [10]. During the second industrial revolution at the beginning of the 20th century 
division of labor, standardization, precision manufacturing and assembly lines were introduced 
through electrification and mechanization [8]. The third industrial revolution is based on further 
development in electronics and information technology. The computer enabled a new level of 
productivity and flexibility [8]. All these preceding industrial revolutions have in common that 
there was a fundamental change in technology, organization and humans in production. The 
focus lays more and more on the capabilities of humans to solve problems and innovate than 
the mere workforce he is able to provide. The experience with these transitions has to be taken 
into account during the shift to Industry 4.0. 

To finalize the content a definition of Work 4.0 has to be developed. In contrast to the 
preceding industrial revolutions the fourth one is proclaimed. The goal of this project is the 
Smart Factory, an intelligent and self-organizing factory. Smart Factory is described as highly 
flexible, adaptable and resource efficient. Additionally, it provides ergonomic workplaces and 
integrates customers and partners into the value-added chain. This is made possible by CPS [9]. 
CPS combines virtual and physical production elements. This enables intelligent and self-
configuring production plants and the appropriate control technologies. The human monitors 
the production process as an augmented operator. The operator takes control in all crucial 
decisions [4]. Through the connection of all relevant production elements transparency 
throughout the process is achieved. This enables short reaction times to all deviations and 
arising problems, provided that the workers are qualified. The transition to Industry 4.0 will be 
step by step implemented in companies without replacing existing technologies and structures 
completely [10]. 
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The CPS will fundamentally change the technical elements in production plants. For this 
interoperability between the applications is essential. The virtual component of CPS makes data 
and information available regardless of place and time. Future production systems will be able 
to cooperate and communicate. The most substantial of the fourth industrial revolution will be 
the decentralization of the production systems [10]. The organizational part of companies will 
also change. The functions of production, sales and research and development will not only 
have to be restructured because of the new technologies and production methods, but new 
organizational structures will be possible. New ways of interacting with machines will evolve. 
These developments will blur the line between human and machine. How and how far these 
technologies will be implemented is not certain yet [9]. All these developments in technology 
and organization will enable new forms of interaction between machines and humans. Ideally 
the human will be supported in its decisions and tasks. In production the cooperation between 
machine and human will more efficient. This transition to a complete social and technological 
network is already evident in companies and is irreversible [7]. 

To facilitate the evaluation of the workshop and structure it requirements have to be 
developed and achieved. In Table 2 the underlying requirements for the workshop "Work 4.0" 
have been summarized. 

Table 2 – Requirements for the workshop "Work 4.0" 
Requirement Notes 

Modularity The development in the field of Work 4.0 will rise 
exponentially. To keep the workshop informative in the long 
term, it has to be adaptable. Therefore, a modular structure 
has to be implemented. 

Comprehensibility The content of the workshop has to be consistent and 
comprehensible. It should give an overview over the topics 
of Work 4.0. 

Versatility The attention span of an adult is in average only a few 
minutes [18]. A varied structure with enough breaks is 
required. 

Transferability The participants of the workshop have various backgrounds. 
All participants should be able to understand the basic topics 
of the workshop. 

Interactivity The exchange of knowledge should not only take place from 
the supervisor to the participants but also between the 
participants themselves. Thus the workshop serves as a 
networking platform. 

Diversity The workshop should fit all genders and ages. 

Interoperability The workshop should be manageable by varying supervisors. 
Provided that the supervisor has basic knowledge about 
Industry 4.0. 

 
The workshop was divided into five modules to cover all topics sufficiently and fulfill the 
requirements. In the modules are shown and explained. 
  

Table 3 – Modules of the workshop "Work 4.0" 
Module Description 

Welcome & Introduction In this module the Mittelstand 4.0 Competence Centre as well as 
its partners and the supervisor of the workshop are introduced. 
The funding initiative "Mittelstand 4.0 – Digital production and 
work processes" is presented. The participants are asked to 
introduce themselves. 

