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IF WE WERE THE RULERS OF THE WORLD.
PART I: REASONS FOR THE BIGGEST PROJECT EVER:
PROTECTING THE WORLD AGAINST US
Dr. Werner Wetekamp
werner.wetekamp@fh-dortmund.de, Professor
Dortmund University of Applied Sciences and Arts
Emil-Figge-Str. 44, 44227, Dortmund
Abstract: This assignment is part 1 of 4 articles which have the target to show a direction how,
who and in which areas we should protect the world. Nowadays we ignore that we destroy and
destroyed our world in these decades of the last 200 years. “The world was empty before – now
it is full”, states the Club of Rome because the overpopulation leads to many problems. Why do
we not act although we have to act? This article “Part 1” shows 12 reasons why we solidify in
motionlessness. Then the 6 largest and most obvious areas of “action needed to protect the
world” are mentioned such as overpopulation, deforestation and pollution of the oceans.
Part II of this line of articles deals with the areas we have to care about on global level. Part III
shows the leading rules how to manage such a project to save the world. Part VI shows how this
project really can start and who can and should initiate it in which way.
Keywords: protection of the world, environmental protection, climate change, overpopulation,
deforesting, pollution
1. Introduction
If we were the rulers of the world... What would we all be able to do then? Enjoy, save and bring
peace to the world for example. But are we not the rulers? Have we not assumed power over land
and water, beast and man? Yes! Of course!
The purpose for writing about this is precisely the following point: we must understand that we
hold the world in our hands - and therefore have the sole and immeasurably great responsibility
for our actions in the world and must cease to exploit it. So, what should be done? As always,
when problems are to be solved, this means that we must sharpen our eyesight, analyze, plan and
implement plans.
In this first part of four we will just show that things have to be done. Although there are no
additional proves needed, we show that we cannot escape from this task and we should not wait
for god or an uprising of animals. The main content of part 1 of the 4 articles is to show why we
don’t act and why we should act. A main part is that we have an organization of the world which
fitted to the past but not to the current situation where the nations and their legislations and
executions are no longer able to manage their topics because they are not national but global
topics.
2. The initiation of the most important project of the world “protecting the world against
us” and their reasons
In this article we show that
•
The most important project of the world is to protect our world.
•
We cannot expect help from others like us. We as human being have to do the changes.
•
Do we understand that we have to act?
•
Are we already doing enough?
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•
•

Why we don’t act?
In which area it is visible for all that we have to act?

2.1 The most important project of the world is to protect our world
I claim that the issue being addressed here is entirely the most important one. It is about the
greatest thing that we as people can influence: the world and its protection and salvation. The
world is far more important than we as individuals, as an animal species, a country, a scientific
subject, an invention, a biography or as a beautiful story. This is the most important issue because
it is about saving the only planet we have: The Earth. We have to deal with how to save it and
who can save it, so that those generations that come after us can still inhabit an Earth worth living
on.
2.2 Who has to act?
The present world is divided among people for its resources, land, legal areas, and even those
who have played the role of 'opponents' in this round of world rulers, are also people who are
committed to environmental protection or biodiversity. We have long since conquered the animals
as possible competitors for the control of the earth.
Who could dispute our leadership role? Hardly anybody would question that neither a deity nor
an extra-terrestrial being, if such existed, could have the influence that man currently has in our
world. No matter where you look, the influence of man is clearly visible. Man undoubtedly
dominates the world, and more or less comprehensively. We have to act. We will come back to
this question in part IV of this line of articles.
2.3 Do we understand that we have to act?
We all know that we have to act – if you as a reader look to yourself you know that we have to
act. But why don’t we change the situation? We do not feel strong enough as a single person. But
why do political parties not overtake this role? Because there are other man-oriented topics which
are more important. Unemployed people vote for better job, pensioners vote for save pensions
funds and students for peace and good education and British people for or against Brexit. All
these topics are important. But will we have a nice planet in 1000 years to enjoy all this in future?
The green parties of the world get 5 or 10 % of votes and so the green parties reduce their “green”
direction based on the missing support for their topics of the people – people prefer to hear about
immigration, employment data protection, tax reduction or digitalization.
2.4 Are we already doing enough?
There are already many plans to protect the world; politicians discuss them, and others are
implementing initiatives of various kinds. But it cannot be done with mere fig leaf measures or
those which are only partial or are regionally limited.
Energy saving already plays an important role for example in Germany, whether it’s in the private
sector when choosing a light source or with road traffic by introducing cars which stop the engine
at the traffic light. Of course, it’s good to use energy sparingly, although the effects of such
measures are hardly noticeable. However, the exaltation energy savers have can be enormous. At
the end of each legislative period, policy makers also always reach their energy-saving targets.
But in fact, this means that the demand for correct, fully effective measures remains on a too low
level, just as their implementation does. The energy supply would last only a little longer because
of energy-saving, while the energy reserves will melt away to nothing in e.g. 504 years instead of
e.g. 500, just as it is happening with the ice at the poles. Energy saving is certainly a laudable
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idea, but unfortunately leads to the opposite of the desired outcome. Energy saving simply
prevents a real, effective and sustainable energy turnaround from being put into effect. This will
be described in the next chapter.
2.5 Why don’t we act?
Do we sleep not knowing about the problems we have already now here on our world? Do we
have not enough ideas to protect the world? No: the concepts are easy (don’t throw waste to a
river or don’t cut off the rain forest) or they are complex but, in this case, already invented (energy
from the desert, recycling of waste or anticonception). But why we do not act? I think there are
two groups of reasons for this: one group (the following positions A) till I) of reason where we
will have problems to change the nature of our characters and the second group which contains
three position (J till L) where I see the possibility to change and to start an initiation.
A) Positive and negative Cognitions
A student at the University of Applied Sciences, Dortmund, has written about these points in his
thesis and notes that there is an interest in taking steps of energy saving and also real steps can be
observed. But they are only minimal steps really, which above all soothe and prevent real concern
or further reflection on the needed facts in question. This student brings up Leon Festinger’s
cognitive dissonance theory in order to explain that with simultaneous awareness of the problem
as such, there is an effort toward self-pacification. According to this theory, different directions/
desires/ behaviors/ problems/ decisions (so-called cognitions) are attempted to find a solution for
concrete action. These relationships between different alternatives can be dissonances or
consonances. Consonances are positive conditional cognitions (e.g., I want to get fresh air and
have to go shopping anyway). Dissonances are negative cognitions which influence one another,
such as “I want to eat chips” (delicious) or “I would rather not” (I’ll become fat). The more
significant the cognitions are, the higher the dissonance.
One can observe that man tries to gain a balance in such trade-offs, for example, by referring to
the rich nutrient content of beer (positive cognition is added), or to the fact that the renouncement
of beer leads to fewer friends (subtraction of dissonant cognitions) or that consumption of beer
does not directly lead to an increase in weight, but rather one may even help to protect the
rainforest by this action as mentioned in a German beer marketing campaign (substitution of
dissonant for consonant cognitions).
This theory applied to energy saving means that the attitude of the human being is roughly
conceivable as: "On the one hand I need energy (heating, car, electricity ...), but on the other hand,
I destroy the environment. If I need a car now and own it, but it turns off automatically at the
traffic lights, then I am, despite everything, a good citizen and an energy saver. When I use energy
saving lamps in addition, I have done everything I need to; especially when I see that my country
produces a lot of renewable energy. Here everything is clean. This is supported by politics and
the economy. Summarizing this in one sentence: the practice of energy saving hinders the search
for a better energy supply. It acts as a positive cognition and leads us to continue emitting CO2
year after year. We can apply this example of energy saving to all other areas of mistakes we do
currently in relation to your world. We build a new house and close 500 m³ of land with the house
but put a modern bird feeder to the garden and think we did all we can. We separate all the waste
of our house and think that we should be proud on it already.
B) Only a few people are future oriented
People are oriented in solving their problems. Young people care a lot about games and solve
their problems with friends, Old people care about health and trips, families have to care about
their children and their existence. Do we have a minister for future? Does someone think regularly
about what will happen with the world in 200 years or in 1000 years? Are our children more
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important than our great-grandchildren? How high is the percentage of our income we pay for
decisions of the past (credits?) or we do invest in future?
C) We are one of 7 650 000 000 people on this planet
We are not important or strong enough to change the world. If we act alone the effect is like a
drop in the ocean.
D)
In relation to others we do a lot
We care already about protecting animals in Germany and our rate of renewable Electricity is
around one third which is very high in relation to other states. So, let the others do something now
– let Brazil stop cutting down the rain forest and let China stop the pollution of the air. But we
forgot that Germany was one forest 2000 years ago and 100 years ago the sky in Dortmund was
dark and gray even when the sun was shining. But let the others do something now.
E)
We do not suffer enough
Al Gore stated in his speech in front of managers and politicians in Poland 2010 that we tend to
change the things only if we are in real danger. He painted the picture of a bathtub with us in it
and water getting hotter and hotter. When will we get out? Only if it really hurts, we jump out of
it. In these days the radio station like to report about nice weather, and we like to eat ice-cream
even in autumn and spring because of the advantages of the climate change. Let’s stay in the
water till we get burned.
F)
We are concentrated on mankind
Only nerds care all their lives about birds and the protection of the ocean. Those of us who care
about their children, our rights and our religion are normal and accepted.
G)
A change to protect the world costs too much
Air is for free: would you like to pay for it? Land is limited: the price would increase if you
reserve land for animals. We know that renewable energy costs more than to drill a hole to the
ground and pump Oil out of it and burn it.
H)
Only a few people vote “green”
If you want to lose the next election as a politician write to your flyer that you want to reduce the
number of people in the country and half of your country should be given back to nature. Add
that according to your new ideas in 20 years no more oil, gas and coal should be uses! Look how
many people will vote for you. The green party in Germany gets between 5 and 10 percent. I do
not expect the number of voters “for the future and for plants and animals” to be higher than this.
I)
We are not concerned
Why should we care about the problems of the Maldives or the North Pole which will not exist
any longer, but we will not be erased from the landscape? If we move our waste by ships to Africa
and our country is clean why to complain? Our character is dedicated and conditioned to help our
children, family or friends first. And because of the shortage of time and money there are not
enough resources left to care about others. Do we expect that the people starving with their
families, finish cutting off the rain forest? And the rainforest is far away.
J)
The political cycles are too short
Although 4 or 5 years between two elections are a long time, the politicians have no opportunity
to care about sustainability because sustainability costs money – gathered by taxes of the voters.
And because the voters will see no direct impact of this sustainable activity, they will vote next
time for those who promise short term items like increase of the promotion of students or the
governmental aid of children or the increase of pensions.
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K)
There are no members of parliaments who care about the rights of plants and animals
This reason why we are not acting is the most important one I want to add here. It has from my
point of view another character than the others because understanding about this point is a
promising key to success – a reason that we might change (while we will never change that people
are egoistic and selfish because this is our nature). Before I will come to the core of my message
I would like to start earlier:
Thousands of years ago (Phase 1), there were only single tribes of people who neither had an
understanding of the concept "world", nor did they need it. These tribes lived in their own
territories and defended against other hostile tribes.
Phase 1: Tribes live side by side in territories without state leadership
States slowly formed from the peaceful union of tribes as well as the hostile subjugation of
neighbors. State formations of different tribes grew (Phase 2). The states organized themselves
within the borders, defended themselves externally, or tried to expand militarily or through
alliances. Finally, the entire world was divided into countries led by kings and tribal chieftains.
Through wars and colonialism, the boundaries only shifted - the system as such remained.
Phase 2: The entire world is divided into countries with borders, and the countries are run
by individuals
After phase 2 all further states are distinguished only by the change in the leader. Whether or not
the country's borders are shifted does not matter. After many centuries, democratization began
because large numbers of subjected people surrendered to the small number of persons/families
with leadership privileges. Many states have not yet been affected by democratization, but I think
we can call it a "natural law" that all members of a country also play an active part to some extent
in the direction of the state. The first form of democracy - this aspect will play a role in the further
progression of this discussion - were the democracies supported by the males of the country.
Phase 3: The countries are (largely) transformed into democracies, led by the males of the
country
A further generally observed development (Phase 4) was that women had now begun to take part
in parliaments. After the formerly enslaved men of the country were able to vote, women also had
risen and the way to participation in parliaments had been opened for them too.
Phase 4: Women enter the parliaments of democracies on an equal basis
So we can observe that in most of the developed countries we have democracies in place based
on the full human power of women and men. Animals and plants have no voice in the parliament.
Instead of an uprising of animals and plants they tend to die out if they get in trouble. The missing
voice is why their rights are misused and do not become known. This is one of the two
organizational reasons why the world cannot heal itself: The power of politics is focused on
human being.
L)
one

There is no organization which takes the responsibility to change the world to a better
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This reason begins with the same fundament as the previous one because the same roots are lying
in the time when mankind was in line with nature and the world was still empty. So, we repeat
the first two phases from K) and go after this to another direction:
Phase 1: Tribes live side by side in territories without state leadership
Phase 2: The entire world is divided into countries with borders, and the countries are run
by individuals
Phase 1 and 2 show that the organizational structure of the world was growing. Tribes didn’t need
countries but only their territories to hunt and pick fruits and they didn’t touch the territories of
other tribes. After the growths of number of inhabitants there were fights for territories and the
organizational solution of countries appeared. The borders were protected – within the border the
people felt like one team/nation – the nation organized common needs as one community like
roads and armies – they introduced taxes and leaders of a nation. The organizational need and
sense of nations is obvious: to work together, to protect themselves and to develop together. But
again the situation had changed. The world is full of people now. We cause problems for the
whole world or let’s put it to different words: we as one nation cause problems for the other
countries. Problems like pollution, climate change and attacking other nations getting global
while our organization stayed on the level of organization we have from ‘Phase 2’: nations.
The headline of this chapter is “Why we don’t act?”. The reason for not acting I give here in L)
is: because nobody has the responsibility! Some take the responsibility sometimes (e.g. US helped
Europe against Hitler-Germany) but voluntarily and only on demand and not with the higher
target to care in all dimensions about our world. So the reason why we don’t act is: there is nobody
who has to act.
In part 4 of this series of articles I will start with this organizational deficit because this to
understand is the key to success.
2.6 In which area it is visible for all that we have to act?
We all know that the world is not the one we know from our childhood. Only 0,4% of the German
territory remained natural and untouched. But is the change a good one or neutral or negative? In
the following 6 parts of chapter 2.6 I want to show just a few areas of change. The readers can
evaluate the direction of this change (positive or negative) on their own.
A)
Reduction of Insects
The University of Göttingen and the “Entomologischer Verein Krefeld” found out in independent
investigations of a long term study that the insects in Germany were reduced in the last 25-30
years around 77-80%. The University of Queensland published in the beginning of 2019 that in
100 years all insects will have gone from our world if we continue in this way. Moreover there
are so many problems connected to this even for mankind that we might follow this extinction of
the insects. There were no similar scientific works 100 or 200 years ago, but I strongly believe
that the starting point 1989 of “Entomologischer Verein Krefeld” is already after an enormous
reduction before 1989. From this point 30 years ago 20 % of insects are only left. Don’t we have
to do something?
B)
Reduction of the Richness of Species
The United Nations started in 2011 the 2011 2020 United Nations Decade on Biodiversity. They
claim that during every day 130 species of animals or plants die out forever. The human being
has a comparable result on the extinction of species as the large meteor impact of 65 million years
ago. I started my activity to try to protect the world after a report of “Tagesschau” in the German
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TV, that the Yangtze-Dolphin died out forever and two excursions in 2006 and 2007 to find this
dolphin were not successful. Sadness remains and motivation.
C)
Pollution of the Oceans
In these days we hear a lot about plastic waste in the ocean. We produce 250 Million tons of
plastic worldwide in one year. It includes around one trillion plastic bags that need between 100
and 500 years to come undone. If we extrapolate the weight of plastic going year by year to the
ocean and if we extrapolate the weight of fish in all oceans in the same way: in 2050 there will
be more plastic in the ocean than fish.
But the pollution is divers. The Baltic Sea is by far the most polluted sea of the world. Because
of the fact that this sea has only a small recirculation of water because of the small corridors to
the big oceans, the water of the whole Baltic sea will be completely changed only every 50 years.
And a lot of rivers from European countries end in the Baltic Sea. 25% of the ground of the Baltic
Sea is already dead.
D)
Deforestation
Since 1990 until 2015 the area of forest was manly reduced in South America and Africa. In these
25 years 195 Million ha or 1.95 km² were deforested. This is 5.5 times the area of Germany or it
equals the size of Mexico. The deserts are growing. If we don’t stop deforesting the forest will
have gone completely in 750 years. 750 years sound a lot for us, but in the time of the existence
of forests with around 400 Mio years we might extinguish the forest in a timeframe of 0,000002
% of the time the forests exists.
E)
Climate Change
This area is the best known and most discussed area of all. But still we are not acting consequently.
The main reason is the burning of CO2-based material which was inclosed for millions of years
to the crust of the earth and which we dig and pump now out of it within a few centuries or even
decades and burn it. We are able to invent computers and we can fly to the moon but we still
pump oil out of the earth like 100 years ago and burn it. If we don’t stop this, the living conditions
of all being on this planet will change dramatically within the next centuries. Melting ice can
increase the sea level by 65 meters. On the other hand we will have less fresh water. The streams
of the oceans will change, the deserts will grow, the weather will get more powerful and we will
have more storms, the bio diversity will shrink and a lot of detailed regions will die like Amazonas
forest or all the reefs in the oceans.
F)
Overpopulation
In the time Jesus Christ was born we had around 0.3 billion people on this world. This didn’t
change too much the next 1700 years when we reached 0.5 billion people. But already 100 years
later in 1800 we reached the level of 1 Billion and 1930 we were already 2 Billion. Now we are
7.5 Billion people. My father was born in the time when there were 2 Billion. On the same place
he was standing 90 years ago alone now almost 3 additional people are standing with him on the
same place. This is the starting point of every problem: pollution, using every piece of land,
climate change or the fights we expects in future about water and territories.
3. Closing
The world and the Titanic... this is not a fair comparison because for this world there is no collision
with an iceberg, which subsequently sinks the ship. We already have a few difficulties because
biodiversity is already fading and the summers already have record temperatures since recording
of the weather began 1881. There will be no real sinking of the world because other forms of life
will be created of man and beast, and despite the atom bombs and destroyed rainforest the world
will live "somehow". The comparison thus ends, but nevertheless one can still draw comparisons.
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On the Titanic, there was a point where no one sensed any danger. The course was already set for
collision, but it was not recognizable - no one saw the danger. Then the stage of realizing the
danger came. Some experts warned of icebergs - the party went on and the captain did not react.
This is analogous to the phase in which the world currently finds itself. The warnings are already
so well known that almost every educated man in the world knows all the dangers, even all the
captains. Because of the big worldwide party and because we have no suitable organization,
however, no captain boldly takes over the helm and takes command. It makes no sense nationally
either. The solar collectors and windmills are indeed beautiful but in no way suitable for solving
even one of the above-mentioned problems. The next phase on the Titanic is the phase where fear
begins as well as clear-sightedness, the end suddenly comes into view as well as the realization
that sinking will be inevitable.
This phase will look different for the world because we will have no sudden death. There will
only be sad changes that are not perceived as being particularly dramatic because people will only
be about 80 years old and will therefore have no comparison to the more beautiful times. Just as
we know Lüneburg in Germany today as a heathland and we are satisfied with it we are not
missing the previous forests that fell victim to shipbuilding in Hamburg. But the changes will
force us to question our lives. Small effects like the flooding of New York, Bangladesh and
Venice are just as bad as wars because of water and food. Great disasters are not at all predictable
in my opinion, but they will come, such as the breakdown of ocean currents or the extinction of
individual species which are indispensable to humans and nature. Then comes the unavoidable
collision phase: the impact that affects all of us. Water and food shortages, murder, death, panic
and the incomprehension of the past will come. Why did people not change course 200 years ago;
or 100 years ago? If one considers the time of National Socialism in Germany nowadays, then the
same question arises. Why didn’t they act to finish all the murder? And with regard to us the
future questions will be: why has it not been possible to react in 2019 on all the negative outcomes
of overpopulation?
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Abstract: The main motive of this study was to empirically analyze the role of project
manager’s ethical leadership on project team’s absorptive capacity and to investigate the
mediating role of organizational trust and knowledge sharing in this relationship. The
results of study show that there is positive impact of project manager’s ethical leadership
on project team’s absorptive capacity. Both the mediators organizational trust and
knowledge sharing mediates the relationship. This study analyzed the direct impact of
organizational trust and knowledge sharing on project team’s absorptive capacity as
well. It was found out that organizational does have positive significant relationship on
project team’s absorptive capacity but knowledge sharing impact is insignificant. This
study highlighted that how important ethical leadership is if any organization wants to
gain external knowledge. It has also added no of implications to theory and management
practices.
Keywords: ethical leadership, absorptive capacity, organizational trust, knowledge
sharing, IT project management.
1.

Introduction

Just acquiring the external knowledge in organization is not enough in fact sharing it with
the project team members actually brings the positive change. Effective knowledge
management in the field of project management is significantly important while acquiring
the external knowledge [1]. Similarly role of organizational trust on absorptive capacity
is very important because organizational trust not only refers to organization but it
includes individual trust as well [2]. If employees of that organization have trust in the
organization, then they are more likely to adopt external knowledge in their team. IT
industry in Pakistan has shown a tremendous growth over the last few years. According
to Pakistan Software Houses Association for IT and ITES (P@SHA) report* published
on their website, IT industry contributes 1.4% of the GDP with average IT-growth of 30%
per year. This study will analyze the role of project manager’s ethical leadership on
project team absorptive capacity.
2.

Literature Review

a: Ethical Leadership
Ethical leadership is different from other type of leadership like transformational
leadership, transactional leadership, spiritual leadership, and authentic leadership.
Researchers have found out that ethical leadership relies on different phenomenon both
conceptually and empirically, ethical leadership stands on the basis of moral and ethics
[3]. Ethical leadership has become the main focus of the organizations due to its impact
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on employee’s behavior and organization trust [4]. It has become so important because
leader creates the ethical environment by his ethical decisions and actions which enables
the employee to have trust in organization [5]. Employees in any organization look
towards his leader for any decision because leader is the one who has to make decisions
so he actually passes through ethics to his team by his ethical leadership [6].
b: Absorptive Capacity
There are many factors which contribute to absorptive capacity in an organization but
some key factors are first, how well the organization uses the existing knowledge within
the firm. Second, what mode of communication is being used in the organization? Third,
the type of technology is being used in the organization [7], [8]. Furthermore [9] claimed
in their research that if organizations want to use their existing knowledge, they need to
evaluate their performances both good and bad over the past years. And external
knowledge is absorbed by an iterative cycle of creating knowledge and learning [10].
Absorptive capacity also helps the organization to solve their problem quickly [11].
According to [12] those organizations which practice the solution of expected problem to
be occurred, solve the problem more quickly than those who don’t foresee the problem.
c: Organizational Trust
Organizational trust means the degree to which employee willing to have relationship
with their organization [13]. It refers to employees trust not only organization but to trust
their supervisors as well that is why it is also known as institutional trust. If the employees
have trust in organization they are more likely to share not only knowledge but they will
share the risk of organizations as well, they will stand with the organization in its bad
time [14].
d: Knowledge Sharing
According to [15] knowledge is valueless if it is not used its value can only be increased
by sharing it. As discussed above knowledge sharing and knowledge transfer is two
distinct processes, furthermore according to [16] knowledge sharing is also two way
process knowledge donating and knowledge collecting. Knowledge donating refers to a
process in which an employee willingly and proactively transfers his knowledge to
another employee. Knowledge collecting means how volunteer is an employee is to gather
knowledge or skill from another employee. These both terms are frequently used and
endorsed in the empirical studies of leadership [17], [18].
3.

Research Framework

According to the literature studied, most of the studies have either social identity or social
exchange theory used to explain the impact of ethical leadership on employees
(DeConinck, 2015; Manning, 2017). But in this study two theories which are selfdetermination and social learning theory are integrated to examine the effect of ethical
leadership on knowledge sharing, organizational trust and absorptive capacity. Even
though the employees are considered as fundamental elements in absorptive capacity
(Cohen & Levinthal, 1990) and they play significant role in knowledge sharing (Argote,
McEvily, & Reagans, 2003) still existing literature seems in studies about knowledge
behaviors of individuals in building absorptive capacity which leaves a gap that needs to
be addressed (Rafique, Hameed, & Agha, 2018).
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4.

Conclusion

According to the literature studied to carry out this research, little research can be found
out in which the impact of project manager’s ethical leadership on project team’s
absorptive capacity is seen with the mediating role of organizational trust and knowledge
sharing. This study was carried out in software industry and specifically project based
software houses. The result of the study shows the positive impact of project manager’s
ethical leadership on project team’s absorptive capacity directly and indirectly with
mediation of organizational trust and knowledge sharing too. This shows the positive
impact of independent variable on dependent variable. It is pertinent to mention here that
the direct of knowledge sharing on project team’s absorptive capacity was insignificant,
but when the mediating role of knowledge sharing was calculated between the
relationship of project manager’s ethical leadership and project team’s absorptive
capacity then this relationship was significant which shows the full mediation of
knowledge sharing in this relationship.
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Abstract: People today live in an active movement, striving for significant achievements and rapid
development. The emotional intelligence that many speak in recent times is not only the ability to
control their feelings, but also the ability to understand other people. How to learn to recognize
someone else's experiences? And why empathy is the key to success? The purpose is to track how
empathy, emotional intelligence and transformational leadership affect the success of a project.
The contribution of this article is a constructed mathematical model of the relationship and the
role of the components that affect the success of the project.
The ability to empathy is a professionally necessary quality for all professionals whose work is
related to people (TOP managers, line managers, officials, salespeople, personnel managers,
etc.). In a business environment, empathy helps to best build relationships between employees
and this not only forms the general culture of communication in a company, but also helps to
solve business problems more effectively. Transformational leadership makes subordinate
leaders. Employees are given relative freedom so that they can independently control their
activities within delineated boundaries. They are involved in the problem-solving process and
learn new ways of working, which contributes to increased productivity.
Keywords: emotional intelligence, empathy, transformational leadership, transactional
leadership, project success, management of relations.
1. Introduction
The ability to recognize the feelings of another person, and the correct response to her emotions
is necessary in very many areas, from trade to social activity.
To create a product or service that you are interested in, you need to know well who will use
them. The general characteristics of the target audience: gender, age and profession are
undoubtedly important, but for the best companies in the market, this information about the client
is clearly not enough. This requires empathy - the ability to empathize with another person, the
ability to put himself in his place.
2. Emotional intelligence in project management
Recently, the term emotional intelligence - the emotional intelligence - is becoming increasingly
popular, but in science, there is still no clear definition of this concept.
For the first time, the designation EQ - emotional quotient, the emotional factor, by analogy with
IQ - the coefficient of intelligence - was introduced in 1985 by clinical physiologist Ruven BarOn. Together with Daniel Goleman, the most famous in our country, these scientists form the
"three leaders" in research on emotional intelligence. The total number of scientists involved in
research in this area is enormous.
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The concept of emotional intelligence is probably the only theory in management based on
neurophysiology. Emotional intelligence is personality traits that give the ability to recognize and
analyze the emotions of surrounding people and their own emotions. Thanks to the developed
emotional intelligence, project managers are able to achieve their goals using more flexible
behavior strategies [1].
With project managers, different situations occur in life, therefore, it is very important to have the
ability to interpret your emotions as negative and positive, in order to use your positive thinking
to change your state. That's why it often happens in life that people who graduated from school
with a gold medal and have diplomas on higher education do not reach professional heights
perfectly, because they have not developed enough emotional intellect. IQ does not provide
professional success, it is necessary to have a developed emotional intelligence.
Goleman is available to explain how the almond-shaped body, the emotional center of the brain,
affects the activity of the cerebral cortex, which is responsible for logical thinking.
Goleman gives the following information in his book that the most effective project managers are
those who can show feelings and mind towards subordinates.
Today it is known that without emotional intelligence, effective leadership is impossible. D.
Goleman presents convincing data studies at Harvard University: the success of any activity, only
33% is determined by technical skills, knowledge and intellectual abilities (i.e. IQ), and 67 % –
emotional competence (EQ). And for heads, these figures differ even more: only 15% of success
is determined by IQ, and 85 % – EQ [2].
The project manager in interaction with subordinates should take into account their emotional
state. IQ and logic are fully formed before the 17 age, and emotional intelligence develops and
improves throughout life [3].
Modern employers are increasingly inclined to employ those professionals who are quick to be
guided in life situations, professional problems, are able to be active, take initiative in their own
hands, optimistic about the ability to succeed, courageously and well-balanced approach to
planning and implementation of work that can prove the case to logical completion, rebuild (to
adapt quickly to changes in the design environment), if required by the right. The most successful
in their activities are those people who skillfully combine the mind and emotions.
People with high emotional intelligence are:
 make decisions faster;
 operate more effectively in critical situations;
 better manage their subordinates, which, accordingly, promotes their career growth and
prosperity of the structure in which they operate.
3. Empathy of project manager
It is clear that the project manager needs to work with interested parties, subordinates, interacting
with them, trying to understand their motives, reasons, or their actions. At the same time,
"penetrating into the inner world" of colleagues, it is important not to become the victim of
manipulation himself.
Simply purely intuitive is attracted to us by an interlocutor who listens carefully to us, understands
our emotions and feelings, does not give any marks to our actions, does not torment us with advice
"from our own lives", respects our opinion (even if he does not agree with us). Then there is a
strange feeling of unity, a feeling that you are both - at one wave.
It is believed that the concept of "empathy" comes from the Greek pathos - a strong and deep
feeling, close to compassion, with the prefix em, which means the direction inside. You can feel
empathy, even at the root of disagreeing with the point of view of the interlocutor.
Detecting empathy with your interlocutor means to perceive the inner world of another, but
without losing contact with oneself. This means that you must retain the ability to return to your
world of emotions. If the shade "as if it is with me" (the key part - "like") disappears, then instead
of empathy there is an identification with the emotional state of the interlocutor, you become
infected with his emotions and experiences to the same extent as he.
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Empathy does not mean "putting yourself at the place of the interlocutor," it's not copying his
feelings. Empathy is an attempt to look at things through the eyes of the interlocutor. Another
very important point: one can feel empathy, even at the root of not agreeing with the point of view
of the interlocutor. That is, you are capable of deep understanding of the feelings of the person
with whom you speak, you distinguish your own emotions from those that arose in response to
the emotions of the "other side" in the conversation.
Many of you probably have heard of a psychologist Carl Rogers, he defines empathy as follows:
"Being in a state of empathy means to perceive the inner world of another accurately, with the
preservation of emotional and meaningful shades. As if you become this other, but without loss
of feeling "like". Yes, you feel the joy or pain of the other, as he feels, and perceive their causes
as he perceives them. But there must be a shade of "like": "as if I'm happy or frustrated."
Empathy is not a formal logic nor an appreciable reaction. Empathy promotes effective
communication [4].
Project managers in their work constantly feel the need to understand the interlocutor as fully as
possible.
This is felt during an interview with a potential candidate for a vacant position, in solving conflict
situations, in the formation of a system of motivation, in the creation of project teams, in
optimizing the number of staff, in the release of employees - in all these cases, the project manager
is vital to listen and hear interlocutors.
For efficient and effective work with the personnel it is necessary to understand the essence of
the real motives of the actions of the employee, the source of his interests, the causes of lies, the
goals of isolation.
When forming a team (especially in the "storm" stage), various emotions are raging, which is
extremely difficult to control and direct in a constructive way. It is worthwhile making a
reservation. It is not about the phenomenon of nature, but about the five stages of team formation:
formation, storm, normalization, execution and completion.
If we talk about "storms" in a very short way, then you can characterize it so. Initial optimism
after a starting jerk gives way to pessimism, if not frightened by the tasks set. A sense of
disappointment or disagreement about the goals, responsibilities in the project.
And in order to achieve a general result, it is necessary not only to listen, but also to understand
the point of view of each member of the team, to come to a common opinion, while avoiding a
clash of interests and the collapse of the team.
If the company introduces a system of motivation based on an individual approach, then only
through an empathic hearing (it is also called "active listening") it is possible to determine the
internal motives of each employee, and, therefore, get to the point, making a specific motivational
proposal to a unique specialist, expert. And, as a consequence of the competent elaboration of the
system of motivation, one can solve the problem of retaining the key specialists of the company.
And in our time of high competition, the latter task is especially relevant: as a highly professional
specialist, an expert can be a talented leader.
Accordingly, when "good" people go, very often take away all their team.
Business erases state and national boundaries. Now no one will surprise anyone with the
multinational staff of the company, as it was 15 years ago. Intercultural features of the company
require a project manager special knowledge in the field of relations (and business including) and
a deep understanding of the intricacies of the culture of different countries and denominations,
whose representatives work in the company. In cross-cultural companies, empathy becomes a
connecting link in shaping a common corporate culture.
Microsoft CEO Sathya Nadella argues that empathy is a critical component in developing
products or concepts that helps understand the needs of people and gain their trust. In addition,
the ability to read alien emotions will be needed in negotiations and for conflict situations. The
head of this skill will inspire subordinates and lead them with them. The line-up employee is to
maintain a friendly atmosphere in the team (and this, as the research shows, has a positive effect
on our performance). By showing empathy in working with clients, you can find a common
language even with the hardest people.
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Usually emotional exchange occurs on a thin, almost imperceptible level. The ability to calm
down the painful experiences of other people and the ability to communicate with the
interlocutors, who are in absolute fairy tales, are indicators of higher skill. The only effective
strategy is this: you need to deeply absorb the feelings of a person, and then adjust it to a more
positive wave.
How to develop empathy? It is important to understand that it is closely related to other elements
of emotional intelligence - the ability to recognize and control their own feelings. This should be
learned first and foremost. The map of empathy was created many years ago by Dave Gray, the
founder of XPLANE, the author of the techniques of brainstorming "Geyshtorming", the author
of books on visual thinking practices.
Empathy map is an idea rendering tool developed by XPLANE that allows you to put yourself at
the user's point of view to take a look at the problem your product solves with your eyes. The map
of empathy is a scheme in which the center of a representative of a certain user segment is placed;
on the different sides of it there are 4 blocks ("think and feel", "say and do", "see", "hear"). The
conclusions are presented in two additional blocks: "problems and pain points" and "values and
achievements".
The map of empathy is relevant where you need to look at the product from the eyes of the
client:
1. Development of strategy;
2. Launching, completing a product or service;
3. Search for new directions;
4. Improving the level of service;
5. Working with the atmosphere in the company [5].
If the project manager is already familiar with the audience, then the empathy map details the
context of the use of the product, at the start of the project will show where the gaps in the data.
An empathic map can be constructed for any product, and it does not matter if it is implemented,
or exists only in the format of the idea.
So, what you need:
1. Determine the approximate target audience.
2. Conduct a "brainstorming" with a team / customer and fill out a map based on your
experience and assumptions.
3. Conduct online research. Not only and not so much how users interact with your product,
but how they behave in relation to the problem that your product solves. For example, if
your product is a project management system for Microsoft Project, then you need to learn
what ways the project management tasks are solved by users, which they like, and what
they do not like, which in principle can not be made, and I would like to the tools they
involve in the process, etc. But it is important to remember that empathy is different from
the impassive study of how a person uses something. Empathy is related to empathy, with
the understanding of what the user wants to achieve, no matter if he knows about the
product that the team creates.
4. Conduct interviews (potential or real) users. You can also observe their work instead of
interviewing (better, in addition to it).
The map of empathy is an instrument of brainstorming. To work in a team was effective, it is
important:
 prepare in advance - if they send materials to the participants in 2-3 days, they will have
time to get acquainted with the topic, to think about the tasks and to prepare the necessary
data;
 speak the main task at the beginning of the discussion - so the project manager will make
sure that all participants in one wave know the goals and rules of work.
The information is distributed in blocks as follows (Fig. 1):
1. Think and feel: what is there to doubt? It's better to look for this information where users
complain: for example, in forums.
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2. Say and do: how does the user behave publicly? What does it say? What is the solution to
the problem? This information should be searched on social networks.
3. See: what is the environment in which the user is located? What are the suggestions and
alternatives your product faces?
4. Hear: how does the environment in which the user is, affects him? What say colleagues,
acquaintances, authoritative sources for him? What media channels have an impact on the
user? Unlike the block "see", the information here does not necessarily correspond to
reality. But the user trusts her. Where to find information for this block: rumors and
thoughts on forums.
5. Problems and pain points: what troubles the user? What is he afraid of? What could be the
reason that he would give up your product? Often, the "I Think and Feel" block becomes a
source of information for this. All these fears and doubts will have to be dispelled, and this
can be done by a bunch of ways: from the "right" text in the interface to the individual
consultations.
6. Values and achievements: what will help the user to get rid of problems and doubts? For
what product features is he willing to pay? What values should be broadcast? Conclusions
from this block affect the product from a variety of different parties: they can cause both
small changes in the interface or in the text, and the addition / exclusion of certain
functionalities, and sometimes even a change in product positioning [6].
The main risk of the project is becoming "burnt down" employees. The project rhythm and the
large flow of tasks cause such people to be annoyed. To understand why such people appear in
an organization, consider the model of development of a specialist, built on the parameters "skill
/ motivation". This model is needed to understand at what stage the "life cycle" can be staffed by
the project, and how it affects their motivation [9].