Basics "Industry 4.0" This module explains the historical development to Industry 4.0. 
Abele and Reinhart have defined trends next to the technological 
driving force which make an industrial revolution necessary [1]: 
Globalization stands for the increasing worldwide interdependence 
in politics, economics, culture etc. New links between individuals, 
companies, communities and states are established. 
Penetration of new technologies throughout different academic 
disciplines creates new innovations and force interdisciplinary 
cooperation. 
The dynamization of product lifecycles defines the decline of time 
between two product generations. Faster changes in technology 
bring more innovative leaps and these lead to new products. 
Scarcity of resources describes the fact that because of the steady 
economic growth, the rising living standards and the careless 
handling resources are going to run short. New substitution 
materials have to be developed to avoid this. 
The current knowledge society describes the exponential growth of 
knowledge in almost all disciplines. The constant pressure for 
innovation urges especially researchers in technical fields to gather 
new information and knowledge. 
The risk of instability is a side effect of the increasing economic 
momentum and security risks. The closer linkage between the 
financial sector and companies amplifies this. Proper forecasts on 
relevant topics get more and more difficult for enterprises. 
The demographic change describes tendencies in the population 
development which will fundamentally change the age distribution 
in communities. 
The growth of the global economy also fuels climate change which 
is mainly caused by the carbon dioxide and pollutant exhaust. 
Also, the rising need for mobility has to be solved. Alternative drive 
technologies and consequent downsizing are promising 
approaches. 
Rising demands of quality of life include several aspects of living 
conditions like wealth, education, career opportunities, culture, 
nature etc. 
One factor to overcome these challenges is increasing productivity. 
Value added chains have to become more productive to stay 
competitive. Also, rationalization effects can be compensated. 
Work 4.0 plays a fundamental role in this. 
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technologies will be implemented is not certain yet [9]. All these developments in technology 
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materials have to be developed to avoid this. 
The current knowledge society describes the exponential growth of 
knowledge in almost all disciplines. The constant pressure for 
innovation urges especially researchers in technical fields to gather 
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Development potential of 
"Work 4.0" 

In this module examples for technical, organizational and legal 
changes are discussed and presented to give a general overview 
over the possibilities of Work 4.0. 
A fundamental part of the technical changes are intelligent 
assistance systems. These can be divided into three categories: a) 
Perception assistance systems include assistance systems which 
support information intake and processing. Examples are virtual-
reality glasses or pick-by-light systems; b) Decision assistance 
systems simplify decision making by prioritizing tasks or 
automatically gathering additional information. An example is the 
intelligent database driven image processing board "Schlauer 
Klaus"; c) Execution assistance systems help the worker to perform 
physical movements. They are individually designed for the 
ergonomic requirements of the worker. Examples for these 
systems are exoskeletons or human-robot collaborations. 
The technical progress also enables new forms of organizational 
structure. With crowd-working or crowdsourcing companies can 
use the workforce of a huge community. Communication and work 
take place on a crowd-sourcing platform. An example for this is the 
development of the minibus "Olli" [20]. Through the 
decentralization of applications and services employees can work 
from all around the world. For these new forms of organization of 
work new forms of management and control are necessary. 
Intercultural skills, reflection and soft skills will gain in importance. 
Also, legal aspects concerning privacy and data minimization get 
more attention. The new forms of organization require new legal 
guidelines to cover employers and employees. 

Practical implementation of 
Work 4.0 

This part of the workshop presents different guidelines and 
technologies for companies to implement Work 4.0. The VDMA has 
published their guideline "Industrie 4.0" which divides the 
transition to Industry 4.0 into the phases preparation, analysis, 
creativity, evaluation and implementation. During the workshop 
the participants are confronted with a fictional problem during the 
analysis phase. The toolbox in  
Figure 1 divides the production of a company into six 
subcategories. They help to evaluate your company and track your 
progress to achieve added value with Industry 4.0 applications [3]. 
The participants have to evaluate the fictional company and 
develop ideas for each step missing to achieve Industry 4.0. 
The second part of this module includes a tour through the 
demonstration center at the Institute for Machine Tools and 
Industrial Management of the Technical University of Munich. 
There several Industry 4.0 applications which are in use or still in 
development are presented and can be tested. Afterwards follows 
a discussion over these technologies and additional fields where 
they could be used. 

Feedback & Farewell The final module includes an overview over the knowledge 
discussed and developed during the workshop. During the feedback 
the participants can share their thoughts on the workshop. 
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2.2 Execution and evaluation 
The workshop was held the first time at the Institute for Machine Tools and Industrial 
Management of the Technical University of Munich on 22.02.2018., and it included participants 
from research institutes and five different companies. The participants were satisfied and gave 
a feedback with more than 80% approval that their expectations were met and it will help them 
to implement Industry 4.0 in their company. During the workshop the participants struggled 
with issues of change management. This area should be added in future workshops. 