Figure 1. Empathy Card [7]
If we consider the personal change curve of the manager during the life cycle of the project we
will get the next model (Fig. 2).
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Figure 2. Personal change stages during the life cycle of the project [8]
Earlier in the article "Conceptual model of the project success: emotional intelligence,
competences of managers, transformational leadership, values" the research was described and
hypotheses were put forward in the form of own mathe formulas, which in this article are
expanded and deepened.
Then it becomes apparent that at the beginning of the project there is a decline in the team's
activity and the manager needs empathy from the stakeholders and own conceptual model must
be presented in two parts in order to achieve a balance:
Motivation = Emotional Intelligence + Empathy

(1)

Project success = Emotional intelligence + Transformational leadership +
Competencies of project manager + Values
(2)
The motivation of the team at the beginning of the project is most affected by the emotional
intelligence of employees and the empathy of the stakeholders.
Stage 1 - little experience, lots of enthusiasm (low skill, high motivation). This may be a young
specialist who got his first job; a person who has decided to try himself in a new profession or a
professional who has been promoted to a managerial position. In general, any of the options when
a person just came to a new place is very keen to succeed, but still does not understand how to do
it.
Stage 2 is the first disappointment (low skill, low motivation). At this stage, our expert comes to
the understanding that everything is not as easy as it seemed at first. He makes the first mistakes,
succeeds at once, and, most importantly, comes the understanding that the path to the summit is
long enough and not at all as simple as it seemed at first.
Stage 3 - natural growth (skills are increasing; motivation is different). If a specialist manages to
overcome the previous stage, he enters the path of professional growth. It is already clear what
exactly needs to be done for development, it is also clear that the path to success lies through a
long methodological work. This stage is usually quite long, with its black and white stripes, so
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there is not one level of motivation on it, the only thing that can be said is usually enough to keep
moving forward.
Stage 4 - Competent specialist (high skill, strong motivation). At this stage, the specialist goes to
the competence plateau, and can begin to perform tasks autonomously (without a manager),
gradually expanding his sphere of responsibility and helping beginners at work. Ideally, having
worked for some time in this mode and having prepared a replacement, the employee goes to the
raise and returns to the first stage, starting a new turn of his career spiral.
In real life, unfortunately, it often happens not so. New posts are not always available, and
teaching yourself a worthy replacement does not allow for the absence of any candidates for this
post, so the next stage comes.
Stage 5 is a very competent specialist. This condition is described by the English word
"overqualified" and indicates a significant discrepancy in the competence of the specialist and the
needs of his office. The state is characterized by a constant decrease in motivation, due to the lack
of a positive connection from the implementation of complex, interesting tasks. After some time,
the decline in motivation leads to disappointment from work, and shifting the priority from work
to something else (hobbies, families, and outsourced projects). Typical external attributes: a
person starts to work strictly on schedule, and at a meeting more speaks not about his work, but
about something that took her place in the system of priorities. Man at this stage does not
necessarily work badly. On typical tasks, lack of motivation from a good specialist is offset by a
high level of professionalism. Problems begin if complex tasks appear that require exit from the
comfort zone; in this case there will be behavior that is the opposite of the expected - instead of
labor enthusiasm there is a rejection or even resistance. This is because solving problems beyond
the competence requires a high place in the system of priorities, and the place is already occupied
by something else [10].
Expectations of management begin to disagree with the behavior of the employee.
The final, sixth stage of this process will be professional degradation, and the person from the
state "may, but does not want" goes into the state "does not want and can not." Such employees
are either cut short by the state's next optimization, or they end their path in "paper" positions
with a low level of responsibility.
4. Common features of transformational leadership and emotional intelligence
Recently, the classification of leadership has changed, in particular, Burns includes the following
formats:
 Transformation;
 Transactional;
 Non-intervention.
Transformational Leadership. Leaders put the needs of employees higher than their personal.
Transaction leadership has three components:
 Contingent remuneration, while the productivity of subordinates is related to conditional
rewards;
 Active management, through which leaders monitor effectiveness and apply corrective
actions if deviations occur;
 Passive management (leaders intervene only when problems become serious)
The third type of non-intervention leadership. This leadership style can be described as nonleadership or avoiding leadership responsibility. Leaders do not respond to requests for help, and
oppose the expression of their views on important issues.
Leadership is undergoing fundamental transformation today, the transformation from a leader
critic to a leader as a partner and coach takes place. This role transformation requires some skills,
because leadership is what you do with people, not with them. Numerous studies have shown that
transformational leadership positively affects productivity, job satisfaction. Therefore, we can
assume that the skills
The transformational leadership will stimulate efficiency and innovation in this volatile market:

19

 Idealized influence;
 Inspirational motivation, where the leader inspires and supports team spirit;
 Intelligent stimulation, when a leader encourages creativity and innovation;
 Individual consideration when a leader maintains and supervises every follower [11].
Transformational leaders use intellectual stimulation to encourage innovative ways of working and
problem solving.
Transformational leaders stimulate and inspire followers to achieve extraordinary results, as well
as develop their own leadership potential. Transformational leaders take into account the needs of
individual followers.
Salovey argued in their first article that there is another type of intelligence called emotional, which
can help to better understand who has succeeded than the ratio of mental abilities [12].
Guided wisely, leaders get incredible value from emotions and the development of real selfefficacy. Emotional intelligence helps leaders make better decisions and receive effective returns
from their employees. Scientists have found that cognitive abilities predict less than 2% in
efficiency, while 25% of the variation in productivity is explained by emotional intelligence.
The transformational leader demonstrates empathy, motivation, self-consciousness and selfconfidence. Goleman described the above subcomponents of emotional intelligence. Emotionally,
intellectual leaders use empathy to connect to the emotions of other people they lead. These leaders
sympathize with and also express emotions that are group experiences. Thus, the team feels that
the leader understands it.
Goleman said that 80-90% of success is determined by the presence of emotional competencies
[13].
Charisma, a trait of transformation leader, is well-developed social and emotional skills. Emotional
intelligence is both a basic and a necessary component of personal charisma demonstrated by
transformational leaders. Transformational leaders use emotions to communicate and motivate
followers.
Sosik proposed four points in which the emotional intelligence and transformational leadership
intersect:
 Compliance with professional standards of conduct and interaction that are associated with
idealized influence or charisma;
 Self-motivated, as ability to control;
 Intelligent stimulation: a leader must be able to stimulate professional and intellectual
development. Bass has established trust as the main component of the transformational
style of leadership. And Cooper offered trust as an important characteristic of emotional
intelligence;
 Individual focus on others [14].
The level of emotional intelligence leaders regulates their ability to control the feelings and
emotions of teams and motivate them to achieve their goals. Such leaders inspire their teams
through positive thoughts and a clear vision.
Each manager has the ability to develop the emotional competence of the team and become a
resonant leader. Leaders with high emotional intelligence are self-conscious and they understand
themselves, they are sympathetic and attentive. This resonance comes naturally to emotionally
intelligent leaders, and this resonance boosts productivity. Caruso argued that the exact recognition
of emotions in others is critical to the ability of leaders to inspire and build relationships. Empathy
precedes the transformational behavior of leadership. Such leaders also develop team spirit, role
modeling enthusiasm, high moral standards, integrity, optimism and meaningful work for
followers.
Rather, he studied the relationship between leadership style, intuition and emotional intelligence
for women and men leaders. He found that female managers show transformational leadership
behaviors more often than men and have higher levels of emotional intelligence and intuition.
Intuition correlated significantly with the emotional recognition and expression, and the emotions
of direct cognition.
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5. Possibilities of developing empathy and application of results in the project
As mentioned above, we understand others by realizing their own emotions. If you have already
mixed up with your feelings, you can go to the training of empathy. To do this, use the following
tools.
Many of us listen indifferently, trying to do something else at the same time or plunge into their
own thoughts. An amputation hearing occurs when we completely devote ourselves to another
person. Here's how you can develop this skill:
1. Allow others to speak. You do not need to provide verbal or non-verbal tips and to arrange for
a person a proposal. When we interfere, we inadvertently direct the interlocutor to what we want
to hear, instead of letting him talk in the right direction.
2. Give the speaker an absolute attention. Perhaps you know how it is when a person is doing other
things while he is listening to you. Whether he is reading something on a computer or looking over
your shoulder, wanting to see someone, this seems like a disgrace.
3. Play and generalize. Periodically repeat what you have heard to make sure your understanding
is accurate. It offers the speaker an opportunity to reformulate or explain some thoughts. For
example, you can say: "Yes, right, did I understand the situation? Do you feel disregard for the
boss when he does not say positive about your contribution to the common result?"
4. Focus on emotions. Hearing with empathy involves interpreting the thoughts and feelings of
others. In addition to playing and heard generalization we can also add sympathetic words to what
they say, such as "Sounds depressing" or "You look angry."
5. Put yourself in someone's place. Do not interfere with the interlocutor from the position of
advantage: "Guy, that's what you have plucked". Instead, think like this: "How is it, to be in place
of this person right now? What would I feel in this situation? "
6. Reject judgments. The hearing about empathy involves refusing our own judgments, needs, and
priorities and concentrating on another person [15].
What we do with the information received during the hearing is also important. Often, there is a
temptation to recall its own story and suggest a solution to the problem. This method is not very
empathic. A more effective approach is simply to say: "It seems difficult," "How can I help?" Or
"What support do you need right now?"
6. Results and Conclusion
The considerations explained in this contribution EQ is a necessary factor in enhancing mental
skill, because the recognition of their feelings and manage them in a constructive way increases
the intellectual power of the individual. To increase the level of emotional intelligence may be
possible, but not through traditional training programs aimed at the part of the brain which controls
our rational ideas, and long practice, feedback from colleagues, and personal enthusiasm in the
desire to change yourself is an essential step to improving EQ, and as a result, successful selfrealization.
Actively using empathy in the exchange of information, we are trying to appropriately adjust the
receiving side and adapt the option of coding and transmitting the message to the individual or
group and the situation.
A successful application of empathy can significantly reduce the possibility of misunderstanding
when decoding a message by the receiving person.
How to learn empathy? Start with yourself. Live in harmony with yourself, be positive and transfer
your mental comfort and positive feelings and attitudes toward life in relationships with friends
and colleagues around you, look for individual ways of interaction that will help to unleash the
potential (both yours and your interlocutor), to find resources for fruitful cooperation.
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Sometimes people tend to confuse pity and empathy. And if pity can damage business, then
empathy is not. Empathy does not imply indifference. On the contrary, it is an understanding of
the complicated, tragic (or, conversely, happy) situation of the employee and the ability - if
necessary - to help him.
Transformational leadership enhances the motivation, morale and productivity of followers
through various mechanisms. In this model, the leader is a role model for his followers.
As a result, this article describes how emotional intelligence, empathy, and transformational
leadership influence the success of a project.
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Abstract: Virtual teams (VTs) are getting more and more attention as they become important agents in
bringing projects to completion. Virtual teams are considered teams whose members are geographically
dispersed and cooperate via communication technologies. While the benefits of working virtually may be
numerous both for organizations and team members, the challenges that occur in the process may hinder
the effectiveness and performance of virtual teams and affect the projects they conduct. Organizations may
be in the position to influence how these teams work and one modality would be by means of governance;
and in case of projects, through governance of projects. Several frameworks have been developed for
governance of projects; however, these have not specifically considered virtual teams. The present research
investigated the influence governance of projects may have on virtual teams and a framework for
governance of projects that enable virtual team effectiveness and performance has been developed.
Keywords: virtual teams, challenges, effectiveness, performance, governance of projects
1.

Introduction

With the development and accessibility of technology, working virtually became a desired way of running
projects for many organizations in the current dynamic business settings. By leveraging local resources,
companies are able to access knowledge that would not be available otherwise and to reach markets where
on-site expertise is crucial. Furthermore, as [1] noticed, organizations are able to reduce travel costs and
rapidly respond to market demands, having the advantage of working around the clock, due to team
members working from different time zones. On the other hand, team members benefit from increased
flexibility [2].
Nonetheless, virtual teamwork can also carry challenges. Lack of face-to-face communication and
difficulties with the use of communication technologies generate the most challenges, but cultural
differences are also important causes for miscommunication.
[3] highlights the importance of an existing setting or framework, where VT members are supported to
function properly. [1] noticed that in organizations, support systems offered by top management (e.g.
human resource (HR) instruments, resource allocation, coordination) contribute to a better project
coordination and monitoring. Additionally, according to [4], governance affects projects, as it impacts how
people behave. This can be considered true both in case of traditional project settings and in case of projects
conducted in virtual environments. Therefore, it is important to consider organizational support and
governance structures in companies for enabling the performance and effectiveness of virtual project teams.
1.1. Research question and methodology
Many facets of VTs are covered in the existing literature (e.g. the need for autonomy, trust, role clarity,
virtual team processes) and likewise, topics related to how governance of projects impacts project success
are numerous. However, the identified and reviewed frameworks of governance of projects [5],[4],[6],[7]
are not specifically considering VTs. Understanding the role of governance of projects in enabling virtual
project teams may contribute to the research in the field of VTs. Therefore, the present research proposed
to investigate the following research question: To what extent can governance of projects have impact on
the effectiveness and performance of virtual project teams?
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Answering the research question may shed light on the elements of governance of projects that contribute
to a more effective and performant virtual cooperation, a field with many challenges, as the following
sections will display.
In order to better understand the field researched and to answer the research question, a narrative literature
review has been conducted. The aim of the literature review was two-folded: to acquire understanding and
ground the knowledge base for the investigation and identify the ways how governance of projects may
contribute to the work of virtual project teams, and as a result, to answer the research question.
The literature review included four steps. However, it has not followed a linear process, in the way that
some examinations were conducted simultaneously or the search was reconsidered due to new information
identified. The four steps are as follows:
1. The first literature search focused on keywords such as “governance of projects”, “project
governance”, “virtual teams”, “distributed teams”, “virtual project teams”, “distributed project teams”.
This step resulted in differentiating the terms “project governance” and “governance of projects” and
understanding the interchanging use of the adjectives as “virtual”, “distributed” and “remote”.
Furthermore, it provided the needed documentation for defining and describing the diversity of virtual
teams.
2. The second literature search aimed at identifying studies related to virtual team effectiveness and
performance and the keywords used were: “virtual/remote/distributed team effectiveness” and
“virtual/remote/distributed team performance”. This step was relevant for inventorying the measures
and tools that are important for enabling VTs and which can be incorporated in the framework that the
paper proposes.
3. The third part focused on aspects and terminologies that needed clarification (such as terms directly
related to projects or project management).
4. The fourth part focused on the identification of already existing governance frameworks for VTs, as
the paper proposed to provide its own framework.
The selection of literature was made according to its relevance to the topic, and mostly focused on books
and peer reviewed research articles.
2.

Virtual teams

According to [2], virtual teams cannot be included in established team typologies. Moreover, they not only
differ from traditional teams, but also from one another. Two main characteristics distinguish them from
co-located teams: (1) spatial distance among team members and (2) team members interacting through
communication technologies [2]. Furthermore, the same authors [2] also differentiate VTs based on four
characteristics. (1) Temporal distribution may affect the ability of team members to cooperate across time.
Additionally, time can be perceived differently depending on the type of technology used. While
synchronous communication technologies allow real time cooperation, asynchronous communication
technologies (e.g. e-mails) add to the temporal distribution in VTs. (2) Boundary spanning refers to virtual
teams crossing several boundaries – functional, organizational or cultural. For instance, involving external
consultants or having team members with different cultural backgrounds. (3) The Lifecycle of VTs may
also differ depending on their tasks and competences needed in the project. Thus, the membership of virtual
teams can be dynamic, members leaving and joining teams according to the need of their expertise in the
projects. (4) Member roles also influence VTs, as sometimes team members need to take on different roles
and perform varying tasks. Additionally, the role of task complexity is crucial in determining the
characteristics of VTs, which also moderates team composition and structure [2]. Thus, with high task
complexity the need for synchronous communication increases, membership stability and shared
procedures are critical, and performing multiple roles becomes difficult [2].
[8] highlight the importance of team leaders and members knowing their type of virtual teams, as each type
involve different challenges and require different sets of methodologies, tools and resources. The authors
distinguish seven virtual team types: networked teams; parallel teams; project and product development
teams; work, functional or production teams; service teams; management teams; and action teams. The
main focus of the present paper was, however, on Project and product development teams. These are
described as teams that cooperate to deliver a specific result, have a certain amount of decision-making
authority, teams may have shifting membership, but clear boundaries, and tasks are nonroutine [8].
As virtual teams in the present research are examined from the perspective of projects, these are defined
as: teams, whose members are geographically dispersed and are cooperating through communication
technologies with the scope to deliver a specific project.
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2.1. Virtual team challenges
Several challenges have been identified in the existing literature. The lack of face-to-face communication
affects performance management, as it reduces the capacity of leaders to monitor the team activity and to
develop team members [2]. On the other hand, team members have difficulties comprehending the overall
team environment. Additionally, crossing cultural boundaries brings communication challenges due to
differences in language, traditions or values [2]. [9] also mentions social challenges, as team members may
feel isolated and demotivated, and establishing team spirit becomes more difficult, as well as building trust.
The author also considers that setting up technologies and learning processes may bring challenges. [10]
emphasize the risk of communication breakdown related to cultural differences, interpersonal relations,
leadership, technology and trust. It is important to mention, that the authors [10] include in cultural
differences, the functional (capabilities and differences in knowledge base), organizational (company
culture-behaviors learned) and national differences. Interpersonal relationships may be affected my
miscommunications, confusion and anxiety; leadership by the risk of undefined goals and unclear
expectations - leading to ineffectiveness. Technology related difficulties appear when no processes are
defined. Lastly, the inability of building trust is one of the major causes for virtual team failure [10].
2.2. Virtual team effectiveness and performance and the implications for organizations
As terminologies in current literature are not always clearly defined, the present paper considers the
following delimitations: (1) virtual team effectiveness is the capacity of VTs and their members to achieve
project goals within given constraints; (2) virtual team performance is considered the ability of team
members to apply knowledge and skills to reach the project goal. In this regard, in order to achieve virtual
team success, [11] highlights the importance of quality decision-making and autonomy and reducing
formalization, as it is not beneficial for virtual teamwork. [9] found that high-performing VTs have 8
characteristics: global mindset of team members, shared responsibility, culture of tolerance, meaningful
communication (clear rules of communication), easy access to information, conflict management
mechanisms, work systems that are effective, and positive attitude. According to [12] the factors that are
critical for successful virtual project execution are trust, clear communication, technical and organizational
support. The latter may take the form of tools, policies and infrastructure offered to VTs, but also in form
of rewards and incentives. [13] mention as important for VTs - role clarity, communication media being
aligned with the message intended and investing time in increasing understanding among members. [14]
suggests that structured collaboration tools are enhancing hard skills, but unstructured collaboration tools
are needed to increase collaboration among virtual team members. According to the authors, in order to
fully take advantage of VTs, besides providing tools, processes and procedures, the support and
coordination from top management is needed.
As organizations are the owner of the resources, their decisions and actions can influence how VTs perform,
and can indirectly support also the work of project managers. [8] enumerated 7 organizational factors that
can influence virtual teamwork: human resource policies, training and on-the-job education and
development, standard organization and team processes, use of electronic collaboration and communication
technology, organizational culture, leadership support of VTs, and team leader and team member
competencies. [15] found that organizational support that contributed to virtual team effectiveness are:
strategic staffing, training and tools, team autonomy, and top management monitoring.
In conclusion, project managers, as leaders of virtual teams, may have influence on VT effectiveness and
performance, however organizations through providing the necessary resources can support the actions of
project managers and the overall VT environment.
3.

Governance of projects

According to [4], governance coordinates methods and processes with the scope to define the organization’s
goals, allocate resources in order to achieve the objectives and controlling the progress. Moreover,
governance descends to lower organizational levels, all the way to project level. As terminologies in
literature with regard to project related governance are not clearly defined, under the term “governance of
projects” the paper understands the overall governance – as an umbrella – of all projects of the organization.
Governance is considered more and more as a holistic approach [7],[16], where governance functions are
seen in interdependence and having influence on each other. Moreover, it shifted from shareholder
orientation to stakeholder orientation, where the shareholder is only one of the stakeholders. Additionally,
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as [4] and [6] recognized, it is important to align projects and portfolios with the organization’s corporate
strategy.
From the existing frameworks analyzed, while [5] focused more on functions closer to corporate
governance, [4],[6],[7] recognized the importance of portfolio management and the role of Project
Management Offices (PMOs). Elements, that the frameworks examined consider as important can be
included in the following main function types of governance of projects: strategic alignment, integrity
management, system management, audit management, risk management, stakeholder management, project
sponsorship, portfolio management and performance evaluation.
As of the development of governance frameworks, [17] highlights, that governance - in order to be effective
– needs less structure. Moreover, inflexible and formal structures impede initiatives and trust, and the
development of a governance framework should take into consideration the context it is implemented in
[17].
4.

Discussion

As the literature review reflected, virtual teams may take many forms and may carry several challenges.
Nonetheless, the two basic characteristics of VTs are that team member are dispersed geographically and
use communication technologies for cooperation. Based on the literature review, it can be concluded that
the challenges that virtual teamwork imply can be divided in two main groups: communication challenges
and leadership challenges. Communication challenges – due to lack of face-to-face communication,
difficulties with setting up technologies, cultural differences - may lead to ineffective relationships,
confusion and anxiety, social challenges, isolation or misunderstandings, and hinder productivity and
innovation. Leadership challenges emerge partially as a result of communication issues and partially due
to the particularities of the virtual setting. These imply the reduced capacity of monitoring teams, coaching
team members, or difficulties with establishing team spirit. These two types of challenges, however, cannot
be delimited entirely and can be related to a certain point.
As the virtual environment brings such challenges and adds to the complexity of project teamwork, it is
important that governance frameworks take into consideration virtual teams and incorporate the support
mechanism that enable their performance and effectiveness. [15] highlight that organizational support, in
order to contribute to teamwork effectiveness, needs to be perceived positively by team members, and
employees in general.
As already mentioned, increased formalization is not contributing to team effectiveness [11],[10],[17]. Yet,
the existence of standards and processes - especially those related to communication - that support virtual
work and role clarity, contribute to the performance of virtual teams [8],[3].
Human resource (HR) policies appear to increase both team performance and effectiveness, as through
them team members are easier to be motivated and can also contribute to strategic staffing, which is vital
for quality decision making - a major contributor to VT effectiveness.
Performant standardized communication technologies are indispensable for the effectiveness of VTs,
therefore organizations need to be ready to invest in it, but also to provide trainings and technical support,
so that team members use these technologies with confidence. On the other hand, unstructured
communication tools, that are used by team members in everyday life, are also desirable, as these may
reduce formalities among team members [14].
Top management support also needs to be mentioned as a VT effectiveness and performance enhancer –
also indicated by [14] and [15] – as, through coordination and recognition, influences decision-making
quality and the overall team atmosphere.
4.1. The relevance of governance of projects for virtual teams
Authors of frameworks for governance of projects cited in the present paper had different perspectives and
audiences, therefore the focus here is to direct the attention to those elements that may be relevant for virtual
teams.
VTs need to be treated distinctively by the organization, therefore stakeholder orientation is important for
entities that work with such teams. Strategic alignment and risk management need to be considered, but
indirectly. In case of strategic alignment, the more direct link should be with portfolio management, where
the prioritizing and monitoring of projects is conducted, having in focus the organization’s overall goals.
As [1] recognized, VTs, compared to co-located teams, are more invisible for corporate management,
therefore the particularities of virtual teamwork are often overlooked. In this regard, it is important that risk
management considers also the risks related to virtual work.
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As mentioned earlier, top management support is important for VTs. Thus, project sponsorship also needs
to be part of a governance framework that considers virtual teams.
Resource management in general, and HR management in particular, were not directly included in any of
the governance frameworks analyzed. However, the latter are critical for virtual teams, being mentioned
also in the cited literature [8],[18],[14],[15]. Besides strategic staffing and assessing the skills and overall
contentment of team members, human resource management should focus on increasing the capabilities of
project managers that are related to leading VTs.
PMOs may also empower virtual teams by allowing the information flow and by monitoring the overall
virtual project environment, and in the same time assessing the performance and effectiveness of VTs. This
way PMOs may offer the needed support by providing the necessary schemes that help clarifying roles and
the share of information among dispersed team members. This is also backed by [19], who recommends
that PMOs offer project managers in virtual environments additional administrative and leadership support.
Lastly, communication technology management should be considered for the governance framework, as
the top VT enabler and it should provide the required technologies, but also the processes and trainings on
how to use the given technologies. As [20] recognized, team members adapt much faster to the virtual
setting if they receive training both on technology and processes that guide them how to use these
instruments.
4.2. Governance of projects framework for virtual teams
Based on the literature review and the above analysis the following framework for governance of projects,
that acknowledge virtual teams, has been developed.
The proposed framework, as shown in Figure 1, is seen as an integrated part of the corporate governance
and it includes only those elements that are important from the perspective of virtual teams. Its functions
are arranged in 3 groups: Objectives, Resources and Control. Furthermore, it reflects the influences both at
project start and during project execution.
The Objectives group aims to assure (through Strategic alignment) that projects are contributing to the
organization’s objectives, by the means of proper selection and control of projects and programs (Portfolio
management) and through strategic reporting and performance monitoring (PMO and performance
evaluations).
Through the Resource group are allocated the necessary resources for project execution and for
empowering VTs. As part of this group, System management is providing the policies and processes that
are needed for effective and performant virtual project work. These should be correlated with the other
processes of the organization, but need to make sure that the particularities of virtual teams are considered.
According to [18], if existing structures are not encouraging virtual work, these need to be adapted. Project
sponsorship, also part of the Resource group refers to the “political support” and to the capacity of top
management to influence resource allocation. It can also increase the leadership support of project managers
and above all, it can offer the public recognition of VTs, which is important as their visibility is usually
reduced within the company. Resource management, as the last part of the Resource group, is responsible
for providing the basic resources for fulfilling the given tasks. However, the framework proposed
additionally incorporates three subcategories: Information Technology and Communication (ITC)
Management, Communication management and HR management. ITC Management is in charge of
providing the technological infrastructure for virtual communication and knowledge sharing, but it also
needs to supply the processes for using the given tools. The importance of processes for how to use
technology is also mentioned by [9], [10] and [3]. Moreover, it is essential that ITC Management supports
VT members as they execute projects and do any technical on-boarding for newcomers or in case new
technology or process is brought in.
The role of Communication management is to provide the standards in communication in order to reduce
the chance of miscommunications and to increase the cooperation among VT members. As a major part of
challenges occur as a consequence of ineffective or inadequate communication, the role of Communication
management is critical for effective virtual project conduct.
HR management can influence virtual teams in many dimensions. By strategic staffing, it can assure that
teams include members that are the best contributors to the project or for the given stage of the project.
Through trainings, it can help teams become more effective and performant. This entails both providing
the skills needed for handling the virtual setting (for team members, but also for the leaders of VTs), and
reducing the existing or perceived cultural or organizational distances. Moreover, it can introduce methods
or techniques for conflict management, eliminating social challenges and put in place reward systems that
recognize the efforts of VT members and increases motivation. In conclusion, HR management can
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contribute to a better task achievement, but it can also deal with social, behavioral, cultural and managerial
dimensions of virtuality.

1. Figure - Governance of projects framework for virtual teams (own)
The Control group also consists of three functions. Audit management is monitoring and controlling the
way resources for supporting VTs are allocated and used. Risk management, is responsible for assessing
the risks related to the overall project portfolio of the company, but it should also consider the particularities
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of virtual settings that bring extra challenges and complexity to the project environment, which increase
the risks for the company. Therefore, these risks should be treated at governance level. Stakeholder
management, considered directly or indirectly in their governance frameworks by [5], [6] and [4], is meant
to consider the needs and “well-being” of VTs, as their members are dispersed and it is more difficult to
understand and fulfill their expectations.
The Organizational culture, not directly included in the framework, may contribute to the welfare of VTs
by raising awareness inside the organization with regard to VTs and by promoting a global mindset and
acceptance of cultural diversity. According to [9], these are important for the performance of virtual teams.
5. Conclusion
Virtual project teams are an asset for the organization, in case challenges are considered and managed.
There are several aspects of virtual project work that may be considered for increasing the performance and
effectiveness of virtual team. However, the present paper considered the topic from the perspective of
governance of projects.
As a result of a thorough literature review and analysis, the research question has been answered positively,
governance of projects can contribute to the effectiveness and performance of virtual team and the outcome
of the analysis took the form of a framework of governance of projects that takes into consideration virtual
teams. In order to increase virtual team effectiveness and performance, four aspects of virtual teams may
be impacted (as shown in Figure 1): task achievement; social, cultural and behavioral aspects; managerial
aspects; and ITC support.
The present paper contributes to the research field of virtual teams, as it proposes a framework of
governance of projects that has not yet been considered before and it can contribute to a better project
conduct in the virtual environment. The framework can be also a “tool” for professionals, as it provides
practical details on how to increase the effectiveness and performance of virtual teams through governance
of projects.
It is important to mention, however, that the framework may be relevant mostly in virtual teams, where all
members are part of the same organization. On the other hand, project leaders of virtual teams, if trained
for the virtual setting, may positively influence also the cooperation with members outside the company.
The research, during the analysis, found some topics that may be further investigated, as these may deepen
the understanding on how virtual teams can become more effective and performant. Therefore, the paper
provides new research topics, as well. The field that need further research is resource management and the
different ways it can influence the work of virtual teams. Furthermore, the type of processes and their role
in increasing virtual team effectiveness and performance may also bring new perspectives on virtual teams.
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Abstract: As problems and projects have become more complex, the inadequacy of the
hierarchical organizational structure became apparent. At the same time, the necessity for
designing the organization around the task to be performed was realized. Fortunately, varied
but more complex organizational alternatives have become available. Meanwhile, project
oriented approach has been rapidly increased also within public sector implemented policies
where more and more activities is defined as projects or programs. In this paper author
analyses project organisational structures and its practical application models in the public
sector in Latvia.
Keywords: project management, project organization, public administration, matrix
organization, Latvia.
1. Introduction

Government and organizations usually embark on different projects with the aim of
creating new service or improving the functional efficiency of the existing ones. All
these projects require appropriate skills and techniques that go beyond technical
expertise only, but encompass good and sound skills to manage limited budgets, and
monitor shrinking schedules and unpredicted outcomes, while at the same time dealing
with people and organizational issues [1]. The application of project management
practice in public sector has been identified as an efficient approach which would help
in upgrading management capabilities and enable public sector to efficiently complete
projects and attain developmental objectives [2].
A matrix organization is defined as one in which there is dual or multiple managerial
accountability and responsibility. However, the term matrix means quite different things
to different people and in different industries [3; 4]. In a matrix there are usually two
chains of command, one along functional lines and the other along project, product, or
client lines. Other chains of command such as geographic location are also possible.
The object of the research is organisational structures of public sector projects.
The aim of the article is to evaluate project organisational structures and its practical
application in the public sector in Latvia.
The objectives of the article are as follows:
 assess the public sector project management practice and identify the problem
areas of public sector project organisational forms in Latvia,
 analyse theoretical background of project organisational structure concepts in
public administration,
 provide proposals for public sector project organisation improvement.
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The research methods used in the article include the project and program empirical
data analysis and literature review as well as survey based on questionnaire.
The research limitations: in this paper author analyses most used organisational
structure concept for the project management in the public sector of Latvia – matrix
organisational structures. Due to the limitation author will not compare and analyse
other project organisational structure models but will analyse specific problems and
practical application of the matrix organisational structure in the public sector project
management.
Matrix organisations combine elements of functional and project structures. Both
project manager and functional department are given authority and control over project
resources. As a result, “there are usually two chains of command, one along the
functional lines and the other along project lines” [5]. The installation of two parallel
authority structures frequently causes conflicts between project management and line
management over the distribution of powers to make decisions, the allocation of
resources and the integration of project outcomes into continuing operations [6; 7]. For
example, the project manager is given the authority necessary to reach the project goals,
including the delegation of tasks and responsibilities among project staff. The functional
manager, however, usually defines personnel staffing and has authority over project
staff in disciplinary matters [8].
Larson and Gobeli (1998) [6], the PMBOK (PMI, 2017) [9] defines three different
forms of matrix organisations: weak, balanced and strong. Weak matrix organisations
represent organisational structures where project managers perform work that is
characterised by limited authority over project resources, monitoring of project
activities and the provision of information on project progress to functional managers.
In balanced matrix organisations, both project managers and functional managers are
given authority and discretionary power for a project.
Finally, the responsibilities of project managers in strong matrix organisations include
decisions regarding project staff, finance and other key resources. In strong matrix
designs, functional managers’ authority is confined to administrative tasks and
supervision. Types and differences of matrix organisational structures is summarised in
Fig. 1 (Source: Challenges and Strategies of Matrix Organizations).

Figure 1. Traditional forms of matrix organisational structures
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To analyse more detailed project management practices within matrix organisation we
need to look at project management practice in the public sector as itself. First we need
to set a maturity level for the project management practices, identify project types and
decision making processes.
2. Research

To analyse project organisational structures in the public sector we shall evaluate public
sector project management capacity and maturity. Author asked respondents to
undertake self-assessment and evaluate their organization capacity in project
management. The study shows that public sector organization maturity is on middle/low
level (Figure 2) [10; 11].
Project Management Maturity refers to processes, documentation, management and
metrics. Author suggests five levels of project maturity management as follows:
Maturity
Level 5
(Highest)
Maturity
Level 4
Maturity
Level 3
Maturity
Level 2
Maturity
Level 1
(Lowest)

Table I. Project management maturity levels
Optimised processes (All project management processes are in
place, measured and continually improved upon)
Managed processes (All project management processes are in place
and these are regularly measured)
Organisational standards and institutionalised processes (majority of
project management processes are in place and are used by the
majority of people)
Structured processes and standards (basic processes are in place and
used most of the time)
Initial process (no or little formal and/or documented processes
being used)
(based on author’s questionnaire maturity description)

Research concludes that public sector bodies assessed their maturity as maturity level
3 – Organisational standards and institutionalised processes (majority of project
management processes are in place and are used by the majority of people), quite big
part of public sector organizations has identified their organizations in the second level
of maturity – Structured processes and standards (basic processes are in place and used
most of the time).
Authors has elaborated survey questionnaire for local municipality project management
specialists. Questionnaire has been sent to all Latvian municipalities (in total 119), in
the frame of study 97 responses has been collected (research sample is 97 out of 119,
n=97).
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Optimised processes (All project
management processes are in place,
measured and continually improved upon)
Managed processes (All project
management processes are in place and
these are regularly measured)

15.46%

13.40%

Organisational standards and
institutionalised processes (majority of
project management processes are in place
and are used by the majority of people)
Structured processes and standards (basic
processes are in place and used most of the
time)
Initial process (no or little formal and/or
documented processes being used)

32.99%

21.65%

16.50%

Figure 2. Public sector project management maturity self-assessment (n=119)
(based on author’s empirical research)
In order to obtain a mathematically reasonable view of the project planning capacity in
the public sector - quantitative analysis of the survey data obtained through analysis of
education, training and practical work experience aspect of the relationship with the real
action methods. Quantitative analysis carried out in two steps: describing the central
tendency and variation of parameters and in accordance with the empirical distribution
with the normal distribution choice of parametric or non-parametric method for
Inferential Statistics.
The author evaluated the public sector practice in project development and
initialization processes in Latvia. In the frame of research evaluation of project problem
and goal definition has been done.
2.1. Descriptive statistics - assessment of the human resources.
Also set of statistical indicators for the next questionnaire. The issue of human resource
role of the arithmetic mean is 3.12. The median is 3, the mode is the third the standard
deviation of human evaluation data is 1.184. Skewness coefficient is - .167, it means
that a group of 100 people Aapr | - .167 | < .477 Acrit, which shows the empirical
distribution with the normal. Kurtosis is – .698. Kapr 2.30 < Klb - kr 2,35 or 2,30 Kapr >
Kub - kr. 3.77. According to this indicator data empirical distribution does not meet the
normal, which is illustrated in Figure 3. - The value of the frequency distribution shown
in the histogram. Unlike previous issues of human resources respondents evaluated as
important, considering that this is a problem not only affects certain aspects of the use
of the project management methods, but it’s essential and very important problem,
which affects the ability and capacity of local governments in project design and
implementation.
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Figure 3. The frequency distribution of the view of the importance of human resources
(based on author empirical research)
2.2. Descriptive statistics on employee initiative, lack of assessment.
The following parameters were considered in the statistical analysis - lack of initiative
of municipality staff in project planning and implementation processes. The results
show evidence that local government officials conditionally critical concerns for
employees' responsibilities - in both the median and the mode is 3, but the arithmetic
average is close to 3 (2.72). This means that most of professional’s has lack of initiative
and it’s a factor that affects the specific project planning and implementation processes,
however, refrain assess the lack of initiative as a very significant problem. Aapr 2.72 >
0.477 Acrit, which shows the empirical distribution of non-compliance with the normal.
Kurtosis is – .615. Kapr 2.39 > Klb - kr 2,35 or 2,39 Kapr < Kub - crit. 3.77. Although the
fourth consecutive fall in the critical moment of the theoretical value within the overall
results indicate non-compliance with the normal data distribution.
The histogram in Fig.4. shows that opinions about the lack of importance of employee
initiatives grouped around the average values of the relative trend in the swing of the
lower ratings that lack of initiative is not considered a major problem in project
planning and implementation context.

Figure 4. The frequency distribution for the lack of staff initiatives (based on author
empirical research)
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2.3. Descriptive statistics for the officials and politicians responsibility and
understanding of project management methods
Statistically, describing the poll question on the officials and local politician’s
responsibility and understanding of project planning and implementation methods and
their role, it was found that the arithmetic mean is 3.01. Median 3, and mode 4, a
standard deviation is 1.36. Since the mode is 4, which means that most local
government officials who were interviewed chose the answer - "A major issue that has
affected the ability and capacity of local governments in project design and
implementation". Asymmetry parameter is - .070 as Aapr. |- 070|< Acrit. .664 (p<0.05), it
can be concluded that the empirical distribution corresponds to the normal distribution.
Excess ratio is -1.264. So the fourth round figure obtained by adding 3 is 1.74. Kapr 1.74
< Klb - kr 2,35 or 1,74 Kapr < Kub - crit. 3.77 (p<0.05), therefore it does not meet the
normal empirical distribution.
Fig.5. graphically displayed on the respondents' views of officials and politicians
responsibility and understanding of project planning processes in local municipalities.
The barriers to local project management specialists evaluated as the different views ranging from the lack of contact with a similar problem - to the assessment that it’s
essential or very important problem. Moreover, this is a barrier that is considered to be
very significant in relation to the research problem.

Figure 5. The frequency distribution for the incomprehension of officials and politicians
(based on author empirical research)
If we analyse case of EU member state – Latvia, we shall take into account different aspects and
application models of project management where mostly we need to separate so called EU
funded project management versus project based policy implementations or projects who do not
lie under the other financial instrument regulations. The European Fund for Strategic
Investment (EFSI) and other regulated public sector project oriented investments has strong
framework of laws and regulations while institutions own initiative projects has more
flexibility. Currently there is 157 government institutions in Latvia 96% of those institutions has
implemented or implementing project based activities, mostly different EFSI projects or other
donor financed specific projects (76% of the institutions), while only in 16% of institutions
project oriented approach for their policy implementations or development activities was
chosen.
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Increase of organisations projectification has raised also discussion on how to organize projects
within institutions, how to manage and coordinate them. Analysing institution practices author
concludes that projects usually are implemented within structural unit who is responsible for the
policy field or who will benefit from the project results or within specific project management
units or departments.
However separate unit or project management department not always means that there is clear
project management methodology or set procedures or even better project management quality
in general. Most of success is ensured by how the project management processes are organised,
what organisational structures established, overall project management experience and
professional knowledges. As discussed in literature most efficient project organisation would be
pure organisational structure, however practice shows that in public administration we almost
never seeing such approach, where only exception is large scale projects and long term projects
(for instance RailBaltica project).
In general, public sector implements projects within matrix organisational structures where
project manager is appointed for the specific project. Meanwhile project teams are usually build
from the permanent personnel from the different organisational units, for instance, legal
department and finance department etc. Aspects affecting the form of the project organizational
structure is summarised in Table II.
Table II. Main aspects affecting the form of the project organizational structure.
Aspects
Division of labour
Background
and
experience
Interdependence
and
interactive management
Concurrent engineering
Authority, responsibility,
and leadership
Unity of command
Personnel,
professional
knowledge, ethical norms
Stakeholders
Control and Monitoring
Flexibility
Cultural values
Other but important aspects

Description
Division of labour Labour should be divided among departments to
ensure specialization. Dividing labour into distinct tasks and
coordinating these tasks will define the structure of an organization
Background and experience Previous experience with project
organizational forms
The number of systems and subsystems that integrate the project,
the different methodological and philosophical assumptions across
these systems, the
cross-organizational and schedule
interdependencies between activities
Concurrent Engineering breaks down functional and departmental
barriers by integrating team members with different discipline
backgrounds often known as cross-functional teams
Authority and leadership should correspond with responsibility.
Vision, strategy, and a cohesive team are also considered key
factors
It should be clear who the upper level managers are with wellestablished lines of commands. Every member of the project must
also know what his obligations are
Good selection of personnel with adequate skills and talents, which
can lead to objectives accomplishment
The number of project participants and how the information flows
between them can affect the form of the structure
Work processes and systems should be efficient and effective with
adequate levels of control
Structures should be flexible and dynamic with the ability to adapt
to changing conditions of the external environment
Loyalty of workers and commitment to the project
Project scope and duration, environment and territory, technology
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Unfortunately in the public sector not always project problems arise because of the
organisational structure as excellent project management can be realised also within matrix
organisational structures. Author research shows that this could be explained because of:
1) Lack of professional project management knowledge and skills;
2) Lack of top management understanding of project management;
3) Lack of project management methodology as well as non-existence of project
management internal rules, regulations and procedures.

3. Problems of the Matrix organisational structure
The matrix organization does have some disadvantages and problems, but they need not
be considered insurmountable. Knowing what problems may occur is “half the battle” in
overcoming them. The following disadvantages are inherent in the matrix organization:

Two Bosses — The major disadvantage is that the personnel on the project are
working for two bosses. In any type of conflict situation a person could easily
become “the man in the middle.” Further problems of conflict can be caused by
project personnel playing one boss against the other.

Complexity — The matrix organization is inherently more complex than either a
functional or a pure project organization, since it is the superimposition of one on
the other. This complexity shows itself in the following problems:

Difficulties in Monitoring and Controlling — Complexity results from the number
of managers and personnel involved and from the number of people that must be
kept informed. Fortunately, modern computer techniques have helped to keep this
problem under control, but basically it’s still a “people” problem.

Complex Information Flow — This is a problem only because there are so many
people and organizational units involved. Both the project and functional
managers must be certain that they have touched bases with each other for any
major decisions in their areas of responsibility.

Fast Reaction Difficult — The project manager is sometimes faced with a
problem of achieving fast reaction times, primarily since there are so many people
to be consulted. The project manager in the matrix usually does not have strong
vested authority, therefore considerable negotiation is necessary. Project
management was primarily conceived to prevent this problem, but it can be a
problem if the management system keeps the project manager from making any
decisions without consultation with functional and top management. If the matrix
is working, the problem won’t occur.

Conflicting Guidance — The more complex organization with two lines of
authority always increases the possibility of conflicting instructions and guidance.

Priorities — A matrix organization with a number of projects faces real problems
with project priorities and resource allocation. Each project manager will
obviously consider his project to have the highest priority. Similarly, each
functional manager will consider that the allocation of resources and priorities
within his department is his own business. As a result, the decisions involving
project priorities and often the allocation of resources must be made at a high
level. This often puts an undue and unwelcome load on the top executive officer
in the matrix. This problem has led to the use of a manager of projects, or a super
project manager in some organizations. His principal functions would be to
consult with higher levels of management to assure equitable allocation of
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resources and to periodically reassess project priorities. This effort can be
extremely valuable in reducing conflict and anxiety within the matrix.
Management Goals — There is a constant, although often unperceived, struggle
in balancing the goals and objectives of project and functional management. A
strong project manager may place undue emphasis on time and cost constraints,
while a functional manager may concentrate on technical excellence at the
expense of schedules. Top management must assure that a careful balance of the
goals of both project and functional management is maintained.
Potential for Conflict — As discussed in a later section of this chapter, whenever
there are two project managers competing for resources, there is potential for
conflict. This conflict may evidence itself primarily as a struggle for power.
However, it also may evidence itself by backbiting, foot-dragging and project
sabotage. Conflict and competition may also be constructive as an aid to
achieving high performance; however, it cannot be allowed to degenerate to
personal antagonism and discord. In project work conflict is inevitable; keeping it
constructive is the problem in matrix management.
Effects of Conflict on Management — Since conflict and stress are inherent in the
matrix organization, considerable attention must be given to the individuals who
will function as both project and functional managers. Individuals vary greatly in
their ability to function effectively under stress. Conflict, particularly the role
conflict typical of the two-boss situation, can produce stress, anxiety, and reduced
job satisfaction. Considerable attention must be directed toward assuring that
prospective managers have a high tolerance for conflict situations.