2.3 Limitation 
Industry 4.0, respectively Work 4.0 affects production work in several aspects. The workshop 
tries to give a general overview. The content chosen for the modules is covering only the basics 
and tries to give an outlook on which challenges the companies will come over. How Work 4.0 
is implemented has to be evaluated from case to case. We are at the beginning of the transition 
to Industry 4.0. The workshop has to be adapted to future developments. Additional topics may 
be added after the workshop has been held several times to cover the needs of the SME. This 
workshop represents only a piece of the puzzle called Industry 4.0, and it can be only seen and 
evaluated as a whole. The focus of the workshop lies on the technical and organizational 
changes for the production worker. Both fields offer additional opportunities to design further 
workshops to transfer the knowledge into companies. 

3. CONCLUSION 
The fourth industrial revolution is happening now and it requires from each company and each 
individual to rethink what is expected or desired from the smart project and smart internet-
connected devices. The workshop created and explained in this paper will give a basic 
understanding of Work 4.0 as it represents a major part of Industry 4.0. Additionally, the 
practical exercise facilitates the implementation in the participants companies. Through the 
workshop a knowledge exchange from the research facilities into SME is achieved. 
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Abstract 
Industry 4.0 is a modern concept that applies digital technologies in manufacturing processes using 
cyber-physical systems. Most of the recent literature deals with technology features of Industry 4.0 while 
the organizational aspects are substantially less covered. This fact motivates the need to systematize 
current knowledge on the subject and to outline potential research directions. The main goal of the 
paper was to address this challenge by reviewing available scientific articles on topics of organizational 
changes in the context of Industry 4.0. Specifically, we have explored which current organizational 
models are more suitable for digital transformation of the manufacturing companies. In addition, we 
were also interested in what way are organization addressed in proposed frameworks for digital 
transformation. Research findings imply that Industry 4.0 will have a major impact on existing 
organizational models, with the concrete organizational changes depending on factors such as industry 
type, geographical location or current organizational models. These findings lead to the conclusion that 
there won't be a one-fits-all solution that will facilitate the digital transformation. The used 
transformation framework will have to take into account specific organizational circumstances. 

Key words: Industry 4.0, Manufacturing, Cyber-physical systems, Organizational model, Digital 
transformation 

1. INTRODUCTION 
The process of globalization, liberalization of international trade and the global economic crisis 
in 2007 showed that the classical vision of the enterprise and its business activities can't survive 
in today's turbulent economy. It is the reality, not only for production-oriented enterprises, but 
for service-oriented enterprises too. Because, today's enterprise needs to have a high degree of 
specialization in its field, and, at the same time, a flexible and fast response (new product or 
service) to the needs of customers (a very specific ones and a wide range ones). That creates a 
new vision of a modern enterprise which needs to unite contradictory requirements: 
specialization and flexibility. Since the introduction of phrase "Industry 4.0" by the Germans 
during Hannover Fair in 2011[4], the literature regarding that topic has risen sharply, but while 
most of the recent literature deals with technology features of Industry 4.0 the business and 
organizational aspects are substantially less covered. This paper is going to be offering a 

viewpoint on most suitable management practices which promote innovation, startup culture 
and learning as well as the best organizational and business frameworks suitable for Industry 
4.0. Industry 4.0 is going to be characterized by smart manufacturing and implementation of 
Cyber-Physical Systems (CPS) [1][21]. There is the number of factors connected to the Industry 
4.0 including lack of workforce, society getting older, mass customization, shorter product life 
cycle, volatile markets and pressure to reduce costs [1]. Some of them can be solved by 
implementing technological features of Industry 4.0, while others, like lack of workforce and 
older society by changing organizational and business features. Level of innovation has been 
recognized as number one factor for adapting to the new demands of the markets. R&D and 
innovation are key policy components of the Europe 2020 strategy [6]. All this require new 
innovative leadership style, closest to it is transformational leadership [7][8][9]. 

The second big challenge, which will, in addition to technological approach require 
organizational approach too is mass customization. Although it utilizes modularization to 
simultaneously increase product variety and maintain mass production (MP) efficiency, there 
are some limitations to mass customization [2]. 