4. Results and Conclusion

Professional project managers in public administration play a crucial role in promoting
and explaining the key principles of project and investment appraisal in their
organizations, both to encourage long-term decision-making and to manage uncertainty
and complexity. Two key challenges can arise that require their professional judgment.
In the public sector most likely matrix organisational structure for the project
implementation will be the first choice for any project because of project temporality.
We can see increasing tendency that more and more policies are implemented as project
based activities, but to ensure better quality of the project management within chosen
project organisational structures author can suggest to follow those pillars:
1) Top management awareness and knowledge raising in the project management;
2) Attraction of professional and experienced project team members;
3) Continuing support and coordination processes within project teams and other
involved structural units;
4) There should be clear rules and regulations for the implementing projects in the
institution, as qualitative projects can be implemented only in qualitative
environment.
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Abstract: The global business is being impacted by technological disruption and the challenges
to implement these kind of projects are increasing. The organizations are forcing their own
capabilities to survive and keep up to date with the technological changes. This paper aim to
conduct a literature review of the field of digital transformation; in addition, linking these topics
to the adjacent fields of Change Management, Disruptive Technologies, and Project
Management. By researching the relationship of Change Management, Disruptive Technologies
and Project Management it becomes evident that a key success factor to manage the Digital
Transformation is the inclusion of these academic fields. As result of the research, a conceptual
framework is proposed with focus in the Self-Assessment cluster to determine the capabilities of
the organization before the adoption of the Digital Transformation Strategy. The SelfAssessment does not guarantee the lack of risks, but it will help to mitigate them and thus have a
smoothly digital transformation process.
Keywords: Change Management, Digital Transformation, Disruptive Technologies, Project
Management
1. Introduction
Digital Transformation is the most relevant term for many organizations. The digital age is forcing
most of the companies to transform their organizations to keep up with all the current and
upcoming changes in order to meet customer demands and the highly competitive market. In an
attempt to do so, the organizations often undergo so-called digital transformation initiatives.
Nevertheless, there is still a lack of common understanding of the meaning and impact of these
initiatives for organizations. The different sectors such as private companies, government,
researchers, education and many more are trying to find a common definition of the term and the
impact. Nonetheless, the gap is not getting smaller. Digital transformation is challenging each
sector and the level of uncertainties surrounded the topic is just growing. Although there are
studies that describe the maturity models to measure the capabilities of how well or not well is an
organization doing in digital transformation, there is, still not emerged a solid assessment to
measure the current capabilities of the organization before the transformation. Many studies focus
on organizations undergoing the change but only a few with focus on organizations starting with
the transformation. This research aims to contribute to the understanding of digital transformation
by identifying the elements that organizations should build up before starting with the change and
thus measure the impact of such initiatives within the organizations. The first goal is to develop
a better understanding of the meaning of Digital transformation and the possible impact in wellestablished companies. In addition, link the term with adjacent fields such as Change
Management, Disruptive Technologies, Innovation, and Project Management.
2. Objectives
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The two main goals of this paper are:
• To develop an understanding of the importance of digital transformation concept in
organizations and the implications of the topic and relate it to adjacent concepts such as disruptive
technologies, change management and project management.
• To propose a framework that aims to determine if the organization has the capabilities to start
with the implementation of digital transformation. As part of the scope of this paper, only the
cluster “Self-assessment” will be explain into details.
3. Literature review
3.1 Introduction and supporting literature
The structure of the literature review can be described as follows:
1. Introduction and supporting literature: short descriptions of systems theory, models and,
general concepts.
2. Digital Transformation literature: systematic review of the current state and concepts of digital
transformation in the current literature.
3. Links to other academic fields: change management, disruption, innovation, and project
management.
3.2 General literature
There is no clear definition for the German economy of the term well-established or large
organizations. Mittelstand commonly refers to small and medium-sized enterprises in Germanspeaking countries, especially in Germany with annual revenues up to 50 million Euro and a
maximum of 499 employees. Nevertheless, the multinational organization Robert Bosch claim to
be part of the Mittelstand (Langenscheidt & Venohr, 2015). After reviewing the literature, wellestablished organizations or large organizations are opposed to the Mittelstand.
3.3 Digital Transformation
The term “digital transformation” have existed at least since 2000 [12]. There are many
definitions surrounded the term and the concept of digital transformation is on a high level easily
understood: the use of technology to transform business, society, economic and the individual.
During the literature review of the phenomenon of digital transformation, there are many
definitions and authors trying to understanding the meaning. One of the concept is the one of the
author of the book Digital Master. The terms “transformation” and “change” truly overlap in
literal definition; people tend to carry their own associations with each. Transformation is
definitely the more ambitious sounding term, and organization’s digitalization is surely a
transformation journey; it has to permeate into business vision and strategy, mind-set and action,
culture and communication, process and capability (Zhu, 2015). [15] define digital transformation
as “the use of technology to radically improve performance or reach of enterprises”. Another
well-known, more holistic definition for the term is that “digital transformation can be understood
as the changes that digital technology causes or influences in all aspects of human life” (Kaplan,
2010). Another interesting definition by Lankshear and Knobel (2008) defines digital
transformation as the third and ultimate level of digital literacy that “is achieved when the digital
usages which have been developed enable innovation and creativity and stimulate significant
change within the professional or knowledge domain”. [8] describe digital transformation as a
significant shift in the business operations, products, processes and organizational structure of a
company which accompanies its initiatives to make use of digital technologies. One more is the
one of [13], digital transformation is not about technology - it is about strategy and new ways of
thinking. After reviewing all the existing concepts of digital transformation, the concept below
was constructed:
Digital transformation is an ongoing journey with impact in the way organizations, society and
individuals behave and respond to digital technologies. It requires a holistic view and a change
in the strategic mindset of any organization.
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3.4 Disruption
For many, the need to re-think, re-design and adapt their organizations arises in response to a fear
of a different, the unknown. Dire outcome: disruption. Digital transformation is rewriting the rules
of business. These new rules have created opportunities but also countless new challengers to take
in well-established organizations. According to the author Rogers, disruption has become a
buzzword, bandied about indiscriminately. Business disruption happens when an existing
industry faces a challenger that offers far greater value to the customer in a way that existing firms
cannot compete with directly [13]. Disrupt or be disruptive are the options for organizations. No
industry is immune. If the Industrial Revolution was about machines transforming nearly every
physical act of labor and value creation, nowadays, organizations are at the beginning of a
revolution in which computing will transform nearly every logical act of value creation [13]. Marc
Andreessen has famously said that ‘’software is eating the world’’. He invented the first Web
browser, the software that unleashed the Internet as a network for mass participation. If software
is eating the world, Digital Transformation is guiding organizations in a world of uncertainties
not every year but every day.
3.5 Disruptive Technologies
A disruptive technology is one that displaces an established technology and shakes up the industry
or a groundbreaking product that creates a completely new industry [1]. Christensen [1] separates
new technology into two categories: sustaining and disruptive. Sustaining technology relies on
incremental improvements to an already established technology. Disruptive technology lacks
refinement, often has performance problems because it is new, appeals to a limited audience and
may not yet have a proven practical application. According to the Project Management Institute
(PMI), all the new technologies emerging or existing such as Internet of Things (IoT), Artificial
Intelligence (AI), Cloud Computing, Robotics and many more are part of the definition of
Disruptive Technologies. All of them take part (trigger) of the disruption of many organizations.
Christensen’s theory of disruptive technologies is one of the most popular for explaining the plight
of the incumbent firm facing a significant new technology. He proposes a theory of response to
disruptive technologies in two books about innovation [1]. He argues that investing in disruptive
technologies is not a rational financial decision for senior managers to make because, for the most
part, disruptive technologies are initially of interest to the least profitable customers in the market
[1]. [16] present a framework for dealing with disruptive change that focuses on resources,
processes and values. The term disruptive technology is young in the literature and there are only
a few authors trying to understand the topic. It is very important to note out that authors like
Christensen are not focus in one particular technology like the Internet of things (IoT), Artificial
Intelligence (AI) and many others growing day by day. The focus of the author is to analyze the
impact of the implementation of these technologies in organizations. Therefore, he proposed a
framework with elements such as resources, processes, and values to have a better understanding
of the implication of any disruptive technology project. The author argued the need to analyze the
elements stated before – resources, processes, and values- as part of the adoption of any disruptive
technology during the digital transformation journey of the organizations.
3.6 Change Management
For the purpose of this paper, the model developed by Lewin for change management is take it as
a base. There are many models concerning organizational change, but the Lewin model is taken
as a base due to the simplicity of the model. The part of change management can change from
organization to organization; this can be influence not only due to the size of the organization but
also due to the maturity of the organization. A different model will be complex to address for
some organizations. The key point of change management as part of the development of this
framework is to show the need of change and thus create an awareness of change management as
part of the implementation of digital transformation. The digital transformation is a set of a wide
range of changes for the whole organization; therefore, a change process should be incorporate to
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manage a smooth change. The Kurt Lewin change theory model (Lewin, 1947) is base around a
3-step process (Unfreeze-Change-Freeze) that provides a high-level approach to change.
3.7 Project Management
Digital transformation is not one project within an organization. The reason of why Project
Management is part of the developed of the framework is to use it as a good practice during the
digital transformation. The project management is a guide of phases, tools and methods to create
a solid foundation during the transformation journey. For the purpose of this paper, the project
management body of knowledge (PMBOK, 6th edition from the Project Management Institute
(PMI) is being used. Using the PMBOK as based does not imply that is the only one that can be
use but at least is one of the most structure frameworks to start working on. The ideology of the
PMBOK is process-based, therefore will add value to the structure of the developed framework.
As stated before, researchers, organizations, public government and many more are trying to find
a common understanding of the implications of the digital transformation. Right now, the
common understanding is that the power of a digital transformation strategy lies in its scope and
objectives (MIT Sloan Management Review & Deloitte [17]). Even if the digital transformation
should not be treat as one project, should share the fundamental principles of project management
like a clear definition of scope and objectives.
After an extensive literature review of different fields, the predominant adjacent fields of the
digital transformation are the ones mentioned above disruption, disruptive technologies, change
management and project management.
4. Analysis and Discussion
The purpose of this is to review the current definitions and frameworks of digital transformation
and describe its diverging nature in the current academic discourse. The theory of current
frameworks to understand the digital transformation approaches is being used to be able to build
the framework. One of the theories to construct the framework is the five domains of digital
transformation: customers, competition, data, innovation and value preposition used by [13]. The
author proposed five domains how digital is changing and organizations should take a closer look
at. One more model is the one of [15]. The model of the authors is divided into two streams of
digital capabilities: customer experience, core operations (processes), reinventing business
models and leadership capabilities (digital vision, engaging organization, governing
transformation and building technology). In addition some frameworks proposed by different
consultancy companies such as Accenture, Deloitte and, McKinsey. Moreover, different research
papers from Gartner and Fraunhofer research center were also evaluated to build up the
framework.
The Figure 1 represents the assessment method developed.
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Figure 1. Assessment method (own model)
4.1 Transformation Management
Managing a well-established company in the digital age is not easy. Hence, a high engagement
from the management during all the transformation is required to succeed. It is necessary to fix
the basis, have a strong alignment among department and collaborate to determine the target of
the company in the digital transformation journey. Many companies are creating a unique division
to manage the digital transformation. This was the case of Starbucks. According to many case
studies, it is a good practice to start with a division; nonetheless, the process should be aligned
with all the departments of the organization, not only IT, not only business but the whole
organization. As part of the governance, the management should be involved during the entire
journey to steer the wheel to keep the transformation on the right track. The elements of this driver
are digital leadership, governance, engagement and digital shared vision.
4.2 Organization Culture
The organization culture is a process that can take years since involve the mission, vision, beliefs,
processes, and way of work of the individuals. Organization culture is a key element since is one
of the main pillars to be able to adopt the digital transformation journey. The organization should
engage all the employees with the transformation. When employees are engaged in a shared
vision, they help to make the vision a reality and support the management during the entire
journey. As part of the engagement, the organization can incorporate a set of initiatives to make
feel everyone as part of the change and foster a culture of collaboration. According to George,
Didier & Andrew in their book leading the change, some well-established companies such as
Starbucks and Codelco implemented some contest to foster a culture of change and awareness of
the transformation. The elements of this driver are change in mindset, foster agility, collaborative
skills and knowledge sharing.
4.3 Innovation
The term innovation has been evolving for the past years. According to [13], innovation is any
change to a business product, service or process that adds value. The change can be an incremental
improvement to the creation of totally new and unprecedented. In the digital age, organizations
need to innovate in a radically different fashion, based on rapid experimentation and continuous
learning rather than concentrating primary on a finish product; this approach focuses on
identifying the right problem and then developing, testing, and learning from multiple possible
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solutions. During the digital age, innovation is not only about the word new but also evolving,
changing, refining, adding launching and testing solutions to satisfy the need demand of the
customers. As Scott Anthony say, innovation is not just about “big bangs”; it is about anything
new that has impact and can add value. As digital technologies make it easier and faster than ever
to test ideas, this new approach to innovation is essential to bringing new ideas to market faster
and with less cost, less risk, and greater organizational learning. The elements of this driver are
adding value through innovation and Trends and insights: Innovation opportunities.
4.4 Alignment Business & IT
Digital transformation is about re-thinking and re-building the way the organization has been
working for years. As part of this process, the communication with the business should be change
to a strategic one. For the past decades, IT is known as infrastructure provider, as part of the
change. Nowadays, there is demand to see the role of IT to service provider which can offer a
wide range of service and not only the technical one. The alignment of business is critical to build
up solid foundations and follow one same goal, one same direction during the transformation
journey of the organization. The elements of this driver are customer experience, customer
relationship and ranking priorities.
4.5 Re-inventing Business Model
According to [13], companies can expect to compete with more and more businesses that do not
look much like them. This was not possible a decade ago but now is the reality for many
organizations. Therefore, to challenge the current business model and re-invent it to a digital
business model is not optional but a must. The explosion of digital technologies offers many
opportunities for innovative business models and value propositions. Many authors in the current
literature address that customer will create the value such as business like Airbnb or Uber. These
digital platform businesses operate with the basic in order to allow their customer to create their
own value. Business model reinvention sometimes involves radically shifting what you sell, how
you sell it, or how you make money of it. The three main reasons for reinvention of the business
model are the creation of new value chains, shifts in the competitive landscape and today’s
exponential technological innovation that is continually challenging with opportunities and
threats [15]. It can represent a challenge for conservative organizations to change their business
model. However, as stated before, disruption is here, therefore well-established organizations
need to exploit new digital resources by developing new capabilities and challenging their present
value propositions to change their business model from a traditional business model to a digital
business model to be able to satisfy the internal and external demand. The elements of this driver
are identify emerging threats and opportunities in the value preposition and disrupting business
model.
4.6 Technology Investment
Advances in digital technologies are fueling the rise of new. But, what about the current ones? As
starting point, organizations should address some questions like where are we? What do we need?
Which are the main priorities? How can we link the current initiatives with the future ones?
Digital transformation does not mean to start from zero, it means to take the current initiatives
and be able to integrate them in one single landscape. The organizations should also evaluate
carefully through prestudies the right technologies for the organization. Disruptive technologies
are a big set of different trends, one of the biggest mistakes is take one technology just because is
a trend in the market and not because it will solve a need of the organization. An analysis of the
profitable is fundamental to make the right choices. The elements of this driver are linking current
& future initiatives and analysis of the profitable.
4.7 Talent and Skills
Organizations that want to push beyond the status quo must put renewed focus on the role of
available talent and skills. It is a critical factor to develop the internal talent and be able to capture
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the external one. In addition, there is a need to develop a ‘’learn fast’’ mentality within the
organizations. Nowadays, it is not about the current knowledge, the main value is related to the
ability to learn and adapt fast to the environment. Organizations must build and maintain effective
systems for sourcing and hiring workers, for establishing and evolving career paths, and for
fostering continuous learning opportunities and a culture of growth. The elements of this driver
are creating a learning culture, employee journey, allocating talent and treasure and, empowering
talent.
4.8 Data Capability
As Gil Elbaz Putsite stated in their quote “The world is one big data problem”, the data can
become a big problem for organizations if it is not treated in the right way. Digital transformation
operations require a strong technology backbone that integrates and coordinate process and data
in the right way to increase the efficiency and effectiveness in the whole organization. One of the
key factors is the ability to integrate the data to make better decisions and thus be able to create a
better value. It is important to highlight that the term data goes beyond “Data mining” or “Big
Data”, the term data capability refers to the ability of the organization to re-design the processes
according to the needs of the business, customers and have a harmonization of digital processes
to foster productivity, efficiency and agility. The data should be seen as one of the most important
assets of the organization since is the base to create and improve the existing and upcoming
operational processes. The elements of this driver are harmonization and digitization of processes,
data integration, data as strategic asset and bridging silos.
4. Conclusion and Future Research
Meeting the Challenges Continuous disruption is the new normal and Digital Transformation
relies on an organization’s ability to integrate rapidly evolving technology and tools. Even
extremely successfully, companies built in the pre-digital age struggling to adapt their strategic
thinking in order to thrive and grow in the digital age. Digital transformation is not a simple topic
and there are still many uncertainties surrounded. The Self- Assessment can offer well-established
organizations a guide to know their own capabilities and be able to plan better their potential ones.
Reinventing and reimagining organizations during the digital age requires big challenges. It
requires thinking differently about every aspect of the strategy - Transformation Management,
Organization Culture, Innovation, Alignment IT and Business, Reinventing Business Model,
Talent and Skills, Technology Investment, Process Harmonization, and Data Capability. As future
research, a case study based on an organization is in process to use the key drivers to assess the
capabilities of the organization.
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Abstract: Communication presents an essential topic in the context of project management since
the manager spends the most of the working time in activities related to information exchange
among project’s stakeholders. The essence of communication is the signal, transferred between
a sender and a receiver. This signal is usually accompanied with definite noises, which should be
eliminated in order to get the pure meaning of the original message and, hence, the common
understanding. To get a common sense, not only the professional language matters but the
language settings in general: first of all, a sender and a receiver should properly understand each
other.
Considering a project management career, before its start, the students should possess knowledge
related to professional terminology in the working language of the company. The process of
learning the language in the field of professional communication is limited by the workload of a
study program. Therefore, to speed up this additional educational process the suitable approach
for this context has to be designed. For that, the blended learning concept can serve as a trigger
to boost the professional start in project management career.
In this paper, several trends of blended learning are considered and analysed, based on the survey
conducted among project management master students. During the analysis, best practices to
learn a foreign language in the particular environment were selected to be included into the
proposed blended learning concept.
Keywords: blended learning, project management, language competence, communication
1. Introduction
The entrepreneurship world is becoming projectized. The need to run business as projects
determine the job growth in project management (further PM) area and therefore effective
education and training measures of project practitioners are highly demanded [1]. Communication
is claimed to be the main activity running through the PM domain: a project manager spends
around 90 % of their time while communicating project information among stakeholders [2]. The
European Master in Project Management (further EuroMPM) program aiming at teaching
students from different countries is taught in English whereas its scope lies in Europe, hence,
there is a need to learn the terms of PM in European and other languages in which the future PM
practitioners are supposed to work. The blended learning (further BL) concept presented in the
paper, is supposed to cover the issues of obtaining the knowledge of PM concepts in the language
different from native.
2. Theoretical Background
Communication plays an extremely important role in PM. As it claimed by [2] communication is
the subject of 90% of project manager’s activities. [3] underlines that effective stakeholder’
communication is the backbone of project success, whereas communication issues build up to
74% of the issues in distributed projects.
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Basic communication model is described from the point of view “sender - message - receiver”,
and message when going through medium is normally accompanied with noises [4]. These noises
build barriers to transmit and encode the message. Language as a barrier together with cultural
differences was addressed by [5] in the sense that not sharing a common language and culture
prevents effective communication.
[6] addressing the issues of intercultural business communication strategy proposes a conceptual
model of the strategy creation with listing all the elements which build business, intercultural and
communication strategies. Accordingly, the language element belongs to communication
strategy’s set and further author underlines the importance of possessing a common language by
business partners and not experiencing additional noises caused by interpretation’s dynamic.
[7] propose a cross-culture communication model where the elements of language, culture,
environment, workforce and technology play the role of barriers between companies from
different countries. Here authors relate to language as a country-specific one and underline the
need to create a new language if the companies don’t want to use the language of one of the
companies.
From the PM perspective, [8, p. 178] underlines the importance of communication skills, meaning
that the project manager should “write and speak in using a level of language expected of leaders”.
[9, p. 69] points out the need to possess sociolinguistic competence, which is formed by language
and communication competences, which is extremely important in frames of international
management teams since it enables “communicating across languages”.
Coming to the field of management skills, [1, p. 44] determine next skills as leading:
communication, project teams’ motivation, relationship management, enthusing passion,
commitment in project members, team working skills, understanding the project context, problem
solving, people influencing, public speaking persuasively, organizing and running a meeting
effectively, employees' development fostering, their performance evaluating.
To address the issue how else the educational system can be rethought, the BL concept can be
introduced especially in terms of possibility of obtaining knowledge practically.
BL is claimed as the tool to “blend” time, place, people, resources and activities [10], that means
that learners and teachers can effectively and efficiently use the resources to deliver learning and
teaching results with the combination of Information and Communication Technologies (further
ICT). This approach covers the learning ways explicitly, especially in terms of theoretical and
practical knowledge obtaining.
Following the Bloom’s taxonomy [10], the BL activities can be allocated to levels of learning:
remembering, understanding, applying, analysing, evaluating and creating. In this taxonomy,
simulation games are assigned to the applying level of learning, but in the same resource, the
simulation is affirmed as creative and active learning approach that enables people to remember
90% “what they do” [10, p. 25].
Mentioned above authors [1], in the ways how leadership skills can be trained, several times
reference simulation games. These simulators can be defined as part of serious games (games
aimed to train people through the stated goals), and represent “a digital imitation of something
real that has game characteristics: competition, rules, etc.” [11, p. 14]. All in all, we need
simulators to reproduce the reality when the activities cannot be executed in real scenarios. At the
same time, gamification itself is claimed as a powerful innovative motivational tool [12] that
plays a significant role in engagement of students into knowledge obtaining.
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Gamification is also a core idea of the BL approach applied by [13]. The BL concept proposed
by authors considered both face-to-face lessons and the prototype of application for learning
Chinese language. Scholars underline the importance to measure the progress of the learner, so
the user will be aware what lesson needs to be learned further.
[14] consider the development of the software application to facilitate foreign language learning
by appropriate approaches to train reading and speaking. Authors develop a prototype of such a
program to learn English language and the results of its application proved the positive influence
on learners.
Research conducted by [15] in 2015 in Poland serves for the current research as a reference point
since the authors put the focus on non-native speakers studying either in Polish or English
languages. The bilingual concept supported by virtual learning environment within ICT, including
lectures, workshops as well as E-workshops, aimed at teaching first-year students the course in
“Electronic data interchange”. Besides, the bilingual online course provided the students with the
opportunity to conduct online discussions with lecturers and to receive an official certificate after
the successful course accomplishment.
[16] design a learning system to boost the knowledge acquisition through the Multilanguage BL
environment using several integrated web-based translators. The translation was provided from
English to other languages, with the testing of translation from English to Thai language for the
contest of agriculture science.
3. Research Methodology
3.1 Research Questions
The main objective of the research paper is the development of BL concept, which will help
master students to learn deeper the concepts and terminology in PM in the language required for
their professional career. Based on that, the follow-up questions were formulated:
1. Which BL elements do students find useful for learning foreign languages?
2. How to use the advantages of these elements to build a concept of the platform for learning
languages, based on the BL approach?
3. How to align this concept with education methods in PM area?
To answer the above-stated research questions, the following survey was designed (Table 1).
TABLE I. The questionnaire used for the survey
Question

Possible answers

Please select your age range:

20-25; 26-30; 31-35; 36-40

In which language do you plan to work as a project
manager? (please choose a language of your first priority)

English; German; Spanish; Russian; Other
(specify)

How is important for you to know special PM terminology
in this language?

[Extremely; Very; Somewhat; Not at all]
important

Do you find the blended learning approaches useful for
language learning?

Yes; No

Which BL elements do you find useful?

Video streaming; Podcasts; Playing games;
Other (specify)

Which language learning application(s) have you already
used?

Duolingo; LinguaLeo; Babbel; HelloTalk;
Other (specify)
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The age range was predefined according to the average distribution of the age values among
master students. Before starting with the main part of the survey, it was significant to determine
which languages are of the highest priority in regard to future career. The selection of languages
was based on the analysis of the most widespread ones according to the national composition of
the master student groups.
Additionally, it was essential to identify whether master students, in general, find the BL approach
useful for the learning process. In case of the positive answer, they were asked to specify which
elements of this approach showed the highest effectiveness for them. Moreover, it is known that
nowadays there are multiple applications connected to the idea of BL education especially in
terms of learning a foreign language. Therefore, as a final question of the survey, it was enquired
for giving information on mobile applications which students have already used for such
purposes.
3.2 Limitations and Delimitations
Main limitations of the research were related to the BL methodology, specifically in the PM area.
Since the further proposed concept is being developed for the first time, testing process was
another constraint. In other words, once the concept is developed, it is also necessary to check its
performance in practice and conduct the follow-up survey to gather feedback and impressions of
its efficiency and usefulness what was impossible due to the initial stage of the research. Besides,
the data collection was limited by the amount of participants as the concept presented in this
article focuses mainly on students of PM study programs. Considering this fact, it also limits
available competences and finding an appropriate instructor for the suggested approach.
As for the research delimitations, EuroMPM students were selected as the respondents of onlinesurvey due to their availability and accessibility. Aside from that, choosing the language for
developing further concept was of high importance. Such criteria as necessity to know a certain
language and the career opportunities it can open are identified by country of studies and future
professional plans. In this case, German was the language of priority regarding better job chances
and preferences of the study focus audience.
3.3 Data Collection
The process of choosing an appropriate approach for this research included the decision on and
preparation of the data collection methods best suited to the purpose of the research questions. In
this case, online-survey tool was selected to offer a complementing measurable component in
form of quantitative research method. This method of data collection has multiple advantages
such as access to individuals in distant locations, the ability to reach difficult to contact
participants, and the convenience of having automated data collection, which reduces researcher
time and effort [17]. The online survey was conducted with the help of Google Forms, what is a
free online tool that allows collecting information efficiently and easily. Besides, this survey tool
automatically provides the graphical representation of questionnaire results.
3.4 Participants
The study targeted EuroMPM students who were able to give a brief information on their
experiences and preferences related to BL methodology and its effectiveness. 35 participants were
selected not just from the perspective of the study area but also covering the variety of different
study semesters from second to sixth. Students in the survey come from around 20 countries.
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4. Results and Discussion
4.1 Survey Analysis
According to the results of an online survey, the majority of EuroMPM students belong to the 20
to 25 age group. A total of 31 percent of the survey participants is of age between 26 and 30,
while a quarter of respondents are between the ages of 31 and 35 (Fig. 1).

Figure 1. Age ranges among survey participants
Students in their late thirties are over-represented in the survey sample. These figures may reflect
a general trend towards a small or no experience working in the area of PM which is accelerating
the need for new recommendations on increasing the chances of getting the first jobs.
Further, participants were offered several languages to choose as their future working language
in PM area. 1st and 2nd places are shared between English and German, respectively. Other options
were of minority (Fig. 2).

Figure 2. Selection of the future working language in PM area
The next question was related to identifying the level of importance to know special PM
terminology in the chosen language. As a result, almost all respondents stated that it is either
extremely important for them (51,4%), very important (42,9%) or somewhat important (5,7%).
There were no “not at all important” replies found (Fig. 3).
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Figure 3. Level of importance to know PM terminology in the working language
It becomes evident, how essential for EuroMPM students to know special terminology used in
the PM field. Since German is a second priority with respect to the working language, it
determines the focus of the future concept development and identifies research delimitations.
Apparently, a certain learning approach should be selected in regard to the objectives, particular
characteristics and main challenges of the study area. Based on that, BL methodology was
proposed to the participants to be assessed in terms of its efficiency and usefulness. These criteria
were confirmed among 91% of respondents, which fully justifies further research in this direction
(Fig. 4).

Figure 4. Usefulness of BL approach for language learning
Additionally, such BL elements, as video streaming, podcasts and playing games were ranked on
the basis of their helpfulness (Fig. 5).

Figure 5. The most useful BL elements
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While watching videos on study topics is of the highest interest, the share of respondents that
rated games as a useful BL tool is higher than those who preferred podcasts. Additionally, there
was a chance to add any other BL elements to the proposed ones. In response to that, books, songs
and news websites were suggested as possible alternatives for BL approach by survey
participants.
Final question addressed the subject of language learning applications which had been already
used by students (Fig. 6).

Figure 6. The most popular language learning applications
Duolingo language-learning application/platform took the 1st place by a wide margin. Such other
options, as LinguaLeo, Babbel and HelloTalk are considerably less used. However, EuroMPM
students added their own recommendations related to language learning applications, which were
Anki, Ted Talk, Rosetta Stone, HiNative and Linguee.
The above-mentioned findings not only prove validity and relevance of the study, but also provide
new insights for building the concept of learning PM concepts in a foreign language based on BL
approach.
4.2 Literature Discussion
In the observed literature the language component was several times treated as a barrier or noise.
When working with relevant literature we found limitations of addressing the language issues in
PM field. Since communication is the most important part of project manager’s activities, the
language competence should be considered as an enabler of an effective communication.
The scholars address the issue of the BL concepts applied to language learning. In the literature
observed the scholars apply these concepts to education in informatics, agriculture and purely in
language competence acquisition.
Several authors proposed to use both face-to-face and ICT-based approaches to increase the
knowledge gaining. For the current research the most valuable was found the research conducted
in Europe among first-year students who were studying in non-native language.
The less value presented the paper about Multilanguage BL environment since it did not present
novelty and results proving the efficiency of the proposed approach.
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4.3 Concept description
In this paper the BL concept will be developed and described as a leverage tool to foster language
skills of future project managers. The target audience for whom this concept should be
implemented is presented by the students in the second semester of the EuroMPM program. The
reason behind is that the standard master program is covered by four semesters only and the
opportunity to work on the language skills during this program is limited by two semesters.
Additionally, in the second semester students are supposed to have the knowledge about PM
concepts, so, the terms will be new for them only from the foreign language perspective.
Basically, the concept implies two ways of organizing learning processes, either having a class
with physical presence of participants or organizing an online-based sessions.
It is proposed that the elements of BL approach are better to be allocated on an online-platform,
including such components as videopuzzles, audiopuzzles, games, word trainer and dialogues.
The key objectives of selecting them were related to increasing students’ memory,
comprehension, and deeper learning. The main content, where these techniques will be
implemented is composed of topics, documents and vocabulary in the field of PM.
A combination of different types of multimedia sources, which were mentioned above, is adopted
to superimpose digital contents into student learning environments. In order to assess the
knowledge which students get on the platform in a proper way such approaches as online-tests,
assignments and games are considered to be effective ways of student’s evaluation. [18] state that
gamification is able to engage and organize participation. One of its main techniques is based on
user’s award, hence, it could be implemented to both learning and assessment processes as its
influence of points collecting on intrinsic motivation and performance were proved [19]. Besides,
such side sources as PM books, journals or news, entertainment elements like songs or some
useful links are beneficial bonuses in addition to the general ones. They could serve as an
information and learning sources for getting more insights about PM in a foreign language.
Although online-platform can provide multiple functions and elements of BL approach,
traditional offline classroom should not be neglected in this case as this technique is being applied
in the context of foreign language learning. One of the major reasons for this is live
communication during the offline classes. It is known that the importance of speaking skills is
enormous for the learners of any language. Therefore, offline meetings are suggested in the format
of speaking clubs and consultations. There are various advantages of conversation clubs, but the
most important one is that they offer learners a chance to practice a foreign language by actually
speaking it. Besides, these clubs are less formal than a classroom setting and make it more fun
for the learners.
As it was mentioned before, there will be different ways to evaluate language expertise of
learners. In order to provide them support and accompany them on their way of foreign language
competence acquisition it is proposed to provide consultations with both foreign language
teachers and PM experts.
The main elements of the BL concept are presented in the Fig. 7.
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Figure 7. Representation of the BL concept
In addition to the development of the concept itself, it was also important to consider the sequence
of the above listed activities. First of all, the course will start with the introduction to the BL
concept, its structure, methodology and grading system. Learning process will include online
lessons combined with offline speaking clubs. For the purpose of giving advice and improve
performance of the learners. In the middle of the course, after students have some knowledge of
the language, a course assignment will be introduced, followed by online lessons, speaking clubs
(mandatory and self-organised) and Q&A sessions. The course completion implies presenting the
assignment, getting feedback and taking the final test accompanied by the feedback session as
well (Fig. 8).

Figure 8. Learning process timeline
5. Conclusion
In this study the BL concept was introduced to answer the question how the language skills for
PM can be developed and expanded in order to increase the level of professionalism of future and
present project managers. As working in the PM field means to spend the majority of time
communicating with a project sponsor, team members, stakeholders, etc. it becomes obvious how
significant is language competence in this context. According to the data obtained from a
questionnaire-based survey conducted among EuroMPM students, there is a high necessity and
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willing to acquire or improve language skills applied only to PM area. Additionally, the survey
provides important information on the positive attitude of the students towards BL approach for
learning foreign languages.
This study has provided a description of the BL concept together with the sequence of activities
within it. The learning process includes online-platform and offline meetings. The reason for
choosing this combination was additionally explained. In order to create a concept that fully meets
the requirements and desires of students, data on their learning preferences and recommended BL
elements and language learning applications were collected.
As for future implications, this study can be expanded to other PM students out of EuroMPM
study program. Moreover, after the implementation of the suggested concept, the level of its
efficiency and room for future improvements are to be identified.
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Abstract: New era dictates new rules. Digital era make it clear that enterprises have to change
the way they do business on order not to be left behind and keep the balance under new
circumstances. Even countries trying to evolve its economy are forced to transform the whole
economy branches to digital format. This trend elaborates new challenges and opens perspectives
for future development. Managing digital transformation is one of the key issue to be considered.
Especially for Kazakhstan. Hence, this study is aimed to reveal the challenges and opportunities
of managing digital transformation for Kazakhstan.
Keywords: digital transformation, project management, information communication technology
1. Introduction
To date, the world has been facing new era – the information era, so called digital. The experts
claim that applying digital technologies essentially effects on country economy in the positive
aspect: increases the level of labor productivity; ensures labor safety; increases the efficiency of
production processes; saves resources; and leads to economic growth. That is why digitalization
has become crucial and inevitable for many companies from all over the world, which are striving
to adapt their way of doing business under the new circumstances. In addition, project
management tools are very important to manage digital transformation. In case those enterprises
that do not meet rapidly changing market demands, therefore they are doomed to failure. So new
conditions dictate new rules, though it presents new opportunities and challenges at the same
time.
Understanding of the highest necessity of digital transformation Kazakhstan accepted this
challenge. Since the beginning of 2006 government of the country launched e-government portal
in order to provide public services to citizens in digital form. From this moment, government has
been continuously working on this direction enhancing and increasing the public services. In
addition, many projects were launched such as e-license, tax office, judicial office, state
procurements. On top that, the government at the end of 2017 approved the state program “Digital
Kazakhstan” which is intended to accelerate the pace of economic development of the republic
and improve the quality of life of the population using digital technologies in the medium term
[1][2]. Therefore, the goal of our research is to understand and try to reveal what challenges and
perspectives gives us managing digital transformation for Kazakhstan.
2. Literature review
There are plenty of academic literature devoted to digital transformation. However, we also
consider a number of business literature, company researches and other resources.
First, let us define what actually digital transformation means. Digital transformation – is the
process of using digital or information communication technologies to solve various problems in
different spheres of economy such as oil & gas industry, medicine, agriculture, logistics, etc.
[3][4]. Computer systems and devices, Big Data, cloud services, desktop and mobile applications,
analytics, ERP-systems, social media and etc. are the examples of digital technologies. Actually,
managing digital transformation is not only about how to use or integrate IT-technologies into all
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areas of a business; however, it is also about modifying cultural change, modified education,
people’s vision, customer experiences, operational processes, business models (see Fig. 1).

Figure 1. Digital transformation components
On top that, we need to differentiate two more definitions: digitization and digitalization.
Digitization means the process of information conversion from analog to digital. Earlier physical
or typed documents was the main resource for keeping data. However, with the use of computers
digital files became convenient and easier, so that business started convert paper records to digital
format. Digitalization means the process of using digitized information in order to simplify the
way of doing business and make it more efficient. [4]
Digital transformation is essential for companies. Evidence of that claim can be found in research
based on the narratives from American Financial institutions adopting digital technologies. [5]
Cloud services and resource virtualization – are considered to be more technical aspect of digital
transformation of enterprises. These two vital drivers can enhance effectiveness, speed and
mitigate risks of data failure. [6]
One of important thing in digital transformation is how to manage it. Project management plays
vital role in digital transformation. Mark A Langley, president and CEO from Project
Management Institute, states that enterprises applying effective portfolio, program and project
management processes in its organizational strategies are most likely doomed to success in their
digital transformation strategies. [7-9]
Researchers from Massachusetts Institute of Technology highlighted three vital pillars in digital
transformation of enterprises. They are customer experience, operational processes and business
models. All these pillars decompose into nine elements. [10]
In Kazakhstan, on state level, the process of digital transformation is being well. For instance,
nowadays egov.kz portal provides 190 million different services, and about 7 million users are
registered on this portal. More than 740 services have been translated into electronic form. In
addition, we have mobile application of the portal with 3.3 million users with 10 million services,
more than 80 services are transformed into digital form. Besides, there is state “Digital
Kazakhstan” program approved by government in 2017 and aimed to improve the economy,
people’s life, and enhance competitiveness of our country. Implementation period of program is
2018-2022 and it will be carried out in five directions:
1. Digitization of the economy branches,
2. Transition to the digital state,
3. Implementation of the digital Silk Way,
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4. Evolution of the human capital assets,
5. Innovative ecosystem formation [1] [2].
However, there are available some gaps in this program: program does not take into account
people’s opinions, thoughts, and psychological preparation regarding digital transformation.
Therefore, we need to answer to some questions: how well people prepared for the digital
transformation, is this necessary for them, what people should like to learn during the process of
digital transformation, and other issues.
3. Research design
As we stated before, the main goal of this study is to reveal the challenges and opportunities of
digital transformation for Kazakhstan. In order to achieve this, we identified three stages:
1. Conduct survey and interview to get quantitative and qualitative data.
2. Analyze obtained data.
3. Summing up the results.
So that we took part in Erasmus+ Capacity-building in Higher Education project “ManDiT:
Managing the Digital Transformation”, and we took list of questions from this project. Target
groups such as students, lecturers, higher education institution (hereinafter, HEI) management,
companies and professional associations divide the questions. Most questions of each target
groups are almost the same in the meaning, so that it gives a good basis for analysis. Answers are
designed according to “Likert scale” 1-5 approach, where 1 = “strongly agree” and 5 = “strongly
disagree”. The questionnaire was anonymous, however we decided to include some information
like gender, age, education (specialty), job area, and position respectively by target groups. This
was done for additional analysis. Then we sent questionnaire to undergraduate and postgraduate
(Master and PhD) students, academics (young lecturers, professors) from International IT
University and its management, too. Moreover, we also sent the questionnaire to practitioners
(project managers, developers, specialists, analysts, etc.) from the companies and professional
associations and we took interview from them. Interview is also based on project’s questions.
There were considered small and medium enterprises, as well as large organizations. The Project
Management associations were examined as professional associations. Hence, in general we
received 200 responses from all target groups.
Regarding the technical aspect of questionnaire, we developed it based on the Google Forms –
one of the most popular service provided by well-known Google Company. This is great,
effective, easy to use, and responsive service. [11]
4. Results and Conclusion
As we mentioned before, the study is based on the survey and interview results. Now let us draw
your attention to obtained data analysis, and statistics.
First, the questionnaire revealed that more than 95% HEI staff agree that digital transformation is
vital topic in the university. We guess, that the reason is obvious, the popular and necessary topic.
The most part of students, lecturers, companies consider that they are well prepared for digital
transformation; however, almost half of respondents from associations claim that they are not.
Next interesting fact gives us Fig. 2, which is about the necessity to better descriptions the
required competence profiles for the digital transformation. The question concerned several target
groups. In short, the question is about clear understanding of necessary competencies for the
digital transformation. Majority of students, industry representatives, and associations
acknowledge this fact, albeit almost 50% of lecturers are not sure about this issue and of neutral
opinion. This means that respondents do not clearly understand those competencies. Besides, it
confronts to the answers of respondents to the question regarding preparation for digital
transformation. We assume, that experts of the state program “Digital Kazakhstan” did not take
it into consideration, and explanatory work is not as effective and clear as it has to be.
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Figure 2. Competence profiles for digital transformation
The following questions are common in their meaning:
1) Do you see the need for a study topic “management of the digital transformation”?
2) Do you see the topic “management of the digital transformation” as relevant for you?
The point of these questions is necessity of studying topic “management of the digital
transformation”. As you can see in Fig. 3, the most bulks of respondents of each target group
confirmed the relevance to study this topic. This fact also shows the weakness of state program
“Digital Kazakhstan” on the direction of “Innovative ecosystem formation”, and probably in
direction “Evolution of the human capital assets”, too.

Figure 3. Demand on a study topic “management of the digital transformation”
To sum up, according to our research results we revealed that there are available some gaps in the
“Digital Kazakhstan” program. Program does not work as well as expected. Some issues in its
directions should be revised.
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Abstract: Digital transformation and its values are frequently discussed in the society.
Nevertheless, small and medium-sized enterprises (SMEs) experience certain lack of resources to
go digital by their own. Thanks to the government programs, German SMEs can get external
support in frames of management consulting, in our case – digital transformation management
consulting. Current paper considers a case of the competence assessment tool developed and
owned by one of the German consulting companies, which helps to overcome challenges of digital
transformation via competences management. Based on a case study and literature research, the
framework will be proposed on how the competence assessment tool can be improved and further
maintained.
Keywords: competences management, digital transformation, management consulting,
competence assessment
1. Introduction
Concepts of digital transformation tend to bring high value both to society and economy. As
mentioned by several scholars researching in this field there is no general definition of digital
transformation. Nevertheless, digital transformation should be carefully managed paying
attention to its various aspects.
[1] uncover the subject of digital transformation from project management domain. Digital
transformation can be seen as a project, which demands not only certain competences to drive it,
but requires a comprehensive approach in the frames of competence model for the digital
transformation. The need for the model is determined by the complexity of the project as well as
uncertainty related with future transformation projects.
Also, this kind of project can be considered from the change management perspective. As
addressed by [2], the transformation term, considered from change management perspective, is
applied to describe “the extent of strategic change” since the organization during transformation
process changes, overall, “its paradigms of doing things” [2, p. 541].
Besides, the term of “Industry 4.0” is in a focus of a big number of researchers, entrepreneurs and
companies, who are interested in creating the impact and become a competitor in a fast-changing
environment. Industry 4.0 is considered in the literature not only as the fourth step of industrial
revolution, but also as a target, sustainable state, which is supposed to be reached with the digital
transformation processes.
[3] stress out a big difference between SMEs and large companies and uncover the factors
preventing these enterprises to implement any changes related with the quality improvement in
the company. Among the most important factors influencing those initiatives are lack of top
management and employees’ commitment, high costs and workload.
[2] talk precisely about the issues which SMEs face when implementing the digital transformation
and the most challenging is the need “to develop digital capabilities and implement them into
fast-changing, cross-company processes and structures” [2, p. 540]. The reasons behind this
challenge the authors see in the lack of resources to drive the transformation projects: both in
personnel and financial resources fields. The employees of SMEs are involved in their daily

65

activities and experience lack of additional competences to manage transformation. The budget
of SMEs is limited to perform the transformation activities with the help of external services. [2]
SMEs in any country face the lack of resources. For example, while discussing the case from the
UK, the authors underline that lack of finance, knowledge and skills prevent the SMEs from going
digital. [4]
The need for skills to take the specific actions for the transformation by German SMEs is also
underlined by [5]. The challenges faced by SMEs which are stressed out by the authors are
“security, data protection, and loss of control over their own data, costs, time, or the high
implementation effort as reasons for slowing things down” [5]
Although, SMEs experience lack of resources to drive digital transformation projects by their
own, the German government entities see SMEs as economy drivers, and, hence, are ready to
support them with various sponsoring opportunities [6]. That brings a synergy effect to both sides
of SMEs and Government, since SMEs, transformed digitally, will be able to add more value to
German economy and society.
Hence, thanks to the investment strategies of German government, SME’s can afford themselves
to be externally supported by the management consulting entities.
2. Case description
Management consulting organizations represent the entities, who guide its clients from business
and not-for-profit domains, mostly externally, in their management activities. The goal of
consultants is to provide a professional support to the customer in achieving a certain success and
moving business or non-profit organization forward. [7]
The consulting company considered in this paper is usually being selected by German ministries
to run the projects on the strategic human resources management and organizational development
in German SMEs. The reasons behind is more than 20-years of experience in the field of managing
strategically important projects as well as a strong network of Government entities, IT companies,
and other consulting organizations.
Today, the consulting company is constantly applying its rich experience in organizational
development and proceeds to help the companies from different economic spheres to overcome
new challenges. Talking about the near future, the company sees the consulting trends in a
process-oriented business environment. In the field of strategic human resources management
that will lead to more structured approaches to solve personnel issues. With attention to the
competence management, the today’s and future challenges are seen by the company in
generation issues and resistance to implement the changes, especially within digitalization stage.
A current approach of consulting SMEs in digital transformation topics can be performed with
the following graph (Fig. 1).

Figure 1. Process of consulting SME’s in digital transformation (author)
Consulting process of the company can be described by seven steps in three stages. On the first
stage, the company interviews a SME’s representative assigned to perform transformation
activities. Next, the SME’s process flowcharts and business specific or, if applicable, business
models are analysed. In this step, based on the interview results and business processes analysis,
the consulting company creates possible strategies for the transformation.
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Further, the series of workshops are scheduled and then conducted by consultants. During these
workshops, the developed by company model to assess the maturity level of SMEs regarding the
digital transformation is applied. Then employees are asked how they see the process “now” and
“in future”, so the redesign of processes is conducted together with employees. After, the
competences needed to perform these processes (both for “now” and “in future”) are allocated to
every process.
On the third stage the application of web-based tool takes place. All information gathered on
previous steps is being put into the tool for further assessment, when employees evaluate
themselves and considering these results, the next final step takes place for training measures and
process improvement proposals.
2.1 A web-based assessment tool
The consulting company has been working with competences assessment in German SMEs since
June 2012. At that time the consulting company was involved in the big project with the aim to
create a competence profile of the organization evaluation the employees from various
departments of construction, purchasing, mechanical engineering, delivery, etc. Competence
assessment was difficult to manage because of the big amount of data (ca. 80 different
competences distributed in several files for analysis) and MS Excel sheets were not that helpful
in this case. To solve this usability issues the company started to develop a web-based assessment
tool in 2014.
The tool makom® is based on the established in 2012 framework and contains an explicit database
enabled by the web-platform [8]. In the end of 2014, the pilot version was tested, and in April
2015 the tool was officially presented in Dortmund. In general, the focus was on how to structure
competences and align human resources and strategy of the organization, what didn’t present a
big interest for the customer and hence the improvements were required.
For this reason, the makom® tool was essentially improved during 2015-2017 and, in its turn,
that led to the win in the nomination “The best IT-solution-2017”. The reason behind is that the
makom® tool is not only an IT-solution, but it is a tool which provides a good business solution
and can maintain strategic human resources management of the company.
As described in the Fig. 1, the makom® tool application takes place in the third stage after the
competences for the present and future processes were already allocated. After the competences
are described and put into the tool, to every element of it the employee, who is supposed to possess
this competence, is allocated for further evaluation. Besides the ID, the tool also contains the age
of the employee to make then an age analysis and comprehensive resource planning.
The competences are grouped into the category named after processes or departments. Every
category has a subcategory with the competences and its description, derived from the workshops
(second stage of the Fig. 1). Those categories of competences and its description create a
competence profile of the department or the consulted organization in general.
The tool has four levels for competences evaluation: no knowledge, basic knowledge, advanced
knowledge and expert knowledge. There is no required level for every competence is determined
but defined the number of people (in percentage) who should be on the one of four levels.
During the evaluation, employees can assess themselves on which level of competence they feel
themselves, or this assessment can be also done by the supervisor, so-called, external assessment.
Both results can be then compared and present a holistic assessment matrix. Besides the
assessment, the employees are also being asked if they want to be trained in future to enhance the
competence level.
As the result of the evaluation, the makom® tool reflects the competence profile of the
organization, and thanks to the information regarding the age of employees, in case of the close
retirement of “experts”, the organization can already plan to enhance the number of new
employees to feel the future gaps.
On the last step, the tool proposes several training measures if the employee is required this
education and agreed to be trained (it is an additional question in the assessment procedure).
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Eventually, the core idea of the tool is to reflect the competence profile of the organization, so the
company then can know by whom they can replace the employee, if he is ill or cannot perform
the work anymore. In addition, the aim of the tool was to maintain resource planning. And with
the need of the organization to transform digitally the tool can also perform the gaps assessment
between the competences needed to perform the present processes and the competences required
to perform the work related to the newly designed and digitally transformed processes. That
sufficiently expands the scope of the tool and significance of it for the digital transformation
management.
2.2 makom ® case discussion
A self-assessment provided by the makom® tool leaves some open questions behind. It is not
clear how people evaluate themselves and what factors are influencing this evaluation. As well
as there can be possible limitations caused by the self-confidence level of the employee and the
trust between the employee and evaluation tool, or the supervisor and the employee in case of
external assessment. That uncovers the need to research about limitations when performing in socalled competence testing centre.
Further research of the competence management can evolve into the framework of competence
management for the digital transformation (CMDT) model [1]. To build this model we need to
gather more competence elements and, hence, more indicators are required. The makom® tool in
the current state enables only analysis of four levels of competence, ID of the employee, their age
and, if applicable, the department or process related to the competence. With the development of
the additional testing measures, for example, in the frames of multiple-choice questions, there
will be more opportunities to gather required for the model indicators. These testing measures
would address certain products and certain knowledge to be possessed by the employees, but also
the new testing measures will require smart approaches and the new digital techniques for data
acquisition or other business intelligence tools.
3. Theoretical Background
The aim of the literature research is to answer the next questions:
- what is the digital transformation,
- is there any framework of competences categorization for digital transformation,
- which competence assessment modes do exist,
- what are the parameters of tests,
- how to prove the reliability and validity of the testing measures.
3.1 Digital transformation
The term of digital transformation has different perspectives and, hence, different definitions,
what is not surprisingly, since the term itself is quite new for the scientific and research world.
Most of the definitions contain the focus on value creation and change in the business model to
shift a competitive level of the organization. A speed of this change is dependent on the art of
transformation: if the organization is forced to be changed or does it voluntarily [2].
Also, in the most of literature sources the term or digital transformation is identified with the term
of Industry 4.0. But it is more advisable to distinguish between these two terms and consider the
term of Industry 4.0 as the target state which can be reached by the digital transformation process,
as it was underlined by [2].
Besides discussion about the competences needed for Industry 4.0, professor Abel [9] provides
first a list of technologies / technologic fields related to the Industry 4.0, which are associated
with: sensors, actuators, big data, cloud computing, data security, communication, human
machine interface, software standards and standardization, shift adjustment via Web 2.0, mobile
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devices, tracking by the customer or the customer, robotics, additive method, wearables,
augmentation technologies.
3.2 Competences for the digital transformation
Over the years the definition of competence has got different perceptions and interpretations.
Based on analysis of competence definitions, [10] provide the readers with a comprehensive
discussion comparing the term of “competence” with the terms of “performance”, “qualification”,
“capability and ability”, “knowledge, skills, and attitudes”, “expertise”.
[11] present an alternative concept of competence for vocational education and follows the next
view on the competence as: “vehicle for the creation of selfhood and of forming and transforming
the world” (Kovacs, cited in [11]). This broad view reflects a high complexity of the competence’s
concept.
German scholars [12] point out that before evaluation the competences should be organized in
reasonable categories, which are recommended to be derived from specific job profiles and actual
requirements, as well as an assessment itself must be possible to be adjusted for future job
requirements.
One of the researchers who covered recently the topic of future competences development for
digital transformation distinguishes between qualification (“knowledge and skills necessary to
perform a particular activity”) and competence (“a learnable ability of an employee to perform
certain tasks independently”). To define Industry 4.0, author chose to describe it as “real-time
capable, intelligent, horizontal and vertical networking of people, machines, objects and ICT
systems for the dynamic management of complex systems” (Bauer et al., 2014, p. 18 cited in [9]).
Based on a systematic literature review and business case studies, the author discusses possible
scenarios of Industry 4.0 and allocates future professional qualifications requirements to relevant
roles in the SME. His findings grab attention since he distinguishes which role in the company
will require definite skills to drive digitalization, which include IT skills and abilities to
communicate in English for every role. [9]
Since industry shifts its level, the same with competences: people will need more professional
and interdisciplinary competences, which are separated in different levels and professional areas,
and classified into three areas: social competence, self-competence, professional and methodical
competence [9].
All in all, this research gives a good impression on the topic of competences for the Industry 4.0
in German SME’s and other current challenges the companies face regarding digitalization.
[12] when introducing competence management tool for SMEs which addresses current and
future competences, also discuss the ways to evaluate the gaps in competence profiles, but before
they also talk about competences domains and types, touching the topic of digitalization
challenges in German SME’s.
Another paper describes a developed software tool for competences evaluation. In this tool the
next five categories of competencies present: managerial, specialized technical and professional,
basic operational, scientific and academic, and personal effectiveness competencies [13].
[14] describe a web-based tool to assess competencies involves only three groups of
competencies: professional, innovative and social, which then are separated in twelve
subcategories, forming sixty-three categories elements in total.
Among the reviewed literature sources towards competences for digital transformation, the
“DigComp 2.0: The Digital Competence Framework for Citizens” [15] is worth mentioning. This
reference model developed by European Commission considers five areas of digital competences:
information and data literacy, communication and collaboration, digital content creation, safety,
and problem solving. These competence areas present so-called “dimension 1”, a part of digital
competence, whereas “dimension 2” supports every area with relevant competence descriptor.
Table II summarizes categories which the authors used in their research papers.
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As can be seen, authors used different approaches of definition and categorization of
competences (“x” means the same title of competence category, starting with “*” – partially the
same), hence comparing them can be complicated.
Table I. Summary of competence groups from relevant literature source
Categories / Authors

Abel, 2018 [9]

methodical
professional

x
x

social
self-competence /
personal
knowledge based

x
x

communicational
managerial

Decius &
Schaper, 2017
[18]
x
x
* interpersonal
x
x

Bohlouli et al,
2013 [19]

Mittas et al, 2015
[20]

* specialized
technical and
professional

x

* personal
effectiveness
* basic
operational
x

scientific and
academic
innovative

x

x

* part of
professional
competence
x

The gaps in this comparison can be seen in the different focuses of competence categorization.
E.g., [9] has proposed the categorization exactly for the framework of digital transformation,
whereas other scholars focused on SMEs and competences in general.
3.3 Modes of competences assessment
As it claimed by scholars from Switzerland, the competences assessment is needed to prove that
“the persons possess the necessary competencies to perform assigned functions to an acceptable
level” [16]. [17] underlines the importance of assessments which have been proven the increase
in productivity, cost savings and other business outcomes. Among assessment methods author
distinguishes between knowledge, skills and abilities-based assessments and task-based
assessments. Among first group are:
- cognitive ability tests to assess job performance related to verbal, mathematical, reasoning,
reading abilities and involve multiple-choice items as a testing measure [17, p. 6];
- job knowledge tests to measure, in general, technical knowledge and skills to perform a daily
work [17, p. 7].
Heukelman [18] among measuring skills’ methodologies underlines that assessment and testing
are suitable to assess cognitive skills, but limited in their applicability, as, for instance,
performance-based testing measures are time consuming and deal with bigger amount of skills.
Another limitation besides resources consuming performance-based assessment is the
performance itself influenced by external factors within the competence centres.
[19] underline that the performance and competence are correlated but should be measured in the
different settings. What is important, that the scholars point out that these parameters could be
correlated when the external circumstances will be the same (in the cases discussed these
conditions were consultation time and efficiency of the doctor). These circumstances cannot be
neglected since they were also a part of assessment. [19]
Abstracting from external factors which influence the performance-based competence evaluation
and focusing further on self-assessment and external testing, the scholars underlined that selfevaluation is treated less threatening than the one done by third parties. It is seen as an
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autonomous, requiring less resources measure, and also helping the learner to grow and develop
him-/herself continuously [20].
There is the next definition of self-assessment provided: “the evaluation or judgement of ‘the
worth’ of one’s strengths and weaknesses with a view to improving one’s learning outcomes”
(Klenowski, 1995, p. 146, cited in [21]). The scholar underlines the doubts about self-assessment
techniques since the test takers can under- or over-estimate their abilities since the criteria of good
performance can be perceived differently [21].
Multiple-choice tests present an assessment measure having true / false and one-best-answer
items. Both have pros in cons, e.g., when choosing among true / false items, it is not clear which
one is absolutely correct. Also, there is a need to create a pool of items to prevent test takers from
exchanging right answers. [22]
Nevertheless, multiple-choice measures were claimed as the most commonly used type of
assessment, but also limited: if the test taker guessed the answer or had the certain understanding
of the subject. In general, the main benefit of this assessment is that it can be graded quickly
having an answer key regardless the testing was performed in analogue or digital way [23].
Among several possibilities to measure competence, multiple-choice tests are claimed as “an
efficient and objective way to assess knowledge” [16]. The authors underline, that development
of this kind of tests requires an expertise in test creation itself, where question stem, varying
number of correct and wrong answers (distractors) should be considered.
3.4 Testing measures’ parameters
[22] lists the next properties of multiple-choice tests:
- difficulty, extend, to which a test taker can or cannot answer the question,
- differentiation ability, relation between those who answered the question due to knowledge or
randomly guessed an answer,
- validity and reliability, which are not addressed by the author and considered further. However,
the last two parameters are related to any kind of testing measures, including self-assessment.
Validity is claimed as the most important factor to ensure accuracy of the testing measure, which
can be determined in empirical way involving data collection and formula application, or
inspection, intuition and common sense [24].
Furthermore, the scholars from UK provide us with the definition of a valid self-assessment:
“‘judging one’s performance against appropriate criteria’’, and accurate self-assessment:
‘‘gaining reasonable concurrence between self-claimed and other, validated measures of
performance’’ (Gordon, 1991, cited in [25]).
American scholar Pulakos [17, p. 16] defines validity as “the extent to which the assessment
method is useful for predicting subsequent job performance” and considers it as one of the key
criteria for evaluation of assessment methods.
Basic testing property is reliability, - “the consistency of the scores produced by a measurement
tool” [21]. As well as [16] treat reliability as an indicator of consistency (measurement of the
same competency) and repeatability (near the same test results produced with time intervals) of
the test. This indicator can be proved, e.g., by test-retest, split-half application (for test items with
more than one right answer), or internal consistency, which can be measured by Cronbach’s alpha
and the Kuder-Richardson equation. As a rule of thumb concerning reliability, authors
recommend taking rkk ≤ 0.85.
3.5 Correlation between test’s results
Since the considered assessment tool has already produced results from competences evaluation
and the new tests will determine new data production there is a need to understand the ways to
describe relations between the assessment outcomes.
[26] define correlation as “the degree of association between two variables, whereas regression
expresses the form of the relationship between specified values of variable and the means of all
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corresponding values of the second variable”, and it is used to measure similarity between objects,
or multidimensional variables.
The covariance is used to measure correlation between two sets of variables, in sense if covariance
is positive or negative, the relation between variables will be linear or nonlinear respectively.
When two sets of variables are independent, the covariance will be zero and that means, that those
sets are independent [26].
One of the basic tools to perform this relationship graphically, correlation charts or scatter
diagrams can be used. It is claimed by [26] that scatterplots are more informative than just
correlation coefficient analysis, while it provides a visual summary of relations between data sets.
4. Results and discussion
4.1 General improvement of consulting approach
An analysis of consulting approach revealed certain gaps in the allocation of competences during
the workshops. To fill this gap, the participants of the workshops need to have a pre-round of
training activities to learn their processes in order to be able to do a comprehensive analysis of
the “as-is” process and a proper design of the “to-be” process.
So, this process acknowledgement procedure can be performed with the help of a web-platform
and make a first impression on what employees will be working on during upcoming workshops,
as well as it can create a buy-in effect since the test takers will already think about the processes
and white spots for transforming them digitally.
The makom® case study analysis leads to the conclusion that there is a need for finding a
framework to categorize competences for future implementation in practice. As was underlined
above, scholars categorize competences in different manner. For developing the testing measures,
we need to have a pool of questions structured and grouped in the way to use and reuse them
permanently. Based on literature review it can be summarized that professional competence will
vary from company to company case.
The next competences categorization framework can be proposed:
- professional competences category, including basic operational, specialized technical and
knowledge-based competence,
- social competences category, involving personal and interpersonal competences;
- digital competence category, covering elements of methodical, managerial and innovative
competences.
Managerial competence as part of digital category means the skills to perform project
management activities regarding digital transformation project.
4.2 Tests creation
Currently, to evaluate their competences, the employees and/or their supervisors are being asked
to assess the level of the skills possessed via self-assessment questionnaire, but no external testing
measures are performed to make this evaluation more reliable.
What is important, that the consulting activities are conducted with employees who will then work
within new business processes and can uncover all specific features of their daily work. They
create a valuable effort to improve the processes by describing the new processes (“to-be”
process) and with the help of the consulting company they will require to perform them.
In the literature research part several factors of assessment tool creation were mentioned. Both
multiple-choice tests and self-evaluation questionnaire have their advantages. Nevertheless,
having two options of competence assessment can bring additional value to consulting approach.
Since the consulting company already has its assessment tool with self-evaluation questionnaire,
there is a need to consider an existing scale to link with the new one of multiple-choice test.
As mentioned before, current makom® tool evaluates the next types of professional skills rating:
no – basic – advanced – expert knowledge.
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To build the testing measures into current “makom” model, these levels should be transferred to
the per cents (Table II).
Table II. The scales binding
Points’ interval, %
0 ... 30
31 ... 69
70 ... 85
86 ... 100

Level
no knowledge…little knowledge
basic knowledge
advanced knowledge
expert knowledge

The core idea of multiple-choice questions creation is that new testing measures will perform at
least 10 questions related to the competence – in today’s mode and for future, which is considered
the most valuable to be tested (applicable to several processes).
The total amount of questions is to be transferred to 100% scale. All in all, the measures need to
be adjusted to every competence being tested and to be specified for every company case.
4.3 Testing measures’ system maintenance
Every case by every consulted company will require adjustment for testing professional
competences, since they are very specific. Therefore, while creating multiple-choice questions
the test should be flexible and adjustable for quick changes. To help with the speed of adjustments
concerning how to randomize the questions, special software tools can be called in.
Another important point that the database of the competences gathered by the consulting company
since 2014 is rather big and the competences can be grouped by every industry, then it can be
analysed to find similarities and further a new database with the multiple-choice questions needs
to be developed. This process can be described with the chart presented in the Fig. 2.

Figure 2. The process of the competences’ database maintenance
The main purpose of the database maintenance is not to extend a timeline of the consulting
process. The work related to the creation of the multiple-choice questions can be done in parallel
to the traditional for the company approach.
When the company which needs to be consulted is defined, the industry of it is already clear.
Further, during the first interview an idea appears about which competences are in place.
As mentioned above, every case will require its own set of multiple-choice questions to test the
competences. The most challenging will be to form the questions regarding technical product
competence testing (professional category) since it depends on the information or product systems
possessed by the considered company.
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The core idea to overcome this challenge will be the next approach:
1. Analyzing the manual of the software / hardware application
2. Consulting with the with the responsible employee / supervisor involved into the consulting
activities to understand the main points to be tested into multiple-choice test
3. Creating the questions concerning the usability / special features which are crucial to perform
the job with this software / hardware product.
As it was mentioned by [17], tailored assessment tools require more effort regarding creation of
evaluation techniques but at the same time that will bring more value to every business case:
employees will see that they are tested in relevant to their job abilities and hence it can minimize
a resistance from their side. That is why these measures of adjustment and tailoring are worth
implementing.
To improve the quality of testing measures’ system “plan-do-check-act” cycle can be applied after
testing pilot version and afterwards in general:
- creating multiple-choice questions for every case,
- testing the measures on the company and gathering feedback,
- retesting if needed and working on quality issues from content or software perspective,
- implementing the changes when creating new measures and approve them in practice.
Talking about quality issues, the selection of appropriate platform for testing measures
performance requires a careful analysis from usability and technical side in general. The platform
should be designed with user-friendly interface and have possibilities to adjust the test items in
efficient way.
5. Conclusion
Digital transformation projects add value to the companies but require special competences to
manage them.
The makom® case description uncovered several gaps in lack of theoretical background to group
competences in certain categories. Besides, the results of the literature research are recommended
to be considered to create an own “umbrella” term of digital transformation, which will be
appropriate for the customers.
Since the consulting company already has its own self-assessment tool, literature research
attempted to answer the question what advantages and disadvantages self-evaluation and
multiple-choice tests have, and on which factors we need to pay attention when developing new
assessment approaches.
Another focus of literature research was to review competences categorization in relevant sources
related to competences assessment tools. Here we can see some gaps since special group of
competences were not considered: what exact managerial competences should be involved when
performing transformational activities and what their role in the organization. Therefore, project
management standards should be reviewed carefully and especially Organizational Competence
Baseline from IPMA ® [27]. Afterwards, it is highly recommended to combine theoretical and
practical approaches to competence categorization to structure further the competence
management approaches.
Several technical parameters of multiple-choice tests were considered, hence, there is a need to
involve more research activities to find relevant statistical tools to evaluate reliability and validity
of test items.
As it was mentioned in literature review, the design of an assessment tool requires competence in
developing evaluation techniques itself and experts’ interviews can positively influence the
design process.
After all, it can be concluded that the new assessment measures in frames of multiple-choice tests
can be performed and aligned with the current competence assessment tool.
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Abstract: The aim of this research is to investigate about a project management methodology
which fits to CFAA (a research center created by a public-private initiative in the Basque
Country) in which different types of innovation, R&D and R&D&I projects are implemented.
Authors seek to create a project management methodology to be customized for this Center to
manage projects, programs and portfolios, and push the organization toward more agility and
efficiency. The research methodology is based on descriptive study, reviewing of different
resources such as books, articles, journals as well as interviews to determine the appropriate
project management methodology to be implemented in this Center.
Keywords: R&D project management approach, Innovation project management approach,
R&D&I project management methodology, TRL 5 – 7.
1. Introduction
The Advanced Manufacturing Center in Aeronautics (CFAA in Spanish) was created with the
aim of developing advanced manufacturing technologies located between the Technology
Readiness Level 5 to 7 [1]. The CFAA was inaugurated in 2017 in the Technological Park of
Biscay, also conceived by a conjunction of the University of the Basque Country (UPV/EHU)
and the Business Cluster for the Development of Advanced Aeronautics Manufacturing
Techniques. Together with the Basque Country Government and Provincial Council of Biscay,
in collaboration with the Technological and Scientific Park of Biscay, enables the Center to
focus on the end applications of aeronautics production, without forgetting the generation, use
and fine-tuning of new knowledge in advanced manufacturing techniques.
Nowadays, the CFAA is formed by 76 partners, has had a total budget of about 2 million euros
since his foundation, which has allowed to complete several projects in the different areas
identified as vitals for the partners, government and university. 25 people are within the staff of
researchers, 8 of them are doing their PhD and 7 of them are responsible for the project’s
coordination and research. It has also 8 professors from the University who share their time in
the Center’s research. There are also 20 people from partner companies working in the Center
and 7 more are in dual training for partner companies.
This Center acts as an intersection of ideas and advancement for agencies and companies with
capabilities and interests in the aeronautical engines and structural components sector,
developing R&D, innovation, and R&D&I projects, which are complex projects with high level
of uncertainty and risks [2].
1.1. The importance of project management
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Implementing a project management methodology carry out great improvements on the KPIs of
a company. The Centre for Business Practices (CBP) reported 75% improve in employee’s
productivity; besides 27% improvement in return on investment (ROI) and 30% improvement in
budget performance as well as 50% more projects completed. Customer satisfaction increased
about 38%, as a result of implementation of project management methodologies. Moreover,
project management not only has positive impact on the organization, but also on the
employees’ satisfaction by increasing employees’ satisfaction 40% CBP, also Thomas and
Mullaly [3] reported 58% improvement in employees’ quality of life.
Although there is a wide range of projects in CFAA, the lack of comprehensive and customized
project management methodology is noticed. In order to clarify the importance of project
management, this research review the statistical reports regarding projects’ success rate through
implementation of project management. Considering the statistical reports regarding the
projects’ success rate directed the authors to concern about conceptualizing the customized
project management methodology for CFAA. To achieve this goal, firstly the identification of
the current situation of the projects in CFAA is essential.
1.2. Project management in CFAA
The activity of the CFAA is centered around the planning and realization of projects included in
a List of Projects (LOP), in which the intensive use of the resources is sought in fulfillment of
the aims of the Centre. This LOP is prepared on the basis of the proposals made by each of the
members of the Centre, sent for study and acceptance during a period of the year by a Technical
Committee. The duration of the project depends on the planning that is done between the
partner project’s lead and the Centre, taking into account the disposition of its resources, which
is established according to the order of arrival of the requests, followed by the hierarchy of the
partners.
Table 1. CFAA Partners summary (2019), classification by type and industry
Type
A

B

C

D

SC

Industry
Large size machine tools
Tier 1 Aeroengines
Cutting-tool Medium size companies
Machine-tools Medium size companies
Metrology companies
Metrology and Additive manufacturing
Machine-tool Small size manufacturers
Additive m.– machine developers
Cutting tools and accessories
Digital Transformation
Engineering services
Tier 2 Aeroengines
University
Welding equipment and consumables
Work holding
Additive manufacturing – services
Cutting tools and accessories
Digital Transformation
Engineering services
Technology providers
Work holding and fixtures
Digital Transformation
Engineering services
Industrial Clusters: a) machine tools and b) aeronautics
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Quantity
1
1
3
1
2
1
1
1
1
1
1
2
1
2
2
1
31
5
4
1
5
1
4
2

Metrology equipment

1

During those three years of operation, the existing control mechanism for the project
management in the Centre was the LOP, which produce that the planning of activities and
scheduling the use of machines and human resources, depended entirely on this file. This way
of managing was adopted because of the need to control the activities that were carried out in
the Center; however, no project management methodology had been considered for its
subsequent implementation and daily use. Likewise, a large percentage of the projects that had
been approved in the LOP are pending (Table 2), either due to the lack of information from the
Partner (principal interested in the realization of the project) or the lack of resources for its
realization. The absence of the proper information necessary for the realization of these projects
such as resources needed, time foreseen, main tasks, stakeholder analysis and even the objective
of project is experienced, which increase the difficulty of projects' realization for the project’s
coordinators of the Centre.
Year
2017
2018
2019

Table 2. Projects resume - CFAA
Complete
Pending
69.12%
30.88%
74.36%
25.64%
42.16%
57.84%

1.3. Innovation projects and R&D projects characteristics
CFAA projects are mostly innovation, R&D and sometimes R&D&I projects. In order to
manage these projects, it is essential to examine about the characteristics and identification of
such projects. Mikulskiene [2] stated that R&D projects are complex projects with high level of
uncertainty and high risks, including highly intelligent activities, which are associated with
barriers, dramatic collaboration change, breakthroughs and the quality is judged by experts;
furthermore, the goal for R&D projects is “ambitious”, “optimistic”, and “challenging;
therefore, Stuckenbruck [4] stated that renewing the goals and rethinking of ideas as well as
changing the methods happens during R&D project; besides Energy Facility Contractors Group
[5] described the progressive scope of R&D projects, which can be reached to the stable
situation through iterative researches.
Since R&D projects don’t have defined-goals, process and detailed planning in initiation phases
are not possible, producing that the managing of such projects a not easy task. Mikulskiene [2]
mentioned that there are a lot of issues in managing R&D projects related to planning, resource
allocation and scheduling since R&D project should have flexible planning to cope with new
methods and changes.
Furthermore, in CFAA are innovation projects, which in turn have the non-linear process [6]
and are associated with remarkable challenges such as the possibility of failure, the high rate of
ending up projects without any results, the variable project scope, the long-lasting project life
cycle, the conflict between researchers’ interest and companies’ interest, difficulty of bounding
innovation projects to defined time periods and planning, and not-fixed scope of innovation
projects which is changing due to internal and external factors [7].
2. R&D project management and innovation project management approaches
To manage innovation and R&D projects, Mikulskiene [2] referred to tow-stage R&D project
management. The first phase, planning, is more technical rather than the second step which is
associated with human resource issues, stakeholders, partners and team.
Stuckenbruck [4] represent four-phased project management life cycle, which is a linear
approach that includes project concept, project planning, project implementation and project
completion. Setting up abstract goals, having flexible planning, focusing on constrains and the
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environment is recommended in this methodology. Kerzner [8] represented a five-phased of
project life cycle to develop new products including: conceptual, planning, testing,
implementation and closure phases. Overlapping phases and break down a long-lasting product
development project into smaller projects are specifications of this approach.
Six-phased life cycle as the best R&D project is also in alignment with above-mentioned
approaches. Although four-phased, five-phased and six-phased life cycle is defined in different
phases with detailed information, the appropriateness of them are under question, since these
approaches have linear structure; while R&D happens in non-linear phases [9].
Reviewing the literature on R&D project management clarify the need for non-linear structure
for going back to general idea and detailed planning at the beginning of projects is inevitable
due to the characteristics of R&D projects. To summarize, although phased-life cycle
approaches are needed to clarify the whole process of R&D project management, the non-linear
approach should be defined to provide the chance for more creativity, flexibility and changes in
general ideas, primary planning and used methods and technologies, in addition, the need for
iterative and incremental research phase are essential to overcome the progressive scope and
narrow the changes.
To manage innovation projects, different methods has been discussed. Phased project planning
(PPP) is a control mechanism for New Product Development (NPD), introduced by NASA to
guarantee that the NPD projects will be implemented according to the plan and delivered on
time. However, the engineering driven PPP approach was too time consuming and too
bureaucratic [10]. To cope with the limitation of PPP approach, Cooper [11] introduced stagegate system approach, which is a quality-focused framework that contains different stages, each
one has its own inputs and deliverables which are assessed, checked and approved before
continuing to the next stages. Although stag-gate approach considered the business case and
focused on the market, this approach does not provide the opportunity for creativity and
innovation as a result, a hybrid methodology is suggested to mix the agile methodologies and
traditional methods.
3. Hybrid approaches in innovation project management and R&D project management
Gutiérrez et al [12] developed a new R&D project management methodology for NPD, he
combined the classical project management theory and some of the best practices in the scrum.
This methodology includes definition, design, development, testing and release phases. Is also
associated with several benefits such as quick feedbacks from customer sides derived from a
scrum approach in development phase and controlling all aspects happens in release phase, in
addition saving money and time through redesign cycles and testing the usability and
functionality of the deliverables during sprints in development phases. Figure 1 represents this
methodology.