The third big challenge is business paradigm change. From 1960 until 2015 world population 
has grown from 3 billion to more than 7 billion people. Furthermore, the buying power of each 
individual tripled in that period. The result is misbalance between supply and demand side. 
Neoclassical business models are getting outdated and unsustainable. New business models 
need to be constructed, which will include social and environmental factors [3]. Social and 
political parameters will play a crucial role in the process of digital transformation. Some say 
that universal basic income will become necessity [11][12]. 

Making progress in this direction and solving this dilemma would make integration of 
businesses with the 4th Industrial revolution, i.e. industry 4.0 much easier for stakeholders. 
Horizontal integration of the products, customers, workers or suppliers, and the manufacturing 
equipment requires not only technological approach but organizational and different 
management approach. That is why in this paper, we will address the influence of Industry 4.0 
and digital transformation on business models and organizational frameworks and investigate 
which one is the most suitable for digitalization process. In addition to that, we will categorize 
the best changes and ways for current models to adapt to the necessary changes and categorize 
them by industry type and geographical location. There is no unique solution for all type of 
organization; they need to be customized. 

2. METHODOLOGY 
Since Industry 4.0 is pretty new, most of the research on it have been based on theoretical, not 
experimental methods. This one is no different. It is challenging to try to practice new business 
or organizational concepts because that would require remodeling businesses and being 
exposed to risks which most of the companies are not ready for.The framework methodology 
used to develop our model is the step-by-step process which included systematic literature 
research and review, summarizing, synthesizing new concepts from old, categorizing them and 
describing in which direction should research continue. 

We have started the process of searching for the appropriate literature by using scientific 
sources such as Thomson Reuters to find the articles with the keywords: Industry 4.0, 
digitalization, digital transformation, organizational and business models, transformation 
framework. After exploring numerous essays dealing with this topics, we have decided on the 
ones best suitable for our research directions. Those are the ones referenced in the introduction 
part. We chose the sources based on the ones which explore the combination of technological 
innovation needed to pass digital transformation with the organization and management 
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has grown from 3 billion to more than 7 billion people. Furthermore, the buying power of each 
individual tripled in that period. The result is misbalance between supply and demand side. 
Neoclassical business models are getting outdated and unsustainable. New business models 
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digitalization, digital transformation, organizational and business models, transformation 
framework. After exploring numerous essays dealing with this topics, we have decided on the 
ones best suitable for our research directions. Those are the ones referenced in the introduction 
part. We chose the sources based on the ones which explore the combination of technological 
innovation needed to pass digital transformation with the organization and management 
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influence taken into consideration. Furthermore, articles investigating socioeconomics impact 
on the Industry 4.0 were especially noted. 

After deciding on the literature, next step has been summarizing the most suitable concepts 
for our topic. In summarizing phase, we identified essential elements and condensed vital 
information into their own words to solidify meaning. For summarizing we have used a simple 
method adapted from "Summarizing a Research Article 1997-2006, University of 
Washington"[5]. After reading for depth, highlighting main points and answering the questions, 
we have summarized the essential points and results while keeping an eye on eliminating 
wordiness, using specific, concrete and scientific language. 

In synthesizing, we have taken key points from the previous phase and grouped ideas to new 
concepts and thoughts. Synthesizing takes the process of summarizing one step further. Instead 
of just restating the crucial points from the text, synthesizing involves combining ideas and 
allowing an evolving understanding of a text. 

The last step was recommending in which direction should the research continue to 
understand organizational and business impact of Industry 4.0 better. 

 
Figure 1 – R&D intensity [6] 

3. RESULTS AND DISCUSSION 

3.1 Innovative management 
Success in Industry 4.0 is measured in the capability of adapting to changes and in innovation 
level. Organizations require smart management and smart workers. Management style has not 
changed much since the late 80ties, so new management paradigms are becoming hot research 
topic. There is a need to develop capabilities to manage business models successfully, to access 
potential market and reach customers, to improve value chain processes and systems, risk 
management and legal matters, and strategic management because of globalization. First and 
essential parameter companies need to reevaluate is their capability to innovate. Level of 
innovation is becoming number one factor needed to be successful in the following years. 