Figure 1. R&D project management methodology [12]
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Cooper [13] represented the triple A approach which is a hybrid structure of Stage-Gate and
agile approach. Triple A stands for adaptive & flexible, agile, and accelerated. Adaptive comes
from the team adaptation to the context of the project, and agility happens during iterations and
spirals.
Perez and Louw [14] represented Fugle Innovation approach, which is the combination of stagegate approach with the agile approach. This approach relay on innovation process and carried
out internally, but connected with the external environment and out sourcing, overlapping stages
and iterative loops are the possibilities of this approach. This is also applicable in both product
manufacturing and service providers and rely on innovation including the whole innovation
process.
Sommer et al. [15], introduced the industrial scrum, which is the combination of stage-gate
approach and scrum. In this approach, the organizational level applies the stage gate approach,
while the project level used the scrum.
However, still one question exists that how decision making over combining two approaches
happens. Fijn [16] represented a positioning model through that decision making over
combining approaches is facilitated. In this model, the linear structure and the level of control
over the environment are main axes for decision making. To manage projects with linear
structure in dynamic environment triple A approach is suggested, while for non-linear structural
projects, the combination of stage-gate and agile approaches should be applied. Figure 2 shows
Fijn positioning project management approaches.

Figure 2. Fijin positioning project management approaches [16]
4. Hybrid project management methodology for R&D, innovation and R&D&I projects
in the CFAA
Taking into consideration the characteristics of R&D projects and innovative projects as
projects with ambitious goals, not fully defined methods and non-linear process, directs the
authors to create a nonlinear and hybrid methodology for managing the R&D&I projects. The
bases of the methodology are summarized as below:
According to the Fijn [16] positioning project management approaches figure (2), the suggested
hybrid methodology will be a combination of stage-gate and agile approach since the identity of
the projects are mainly R&D and/or innovative projects, which have the non-linear process and
implemented in a non-controllable environment. Taking into consideration the tow-stage R&D
project management [2], four-phased project management life cycle [4] and five-phased of
project life cycle [8], the authors come to the conclusion that phased-life cycle approaches are
needed to clarify the whole process of R&D project management. In addition, based on Energy
Facility Contractors Group [5], the need for iterative and incremental research phase are
essential to overcome the progressive scope and narrow the changes.
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Furthermore, deep investigation based on stage-gate system approach of Cooper [11] which is a
quality focused framework leads to proposing the model consists of 6 phases, which each phase
has its own inputs and deliverables and they are assessed, checked and approved before
continuing to the next stages. Also, due to the fact that CFAA is involved in NDP projects and
the new practical R&D project management methodology for new product development of
Gutiérrez et al [12] in Figure 1, was an approved practical example for hybrid R&D project
management methodology applied in the automotive industry and assumed as a role model in
our investigation.
Table 3. Classification of projects CFAA – R&D&I
Type of projects
Creation or development of new product technology
platform
Innovation
Product or technology enhancement
Project oriented to new product or process

Percentage
8.31%
3.99%
46.84%
40.86%

Reviewing the existing information and realizing interviews with the project coordinators and
experts in CFAA, they provide some information about the fact that in CFAA there are
innovative projects (Table 3), which in turn have the non-linear process, then, according to the
Leydesdorff et al [6] the non-linear approach should be defined to provide the chance for more
creativity, flexibility and changes in general ideas, primary planning and used methods and
technologies as a result the backward steps are defined in this model.
Reviewing the literature surrounding hybrid approaches grabbed our attention over the fact that,
the scrum approach cannot be completely applicable in this Centre since there are not
remarkable software and IT projects in this centre, besides, although the iteration and
increments are needed in each phase, the time constrains cannot be considered for them. Figure
3 illustrate the methodology.

Figure 3. R&D&I project management methodology
4.1 Initiation phase
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During this phase, a project is originated from the generation of an idea, and based on that,
some requirements (duration, resources, budget, and initial scope) must be defined. An initial
planning and project charter are recommended activities to do during this phase.
4.1. Research
This phase is applicable through (not time-boxed) iterations and spirals to do feasibility studies
regarding the determination of methods, applicable technologies, tools and knowledge as well
as narrowing the scope of the projects to reach the project scope baseline. Once it is done, a
better perspective of the initial scope (it can be change in this phase), and the duration,
resources and budget needed to do so, must be achieve.
4.2. Planning and design
The scope baseline and the results of the research will be used as an input for detailed planning
of the project and design, if it is needed. Design and prototyping can be done through iterations
and the final results should be presented or reported to the partners.
4.3. Implementation
During this phase, the activities planned must be done. To do so, can be used a Scrumban board
to illustrate the status of the activities (to be done, in progress, done, blocked or discarded).
Also, its recommended that the stand-up meetings in front of the scrumboard for issue tracking
and problem solving to be done.
4.4. Test
Test and measuring the results as well as quality control happens in this stage. If the
deliverables do not meet the desired results (defined in Phase 3), iterations provide the chance
for more tests, also backward to design and implementation is possible.
4.5. Release
This phase consists on activities such as installation, delivery, reporting and final representation
for partners, documentation and lesson learned meeting and evaluation.
5. Conclusion
The proposed project management methodology has several characteristics which seem to fit for
R&D, innovation as well as R&D&I projects. In fact, the stages and phases of this methodology
guarantee the control and monitoring ability, while the iterations and spirals which derived from
the agile approach provide the chance for flexibility, learning and responding to the flexible
environment. Besides, iterations in research phase are essential to narrow the changes of
progressive scope and finally reach the scope baseline. In addition, overlapping stages increase
the fluidity and the possibility to have parallel activities.
This methodology paves the way for going back toward applied-methods to edit and modify
them according to the feedbacks received from the main stakeholders. Furthermore, application
of Scrumban board in the implementation phase is a proper communication tool that illustrates
the status of the activities (to be done, in progress, done) as well as the blocked or discarded
activities, which decrease the efficiency of the projects. Stand-up meeting during the
implementation phase is strongly suggested especially for the problem solving and accelerating
the speed of the work in progress. The last but not least, knowledge storage and sharing in
release phase provide the chance for similar projects in the future to use the knowledge.
This methodology has been extended and been approved to be used in the CFAA by the project
managers in the Centre. The project coordinators will apply this methodology in several projects
to evaluate the usability of the proposed project management methodology. This methodology
is a main component from a whole system of project management that will be implemented in
the CFAA during the second semester of the year.
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Abstract: The desire to be benefited from Agile refers not only to software development
companies, but also to manufacturing companies or many other industries. This can be explained
by the hope to leverage the benefits of flexibility, fast results and precision in case of fulfilling the
customers’ requirements. However, the toughest challenge is to apply this approach and use make
use of benefits for companies with a traditional, inflexible environment and resistant to change.
Moreover, these companies struggle to start applying new approaches due to huge amount of
information that need to be considered. This is only one of the reasons, why companies hesitate
of even fail applying agile approaches. This paper suggests a framework helping companies to
start their first hybrid-agile project in the field of process optimization. Based on the literature
research and conducted interviews the framework includes all the necessary components for the
successful start for the companies, which follow traditional approach.
Keywords: project management, agile, management approach, hybrid-agile projects, process
optimization.
1. Introduction
Nowadays the tendency to be agile is becoming more and more vivid, not only in companies
focusing on software development, but also in various other industries [1]. The desire to be
modern, deliver results faster and focus on customers’ requirements makes huge international
companies apply agile approaches [2] even though they have usually only experience in
traditional project management “[(further PM)]”. That raises many challenges and obstacles in
the daily routine of the business, for instance lack of knowledge and experience in estimating
results as well as issues related to people, business processes issues as progress estimation, and
more others [3]. In fact, many companies, which want to benefit from the agile philosophy, have
difficulties in a huge variation of tools and techniques that can be used within agile [4]. Those
companies are continued by inertia to carry out projects following the traditional methods, and
partly change the waterfall approach to Scrum [5]. There is an evidence that such combination of
traditional and agile PM can be beneficial for companies [6]. In addition, there are existed many
different agile methodologies that can be implemented to companies and applied in projects
according to a number of factors, related to the inside and outside environment of the project,
people, corporate culture and others [7]. Furthermore, it is not only important to know about agile
methodologies, but also essential to understand how this integration of agile in the traditional PM
environment is executed [8].
Within this paper, theoretical concepts of PM approaches in general and main roles are discussed
in the first part. This is followed by the overview of exist hybrid-agile frameworks and models.
As a third and main part, the framework for carrying out hybrid-agile projects within companies
with traditional PM environment is developed. Finally, a discussion will cover the expert opinion
to the developed framework, followed by the conclusion.
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2. Research Approach
A scientific approach was followed by gathering publications of the relevant journals of PM,
considering previous studies not older than 2014 with their respective sources. There were not
only research papers used, but also relevant published literature. In this process the keywords
were used as "Traditional project management", "Agile project management," "Process
optimization", "Agile roles", "Hybrid frameworks", “Stage-gate” and “Hybrid-agile” including
their variations. As a result, 125 different papers and books were pre-selected. The next step, all
the found materials were skimmed and separated into two main groups: “relevant” and
“potentially interesting”. The “relevant” materials were separated into sub-groups “project
management approach”, “hybrid-agile models and frameworks” and “supportive”. All the
findings were collected and were the basis for the own framework, that was further developed.
3. Project management approaches
PMBOK [9] states that PM is “the application of knowledge, skills, tools, and techniques to
project activities to meet the project requirements”. Project management as a profession appeared
in the middle of the last century and since then has been constantly developed and gained
knowledge, methods and approaches are considered as foundation for solving huge number of
challenges (projects). In the paper two main approaches are described: traditional and agile.
3.1 Traditional project management approach
Traditional PM is known as a common practice that fit to the most of projects and can be applied
in order to reach the desired results by meeting the requirements of the time, scope and costs,
which are also known as ‘iron triangle’. Moreover, these projects have defined outcomes, are
carried out in a linear way and all the actions can be planned with relatively small changes [10].
It is a predictable approach [11, 12], that include tools for planning, (e.g.: network diagram, Gantt
chart, milestone plan etc.), monitoring and controlling (e.g.: KPI’s, dashboards, reports) as well
as other methods to support executing projects [9].
PMBOK [9] divides PM process into five main process groups such as Initiation, Planning,
Executing, Monitoring and Controlling and Closing, and furthermore provides certain tools and
techniques to accomplish each of the stage.
Similarly, PRINCE2 [13] describes PM standard in stages (pre-project, initiating stage,
subsequent delivery stage(s), final delivery stage) with a wide number of process groups (starting
up a project, directing a project, initiating a project, controlling a stage, managing product
delivery, managing a stage boundary and closing a project) as well as levels of delivery (directing,
managing, delivering).
From the very beginning, PM has been considered as traditional. The standards of PM have their
aim to fit to the majority of projects, but it becomes clear that “one size fits to all” approach does
not meet the needs of today’s world [8, 10].
Table 1. Overview of the traditional PM roles (based on [9, 14])
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In the traditional PM there are number of roles exist in the project (Table 1). The list of the roles
is not limited by the described ones and depends on a company structure as well as the project
structure. In addition, there might be more responsibilities for each role than described. The
current paper does not have the aim to name all of them. Only the roles that have a direct link to
the main challenge are given.
3.2 Agile project management approach
With the appearance of the Agile Manifesto [15], ideas of agile has started to attract more and
more companies from different fields by the flexibility, open-minded attitude to changes, and
collaborative way of communication with the client. It is an adaptive approach that emphasizes
more the practical side of the project, rather than bureaucratic. This so-called agile philosophy
follows certain principles, for instance, customer satisfaction via early delivery of a working
product, respect of changes suggested by the customer or working with motivated and selforganized team [15]. It can be summarized, that a typical agile project is a project with high
uncertainty in the way it should be delivered, fast delivery of the results and constant improvement
during execution [10].
Similar to the traditional approach, agile also can be divided into phases or stages. More often, it
is also linked to methods used, for instance Scrum. Scrum is an iterative and incremental method
of agile that has its cycle divided into phases: Product backlog, Sprint Planning, Sprint backlog,
Daily scrum, Results, Sprint Review, and Sprint Retrospective. All of these steps are mandatory
to be carried out and follow strictly a times schedule. For this method it is crucial to collaborate
with the client along the whole project, making the product as valuable as possible and meet all
reasonable needs. After every Sprint, the complete product or an increment (agreed elements) is
presented to the client, the so-called product owner. [16]
The benefit of the method is that the client receives the product at the early stage and is able to
make changes without greater harm. The possibility to get a highly valuable result immediately
is higher than with the traditional waterfall method. With the traditional methods, the presentation
of the final product is very late, the budget is spent, development time is over and all further
changes are lead to additional costs of money and time and sometimes difficulties in changing
the overall product [17]. Following the scrum methods, certain roles exist in all projects – the
scrum team (Table 2).
Table 2. Overview of the agile roles in scrum (based on the [16])

These mentioned roles are involved in all agile projects, not only within the frames of scrum. In
agile, there is another role worth to mention: Business analyst role [12]. It is the bonding between
the team and the product owner in case of transferring the real value need to the team and technical
explanations to the product owner, in order to make the requirements (user stories) more valuable
and manageable to the final product.
4. Overview of existing hybrid frameworks
There are many different frameworks based on the combination of traditional and agile
approaches discussed in the literature [1, 6, 17, 18]. However, the majority focus on IT and
product development to the final customer in external projects and only a little that study the agile

87

approach for the process improvement [19]. In the following, there will be given short
explanations about existing hybrid models and frameworks.
• Agile-Stage-Gate-Hybrid model by Cooper and Sommers [18] has a focus on manufacturing
companies. The combination of agile (scrum) and traditional (stage-gate) approaches in this
model allows managers focus on both macro and micro planning. The agile is focused on
operational level (execution of the project, deliver the value to the client). The stage-gate
focus on the strategic level with general planning and support communications between
projects. In other words, scrum method can be implemented on the developing and testing
steps of the project, but with one important difference from the software development. [17,
18]
• IVPM2 (Iterative and Visual Project Management) Hybrid framework by Conforto and
Amaral [6] was created by Conforto and Amaral in 2010, based on the ideas of Cooper [17,
18] about combination of agile and stage-gate approaches. There are existing five
dimensions as well as seven-stage cycles that have an iterative nature. The main idea of the
concept is lying in creating three levels for planning and controlling. First one is related to
overall planning of a project and its deliverables (mainly stage-gate); second – iterative
development (‘sprints’), where the deliverables are braked down into smaller packages, that
need to be prioritized and carried out during time-boxed periods of time; the third one –
performing on the daily basis. By the idea of the authors, all the levels are integrated by a
PM software. The aggregated data from the software is a source for project manager to make
various reports and track the project progress. [6]
• Hybrid Innovation Management Framework by Brandl, Kagerer and Reinhart [1] has its
focus on manufacturing companies. Also, as a basis of the framework the stage-gate
approach and agile approach were taking into consideration. According to the paper [1], the
designed framework should have seven main elements (or systems), including project
scaling system, resources, performing reports, tool support, innovation objective system,
agility assessment and hybrid process system as the central one. The last three mentioned
systems are the basis for the stage-gate macroplanning of the project. The proposed
framework was not practically proved, but all elements were gathered based on the literature
and experts’ opinion. [1]
• Agile Business Process and Practice Alignment Methodology by Martins and Zacarias [19]
The focus of the framework is on business process optimization. Martins and Zacarias [19]
take Business Process and Practice Alignment Methodology (BPPAM) [20], that has a
traditional nature and a strict division into three phases: discovery of business process,
supervision and its assessment and improvement, and modify it into agile BPPAM
framework by merging two last phases into one. According to the authors, this methodology
is based on the day-to-day practice and has into consideration the separation between practice
and processes that are needed to take beneficial for company decisions. [19]
5. Designed Three-Level-Framework
Due to observed potential in literature, it was decided that the framework will consider the internal
projects related to the process optimization.
The Framework (Fig. 1) consists of three main levels, which serves the company to bring it from
pure traditional PM approach to the mixed traditional approach with agile superstructure. Each of
the level that has their own goals. The first “Start it!” level has the aim to make a company to be
ready for the following changes; the second “Run it!” level has a goal to carry out the hybridagile internal project with a help of specially developed operating model (OM); the third level
called “Adopt it!” – with the aim to support the decision on future use of the hybrid-agile
approach in the company by thorough examination of the result and the used approach.
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Figure 1. The Three-Level-Framework (own illustration)
5.1 The “Start it!” level
For a company, which wants to be state-of-the-art, follow new trends in managing projects and,
what is more important, be successful with this novation, is extremely necessary to prepare the
personnel to this novelty. Therefore, there should be actions taken, related to Organization and
Project. At Fig. 1, there are five main areas that need to be covered at this level, such as
Commitment, Education, People, Infrastructure and Team Building.
• Commitment! Buy-in from the top-management. Projects should gain the top-management
support for successful work in the future. Exactly for this reason, in the operating model
“[(Further OM)]”, which is described further, one of the roles is dedicated to a management
representative, who will observe and participate in the project meetings, getting “first-hand”
information from involved roles. It would be beneficial if this is an active, inspired, openminded person, who has a desire to dive into agile philosophy to spread the spirit among the
top-management.
• Education! Organize trainings and seminars for the stakeholders. Next point is related to the
overall understanding of the agile philosophy in a company. To create a fruitful environment
and right attitude, there are some marketing actions needed (e.g. leaflets with benefits and
main attributes of the philosophy). In addition, seminars and trainings need to be organized
for the main stakeholders in order to introduce agile philosophy and explain the desired
outcomes.
• People! Assign propriate employees to the project. The big advantage for big companies
comparing to the small organizations is the accessibility of more employees and therefore, a
high chance to select the right people. For agile projects, it will be beneficial to have openminded, excited and motivated people, who would like to try something new. They should
be ready to work with uncertainties and their background is important as well. The agile
philosophy demands to have highly motivated on the one hand and self-organized ones on
the other hand [15].
• Infrastructure! Organize convenient infrastructure for the team. Another critical point is to
provide the convenient location to work in teams, to have access to collaborative zones and
private areas for personal work and concentration. The location should be properly equipped
with white boards, post-its, markers, computers and other attributes for the efficient work.
• Team building! Organize team-building events for the project team. Last but not the least,
team building activities for the development team should be organized upfront. Team
building events, organized beforehand can help to minimize the length and destructive
components of first stages and to come up with efficient and effective working mode as early
as possible.
As a plus, before the actual start of the work at the project, it is suggested to have a get-to-know
session, where all the participants can express themselves, their fears and ideas, experience and
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suggestions. It is critical to create the atmosphere of trust and non-judgment, and to develop good
communications between the parties.
5.2 The “Run it!” level
This level is the core of the framework. It describes how a company will manage the internal
project (Project!) in mixed agile and traditional way. Therefore, the OM (Operating Model!) is
introduced, including roles and responsibilities (Roles!) as well as processes (Process!), which
are necessary.
The idea of the OM is based on the articles of Conforto and Amaral [6] and Martins and Zacarias
[19] with own perceptions and further amendments. The OM will follow the hybrid top-down and
bottom-up approach in carrying out of the internal (e.g. process optimization) projects, despite
some models of process development that were described by Martins and Zacarias [19]. It is made
to underline the importance of effective and efficient collaboration of management and working
people on the one hand, and involve the people to prevent further resistance of working in new
conditions on the other.
The OM is divided into 2 layers (Fig. 2): Traditional (Stage-Gate) layer and Agile layer. For the
convenience, the elements that are related to agile will be marked in green color; the elements
that are related to traditional project management approach are colored in blue.
One more element that is implanted into the OM is called “Software” and covers both layers and
bond all the participants together. This platform collects user stories, back log, allows participants
to leave feedback and place change requests; builds the reports and reflects the primary and final
approvals.

Figure 2. The Operating Model of the “Run it!” level (own illustration)
• Traditional (Stage-Gate) layer
Traditional layer is used for the tracking the progress, control the project and it is so-called
interface for the management that makes the project seems familiar to the traditional environment
with the usage of the project management language. The traditional layer can be called as macro
layer and has its functions as traditional planning and overview of the project. It shows the stages
that will be completed and marks the main milestones (meetings of all the participants). It has
linear nature as a Stage-Gate. On the traditional layer, five main roles are presented, which are
described in the Table 3.
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Table 3. Roles and responsibilities (own table)

Especially for the key meetings it is necessary to invite process representatives, who are involved
in the process, using the process on the daily basis. It is needed to collect their professional
opinions to the process, thanks to which the development team can get more insights for the
design stage.
There are four main stages in the operating model: Kick off (the official start of the project, that
is carried out in a traditional approach), Analysis (stage to collect and examine the situation
according the process (via workshops, observation, interviews) that needs to be optimized; can
be both in agile and in traditional way), Process Design and Implementation (this stage is
performed in agile manner and related to the actual creation or modification of the process with
the further testing by the practitioners), Establishment (the stage in which the final documentation
is issued, all necessary changes in job descriptions should be made, or/and the new job
descriptions should be created).
The change requests of the scope can come from the Stage-Gate layer down to Agile layer. What
is more, the decision to the acceptance of the results and progress also is done there. The quality
assurance mechanisms should be verified and documented – it is important to make the process
manageable and controllable for successful operation.
• The Agile layer
The second Agile layer (Fig. 2) is needed to accomplish the third stage “Process Design and
Implementation”. As it is shown at the Fig. 3, there are three small sub-layers: Process Increment
layer, Back log layer and Scrum layer.
• On the Back-log layer, a backlog of user stories
should be created and prioritized (1) by the
process owner.
• The team, as in the scrum methodology [16], will
chose which user stories will be handled during
the sprint (2). The sprint is carried out by the
development team and project coordinator only.
It has strict duration of time and at the end of it
team should finish the chosen user stories.
• Every sprint is tended to deliver (3) a finished
Figure 3. Scrum component of the
process or its part (depends on the project).
OM (own illustration)
• At the end of the sprint, after the delivery (3), the
process owner should give the feedback (4) to the team and decide, if the increment needs
to be improved (5a) or it is ready to be tested (5b).
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The main difference compared to scrum methodology is that the testing is executed by the process
owner and representative group of process
practitioners,
following
the
so-called
“Implementation Loop” (Fig. 4). After a sprint
is finished, the process owner can decide
(Acceptance) to test (Testing) a process
increment by his representatives of the process
practitioners (Delegation). After testing, the
Figure 4. The Implementation Loop (own
process representatives report the feedback to
illustration)
process owner (Feedback) and include a
recommendation for further activities. There are two possible opportunities:
1) Proceed to Establishment stage if the feedback is positive;
2) Return to the development team with a change request and start the prioritization.
The loop represents an implementation of the process. The process owner’s responsibility is to
assure the quality of the developed process and create the KPI’s model for the further control
over the process.
It is crucial to mention, that on the Agile layer the project coordinator has a role of Scrum master
with the responsibilities to guide the team and protect it from the external interventions, assure
that the team meets the requirements, clarifies the agile philosophy to the team members and
other people.
The separation of the OM into stages and layers helps the project coordinator to steer and control
the work of the team and protect the team from the interventions on the one hand, and gather all
the interested parties at the right time and place, on the other hand; all the participants has clear
and transparent picture and can track the progress.
5.3 The “Adopt it!” level
After the “Run it!” level, a company is not finished and further activities should be completed.
After the process becomes a daily routine of the business, it is time to analyze the work that has
been done to reach this result and give it an evaluation as well as evaluate the actual process.
The analysis can be done in two main dimensions: first, the component of the management and
approach (Approach assessment!), that was used by a company; second, the analysis of result
(Result assessment!) – process itself.
• Approach assessment! To manage this analysis, it is recommended to make a workshop as
a retrospective with all the participants of this great way to agility. Certain questions should
be discussed: What was advantages and disadvantages of the project? What worked well and
what needs to be rethought? Which challenges did appear during the project and how they
were treated? And others. The questions are not limited by the mentioned ones. All these
insights and opinions should be analyzed by a company as well as documented. Based on
the results, the management of a company can make an actual decision to continue using
hybrid-agile approaches to carry out projects or not.
In case, a company decided to proceed with his approach and use it for next process-oriented
projects, the necessary changes in PMO of a company should be accomplished, if the PMO
exist in a company, otherwise, it is suggested to create such a function.
• Result assessment! The assessment is recommended to do in one or two months after the
project completion. It is necessary to let the process be a part of the organization, not separate
from it. Three areas should be evaluated: KPI’s (The comparison of the targets set for the
process development and the actuals are important not only to establish the process, but also
to control it in the future, make sure, that it is not going into the workarounds.); Developed
model! (The new process model should be compared with the real process. All deviations
should be documented and analyzed.); and Practitioners’ opinion! (feedback from people
who use the process on the daily basis).
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All the information should be aggregated into the report, based on which the evaluation will be
given. Important to mention, that for the objective assessment all three areas should be taken into
considerations. It also might happen, that results from these areas are different. The result of the
assessment will depend on the people, who will make the final decision that can vary from
company to company.
6. Results
A practical framework was developed that has its aim to help companies with the traditional
project management approach to manage projects with agile components. The framework consists
of three main levels. The “Start it!” level guides a company how to begin with a combination of
traditional and agile project, which activities should be executed and which aspects should be
taken in considerations. The “Run it!” level presents an operating model, where a company can
run the first hybrid-agile project in the field of process optimization. The “Adopt It!” level
describes the post project events that should be accomplished in order to collect the output of the
resulted process and the management practices from the new-to-the-company hybrid approach.
The framework serves as a first-time-use by the company and then can be adjusted according the
needs and decisions of the top management.
7. Discussion
In the following chapter the expert opinions on the framework were discussed. For the role of
experts, practitioners with the agile experience were chosen, who work in the non-IT fields of
business, due to focus of the paper. The list of questions and the experts’ answers are provided
in the Table 4. The practical experience is extremely important to give a strong opinion, on the
one hand, and it assures the value of the opinion and recommendations on the other hand.
In the opinion of the expert A, the three-level-framework is consistent and easy to understand, as
well as giving an overview for companies to start the hybrid-agile projects (“Start it!” level), and
a guideline to reach a working level (“Run it!”). However, for the beginners, the description of
roles and responsibilities as well as detailed activities could be more explicit, for instance in a
“playbook”. Expert A summarized with the conclusion that the framework can find its place and
be used by the practitioners to start with the hybrid agile project management.
Expert B stated that the overall framework seems easy to apply to the reality, but also warned
that the main challenges will appear during each of the level and be depended on nuances of each
project, which are hard to predict. Moreover, this expert pointed out that the symbiosis itself
always opens ways to develop something new, in this case, the two-layers Model (“Run it!”) open
the new approach to manage the projects.
There is also the space for improvements. The expert A suggested several areas for further
development within the framework such as scaling the framework to manage several projects at
the same time, including focus on the entire employees in a company, who might have
touchpoints with the hybrid-agile projects. Furthermore, a focus for further improvements are
ways to adjust the PM standards with hybrid elements, steering process for change requests from
the top management to avoid the “power” pressure to the development team.
In addition, it can be stated, that the description, as well as roles and responsibilities are not fully
detailed due to the focus on a holistic framework. It also contains more personal experience and
attitude, rather than scientific. The second level “Run it!” can be specific in the topics as team
dynamics, methods of process development and participants’ roles and responsibilities. So far,
the model has the minimum, with which the model can operate.
As a summary, the work was performed on a basis of literature research and solid own practical
experience. The result has the expert opinion as “applicable for practice”, which made the
framework valuable for use.
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Table 4. Questions for the interview with answers (own table)