In present times, needs of customers are changing daily, and companies must be able to 
innovate and follow those needs fast as possible. Competitors are becoming more agile, 
dynamic and proactive. Responding times to competitors moves will need to become shorter 
and more responsive. The primary innovation indicator also cited as R&D intensity, shows the 

proportion of gross domestic product (GDP) dedicated to research and development [6]. As 
seen from the graph, expenditure on R&D slowly progressed from 1.77% in 2007 to 2,04% in 
2014, but recent figures point to stagnation. Still far away from 3% target [6]. If we compare 
expenditure in innovation globally, EU is still lagging behind more advanced economies, such 
as Japan, South Korea, China and the United States. R&D intensity can be considered a solid 
indicator of the potential GDP growth [6]. Fostering entrepreneurship and creativity is number 
one challenge to make use of R&D. However, innovation is not limited to it. Companies can be 
stimulated to innovate internally, but it requires a different approach to the employees. A 
progressive business environment is vital for the promotion and diffusion of innovation. It is in 
direct correlation to the leadership style. Investopedia defines leadership as the ability of a 
company's management to set and achieve challenging goals, take swift and decisive action, 
outperform the competition, and inspire others to perform well [7]. The last part, "inspire others 
to perform well" is essential for innovative management. For example, Apple Inc. is on the list 
of most innovative companies in the world. According to most of the case studies, it is not due 
to the technical skills of past Apple's CEO Steve Jobs; it is due to the leadership style of 
managers. They know how to extract best outputs from their employees [1]. 

If companies aim to stay concurrent in the age of Industry 4.0, they will need to adopt special, 
innovative management style. The most commonly mentioned management style for Industry 
4.0 is transformational. Transformational leadership is leadership approach that causes a change 
in individuals and social systems. James MacGregor Burns (1978) first introduced that concept. 
While transactional leadership style is based on "give and take" relationship, transformational 
is based on leaders personality and drive toward change. Transformational managers strive to 
change organizational culture. [8] Since digital transformation requires new, remodeled 
business and organization frameworks, transformational management is more suitable for doing 
that. 

In addition to management being transformational in Industry 4.0., it has to implement some 
more paramters to be successful. Those are a specific approach to hiring, training, grouping, 
compensation and job design. 

 
Figure 2 – Transformational Leadership [18] 
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Hiring has to be slow and methodologic, testing the candidates' ability to comprehend open 
concepts and testing their capabilities of thinking outside the box, personality traits needed for 
the innovative mindset. Firing has to be swift when it is evident that individual cannot fit into 
the organizational structure. Training programs need to be designed to enhance the innovative 
capability [1]. Groups formation should follow Belbin system of 9 roles in it. Innovative 
managers need to motivate employees by designing objective performance compensation 
system which is reflecting employees contribution to the company [9]. 

Job rotation, flexible working time, the lengthy list of tasks and responsibilities to the 
employees promote the climate of innovation. Furthermore, job design ought to promote 
teamwork and collaboration [9]. 

3.2 MPP system 
New manufacturing models have to be adapted for mass personalization production through 
providing individually distinct products with positive user experience. The emerging 
technologies like IoT, CPS, IoS, RFID need to be integrated into the business framework. 

As seen in the picture business framework is made of 3 parts; enterprise information system, 
manufacturing execution system and internet of knowledge. [2] 

 
Figure 3 – Production paradigm evolution [2] 

Enterprise information system is top level and supports strategic decisions, including supply 
chain, order processing, inventory, human resources and customer relationship management. 

Manufacturing execution system primarily supports operational decision capturing the data 
from RFID technology into information that makes manufacturing intelligent. Artificial 
intelligence and data science are a crucial part of this step. By optimizing the input data, the 
system can realize production projecting and scheduling and resource allocation. MES regulates 
all the activities at the operational level. [2] 
Network level is connecting piece between customers and the system. With it, customers can 
access various resources and services from anywhere. Cyber-physical systems are the one 
integrating two essential elements, which are control of processes with the help of integrated 
software. With this software intelligent controlling can be used. IT is an orchestration of 
computers and physical systems. Computers control and monitor physical processes, where 
physical processes affect computations and vice versa. CPS can be used in a range of industries 
including automotive, medical, military, traffic control, power generation, HVAC, and 
manufacturing. The challenge is in about making this synergy like intersection, and not the 
union, of physical and the cyber. To accomplish that knowledge of mechanical, civil, electrical, 
biomedical, chemical and industrial engineering need to be combined with the methods of 
computer science and programming. [21] 

 
Figure 4 – Framework of MPP system [2] 

3.3 New organizational models 

Table 1. Comparison of factory today and Industry 4.0 factory [22] 

 
 
Manufacturing is a crucial part of today's society. Production paradigm is now coming through 
forth powerful change. In the first industry revolution products were manufactured based on 
the demands of the user at the limited number and high cost. In the second industrial revolution, 
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that changed and low-cost products were made using large-scale production. The variety of the 
products was very limited. The leading pioneer of production in Industry 2.0 was Frederick 
Winslow Taylor. Third industrial revolution introduced mass customization production. It 
required new flexible production paradigm. Lean production was born from it, including 
concepts like just in time, pull system and Toyota production system. 

Industry 4.0 brought different demands, shifting focus from company's value to customers 
demands. Customers want personalized products while at the same time there is a visible deficit 
of personalized production. In order to solve it, new smart, modern manufacturing model needs 
to be invented. China already adopted the strategy of smart manufacturing and it is called 
"China manufacturing 2025". Many similar projects are in the world, including "Intelligent 
manufacturing system" by European Union. 

 
Figure 5 – The four stages of the Industrial Revolution [20] 

Customers are demanding products as fast as possible. The delivery time is going to get shorter 
and shorter, reducing from a week to days and later to hours time. 

For mass customization model to be satisfied it needs to configure various products variants 
through modularity with commonality embedded in the product platforms to reuse proven 
design among product families. Furthermore, products have to be created so the parts of it can 
easily be modified [2]. 

Also for mass customization production to be successful, current organizational models need 
to be reassessed. 

An organization can range from mechanistic which are characterized by a centralized 
structure, bureaucracy, many rules, and vertical hierarchy to organic which are decentralized, 
characterized by startup culture, horizontal communication, and fewer formalities [1]. Industry 
4.0 is characterized by volatility and uncertainty, so organic design is much more suitable for it. 

Future-oriented companies nowadays are organized in either matrix structure, decentralized, 
project-oriented or flat hierarchy. 

 
Figure 6 – Mass customization [14] 

A matrix type of organizational structure combines the traditional departments seen in 
functional structures with project teams. In a matrix structure, individuals work across teams 
and projects as well as within their own department or function. For example, a project or task 
team established to develop a new application might include engineers and web designers as 
well as those with marketing, financial, personnel and production skills [10]. 

Advantages are that it helps break down the traditional departments, improve 
communication vertically and horizontally, reduces costs, improve coordination, induces 
motivation and encourages synergy of ideas which directly influences innovation level in the 
company. At the same time, it brings some disadvantages such as a double line of responsibility, 
unclear line of authority and members could neglect their functional responsibilities. 

 
Figure 7 – Matrix structure [15]  

The second common organization structure is a flat hierarchy. It is most often seen in startups. 
It has no levels of middle management between staff and executives. Managers have more 
employees and responsibilities under them. Furthermore, chain of command is short, and there 
is usually no more than three levels. Open office design is typically seen in flat organizations. 
The flat structure increases employee-managers communication, which increases learning and 
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feedback process. It is reasonable to argue that a flatter organizational structure can be a good 
fit with industry 4.0, as it promotes innovations [1]. 
In decentralized organizational structures, decisions are often transferred to the lower levels. 
The main idea is that employees have better knowledge of activities than top management. It 
allows them to make decisions faster. In changing times, it has proven to be more flexible and 
agile than standard organizational structures[1]. 

 
Figure 8 – Decentralized structure [17] 

Industry 4.0, as we mentioned before, requires the new type of innovative management ready 
for dynamic and volatile times. This type of management cannot function in a standard 
functional organization. It needs new organizational type which is going to combine matrix and 
flat structure while being decentralized. It would allow innovative management to use a full 
resource of the employees. By decentralization, employees would become more implemented 
in decision making which would make an organization more agile and responsive to the 
demands of customers and competition. 

4. CONCLUSION 
In this paper, we tried to synthesize the "ingredients" of the future-oriented companies which 
will dominate the market in the following years. Those companies will have to contain the 
mixture of innovative management and new organizational structure to stay adaptable to change 
and customer demands. 

Furthermore, they will need to move the focus from following the competition to the 
satisfying the customers in a way that products or services will become more personalized and 
customized. Not all the companies will survive the fourth industrial revolution, the biggest so 
far. Many of them will not be able to adapt and as a result, will fail, but the successful ones will 
become industry leaders. 
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