8. Conclusion
The chosen topic embraced two different worlds of project management: traditional and agile.
Nowadays, more non-software development companied are willing to apply new agile philosophy
to be faster, more productive, more result oriented and, more successful. However, many
companies are not aware of how to begin their agile journey.
As the result, a three-level framework was developed that will support companies to make the
first steps in the direction of hybrid-agile projects and even has the first experience with it. As it
was stated at the beginning of the paper, the framework will cover only internal process-oriented
projects. Each level of the framework has its own functions and aims.
Finally, practitioners from industry and consulting provides their opinion on the developed
framework. For that reason, the interviews with two experts were conducted. The background of
the experts related to the project management, a practice of agile approach, a process orientation
and non-IT industries. Both experts stated, that the framework is practically applicable with
further improvements among the levels.
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Abstract: Article is analysis of a basis to solve the problem in the organizational and
technological aspects. Separate the individual aspects of the methodology completion of
unfinished construction and schemes of unfinished construction. Organizational and technical
training facilities renovation under construction - a system of interrelated technical,
technological, organizational and economic measures taken to pre contractual stage of the
investment cycle. Classification of organizational and technical schemes and organizational
measures will fully justify pass algorithm uses of unfinished construction. The problem of
organizational and technical training for assets under construction is complex and requires a
comprehensive approach with deep processing options and assessment of cost-effectiveness of
investment in the completion of these objects, play or diversification.
Keywords: project management, criteria, renovation, the object of unfinished building
construction, efficiency mark, organizational and technical parameters, market value.
1. Introduction
Unfinished projects have a special place in global market. Analysis of volume of unfinished
building project (UBP) in Ukraine and Zaporizhzhia region (according to the Chief Statistical
Office on 01/01/2016 [6]) shows that they are very significant [5]. All of this indicates a huge
investment potential of unfinished building project market for construction in progress.
Consideration of various regulations proves ambiguous interpretation of unfinished building
project, because each of its position focuses not on object in general, but in his features, depending
on scope or progress.
The problem of inexperience subject "unfinished building project" still at the stage of defining
concept. This scientific question is still open and unresolved. Standpoint of theory - this is
aggregate of building materials, but from practice standpoint it’s separate type of real estate with
inherent characteristics. Insufficient definition problem in general, lack of integrated approach to
assessing its effectiveness, and great practical value, caused the consideration focuses of
organizational and technical aspects. The purpose of article is to analyze problem solving in the
organizational and technological aspect. Separate certain aspects of the methodology for the
completion of UBP.
Project evaluation issues unfinished building project in the aspects of project management
Unfinished building construction project - object of construction, for which a construction
permit has been issued, the costs of its construction have been incurred and not taken into
operation in accordance with the legislation
Management of unfinished building construction project - activity attracted to the facility by
Management Company that defines the goals and objectives of project, taking into account the
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Management of unfinished building construction project - activity attracted to the facility by
Management Company that defines the goals and objectives of project, taking into account the
scope of work, resources (cost, labor, materials and others), project implementation time, its
quality and possible risks.
Organizational and technical factors facilities renovation unfinished building project - system of
interrelated technical, technological, organizational and economic measures stage of renovation
cycle. Classification of organizational and technical schemes and organizational measures will
fully justify pass algorithm uses of renovation unfinished construction [1].
The problem of evaluating effectiveness of investments in general for real estate in recent years
has received significant development in the works of scientists [8], as regards the effectiveness
of investments in unfinished building project - attention is primarily focused on the study of the
valuation of such objects, but the relationship of the assessment to the needs of introducing these
objects in the economic turnover through investment or missing, or only designated as a problem
[7], without finding ways of its scientific and practical solutions. At the same time, a mandatory
condition for evaluating effectiveness of investments in unfinished building project is to take into
account the specifics of these objects, which will make it more reasonable to form a basis for the
investor to make decisions about the feasibility of investing in objects, as well as to create a price
for this object that would contribute to meeting the investor’s interests in obtaining in perspective,
income, the seller in obtaining income from the sale of the object, and society in the development
of the infrastructure of the object, employment of the population during construction and
operation and object, etc.
Correct, rational solution of problem of unfinished building project is seen through a qualitative
survey, completion and commissioning objects, or their identification and elimination of hopeless
real estate - as an "unnecessary" inheritance.
The peculiarities for property construction works in progress, as opposed to basic principles of
Market Value determination, are as follow:
Each real estate is materially different: Construction works in progress are more different from
each other than real estates in general. Although, according to the professional axiom, no two
properties are the same since each one is situated at a different location, the varying extent of the
completeness of real estates in this comparison adds another dimension. Therefore comparison of
these items is even more difficult; practically no two facilities can be found that are comparable
from a market aspect.
They are not circulating in the market: Unfinished constructions are not typically sold, since the
developers know that completed real estate’s having all of the licenses of the authorities are the
sellable (end) products. Although in the wake of the crisis many offers appeared on the market of
buildings with only a finished or a just commenced basic structure, such transactions are rare and
therefore it is difficult to “price” their market.
They have very detailed technical specifications: In the majority of cases – with exception of
long-discontinued or insolvent projects –construction plans and design drawings of works in
progress are still readily available, as are their cost estimates and quotes, and all of the additional
documents of their realization. This information is only partially available in case of the usual
real estate market products; the older the completion of the construction is, the less likely it is that
its technically relevant information is still accessible for the appraiser.
Their content (completeness, status) can only be determined through considerable technical
surveys and analyses: While a completed real estate product can be described briefly and
accurately – since it has attributes defined in standards and construction plans –, in case of an
unfinished, abandoned construction it is very difficult to know where the implementation is
standing on the way toward the finished end product. It is questionable whether the required
construction documents are available, whether they accurately reflect the thus far completed
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work, and whether the completed construction parts have not been damaged since the potential
discontinuation of the project [2].
They do not generate revenue: Another valuation problem in case of yield-producing property
works in progress is that while a finished product (shopping mall, office building) has known
revenue-producing capabilities, which are supported by related previous statements, balance
sheets, and contracts, these data are only forthcoming in case of planned investments. As seen
above, in case of works in progress, the comparison of real estate’s faces many challenges: the
properties are not identical, and no market transactions exist in their relevance. Therefore
traditional comparative market valuation can essentially be excluded from the potential methods.
Thus, the way of further project management consideration of subject is envisaged in
consideration of "problem triangle", at apex of which placed such positions as modeling
problems, study, consideration of path of optimization and grouping, creation of universal model
of problem solving.
2. Priority formation of criteria of evaluation and selection optimum option of renovation
of unfinished project
The discussion of value has become increasingly important especially as the question ‘value for
whom’ (Winter et al., 2006) resonates in project delivery. But project management value has
moved from ideas of ‘value management’ to ideas of ‘understanding how stakeholders value
different things’[4]. Reorganization unfinished building project, like any other project, from the
emergence of an idea to its full completion goes through a series of successive stages of
development. A complete set of stages of development forms life cycle of a restructuring project.
The life cycle is usually divided into phases, phases - at a stage, stages - into stages. The project
goes through four phases of development: concept, development, implementation, completion
[3].
The initial phase of the project (development of the concept of reform) requires the following
work: collection of basic data and analysis of the existing state (preliminary survey of the
enterprise); identification of needs for changes (justification of the need for changes); result
determination (goals, criteria, tasks, basic requirements and restrictions, risk level, project
environment, potential participants; time required, resources, funds, etc.); definition and
comparative evaluation of alternatives; expertise; concept approval.
On the basis of analysis of assessment methods of UBP and taking into account the requirements
of the market, the author has developed a general algoritm for decision making on expediency of
renovation of UBP and scheme of the implementation stages of process development strategy.
(Fig. 1, Table 1).
The revealed technical, strategic, economic, financial and social motives of choosing a certain
type of renovation, which will ensure the effective use of the object.
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Figure 1. Main parametrs of decisions expediency of refinement unfinished building project
Table 1. Group of criteria attractiveness of unfinished building project for its physical
characteristics

Criteria
Readiness degree of
unfinished building project
Location object

The land-potential, which the
object is located
Functional object’s purpose
Compliance of architectural
and design solutions of an
object with safety
requirements, functionality of
modern objects
Correspondence of
architectural and design
decisions of object to
requirements of market
The social significance of
object

Indicators
Ratio of current state of object completion to projected state, which
characterizes it as completed.
Distance to the city center, to the main transport interchanges,
industrial centers, etc.
Market price of land in area, number of offers and demand for these
plots.
Market value of objects of different functional purposes in the area,
number of proposals and demand for objects of different functional
purpose, number of transactions for sale of various functional
purposes, profitability of activities using objects of various functional
purposes in city.
Cost and time of reconstruction of UBP for bringing them to the level
of compliance of the architectural and design solutions of the object
with the safety requirements, functionality of modern objects.
Opportunity, cost and time of preparation for the UBP for bringing
them to the level of compliance with current legislation in field of
construction in progress.
Number of jobs-place that can be created after introduction of UBP,
umber of social infrastructure objects. Number of residents of region
who potentially can use UBP as a social object in the event of its
appropriate functional application (school, sports, entertainment
complex).

Investment management begins with decision. It is carried out after a thorough examination of
the investment plan and, as a rule, is based on the consideration of the factors listed above. The
influence of each such factor on the implementation of the investment plan is given a local
assessment. To make a general decision, it is necessary to aggregate these local estimates into the
corresponding integral estimate.
Consider the model of building an integral criterion for deciding on the effectiveness of investing
in UBP.
For each of the above criteria, as a result of the project analysis, an expert assessment is set, with
the maximum value characterizing the maximum compliance of specified criterion with
expectations regarding efficient use.
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The information base for the formation of assessments by experts are the indicators characterizing
the severity of a specific criterion, the list and methods for calculating which will be analyzed
taking into account the weight coefficients.
The most important thing for an investor is to achieve a high level of profitability with minimal
risks, which is generally crucial for the implementation of investment projects (as for any type of
business). All other criteria are largely dependent on the two.
It is also important to consider an adequate balance of opportunities and desires in the
implementation of the project. For designers, it is most important to take into account the severity
of the influence of the forced sale factor of unfinished building project, the functional purpose of
unfinished building project, which is very problematic if the given characteristics of the UBP do
not meet the market requirements, as well as the social significance of the UBP as a factor
reflecting the interests of society and the importance of the unfinished building project for the
development of the region.
3. Results and Conclusion
The author has developed a list of criteria characterizing the effectiveness of investing in objects
of UBP from the point of view of obtaining profit.
In article presented main groups of parameters, and proposed model for deciding on effectiveness
of investing in UBP. It should be considered that the most objective assessment of investment
prospects should be comprehensive and take into account many aspects of the project, including
taking into account different weighted coefficients.
It is planned to develop a method capable of having an effective impact on increasing the
investment attractiveness of the field of construction in progress based on the coordination of the
interests of stakeholders - government, population and business.
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Abstract: There are many factors, which influence to a project’s success. Communication is one
of them. The level and organization skills of communication both within the team and with
stakeholders is one of these factors. The ability to communicate is based not only on the
knowledge of psychology and communication. Effectiveness and quality of communication can be
influenced by personal characteristics that are inherent not only to individual, but also to the
nation as a whole. That is, we will talk about cultural influence, or the influence of culture.
Culture as a separate factor that affects the quality of the communication process studied not
enough. However, it has a significant impact, which is reflected both in relation to the project, in
relation to the formation of values, the choice of management strategies and methods, attitude to
risks, etc. The article presents the results of the literature review, regarding the influence of
culture on the projects and programs implementation.
Keywords: project management, organizational culture, national culture, communication
1. Introduction
The globalization is the base of the economic processes taking place in society today. The process
of globalization that exists at present in society obviously had an impact to the processes of project
and program management. The transnational corporation’s creation, the implementation of largescale projects and programs in the scientific, economic, educational, social spheres with the
involvement of specialists from different countries use explicit or implicit project approaches.
There are many methodologies, methods, and approaches to project management (PMBoK,
PRINCE, Agile, Scrum, etc.). Their aim is standardization of certain areas of knowledge on
project management, in order to provide a more manageable approach during the projects and
programs implementation. Certain areas of knowledge are easily standardized. However, there
are those that are more advisory from the point of view of manageability. Communication
Management and Stakeholders Management are among them.
Communication management processes and effective collaboration within projects and programs
may face certain resistance. One of these obstacles is the uncertainty of the team (team members)
in certain phases of the Drexler/Sibbet Team Performance Model [1].
The diversity of cultures, as one of the consequences of globalization, is another obstacle. This
obstacle is in the focus of the study. The diversity of cultures is reflected, first, in the wide
involvement of specialists from different countries in the management of projects or programs.
Each country brings its cultural diversity into the project process, which can be reflected both in
the interpretation of well-known project approaches and the creation and use of "own" ones.
The article is devoted to the results of the literature review concerning the impact of culture on
the projects and programs implementation.
2. The “culture” in the context of the project management
Culture (from the Latin word “cultura”, that, firstly, was defined as cultivation, and later was
defined as upbringing, education, development, worship) is a concept that has a large number of
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meanings in various fields of human activity [2].
Culture is a complex system of being. In the 20th century, the researchers A. Kroeber and C.
Clucichohn made an attempt to combine the achievements of culturologists around the world, and
180 definitions of the concept “culture” were presented in their work “Culture: A Critical Review
of Concepts and Definitions”. Several hundred definitions of this concept were presented at the
XVII World Congress in Toronto, devoted to the problem of "Philosophy and Culture," in 1983
[2].
There is quite a lot of research in the field of culture and intercultural relations within the
framework of projects and programs.
According to the ICB 4.0 [3] and IPMA OCB [4] the concept “culture” is defined as “Set of
shared views, values, or beliefs guiding people consciously or unconsciously through their
actions”.
Alas and Tuulik [5; 6] meant by the term “culture” the exchange of history, judgments, ideology,
traditions, and language. An approach to the study of intercultural relations states that the culture,
especially national culture, is collective programming, the software of the mind. This implies the
way people feel, think, act and study through life. Management is carried out by people who bring
own values and judgments, and therefore, they have influence to the culture.
National culture is viewed in a broader sense in [7]. It includes what is distributed within the
nation, such as spoken language, general political, legal and educational systems. The author
suggests using the term "national context" because the existing studies from the national cultures
have tend either to free up the context or minimize part of the context that is important for
managerial research.
The literature review on national culture study and management showed the presence of three
main directions:
1. The first direction of research indicates that management has nothing common with
national culture. National culture is guided by objective practice and independent subjects [8].
This "universal" flow is criticized because it cannot determine the difference between universal
and dominant forms of management;
2. Psychology was the background for the second direction of studies. Intercultural studies
measure countries by characteristics: Individualism, Power Distance, Uncertainty Avoidance or
Masculinity [9; 10]. Intercultural studies are based on the assumption that characteristics are
general at their character and that national cultures can be compared. These characteristics reflect
the position of the participants and not their environment. Intercultural studies were criticized for
certain theoretical and methodological distortions [11 - 13]. “They remain very popular among
international managers even though they are badly equipped to provide relevant information on
national contexts” [7];
3. The third direction of study is often called empical (as opposed to ethical, which is
included in intercultural studies). It argues that culture is characterized by its uniqueness and,
consequently, there are no common characteristics and there are no possible identical
comparisons between cultures [13]. This direction has great potential for management research
and has already accumulated significant results. However, it has two significant problems:
- There are no tools or indicators developed to unite independent case studies;
- Focusing on culture in the context of meaning, the culture in the context of action is
being lost [14]. Culture also influences on practice as an aspect that is important in
management.
Intercultural studies have a free context and are almost entirely focused on the context of
interpretation. Culture has not only meaning context but also the action context that is why
management processes deserve more attention. The starting point for these studies [7] suggests
focusing on the analysis of the wording between the meaning context and the action context and
carrying on a discussion between actions and the interpretation of these actions. This is important
because:
The management depends on the action, not on its interpretation. The practice
implementation is essentially driven action;
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Actions and considerations of action are not directly related. Brunsson [5] uses the word
"hypocrisy" to reflect the relationship between thoughts, decisions, and actions;
It is possible that the way of combining thoughts and actions is culture-dependent. This
hypothesis is open to a detailed study.
Interesting results of the study of cultural influence during the certification of project managers
presented in [16]. The authors said that culture has an impact not only to the process of a project
or program implementation but also to the process of certification, more precisely, it influences
to the need to obtain a project manager certificate by specialists. The study focus was on the
impact of a particular culture (Mediterranean countries: Croatia, Italy, Portugal, and Spain) on
certification. However, carrying out the study, the authors, using the open data of the IPMA
Certification Validation Management Board, presented an interesting result of the cultural impact
on the certification approach, which is given below in Table 1.
Table 1 Percent of certification according to ICB in clusters [16]
The title of the
cluster
German Europe

Northern Europe
English Area
Latin Europe

Eastern Europe

Country

% of certification
according to ICB
6,2
17,44
4,90
5,47
2,83
2,25
1,59
1,38
23,64
0,30
1,12
0,47
0,70
0,34
0,045
0,012
0,004
0,002
0,021
0,0004

Austria
Germany
The Netherlands
Switzerland
Denmark
Finland
Sweden
Ireland
The Great Britain
Croatia
France
Italy
Portugal
Spain
Hungary
Russia
Kazakhstan
Slovenia
Poland
Greece

Total (%)

34,01

6,67
25,02

2,93

0,0844

Countries are divided by areas that do not always correspond to the generally accepted division.
The division was carried out based on similar characteristics of national cultures.
In the period of globalization, it is very important and significant taking into account the
multiculturality during the project and program implementation [17]. It is so important that the
concept of "Harmony in Global Project Management" had been presented in 2014 at the Expert
Seminar of the International Project Management Association (IPMA) [18]. The concept
highlights three equal main factors that have an impact on global project management: industry,
people and culture.
The approach assumes that the harmoniously co-operation with the simultaneous integration of
various professional, intellectual and cultural factors can be in global projects management.
Cultural management should be included in the set of global project management tools. The
advantage will be not only better Stakeholders Management, but also good communication
functioning. Cultural management ease Resource Management, as well as Project Process and
Implementation [17].
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The authors [17] argue there are many factors for the successful project implementation. The
qualified project manager is one of them. He/she can simultaneously deal with three factors of
influence: work, people and culture. The true causes of many conflicts in multinational cooperation have long roots and the start may be a minor cultural misunderstanding or personal
disinterest.
Hofstede [19] in his studies is underlining the link between theories and practices of management
and the concept of culture “a management technique or philosophy that is appropriate in one
national culture is not necessarily appropriate in another”.
Since people, who are strongly influenced by their values and beliefs, carry out management there
is no management activity that would be "without culture." Approximately 18,000 middle
managers from 62 countries were compared in the framework of the GLOBE project [20]. The
results show that culture is tied to behavior in organizations and management peculiarities. Muller
and Turner [21] presented an empirical study that addressed the study of Communication
Management as one of the knowledge field (according to PMI PMBoK). It is one of the most
important influence on the project results from all fields of knowledge (PMI) (measured in the
indicators of the earned value technique). This study revealed the influence of Hofstede's cultural
dimensions on the communication benefits between project owners and project managers.
"Differences in national cultures require differences in management practices" [22], and can
create serious obstacles to the project management implementation.
The influence of national culture on the project management implementation was indicated in
[19] as the study's results that was provided on the example of 74 countries.
3. Results and Conclusion
The literary review has shown that culture can significantly influence the management processes.
The impact of different cultures on the project and program implementation is still an interesting
question. According to the IPMA OCB [4] “Acknowledging the different cultures in an
organization and encouraging communication about the differences will help to develop cultural
awareness and to align permanent and temporary parts of the organization as well achieving better
cooperation with external partners”. On the other hands, The IPMA OCB [4] said about culture
from the position of the organization “Organizations are social systems, where personal behavior
is affected by values, visions, norms, symbols, beliefs and ethics, which constitute a specific
organizational culture. PP&P are also performed within a specific cultural context influencing the
behavior of people acting in PP&P. Normally each project, programme and portfolio will develop
its own culture over time. Potentially this can lead to difficulties with communication and
misunderstandings. Therefore, the organization needs to work to ensure the alignment of PP&P
cultures with the cultures of related internal and external parties”.
However, we offer to study influence of culture as an influence of the national culture on the
organizational culture during the project and program implementation.
Certain questions for future study are formulated as follows: In which areas of knowledge such
influence is most significant and where it is minor? Does the cultural aspect affect the risks and
selection of projects? Does culture impact on choice and application of managerial approaches?
How does the manager's culture affect the selection of the project team?
In addition, in terms of future research, the interconnection and the influence of culture and
mentality in terms of the project’s mental space formation and development can be considered.
According to the literature review, the culture has an influence on management. The learning the
culture influence should be included in the curriculum for project management. First of all, it
should be check the existing learning programs with regard to that and add learning of the cultural
influence, if it is absent. Unfortunately, the first universities that are needed to add the cultural
aspect in curriculums are the Ukrainian universities especially in the context European integration
of the country and opening of the studies boundaries for foreign students.
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Abstract: Resources management of projects portfolio demanded different approach for getting
and using purchased and produced resources of project-oriented enterprises. Especially this is
actually when project-oriented enterprise produces resources for its project and operating
activities. So, there is a need to create such models, methods and tools that allow to carry out
resource management for all activities of project-oriented enterprise (like projects portfolio,
programs, project and production) in the same time. This will provide increasing of projects
portfolio effectiveness of project-oriented enterprise.
Keywords: projects portfolio, resources management, project-oriented enterprises.
1. Introduction
One of the problems of modern project management is that usually in enterprises various software
tools are used to solve various project management functional tasks: planning, control, economic
and financial evaluation, etc. Traditionally, the tasks of information integration in such systems
are considered in the framework of managing information communication in projects. But with
the increase in the level of informatization of project-oriented enterprises, the use of it to solve
the functional problems of various information systems is not enough. This task is even more
complicated when it is required to manage large-scale programs or portfolio projects and
programs. There are new problems - coordination of activities, allocation of resources,
prioritization of projects and programs, formation of teams, performance of industrial or
managerial functions of the enterprise not in the context of individual projects, but on the portfolio
as a whole. And then there is another level of difficulty.
Tasks of projects and programs portfolio management intersect with the functional tasks of
management by the enterprise. Proceeding from this, the task of creating a unified functional
environment for managing projects, programs, project and program portfolios and a projectoriented enterprise (4P-environment), which would include tools involved both in the project and
operational activities of the enterprise. The 4P-environment will be providing a systemic
(synergistic) effect from solving a set of tasks of managing of projects and programs portfolios
as a single system of functions.
Modern management methodologies, in particular, project management methodologies, enable
project-oriented enterprises to solve complex development problems in conditions of fierce
competition, limited resources and time. And the key issue in their work is how to properly
manage resources in project portfolios. Therefore, it is very important to find in these conditions
a scientific solution to the problem of resource management in the 4P-environment of the
enterprise.
The main aim of the article is creating of resources classification according to its type, structure
and methods of obtaining, because for different classes of resources can be applied different
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management approaches. It’s the first step for developing of resources management models in
4P-environment of project – oriented enterprise.
2. Analysis of the latest research and publications
The concept of the resource in the project is quite extensive, and it includes work, financial and
logistical resources, project team, information, knowledge and technology. Since the resource is
all that the project has, the timing, budget, quality of the project implementation and its product
depend largely on the efficiency of resource management. When resources are producing inside
the project boundaries, resources management includes processes of planning, production and
procurement, supply, distribution, accounting and control of resources.
Today, many studies are devoted to the distribution of resources for portfolio projects [1-6].
Nevertheless, to date there are few works that would be devoted to problems of project planning
with limited resources. Most of them are based on prioritization rules. Extensions for a multiproject environment are achieved through the fact that projects are considered independent and
linked only through limited resources. The target function in the models of such tasks includes
the indicators of each of the projects (as a rule, a convolution of the criteria based on the use of
weight coefficients). At the same time, in the limitations there are dependencies that reflect the
logical connection between project works. The logical relationships between portfolio projects
are reflected in the models by introducing fictitious start and finish operations [6-8].
3. The Primary Research Materials
Definition 1. A functional 4P-environment (or simply 4P-environment) is a systematic set of
functions of project, programs, project and program portfolios, and a project-oriented enterprise
management (in terms of management of project, programs, and portfolios) that use a single
information resource and provide a systemic (synergetic) effect from solving a set of tasks of
management of project-oriented businesses of enterprises and organizations.
Before moving on to building a resource management model in the 4P-environment, consider the
features of project resource management. The article considers the management of material and
technical resources of the 4P-environment.
Definition 2. Resource of 4P-environment (hereinafter - R4P) - material object of 4Penvironment, obtained as a result of production activities of the enterprise or as a result of
procurement.
As experience shows, usually the material resources are characterized by parameters such as:
name of the resource, type, cost, unit of measurement, volume, customer, supplier, etc. These
methodologies cover all the characteristics of the resource required for its use in the project, but
they do not take into account the situation when a resource changes its state in the process of
project implementation or is created at the production of a project-oriented enterprise, or the
resource of one project is an integral part of the resource of another project.
Depending on the type, state, structure and method of obtaining a resource, it is necessary to
classify the resource management models in the 4P-environment by the following features:
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Type of resource
raw materials

material

Condition

Structure

Method of
receiving

intermediate
resource

simple

purchased

final resource

complex

manufacturing

semi-finished
component
resource
final product

Figure 1. 4P-environment resource modules
The above signs form a plurality of resource classes of the 4P-environment. Thus, we can allocate
classes of resources according to the proposed classification.
The same tools of the 4P-environment can be applied to different resource classes. Then, these
resources can be grouped into classes, called the 4P-environment resource module. The
resource module is created in accordance with the process of using resources in projects,
programs, portfolios and project-oriented activities of the enterprise. Based on the experience of
resource management in the project and production activities of the enterprise, the following
resource modules are allocated:
1. Produced raw materials: raw / semi-finished, intermediate, simple, manufacturing.
2. Purchased raw materials: raw / semi-finished, intermediate, simple, purchased.
3. Component produced resource: component product, intermediate, complex,
manufacturing.
4. Component purchased resource: component product, intermediate, simple, purchased.
5. The final produced resource: finished product, final, complex, manufacturing.
6. The final purchased resource: finished product, final, simple, purchased.
Figure 2 shows the scheme of the interconnection of 4P-environment resource modules.

Figure 2. Scheme of interconnection of resource modules
In the general case, during the management of resources in the 4P-environment, a plurality of
processes of resources planning, procurement, production, storage, logistics, etc. is implemented.
And the result of the management process is the final resource that is used in the project. During
its production, the projects use and create a variety of different resources, which are products of
the production activities of the project-oriented enterprise. Each resource can have three states:
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raw material, component resource and ready resource. And resources can be obtained either
through production or through purchases. Proceeding from this, it is proposed to implement in
4P-environment different models of management for the produced resources in the process of
production activities of the enterprise, and for the purchase of final resources. Management model
for the produced resources in the process of production activities of the enterprise should be
considered in the context of the integration of project and production activities in further research.
4. Results and Conclusion
In the article proposed classification of projects portfolio resources in project-oriented enterprises.
The classification allowed distinguish modules for which is possible to use typical models and
methods of management. The models and methods used for project’s plan creating and
implementation of execution control. The planning processes are determined time moments of
beginning and completing of processes resources getting.
The subject of future researches is creating of models, methods and tools of produced resources
management, when produced resource of the project is part of the resources of other projects.
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Abstract: Developing the list of principles creates opportunity to minimize mistakes of project of
reengineering corporation. The aim is to deal with recommendations and ideas for setting up
such a strategy of business process automation in a company which is especially useful if the
project is planned to be long-term and gradual. Despite the evolution of BPM implementation,
the main stages should be planned in the project. Repeatable actions, circulation of
documentation, integration of different software, workflows of general processes that could
vanish tomorrow and using AI in the nearest future are things that contain margin to save time
and reduce project budget and risks.
Keywords: business processes automation, business processes automation system, business
process management.
1. Introduction
Today, the project of business processes automation usually is high budget for general
organizations. On the other hand, consultant services are expansive. Because of this lots of
companies decide to model and automate processes step by step or department by department.
Considering changeable conditions results can be different. After years of implementation it may
turn out that the entire budget went to optimize one process, which did not bring profit in
cooperation with other processes of other departments of the company. We are going to descry
what principles are important in such case. There are lots of different questions like whom is
going to be a manger of implementation – external consultant or internal specialist. Icebergs could
exist in both variants. For example, first variant is dangerous because the distinction of
acquaintance with specific technology field and should be rather high-quality professional team,
consists of numerous specialists. Second – is not guaranteeing system approach in which existing
standards and techniques can be missed. This problem can be solved using systematization of
general pitfalls are observed in the same projects. Article’s purpose is to deal with
recommendations and ideas for setting up such a strategy of business process automation in a
company which is especially useful if the project is planned to be long-term and gradual
2. Bearing pillars of business process management (BPM)
Evaluating from reengineering of business processes times through lean management and other
methods of increasing enterprise potential nowadays we can observe BPM (Business Process
Management) era which is overtaking with the forthcoming approaches.
Traditional BPM include highly integrated software tools to address many resources that could
be managed by a process (people, systems, services, integrations, data, events, goals, rules,
tolerances, work lists, dashboards etc.). A process life cycle from Gartner became quite
ubiquitous: define, design, analyze, simulate, implement, execute, monitor, and optimize [4].
Modern software is not working autonomous, but only developed BPM creates acceptable
environment for implementing improvements in organization, which is mention in different
works [3] [1]. Nevertheless it is rarely seen that company gradually start from process defining.
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Usually executives or managers see week spot and try to solve it pointwise through affordable
computer-aided systems. There is big choice of business applications that does not usually cover
immediately all requirements of company, so that there is question to code software specifically
for the company or use it with other software, which is already bought.
Firstly, it is important to make the process wright before automating it. Great deal of
improvements can be achieved even without implementation of technology [1]. But before this it
is much more valuable to choose write process. It is failure to choose those one which should be
completely removed or ‘injured’ [5].
BPM Systems could mean automation of business processes through integration of directory,
CRM, ERP, Database using collaboration with partners, exchanging and hubs and reporting with
BI tools.
3. Important aspects of ‘step by step’ business process automation
Lots of authors are emphasizing of the importance of a comprehensive BPA (Business Processes
Automation) implementation [2]. Despite of it low-budget projects usually become long-term and
don’t cover whole company at first stages. It possible could be division by main processes, for
example, managing processes or division by departments. Division is dependent on context. For
agile company it is not a problem to change one process, for ossified structures start working with
departments could be more effective. Technologies and methodologies are developing extremely
fast, so it is obvious that a project requirements are going to change. These are aspects that can
help keeping abreast.
• Eliminating repeatable actions through departments should be decided as a first goal.
Excluding of duplicating tasks is one of the benefits of BPM [3], but if you are working with one
department or one process for long period it is wisely to analyze other repeatable actions in
company and work with them immediately. It can increase costs in times instead of minimizing.
For example, if there is not structured directory it can be duplicated in every department in
necessary size introduced by documents and emails on computers. Different managers can have
their own contractors’ contacts base, which is repeated in financial department as payees and in
production department as members of some processes etc. In this case if information about some
part of contracts is already data structured and automized it is logical to try share this little victory
with other colleges to make it more profitable, in some cases non-detrimental.
• Circulation of documentation should be minimized with BI techniques.
Huge circulation of numerous documentation is a part of every company and most of processes
nowadays. But the nearest future is going to change it. Considering nowadays affordable solutions
circulation will be fixed as a process and automized with CRM or ERP and the documentation
will produce information that become an input of cloud-based report. Logically, we need to
consider it if we have half-automized “processes”. For example, if you have a kind of data base,
but still send your spreadsheets by emails, it is wisely to think about cloud-based solution with
approval workflow.
• Planning integration of different software which is already used and going to be used
Most of well-known services we are using now is already almost synchronized within our digests
but not everywhere they are synchronized in write way in companies. All activities that we used
to do during the work can be a process input instead of scribble of paper: - Mailing
- Planning
- Chatting
- Using social networks
- Saving files
- Calendar
- Notes
- WBS designing
- RBS designing
- Contracts
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-

Directory documenting
Purchases documenting
Payment scheduling
Resources managing

It can be taken into account in different manners. Important is to have strict templates for these
actions, especially where they are a part of process that is already defining, designing and
automating. Software environment that was chosen for every action influence also. Every
document and email can be used for data base filling which is already minimize manual data
filling. It is difficult to rebuild these “events” in whole company immediately because most of
them are human-oriented processes, but it is not a cause to ignore this opportunity in step by step
automation.
• Easiest workflows of general processes that could be done tomorrow
Lots of processes that workers should do every day can already be automized even if they have
not been done ready in your company. Among them are sending emails, making phone calls and
getting approvals etc. Considering this “incapable” procedures should not take much time and
effort to improve, because in nearest future most of elements are going to disappear. For sure,
data base rules are important to remember to make workflows possible to create.
• Considering using AI in the nearest future
Artificial Intelligence solutions are expansive for most companies at present times, almost
because of their development cost. Nevertheless, some services are already proposed them. Every
BPM strategy should include perspective using AI for integration different services and
application through smartphone. These functions are already produced by bots.
4. Results and Conclusion
The considerations explained in this contribution can help managers of Business Process
Automation project do not get lost in rules of management and technology requirements that can
change during the time. But collect experiences and knowledge about future and predict
bottlenecks and do not lose profitability. Processes should be defined, designed, analyzed,
simulated, implemented, executed, monitored and optimized. Eliminating repeatable actions,
minimizing of circulation of documentation, planning integration of different software which is
already used, paying attention on unnecessary vanishing processes and predicting using AI
technology can help to avoid potential problems in project and eliminate risks.
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Abstract: The advancement in communication technologies has been very fast in the last century.
This made people start thinking of concepts such as the Internet of Things (IoT), Smart home and
Smart grid. LoRa (Long Range) is a communication technology that makes it possible to send
data over long distances. On the other side, Wi-Fi is designed mainly for indoor communication.
In this work, we will explore the potential of integrating these two technologies to build a
relatively cheap network to enable some smart grid applications. The main goal is to enable
households to build their own smart home and at the same time give utility companies a method
to build some smart grid applications such as smart metering and direct load control. We will
build a system that enables households to control some devices remotely using Wi-Fi technology.
Additionally, we will explore the possibility to send data over long distances using LoRa. The
chip ESP8266 (NodeMCU) will be used for indoor communication using Wi-Fi technology and
we are going to use a LoRa IoT Development Kit for long distances communication.
Keywords: LoRa, Smart Grid, Demand Response, Direct Load Control, Smart Metering
1. Introduction
LoRa is a technology developed by Semtech. It is a wireless technology designed specifically for
long distances. LoRa stands for long-range radio. LoRa is primarily related to (IoT) and the
machine to the machine (M2M) communications. In LoRa networks, nodes send to gateways
which are connected to severs. It provides low data rates for long distances (several kilometers).
Therefore, LoRa is useful to send low data rates over large distances without routing over multihop. Each LoRa gateway can handle a large number of nodes. LoRa networks are infrastructureless and hence they can build cheap networks. LoRa provide an adaptive data rate to improve
battery life and network capacity [1][2]. Wi-Fi is a wireless technology that is used mainly for
indoor communication. It enables nodes, e.g. computers, to send and receive data inside and
outside buildings with a high data rate. It is possible to provide access service at the level of
buildings such as a whole airport or an enterprise building or even a city by increasing the number
of access points. Smart Grid represents the future power grid. Smart Grid exploits information
and communication technologies to improve the performance of the electricity networks. This
enables new applications such as optimized Volt/VAR control, demand response and smart
metering. Direct Load Control can be used to reduce the demand at high demand periods. It is a
method to remotely control a device. This approach allows utility companies to control household
appliances inside and outside peak times. It regulates the amount of energy that can be consumed
by the load, in order to reduce the client's demand for energy at certain times. Smart meter records
consumption of electricity at a specified time (every hour or every half hour). The meter keeps
these measurements on a built-in memory and then sends it to the electricity company. This helps
to monitor the consumption pattern. Unlike traditional meters, smart meters can be used to send
two-way information between the costumer and the electricity company.
2. System Architecture and a Prototype
Fig. 1 illustrates the system architecture. Each house is equipped by a home-gateway which
enables the communication between the utility company and the household. This way, the utility
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company can communicate with the household using LoRa. For instance, it can control house
appliances to apply direct load control or read the smart meter remotely. Additionally, it can send
the consumer data such as day-ahead price to encourage the costumer to shift part of the load
from the high demand period to low demand period. The user can use this architecture to build
his smart home. He can control the appliances using smartphone or laptop.

Figure 1. System Architecture
As a proof of concept we build a system using NodeMCU, LoRa gateway, and LoRa node (Fig.
2). We tested direct load control where we sent commands using LoRa gateway to control
household appliances connected using a Relay. In our initial evaluation inside the university,
packets from the gateway were delivered with a reliability of 90%.

Figure 2. LoRa Gateway, LoRa node and NodeMCU.
3. Conclusion and Discussion
In this work, we presented a system that uses LoRa and WiFi technologies to build some smart
grid applications such as direct load control and smart metering. On the same time, the system
can be used to build smart home. Compared to other solutions, our approach allows the utility
companies to build their own private network in which they have full control. Additionally the
system is cost-effective.
4. References
[1] A. Augustin, J. Yi, T. Clausen, and W. M. Townsley, “A Study of LoRa: Long Range & Low
Power Networks for the Internet of Things,” Sensors, vol. 16, no. 9, p. 1466, 2016.
[2] Martin Bor, John Vidler, and Utz Roedig. 2016. LoRa for the Internet of Things. In
Proceedings of the 2016 International Conference on Embedded Wireless Systems and Networks
(EWSN '16). Junction Publishing, USA, 361-366.
[3] Lars T. Berger, Krzysztof Iniewski, Smart Grid Applications, Communications, and Security
Wiley, 2012.

114

RISC-V PROCESSOR WITH CONFIGURABLE PIPELINE STAGE
PLACEMENT
Igor Khimchenko1, Christian Klarhorst2, Peter Schulz3
1

igor.khimchenko@fh-dortmund.de, Student at Faculty of Computer Science
2
cklarhor@cit-ec.uni-bielefeld.de, PhD Student
Cognitronics and Sensor Systems Group, CITEC, Bielefeld University
3
peter.schulz@fh-dortmund.de, Professor at Faculty of Electrical Engineering
1,3
Dortmund University of Applied Sciences and Arts
Sonnenstrasse 96, 44139 Dortmund, Germany
Abstract: Many different hardware implementations around the RISC-V instruction set have
gained attention, among many other things, they differ in pipeline design with different structures,
but few studies compare those differences and the impact of the decisions taken on the final
design. This paper discusses a proposed microarchitecture supporting the base RISC-V
instruction set, including a pipeline with configurable stages. This could then be a basis for
further pipeline design space explorations taking account of area, speed, implementation
complexity and power consumption. The presented work aims to investigate the behavior of nonpipelined and pipelined implementations what can be beneficial when making a design decision
for a specific embedded domain. Systems with custom requirements such as required chip area,
energy efficiency would benefit from using configurable pipeline architecture. The paper
describes the authors view on implementing such a core and shows up some application examples.
Keywords: RISC-V, microarchitecture, embedded systems
1. Introduction
While historically, very first computers with simple instruction sets did use single-cycle
microprocessors, nowadays such kind of microprocessor design is deprecated as inefficient for
modern computationally intensive routines, such as those including the floating-point operations
and others of respective complexity. The weak spot of the single-cycle, non-pipelined
implementations is that the cycle time is limited by the longest path. Therefore, the processor
must operate at the speed of the slowest instruction.
Pipelining increases the throughput of the processed instructions at the cost of a higher individual
instruction latency. Furthermore, the gained throughput cannot always be maintained. The
processor must take appropriate actions for certain workloads, for example where an instruction
has a dependency on the result of previous instruction, which is generally called a data hazard.
Many methods were developed to deal with various kinds of hazards for example but not limited
to operand forwarding, pipeline stalling, and branch prediction. All in all, the efficiency of those
methods and therefore also the ideal pipeline length depends on the instruction stream and thus
also on the application domain. Wrong design decisions in this area will at least decrease the
energy efficiency of the processor and increase the implementation complexity without
significant gains.
As a matter of consequence, the complexity of the instructions defined by the instruction set
architecture ISA have a direct impact on the achievable clock frequency. The critical path within
a hart defines the maximum length of the clock cycle, thus indicating the direct dependency
between the complexity of an instruction set and the clock frequency. At least for single-cycle
processors of a high variability in computational complexity might lower the energy efficiency.
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The RISC-V ISA was designed with modularity in mind and the concept of modular pipeline
stages could extend this philosophy giving more space for research and flexibility when making
design decision. Thus, this could lead to more balanced tradeoffs between specific requirements
set up to a core and its efficiency with respect to chip area and energy consumption.
Answers to questions concerning power consumption, required chip area and timing performance
characteristics determine future practicability of anew implemented single-cycle cores and
therefore require research to be accomplished. Present article gives a brief overview of concepts
targeting implementation of a RISC-V based core with configurable modular pipeline
architecture, research activities, and possible examples of applications which would benefit from
using processors of such design.
2. Current state in research
The current state of the art demonstrates different technologies and development flows employed
to improve power efficiency and chip area size. Thus, [2], as one of the examples, explains the
techniques used to develop power balanced pipelines that significantly increase power savings on
the whole. The method developed demonstrate different approaches to the problem including
design-level power balancing, post-silicon static voltage assignment, and dynamic power
balancing. All the methods listed are based on the cycle stealing and voltage level reduction
concepts. Analysis of the results comes to the conclusion that the power savings can result up to
46% in processor power reduction.
Paper [2] presents a technique, which is commonly known as voltage-frequency scaling (VFS).
Although this technique is effective in reduction of energy consumption and can be accomplished
statically and dynamically, it has conceptual limitations due to the fact that threshold voltage
scaling will slow down as semiconductor technologies advance. An alternative solution based on
architectural approaches to the problem of power efficiency are presented in [4] and [5].
Particularly, [4] has its focus on a method called pipeline stage unification (PSU). PSU
dynamically scales the clock rate to reduce energy consumption as with VFS, but unlike VFS, it
unifies multiple pipeline stages by bypassing pipeline registers, instead of scaling down the supply
voltage. Comparing to VFS, PSU can reduce energy consumption by 14% at 50% frequency
reduction. A more sophisticated technique described in [5] and called variable stage pipeline
(VSP) allows to improve energy efficiency by 13% compared with PSU. This approach is similar
to PSU, but it is elaborated to minimize the number of glitches occurred when pipeline stages are
unified, what allows to reduce energy dissipation caused by glitch propagation.
Though pipelined cores are the most probably cores of choice nowadays, literature research has
shown that the interest in single-cycle cores is gently kept warm by community, and this type of
microarchitecture is mostly used in academia environment for educational purposes or for
research activities with respect to specific application domains. Thus, [5] describes RISC
load/store non-pipelined processor architecture for signal processing application. The work
elaborates incrementer, adder and multiplier circuit design in order to achieve more efficient
performance.
Coming to this point, to our best knowledge, there are currently no precise results on comparison
of the non-pipelined RISC-V versions against their pipelined counterparts at all other
microarchitectural decisions taken being equal.
3. Motivation
Placement of pipeline stages requires deep knowledge of non-pipelined counterpart and particular
attention given to its timing characteristics analysis. Paper [6] presents such a methodology in
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development of a multiplier with automatic insertion of pipeline stages with respect to specifics
of its microarchitecture. Overview of the presented work shows that similar approach can be
developed for different microarchitecture taking account of architectural particularities, set of
requirements, and constraints.
Pipelined microarchitectures have gained widespread in systems with high throughput where high
clock frequencies and count of instructions per second are required. However, the registers used
to implement pipeline come at the cost of chip area and energy efficiency. Thus, an overengineered pipeline can lead to bigger chip area, power consumption and extended latency,
whereas a solution with a few pipeline stages will not be enough to achieve required system clock
frequency.
Unlike pipelined microarchitectures, non-pipelined, single-cycle cores, solutions are
distinguished by a conceptual feature that an instruction is fetched, decoded, executed, data
accessed, and the result is written at a destination address in a single-cycle. This imposes
restrictions on performance but allows to keep hardware implementation rather simple comparing
to more efficient pipelined microarchitectures
The positive and negative aspects of each of the basis underlying the non-pipelined and pipelined
microarchitectures give proper motivation and outline research space. This includes development
of a non-pipelined, single-cycle, baseline solution, and development of its pipelined counterpart.
The baseline configuration is being developed with a concept in mind to carry out the RV32I
standard base instruction set in single hart machine mode of operation (M-mode) without cache
memory. Such configuration leaves a lot of room for improvements, and itself can serve a baseline
design for comparative analysis with more elaborated solutions or to be a subject for further
developments and experiments in educational process. As the first step in elaboration of the core,
the baseline implementation will be added with pipeline stages on demand, following the
philosophy of configurable stage placement, on the critical path of the baseline implementation,
which is defined by the “load” instruction.
Next section gives a brief review of the baseline microarchitecture developed within the scope of
presented work.
4. Baseline non-pipelined microarchitecture
Proposed microarchitecture adheres development flow and concepts set out in [1], [7], [8]. Fig. 1
depicts simplified top-level structural diagram of the core, and it is composed of six functional
blocks including: Control logic to perform overall control on the core operating with instructions
and the results of operations performed; Fetch logic required to extract instructions from memory,
and increment program counter correspondingly; Immediate generator logic to decode values
encoded directly into instructions, the logic produces immediate values in five variants depending
on the instruction formats; CSR register file representing a set of control and status register used
to keep and to set the current state of the core;
Integer register file is another set of registers, in amount of 32, which are used to store operands
representing integer values or state of the core; ALU (arithmetic logic unit) to conduct arithmetic
and logic operations on the operands kept in the integer register file. The data-path of the baseline
core shown in is explained as follows.
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Figure 1. Simplified architecture of baseline non-pipelined core
As the first step, an instruction is fetched from the instruction memory, meaning that the
instruction code is set up on the inputs of the CSR and RV32I register files, and also, on the
control logic inputs. Fetch logic increments the program counter register value based on the type
of instruction being executed. The value is increased by four in case of a sequential instruction,
and by an offset in case of B-type or J-type instruction. Switching between the modes to increment
the program counter value is managed by control logic.
Depending on instruction type, either CSR or RV32I register file is addressed. In case of CSR
register file, exchange of bit patterns between CSR or RV32I register files is performed. The core
current state is stored in RV32I register file and updated with a new value. In the latter case, the
registers sr1 and sr2 are read from the register file and the corresponding values are fed to ALU.
When an instruction encodes immediate value, the immediate generator logic forms a parameter
which is used in further processing instead of the data stored in the sr2 register. At the same time,
the control logic decodes current instruction and asserts relevant control signals.
ALU performs an operation on the fed values. Operation is defined by relevant opcode generated
by the control logic. The result of operation is set up on the ALU output. The result produced by
the ALU is written at a destination address.
Present section briefly outlined proposed architectural decisions and functional relationships for
baseline non-pipelined core. The core is minimalistic in its complexity and called upon to serve
as reference for further experiments.
5. Configurable pipeline microarchitecture
The stage placement concept is not trivial and transparent for many application domains, it
requires deep research of application algorithms and their implementations. This may influence
not only hardware implementation, but also hardware synthesis flow and software development
component for a particular set of tasks.
As a general guideline, rather than a strict rule, the concept in first approximation can formulated
as following:
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when penalty cycles contribute more in decreasing energy efficiency than criteria value specified
based on trade-off between the performance and power consumption, the pipeline stage
placement must be reviewed.
Such formulation implies two possible physical implementation of pipeline stages placement.
One approach would be to allocate the stages during compilation of implementation flow based
on metrics and second is to utilize physically allocated pipeline stages by means of pipeline
configuration.
6. Application domains
We perform hardware-related research in IDiAL (Institute for the Digital Transformation of
Application and Living Domains) in the so-called “Chip-Lab”. Chip-Lab activities comprise
PCB-, FPGA- and digital ASIC-design. Current areas of interest include IoT-devices, low-cost
test-systems, autonomous robots and Many-Core-Systems-on-Chip.
Battery-powered and small IoT-devices demand for processing capabilities with a small footprint
in terms of power consumption but also in area. Here a non-pipelined RISC-V architecture could
provide benefits.
Low-cost test systems for software-intense embedded systems devices perform mainly functional
test on the units under test (UUTs). Test systems obviously shall be able to test a greater variety
of UUTs of a certain class. Therefore, these test-systems rely on FPGA-technology because of
their high flexibility and re-configurability. Functional testing shall take place under hard realtime conditions on multiple stimuli- and measurement-channels in parallel. Linking these
channels to multiple co-processors helps to meet the real-time requirements. To achieve a lowcost solution for a test-system, the FPGA as a core component also has to be a low-budget device.
Small processor soft-cores, like the non-pipelined RISC-V, become necessary to deal with limited
FPGA resources. One special topic to limit cost for functional testing is to avoid physical
attachment of sensors and actuators and replace them by means of in-the-loop simulation [9].
We undertake research in cooperation with CITEC at Bielefeld University. The remaining two
research areas fall into this cooperation.
Autonomous robots demand a lot of computing power for performing cognitive architectures like
neural networks. Mobile robots cannot carry to much load and they cannot provide a lot of
electrical energy. Our research focuses on economical ways to provide accelerators for cognitive
architectures by means of special purpose processors. Here our RISC-V approach applies.
In the area of Many-Core Systems-on-Chip we regard architectural circumstances for interacting
between networks on chip (NoC) and peripheral units. A Many-Core processor chip may consist
of an arrangement of hundreds of CPUs interconnected by means of a NoC. To avoid
heterogeneity these CPUs should not be involved in managing peripheral access. Instead a limited
amount of small-footprint RISC-V processors can act as special purpose “NoC-to-IO” bridging
controllers.
7. Follow-up work
Optimal configuration, placement of pipeline stages for specific application domains calls
attention for new explorations. This includes the analyses of application specific algorithms and
their implementations with respect to instruction streams and penalty cycles from the pipeline
hazard overheads. The knowledge obtained will facilitate development of a framework called for
efficient allocation of pipeline stages.
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Abstract: To attract more students to the engineering studies last years, it becomes more popular
to organize kids’ universities at the universities, but such activities require confident educational
tools. In the paper the authors present the interactive tool for teaching Python for Raspberry Pi
for Kids Universities.
Keywords: Raspberry Pi, Interactive Educational Environment, Smart environment, Kids
universities, STEM
1. Introduction
In recent years it became clear in all European countries that there is a lack of engineers, scientists
and technicians. The studies leading to this professions got the name STEM-studies (Science,
Technology, Engineering and Mathematics), and in all countries promotion of STEM-studies got
a lot of attention from governmental and non-governmental companies and associations to
provide STEM- education.
Motivating young people by rising their interest in these subjects, is of course a crucial element
in attracting later on students in the engineering degrees, to serve companies and economy.
Besides the attention spent on it in regular curricula for (mostly secondary) education, initiatives
as kids universities and technology clubs for pupils were established in schools, universities and
in private associations (often connected to sponsoring companies) for rising interest in science
and technology.
Technical and engineering universities often take a leading role in these initiatives, as they have
the technical know-how, expertise and equipment to organize classes and use materials. They
have a longtime tradition in teaching these subjects. So, it is a matter of good sense that they
provide (teaching) materials on this matter and introduce it to young people. Courses provided in
such so-called Kids Universities could be dealing with internet of things, cyber security, advanced
robotics, digital engineering, 3D printing and mobile applications [1]. In the National University
“Zaporizhzhia Polytechnic” since 2018 there is functioning an initiative called, Kid university
“Smart Kids” where kids from 10-16 visit courses on Saturdays or participate in summer camps.
Within the summer schools’ kids have short introducing modules to technology and it is very
important to have flexible educational tools for it.
2. Smart Kids- children’s university.
The Smart Kids-children’s university initiative at National University “Zaporizhzhia
Polytechnic” was set up in 2018 with the aim of motivating youngsters to choose for STEMrelated studies.
One of the branches in Smart Kids deals with courses and projects connected to embedded
systems and software (development).
This area of technology was chosen for following reasons:
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-

All nowadays children are attracted to computers.
Computer tools are readily available at an affordable price.
Ukraine is a country which has a reputation of offering software development and
commercial services to the rest of Europa.

In the Smart Kids an educational platform was built on the basis of the Raspberry Pi-hardware.
This platform than is used for different (pupil)projects to teach the children, so that they can
explore and use the platform for the realization of their own creative ideas.
In the next sections authors describe the platform and show case studies of the projects.
3. Raspberry Pi as educational platform
One of the most popular of the family of single-board computers is the Raspberry Pi.. Originally,
it was designed to encourage children and schools to study programming, but this cheap device
became a central unit in projects that nobody dreamed of when it was developed. It contains
numerous of integrated tools, such as Scratch, Node-Red [2] and others.
AIn Smart Kids, an interactive tool was created for teaching Python for Raspberry Pi at the
summer schools for kids 10-16 years old.
3.1 Interactive environment for Smart Kids
The interactive environment for Smart Kids aims to teach kids to manipulate external devices
with the usage of Python.
The architecture of the developed application is very flexible and could be easily expanded for
new experiments (Fig. 1).
The developed software has the following functional characteristics/learning goals:
- to get acquainted with theoretical information;
- to add new tasks;
- to see a visual diagram of the connection of the board and sensors;
- to run the testing application for each task;
- to run developed code directly from the educational environment.

Figure 1. Component Diagram of the application
In the Fig.2 and Fig. 3 you could see the implemented list of tasks, which could be run within the
lessons and examples of the teaching material.
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Figure 2. List of experiments

Figure 3. Experiments Examples
Typical positive scenario consists from next steps:
Step 1. Running virtual machine. Starting RPi tutorial.
Step 2. Select the experiment and connect according to the scheme. Connect RPi with experiments
to the computer.
Step 3. Select tutorial code and run it under the platform.
Step 4. Got the task to modify the tutorial experiment. Modify the code and run it under the
platform.
4. Results and Conclusion
The use of the Raspberry Pi as an educational platform to start teaching kids on programming and
connecting sensors and devices with the use of Python is successful. Pupils like the approach and
they see immediate impact of their own actions. This is motivating for them and giving a drive to
continue to experiment more.
It has a positive influence on their motivation to go for STEM-related subjects at school (and
hopefully later on in university).
Further work is to integrate this system with the remote laboratory at Zaporizhzhia National
Technical University ISRT (Interactive Smart Remote Technology) and to implement short
(knowledge) tests for the kids as part of systematization of the teaching material.
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Also small interactive videos will be implemented instead of text to explain the tasks to the
children: text is “boring” for them and in a context of motivating for new technologies, a more
visual and interactive method with videos can stimulate their attention and creativity.
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Abstract: The purpose of the article is to study and analyze widely used methods of addressing
elements of LED matrices, as well as schematic implementations of such matrices. A
comparison of possible methods of addressing and activating elements for various schematic
implementations of these matrices is conducted in order to identify the most effective
combination of circuit design implementation and the method of addressing and activating the
elements that most fully meets the requirements.
Keywords: matrix of lighting elements, 3d-displaying, dynamic indication, flat LED matrix,
LED array, LED array addressing, LED array circuit.
1. Introduction
The proposed method of spatial display of graphic objects [1] requires a high-speed display of
the sequence of frames on the flat surfaces of the LED matrix. As the resolution increases, the
number of matrix elements increases as well as the number of displayed sub-frames, and the
number of display points increases not in proportion to the increment of the elements of the
matrix and also takes into account the increase in the number of still frames. The formula for
calculating the number of display points (per second) is as follows:
Fx = Dx * Dy * K * R
(1)
Where: Fx - number of items displayed per revolution of the matrix; Dx - number of elements of
the matrix horizontally; Dy - number of elements of the matrix vertically; K - number of stop
frames, per revolution of the matrix; R - number of spins of the matrix per second.
As can be seen from the formula (1), the number of points of displayng is linearly dependent on
the values of all components and the increase of one value in N-fold leads to an increase in the
result in N-times, and with an increase in N-fold two or three components, the result will
increase in N2 or N3-times, respectively. Given the significant increase in display points when
improving the quality of the display itself (increasing the density of the points and their number,
increasing the frame rate, etc.), it is expedient to optimize the display process itself directly
related to the method of addressing and activation of the matrix elements.
2. Task formulation and evaluation criteria
The main task of the study is the consideration of known circuit design solutions for the
implementation of flat LED matrices, as well as the methods of addressing and activating their
elements and their evaluation in order to choice the most optimal combination of schematic
implementation of the matrix and the method of activating its elements.
The most important evaluation criteria are two of the following: the number of lines of input /
output involved and the maximum number of simultaneously activated elements, with different
values.
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The number of I / O lines involved does not only characterize the hardware requirements, but
also the number of physical conductors that must fit between the elements of the matrix. The
schematic arrangement of the elements of the matrix used in [1] is presented in Fig. 1.

Figure 1. Schematic location of the elements of the matrix
Given that the LED matrix should be as transparent as possible (according to requirements [1]),
the number of conductors that arrange the transmission of energy to the LEDs should be
minimal, or their sizes are small enough not to shade the light-emitting elements themselves.
From the schematic implementation of the connections of the elements of the matrix depend on
possible ways of addressing them.
The criterion for the number of maximally activated elements simultaneously affects, first of all,
the speed of filling the matrix (alternating activation of all its elements), which in turn dictates
the requirements for the speed of the ports of input / output. So, the device [1] uses a matrix of
LEDs with the dimension of 5x10 elements of 64 sub-frames per revolution and 16 revolutions
per second, which according to formula [1] corresponds to: Fx = 5 * 10 * 64 * 16 = 51 200
elements per second, relatively small, but also the dimension of the matrix is rather small and,
accordingly, the clarity of the displayed 3D model. If you use a 32x32 matrix with the same
number of sub-frames and rotational speeds, then the number of displayed elements will be
equal: Fx = 32 * 32 * 64 * 16 = 1,048,576 items per second, which is already higher than I / O
ports in 1 MHz (with elemental activation).
3. Schematic and design features of the matrix for displaying graphic objects
The main circuitry implementations of the connections of the matrix elements are as follows:
- matrix (traditional) scheme [2];
- Individual connection of elements;
- Charlieplexing [3].
The connection on a matrix circuit (Fig. 2) represents X bus lines and Y columns of tires, a LED
is connected between each row and each column. The lines are scanned one by one (one
negative voltage, on all others positive or Z-state), the voltage is applied to the column (negative
if the diode is lit, negative or Z-state - if not). The current will only pass through those LEDs
that connect the negative column and the positive line.
When you need to save the outputs, it is desirable to make X and Y extremely close, or equal.
Without the use of an external decoder with 2n outputs, you can get n² LEDs.
If the voltages are such that the LEDs need resistors, they must be connected not to rows X but
to the columns Y.
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Figure 2. Matrix scheme of connection of elements [4]
The matrix scheme of connections of elements of the LED matrix above introduces only the
display of monochrome images, in order to expand the color gamut and bring it as close as
possible to the color gamut, the perceived human eye can use RGB LEDs [5] that combine
LEDs Three basic colors: Red, Green and Blue. The matrix scheme of connections of elements
is presented in Fig. 3.

Figure 3. Matrix scheme for connecting elements of the RGB matrix [6]
The individual connection of the elements of the LED matrix is rather cumbersome and
complicated in the implementation, therefore, has not been widespread, the main problem is the
large number of active control terminals, which is equal to the number of active elements
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(LEDs) of the matrix, but besides, these matrices possess the undeniable advantage - high speed
of updating image, since all the elements can be updated at the same time. Scheme of individual
connections of matrix elements is shown in Fig. 4.

Figure 4. Individual connection of matrix elements
Charlieplexing - Charlie's Method. In Charleplexing, three states of foam microcontroller are
used. For one pin, a high voltage is applied, the second low (minus), and all other foams are
switched to the input. In this mode, they pass into the so-called high impedance state or Z-state.
This means that the foam has a very high resistance, and the current through them almost does
not flow. As shown in Fig. 5, the scheme to apply high voltage to the first line, low to the
second and transfer the remaining foam to the Z-state, then the current will go through the LED
LED 10, and all other LEDs will not burn. Often, switching an active LED, you can create the
illusion of simultaneous combustion of several LEDs.
Charley's method allows N foam to operate with N * (N-1) LEDs. For example, by employing 8
foams you can operate 8 * 7 = 56 light diodes.

Figure 5. Scheme for implementing the Charlie method [7]
All outputs in the Charleplexing Indicator should be triple. If the microcontroller current is
enough to light the LED is not a problem, but external three-digit drivers require two outputs for
each one, which deprives Charley's main advantage of saving output.
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Most of the LED matrices are made on a plane with an opaque lining [8] (Fig. 6a), there are also
curvilinear LEDs [9] (Fig. 6b), LED arrays, and also without frameworks [10] (Fig. 6c), in
which the frame is the output the very elements (LEDs).

a)

b)

c)
Figure 6. a - the view of a flat, monochrome, LED matrix; b - the curvature of the LED matrix;
c - the view without frame LED matrix.
4. Methods of addressing and activating matrix elements
In order for the matrix to effectively display the graphic information it is necessary for it to be
filled with new data as soon as possible, that is, it quickly updated the frames, and for this
purpose it is necessary to use as many elements of the matrix as possible to display
simultaneously for display. For example, if a matrix of 50 elements is filled in by one element,
each element will shine 1/50 part of the time allowed for the glow of the entire matrix, and
therefore the brightness of the glow can be reduced by 50 times. And if the matrix is filled in
groups of elements by 10 pcs, then each group will glow 1/5 of the time of the glow of the entire
image. If all the elements of the matrix are simultaneously applied, then you can achieve the
maximum speed of the change of images and brightness of the luminescence.
Each of the matrix elements involved in the matrix schematics: the matrix (traditional) scheme,
the individual connection of the elements, and the Charlieplexing ("Charleplexing"), can only
implement certain methods of addressing and activating the matrix elements presented in Table
1.
Table 1. Permissible addressing and activation methods for matrix elements
Schematic realization
Possibility of addressing /
Matrix
Individual
activation
Charlieplexing
scheme
connection
By elemental addressing
+
+
+
Activation horizontal/
+
+
+
vertical
Independent activation of items
+
-/+
Activate all items at once
+
+
-
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The step by step element addressing represents the activation of the matrix elements one by one,
lighting it for a certain period of time, during which the LED drops and activates the next, thus
activating all elements of the matrix. This method of activating the elements takes a
considerable amount of time to output the entire matrix, and also the molded image has low
brightness. But along with the disadvantages of this method of activating the elements
consumes very little energy therefore the outputs of the matrix (its elements) can be fed directly
from the microcontroller.
The method of activating matrix elements at once with the whole horizontally / vertically allows
one element to activate all the necessary elements vertically or horizontally (depending on the
implementation of control elements). With this method of activating the elements, acceleration
is achieved at the speed of filling the matrix, and also the brightness of the luminescence of the
molded image increases, and both parameters increase in proportion to the number of elements
in the horizontal / vertical.
Independent activation of the elements of the matrix involves the activation of any elements in
any number simultaneously, that is, the simultaneous formation of the entire image in one cycle,
which allows you to get the maximum speed of the image and its high brightness.
Activation of all elements of the matrix is required at the same time in the process of checking
the stability of the position of all points within the reflection space. And also in some other
cases.
5. Comparison of addressing methods for matrix elements and the choice of the optimal
combination of matrix design and addressing its elements
The main criterion in choosing the schematic implementation of the connections of the elements
of the LED matrix is their simplicity and linearity, since such a matrix should be as transparent
and non-accumulated conductor lines, in this case the most suitable schematic implementation
of the connections of the matrix elements is a traditional - matrix circuit, where the conductors
that ' The elements of the matrix are joined by horizontal and vertical parallel lines that meet the
requirements as much as possible.
The schematic implementation of the matrix elemental (step by step) addressing requires a very
large number of conductor lines, which will cause a significant shading of the matrix and
worsen its transparency, and also such a matrix requires a fairly large number of microcontroller
output leads, causing certain problems.
Charlieplexing (or Charley's method) involves a counter-parallel connection of LEDs, as well as
three-valued logic (high, low, and Z-state) which leads to the shading of the matrix with
conductors and also, with the use of external drivers, will not win in the involved lines of the
microcontroller.
Therefore, in terms of schematic implementation of connection of matrix elements, the most
optimal option is the traditional circuit, since it holds out most of the required methods of
activating elements, has minimal shading, and also uses a moderate amount of microcontroller
outputs. So for a matrix of 32x32 elements, such a scheme of connections will require 32 + 32 +
64 wirelines and will be able to address 32 * 32 = 964 elements.
The fastest way to fill a matrix performed on a traditional circuit is a method for displaying the
opening of all the necessary elements of the horizontal or of the vertical of the matrix, and thus,
alternately actuated vertically / horizontally all of the elements in turn with this method of
activation of the elements of the matrix, the matrix of 32x32 elements can be activated in 32
steps, activated immediately by 32 elements.
6. Conclusion
As a result of studying the variants of the addressing of the matrix elements in the dynamic
mapping of graphic objects, widely used methods of addressing elements of LED matrices and
schematic implementation of such matrices were analyzed and analyzed. A comparison of
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possible methods of addressing and activating elements for various schematic implementations
of these matrices is conducted in order to identify the most effective combination of schematic
implementation and the method of addressing and activating the elements. It was found that the
traditional scheme of technical implementation of joints of matrix elements in conjunction with
the traditional way of filling / mapping the matrix - horizontals / vertices is most suitable for the
method of spatial display of graphical information. This combination provides an acceptable
matrix filling speed while affecting a relatively small number of conducting lines, but most
importantly - this scheme provides technical implementation of the framework of conductors
that connect the elements of the matrix.
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